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Abstract. Unipolar is less fundamental than bipolar cognition based on truth, and composure is a restraint
for truth-based worlds. Bipolarity is the most powerful phenomenon that survives when truth disappeared in
a black hole due to Hawking radiation or particular / anti-particular emission. The purpose of this research
study is to define few four operations, including residue product, rejection, maximal product and symmetric
difference of bipolar single-valued neutrosophic graph (BSVNG) and to explore some of their related properties
with examples. Bipolar single-valued neutrosophic graph (BSVNGQG) is the generalization of the single-valued
neutrosophic graph (SVNG), intuitionistic fuzzy graph, bipolar intuitionistic fuzzy graph, bipolar fuzzy graph
and fuzzy graph. BSVNG plays a significant role in the study of neural networks, daily energy issues, energy
systems, and coding. Moreover, we will determine related properties like the degree of a vertex in a BSVNG or
total degree of a vertex in a BSVNG. We provide examples of the vertex degree in BSVNG and the total vertex

degree in BSVNG. In order to make this useful, we develop an algorithm for our useful method in steps.

Keywords: keyword 1; symmetric difference, residue product, maximal product, rejection of BSVNG, Appli-

cation, algorithm.

1. Introduction

In 1965, Zadeh [36] put forward the idea of the one-degree fuzzy set concept that deter-
mined the true membership function. Since Zadeh’s pioneering work, the fuzzy set theory has
been used in various disciplines such as management sciences, engineering, mathematics, social
sciences, statistics, signal processing, artificial intelligence, automata theory, medical and life

sciences. In the 20th century, Smarandache [31] includes the concept where uncertainty occurs
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in the form of Neutrosophic set and extend the intuitionistic fuzzy set. There is also a non-
membership degree that Atanassove [1] defines in an intuitionistic fuzzy set with two degrees
in a set. Abdel-Basset et al. [2-6] studied many concepts on neutrosophic sets. Broumi et
al. [[2,0-13,28,09] investigated the extension of the fuzzy graph in the form of the single-valued
neutrosophic graphs, shortest path problem using bellman algorithm under neutrosophic en-
vironment, shortest path problem in fuzzy, intuitionistic fuzzy and neutrosophic environment,
single valued neutrosophic coloring, and operations of single valued neutrosophic coloring.

A bipolar fuzzy theory has more scope when we compare to simply a fuzzy theory as com-
patibility and flexibility. Overall its model is better than the fuzzy model. Borzooei and
Rashmanlou [R,25-27] studied very well on vague graphs and bipolar fuzzy graph. Rashman-
lou studied about interval-valued fuzzy graph [22-24]. The neutrosophic set has much scope
in neutrosophy and the neutrosophy theory is widely used in graph theory. In this extension,
Wang et el. [35] described subclass of a Neutrosophic set known as a single-valued neutrosophic
set. In the fields of bio and physics, SVNG has numerous applications. In these days, its pur-
pose evaluates incomplete and uncertainty information. BSVNG has numerous applications in
the fields of geometry and operational research. It has been a useful scope in various fields of
computer science.Later, Deli et al. [[4] described the idea of the bipolar neutrosophic set as the
extension of the Neutrosophic set. He also described the concept of the bipolar fuzzy graph
with some related properties. One problem of an Fuzzy graph, Intuitionistic fuzzy graph,
bipolar fuzzy graph and intuitionistic bipolar fuzzy graph found when uncertainty occurs in
the relationship between two vertices. Need for the neutrosophic graph is necessary because
these are not suitable properly. Many researchers [32,83] was famous due to their research
work application approach to real-world problems.

The idea of the fuzzy graph is presented by Rosenfeld [30] and [84]. Malik and Hassan [16] both
described the classification of the BSVNG together. Later Malik and Naz [21] presented the
operations on the SVNG. Gomathi and Keerthika [15] studied neutrosophic labeling graph.
Kousik Das et al. [I7] defined generalized neutrosophic competition graphs. Mordeson and
Peng [I¥] given some operations on Fuzzy Graphs. Gani et al. [19,20] defined order, size, and
irregular fuzzy graphs. The various application of graph theory in the fields of information
technology, operational research, image segmentation, social science, capturing the image, al-
gebra. It is also applicable to bioscience, chemistry, and computer science. The fuzzy is very
useful to deduce the unsolved problems in various fields like networking, clustering with a great
role in the algorithm. The use of fuzzy graph by which a great extent in a few years and has
a scope from 19th century [I9,20]. Neutrosophy is the type of philosophy which studies the
nature and scope of neutralities. We will discuss some new properties on a BSVNG. Bipolar

fuzzy set has many applications in image processing. It gives more advantages in real problems
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Ficure 1. BSVNG

to make it in an easier form. BSVNG is the extension of an Fuzzy graph, Intuitionistic fuzzy
graph, interval-valued intuitionistic fuzzy graph and SVNG. Bipolar fuzzy graphs are very use-
ful in the fields of signal processing, computer science, and database theory. The operations
we will establish are the symmetric difference and residue product in this paper. Peng [I]
defined Some operations which are the join of two graphs, cartesian product of two graphs
and the union of two graphs. Also, we discuss examples of these operations. We will find the
degree and total degree of BSVNG. In the end, we will make an application on BSVNG with

algorithm.

2. Operations on BSVNGs

In this section, we define four operations, including residue product, rejection, maximal
product and symmetric difference of bipolar single-valued neutrosophic graph (BSVNG) and

to explore some of their related properties with examples.

Definition 2.1. [I3] A bipolar single valued neutrosophic graph is such a pair G = (X,Y)
which is of crisp graph G=(V,E) is defined as(i) aps : V. — [0,1], Bar = V = [0,1], yar : V —
[0,1], 0a7 : V = [-1,0], nar : V — [=1,0], Opr : V — [—1,0]. (ii)

ay(mn) < min{ay (m),ay(n)}, By(mn) > max{Br(m), Bar(n)}

v (mn) = max{ya (m), yar(n)}, on(mn) > max{dy(m),dn(n)}

n(mn) < min{nag(m), mar(n)}, Oy (mn) < minf6a(m), 6ar(n)}.

and 0< ay(mn)+By(mn) + yv(mn) < 3 and —3 < dy(mn)+ny(mn) + Oy (mn) < 0

Example 2.2. In Figure 1, we see a graph with eight vertices {a,b,c,d,e,f,g,h} and eight edges
{ab, bc, cd ,ef, fg, gh ,bf, cg} that is a bipolar single valued neutrosophic graph. It is easy to

see that all conditions of Definition 2.1 is true for this example.
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Definition 2.3. The height of a bipolar single valued neutrosophic set (BSVNs) (in universe

discourse Y)

Q = (aQ), Ba(¥):79,50(1), 1o (1), 0 (y)) is defined by:

h(Q) = (h1(Q), h2(Q), h3(Q), ha(Q), h5(Q), he(Q))
= (Supyeyaq(y), Infyey Bo(y), Infyey Bo(y), Supyeydq(y), Infyeyng(y), Infyey0q(y))

Example 2.4. Take Q = {(a,0.5,0.4,0.5,—0.2, —0.4, —0.5), (b,0.5,0.6,0.4, —0.4, —0.3, —0.6),
(¢,0.4,0.6,0.4,—0.4,—0.5,—0.3)} be BSVNs then height is defined as h(Q) = (0.5,0.4, 0.4,
0.4,0.3,0.3).

Definition 2.5. let G; = (M1, N1) and Gy = (Ma, N3) are two bipolar single valued neutro-
sophic fuzzy graphs defined on G; = (V1, E1) and Gy = (Va, Ey) respectively. The symmetric
difference of G; and Gy is represented by Gi @ Go = (M @ M, N1 & N3). Symmetric difference

of G; and Gg is defined as the following conditions:

(i)

(anr, ® aag,)((m1,ma)) = min{ang, (m1), ans (m2)}, (Ban, ® Bar,)((m1, m2))
= max{ S, (m1), B, (m2)}
(yan, ® Yz ) ((ma, m2)) = max{yar, (m1), Yar(M2)}, (Oar, @ dar,) ((ma, m2))
= max{&ps, (m1), Oar, (M2)}
(a1 @ sy ) ((ma, ma2)) = min{nar, (ma), man, (M2) }s - (Oar @ O, ) ((ma, ma2))

)
= min{0ys, (m1), Op,(m2)}

V(my,mg) € (V1 x Va)
(ii)

(an, ® an,)((m,m2)(m,n2)) = min{an, (m), an,(men2)}t, (Bn, @ B, )((m, m2)(m, n2))
= max{B, (m), By, (man2)}

(v @ v, ) ((m, m2)(m, n2)) = max{yar, (m), Y, (man2)}, (On, @ n ) ((m, m2)(m, n2))
= max{0as, (m), On, (mans)}

(7, ® N, ) ((m, m2)(m, n2)) = min{nag, (m), nn, (man2)}, (On, @ On,)((m, ma)(m, n2))
= min{0yr, (M), On, (Mman2)}

VvV m € Vi and mong € Ey
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(iii)

(an, @ an,)((m1,m)(n1,m)) = min{a, (min), ar, (M)}, By, @ B,)((m1,m)(n1,m))
= max{Sn, (min1), Bu (m) }

(Yv: @ Yvz) ((ma, m) (i, m)) = max{yn, (mam), Y, (M)}, (6, @ O, ) (M1, m) (01, m))
= max{dy, (min1), o, (m)}

(v, @ 0w, ((ma, m)(na, m)) = min{na, (mama), (M)}, (On, @ On,)((ma, m)(n1, m))

= min{fn, (min1), O, (m)}

V z € Vo and miny € By
(2V)

(aNl S3] aNz)((ml’ m2)(n17 n2)) = min{onl (ml)v ap (nl)’ ANy (anQ)}
for all mini € E1 and mong € Es
or

= min{aas, (Mm2), an, (n2), an, (min) } for all miny € Ey and mang € Es

(ﬁ]\h D IBNQ)((m17 mQ)(nla ’I’Lg)) = max{ﬁMl (ml)v 5M1 (nl)a /BNQ (m2n2)}
forall miny € F1 and mang € Fo
or

= max{ S, (m2), Ba, (n2), B, (Mming)} forall miny € Ey and maong € Eo

(’7N1 S nyQ)((m17 mQ)(nla n2)) = max{7M1 (ml)v Y My (n1)7 FN2 (m2n2)}
forall min, € FE1 and mang € Fo
or

= max{yar, (m2), Yas (n2), YN, (min1)} forall miny € Ey and mang & Es

(On; @ Ony)((ma, ma)(n1,n2)) = max{dn, (M), dar, (n1), O, (Mana) }
forall miny € Ey and mang € Fy
or

= max{ds, (m2), 0, (n2), 0N, (min1)} forall miny € Ey and mang & Es
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a(0.7,0.2,0.4, —0.8, 0.2, —0.3) (0.4,0.4,0.5, —0.2, —0.4, —0.6) b(0.4,0.4,0.3, —0.3, —0.3, —0.5)

FIGURE 2. G

c(0.6,0.4,0.3, —0.5, —0.3, —0.4) (0.5,0.6,0.7, —0.3, —0.4, —0.7) d(0.6,0.5,0.4, —0.4, —0.3, —0.86)

FIGURE 3. Gy

(N, @ vy ) ((ma, m2)(n1, n2)) = min{nag (m1), nag (n1), Nn, (Mane) }
forall miny € Fy and mang € Fo

or

= min{nz, (m2), s, (n2), NN, (ming)} forall miny € E1 and maong € Eo

(On, @ O, ) ((m, m2) (1, n2)) = min{Oar, (ma), O, (n1), Fiv, (mang) ¥

forall miny &€ E1 and mang € Fy

or

= min{0r, (m2), Orr, (n2), On, (miny)} forall miny € Ey and mang &€ Eo
Example 2.6. Let Gy = (M1, N1) and G = (M2, N2) be two BSVNGs on V; = {a, b} and Vo =

{¢, d} respectively which shown in Figure 2 and Figure 3. Also symmetric difference shown in

Figure 4.

Proposition 2.7. Let G; = (M, N1) and Go = (My, N2) be two BSVNGs of graph G; =
(Vi, Eq) and Go = (Va, E2), respectively. Then the symmetric difference G ®Gy of G; = (V1, E1)
and Go = (Va, F») is again a BSVNG.

