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Abstract. This paper introduces the concept of quadripartitioned neutrosophic bipolar competition graphs.
The properties of operations like Cartesian and direct products are investigated within these graphs. Fur-
thermore, this work presents an algorithm that applies the competition model to quadripartitioned bipolar
neutrosophic competition graphs for depicting applicant competition. Finally, we compare the results with

existing literature, emphasizing the novelty and contributions of the proposed method.
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1. Introduction

Cohen [1] developed the concept of competition graphs in an ecological context to depict the
link between species in the food chain. Competition graphs are frequently utilised in a variety
of applications, including channel assignment, complex economic modelling, phytogenetic tree
reconstruction, coding, and energy systems. Much work has been done on competition graphs
and their variations since the initial inspiration of ecological application of species competition.
Each of these representations necessitates the explicit definition of vertices and edges within
the networks, a methodology deemed inadequate for fully encapsulating all competitions within
real-world challenges. The study of intuitionistic fuzzy graphs involves developing algorithms,
methodologies, and techniques to analyze and manipulate these structures effectively in [30,
31]. Researchers explore properties, operations, and algorithms specific to intuitionistic fuzzy
graphs to extend the reach of multi polar graph theory into the realm of uncertainty and

ambiguity in [29).
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The single-valued neutrosophic set, an expansion of intuitionistic fuzzy sets, presents a rapid
resolution for real-world challenges, notably in decision support [3], as investigated in [4].
Few authors choose to frame the behavior of indeterminacy in the same manner that truth-
membership is modelled, while others infer to frame it in the similar fashion with falsity-
membership. Authors in [3] introduced the notion of a single-valued neutrosophic set and
described its features. Now it is applied in many domains such as sensors [5], decision mak-
ing [6], image processing |7], control theory [§], medical diagnosis [9] and graph theory [10H12].
The following Figure [I| represents the distinction of the quadripartioned bipolar neutrosophic

competition graphs with previously introduced graphs.

FiGure 1. CG-Competition Graphs, FG-Fuzzy Graphs, BG-Bipolar Graphs,
IFG-Intuitionistic Fuzzy Graphs, NG-Neutrosophic Graphs, BNG-Bipolar Neu-
trosophic Graphs, NCG-Neutrosophic Competition Graphs, BNCG-Bipolar
Neutrosophic Competition Graphs, QNG-Quadripartitioned Neutrosophic
Graphs, QBNCG-Quadripartitioned Neutrosophic Competition Graphs

Nowadays, advanced level of neutrosophic sets and graphs received much attention in the
application viewpoint. The notion of bipolar neutrosophic competition graphs is insufficient
in real-world applications involving competitions and relationships with opposing side facts.
This approach pushes us to use bipolar neutrosophic quadripartitioned sets [15] to model bipo-
lar neutrosophic quadripartitioned competition graphs. When we separate the indeterminacy
section of the neutrosophic set into two sections, we get four parts: ’'Contradiction’ (both
true and false) and 'Unknown’ (neither true nor false), that is 7,C,U and F which defines a
new set called ‘quadripartitioned single valued neutrosophic set’, introduced by Chatterjee.,
et al. [16]. This study is fundamentally grounded in ”Belnap’s four-valued logic” [17] and
Smarandache’s ”Four Numerical valued neutrosophic logic” [18]. It introduces quadriparti-
tioned neutrosophic competition graphs by incorporating the concepts of Quadripartitioned

Neutrosophic Set (QNS) and competition graphs. In [10], researchers established bipolar
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quadripartitioned single-valued neutrosophic graphs. Recently, there has been significant at-
tention given to the quadripartitioned neutrosophic domain, with authors further developing
concepts related to graph properties [10H12].

Some operations, regular and irregular neutrosophic graphs and significant real-life appli-
cations are discussed in [13]. A lot of works have been done on competition graphs in various
domains. In that one can assume that the nodes and arcs of the graphs are defined perfectly,
but in reality, one can observe that sometimes the vertices and edges of graphs are not defined
precisely. Algorithms are constructed in this domain to model the real-life application |14]. For
instance, in predator-prey model, specious and prey are assumed as fuzzy sets and the preys
are demonstrated as a fuzzy graphs [1]. Certain bipolar neutrosophic competition graphs
are studied in [19] with characterizations of bipolar neutrosophic out-neighborhoods, bipo-
lar neutrosophic in-neighborhoods, bipolar neutrosophic open neighborhood graphs, bipolar
neutrosophic closed neighborhood graphs, bipolar neutrosophic p-competition graphs. The
quadripartitioned neutrosophic soft graphs for treating neutrosophic soft information by em-
ploying the theory of quadripartitioned neutrosophic soft sets with graphs. Operations like
strong product, Cartesian product, cross product and lexicographic product, of quadripar-
titioned neutrosophic soft graphs are established in [11]. In [2], the matrix representation
and generalised neutrosophic competition graph are examined. Additionally, with practical
applications, the minimal graph and competition number corresponding to the generalised
neutrosophic competition graph are defined. Based on the above motivations, to deal with
all the competitions of world, quadripartitioned bipolar neutrosophic competition graphs are
introduced in this paper. Predicting a suitable job by the applicant and selecting a suitable
applicant is the common issue. Based on this motivation, we established the job competition
model in quadripartitioned bipolar neutrosophic competition graphs to represent competition
between the applicants along with algorithm.

In recent years, neutrosophic theories have been widely explored for their ability to address
uncertainty and imprecision in real-world problems. Chakraborty et al. (2020) introduced the
concept of cylindrical neutrosophic single-valued numbers, applying them to networking prob-
lems, multi-criterion group decision-making, and graph theory, showcasing their versatility in
complex systems [20]. Similarly, Chakraborty, Mondal, and Broumi (2019) developed a de-
neutrosophication technique for pentagonal neutrosophic numbers, demonstrating its utility
in solving minimal spanning tree problems [21]. These advancements underline the grow-
ing relevance of neutrosophic models in various domains, motivating further exploration of
their applications. Building on this foundation, we propose the Quadripartitioned Bipolar
Neutrosophic Competition Graph (QBNCG), which enhances existing models by dividing the

indeterminacy component into contradiction and ignorance, thereby enabling more precise
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modeling of competitive scenarios such as job applicant competition. More concepts related
to our study in different fields have been studied in [22-26]

To the best of the authors’ knowledge, no research has been done on the notions of quadri-
partioned neutrosophic bipolar competition graphs with the application, as a result of the
above-mentioned works.

The significant contributions in this article are provided as follows:

(1) Discussion is made regarding quadripartitioned bipolar neutrosophic competition
graphs. The application in quadripartitioned bipolar neutrosophic field is covered
for the first time in this work of literature.

(2) The operations like a Cartesian product and direct product of quadripartitioned neu-
trosophic bipolar competition graphs with their properties are discussed.

(3) The proposed work is illustrated with an application of quadripartitioned neutrosophic

bipolar competition graphs in selection of designation for applicant.
The main advantages for the proposed results are listed as follows:

(1) In many domains, including algebra, geometry, topology, and optimization, the stated
results in the quadripartitioned neutrosophic field are utilised as a significant tool for
conceiving and solving combinatorial and decision-making problems.

(2) The proposed graph is the generalization of neutrosophic competition graphs and it
will generalize the existing works in the literature (see [19,27]).

(3) In this paper, modelling of job competition problem is discussed. The positive member-
ship function denotes the applicant’s eligibility and the negative membership function
represents the ineligible percentage of applicants.

(4) Accurate finding of suitable jobs by the applicants can be done by employing the
quadripartitioned bipolar neutrosophic competition graphs.

(5) One can apply the proposed work in various quadripartitioned neutrosophic fields.

The following describes the article: Preliminaries Section 2 provides a few necessary definitions.
In Section 3, the operations and quadripartioned neutrosophic bipolar competition graphs are

introduced. In Section 4, applications are described for the developed results.

2. Preliminaries

Definition 2.1. [4] A neutrosophic set ¥ in A is defined by three functions: the truth-
membership function (TMF) ay(g), the indeterminacy-membership function (IMF) wg (o),
and the falsity-membership function (FMF) dy /(o).
For every point ¢ in A, ag(0), ww(0), and dg (o) fall within the range of [0,1].
aw(0),wu(e),du(e) € [0,1]. Also
U = {0, aw(0),ww(0),du(0)} and 0 < ay(o) + ww(e) + dw (o) < 3.
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Definition 2.2. [4] A neutrosophic graph is represent as a pair G* = (Y, D) where
(i) Y = {y1,v2, .., yn} such that ay : Y — [0,1], wy : Y — [0,1] and dg : Y — [0, 1] denote the
degrees of TMF, IMF and FMF

0 < ay(y) +we(y) +du(y) <3, Yy eY.

(i) D C Y x Y where ap : D — [0,1], wp : D — [0,1] and dp : D — [0, 1] are such that

ar(pq) < aw(p) A aw(q),
wr(pq) < ww(p) Awe(q),
dr(pq) < ow(p) V dw(q),

)
and 0 < ar(pq) + wr(pq) + dr(pg) < 3, Vpq € D.
See article [16] for further information on the following definitions and outcomes.

