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Abstract

Objectives: In the present article, we deduced a characterization of Bipolar
Single Valued Neutrosophic (BSVN) radius and eccentricity of the vertex
based on Bipolar Single Valued Neutrosophic set(BSVNS) detour. Method:
We obtained some definitions BSVN on a vertex like BSVN detour eccentric
vertex, BSVN detour radius, BSVN detour diameter, BSVN detour centered
and BSVN detour periphery. Findings: We derived some important results
based on these BSVN detour radius, diameter, center and periphery. Novelty:
The detour distance of the BSVNS model is proposed and generalized by
this. An important and suitable condition for the graphs of the Single Valued
Neutrosophic Set(SVNS) model to BSVNS detour distances has been identified.
Keywords: Detour distance; BSVN detour eccentric; BSVN detour distance;
BSVN detour peripheral node; BSVN detour path

1 Introduction

The Neutrosophic sets (! is a great exact implement for the situation uncertainty in the
real world. These uncertainty ideas come from the theories of fuzzy sets ), intuitionistic
fuzzy sets® and interval-valued intuitionistic fuzzy sets®. The representation of the
neutrosophic sets is truth, indeterminacy and falsity value. These T, I, F values belong
to standard or nonstandard unit interval denoted by ]-0, 1+][.

The idea of a subclass of the NS and SVNS by intuitionistic fuzzy sets ™, in this the
functions Truth, Indeterminacy, Falsity are not dependent and these values are present
within [0, 1]. Neutrosophic theory is widely expanded in all fields especially in Graph
theory and Topology.

In a graph theory, the new graph model was invited by using BSVN set is known as
BSVN Graph (BSVNG) ®”). The idea of BSVN graphs from the fuzzy, bipolar fuzzy and
single-valued neutrosophic graphs. The uncertainty on the graph of vertices and edges
or both representations to be a fuzzy graph.
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In this manuscript, we discuss about BSVN graphs and neutrosophic detour distance between two vertices of the graph based
on BSVN eccentricity, radius, diameter, and the periphery with respect to detour distance.

2 Preliminaries

Explanation 2.1: BSVN sets

A BSVN set is explained as the membership functions represented as an object in W is denoted by
{< w, TP 1P FP TN N FN >:w£W} the functions 77, 1P, FPare mapping from W to [0, 1] and TV, IV, FVNare
mapping from W to [—1, 0].

Example. LetW = {w;, wy, wi}andA={< w,0.4,0.2,0.6,—0.03,—0.2,—0.01 >, < wy, 0.6,0.4,0.2,—0.5,—0.3,—0.03 >,
< w3,0.7,0.04,0.3,—0.8,—0.4,—0.05 >}is a BSVN set in W.

Explanation 2.2: SVN relation on W:-

Let W be a non-empty set. Then we call mapping Z = (W, 77, 17, FP, TN, IV, FN) FN (w): WX W — [—1,0] X [0, 1]
is a BSVN relation on W such that

7L (wi,w2) €[0, 1,12 (w1, w2) €[0, 1], EF (w1, w2) €[0, 1] and T2 (w1, w2) €[—1,0], 1 (w1, w2) €[—1,0], FY (w1, w2) €[—1,0]

Explanation 2.3:Let Z; = (TZ};), IZPI, FZI;, TZ];], Ié\l], FZ]:’) and 7, = (TZ};, IZI;, FZI;, TZ];’, Ig, Fg) be a BSVN graphs on a
set W. If Z, is a BSVN relation on Z;, then

T}, (wi, wa) < min(Ty; (w1), T (w2)), I, (w1, w2) > max(lf; (w1), 1 (w2)), F, (w1, w2) > max(F}; (w1), Fz (w2))
and T% (wi, wp) > max(TZAl’ (w1), TZI\: (w2)), IZ (wy, wp) < min(lé\'l (w1), IQ’I (w2)), Fg(wl, wy) < mm(FZAII (w1), FZAf (wp))for
all wi, wo €W

Explanation 2.4: The symmetric property defined on BSVN relation Z on W is explained by
TZP (wy, wp) = TZP(Wz, wi), Ig (wi, wp) = Ig(wz, wi), FZP (wi, wp) = FZP(wz, wi) and TZN (wy, wp) = TZN(wz, wi),
IQ’ (wy, wa) = Ilzv(wz, wl),FZN (Wi, wp) = FZN(Wz, wi) forallwy, w, e W

Explanation 2.5 : BSVN graph
The new graph in SVN is denoted by for all w;, wo, € W, G* = (V, E) is a pair G = (Z), Z,), where Z; =
. . o . . 2

(rf, It FE, TN I, FN)isaBSVNSinVand 2, = (75, IL, FL, T, IY, FY)is BSVNS in V? defined as

TZI;<W1, wy) < min(T£ (wi), TZ}: (w2)), I;z(wl, wp) > max(lg1 (wr), IZ (w2)), FZZ(Wl, wy) > max(FZ}: (w1), FZPl (w2))
and T%(wl, W) zmax(TZ]\: (w1), TZ]Y(WZ)), IZ(wl, w2) §min(llzvI (w1), IIZVI (w2)), Fg(wl, W) Smin(Fg (w1), FZA]/ (wy))for
allwy, wo eWw