Proof. Let Gy = (M7, N7) and Gy = (My, Na2) be two BSVNGs of graph G; = (V1, Fp) and
Gy = (Va, Es), respectively. Then the symmetric difference Gy @ Go of G; = (V4, E1) and
Go = (Va, E») can be proved. Let (mq,mg)(ni,n2) € E1 X Es
(i) Ifmi=n1=m
(an, & an,)((m, m2)(m,ng)) = min{aas, (m), an, (man2) }
< min{ayy, (m), min{ay, (M2), anr, (n2) }}
= min{min{{ans, (m), ar, (me)}, min{{ar, (m), ans, (n2)}}

= min{(an, ® aum,)(m, ma), (am, ® anm,)(m,n2)}

M. Aslam Malik, Hossein Rashmanlou, Muhammad Shoaib, R. A. Borzooei and Morteza Taheri,
A Study on Bipolar Single-Valued Neutrosophic Graphs With Novel Application



Neutrosophic Sets and Systems, Vol. 32, 2020 227 1
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FIGURE 4. G1 & Go

(BN; ® B, ) ((m,m2)(m, n2)) = max{ B, (m), B, (mana2)}
> max{ S, (m), max{Bar, (m2), Bary (n2) }}
= max{max{{Bu, (m), B, (m2)}, max{{Bu, (m), Brr, (n2) }}
= max{(Br; ® B, )(m,ma), (Bar, & Basy)(m,m2)}

(Y1 ® YN,)((m, ma2)(m, ng)) = max{yar, (m), Y, (man2) }
> max{rYMl (m)v maX{’YM2 (mQ)a YMy (nQ)}}
= max{max{{’w\/h (m)7 YM> (mQ)}7 max{{’w\/h (m)7 YM> (nQ)}}

= max{(ya, ® V) (m, ma), (Yar, ® Yas,)(m, n2)}

(6N1 S3) 5N2)((m7 TTLQ)(TTL, ’I’Lg)) = max{6M1 (m)v 5N2 (m2n2)}
> max{dl\/h (m)v maX{5M2 (mQ)v 6M2 (nQ)}}
= max{max{{6M1 (m)7 5M2 (m2)}7 min{{(le (m)7 5M2 (nQ)}}

= max{ (6, B Onr,)(m,m2), (Oar, ® Oar) (M, n2)}
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(0, & 1, ) ((m, ma) (m, n2)) = min{nar, (m), Ny, (mana)}
< min{an (m)v min{n]\/b (m2)7 Mo (n2)}}
= min{min{{an (m)a MM (mQ)}v min{{an (m)’ M, (112)}}

= Hlin{(UMl ¥ nMg)(ma m2)7 (77M1 D 77M2)(m7 n2>}

(‘91\71 ©® GNQ)((m’ m2)(m7 n2)) = min{eMl (m)’ 0N2 (m2n2)}
< min{fps, (m), min{Ops, (m2), Orr, (n2) }}
= min{min{{0s, (m), Oar, (m2) }, min{{Oar, (m), Onr, (n2)}}

= min{(0r, ® Orr,)(m, m2), (Orr, © Oar,)(m, n2)}

(ii) if mo = N2 =M
(an, ® an,)((m1,m)(n1, m)) = min{ay, (min1), o, (m)}
< min{min{ay, (min1), ans,(m)}
= min{min{{aMl (ml)’ QM, (m)}’ min{{aMl (nl)v M, (m)}}

= min{(aar, & ang,)(my,m), (aarn, & ang,)(ny,m)}

(61\71 D /BNQ)((m17 m) (nlv m)) = max{ﬂNl (mlnl)v BM2 (m)}
> max{max{fSn, (min1), Ba,(m)}
= max{max{{ﬂf\/h (m1)7 5M2 (m)}> maX{{Bl\/h (nl)v BMQ (m)}}

= max{ (B, ® Bar,)(m1,m), (Bar, ® Bu,)(n1,m)}

(7N1 @ ’YNQ)((mlv TTL) (nla m)) = maX{/le (mlnl)’ VM, (m)}
> max{max{yn, (min1), 7az (m)}
= maX{maX{{’YMl (m1)7 VM, (m)}7 maX{{’YMl (nl)a YM, (m)}}

= max{(yar, ® Var,) (M1, m), (v @ Yo )(n1,m)}
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(6, @ 6n, ) ((m1, m)(na, m)) = max{dn, (min1), énr,(m)}
> max{max{dy, (mini), 0, (m)}
= maX{maX{{5M1 (m1)7 5M2 (m)}a maX{{5M1 (nl)a 5M2 (m)}}

= max{(dar, ® Ons,)(m1,m), (6ar, ® Sary) (1, m)}

(77N1 ® 77N2)((m17 m) (nh m)) = min{an (mlnl)v Ny (m)}
< min{min{ny, (min1), na,(m)}
= min{min{{nar, (m1), nar, (M) }, min{{nar, (n1), maz, (m) }}

= min{(an @ "7M2)(mla m)v (77M1 ©® an)(nla m)}

(91\71 ® GNQ)((m]-’ m) (nlv m)) = Inin{01\71 (mlnl)a 9M2 (m)}
< min{min{0y, (min1), O, (m)}
= min{min{{0s, (m1), Orr, (m) }, min{{Oar, (n1), Orr, (M)} }

= min{(0rr, ® Oar,)(m1,m), (Orr, ® Oar,)(n1,m)}

(iii) If mini §f FE1 and mong € Ey

(an, @ an,)((m1,m2)(n1,n2)) = min{an, (m1), an (n1), an, (maeng) }
< min{ang, (m1), an, (n1), min{aag, (ma)an, (n2)}}
= min{min{o, (m1), anr, (m2)}, {aar, (ma), e, (n2) }

= min{(anr, © ang,)(m1, ma), (e, @ ang)(n1,n2)}

(BN ® B, )((m, ma)(n1,m2)) = max{Bar, (m1), Bar, (n1), Bn, (man2)}
> max{far, (m1), Bar, (n1), max{Bas, (m2) B, (n2) }}
= max{max{Bu, (m1), Bus, (m2)}, {Bar, (M1), Bar (n2) }
= max{(Bar, @ Bus,)(ma,m2), (Bar, © Bary)(n1,m2)}

(YN, ® YNy ) (M1, m2) (01, n2)) = max{yas, (m1), Yar, (n1), Y, (Man2) b
> max{ vy (1), Yan (n1), max{yas, (m2) v, (n2)
= max{max{'ﬁﬁ (m1)7 VMo (m2)}’ {’YM1 (ml)’ YM> (nQ)}

= max{(var, ® Var,) (M1, m2), (Y & Yar) (01, n2)}
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(6N, ® 0N, ) ((ma, ma) (1, m2)) = max{dnn (M), 6ar, (n1), O, (Mmanz) }
> max{5M1 (ml)’ 5]\41 (nl)’ max{5M2 (m2)(5M2 (77,2)}}
= max{max{das, (m1),0nr, (ma2)}, {0nr, (m1),dnr, (n2) }

= max{(drr, © dar,)(m1,ma), (dar, @ Onry)(n1,m2)}

(N, © 1N, ) ((ma, ma2)(na, ne)) = min{nar, (ma), nag (1), NN, (Mane) }
< min{nan (M), 1 (n1), min{naz, (m2)nar, (n2)
= min{min{an (ml)v TIMo (mQ)}v {771\/[1 (ml)’ Uy (n2)}

= min{(an S 77M2)(m17 m2)7 (nM1 D 77M2)(7”L1, nZ)}

(0N1 @ HNQ)((m17 m2)(n1a nQ)) = min{gf\/h (m1)7 9M1 (n1)> 91\72 (m2n2)}
< min{far, (m1), Oar, (n1), min{Oar, (m2)0as, (n2) }}
= min{min{Oys, (m1), Orr, (m2)}, {0, (M1), Oar, (n2) }

= min{(GMl ©® 9M2)(m1a m2)v (eMl ©® gMz)(nlv n2)}
(iV) If miny € E1 and mang & Eo

(an, ® an,)((m1,mse)(n1,n2)) = min{ang, (me), an, (n2), an, (ming)}
< min{aMQ (m2)7 QM, (n2)7 min{aMl (ml)a]\/h (nl)}}
= min{min{ay, (m2), anr, (m1)}, {anr, (ma), anr (n1)}

= min{(an, ® ang)(ma, ma), (ann @ ang) (N1, n2)}

(BN, @ BN, ) (1, m2)(n1, n2)) = max{Bar, (ma), B (n2), By, (Mmana)}
> max{ B, (m2), Bu, (n2), max{Bar, (m1) B, (n1) }}
= maX{maX{/BMz (m2)v /BMl (ml)}v {BMQ (m2)’ ﬂMl (nl)}

= max{(8ar, ® Bar,) (M1, m2), (Bar, & Bary)(n1,n2)}

(YN, ® YNy ) (M1, m2) (01, m2)) = max{yas, (m2), Yar, (n2), Y, (Mmana)}
> max{ya, (M2), Yar, (n2), max{yar, (m1)yan (n1) }H
= max{max{'ﬁb (m2)7 YMy (ml)}’ {’YMQ (mQ)’ M, (nl)}

= max{(var, ® Var,) (M1, m2), (Yo, & Yoz ) (01, n2)}
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(6N, ® 0N, ) ((ma, ma)(n1,m2)) = max{da, (M2), dar, (n2), Oy (Mm1na)}
> max{dnr (m2), Oar, (n2), max{dns (m1)dan (n1)}}
= max{max{daz, (m2), onr, (m1)}, {0ar,(m2), dnr, (n1)}

= max{(drr, © dar,)(m1,ma), (dar, @ Onry)(n1,m2)}

(nny ® 0, ) ((ma, me)(n1,me2)) = min{nas, (m2), N, (n2), M, (Mana) b
< min{ﬁMz (m2)7 TM, (’I’Lg), min{an (ml)an (nl)}}
= min{min{naz, (m2), nar, (m1)}, {nar, (m2), nar, (n1) }

= min{(nar, @ nar,) (M1, m2), (Nar, © s )(n1,n2)}

(On, © On,)((ma, m2)(n1,n2)) = min{Oar, (ma2), Oar, (n2), O, (Mana)}
< min{HMQ (m2)7 9M2 (n2)> min{eMl (m1)9M1 (nl)}}
= min{min{0ys, (m2), Orr, (m1)}, {0nr, (m2), Onr, (n1)}

= min{ (O, ® Orr,) (M1, m2), (Oar, ® Oar,)(n1,12)}

. Hence G; @ G2 is a BSVNG.

Definition 2.8. Let G; = (Mj, N7) and Gy = (Ma, Ys) be two BSVNGs. V(m1,mq) € Vi x Vs

(da)er @6, (M1, m2) = > (an, & an,)((m1, m2)(n1, n2))

(m1,m2)(n1,’n2)€E1 X Fa.

= Z min{onl (ml), QN, (mgng)}
mi=ni,manz€E>

+ Z min{ay, (miny, an,(me)}

mini1€FE],ma=n2

+ > min{ang (m1), anr (m), an, (mana)
mini¢Eiand mang€FEy

+ Z min{ay, (min1), an, (m2), an, (n2)}
mini1€E1and mana&FEo
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(dg)ei@e, (M1, m2) = > (BN, @ B, ) ((m, ma)(n1, m2))

(m1,m2)(n1,n2)€E1 xEo.

- Z max{ Sy, (m1), Bn, (Mmang)

mi=ni,manz€ks

+ Z max{Bn, (mini, Ban (m2)}

mini1€E1,ma=nz

+ Z max{ S, (m1), B, (n1), B, (Mmang)}
mini1€E1and maono€Eo
+ Z max{fn, (min1), Bar, (M2), Bar, (n2)}

mini€F1and mgnggEg

(d’Y)(h@Gz (mlva) = Z (’VN1 69/8N2)((m17m2)(n17n2))

(m17m2)(n1,n2)6E1 X Fo.

- Z max{var, (m1), Y, (manz)}

mi1=ni,manz€FL

+ Z max{yn, (min, Y, (m2)}

mini1 €L, ma=ny

+ > max{ s, (Mm1), Yar, (1), YN, (Man2) }
mini €E1and maong € FEo
+ > max{yn, (min1), s, (m2), ym, (n2) }

mini€E1and mangE€FE2

(ds)ei@c, (M1, m2) = > (On, @ O, ) (M1, m2)(n1, m2))

(m1,m2)(n1,n2)€E1 X E>.

— Z max{dnr, (m1),dn, (mana)}

mi1=ni,manz€ks

+ Z max{dy, (mini, dar, (m2)}

mini1€E1,ma=ny

+ > max{dnrs (M1), 0 (1), 6, (M2n2) }
mini¢Eiand mang€FEy
+ Z max{5N1 (mlnl),5M2 (mQ),(SMQ(nQ)}

mini1€E1and mana&FEo

M. Aslam Malik, Hossein Rashmanlou, Muhammad Shoaib, R. A. Borzooei and Morteza Taheri,
A Study on Bipolar Single-Valued Neutrosophic Graphs With Novel Application



Neutrosophic Sets and Systems, Vol. 32, 2020 233

(dﬁ)Gl@Gz(mlva) = Z (77N1 @nl\b)((mlvm?)(nlvn?))