Definition 2.3. [16] Let A be the universal set. A Quadripartitioned Neutrosophic Set (QNS)

¥ on A is represented as

U = {(p,aw(p), Bu(p),yw(p),0u(p) : p € A)}

where ay, By, 7w, 0p : ¢ — [0,1] and 0 < ay(p) + Bu(p) + yw(p) + dw(p) < 4. Here,
ay(p)-Truth Membership Function, Sy (p)-Contradiction Membership Function, -~y (p)-
Ignorance Membership Function, dy(p)-False Membership Function.

Definition 2.4. [15] Let A be the universal set. A Quadripartitioned Bipolar Neutrosophic
Set (QBNS) ¥ on A is defined as

U = {(p, ay(p), By (0): 7% (P), 35 (p), oy (p), BY ()78 (p), 05 (p) : p € A)}

where ag,ﬂg,'y\g,éfg : A — [0,1], ag,ﬁg,’ygﬁg : A — [-1,0] and 0 < al\;(p) +ﬂ£(p) +
Y5 () + 65 (p) <4 and —4 < ol (p) + B (p) + 43 (p) + 65 () < 0.

Definition 2.5. [10] A QBSVNG of a crisp graph G = (Y, D) is said to be a pair G = (C,H)
with C = (C7,CY) and H = (HF, HY), where

(i) the functions (ac)?, (Be)T, (ve)P, (9¢)F : Y — [0,1] and (ac)™, (Be)N, (ve)V, (6c)Y : Y —
[—1,0] represent the degree of TMF, CMF, IMF and FMF of the element p € Y, respec-
tively, there is no restriction on the sum 0 < (ac)¥(p) + (Be)¥ (p) + (v¢)F (p) + (9¢)F (p) < 4,
1< ()™ (0) + (Be)¥ () + (1) (9) + () ¥ (p) < O for cach p € ¥,

(ii) the functions (o)t (Bn)Y, ()", (6x)F @ D C Y x Y — [0,1] and
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()™, (BN, ()N, (62)N : D C Y x Y — [~1,0] are defined as:

(20)” (pq) < {(ac)”(p) A (ac)’(9)}
(Br)" (pa) < {(Be)"(p) A (Be)" (0)}
()" (pg) < {(3e)" () V (3e) " (0)}
(64)" (pg) < {(6c)" () v 5e)" (@)}, ¥V pgeD,
(a2)™ (pg) = {(ac)V (p) V (ac)V (q)}
Br)™ (pa) = {(Be)™ (p) v (Be) (9)}
()™ (pg) = {(e)V (p) A (ve)¥ (9)}
(620" (pa) > {(8e)V () A (6)¥ (@)}, V pg €D,

Here C is the QBN vertex set of G and H is the QBN edge set of G.

3. Quadripartitioned Bipolar Neutrosophic Competition Graphs (QBNCG)

Definition 3.1. A QBND on a non-empty set g is a pair G = (¥, ?), where ¥ is a QBNS on
o and T is a QBN relation on A, such that

ok (p,G) < oy (p) Aol (q),  BE[DG) < BY(p) A B (),

@0 <L) Vg, 05D <oy (p) VG (a),

&, 4) > o (p) vV ay(a), BE[D.) > Byp) VB (g),

VDD > V5 () AE (), 62 (Pr0) > 0%(p) A GG (q),Y p.g €A

Example 3.2. Consider QBND G = (U, ?) on A = (p,q,r) as shown in figure

Definition 3.3. Let ? be a QBND the QBN out neighbourhood of a vertex ¢ is a QBNS

+ + + +  (n)t + + +
QT (p) = (AL, aP", BT AP 6P ol BT AT 65T, where

Af = W) > 0,75 a) > 0,78} > 0,5 q) > 0,T2(p,q) < 0,TE(p.q) <
0,73 (p.q) < 0,T(p,q) < 0.}
" A+ Pt N _ ~p @' A+
such that ap’ @ Ay — [0, 1] represent by o’ (q) = T{(p,q), By~ : A, — [0,1] represent
+ + + +

by 8" (@) = T5(p,0), %" : 0y = [0,1] represent by 4" (q) = Y5 (p,q), " : A — [0,1]
represent by 5§p)+(q) = Y4(p,q), aénﬁ : A;,r — [=1,0] represent by az(,nﬁ(q) = T?(p,q;,
BZ()n)+ : A} — [-1,0] represent by ﬁz(,n)+(q) = Tg(p,q;, ’yénﬁ : A — [-1,0] represent by

(n)*

n)t n)t n
W7 (q) = T2 (p, ¢), 65 : Af — [~1,0] represent by 5 (q) = 7 (0. q),

Definition 3.4. Let G be a QBND the QBN in-neighbourhood of a vertex p is a QBNS
Q0 (p) = (A, a](Jp)’, 1(71?)’7 Z(jp)”él()p)”az(gn)” ](?n)’7,YI(JN)”5](?n)’>7 where
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(0.5.0.6,0.4.0.5)
(-04.-03,0.6.-0.7)

r

(0.4.03.02.03)
(-0.3.-0.2.-0.5.0.6)
(0.1.0.2.0.3.0.6)

(-02.-02.-0.4.-06)

¥ (0.1.0.2.0.4,0.6) 4q
02-03-03 - 0.2.0.3.0.5.0.7
06050403  (02-03.-03-06) E-o_é_-o_ﬁ_-dA_-?J_?)
(:0.6.0.4.03.-0.5) T

FIGURE 2. Quadripartitioned Bipolar Neutrosophic Digraph (QBND)

Ay = ) > 0.050d) > 0.TEa) > 0.X5(pd) > 0. T(pa) < 0.T5(pa) <

0,75 (p,q) < 0,T%(p.q) < 0,}

such that aép)’ : A, — [0,1] represent by az(?p)i(q) = Tzf(p,q;, BZ(JPV : Ay — [0,1] represent
by B;,(,p)i(q) = Tg(p,q;, %()p)* : A, — [0, 1] represent by 'yl(,p)i(q) = Tg(p,q;, 511(,]3)7 : A, —[0,1]
represent by 51(;p)_(q) = Yi(p,q), a](gn)_ : A, — [~1,0] represent by aé")_(q) = T?(p,q;,
Bz(gnr : A, — [~1,0] represent by BZ(,n)i(q) = Y3(p,q), ’y,(,nr : Ay — [~1,0] represent by
fyz(;n)i(q) = Tgl(p,q;, 51(,n)7 : A, — [~1,0] represent by (51(7n)7(q) = TZ(p,q;,

Example 3.5. Let an QBND G = (‘IJ,?) on A = (p,q,r) as explained in figure 2 Tables 1
and 2 show the QBN in and out neighbourhoods, respectively.

QBN Out-neighbourhoods

Table 1.
0 Q" ()
p | {g(0.1,0.2,0.3,0.6,—0.2, —0.2, —0.4, —0.6), (0.4, 0.3,0.2,0.3, —0.3, —0.2, —0.5, —0.6) }
q 0
r {¢(0.1,0.2,0.4,0.6,—0.2,—0.3,—0.3,—0.6) }

Table 2. QBN in-neighbourhoods

0 Q (o)
P 0
q | {p(0.1,0.2,0.3,0.6,—0.2,—0.2,-0.4, —0.6),7(0.1,0.2,0.4,0.6, —0.2, —0.3, —0.3, —0.6) }
r {p(0.4,0.3,0.2,0.3,—-0.3,—-0.2, —0.5, —0.6) }
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Definition 3.6. The height of a QBNS h(Q) = (A, a?, BP,~P, 6P o™, ™, 4™, 6™, ) and
h(Q) = (h1(Q), h2(Q), h3(Q), ha(Q), h5(Q), ks (Q), h7(Q), hs(Q))
=(sup,cx ag(r), SUp,.ex ﬁg(r) ,infrex yqp(r), inf,ex 6g(r) , SUP,ext ag(r), SUp,.ex Bg(r) inf,.ex 7§(r)’ inf,ex 6g(r)).
Example 3.7. The height of a QBNS
¥ = {(p,(0.1,0.2,0.3,0.6, —0.2, —0.2, —0.4, —0.6)), (¢, (0.4,0.3,0.4,0.7, —0.1, —0.2, —0.1, —0.6)),

(r,(0.2,0.2,0.4,0.5,—0.2, —0.3, —0.3, —0.6))} in 0 = {p.q,7} is
h(¥) = {(0.4,0.3,0.3,0.5,0.4,0.3,0.3,0.5)}

Definition 3.8. A QBNCG of a QBNG T = (¥, 7T) is an undirected graph QBNG B(?) =
(¥, Q) which has the same vertex set as in T and there is an edge between two vertices p and
q if and only if Q7 (p) NQ ™ (¢) is non-empty. The positive TMF, CMF, IMF, FMF and negative
TMF, CMF, IMF, FMF value of the edge (p, ¢) are defined as,

ag(p,q) = (4 (p) Al (@)h (@7 () NAT(9),  By(p,a) = (BY(p) A By(0)h2(@F (p) N QT (9)),

@ @) = (v (p) V15 (@)hs(@F (1) N7 (a), &, q) = (55, (p) V 8L (2)ha(@F () NQ*(a)),

ag(p, @) = (o (p) V oy (@)hs(@ (p) N7 (0),  By(p,a) = (Bi(p) vV By (a)hs (@7 (p) N QT (q)),

7 (P, a) = (vi(p) Ay (@)hr (@7 (p) NQT(9),  dg(p,a) = (64:(p) A By (a)hs(@(p) NQT (), Vp.g €A
Example 3.9. Let G = (U,Y) is a QBND on A = (p,qr), such that ¥ =

{(p,0.5,0.6,0.4,0.5, —0.4, —0.3, —0.6, —0.7),

(¢,0.2,0.3,0.5,0.7, —0.3, —0.4, —0.4, —0.7), (r, 0.6, 0.5,0.4,0.3, —0.6, —0.4, —0.3, —0.5)}, and

T =
{(4,0.1,0.2,0.3,0.6, —0.2, —0.2, —0.4, —0.6), (p*, 0.4, 0.3,0.2,0.2, —0.3, —0.2, —0.5, —0.6),

(@, 0.1,0.2,0.4,0.6,—0.2, —0.3, —0.3, —0.6) } as shown in ﬁgure By direct calculations Tables
3 and 4 show the out and in-neighborhoods of QBN, respectively.