The BSVNSG of an edge denoted by wiw; € y2

Explanation 2.6 Let G = (Z;, Z,) be a BSVNSG anda, b € V. A path P:a = wy, wi, wa, ..., Wp_1, wg =bin G
is a sequence of distinct vertices such that TZIZ (wi—1, wi) >0, 152 (wiz1, wi) >0, FZ};(wi_l, wi) > 0, TZ]\ZI(W,-_l, wi) > 0,
Iévz (wi—1, wi) >0, Fg (wi—1, wi) >0wherei=1, 2, 3, ..., k and length of the path is k € N(a positive integer) where a is
called initial vertex and b is called terminal vertex in the path.

Explanation 2.7. A BSVN graph G = (Z;, Z;) of G* = (V, E) is called a strong BSVN graph if TZf; (Wi, wp) =
min(Ty (w1), T; (w2)), 1, (w1, wa) = max(1y, (w1), Iz, (w2)),
FZ’; (wi, wp) = mczx(FZP1 (wi), FZ}: (w2)) and T%’z (wi, wp) = max(TZAII (wi), TZAII (w2)), 152 (wy, wp) =
IN

min(lév1 (wi), Iz, (w2)), Fg (w1, wo) :min(FZAI’ (w1), FZAI’ (w2))forall wy, wp e W
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IfP:a=wy, wi, wa, ...,Wi_1, Wi = b be a path of length k between a and b then (TZ’; (a, b) ,Ig (a, b) ,FZ’; (a, b))k and
(TZAZI (a, b) J’ZVZ (a, b) ,Fg (a, b))k is defined as

sup{TZf; (awi) ATE (w1 w2) Ao ATE (o, b}

k .
(TZ’;(a,b),l‘zoz(a,b),FZ};(a,b)) =< inf I‘ZD2 (a,wl)\/lg(wl,,wz)\/...vlg2 (W1, b}
inf FZP2 (a,wl)\/FZP2 (wlﬁ,wz)\/...\/FZ}; (Wg—1, b}

sup{TZAz’ (aw) VI (Wi w2) V. VT (wir, b}

k .
(TZAZI(a,b),IZ(a,b%FZ(a,b)) =< inf 1972 (a,wl)/\lé\'2 (wly,wz)/\.../\lév2 (Wi_1, b}
inf FZAZI (a,wl)/\FZAz] (WL,WZ)/\.../\Fg (W1, b}

(TZ[; (a, b) ,152 (a, b) ,FZ}; (a, b))~ and (Tzl\zl (a, b) ,Iévz (a, b) ,Fg (a, b))” is said to be the strength of connectedness between
two vertices x and y in G, where

(T/ (a,b),1},(a,b),F}.(a,b))” = (sup{T (a,b)}, inf {T}.(a,b)}, inf {FL(a,b)})

(Tg(a,b),lé\;(a,b), Fg(a,b))oo = (inf{TZ[Z(a,b)},sup{TZAz’(a D) } sup{FN (a,b) })

1 (74 (a, b)> (T4 (a b)) 1, (a, b) < (&5, (a b)), Fhi(a, b) < (Fh(a, b)) ) and
(TZI\ZJ (a, b) > (TZI\ZJ (a, b))w, IZZV2 (a, b) < (IZZV2 (a, b))w, FZAZI(a, b) < (leg(a, b))w) then the arc ab in G is called a

strong arc. A path a-b is a strong path if all arcs on the path are strong.

3 BSVN detour distance

Explanation 3.1

BSVN detour distance is defined as the length of a — b. The strong path between a and b is if there is no other path longer
than P between a and b and we denote this by BSND(a, b). Any a-b strong path whose length is BSND (a, b) is called
an a — b BSVN detour path. The eccentricity (Eccpyp(G)) of a node is the distance from a node to the furthest node in the
bipolar single-valued neutrosophic graph G. The radius(radpyc(G)) of a bipolar single-valued neutrosophic graph G is the
minimum among all eccentricity of nodes. The periphery of the graph is the eccentricity equal to the diameter of the path. The
diameter(diampynp(G)) of a bipolar single valued neutrosophic graph G is the maximum among all eccentricity of nodes.

4 BSVN detour periphery (Perzyp (G)) and BSVN detour eccentric graph (Eccpyp (G))
Theorem 4.1 A BSVN graph G is a BSVN detour self-centered if and only if every node of G is a BSVN detour eccentric.

Proof. Suppose G is a BSVN detour self-centered BSVN graph and let b be a node in G.

Let a € bjyp. So Eccanp (b) = BNDg (a, b). Since G is a BSVN detour self-centered BSVN graph, Eccanp (a) =
Eccpnp (b) = BNDG(a, b) and this implies that b € ajy,. Hence b is a BSVN detour eccentric node of G.