(m1,m2)(n1,n2)€E1 X E>.

= Z min{nas (m1), nn, (mana) }

mi1=ni,manz€ks

+ Z min{nx, (min1, N, (M) }

min1€E1,ma=ny

+ Z min{nas (m1), nar, (n1), N, (Manz2)}

mini€Eiand mang€Fy

+ > min{nn, (min1), M, (m2), nar, (n2) }

mini€FE1and mans QEQ

(do)er@es (M1, m2) = > (On, D N, ) ((ma, m2)(n1, n2))

(m1,m2)(n1,n2)EE1 X E>.

= Z min{0ys, (m1),On,(mang)}

mi1=ni,manz €K

+ Z min{0y, (mini, Op, (me2)}

mini €E1,me=ny

+ > min{0ar, (m1), Oar, (n1), On, (man2)}
mini€Eiand mang€FEy
+ > min{fx, (min1), Oar, (ma2), Oar, (n2)}

mini€EFEiand manaZEs

Theorem 2.9. Let G; = (Ml,Nl) and Gy = (MQ,YQ) be two BSVNGs. If ann 2> OJNQ,B]\/[1 <
BN My < YN, and apg, > any, B, < BNy M, < YNy - Also if day < 0Ny, vy > NG, Oy >
On, and dpr, < 0Ny, MM, = NNy, O01, = On,. Then for every V(mq,ma) € Vi x Vo

(d)ey e, (M1, m2) =q(d)g, (M1) +5(d)e, (Mm2) where s=| V1 | -(d)g, (m1) and q=| V2 | -(d)g, (m2)
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Proof.
(da)eyee, (M1, m2) = > (o, ® any)((ma,ma)(n1,m2))
(m1,m2)(n1,n2)€E1 xEo.
= Y. minfan, (m1), an, (manz)}
mi=ni,maongs€ kKo
+ Z min{ay, (miny), ay, (me)}
mini1 €L, mo=n2
+ > min{aag, (m1), anr (n1), an, (manz2)}
mini¢Eiand mang€FEy
+ > min{an, (mini), an, (M), e (n2) }
mini1€E1and mana&FEo
= Z an, (mang) + Z an, (mini)
maong€Eo mini €k
+ Z an, (mang)} + Z an, (miny)
mini1¢€E1and mang€ Fo mini €E1and maong&FEo>
= q(da)e, (m1) + s(da)e, (m2)
(do)e,@we, (M1, m2) = > (On, @ On,)((ma, m2)(n1,n2))

(m1,m2)(n1,n2)EE1 X E>.

= Z min{fys, (m1), O, (mang)}

m1=ni,manzEFs

+ Z min{0Ox, (min1), Oar, (m2)}

mini €K1, ,ma=ny

+ > min{0as, (ma1), O, (1), O, (manz) }
mini€Eiand mangEFEy
+ > min{fx, (miny), Oar, (ms2), Oar, (n2)}

mini€FEiand maongEFEs

= Z 9N2(m2n2)+ Z GNl(m1n1)

mono€Fo miny€Fq

+ Z On, (manz)} + Z On (miny)

mini€Eiand mangEFy mini€EEiand mangoZEs

= q(dg)c, (m1) + s(dp)e, (m2)

In a similar way others four will proved obviously.
We conclude that (d)g, a6, (M1, m2) =q(d)g, (m1) + s(d)g,(m2) where s=| Vi | -(d)g, (m1) and
q=| V2 [ -(d)a,(m2) - o
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Definition 2.10. Let G = (M, N1) and G = (Ma, Y2) be two BSVNGs. V(mq1,ms) € Vi xV;

(tdoe)m@cz (ml,m2) = Z (aNl @aNz)((mth)(nl’nQ)) + (aMl @QMQ(mth)

(m1,m2)(n1,n2)EE1 X Es.

= Z min{ay, (m1), an, (mana)}

mi=ni,man2€Fy

+ Z min{ay, (mini, an,(msa)}

miniEE,ma=n2

+ > min{ans, (m1), any (n1), v, (manz)
mini€Eiand mang€Fy

+ Z min{an, (miny), an, (m2), aar, (n2) b

min1€FE1and mana&Fo

+ min{ans (m1), an, (me)}

(tdg)e,@e, (M1, m2) = Z (B @ Bz ) ((ma,m2)(n1,12)) + (B, @ By (ma, m2)

(m1,mz2)(n1,n2)EE1 X F2.

— Z max{ S, (m1), B, (Mmana)}

mi1=n1,man2EE

+ Z max{ Sy, (mini, B, (me2) }

min1€E1,ma=ng

4 Z max{ B, (m1), Bar, (n1), B, (Mmang)}
mini€Eiand maons€FE>
+ Z max{ S, (mini1), Bar, (Mm2), Bar, (n2)}

mini€Eiand mangEFEs

-+ max{ Sy, (m1), Bar,(m2)}

(td’Y)Gl@GZ (ml, m2) = Z ('7N1 S 7N2)((m17 m2>(n1’ n2)) + (’YMl S TM2 (ml’ m2)

(m1,m2)(n1,n2)EE X Ea.

— Z max{yas (m1), YN, (man2)}

mi1=ni,man2€Es

+ Z max{yn, (mini, ya,(mea)}

mini1 €L ,me=ny

+ Z max{ya, (m1), yarn (n1), YN, (Man2)}

mini1¢€E1and mang€FEo

+ Z max{yn, (min1), Yan (Mm2), Ym, (n2) }

mini €E1and mana&Fo
+ max{yar, (m1), yar, (m2) }
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(td5)e 6, (m1, ma) = 2 (5 @ 6 )((ma, ma) (ma,m2) + (G, @ Oay (ma, ma)

(m1,m2)(n1,n2)EE1 X Ea.

— Z max{dpr, (m1), dIn, (manga)}

mi=ni,mons€E>

+ Z max{dn, (mini, dp,(m2)}

mini €F1,mo=ns

+ > max{dns, (M1), 0, (1), 6, (M2n2) }
mini€E1and maongs€FEo
+ > max{dn, (m1n1), dar, (m2), dar (n2) }

mini€FE1and mansg QEQ

+ min{dpz, (m1), dpr, (M2)}

(tdy )y (mr,ma) = > (v, @ v, (1, mo) (ma, m2) + (s sy (i, mo)

(m1,m2)(n1,n2)€E1 X Ea.

= Z Hlil’l{’l?Ml (ml)anNQ (anQ)}

mi1=ni,mons€Fly

+ Z min{ny, (min1, N, (ma)}

mini €E1,mo=ny

+ Z min{nar, (m1), nar, (1), N, (Mang) }

miny QE'land mong € Fo

+ Z min{m\rl (m1n1), MM, (m2)7 MM, (n2)}

mini€E1and monagEs

+ max{nas, (m1),nar, (m2)}

(tds)osc, (m1, ma) = D (0w @ 0m)((ma ma)(na,m2) + (O © Oty (s, o)

(m1,m2)(n1,n2)EE1 X Ea.

= Z min{0ys, (m1), On, (mang)}

mi=ni,mon2€Ey

+ Z min{fy, (mini, O, (m2)}

min1€E1,ma=ns

+ > min{0as, (m1), Oar, (n1), On, (man2) }
mini€Eiand mangEFy
+ Z min{9N1 (m1n1)70M2 (ma2), Onr (n2)}

mini1€Eiand manaEFEo

+ max{0ys, (m1),0nr,(m2)}

Theorem 2.11. Let G; = (M1, N1) and Gy = (M2, Ys) be two BSVNGs. If

(i)
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ap, > an, and apg, > an, then V(mi,mo) € Vi x Va

(tda)CqEBGz (mla m2) = q(tda)(h (ml) + S(tda)GQ (m2)
- (q - 1)T(h (ml) - In3"3’({TG1 (ml)a Tt, (ml)}

and

(51\41 < (5]\72 and 5M2 < (SN1 then V(ml,mg) e V1 xV,

(tds)ey e, (Mm1), m2) = q(tds)e, (m1) + s(tds)e, (m2)
- (q - 1)TG1 (ml) - min{TGl (m1)7 TGI (ml)}

(ii) Bum, < Bw, and B, < B, then V(my,mo) € Vi x Vs

(tdp)eiae, (M1, m2) = q(tdg)e, (m1) + s(tds)e, (M2)

— (¢ = DI, (m1) — min{lg, (m1), Ie, (m1}

and

N, = NN, and Mag, > 1, then Y(myp,mo) € Vi x Vi

(tdW)G1€9G2 (mla m2) = Q(tdn)(h (ml) + S(tdn)Gz (m2)
— (¢ — D1, (m1) — max{Ig, (m1), I, (m1) }

(iii) var, < N, and var, > YN, then V(mi,ma) € Vi x Vo

(tdy)e @6, (M1, m2) = q(tdy)e, (ma) + s(tdy)e, (m2)
- (C] - 1)FG1 (ml) - min{FGl (m1)7 FGI (ml)}

and

Or, > On, and Oy, < Oy, then V(m1,m2) e Vi xV

(tdg)e,@es (M1, m2) = q(tdg)e, (m1) + s(tdg)e, (m2)
- (q - 1)FG1 (ml) - maX{FGl (ml)’ FGI (ml)}

V(mi,ma) € Vi x Vo s=| V1 | -(d)g,(m1) and q=| V2 | -(d)g,(ma2) .
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Proof. ¥Y(my,mq) € V1 x Vs

(tda)e,@ey (M1, m2) = Z (an, ® an,)((m1,ma)(n1,n2)) + (an, ® an,)(m, ms)
(m1,m2)(n1,n2)€E1 X FEs.

= Z min{a]\/h (m1)7aN2 (m2n2)}
mi1=ni,man2€ks

+ Z min{ay, (min1), an, (me)}

mini1€EE1,ma=n2

+ > min{aag, (m1), any (n1), an, (mang)
mini€E1and mangs€Eo

+ > min{an, (min1), an, (mz), ang (n2)}
mini€Eiand mana&ZFo

+ max{ans (m1), an, (me)}

= Z an, (mang) + Z an,; (miny)

mana €2 mini1€k

+ Z Qan, (m2n2)} + Z N, (mlnl)

mini€E1and mano€Es min €Erand mana ¢ E;
+ max{an, (m1), ang, (m2) }

= ) an(mong)+ > an,(ming)+ > an, (manz)}

mang € FE2 mini1€FEL mini€E1and mang€E>

+ Z an, (miny) + ap, (ma) + an, (me) — max{an, (ma), an,(me)}
mini€E1and maongE€E>

= q(tda)e, (m1) + s(tda)e, (m2)

- (q - 1)TG1 (ml) - maX{TGI (ml)a T, (ml)}

(tds)e,@c, (M1, m2) = > (Ony ® 0N, ) (M1, m2)(n1,m2)) + (dar, @ dasy) (M1, ma)

(ml,mg)(nl,ng)EEl X Fo.

= Z max{dns, (m1), On, (mans)}

mi1=ni,mang€Fs

+ Z max{dn,; (min1), o, (m2)}

mini €E1,mo=ny

+ Z max{5M1 (m1)76M1 (n1)76N2 (anQ)}
mini€E1and mang€E>
+ > max{dy, (min1), dar, (m2), daz, (n2)}

mini€EE1and manao&FEo

+ min{ons, (m1), 0ar, (m2)}

= Y Onplmang)+ Y O (mama)

maong€Fo miny€Fq
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4 Z In, (mana)} + Z oy (mana)

mini1¢Ei1and mang€ FEo mini €E1and maongEFEo

+ min{oar, (m1), dar, (m2)}

= Z 5N2(m2n2)+ Z 6N1(m1n1)—|— Z 5N2(m2n2)}

mang € FEo mini€EEL mini1¢€Eiand mana€Eg

+ Z 61\71 (mlnl) + 5M1 (ml) + 5M2 (m2) - min{5M1 (ml)v 5M2 (mQ)}

mini1€E1and manaEFEo

= q(tds)e, (m1) + s(tds)e, (m2)
— (¢ — )Tg, (m1) — min{Tg, (m1), Tg, (m1)}

In a similar way others four will proved obviously.
where s=| V; | -(d)g,(m1) and q=| Va2 | -(d)g,(m2) O

Example 2.12. In Example 8 we have to find the degree and total degree of vertices of
Gy @ Go by using Figure 2, Figure 3, and Figure 4.