Table 3. QBN Out-neighbourhoods

0 Q" ()
p | {¢(0.1,0.2,0.3,0.6,—0.2, —0.2, —0.4, —0.6),7(0.4,0.3,0.2,0.3, —0.3, —0.2, —0.5, —0.6) }
q 0
r {¢(0.1,0.2,0.4,0.6,—0.2,—0.3,—0.3,—0.6) }
Table 4. QBN in-neighbourhoods
0 Q (o)
p 0
q | {r(0.1,0.2,0.3,0.6,—0.2,-0.2,-0.4, —0.6),7(0.1,0.2,0.4,0.6, —0.2, —0.3, —0.3, —0.6) }
r {p(0.4,0.3,0.2,0.3,—0.3, 0.2, —0.5, —0.6) }

The QBNCG of Figure [3]is shown in Figure
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(0.5.0.6,0.4.0.5)
(-04.-03,0.6.-0.7)

r

(04.0.3.0.2.0.3)
(-0.3.0.2,-0.5.0.6)

(0.1.0.2.0.3.0.6)
(-02.-02.-0.4.-06)

¥ (0.1.0.2.0.4,0.6) 4q
2 )
(0.6.05.04.03) (-0.2.-0.3,-0.3.-0.6) 500}0340004?% .
(-0.6.-0.4.-0.3.-0.5) e

Ficure 3. QBND

(0.5.0.6.0.405)
(0.4.03.-0.6.-0.7)

P

(0.05.0.1,0.16,0.3)
(-0.04,-0.06,-0.24.-0.42)

¥

(0.6.0.5,0.4,0.3)
(-0.6,-0.4.-0.3,-0.5)

FiGuRrE 4. QBNCG

Definition 3.10. A QBN G = (¥, T), where
W= (WY, W, U5, Wy, WY, Wh, Wy, W), and T = (YF, Y5, 05, T4, Y, Y5, Y5, YY) then, an edge
(p,q),p,q € A is called independent strong if
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o

5 (27 (0) A T (9)] < Ti(p.9), }[

5T () VT ()] > T (p, a),
SWE) A WE(@)] < (o), S [VE) v W(0)] > TH(p,a)
SWE) v WE@)] > (o), S [VE) A ()] < Th(,a)

L0 () A ()] < Y30 q).

Wh0) V)] > Th(p.a),

5l
In otherwords, one can say it is weak.

Theorem 3.11. Let A be a QBND. If the intersection Q1 (p)NQ™ (q) contains only one element
of ?, then the edge (p,q) of (C(?) is independently strong if and only if

@ (p) NQ"(@)]]ar > 0.50 [[QF(p) N QT (g)]]an < 0.50

) Qg > 0.50 [[@"(p) N Q" (¢)][p~ < 0.50
@ (p) NQ (@)]]y» < 050 |[@F(p) NQT(g)]]5n < 0.50
Q% (p) Na*(g)]ls» < 0.50 |[@*(p) N AT (g)]ls» < 0.50

Proof.

Consider X is a QBND. let o,¢ € A.Suppose Q" (0) NQT(¢) = (p, pP, qP, rP, sP, p™, q",r", s"),
where,(pP, ¢P, P, sP, p", q",r", s") are the positive TMF, CMF, IMF and FMF and negative
TMF, CMF, IMF and FMF values of either the lines (g, p) or the lines ({, p), respectively.

Here,

1 Q7 (2) NQT(Q)] |gr=¢" = ha(Q" (0) N QT (¢
1127 () NQT(Q)] lyp= 7" = h3(Q*(0) NQ*(¢
1 1@"(0) NQT(Q)] |sr=s” = ha(QAT (0

G. Muhiuddin, Satham Hussain S, Durga Nagarajan, Quadripartitioned Bipolar
Neutrosophic Competition Graph with Novel Application



Neutrosophic Sets and Systems, Vol. 82, 2025 @

Then,
Yi(0,¢) =p" x [¥1(0) ANTE(Q)], YT(e,¢) =p" x [¥1(0) V UT(Q)],
Y5(0,¢) = " x [¥h(0) ANTL(Q)],  Y3(0,¢) = q" x [¥5(e) V ¥3(C)];
T5(0,¢) =P x [U5(0) V WE(Q)],  Tx(e,¢) =" x [¥5(0) A ¥5(C)];
Yi(0,¢) = s" x [Wi(o) V WY(Q)],  Ti(e,¢) =s" x [¥}(e) A TL(C)]-

Hence, the line (p,() in C’(?) is independent strong if and only if p? > 0.50,¢? > 0.50,rP <
0.50, s? < 0.50 p™ < 0.50,¢"™ < 0.50,7™ > 0.50, s™ > 0.50 Therefore, the line (p, () of C(a) is

independent strong if and only if

| [QT(0) NQT(Q)] |ar>0.50 | [Q7(0) NQT(C)] [an< 0.50

1107 (0) NQT(O)] [> 050 | [@F (o) NQT(C)] |gn< 0.50

@7 () N (Q)] [»< 050 [ () NQT(C)] |y»< 0.50
( )

(
1@ (0) NQT(Q)] [sr< 0.50 | [@F(0) NQAT({)] |sn< 0.50

We visualize the theorem with an instance as verified in as shown in Figure |5/

(0.7.0.9.0.4.0.5)
(-0.4.-03,0.60.7)

r

(0.6.0.7.0.2.0.3)
(-0.3.-0.2,0.5,0.6)
(0.7.0.6.0.3.0.3)

{-0.2.-02.-0.4.0.6)

r (0.6,060404) q
07070403 (02030306 (0.8,0.6.0.5,0.7)
(_d 604030 5 (-03.-04-04-07)

FIGURE 5. (5a)
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(04.03.-06.-0.7)
»

(0.42.042,0.12.0.15)
(-0.24.-0.18,-0.18,-0.21)

L]
¥

(0.7.0.7.0.4.0.3)
(-0.6.-0.4.-0.3-0.5)

(b)

FIGURE 6. (5b)
QBNCG (1) QBNCD (2)

Theorem 3.12. If all the lines of QBND 8 are independent strong, then

12(0,0) 13(0,0)
(@i(0) A Q) @io) v ¥ (0)
<\P§<Z>i(f&5§)<c>>2 >9G]
(q,g(Zi(flp?@) DA
VO TN

5 > 0.50 5 < 0.50

5 < 0.50

5 < 0.50 5 < 0.50

5 < 0.50 5 < 0.50

for all edges (o,¢) in C’(?)

Proof. Assume that QBND T has independent, strong edges all around it.
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S1E(0) AWR(Q)] < TH(0.0),

S1W2(0) A RO < Y3(0,0),

%[\Iﬂg(g) VIE(O)] > T2(0,0),

%[\1}?(@) V()] > T, 0),

%[q;g(g) VIO > T3 (0,0),

%[\pg(g) ATE(C)] < T3 (o, 0),

S0V WHQ) > TH0,0), 5 [Wi(0) AWH(Q)] < Th(o,).

for every lines (p,() in . Let the corresponding QBNCG be C(E))

Then their arises two cases:

Case (1):

when Q*(0) NQT(¢) =0 for all o,¢ € A. Then there exists no edge in C(?) between o and (.
Thus, we have nothing to claim this case.

Case (2):

when G*(o) N G°(C) # 0.
(a2, m, 75, Ph, 43, M5, 75, 1, 45),

(ag, my,rl,pl q),m}', ], p}", q'), where (mf,r?

1717

ative TMF, CMF, IMF and FMF membership values of either (g, a;) or (

Let QT (o) N QY (¢) = (a1, my, 7,0}, qf, my, v, 08, q7)
(a3am§7T§,P§)Q§7mgvr§)PgaQ:?)a-u-,

progl,ml rl, plt, ¢*) are the positive and neg-

H .