Conversely, let every node of G is a BSVN detour eccentric node. If possible, let G be not BSVN detour self centrad BSVN
graph. Then radpyp (G) # diamgyp(G) and there exist node r € G such that Eccgnp (r) = diampnp(G). Also, let P € riyp-
Let U be r — p BSVN detour in G. So there must have a node q on U for which the node q is not a BSVN detour eccentric
node of U. Also, g cannot be a BSVN detour eccentric node of every other node. Again if ¢ be a BSVN detour eccentric
node of a node a (say), this means g € ajyp,. Then there exists an extension of @ — ¢ BSVN detour up to r or up to p. But
this contradicts the facts that g € ajy . Hence, radpyp (G) = diampyp (G) and G is a BSVN detour self-centered BSVN graph.

Theorem 4.2. If G is a BSVN detour self-centered BSVN graph, then radpyp (G) = diamgnp (G) = n — 1, where n is the
number of nodes of G.
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Proof. Let G be a BSVN detour self-centered BSVN graph.

If possible, let diamgyp(G) = 1 < n — 1. Let U and U; be two distinct BSVN detour peripheral path. Let p € Uy, g € U,.
So there exist a strong path between p and g, because of the connectedness of G. Then there exist nodes on U and U,, whose
eccentricity > [, but this is impossible, because diampyp(G) = I. Hence U; and U, are not distinct. Since U; and U, are
arbitrary, so there exist node » in G such that r is common in all BSVN detour peripheral paths. So Eccanp(r) < I, which is
impossible, because G is a BSVN detour self-centered. Hence, diampyp (G) = n — 1 = radpnp (G).

Theorem 4.3. For a connected BSVN graph G, Pergyp (G) = G if and only if the BSVN detour eccentricity of each node of G
is n — 1, n = number of nodes in G.

Proof. Let Perpyp (G) = G. Then Eccpnp(p) = diampnp (G),V p € G. So every node of G is a BSVN detour periphery node
of G. Therefore G is a self-centered BSVN graph and radgyp (G) = diampyp (G) = n— 1. So the BSVN detour eccentricity
of each node of Gis n— 1.

Conversely, let the BSVN detour eccentricity of each node of Gisn — 1. So, radgyp (G) = diamgyp (G) = n— 1. All nodes
of G are BSVN detour peripheral nodes and hence Pergyp (G) = G.

Theorem 4.4. For a connected BSVN graph G, Eccgnp (G) = G if and only if the BSVN detour eccentricity of each node of G
isn— 1, n = number of nodes in G.

Proof. Let, Eccanp (G) = G, So all nodes of G are BSVN detour eccentric node. Therefore, G is a self-centered BSVN graph
and diamgyp (G) = n — 1. Hence, the BSVN detour eccentricity of each node of Gisn — 1.

Conversely, let the BSVN detour eccentricity of each node of Gis n — 1. So radpnp (G) = diampnp (G) = n— 1. So all nodes
of G are BSVN detour peripheral nodes as well as BSVN detour eccentric nodes. Hence, Eccayp (G) = G.

Theorem 4.5. In a connected BSVN graph G, a node b is a BSVN detour eccentric node if and only if b is a BSVN detour
peripheral node.

Proof. Let b be a BSVN detour eccentric node of G and let b € apy. Let x and y be two BSVN detour peripheral nodes,
then BND (x, y) = diampnp (G) = k(say). Let P, and P, be any x — yanda — b BSVN detour in G respectively. There arise
two cases.

Case 1: When b is not an internal node in G i.e, there is only one node, say ¢ which is adjacent to b. Soc € P». Since G
is connected, c is connected to a node of Pj, say ¢. So either ¢ € P, or ¢ e (PiP2). Thus, in any case the path from a
to x or a to y through ¢ and ¢ is longer thanP,. But it is impossible since b is a BSVN detour eccentric node of a. Hence
Eccpnp (a) = diampyp(G) i.e, b is a BSVN detour peripheral node of G.

Case 2: When b is an internal node in G, then there exists a connection between b to x and b to y, because of the connectedness
of G. Then a — b BSVN detour can be extended to x or y. This is impossible because b is a BSVN detour eccentric node of a.
Hence Eccpnp (a) = diampnp (G) i.e, b is a BSVN detour peripheral node of G.

Conversely, we assume that b be a BSVN detour peripheral node G. So there exists a BSVN detour peripheral node say
a (distinct from b). Therefore b is a BSVN detour eccentric node of a.

5 Conclusions

In this study, we extended the part of BSVN sets to BSVN graphs. By Theorem 4.1, if radpyp(G) is equal to diampyp(G) and
also BSVN graph is a BSVN detour is self-centered BSVN graph. Theorem 4.2 indicates radpyp of G and diampyp of G is equal
to one less than the number of nodes of G. From theorem 4 .3 and theorem 4.4 BSVN detour eccentricity is n — 1, where nis a
number of nodes. Finally, Theorem 4.5 proves that any node is BSVN detour eccentric node based on BSVN detour peripheral
node.
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