(da)Gl@Gz (a> C) = q(da)G1 (a) + S(da)Gz (C)
where s=| V; | -(d)¢, (a) and q=| Va2 | -(d)g, (e)

s=IVi |~ (@)=2-1=1, g=| V2| ~(d)g,(e) =2~ 1 =1
(do)ey e (@, €) = q(da)e, (a) + 5(da)a, (c) = 1(0.4) + 1(0.5) = 0.4+ 0.5 = 0.9
(dg)eyes (a, ¢) = q(ds)e, (a) + s(dg)e, () = 1(0.2) + 1(0.4) = 0.2+ 0.4 = 0.6
(dy)eres (0, €) = 0.7, (ds)ersey(arc) = —1.1
(dy)er o (@) = —0.5, (dp)eyee (a,c) = —0.7

So (d)G1@G2 (a, 6) = (09, 06, —11, —0.57 —07)

By applying this technique we can find degree of all vertices in a similar way. Now we will

find total degree of vertices. For this select vertex (a,e)

(tda)ei@cs (a, ¢) = q(tda)e, (a) + s(tda)s, (c)
— (s = Dag,(c) — (¢ — 1)ag, (a) — max{ag, (a), g, (c) }
— 1(0.7 4 0.4) + 1(0.6 4 0.5) — (1 — 1)(0.6) — (1 — 1)(0.7)
~ max{0.6,0.7} = 1(1.1) + L1 — 0.7 = 1.5
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(tds)e we, (@, ¢) = q(tds)g, (a) + s(tds)g, (c)
— (s = 1)de,(c) — (g — 1), (a) — min{dg, (a), dc, (c)}
— 1(=0.6— 0.2) + 1(=0.5 — 0.3) — (1 — 1)(=0.5) — (1 — 1)(—0.6)
~ min{—0.5, 0.6} = (—0.8 — 0.8+ 0.6 = —1.0

(tdg)g@e. (a,¢) = 1.0, (tdy)e,ac,(a,c) =1.3
(tdﬁ)Gl@Gz (CL, C) =-11, (th)Gl@Gz (CL, C) =-1.7

(td)g a6, (a,c) = (1.5,1.0,1.3,—1.0, —1.1, —1.7)
By applying this technique we can find total degree of all vertices in a similar way.

Definition 2.13. let G; = (My, N1) and G = (Ma, N2) are two bipolar single valued neutro-
sophic fuzzy graphs defined on G; = (V1, Ey) and Go = (V3, E3) respectively. The Residue
product of G; and Gy is represented by G; @ Gy = (M; e My, N1 e Ny). Residue product of

G1 and Gy is defined as the following conditions: (i)
(anr ® an,)((m1, ma)) = max{an, (m1), ans, (m2)}, (Bar ® Bar)((m1,ms2))
= min{far, (m1), B, (m2) }

(Var; @ Y, ) (M, m2)) = min{yar, (m1), Yo (M2)}, (Oar, @ S, ) ((M1, m2))

= min{das, (m1), oar, (Mma2)}

(nM1 d 77M2)((m1v m2)) = maX{an (ml)v 1Mo (m2)}’ (GMI i 9M2)((m17 m2))
= max{fr, (m1), O, (m2)}

V(ml,mg) S (Vl X Vg)
(ii)
(an, ® an,)((m1,m2)(n1,n2)) = an, (min1), (Bn, ® Br,)((m1, mz2)(n1,n2)) = BN, (Mmin1)
(v, @ Yv,) ((ma, m2) (na, n2)) = N, (mana), (6n, @ On,)((ma, m2)(n1,n2)) = SN, (Mang)

(NN, @ N, ) (M1, me)(n1,m2)) = Ny (mana), (On, @ On,)((m1, m2)(n1,n2)) = On, (Man1)

VYmini € E1, mo 7& na.
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a(0.3,0.4,02,-0.2, -0.3, -0.4) b(0.4,0.3,0.2,-0.3,-0.4, -0.5)
= (0.3,0.4,0.3,—0.1,—0.5, —0.6)
= (W e, g, U L =, —Lhn) —_
i 3
=f 1
[=] -_»_}
| S
= I
= =
| S
kD |
< -
v o
=3 -
o S
=3 of
(0.4,0.4,0.5,-0.1,-0.4, -0.5) =5
c(0.6,0.3,0.4,-0.6, —0.3,-0.4) d(0.4,0.3,0.2,-0.2,-03,-0.4)
FIGURE 5. Gy
2(0.4,0.3,0.3, —0.5, —0.3, —0.8) (0.4,0.5,0.4, -0.4, —0.4, —0.4) f(0.8,0.4,0.3, —0.9, —0.2, —0.3)
FIGURE 6. G
(0.4,0.3,0.2, —0.5,-0.3, —0.3) (0.8,0.3,0.2,-0.9, —0.2, —0.3)
{a.e) (. £
p
(0.8,0.4,0.2, -0.9, —0.2, —0.3) (0.4,0.3,0.2, —0.5. -0.3, —0.3)
(a, £) ‘ o8 faqa e

(0.3,0.4,0.3, —0.1, —0.5, —0.6)
(0.8,0.4,0.3, 0.1, —0.5, —0.6)
(0.4,0.4,0.5, 0.1, —0.4, —0.5)
(0.4, 0.4, 0.5, =0.1, —0.4, —0.5)

Q
®.2) “ o

(e, £)

(0.4,0.3,0.2, —0.5, —0.3, —0.3) (0.8,0.3,0.3, 0.9, —0.2, —0.3)

®. ) (ere)
(0.8,0.3,0.2, —0.9, —0.2, —0.3) (0.6,0.3,0.3, —0.6, —0.3, —0.3)

FIGURE 7. G; ¢ Gy

Example 2.14. Let Gi = (M;,N;) and Go = (Ms, N2) be two BSVNGs on V; =
{a,b,c,d} and Vo = {e, f} respectively which shown in Figure 5 and Figure 6. Also Residue

product is shown in Figure 7.

Proposition 2.15. Let G; = (M, N1) and Gy = (Ma, N2) be two BSVNGs of graph G =
(Vi, Eq) and Go = (Va, Es), respectively. Then the Residue product G; e Gy of Gy = (V1, Eq)
and Go = (Va, F») is a BSVNG.
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Proof. Let Gy = (M, N1) and Go = (M, N2) be two BSVNGs of graph G; = (V3, Eq) and
Go = (Vi, E9), respectively. Let (mqy,ma)(ni,n2) € E1 X Ey If ming € E7 and mgy # ng then
(an, ® an,)((m1,ma)(n1,n2)) = an, (ming)
< min{apy, (mq), ang, (n1)}
< max{min{ans, (m1), aar (n1) }, min{aas, (m2), anr, (n2) }
= min{max{ans, (m1), anr, (n1) }, max{ans, (ma), ang, (n2) }}

= min{ (o, ® g, )(ma, ma), (o, @ ang, ) (na,n2) }

(BN, @ B, ) ((ma, m2)(n1,m2)) = B, (mani)
> max{B, (m1), Bur, (n1) }
> min{max{Bas, (m1), Bar, (n1) }, max{Bas, (m2), B, (n2)}}
= max{min{Ss, (m1), Bar, (n1) }, min{Bar, (ma), Bas, (n2) }}

= maX{(ﬁMl hd /BM2)(m17 m2)7 (5M1 hd /8M2)(n17 n2)}

(v @ Y, ) (M1, m2) (1, n2)) = Y, (mana)
> max{yas, (m1), yar, (n1)}
> min{max{7yar, (m1), a1, (n1) }, max{yas, (ma2), yar (n2) } }
= max{min{yas, (m1), v, (n1) }, min{yaz, (m2), yar, (n2) } }

= maX{(’YM1 L4 'YMQ)(mla mQ)v (7M1 b ’YMQ)(n17 nQ)}

(0N, ® On, ) ((ma,m2)(n1,m2)) = O, (M)
= max{dar, (m1), on, (1)}
= min{max{dns, (m1), 6ar, (n1)}, max{0ns, (m2), Sas, (n2) }}
= max{min{ds, (m1), dar, (n1) }, min{daz, (ma2), dns, (n2) }}

= max{(drs, ® dns,)(m1,m2), (dar, ® dasy)(n1,m2)}

(7, ® v, ) (M1, m2)(n1,m2)) = N, (Mana)
< min{nar, (m1), nar, (n1)}
< max{min{nar, (m1), nar, (n1) }, min{naz, (m2), naz, (n2) b}
= min{max{nas, (m1), nas, (n1)}, max{naz, (m2), nas, (n2) } }

= min{ (1, ® Nas,) (M1, m2), (Mar, @ Mas,) (01, M2) }
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(On, @ On, ) (M1, m2)(n1,n2)) = On, (m1ny)
< min{far, (ma), Onr, (n1) }
< max{min{0as, (m1), Orr, (n1) }, min{Oar, (m2), O, (n2) }}
= min{max{0y, (m1), Orr, (n1) }, max{bas, (m2), O, (n2) }}

= min{(Orr, ® Oas,)(m1,m2), (Oar, ® Ons, ) (n1,n2)}

Definition 2.16. Let Gi = (Mj;,N;) and Gy = (M2, N2) be two BSVNGs.For any

vertex(mi, ma) € Vi x Va

(da)G1oG2<m17m2) = Z (aN1 QaN2>((m17m2)(n1’n2>)
(m1,mz2)(n1,n2)EE1x Ea.

- Z an, (miny) = (da)g, (M1)

min1€E1,ma#ns

(dﬂ)GﬂGz (mb m2) = Z (6]\71 b ﬁNQ)((mlv m2)(n17 n2))

(m1,m2)(n1,n2)EE1 X Eo.

= > B, (mana) = (dg)e, (1)

mini €L, maF#ns

(dy)are6, (M1, m2) = > (YN, ® ¥, ) ((ma, ma)(na, n2))

(m17m2)(n1,n2)6E1 X Fo.

= > N, (main1) = (dy)e, (m1)

min1 €L, ma#ns

(ds)aye6, (M1, M2) = Z (6N, @ On,) (M1, m2)(n1, n2))

(ml,mg)(nl,nz)GEl X Eso.

= Z In, (miny) = (ds)g, (m1)

mini€E,ma#ng

(dy)eyecs (M1, m2) = > (nn, ® v, ) (M, m2)(n1, n2))

(m1,m2)(n1,n2)EE1 X E>.

=2 ma(mim) = (dy)y ()

mini1€E1,ma#no

(do)c1ec5 (M1, m2) = > (On, ® On, ) ((m1, m2)(n1,m2))

(m1,m2)(n1,n2)EE1x Ea.
= > Ow(mm) = (dg)e, ()
mini €E1,ma#ng
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Definition 2.17.

Let Gy = (M;p,N1) and Gy = (Ma, N3) be two BSVNGs. For any

vertex(mi,ma) € Vi x Vo

(tdOé)G1°G2 (mlva) = Z (aNl 4 aNz)((mlva)(nlv n2)) + (aM1 i aMz)(ml’m2))

(tdﬂ)Gl'(b (m17 m2)

(td’Y)Gsz (m17 m2)

(td5)G10G2 (m17 m2)

(ml,’mg)(’nl,ng)EEl X Fo.

= Y an(miny) + minfau, (ma), an, (ma)}
min1€E1,ma#ns

= > an, (min1) + anr, (M1) + an, (me) — max{an, (m1), o, (m2) }

min1 €L, ma#nsg

= (tda)e, (m1) + anr, (m2) — max{anr, (m1), anr, (m2)}

= > (B, ® BN,) (M1, ma)(n1,n2)) + (B, ® B, (ma, m2))

(ml,mg)(n1,n2)€E1 X Eso.

- > By (many) + max{Bar, (m1), Bar, (M)}

mini€E,ma#ng

= Y B (mam) + Ba (1) + Basy (ma) — min{Bar, (M1), Bas, (m2)}

min1 €EE1,ma#ns

= (tdg)e, (m1) + B, (m2) — min{Bar, (m1), Bar, (m2)}

= > (Yn; @ Y ((ma, m2)(n1, n2)) + (Var, ® Y (ma, m2))

(m1,m2)(n1,n2)EE X Fa.

- 3 v, (many) 4+ max{yaz, (m1), vz, (ma2) }

mini1€E1,ma#ns
= Z YNy (mlnl) + v (ml) + Vi, (mQ) - min{7M1 (m1)7 YMo (mQ)}

min1€E1,maF#ns

= (tdy)e, (m1) + v (m2) — min{yag (m1), var, (m2) }

= > (On, @ 0N, ) (M1, m2)(n1,n2)) + (Oar, @ dary ) (M1, m2))

(m1,m2)(n1,n2)EE X Es.

_ Z dn, (many) + max{ds (m1), 0ar, (Mm2)}

min1 €L, ma#ns

= > ny (mana) + 0ar, (ma) + Oar (m2) — min{daz, (ma), s, (m2)

min1 €L, ma#ns

= (tds)e, (m1) + Oar, (Mm2) — min{dar, (m1), dar, (Ma2) }
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(tdy)ay o6, (M1, M2) = > (M, @ 1wy ) (M, m2)(n1, n2)) + (Mar, ® Nar (M, m2))

(m1,m2)(n1,n2)€E1 X E>.