C,a;) fori=1,2,...,1,

respectively, Thus,

m? = [Y5(@ @) ATEC a)), mf = [TH@a) v I a)
= (Y(E@) ARG an)), = [T3@a) v Y5 )
PP = [T5(aa) v Y5 ). pf = [Y3(@a) A YE(C ar)]
& = Y@@ VG a), af = [TH@a) AT )]
foralli=1,2,...,1.
Consider,
hi(@*(0) NQT(Q)) = max{mj, i=1,2,.,1} =mh,,
ha(@ () NAT () = max{r?, i=1,2,..1} =B,
h3(@F(0) NQT(C)) = min{r}, i=1,2,...0} =rh;,
ha(@ () NQ*(¢)) = min{q?, i=1,2,.,1} =5,
hs(@%(0) NQT(C)) = min{m?, i=1,2,..,1} = mp,y
he(@ () NTT(Q) = minfr?, i=1,2,..,0} =iy
(@ ()N () = minfr?, i=1,2,.,0} =l
hs(@(0) NA*(¢)) = min{qf', i=1,2,..,1} = gy
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— — — —
ObViOUSly, mfﬂax > Tilj(zga ()7 r%ax > Tg(gv C)’ pfnin < Tg(@ C)? Qﬁjn < TZ(Qa C:)’ mglax <
— — — — —

T?(Qv C)v T?nax < Tg(Q, C)’ pﬁlin < T?(Qv C)v QQin < TZ(Qv C)v fOI‘ all edges (Qa C) ShOWS thata

mzr)ﬂax Tzlj ( EZ) mglax ;rll ( E%)
W) AV~ W) a0~ ™ Wi v < v e <
Tﬁlax Tg(@: C) 7or?lax T2 (Q, C)
W) A0~ Vo)A w0 - Y W) v Q) W) v ug0 ~
— n n —
. Prnin < prg(g’ g,), <050, —Pmin___ o nT3(g’ Cfl < 0.50
‘I’s(Q) \4 ‘IJg(C) ‘I'g(Q) \4 ‘1'3(0 l1/3( ) A \1’3 (C) \1’3 (Q) A \113 (C)
— . —
@i _ T} (0, () < 0.50, Tmin T (0,¢) < 050

Wie) v i(0)

therefore,

Y7 (e,¢) = (¥ (0) A ¥Y(0)h1 (@7 (0) NAT(C)),0r Ti(e, ) = [¥F(e) A UF(Q)] X Ml

.0 . Ti(0.0) i
(T AT ™ (W) AWI(0)* (Wh(e) A WT(Q))

150, Q) = (¥5(0) A WE(C)h2(Q () NAT(C)), 0r - Th(e,¢) = [Wh(e) A WH(Q)] X Mo,

Thed ., o Tl  the
(W) AW~ ™ (W5(e) AR (W5(e) A ()
Th(e, Q) = (W(e) v WH(C))ha(@* (o) NQ*(O))or Th(e,€) = [Wh(e) V WH(O)] X Pl

or Tg(g, C) _pp Tg(@: C) _ pfnin

(Th(0) AUE(Q))  Pmim ™ (Wh(o) v WE(0)Z ~ (Wh(0) v ¥A(0))
T2(0,¢) = (¥2(0) V 4(O)ha(QH(0) AT (C)) 0 Th(0,C) = [Wh(0) V T2(C)] % s

Tp Tp p.
1(0,¢) _p 2(0;¢) — Tmin < 0.50

(Th(0) ATE(Q) — M (W) VA(0)? — (¥h(o) v ¥(C))
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T1(0,¢) = (¥1(0) vV ¥T(¢)h(Q" () NQT(¢)),0r T7(e,€) = [TF(0) V TT(C)] X Moy

Tn n n
or 1(Q7 C) — mn Tl (97 C) _ Mmax

(Wi vV er(Q) e (W) v IR(Q))?2  (Wi(e) v ¥3(0)
T3(0.¢) = (¥5(0) vV ¥3(O))h2(@" () N QT (C)),
T5eO) . . Mo ¢

@5V U5(Q) ™™ ([Wh(o) VIRQ)2  (¥5(e) v ¥5(0)
T8(0,¢) = (¥5(0) A T5(O))hs(@ (0) NQF(O))sor  Th(e,C) = [¥5(0)

o 300 o 5(00) _ Phin < 0.50

(W3 (2) A ¥5(()) (W5(0) A E(0))? (U5 (0) A ¥E(Q))
Ti(0.¢) = (Pi(e) AT(C)ha(@F(0) NAT(C)),0r Ti(0,¢) = [W(2) A PL(C)] X Gitin,

~—
~
[}
=
)—%
N3
—~
&
Iy
~
|
S
N3
—~~
o
~
<
=
N3
—~
Y
=
X
=
8
I
o

or

or T Q)  _ o o, 17 (o, () _ o
W) A U)W A2 (Wi(e) Awg0) 0
Hence,
Tie.9 T (0,¢)
@) rw@r 0 g v uroe <
Lo, T3(e.0)
(Wh(0) ATE(O))2 0.50 @50 v B < 0.50
Lo 9 Ti(,9)
(W2(0) v W02 = 0.50 (5 (0) AT 0.50
Ti(e.0) Ti(e.0)
@) v o7 <" @i A vz <00

for every lines (g, () in C(?) 0

Definition 3.13. The QBN open-neighborhood of a vertex p of a QBNG G = (¥, T) is QBNS
Q(0) = (A, b, B3, 15, 63, a, B2, 71, 62), where, A, = (¢[T5(0,) > 0,Th(0,¢) > 0,T4(0,) >
0,73(0,€)) > 0,T7(0,C) < 0, TH(2,) < 0,T%(0,C) < 0, T5(0,)) < 0, and af : A, — [0, 1]
represent by o = Y7(0,¢), 85 : A, — [0,1] represent by 85 = Yh(0,¢), 75 : A, — [0,1]
represent by vy = Y4(0,¢), dp : Ay — [0, 1] represent by & = Y}(o,¢), af : Ay — [-1,0]
represent by ap = Y7 (o,(), B, : Ay — [=1,0] represent by 3, = T5(0,(), v, : Ay — [-1,0]
represent by vy = 13 (0,(), 0, : Ay = [-1,0] represent by oy = T”(g, ¢). For every Vertex
0 € A, the QBN singleton set, \Il| = (p, \1,119 ,‘Ifg ,\Ilg ,\IliJ ,\Iﬂf ,\Iﬂg ,\Ilgl ,‘IJ” ) such that \Ilp :

[01]@” g—>[01]x1/p g—>[01}\1ﬂ’ Q—)[Ol]\I’” o — [— 10]\11” 0 —
[—1,0},\113 fo0 — [—1,0],\112/ : 0 — [—1,0], represent by ¥¥ = \Illf(g),\llgl = \I/g(g),\llg =
V(o). U = Wh(g) and WY = Wi(o), Wy = W), Wy = Wi(0), W = Wi(g), respectively.
The QBN closed neighbourhood of a vertex g is Q[g] = Qo) U ¥
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Definition 3.14. Consider G = (¥, T) is a QBNG. QBN open neighbourhood graph of G is a
QBNG Q(G) = (¥, T") which has the same QBNS of a vertex in G and has a QBN edge between
two vertices o,¢ € A in (Q) if and only if Q(0) N Q(¢) is a non-empty QBNS in G. The positive
TMF, CMF, IMF and FMF, negative TMF, CMF, IMF and FMF value of the edge (o, () are

given by:

T2 (0,0) = [W(0) A WS (OIM(@(0) N (). TT (0.0) = [¥F(0) V W} (Q)]a(Qle) NQ(C)),
TS (0,€) = [Wh(o) A W5(OI2(0(0) N (). T3 (.0) = [¥5(0) v W3 (Q)]ha(Qle) NQ(C)),
T2 (0.0) = [W5(0) V W(Q)]ha(@(0) N RO, Y3 (2,0) = [¥h(0) A T5(Q)]ha(R(0) N Q(C)).

1% (0,) = [W(0) V WH(O1a(@(e) N (). TF (0.0) = [Wh(e) A WHC)Iha(Rle) NAC)).

Definition 3.15. Consider G = (¥, T) is a QBNG. QBN open neighbourhood graph of G is a
QBNG Q[6] = (¥, Y') which has the same QBNS of a vertex in G and has a QBN edge between
two vertices 0,¢ € A in Q[G] if and only if Q[o] N Q[¢] is a non-empty QBNS in G. The positive
TMF, CMF, IMF and FMF, negative TMF, CMF, IMF and FMF value of the edge (o, () are
given by:

T2 (0,€) = [W(0) A WS(OI(@lel NAICD. 7 (2,0) = [ (0) v W7 (Ol (@le] N Q).
TS (0,€) = [Wh(o) A W5(OIh2(@lel NAICH. 3 (0,0) = [W5(0) v W3 (O)]ha(ale] N Q).
T2 (0,€) = [Wh(o) v W5(O)1ha@lel NALCD. Y5 (2,0) = [W5(0) A W3 (O)]ha(@le] ML),

T4 (0,€) = [W(0) v W4(O)]haalel NAICH. Y7 (2,€) = [W(e) A WH(C)]hu(ale] N alc)).