= Z N, (mlnl) + min{an (m1),77M2 (mQ)}

mini1EE1,ma#ns

= > 1Ny (mana) + nan (ma) + 1ag, (me) — max{Iy, (m1),1az, (m2) }

min1€E,ma#ns

= (tdp)e, (m1) + s, (M2) — max{nag (m1), nar, (m2) }

(tdg)eyec, (M1, m2) = > (On, @ On, ) ((ma, ma)(n1,n2)) + (O, @ Orr, (M1, m2))

(m1,m2)(n1,n2)EE1 X Es.

= Z 0]\[1 (mlnl) + min{9M1 (m1)79M2 (m2)}

min1€EE1,ma#ns

= > O, (mana) + Oar, (ma) + Oar, (M2) — max{Oar, (m1), Ons, (m2) }

mini€E,ma#ng

= (tdp)e, (m1) + On, (m2) — max{Onr, (m1), Onr, (m2) }

Example 2.18. In Example ET4 we have to find the degree and total degree of vertices of
G1 ® Go by using Figure 5, Figure 6, and Figure 7.

(dg)arecs(a, f) = (dg)e, (a) = 0.5+ 0.4 = 0.9
(dy)arecs(a, ) = (dy)e, (a) = —0.4 — 0.5 = —0.9
(da)oreas (@, f) = 0.5, (dy)erees(a, f) = 0.9
(ds)erecs (@, ) = —0.2, (dg)ayees(a, f) = —1.0

(d)g,ee,(a, f) = (0.5,0.9,0.9, —0.2, —0.9, —1.0)

By applying same method we can find degree of all vertices. Now we are to find total degree

of vertices. For this select vertices (a,f)
(tdﬁ)GDGz (a, f) = (tdﬁ)(}l (a) + B, (f) — min{ﬁf\/h (a), B, ()}
= (0.5+ 0.4+ 0.4) + 0.8 — min(0.3,0.8)
=134+08-03=18

(tdp)oiecs (a; f) = (tdy)e, (@) + mas, (f) — max{nar (@), mas, (f)}
= (=0.4— 0.3 —0.5) 4 (—0.2) — max(—0.3, —0.2)
= —12-02+402=-1.2

(td’y)G1°G2 (a7 f) = 1'17 (td(S)Gl'Gz (a, f) =-04
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(tdQ)G1°G2 (a, f) =—14, (tda)G1°G2 (a, f) =038

So (td)e,ec,(a, f) = (0.8,1.8,1.1 — 0.4, —1.2, —1.4)
by applying similar method we can find total degree of all others vertices in a similar way.
Definition 2.19. let G; = (M1, N1) and G = (Ma, N3) are bipolar single valued neutrosophic
fuzzy graphs defined on G = (V1, E1) and Gy = (V1, E2) respectively. The maximal product
of G1 and Go is represented by Gy *Go = (M7 * Ma, N1 & N3). The Maximal product of G; and G
is defined as the following conditions (i)
(aMl * O‘Mz)((ml’ mQ)) = maX{aMl (ml)a My (m2)}a (BMI * ﬁMz)((mlv mQ))

= min{ By, (Mm1), Bar, (M2)}

(i * 9a) (mr,ma)) = min{a, (ma), ass (m2)}, (Bar, * Sa,) (1, ma)

= min{dps, (m1),0nr,(m2)}

(M, * gy ) (M, m2)) = max{nar, (ma), M, (M2)}, (O, * Oary) ((m1, m2))
= max {0z, (m1), Ors, (m2)}
V (mi,ma) € (Vi x V)
(ii)
(aar, * gy ) ((m, m2)(m, n2)) = max{ar, (m), an, (man2)}t, (B, * Bar,) ((m, m2)(m, n2))

= min{/@Ml (m), BNQ (m2n2)}

Craty * ) (m m2) (m, 12) = min{ag,, (m), vy (mzn2) b, (B, G (m, mz) m, )

= min{das, (M), In, (manz)}

(1, gy ) ((m, ma) (M, m2)) = max{nar, (m), v, (man2)}, (Oar, * Oar,)((m, me) (m, na))
= max {0y, (m), O, (man2)}
Vm € Viand mong € FEo
(i)
(g, * aas, ) ((ma, m)(n1, m)) = max{an, (min1), aan, (M)}, (Bay * Bary) ((ma, m)(n1,m))

= min{fn, (min1), B (m)}

(a0 ((ma, ) 2, m)) = i (mamn). a0y (m) (3, # 032 m) (s )

= min{dn, (min1), dp,(m)}
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a(0.4,0.3,0.4, —0.5, —0.4, —0.3) (0.3,0.6,0.5, —0.3, 0.5, —0.4) 5(0.6,0.5,0.4, —0.4, —0.4, —0.3)

FIGURE 8. &1

(0.5,0.4,0.3, —0.4, —0.5,-0.6)

S 2

(0.1,0.7,0.5, —0.2, 0.5, —0.6)

£ >
d(0.2,0.6,0.4, 0.3, =0.4, —0.5) e(0.5.0.4,0.3, —0.4, —0.5, -0.3)

FIGURE 9. Gy

(77M1 * an)((mbm)(nlvm)) = maX{UNl (mlnl)aan (m)}a (eMl * HMQ)((mlvm)(nl’m))

= max{0On, (min1), 0, (m)}

Vm € Vo and ming € Ej

Example 2.20. Let G = (M;,N;) and Gy = (M, N2) be two BSVNGs on Vi =
{a,b} and Vo = {c,d, e} respectively which shown in Figure 8 and Figure 9. Also maximal

product is shown in Figure 10.

Proposition 2.21. Let G; = (M, N1) and Gy = (Ma, N2) be two BSVNGs of graph G =
(V1, Eq) and Go = (Va, E9), respectively. Then then maximal product Gy % Go of G; = (V1, E1)
and Go = (Va, E») is a BSVNG.

Proof. Let G = (Mj,N7) and Gy = (My, N3) be two BSVNGs of graph G; = (V1, Ep) and
Go = (Va, E3), respectively. Then the Maximal product Gy * G of Gy = (Vi, E1) and Gy =
(Va, E5) can be proved. Let (mi,m2)(ny,ne) € Eq X Es
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(0.5,0.3,0.2, —0.5, 0.4, —0.3) (0.6,0.4, 0.8, —0.4, 0.4, —0.2)
) (0.4,0.3,0.4, —0.2, —0.4, —0.3)

(0.3.0.6,04, —0.4, —0.4, —0.4)

(0.4,0.3,0.4, —0.5, —0.4, —0.3)

(@.d)

(0.6,0.5,0.4, —0.4, —0.4, —0.3)

° l,.\\l
ob

ICh

(0.6,05,04,-04, —04,-03
v

B
(0.4,0.3,0.4, —0.5, —0.4, —0.3)

(b, e)

(a.e) (0.5,0.4,0.3, -0.4, —0.5, —0.3) (0.6,0.4,0.3, —0.4, 0.4, —0.3)

(0.5,0.3,0.3, —0.5, —0.4, —0.3)

FIGURE 10. Gj * Go

(i) Ifmlznlzm

(an, * an, )((m, ma)(m,n2)) = max{an, (m), an, (mana)}
< maX{Ole (m)v min{aMz (mZ)v M, (HZ)}}
= min{max{{ans, (m), arr, (m2)}, max{{an, (m), arr, (n2)}}

= min{(an, * an,)(m, ma), (e, * an,)(m,na)}

(B, * By ) ((my ma)(m, n2)) = min{Bar, (m), B, (man2) }
> min{ By, (m), max{ S, (m2), Bar, (n2) }}
= max{min{{Bur, (M), Bap, (m2) }, min{{Bar, (m), Bar, (n2)}}

= max{ (B, * Bar,) (M, ma), (Bary * Bary)(m,n2)}

(’7N1 * ’7N2)((m’ mQ)(mv n2)) = min{7M1 (m)7 TN, (m2n2)}
> min{ya, (m), max{yas, (m2), s, (n2)}}
= max{min{{’VMl (m)7 VM, (m2)}7 min{{’yl\/h (m)7 YM, (nQ)}}

= max{(Ya, * Vs ) (M, m2), (Vary * Ya,) (0, m2) }
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(O, * Oy ) ((m, ma)(m, n2)) = min{dns, (m), 6n, (mana)}
> rnin{5]\41 (m)’ max{5M2 (m2)7 5M2 (77’2)}}
= max{min{{&Ml (m)7 5M2 (mQ)}v min{{5M1 (m)a 5M2 (112)}}

= max{(dnr, * Onr, ) (M, ma2), (Onr, * Onry) (M, m2)}

(77]\71 * 77N2)((m7 m2)(ma nQ)) = maX{UMl (m)7 1IN, (anQ)}
< max{nar, (m), min{naz, (m2), nar, (n2) }}
= min{max{{nM1 (m), M, (m2)}7 max{{an (m)v TIM> (n2)}}

= min{(an * nMg)(m7 m2)7 (an * 77M2)(m> n2)}

(9N1 * eNz)((m7 m2>(m7 n2)) = maX{6M1 (m)v 9N2 (m2n2)}
< maX{eMl (m)7 min{9M2 (mQ)v 9M2 (nQ)}}
= min{max{{0s, (m), 01, (m2) }, max{{brs, (m), Onr, (2)} }

= min{ (s, * Onr,)(m, m2), (Oar, * Orr,)(m,no)}

(ii)) If mg =ng =m

(an, * any)((m1, m)(n1, m)) = max{ay, (min1), an,(m)}
< max{min{an, (mini), ap,(m)}
= min{max{{ole (ml)v QMo (m)}7 maX{{aMl (nl)’ 29,758 (m)}}

= min{(apr * ang)(m1,m), (any * ang)(ni, m)}

(BNI * BNQ)((m17 m)(nl’ m)) = min{ﬁNl (mlnl)a BM2 (m)}
> min{max{ Sy, (min1), B, (m)}
= maX{min{{/Bl\h (m1)7 B (m)}7 min{{/BMl (n1)7 B (m)}}

= maX{(ﬁMl * BMg)(ml’ m)a (/BMI * /BMQ)(nL m)}
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(7N1 * ,.YNQ)((m17 m) (77,1, m)) = min{7N1 (mlnl)a YM; (m)}
> min{max{yn, (min1), yan (m)}
= maX{min{{’Wﬁ (ml)a YM, (m)}a min{{7M1 (nl)v YM> (m)}}

= max{ (7, * Yar) (M1, m), (Y, * Yar,) (n1,m)}

(5]\71 * 6N2)((m1’ m) (nla m)) = Hlin{61\71 (mlnl)’ 6M2 (m)}
> min{max{dn, (mini), s (m)}
= max{min{{dn, (m1), dar, (m)}, min{{éar, (n1), dar, (m) }}

= max{(das, * Oar,) (M1, m), (Onr, * Oag,)(n1,m)}

(77]\71 * 77N2)((m17 m)(nla m)) = maX{UNl (m1n1)7 NM, (m)}
< max{min{ny, (min1), na, (m)}
= min{max{{nn, (m1), 1, (m) }, max{{nas, (n1), mas, (m)} }

= min{(an * 77M2)(m17 m), (nM1 * 77M2)(n17 m)}

(On, * On, ) (M1, m)(n1, m)) = max{On, (min1), 0, (m)}
< max{min{fy, (min1), 0, (m)}
= min{max{{9N1 (m1)7 9M2 (m)}’ maX{{9M1 (n1)7 HMQ (m)}}

= min{(0rr, * Orr,)(ma, m), (Onr, * Onr,) (n1,m) }

Definition 2.22. Let G; = (M7, N1) and Gy = (Ma, N2) be two BSVNGs. V(m1,ma) € Vi x Vs

(dOé)Gl*G2(m17m2) = Z (OéN1 *aN2>((m17m2)(n1’n2>)
(m1,m2)(ni,n2)€E1 X Es.

= Z max{on1 (ml),aNQ(m2n2)}
mi=n1,mons€E>

+ Z max{an, (mini), an,(ma)}

min1€E1,ma=ny
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(dg)eyxas (M1, ma) = > (BN, * BN ) ((ma, m2) (n1, n2))

(m1,m2)(n1,n2)EE1 X Es.

— Z min{Bar, (m1), B, (mana) }

mi1=n1,maon2EE

+ Z min{ Sy, (min1), Bar, (m2) }

min1€E1,ma=ng

(dy)erxcy (M1, ma) = > (YN, * YN, ) ((ma, ma) (g, n2))

(m1,m2)(n1,n2)EEL X Es.