Example 3.16. Let G = (U,T) is a QBND, such that, A = {p,q,7,s}, ¥ =
{(p,0.3,0.4,0.5,0.6,—0.4,—0.6, —0.7, —0.4),

(¢,0.6,0.7,0.6,0.5,—0.6,—0.7, —0.5, —0.4), (r,0.4,0.3,0.4,0.4, —0.6, —0.7, —0.6, —0.5),
(s,0.4,0.6,0.7,0.6,—0.4,—0.3, 0.4, —0.3) }, and
T ={(pq,0.2,0.3,0.5,0.5,—0.3, —0.5, —0.6, —0.3),

(¢r,0.3,0.2,0.5,0.4,—-0.5, —0.6, —0.4, —0.3), (s7,0.3,0.2,0.6,0.5, —0.3, —0.2, —0.4, —0.4),
(ps,0.2,0.3,0.5,0.5,—0.3,—0.2, —0.6, —0.3) }, according to figure 6.

Figures 7 and 8 show the corresponding QBN open and closed neighbourhood graphs.

Theorem 3.17. For each edge of a QBNG G, there exist an edge in Q[G].

Proof. If (p,¢) is an line of a QBNG G = (¥, T). Suppose Q[G] = (¥, Y") is the corresponding
closed neighbourhood of a QBNG. Suppose o, ¢ € Q[g] and o,¢ € Q[¢]. Then o,¢ € Qo] N Q]

Hence,
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(03.040506)
(-0.4.-0.6.-0.7.-0.4) (0.2,03,05,0.5)
r (-03.-05-06.-03

(0.6.0.7,0.6,0.5)
(0.6,-0.7,-05,-0.4)
q

(0.2,03,050.5)
(03.-02.-06.-0.6)

5

(0.3.04.050.7)
(:0.5,-0.6.-04,0.3)

(0.4,0.6,0.7.0.6)
(-0.4.-03.-04.-03)

(03,02,060.5)
(03.-02.-04.-04)

-
(0.4.0304.04)
(:0.6,-0.7,-0.6,0.5)

FiGURE 7. QBNG

(03,04.0506)
(-04,06.-07.-04)

i (0.06,0.06,0.25,0.3)
(-0.08,-0.12,-0.35,-0.25)

5

(0.4,06.0.7.0.6)
(-0.4.-03,-04.-0.3)

(0.6,0.7.06,0.5)
(-0.6,-0.7,-0.5.-0.4)
q

(0.12.0.18.035.03)
(-0.12.-09,-025.02)

B
(0.4.03,04,04)
(0.6,-0.7,-0.6,-0.5)

Ficure 8. Q(G)

(03.04.05.06)

(0.6.0.7,06,0.5)
(:0.6.-0.7.0.5.-0.4)

(0.4,-0.6,0.7,-0.4)

(0.06,0.12,03,0.3)

P (10.08.0.18.0.35.-0.2) q
J'Uﬂ

= f‘an'gﬂr

) CAPRT/
@ #1220,
S 5 0 gy
o S0
= 5\\3\ ) 5
of of NELPEYE
-9 AL
= T PYAR
& o AL 0
ES| © s
SI| &

5

(0.12,0.06,0.35,03)

(0.4.0.6,0.7.0.6)
(-0.12,-0.06.-0.3.-0.2)

(-04.-03-04.-03)

FIGURE 9. Q]G]

h1(@lel NQ[C]) # 0 ha(Qle) NA[C]) # 0
hs(@lel NQ[C]) # 0 ha(Qle) NQ[C]) # 0
hs(Qle] NQICT) # 0 he(Qle) NQ[CT) # 0.

G. Muhiuddin, Satham Hussain S, Durga Nagarajan, Quadripartitioned Bipolar
Neutrosophic Competition Graph with Novel Application



Neutrosophic Sets and Systems, Vol. 82, 2025 ]@

Then,

T (0,) = [W9(0) A WH(O)]hn (Qle] NLC]) # 0.
T (0,¢) = [W5(0) A WE(O)]ha(@le] NALC]) # 0.
T2 (0,) = [W5(0) V WE(O)]hs(Qle] N ALC]) # 0.

T (0,¢) = [Wh(0) v WA(O)]ha(Qle] N Q) # 0
T} (0.¢) = [W}(0) vV WY ()] (Rle] N QIC]) # 0
T (0.¢) = [W5(0) A W5(C)]ha(8le] NQICT) # 0.
T (0.¢) = [W5(0) v WA(C)Iha(8le] N QICT) # 0
T (0.0) = [W} (o) v ()] ha(@le] NQICT) # 0

Thus, for each edge (o,() in QBNG G, there exists an edge (o,() in Q[G]. g

Theorem 3.18. Let C(G;) = (U1,T1) and C(Gy) = (U1,Ts) be two QBNCG of QBND
G_>1 = (V,l;) and (T; = (Vy,ly), respectively. Then C’((T{DG_;) = GC(H)*DC(G_S)* U GH, where,
, : . — —
Gc((:_{)*DC(G_g)* is a QBNG oicmsp i?}"aph (01 % QQ,EZ@)DEC@)), C(G1)* and C(G2)* are the
crisp competition graphs of Gi and Gy, respectively. G- is a QBNG on (Y1 x Ya, EP) such that:

(1) E” ={(01,02)(C1,¢2) : C1 €Q (0}), 2 € Q¥ (05)}

EoanPEog) = Hen02)(01,G) s 01 € Y1, 006 € By U{(01,02)(Crs 02) 02 € Yo, 01G1 € By

01) A\ a]\i/Q(QQ) 5@1@1,2 = 6@1(Q1) A ﬁ€/2(92)

Vg, (02) 0% 0w, = 04, (01) V 0y, (02)

(2.) oo, = oy, (01)
7%1)115\1:2 = 7{1)11(Q1)

ag,0w, = ay, (e1) vV ay,(e2)  B,0w, = By, (e1) V By, (e2)
)

Yo, 0ws = Vo, (01) A, (02) O, 0w, = 0y, (01) A g, (02)

G. Muhiuddin, Satham Hussain S, Durga Nagarajan, Quadripartitioned Bipolar
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(3)

(4)

(10)

(11)

B’?( 01, 02

(
(
(
(
(
(
(
(
(
(
(
(
(
(
0% (o1, 02), (01, C2)) = [0y, (1) A O, (02) A 0, (C2)] X Var {0, (1) A 07 (0202) A 07 (Coa) }
(
(
(
(
(
(
(
(
(
(
(
(
(

ax((o1, 02), (01, G2)) = [oy, (1) A @y, (02) A @iy, (G2)] X Ve {evy, (01) A 0 (0202) A 0 (Gaaz)}

2

o1, 02)(01,C2) €Eq g DEq gy, 02 € Q" (02) NQAT ()"

Br((e1: 02), (01,¢2)) = [By, (01) A By, (02) A By, (G2)] X Vaa { By, (01) A B (0202) A B (C2a2)}

o1, 02)(01,G2) €Eq g\ DEq@G ), a2 € (@ (02) NQAT(C2))*

vr((e1,02): (01, 62)) = by, (01) V 7y, (02) A, (G2)] X Vo {7y, (01) V 7 (0202) Va7 (Gaaz)}

01, 02 (le(?) EE ( )DE ( )9 , Q9 € (Q+(Q2) N Q+(C2))

0r (o1, 02), (01, G2)) = [dg, (01) V 8y, (02) A G, (G2)] X Vaa {0y, (01) V 67 (02a2) V 675 (Caa2)}

01,02)(01,(2) € (G_)*)DEC(G—2>*)7 az € (Q+(Q2) N Q+(C2))

o’y ((01, 02), (01, C2)) = [y, (01) V ay, (02) V o, (G2)] X Vay{ag, (01) V 04%(92@) \ 06%((2662)}

01, 02)(01,G2) €Eq g\ DEq@G- ) a2 € Q" (02) NQAT(¢2)"

By ((o1,02), (01,¢2)) = [By, (01) V By, (02) V By, (C2)] X Va {8y, (01) V 5%(92@) % ﬁ%(@@)}

01, 02)(e1,G2) €Ep g1 DB g0y a2 € (@7 (02) N QT (¢2))

7 (01, 02), (01, G2)) = v, (01) Ay, (02) A 7, (G2)] X Vag {7, (01) A g (02a2) A (Coaz)}

01, 02 (leCQ GE ( )DEC(G_)Q*)’G2 € (Q+(Q2) N Q+(CQ))*

ax ({01, 02), (G 02)) = [ay, (01) A @y, (1) A vy, (02)] X Vay {evg, (02) A o (e1a1) A o (Gran)}

01,02)(C1, 02) €Eq g DEq G-y a1 € Q" (o1 NQT(G))*

Br((e1: 02), (Cs 02)) = [By, (01) A By, (G1) A By, (02)] X Var { By, (02) A BT (0101) A B (Gran)}

01, 02 (gl QQ) EE ( )DEC(G_Q)*)’al S (Q+(Q1) N Q+(C1))*

Yy (015 02), Gy 02)) = [y, (1) V 7, (C1) V 7, (02)] X Vay {7y, (02) VV%(Qlal) Vv%(ﬁal)}

01,02)(C1, 02) €Eq g DB gy, a1 € (@7 (01) N QT (G1)*

o (o1, 02), (C1, 02)) = [0, (01) V 0y, (C1) V 0y, (02)] X Va, {0y, (02) V 5%@1@1) v 5%(C1a1)}

01,02)(C1, 02) €Eg g1 DB ey a1 € (@ (21) N QT (C1))

@ ((o1, 02), 1y 02)) = [y, (01) V g, () V g, (02)] X Vay {ny, (02) V o (0101) V @ (Crar) }

01, 02)(C1, 02) €Eq g DEqG) 01 € Q" (1) NAT(C))*
(C1,02)) = [By, (01) V By, (C1) V By, (02)] X Va {8y, (02) V ﬁ%(@lm) % 5%(@&1)}

)
)
)
)
)
)
)
)
)
)
)
)
)
01, 02)(01,C2) €E¢ gD gy, a2 € (@7 (02) QT (C2))"
)
)
)
)
);
)
)
)
)
)
);
)
)
01,02)(C1, 02) €Eg g1 DB ey a1 € (@7 (01) N QT (C1))"
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(17) 2% ((e1, 02), (Crs 02)) = [, (1) A, (C1) A, (02)] X Vay {78, (02) A (e1a1) A (Gran)}
(01,02)(C1, 02) €Eq g B E gy a1 € (@7 (1) NAT(C1))"

(18) 0% ((e1,02): (G1,02)) = [, (1) A 0%, (G1) A 0, (02)] X Va, {8, (02) A 03 (e101) A 535 (Gran)}
(61, 02)(€1. 22) €@ DBty a1 € (@ (e2) N0 ()"

(19) % ((e1, 02), (G1,G2)) = [ay, (1) Ay, (1) A vy, (02) A vy, (G2)] < {ay, (1) A 0% (Gron) A e, (G2) A o (0262))
(01,¢1)(02, (o) €EX

(20) (o1, 02): (G1,G2)) = [, (o) A B, (G) A B, (02) A B, ()] x {5, (1) A B (Gron) A B, (G2) A B (02G2)}
(o1,¢1)(02,¢2) €E"

(21) (o1, 02), (¢1562)) = [, (01) V15, (G) V45, (02) V 75, ()] X {05, (1) V A (Gren) V o, (G2) V % (022) }
(o1,¢1)(02,C2) €ET

(22) 9 ((er, 02), (1, C2)) = 85, (02) v 0, (C) v 0, (02) v 80, ()] < {8, (o) v 00 (Guon) v 8%, (G2) V 07 (2262}
(o1,61)(02, G2) €E-

(23) % ((er, 02), (G5 G2)) = lag, (01) V g, (C1) V ey, (02) V oy, (G2)] X {ag, (1) V o (Gon) V e, (G2) V afy (02(2)
(01,61) (02, G2) €E”

(24)  B((o1,02), (G1,C2)) = (83, (1) V B, (C1) V B, (02) V B3, ()] x {53, (1) V B (Gran) V B3, (o) V B (02G2)}
(01,¢1)(02, (o) €EX

(25) (01, 02), (C1:C2)) = Dy, (01) A, (C1) A5, (02) A, ()] X {75, (01) AV (Cron) A7, (G2) A (0262)}
(o1,¢1)(02,¢2) €E"

(26) 3% (o1, 2), (C1,G2)) = (8§, (1) A 6%, (C1) A G, (02) A 8, (G2)] x {83, (01) A0 (Cren) A 65, (G2) A 6 (2262)}
(01,¢1)(02,(2) €EP.

Example 3.19. Consider (Tl> = (¥y1,0;) and G_2> = (Uy,l2) be two QBND, as shown in figure
9. The QBN out and in-neighbourhood of G_>1 and G_>2 are given in tables 5 and 6. The QBNC
graphs C(G_>1) and C’(G_;) are given in Figure 10.

Table 5. QBN Out neighbourhoods of G_1>

0 Q* (o)
p1 | {q1(0.4,0.3,0.2,0.1, 0.2, 0.1, —0.2, —0.3)}
q1 1]

r1 | {q1(0.5,0.3,0.6,0.5, —0.2, —0.1, —0.4, —0.5)}
s1 | {r1(0.4,0.4,0.6,0.5,—0.3, —0.2, —0.4, —0.5)}

Table 6. QBN Out neighbourhoods of G_g>
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(05.060403)
P1 (04030204 (0.7,0.6,0.5.0.4)
(-0.6?-70.5;0.4:-0.3)

04,03.02,01)
.2,-0.1,-0.2,-0.3)

(03,02,

(0.8.08.0.7.0.7)
(-0.6.-0.6.-0.5.-0.3)
42

(0.5.03.06.0.5)
(:0.2,-0.1,-04,0.5)
(03.02.04.05)
(:0.5,-0.3,-02,0.5)
(04040605
(-03,-02-04,0.5)

L8 51
(0.7.0.6,0.7.0.6) (0.6.05.0403) g (0.4,0.3,0.5,0.6)
(-0.4,-0.3,-05,-0.6) (-0.7.-0.6,-04,-0.3) (-0.6‘;0.‘4;0‘.3;0.6)

Ficure 10. QBND

0 Q¥ (o)

p2 | {r2(0.3,0.2,0.4,0.5,—0.5, —0.3, —0.2, —0.2)}
@ | {r2(0.3,0.2,0.4,0.5,—0.5,—0.3, —0.2, —0.5)
ro | {g1(0.4,0.3,0.5,0.6, —0.6, —0.4, —0.3, —0.6)}

(0.5.0.6,04,03)
D1 (04-03-02-04) (0.7,0.6,05.0.4)
(06.0.5.04,03)

(02.0.18.042.03)
(0.16.-0.09.-0.3.-0.3)

(0.21,0.12,0.28,0.35)
(0.6,0.4,0.3,0.2 (-0.18,-0.1,-0.2,-0.25)
(03.02,03,03)
q
. (08.08.0.7.0.7)
41 4 (06-06-05-05)

"1 (0403.05.06)
(-06.-04-03.-06)

Ficure 11. QBNCG

D p—
(@ )oc(Ek) UG = (WB), Where,_>W =
(@ By Y v s B i Ofy) and B = (00, B, Vg, 9. 0. B, 73, 9) from C(Gr7) and
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C (G_;*) using Theorem(3.13). We obtain the following set of edges by using condition (1).

Eo@ano@ =1 P1p2) (01, 42) (a1, p2)(q1, 42), (11, p2), (11, 42),

(Sl,pz), (517 CI2), (p17p2)(7“1,p2),
(p1,42)(p1,r2), (P1,72)(11,72) },
EZ ={(q1,p2)(p1, 72), (q1,2)(r172), (a1, 42) (1, 72),

(QL QZ)(Tla T2)7 (7“1,])2)(81, 7“2),(7’1, QQ)(Slv T2)}

According to condition (3) to (28), the degree of positive TMF, CMF, IMF and FMF,
negative TMF, CMF, IMF and FMF of the adjacent edges of G c
in Table 7.

@-oc@d) and G™ are given

. O _
Table 7. Adjacent edges of GC(G_I*)DC(G_;Z) UG- = (W,B)

(01, 02)(C1,C2) Y (o1, 02)(C1,C2)

(p1,p2)(p1,q2) | {(0.15,0.12,0.28,0.35, —0.12, —0.06, —0.2, —0.25)}
(q1,p2)(q1q2) | {(0.18,0.08,0.28,0.35, —0.09, —0.04, —0.2, —0.25)}
(r1,p2)(r1g2) | {(0.21,0.12,0.49,0.42, —0.12, —0.06, —0.35, —0.36) }
(s1,p2)(s1,q2) | {(0.18,0.1,0.28,0.35, —0.18, —0.1, —0.20, —0.25)}
(p1,p2)(r1,p2) | {(0.2,0.18,0.42,0.3, —0.16, —0.09, —0.24, —0.20)}
(p1,q2)(r1,q2) | {(0.2,0.18,0.49,0.49, —0.16, —0.09, —0.35, —0.42)}
(p1,79)(r1,72) | {(0.16,0.09,0.42,0.36, —0.16, —0.09, —0.30, —0.36) }
(q1,p2)(p1,7m2) | {(0.12,0.06,0.2,0.36, —0.09, —0.04, —0.2, —0.24)}
(q1,p2)(r1,72) | {(0.12,0.06,0.42,0.42, —0.09, —0.04, —0.3, —0.36)}
(q1,q2)(p1,72) | {(0.12,0.06,0.35,0.42, —0.09, —0.04, —0.25, —0.30) }
(q1,q2)(r1,72) | {(0.12,0.06,0.42,0.42, —0.09, —0.3, —0.25, —0.36)}
(r1,p2)(s1,72) | {(0.12,0.06,0.49,0.36, —0.12, —0.06, —0.35, —0.36) }
(r1,q2)(s1,72) | {(0.12,0.06,0.49,0.42, —0.12, —0.06, —0.35, —0.36) }