_ Z min{yaz, (m1), YN, (manz)}

mi=ni,mons€E>

+ Z min{yn, (min1), ya, (ma)}

mini1EE,ma=n2

(ds)ey e, (M1, m2) = Z (6ny * 0N, ) (M, m2)(n1, n2))

(m1,m2)(n1,n2)€E1x Ea.

= Z min{dpz, (m1), dn, (mang)}

mi=ni,mana€Es

+ Z min{dy, (min1),0n,(m2)}

mini1 €L, ma=ny

(dn)G1*G2 (mla m2) = Z ("7N1 * nNz)((ml’ mQ)(nla 712))

(ml,mg)(nl,nz)eEl xEs.

= Z maX{an (ml)’ UhP) (m2n2)}

mi1=ni,man2€Es

4 Z max{ny, (mini), na,(me)}

min1 €L, ma=ns

(do)erxey (M, m2) = > (On, * Ony ) ((ma, ma)(n1, nz))

(m1,m2)(n1,m2)EE X Ea.

- Z max{0ns, (m1), On, (man2)}

mi1=n1,manzEE>

+ Z max{fn, (min1), O, (m2)}

min1€F,ma=ns

Theorem 2.23. Let Gy = (M, N1) and Go = (Ms, N2) are two BSVNGs. If ay, > an,, B,
BNos My <IN, and ang, = any, By < BNy Ym, < YNy Also IE o < Ony, vy 2 g, Oy
On, and dpr, < 0Ny, MM, = NNy, 01, = On, Then for every V(my, ma) € Vi x Va

(da)ey 6, (M1, m2) =(d)a, (m2)an, (m1) + (d)e, (ma)an, (me)
(dg) )=(d)a, (m2)Bar, (m1) + (d)a, (m1) Bar, (m2)
(dy)e1xcs (M1, m2)=(d)cy (Mm2)vas, (M1) + (d)y (M) v, (M2)
(ds)ey 6, (M1, m2) =(d)c, (m2)dar (M1) + (d)Gy (Ma)dar, (mo2)
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(dn)eyxe, (M1, m2)=(d)e, (M2)nas, (1) + (d) G, (M) 0, (M)
(de)Gl*GQ (mla m2):(d)G2 (mZ)ng (ml) + (d)Gl (m1)9M2 (m2)

Proof.

(da)G1*Gz (m17m2) = Z (OéNl * aNz)((mI; m2)(n1’n2))
(m1,m2)(n1,n2)E€E1 X E>.

= Z max{anr, (m1), an, (mansg)}
mi1=ni,mans cEs

+ Z max{an, (min1), anm,(ms)}

mini1€L1,ma=n2
= Z an,(mang) + Z an, (miny)

man2€F2,m1=n1 mini1 €L, me=ny

= (d)a, (m2)ann (M) + (d)g, (ma)an, (ms)

(ds)ey 6, (M1, m2) = > (6N, * 0Ny ) (M, m2) (1, n2))

(m1,m2)(n1,n2)EEL X Es.

— Z min{dpz, (m1), In, (mana)}

mi=n1,man2€L>

+ Z min{dy, (min1),dn,(me2)}

miniE€FE1,ma=nso

= Z I, (mang) + Z O, (maing)

mang€FE2,m1=ny min1€E1,ma=ny

= (d)G,(m2)dnr, (m1) + (d)G, (M), (m2)

In a similar way others four will proved obviously.

Definition 2.24. Let G; = (M, N1) and Gy = (Ma, N2) be two BSVNGs. V(m1,ma) € Vi x Vs

(tda)g 56, (M1, m2) = Z (an, * an,)((m1,me)(n1,n2)) + (any * an, (M1, ms)
(m1,m2)(n1,n2)€E1 X E>.

— Z max{an, (m1), an, (mana)}
mi=n1,mons€E>

+ Z max{an, (miny), an,(ma)}

min1 €EE1,ma=ny

+ max{ans, (m1), an, (ma)}
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(tdﬁ)G1*G2 (ml, m2) = Z (BNl * ﬁN2)((m17 mQ)(nh nQ)) + (5M1 * 5M2 (ml’ m2)

(m1,m2)(n1,n2)EE1 X Ea.

_ 3 min{Bas, (m1), B, (mang)}

mi=n1,mons€E>

+ Z min{ Sy, (min1), Ba, (m2)}

min1 €L, ma=ns

+ min{Bas, (m1), Bas, (m2) }

(td"{>G1*G2(m17m2) = Z (’7N1 *PYNQ)((mlva)(nlanQ)) + <7M1 *YMa (ml’m2)

(m1,m2)(n1,n2)€E1 X Es.

= Z min{yas, (m1), YN, (man2)}

mi=ni,mons€E>

+ Z min{yn, (min1, Yam, (m2)}

mini1 €L ,me=ns

+ max{’yMl (m1)7 YM, (mZ)}

(tds)eyxc, (M1, m2) = Z (6ny * 6n, ) ((ma, m2)(n1,m2)) + (Oar, * Gasy (M, m2)

(m1,m2)(n1,n2)€E1 X Ey.

= Z min{dys, (m1), dn, (mang)}

mi1=n1,manzEE>
+ Z min{ox, (min1), oar, (m2)}

mini1 €L, mo=ns

+ min{onr, (m1), 0ar, (m2)}

(tdn)G1*G2 (ml, m2) = Z (nN1 * 77N2)((m1, m?)(nlv 77,2)) + (an * 1Mo (ml’ m2)

(ml,ﬂ”LQ)(nl,n2)€El X Fa.

= Z max{nas (m1), nn, (mana) }

mi=ni,maongs €Ky
+ Z max{nn, (min1), N, (ma)}

min1€F1,ma=ns

+ max{m\/h (777,1), MM, (mQ)}

(th)Gl*Gz (ml, m2) = Z (9N1 * eNz)((mly mQ)(nla nQ)) + (HMl * 0M2 (ml’ m2)

(m1,m2)(n1,n2)EE X Ea.

— Z max{0xs, (m1),0n,(man2)}

mi=ni,mons€E>

+ Z max {0y, (mini, 0y, (m2)}

mini1 €L, mo=ns
+ max{Oar, (m1), Or, (m2)}
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Theorem 2.25. Let G = (Mj, N1) and Ga = (Ma, Na2) be two BSVNGs. If ay, > an,, Bur, <
BNas My < YN, and ang, = any, By < BNy Ym, < YNy Also IE dar < vy, vy > Ny, Oy >
On, and Opr, < 0Ny, MMy > NNy, 001, > On, Then for every V(mi,ma) € Vi x Vo
(da)ey+e, (M1, m2) =(d)G,(ma2)ans (m1) + (d)a, (m1) o, (ma)
(d)e1x6, (M1, m2)=(d)e, (Mm2) Bar, (m1) + (d) Gy (M) B, (M)
(dy)arses (M1, m2)=(d) G, (m2)yar, (ma) + (d) G, (ma)ya, (me2)
(ds)ey+e, (M1, m2) =(d)G,(m2)dnr, (m1) + (d)a, (m1)dn, (m2)
(d)ay s (M1, ma)=(d)a, (ma)nar, (m1) + (d) G, (ma)nar, (m2)
(dg)ey+c, (M1, m2)=(d)c, (m2)0n, (m1) + (d)c, (M1)0r, (M2)
Proof.
(tda)e,xay (M1, m2) = > (an, * any,)((m1, ma)(n1,n2)) + (aar * a)(mi, ms)
(m1,m2)(n1,n2)€E1 X Ea.
= Z max{an, (m1), an,(mana)}
mi=n1,mans€Es
+ Z max{an, (mini), an,(ma)}
mini €L ,mo=ny
+ max{ang (m1), ay, (me)}
= Z an, (mang) + Z an, (mini)
mana€Ea,mi=n1 mini €E1,ma=ns
+ max{an (m1), an, (me)}
= (d)g,(m2)an, (m1) + (d)a, (M), (m2) + maz{an, (m1), an, (me)
(tds)gyxa, (M1, ma) = Z (Ony * Ony) (M, m2)(n1,n2)) + (dar, * Oar,) (M1, m2)

(m1,m2)(n1,n2)EE1 X Es.

= Z min{daz, (m1), o, (mana)}

mi1=ni,manz €K

+ Z min{dy, (min1),dn,(me2)}

mini €E1,me=ny

+ min{dns, (m1), dar, (m2)}
— Z SN, (mang) + Z On, (mina)

monz€F2,mi=n1 mini1€E1,ma=nz

+ min{onr, (m1), dar,(ma2) }

= (d)G,(m2)dn, (m1) + (d)G, (M), (m2) + min{dar, (m1), dar, (M2) b

In a similar way others four will proved obviously.
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Example 2.26. In Example we have to find the degree and total degree of vertices of
Gy * Gg by using Figure 8, Figure 9, and Figure 10. Select the vertex (e,a).
(da)ayxe;(a, ¢) = (d)a,(c)ann (a) + (d)a, (a)anr (c)
=2(0.4) 4+ 1(0.5) =0.8+0.5=1.3

(tds)e,+e,(a, €) = (d)G,(c)dnr, (a) + (d)a, (a)dns, ()
=2(—05)+1(—04) = -1.0-04=—14

5 (dg)cl*GQ(a,C) = 1.0 y (d,y)(;l*GQ(@,CL) =1.1 s (tdﬁ)Gl*Gz (a, C) =-1.3 y (tdQ)G1*G2 (a, C) = —1.2.
By applying the same method we can find the degree of all vertices.now we are find the total
degree of vertices in maximal product. For this select the same vertex (e,a).
(tda)e1x6,(a; ¢) = (d) e, (c)anr (a) + (d)a, (a)anr (¢) + max{ans (a), arn ()}
=2(0.4) + 1(0.5) + max(0.4,0.5) =0.84+ 0.5+ 0.5 =18

(th)G1*G2 (a’a C) = (d)G2 (C)HMI (a) + (d)Gl (G)GMQ (C) + min{eMl (a)7 9M2 (C)}
= 2(—0.3) + 1(—0.6) + min(—0.3, —0.6) = —0.6 — 0.6 — 0.6 = —1.8

(tdg)g xes (@, €) = 1.3 ,(tdy)e, e, (a, ¢) = 1.4, (tds)g «e, (a,¢) = —1.8 ,(tdy)e 46, (a, c) = —1.8. By

applying same method or technique we can find all other vertices total degree.

Definition 2.27. Let G; = (M3, N1) and Gy = (M3, N2) are two bipolar single valued neutro-
sophic fuzzy graphs defined on G = (V1, E1) and Go = (Va, E2) respectively. The rejection of
Gy and Gg is represented by Gi|Ge = (M7|Ma, Ni|N3). Rejection of Giand Gy is defined as the
following conditions:

()

(anr lans, ) (M1, m2)) = min{any, (m1), an, (m2)}, (Ban |Ba,) (M1, m2)) = max{Bar, (m1), Bur, (M2)
(Var [van, ) (M1, m2)) = max{yan (ma), Yar (M2) b, (Gar,[0as,) ((a, m2)) = max{dan (ma), dar, (m2) }

(a1 [nasy ) ((ma, m2)) = min{nag, (M), mar, (m2)}, (Oar,10a,) (M1, m2)) = min{Oy, (ma), O, (m2) }

A (ml,mg) S (V1 X Vg)
(ii)

(an, lan, ) ((m,m2)(m,n2)) = min{an, (M), anr, (m2), an, (n2)}s (Bny BN, ) ((m, m2) (m, n2))

= max{ S, (m), Bar, (ma2), Bar, (n2)}
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(7N1 "YNQ)((W% mQ)(m7 77,2)) = max{7M1 (m)a YM, (mQ)a YM, (77,2)}, (5N1 |6N2)((m7 m2)(m7 n2>)

= max{dp; (M), onr, (m2), dnr, (n2)}

(77N1 |77N2)((ma m2)(m> 77,2)) = min{an (m)v MM, (m2)7 MM, (n2)}7 (0N1 |‘9N2)((m’ mg)(m, nQ))
= min{0r, (m), Orr, (Mm2), Orr, (n2) }

VY m € Vo and mang € Ebo.
(iii)
(an, lan, ) ((m,m2)(m,n2)) = min{an, (M), anr, (m2), ann (n2)}s (Bng BN, ) ((m, m2)(m, ng))

= max{ S, (m), Bu, (m2), Bar, (n2)}

(,YNI "YNz)((m’ m2)(m7 77’2)) = maX{'YMl (m)a VMo (m2)7 VMo (77’2)}7 (5N1 |6N2)((m7 m2)(m7 n2))

= max{dy, (m), dar, (Mm2), dnr, (n2) }

(an |77N2)((ma mZ)(m7 n2)) = min{an (m)’ MM (mQ)’ MM, (nQ)}a (0N1 |9N2)((ma mZ)(m7 nQ))

= min{Ops, (m), Ors,(m2), Onr, (n2) }

Y z € Vo and ming € Fy.