The QBNCG obtained using this model is given in Figure 11. where, the solid line indicate the
part of QBNCG obtained from GC(G—{*)DC(G—g), the dotted lines represent the part G-. The Carte-
sian product G_>15G_>2 of QBND G_>1 and G_>2 is shown in figure 12. The QBN out-neighborhood of
G_>1D(Tg> are calculate in Table 8. The QBNCG of (TIDG_g is shown in figure 13.
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(0.5.0.6,0.5,0.4)
(-0.4-03.-0.4.0.4) (0.5,0.6,0.5.0.4)

PP (0.15,0.12,0.28,0.35) (0.4,0.3,0.4,0.4)

(0.4,0.3,0.5,0.6)
(0.12,0.6025025) , o

(0.4,0.3,0.3.0.6)
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A9 AT
L'ﬁuﬂ 5, A ‘__,__;5-"‘ e
(0.2,0.18,0.42,03 O QAT e LZ
(-0.16,-0.09,.0.24,.2 B e P =2
------ Y L e L) =3
(0.6,0.4,0.5,0.4) o.0.04.0287 ST AL g 02 g2
(0.3,0.2,04,03)| OO == e 00 iz
1
g1 5 (0.6,0.4,0.7,0.7 b
_____ SH LR Eus Yy %q}(u.4,ns,n.5,0.ﬁ}- g1 ig
------- ~(03-02-0505) 43 92,0306 o>
----- h"'h.,_ (ﬂ,; 0 2
——— R -l
gy =~ ~ullig _ Uillg
F20.43) == <oy 2043,
s J“H-jﬁj ‘-""'::...:3:{':36)
e g, OT060.707) Bl
npy e, Sl (04,03,05,06) nr
(0.7,0.6.0.7,0.6) P e (0.4.03.0.7.06)
04 0405 Oi2g  ~~=ae s (0.12,0.06,0.49,0.4%0-4-0-3-0.5-0.6)
(-0.4,-0.3,-0.5,-0.6) g 5 %0 ~— .
12, P0g, T el e (0.12,0.06,0.35,0.36)
| 6ﬂJ5 ﬂ‘] =~ - -“.‘u.
f"yd6,i ‘--"‘"--..., ...‘-‘
(0.6,0.5,0.5,0.4) T el
(0.6:-05-05-04) 4 15,0.1,0.28,035) (0.6.0.5,0.7.0.7) Tl (0.4.03.05.06)
S127  (018,01,020025)  (0.6,0.6,0.5-0.5) 33, 40.6.0.4,0.5,0.6)
S14 2 $172
FIGURE 12
G, - UGt
C@E")DoEd)
. =
Table 8. QBN out-neighborhood of GGy
(0,¢) a*(e,¢)
(p1,p2) | {(p1,72)(0.3,0.2,0.4,0.5,—0.4, —0.3, 0.2,

—0.4), (Q1,p2)(0.4,0.3,0.5,0.4, —0.2, —0.1, —0.4, —0.3)}
{(p1,72)(0.3,0.2,0.4,0.5,—0.4, —0.3, 0.2, —0.5), (Q1, ¢2)(0.4,0.3,0.7,0.7, —0.2, —0.1, —0.5, —0.5)}
{(q172)(0.4,0.3,0.5,0.6, —0.2, —0.1, —0.3, —0.6) }

{(q1,72)(0.3,0.2,0.4,0.5, 0.3, —0.2, —0.3, —0.3)}
{(q172)(0.3,0.2,0.4,0.5,—0.3, —0.2, —0.3, —0.5)}

{(r1r2)(0.3,0.2,0.7,0.6, 0.4, —0.3, —0.5, —0.6)}
{(r1,72)(0.3,0.2,0.7,0.6, —0.4, —0.3, —0.5, —0.6), (q1, ¢2)(0.5,0.3,0.7,0.7, —0.2, —0.1, —0.5, —0.5)}
{(q1,72)(0.4,0.3,0.6,0.6, —0.2, —0.1, —0.4, —0.6)}

0
{(r1p2)(0.4,0.4,0.6,0.5, —0.3, —0.2, —0.4, —0.5), (s172)(0.3,0.2,0.4, 0.5, —0.5, —0.3, —0.5, —0.4) }
{(r1,42)(0.4,0.4,0.7,0.7,—0.3, —0.2, —0.5, —0.5), (s1,72)(0.3,0.2,0.4,0.5, 0.5, —0.3, —0.5, —0.4)}
{(r172)(0.4,0.3,0.6,0.6, —0.3, —0.2, —0.4, —0.6)}

(Ph q2
(P17 2
q1, P2

)
)
)
(g1, p2)
(q1,92)
(71, p2)
(r1,q2)
(r1,72)
(q1,72)
( )
(51, G2)
(s1,72)

q1,T2

S1, P2
51,42

51,72

. O~ —
It is clear from figure 11 and figure 13 that GC(G—{*)DC(G—%) UG- = C(G10Gy).
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FiGure 14
C(G100Gy)
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4. Application
4.1. Job competition on QBNCG

Let the bipolar quadripartitioned neutrosophic competition digraph in figure 14 represent
the competition amongst job seekers in a company. Let (Hussain, Aslam, Mohammed, Satham,
Durga) be the set of applicants for the jobs Vice Chancellor (VC), Pro Vice Chancellor (PVC),
Academic Dean (AD), Professor (PR). The positive degree of truth membership (o) of each
applicant denote the percentage of academic performance, contradiction membership degree
B(p) of each applicant represent the percentage of background knowledge, v(g) and d(g) rep-
resent the research and teaching aptitude percentage. The negative degree of membership
a(p) represents the percentage that the applicant in not effective in order to fulfil the goals of
the organization, etc. The bipolar quadripartitioned neutrosophic competition graph can be

utilized in order to find the suitable jobs of the applicants.

Table 9. QBN out-neighborhood of Applicant and Jobs
0€eY Q" (e, ¢)
Hussain {(V(C)(0.4,0.3,0.3,0.3,-0.3,-0.2,-0.4,-0.4), (PVC)(0.4,0.3,0.3,0.3,-0.3,-0.2,-
0.4,-0.6), (AD)(0.3,0.3,0.3,0.3,-0.2,-0.1,-0.5,-0.5) }

Durga {(PR)(0.2,0.2,0.2,0.2,-0.1,-0.1,-0.5,-0.5),  (PVC)(0.6,0.6,0.6,0.6,-0.2,-0.2,-
0.2,-0.2)}

Aslam {(V(C)(0.3,0.4,0.2,0.5,-0.5,-0.3,-0.3,-0.3), (PVC)(0.2,0.2,0.2,0.2,-0.1,-0.1 -
0.1,-0.1), (AD)(0.3,0.2,0.5,0.5,-0.2,-0.2,-0.2,-0.2)}

Satham {(AD)(0.2,0.1,0.3,0.3,-0.1,-0.1,-0.1,-0.1), (PR)(0.2,0.2,0.2,0.2,-0.1,-0.1,-0.1 -
0.1)}

Mohammed | {(PR)(0.3,0.3,0.3,0.3,-0.3,-0.2,-0.2,-0.2) }

Here, Qt (Hussain) N QT (Mohammed) = 0, Q" (Aslam) N Q* (Mohammed) = 0,
QT (Hussain) N Q*(Durga) = (PV(C,0.4,0.3,0.6,0.6, —0.2, —0.2, —0.4, —0.6), Q" (Hussain) N

Q" (Satham) = (AD,0.3,0.2,0.5,0.5, —0.1, 0.1, 0.5, —0.5)

QT (Mohammed) N QT (Durga) = (PR,0.2,0.2,0.3,0.3,—0.1,-0.1,—0.5, —0.5),
QT (Mohammed) N Q" (Satham) = (PR,0.2,0.2,0.3,0.3,—0.1,-0.1, —0.2, —0.2)

Q" (Satham) N Q" (Durga) = (PR,0.2,0.2,0.2,0.2,—-0.1,—0.1,—0.5,—0.5), Q*(Aslam) N
Q* (Durga) = (PVC,0.2,0.2,0.6,0.6, 0.1, —0.1, —0.2, —0.2)

Qt(Satham) N Q*(Aslam) = (AD,0.2,0.1,0.5,0.5,—0.1,—0.1, 0.2, —0.2),

QT (Hussain) N Q*(Aslam) = (PVC,0.2,0.2,0.3,0.3,—0.1,—0.1, —0.4, —0.6),
(VC,0.3,0.3,0.3,0.5,—-0.2,-0.1,—0.5, —0.5), (AD,0.3,0.2,0.5,0.5,—0.2, —0.1, —0.5, —0.5).
Figure 15 depicts a bipolar quadripartitioned neutrosophic competition graph. The dot-

ted lines reflect the applicant competing for the specific employment, and the solid
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lines show how fiercely two applicants are competing.