(iV) (@ lan, ) ((ma, m2) (1, n2)) = min{ans, (m1), cng (n1), aar, (M2), an, (n2) }
(BN, BN, ) (M1, ma)(n1,n2)) =
max{ S, (m1), Bar (1), Bary (M2), an, (n2) }, (Y, [, ) (M, m2) (na, n2)) =
max{yar, (m1), Var (1), Yoz, (M2), s, (n2) },
(0N |08, ) (M1, m2) (n1, m2)) = max{dar, (m1), dar, (1), Oar, (M2), Oy (2) }
(v, [, ) (M, m2) (n1, m2)) = min{nag, (m1), mar (n1), s, (M2), O, (n2) )

i

(01\71 |9N2)((m13 m2)(n1a 712)) = min{ﬂMl (m1)7 9M1 (nl)’ 9M2 (m2)7 51\42 (nQ)}

Y mini € Ey and mong & Es.

Example 2.28. Let Gi = (M;,N;) and Go = (Ma,N2) be two BSVNGs on V; =
{a,b,c,d} and V5 = {e, f}, respectively which shown in Figure 11 and Figure 12. Also rejection

shown in Figure 13.

Proposition 2.29. Let G; = (M, N1) and Gy = (Ma, N2) be two BSVNGs of graph G; =
(Vi, E1) and Gy = (Va, Ey), respectively. Then the rejection G1|Ge of Gy = (Vi,E1) and
G2 = (V2,E2) is a BSVNG.
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a(0.3,0.4,0.2, —0.3, —0.2, —0.4) d(0.5,0.2,0.3,-0.3, -0.2,-0.6)

(0.2,0.5,0.4,—0.2,—0.4,—0.5)
(0.4,0.3,03, =01, —0.4,—0.7)

(0.4,0.2,04,-0.1,-0.4,-0.5)

b(0.5,0.2,0.3, -0.4,-0.3, -0.2) £(0.4,0.2,0.3,-0.2, -0.3, -0.2)

FIGURE 11. G;

e(0.4,0.3,0.2, —0.3, —0.2, —0.3) (0.3,0.4,0.5, —0.1, —0.2, —0.5) f(0.3,0.2,0.4, —0.2, —0.3, —0.4)

FIGURE 12. Gy

(0:3,0.4,0.2, —0.3, —0.2, ~0.4) (0.3,0.4,0.4, -0.2, —0.3, —0.4)
(e, a) (f.a)
¥ I
L (04,03,03,-0.3,-0.3,—0.3) (0.3,0.2,0.4, 0.2, —0.3, —0.4).

) @ Q )
< (e. b) (f.b) 3
o o
e =1
I i
o o1
e (=1
5 |
il -+
=] =1
- -+
= . y s

e, (f.e) - o
S o (o 2 i
/\W' (0.4,0.3,0.3, —0.2, —0.2, —0.3¥0.3,0.2,0.4, —0.2, 0.3, -0.3) = -

L
(e, d) (f.d)

(0.3,0.2,04, 0.2, —0.3, —0.6)
(0.4,03,0.3, —0.3, —0.2, —0.6)

FIGURE 13. Gp | Go

Proof. Suppose that Gy = (M7, N1) and Go = (Ma, N2) be two BSVNGs of graph G; = (V1, E1)
and Gy = (Va, E3) respectively. Then for (mi,m2)(n1,n2) € Eq X Es.
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(i) If mi = ni,mang Q E2
(6N1 |BN2)((m17 m2)(n1a nQ)) = max{ﬂ]\/h (ml)v ﬁMz (m2)v /BMQ (nQ)}
= max{max{ﬁMl (ml)v /3M2 (mQ)}> maX{BM1 (n1)> /BMQ (nQ)}}

= max{(Bar |Bas, ) (M1, ma), (Bar, | Basy ) (1, n2) }

(1 1, ) ((ma, m2) (na, n2)) = min{nar, (ma), nar, (m2), nar, (n2) }
= min{min{nas, (M), nar, (m2) }, min{nas, (n1), nar, (n2) }}

= min{(an |77M2)(m1a m2)7 (77M1 |77M2)(n1a nQ)}

In a similar way others four will proved obviously.

(ii) If mo = N2, Mini € E1

(any [an, ) ((m1, m2)(n1,n2)) = min{ans (M), aar (n1), anp (me) }
= min{min{a]\/h (ml)’ M, (mQ)}v min{aMl (nl)a QM, (nQ)}}

= min{(aar, |aar, ) (m1, ma), (o loas ) (n1,n2) }

(0N, |08z ) (M1, m2)(n1, m2)) = max{dar, (m1), 6, (n1), dary (M) }
= max{max{dn, (m1), dar, (m2) }, max{dar, (n1), dns, (n2) }}
= max{(dar, |0as) (M1, m2), (Sar, |01z ) (1, m2)
In a similar way others four will proved obviously.
(iii) If many & Erand mans & Es
(Y [vve ) ((mn, me) (1, m2)) = max{yas, (ma), var (na), Y, (Ma2), yar, (n2) }
= max{max{yar, (m1), ya, (m2) }, max{yar, (n1), Yar, (n2) } }

= max{(’YM1 h/Mg)(mla m2), (vary "YMz)(nh nQ)}

(On 10N, ) (M1, m2)(n1,m2)) = min{Oar, (m1), Oar, (1), Onr, (Mm2), Oar, (n2) }
= min{min{fs, (m1), Oar, (m2) }, min{bas, (n1), Oar, (n2) }}
= min{(eMl |0M2)(m17 m2)7 (0M1 |9M2)(n1’ nZ)}

In a similar way others four will proved obviously.

Hence all properties are satisfied truly, so in all cases N1|Ng is a BSVNG on M;|M;. Therefore
we can say G1|G2 = (M1’M2,N1‘N2) is a BSVNG. 0
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Definition 2.30. Let G = (M7, N1) and G = (Ma, Y2) be two BSVNGs. V(mq,ms2) € Vi xV;

(da), (6, (M1, m2) = > (any |an, ) ((m1, ma)(n1,n2))

(m1,m2)(n1,n2)EE1 X Es.

= Z min{ay, (m1), e, (Mm2), an, (n2)}

mi=ni,manaZE>

+ Z min{any, (m1), o, (n1), an, (m2)}

ma=na,min1¢E;

+ > min{ang, (m1), anry (n1), an, (m2), o, (n2) }
mini1¢Eiand mana@FEo

(dg)e, j6; (M1, m2) = > (BN B, ) ((m1, m2) (1, n2))

(m1,m2)(n1,n2)EE X E>.

= Z max{ B, (m1), Bas, (Mm2), Bar, (n2) }

mi=ni,mansg Lo

+ Z max{ B, (m1), B, (n1), Bar, (M2) }

ma=nz,min1¢E

+ > max{Sar, (m1), Bar, (n1), Bary (m2), Bar, (n2)}

mini1¢€E1and mana&FEo

(dy)ey (o, (M1, m2) = > (v [y ) ((ma, me) (1, n2))

(m1,m2)(n1,n2)EE X Es.

= Z max{ya, (m1), Y (m2), van (n2) }

mi=ni,managEo

+ Z max{ya, (m1), Yar, (n1), yar, (m2) }

ma=nz,min1¢E

4 > max{yr, (1), Yar, (11), Vs (M2), Yar (12) }

mini€E1and maona&FEo

(ds)e, |op (M1, m2) = > (6n, [0, ) (M, m2)(n1, n2))

(m1,m2)(n1,n2)EE X Es.

— Z max{dnr, (m1),dnr, (m2), dar, (n2)}

mi=ni,manzgEo

+ Z max{dns, (m1),0nr, (1), Oar, (Ma2) }

me=nz,min1¢E

4 Z max{das, (m1), dar, (n1), Iar, (M2), 0ar, (n2)}

mini€E1and maona&FEo
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(dn)ay e, (M1, m2) = > (v, v, ) (M1, m2) (1, n2))

(m1,m2)(n1,n2)EE1 X Es.

- > min{nazs (M), naz, (M2), M (n2) }

mi=ni,man2g€E>

+ Z min{nar, (m1), nar, (1), Nas, (M2)

ma=na,min1¢E1

+ > min{naz, (m1), mar, (n1), 1z, (M2), Mas, (n2) }

mini1¢€FE1and manaZEs

(do)e, |6, (M1, m2) = > (On,10N;) (M1, m2)(n1, n2))

(m1,m2)(n1,n2)EE X Es.

= Z min{@ns, (m1), Ors, (m2), Orr, (n2) }

mi=ni,manaZE>

+ Z min{8ys, (m1),0ar, (n1), Orr, (M2)}

mo=nz,min1¢E

+ Z min{HMl (ml),HMl (n1)70Mg(m2)aeM2(n2)}

mini€FEiand maonsZE>

Definition 2.31. Let G = (M7, N1) and Gy = (Ma, Y>3) be two BSVNGs. V(my,mg) € Vi x Vs

(tda)e o, (M1, m2) = Z (an, lan,)((m1,ma)(n1,n2)) + (ar o) (M, ma)
(m1,m2)(n1,n2)EE1 X Es.

= Z min{apg, (m1), an, (me), an, (n2)}

mi=ni,man2¢Fo

+ Z min{on1 (m1),OéM1 (nl)a (€373 (m2)}

mo=nz,mini1 gL

+ > min{ans, (m1), an, (n1), o (M), e (n2)
mini€E1and maong&€E>

(tdg)ay |, (M1, m2) = > (B BN, ) ((ma, m2) (na,m2)) + (B, |Bar ) (ma, ma)

(m1,m2)(n1,n2)EEL X Es.

= Z max{ B, (m1), Bar, (M2), Bar, (n2) }

mi=ni,managEo

+ Z max{ B, (m1), Bur, (n1), Bas, (M2) }

mao=ng,mini¢E1

+ > max{Sar, (m1), Bar, (1), Bary (Ma2), Bar, (n2) }

mini€E1and maongo&FEo
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(tdy)ay|c, (M1, m2) = > (v, [y ) (M, me) (n1, n2)) + (van [7as, ) (M, o)

(ml,mg)(n1,n2)€E1 X Fa.

— 3 max{yar, (m1), Yar, (Ma), yar (n2)}

mi1=n1,man2Z€E>

+ Z max{ya, (m1), yan (n1), Yar, (ma2) }

mo=ng,mini1 €E

+ Z max{yar, (m1), var (1), Y (M2), yar, (n2) }

miniZEi1and mana@Es

(tdd)cﬂcg(ml»m?) = Z (5N1|5N2)((m1?m2)(n1’n2)) + (5M1|5M2)(m1’m2)

(m1,m2)(n1,n2)EE1 X Es.

= Z max{dnr, (m1), 0nr, (M2), dnr, (n2) }

mi1=ni,manz €E2

+ Z max{dar, (m1),0ar, (n1), Oar, (M2) }

mo=ng,min1¢kE

+ Z max{dnr, (m1),0nr, (n1), Oar, (M2), Ins, (n2) }

mini1€Ei1and managEs

(tdy)es 6y (M1, m2) = > (N, Inn, ) ((ma, ma) (na, n2)) + (M s, ) (M, m2)

(m1,m2)(n1,n2)EE1 X Ey.

= Z min{naz, (m1), nar, (ma), nar, (n2)}

m1=n1,man2¢E>

+ Z min{nas, (m1), nar (n1), Nar, (M2) }

ma=ng,min1¢E;

+ > min{nar, (m1), mar, (1), nar, (m2), nary (n2)

mini€Eiand mana&ZFo

(tdo)e, o, (1, ma) = 3 (0N, 10N, ) (M1, m2)(n1,m2)) + (Oar, [Oar,) (M1, m2)

(m1,m2)(n1,n2)EE1 X Fs.

= Z min{9M1 (ml),9M2 <MQ),9M2(TL2)}

mi=ni,man2¢Eo>

+ Z min{0as, (m1), 0, (n1), Orr, (M2)}

mo=ng,mini1¢E1

+ Z min{ﬁMl (ml),HMl (n1)79M2 <m2)a6M2(n2)}

mini1€E1and mona@Eo

Example 2.32. Let Gy = (M1, N1) and G = (Ms, N2) be two BSVNGs as in Example 2723.
Their rejection is also shown in Figure 13. We will find the vertex degree in rejection. Consider
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the vertex (d,a) here:

(d“/>G1\Gz (67 CL) = max{7M2 (6)7 VM (a’)v VM, (d)} + maX{’YMz (a’)a VM (a)a VM (C)}
= max{0.2,0.2,0.3} + max{0.2,0.2,0.3}

=03+0.3
=0.6

(do)ey e, (e @) = min{Oaz, (€), Oar, (a), s, (d)} + min{Oas, (a), O, (@), O, ()}
= min{—0.3, 0.4, —0.6} + min{—0.3, —0.4, —0.2}
=-0.6-04
=-1.0

(da)ey e, (e,a) = 0.6, (dg)g, (e, (e,a) = 0.8

(dé)G1|G2 (6, a) = —0.5, (dn)G1|G2 (ev CL) =-0.5

In a similar way, we can find degree of all vertices of a graph in rejection. Now we will find

out the total vertex degree of graph in rejection. Consider the same vertex (d,a) here:

(tdy)e [a, (€; a) = max{yas, (€), yar, (@), Yar, (d) } + max{yas, (a), yar, (@), Yar, ()} + min{yaz, (€), yar, (@) }
= max{0.2,0.2,0.3} + max{0.2,0.2,0.3} + min{0.2,0.2}
—=0.3+0.3+0.2
=0.8

(tdy)e,|c, (€, a) = min{Oas, (€), Orr, (a), Onr, ()} + min{Oas, (a), O, (), Oar, (¢) + min{Oas, (€), Orr, (a) }}
— min{—0.3, —0.4, 0.6} + min{—0.3, ~0.4, —0.2} + min{—0.3, —0.4}
=-06-04-04
=-14

(tdOé)quGz (6, a) = 097 (tdﬂ)(}l'GQ (67 a) =1.1

(td‘;)G1|G2 (e;a) = =08, (tdﬁ)cl\Gz(eaa) = —-0.7

In a similar way we can find total vertex degree in rejection.
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3. Application of bipolar single valued neutrosophic graph (BSVNG)
3.1. Educational Designation participation

Let {Bilal, Asif, Shoaib, Ijaz } be the set of four applicants for designations {Head of
department(HOD),Director of Department(DOD),Assistant director of department(ADOD)}.
For this purpose p=4 (say) be number of applicants and d=3 be number of designations. Con-
sider bipolar single valued-neutrosophic diagraph which is shown in figure ?? representing the
competition between applicants for designation in organization. «(y) is the positive degree
of membership for every applicants denote the percentage of ability toward the purpose of
organization , S(y) and ~(y) are indeterminacy and false in percentage. J(y) is the is the
negative degree of membership for every applicants denote the percentage of non ability to-
ward the purpose of organization, n(y) and 6(y) are represents the indeterminacy and false
in percentage. «(y) of every directed edge between both designations and applicants denote
the eligibility or positive response from designation in organization , 5(y) and ~y(y) are inde-
terminacy and false in this percentage. d(y) of every directed edge between both designations
and applicants denote the non-eligibility or negative response from designation in organization

, n(y) and O(y) are indeterminacy and false in this percentage. Edge membership degree of

TABLE 1
veyY N(y)
Bilal {(AD0OD,0.5,0.3,0.4,—0.4,—0.5,—0.8),(HOD,0.6,0.4,0.2,—0.4,—0.6,—0.5) }

Asif | {(AD0D,0.8,0.6,0.5,—0.1,—0.4,—0.5),(HOD,0.5,0.6,0.6,—0.3,—0.4,—0.7),(DOD,0.4,0.6,0.4,—0.2,—0.3,—0.5) }
Shoaib {(DOD,0.5,0.4,0.5,—0.5,—0.4,—0.4)})

Tjaz {(HOD,0.7,0.5,0.6,—0.3,—0.5,—0.4),(DOD,0.7,0.4,0.5,—0.4,—0.3,—0.2)})

graph is also determined by the following
N(Bilal)N N(Asif) = {(ADOD,0.5,0.6,0.5,—0.1,—0.5,—0.8), (HOD, 0.5, 0.6, 0.6,
-0.3,-0.6,-0.7)}

N(Bilal) N N(Shoaib) = ¢

N(Bilal) N N(Ijaz) = {(HOD,0.6,0.5,0.6,—0.3,—0.6,—0.5)}

N(Asif) N N(Shoaib) = {(DOD,0.4,0.6,0.5,—0.2, —0.4, —0.5)}

N(Asif) N N(Ijaz) = {(HOD,0.5,0.6,0.6,—0.3,—0.5, —0.7), (DOD, 0.4,0.6,0.5, 0.2,

~0.3,-0.5)}
N(Shoaib) " N(Ijaz) = {(DOD,0.5,0.4,0.5,—0.4,—0.4,—0.4)}

There is no edge between Shoaib and Bilal because there is no common designation.
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(0.3,0.4,0.6, —0.7, —0.8, —0.5)

Shoaib

(0.4,0.5,0.8, —0.5, —0.7, —0.8)

Bilal

(0.0,0.6,0.8, 0.1, —0.8, —0.5)

(0.5,0.7.0.8, —0.2, —0.5, —0.8)

Asif

TIjaz

FiGurE 14. Bipolar single valued neutrosophic digraph

(Bilal, Asif) = (0.4,0.7,0.8, 0.2, —0.7, —0.8)(0.5, 0.6,0.5,0.3,0.6,0.7)
— (0.20,0.42, 0.40, —0.06, —0.42, —0.56)
(Bilal, Shoaib) = ¢
(Bilal, Ijaz) = (0.4,0.6,0.8, —0.1, —0.7, —0.8)(0.6,0.5,0.6,0.3,0.6,0.5)
0.24,0.30, 0.48, —0.03, —0.42, —0.40)
(Asif, Shoaib) = (0.3,0.7,0.8, —0.2, 0.8, —0.8)(0.4, 0.6, 0.5,0.2, 0.4, 0.5)
(Asif,Tjaz) = (0.5,0.7,0.8, —0.1, —0.6, —0.8)(0.5,0.6,0.5,0.3, 0.3, 0.5)
0.25,0.42, 0.40, —0.03, —0.18, —0.40)

(Shoaib, I jaz)

= (

= (

= (

= (0.12,0.42,0.40, —0.04, —0.32, —0.40)

= (

= (

= (0.3,0.6,0.8, —0.1,—0.8, —0.5)(0.5, 0.4, 0.5,0.4, 0.4, 0.4)
= (

0.15,0.24,0.40, —0.04, —0.32, —0.20)

Bipolar single-valued neurotrophic graph for competition of all participant is shown in fig-
ure [E. Competition between two individually applicants and when applicant competing for
designation is also given in graph 3.
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HOD

(0.3,0.4,0.6, —0.7, 0.8, —0.5)
Shoaib
G (0.8,0.7,0.8, —0.5, —0.3, —0.5)

(0.15, 0.24, 0.40, —0.04, =0.32, = 0.20)

(0.20,0.42,0.40, —0.08, —0.42, —0.56)

(0.5,0.7,0.8, —0.2, —0.5, —0.8) Ijaz )
\Ase}'

(0.25,0.42,0.40, —0.03, —0.18, —0.40)

FiGure 15. Bipolar single valued neutrosophic competition graph

20 +0.24 0.20+0.24 0.42+0.30 0.40 4 0.48 —0.06 — 0.
R(BMLHOD):(O 0+0 ,0 0+0 70 +03070 0+0 8, 0.06 — 0.03
2 2 2 2 2
—0.42 — 0.42 —0.56 — 0.40
5 : 5 ) = (0.22,0.36, 0.44, —0.045, —0.42, —0.48)

9

Similarly we will find others R(applicant,Designation).

S(Bilal, HOD) = 1+ 0.22 — 0.045 — (0.36 + 0.44 — 0.42 — 0.48) = 1.275

S(Asif, HOD) = 1+ 0.225 — 0.045 — (0.42 + 0.40 — 0.30 — 0.48) = 1.14

S(Ijaz, HOD) = 1+ 0.245 — 0.03 — (0.36 -+ 0.44 — 0.225 — 0.29) = 0.93
S(Bilal, ADOD) =1+ 0.20 — 0.06 — (0.42 + 0.40 — 0.42 — 0.56) = 1.30

S(Asif, ADOD) =1+ 0.20 — 0.06 — (0.42 + 0.40 — 0.42 — 0.56) = 1.30

)

S(Asif, DOD) =1+ 0.185 — 0.035 — (0.42 + 0.40 — 0.25 — 0.40) = 0.98
S(Shoaib, DOD) = 1+ 0.135 — 0.04 — (0.33 + 0.40 — 0.32 — 0.30) = 0.985
)

S(Ijaz, DOD) =1+ 0.20 — 0.035 — (0.33 4+ 0.40 — 0.25 — 0.30) = 0.985

Black solid lines show comparison between two applicants and dot line means applicant com-
pete for designation. From above table, applicants compete other if it has a more strength.
For example, in HOD designation Bilal has more strength from all. Its eligibility is strong
than other. In ADOD designation Asif and Bilal are in equal position. In DOD designation
Shoaib and Ijaz compete the others but equally compete to each other. [H]In this algorithm
these are the steps

Step 1: Start. Step 2: Input a(y), 8(y) and v(y) membership values for set p applicants.
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TABLE 2
(Applicant,designation) | in competition R (applicant,Designation) S(applicant,Designation)
(Bilal, HOD) Asif, Tjaz (0.22,0.36,0.44,-0.045,-0.42,-0.48) 1.275
(Asif, HOD) BilalTjaz  (0.225,0.42,0.40,-0.045,-0.30,-0.48) 1.14
(Tjaz,HOD) Bilal, Asif  (0.245,0.36,0.44,-0.03,-0.225,-0.29) 0.93
(Bilal, ADOD) Asif (0.20,0.42,0.40,-0.06,-0.42,-0.56) 1.30
(Asif, ADOD) Bilal (0.20,0.42,0.40,-0.06,-0.42,-0.56) 1.30
(Asif,DOD) Shoaib,ljaz (0.185,0.42,0.40,-0.035,-0.25,-0.40) 0.98
(Shoaib,DOD) Asif ljaz (0.135,0.33,0.40,-0.04,-0.32,-0.30) 0.985
(Tjaz,DOD) Asif,Shoaib  (0.20,0.33,0.40,-0.035,-0.25,-0.30) 0.985

Step3: For any two vertices z; and zj taking ofx;x;), B(xix;) and vy(x;x;) are positive but
Oxixy), n(zixj) and O(zixj) are negative. Then
(@i, alwizj), B(wizy), v(wizy), 0(ziz;), n(wizy), O(zix;))

Step4: To obtain bipolar single valued neutrosohic out-neighbourhoods N (x;) Repeat step 3

for all vertices x; and z;.

Step5: Find out N(z;) N N(z;). Step6: Calculate height h(N(x;) NN (x;)). Step7: Draw
all edge where N(z;) N N(z;) is non empty. Step8: Give a membership value to every edge
x;xj by using the following conditions
a(zir; = (min{x; Na;})[N(x; N N(xj)], Blrix; = (max{x; N, })[N(x; N N(x;)]

Y(wizy = (max{z; N a;})[N(z: O N(z;)], 0(ziz; = (max{z; N x;})[N(z; NN ()]
n(wix; = (min{a; N x; HIN (2 O N(z;)], 0(ziz; = (minfw; N }) [N (2 0N ()]
Step9: If x, 21, 22, 23, ..., 2 are applicants for designations d, then strength of applicants com-

petition is R(x,d)=(a(z,d), f(z,d),y(z,d),d(x,d),n(z,d),0(x,d)) of every applicants x and

designation d is given by the following
R(x d):(a(wz1)+---a(ﬂc2p) Blxz1)+...B(zzp) v(z21)+..v(2zp) d(zz1)+...0(z2p) nlzz)+..m(22p) 9(IZ1)+---9(W))
’ P ’ P ’ P ’ P ’ P ’ P

Step10:Find out S(z,d) = 1+a(z,d)+0(z,d)— (B(x,d)+v(x,d)+n(z,d)+6(z,d)). Stepll:
End

4. Conclusion

There are more advantages of a bipolar fuzzy set than fuzzy set in real life phenomenon. A
BSVNG has many applications in the field of economics, medical science as well as in scientific
engineering. The flexibility and compatibility of BSVNG are higher than SVNG. We presented
the new properties on a bipolar single-valued neutrosophic graph known as Residue product,
maximal product, Symmetric difference and Rejection of a graph. These all graph products
are suggestive of some aspects of network design. They can be applicable for the configuration
processing of space structures. The repeated application of these operations in constructing
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a network generates graphs that display fractal properties. We also discussed the idea with
examples to find the degree and total degree of vertices of some graphs. We have established
some related theorems of these graphs. We have also proved the theorems which are related to
these properties. In the future, our goal is to extend this work on the (1) complex neutrosophic

graphs and some (2) bipolar complex neutrosophic graph.
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