For instance, Hussain and Mo-

hammed both are competing for the jobs, AD and strength of competition between them
(0.12,0.18,0.21,0.24, —0.12, —0.09, —0.21, —0.24).
Here table 10, a(p,q) indicates the value of strength of competition of applicant p for Job

q with respect to academic performance in order fulfill the goals of that jobs. In a similar

fashion, the table 10 is constructed as follows:

Table 10. QBN out-neighborhood of Applicant and Jobs

Applicant, Job Competition a(Applicant, Job) Sr(Applicant, Job)
Hussain,VC Aslam (0.12,0.18,0.21,0.24,-0.12,-0.09,-0.21,-0.24) 2.09
Aslam,VC Hussain (0.12,0.18,0.21,0.24,-0.12,-0.09,-0.21,-0.24) 2.09
Hussain,AD Aslam, Satham (0.105,0.15,0.28,0.32,-0.105,-0.065,-0.28,-0.32) 2.085
Aslam,AD Hussain, Satham (0.09,0.125,0.18,0.33,-0.09,-0.055,-0.28,-0.36) 2.2
Satham,AD Hussain, Aslam (0.075,0.095,0.25,0.41,-0.075,-0.055,-0.35,-0.44) 2.17

Hussain,PVC Aslam, Durga (0.16,0.18,0.345,0.36,-0.1,-0.075,-0.31,-0.36) 2.13
Aslam,PVC Hussain, Durga (0.1,0.17,0.345,0.36,-0.08,-0.065,-0.315,-0.36) 2.095
Durga,PVC Hussain, Aslam (0.14,0.17,0.48,0.48,-0.06,-0.05,-0.42,-0.48) 2.14

Mohammed,PR Satham, Durga (0.06,0.08,0.18,0.225,-0.05,-0.04,-0.12,-0.12) 1.885
Durga,PR Mohammed, Satham (0.06,0.12,0.20,0.20,-0.04,-0.04,-0.08,-0.08) 1.86
Satham,PR Mohammed, Durga (0.06,0.12,0.14,0.185,-0.05,-0.04,-0.08,-0.08) 1.925

Algorithm

(i) For a set of r applicants, enter the values for truth positive membership, contradiction

membership, ignorance membership and false membership..

(i)

If for every two points p; and p;, at(rr;) > 0. 87 (rr;) > 0., yT(rir;) > 0.

6t (rir;) > 0. and a (rr;) < 0., B~ (rirj) < 0., v (rirj) < 0. 6 (rr5) < 0., then

(rj, ot (riry), BY(rirs), vt (riry), 61 (riry),

a (riry), B (rirs), yF (rirg), 67 (riry) € Q7 (r4))

(iii)

trosophic out-neighbourhoods Q™ (r;).

iv)

(
(
(vi)
(

Calculate QT (r;) N Q™ (r;) for every pair of distinct points r; and ;.
v)  Calculate h[Q" (r;) N QT (r;)]
If QT (r;) NQT(r;) # 0 then draw an edge rir;

vii) Repeat step (vi) for every pair of distinct points.

(viii) Provide each edge membership values. With the conditions r;r;

Repeat the step (ii) for all points 7; and 7; to calculate bipolar quadripartitioned neu-
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(0.4,0.3.0303)
(-0.3,-0.2,-0.4,- 1.6

Hussain
(0.5,0.6,0.70.8)
(-0.4,-0.3,-0.7,-0.8)

FVC
(0.8,0.8,0.7.0.7)
(-0.7,-0.3,-0.3,-0.3)

(0.3,0.3,0.3,0.3)
(-0.2,-01-0.5,-0.5)

F

(0.6,0.4,0.3.0.7)

(-0.7.-0.40.3-0.3) I

Q"VB'J' %\‘ Mohammed
@"" A At (0.3,0.4,04,0.3)
el (-0.7,-0.4,-0.4,-0.4)
(0.3,0.4,02,0.5)
(-0.5,-0.3,-0.3,-0.3) (0.6,0.6,0.6,0.6)

(-0.2,-0.2-0.2,-0.2] (0.3,0.3,0.3,0.3)

(-0.3,-0.2,-0.2,-0.2)

Aslam PR
0.4,0.9.0306 Satham
(.E:.s.iu.4;o.-jr..o.)s) (0.3,0.3,03,0.7) (0.4.0.3,0604)
o (-0.3,-0.2-0.2,-0.3) (-0.3.-0.2-06-0.7)
(0.2,0.2,0202
(0.3.0.205035) (-0.1,-0.1-0.L40.1)
(0.1,-0.170.101) (0.2.0.10.30.3) 0.2,0.2,0.20.2)
(-0.1,-0.1-0.1-0.1) -0.1,-0.1-0.5,-0.5)
AD
(0.4.0.5.060.7) /:nrga

(-0.4,-0.4,-0.3,-0.6)

(0.5,0.8.0.8,0.8)
(-0.2,-0.2,0.2,-0.2)

FicUure 15. Bipolar Quadripartitioned Neutrosophic Digraph

ot (rirj) = (ri Ary)ha [QF (ri) NQT ()], a7 (riry) = (7 V ) ha [Q7 (r) N QT ()]
BE(riry) = (ri Ary)ha @ (rs) N QT ()], B (riry) = (ri Vry)ha[Q@F (rs) N QT (7))
YH(rir) = (s V) ha[QF (r) 0 QY (r))], v (riry) = (r5 Arj)Ra[Q7F () N QY (r))]

6 (ryry) = (ri V)b [QF () N QT (1)), 07 (riry) = (rs Ary)ha[Q@F (i) 0 QT (ry)].

(ix) If 7, s1, $2, 83, ..., 5p are the applicants computing for designation ¢, then strength of com-
petition a(r,t) = (a™*(r,t), 87 (r,1), v (r,t),67(r, 1), (r,1), B~ (1, t), 77 (r,1), 07 (r,t)) of each

applicant r for the designation ¢ is

art) = at(rsy) + ...+ at(ys1), 8T (ts1) + ... + BT (ys1),y"(rs1) + ... + v (ys1),01(rs1) + ... + 51 (ys1)

S

a (rs1) +...+a (ys1), 87 (rs1) + ... + B (ys1),v (rs1) + ... +v (ys1),0 (rs1) + ... + 5 (ys1)

s
(x) Calculate Sr(r,t), the strength of competition of each applicant r and t.

Sr(r,t) = at(r,t)+ 81 (r,t) =yt (r,t) =0T (r,t) +2+a (r,t) + B8 (r,t) — (Y (r,t) + 51 (r,1)).
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FIGURE 16. Bipolar Quadripartitioned Neutrosophic Competition Graph

5. Results and Discussion

In this study, quadripartitioned bipolar neutrosophic competition graphs are introduced
as the generalisation of bipolar neutrosophic competition graphs. The sum of positive and
negative truth, contradiction, ignorance and falsity membership functions are lies between
—4 and 4. Finding a suitable job by the applicant and selecting a suitable applicant is the
major issue. The proposed work is applied to find the suitable designation for the appli-
cants with algorithm. We established the job competition model in quadripartitioned bipolar
neutrosophic competition graphs to represent competition between the applicants along with
algorithm. It generalises the existing works in the literature [19,27]. A quadripartitioned
neutrosophic pythagorean set is a powerful general format framework that generalizes the
concept of quadripartitioned neutrosophic sets and neutrosophic pythagorean sets [32]. One
can interpret the proposed method which yields the new concept in quadripartitioned bipo-
lar neutrosophic pythagorean graphs. Pentapartitioned neutrosophic sets are a generalization
of the single-valued and quadri-partitioned single-valued neutrosophic sets, and utilizes five
symbol-valued neutrosophic logic. Pentapartitioned neutrosophic graphs and applications are
established in [33]. Using the generalised score function, one can derive the application of

pentapartitioned bipolar neutrosophic competition graphs. A new ranking function [34}35]
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can be defined to apply the proposed concept in quadripartitioned triangular neutrosophic
graphs. Also the proposed concepts are extended to quadripartitioned neutrosophic statistical
models [36].

Conclusion and Future Direction

This manuscript dealt with the new concept of quadripartitioned bipolar neutrosophic com-
petition graphs and the operations like a Cartesian product and direct product of quadriparti-
tioned neutrosophic bipolar competition graphs with their properties have been discussed. The
proposed concepts are illustrated with examples and application. The positive membership
function denotes the applicant’s eligibility and the negative membership function represents
the ineligible percentage of applicants. The significant advantage of the proposed work is to
find accuracy of suitable jobs by the applicants can be done by employing the quadriparti-
tioned bipolar neutrosophic competition graphs. One can apply the proposed work in various
quadripartitioned neutrosophic fields. The concept of considered graphs provided sufficient fea-
sibility to suppress the related concepts on imprecise information. In future, we can extend the
proposed graphs based on the properties of quadripartitioned neutrosophic rough competition
graphs, interval valued quadripartitioned neutrosophic competition graphs, quadripartitioned
neutrosophic trees and applications. Also, one can extend the developed concepts into iso-
morphic properties and regularity properties in the proposed graph structures. Furthermore,
authors planned to use the ideas mentioned in the articles [37,38] and extend as Quadriparti-
tioned trapezoidal bipolar neutrosophic competition graphs and application in decision making

problems.
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