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m—POLAR NEUTROSOPHIC GRAPHS

A. HASSAN!, M. A. MALIK?, §

ABSTRACT. The concept of m—Polar antipodal single valued neutrosophic graph (m—
PASVNG), eccentric m—PSVNG, self centered m—PSVNG and self median m—PSVNG
of the given m—PSVNG are introduced here. We also investigate different types of
isomorphism properties of antipodal m—PSVNG, eccentric m—PSVNG and self centered
m—PSVNG.

Keywords: Radius, diameter in m—PSVNG, antipodal m—PSVNG, eccentric m—PSVNG,
self centered m—PSVNG and self median m—PSVNG.

AMS Subject Classification: 99A00.

1. INTRODUCTION

Neutrosopic sets were introduced by Smarandache [10], which are the generalization of
fuzzy sets and intuitionistic fuzzy sets. The Neutrosophic sets have many applications in
medical, management sciences, life sciences, engineering, graph theory, robotics, automata
theory and computer science. The single valued neutrosophic graphs and isolated SVNGs
were introduced by Broumi, Talea, Bakali and Smarandache [1, 2]. Also recently in [8,
9, 3] proposed some algorithms dealt with shortest path problem in a network (graph)
where edge weights are characterized by a neutrosophic numbers including single valued
neutrosophic numbers, bipolar neutrosophic numbers and interval valued neutrosophic
numbers. Nasir in [7] also contributed on neutrosophic graphs.

Malik and Hassan in [4] defined the concept of classes of some single valued neutrosophic
graphs and studied of their properties. Later on, the concept of single valued neutrosophic
hyper-graphs has generalized by Hassan et Malik in [5, 6]. The SVNGs have also many
applications in path problems, networks and computer science. The concept of antipodal
fuzzy graphs introduced by Gani and Malarvizhi [11]. The self centered intuitionistic fuzzy
graphs were introduced by Karunambigai [12], the complete intuitionistic fuzzy graph to
be a self centered intuitionistic fuzzy graph and its properties discussed, also the necessary
and sufficient condition to be a self centered intuitionistic fuzzy graph were discussed. In
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this paper, we introduce new classes of SVNGs, antipodal SVNGs, eccentric SVNGs, self
centered and self median SVNGs.

2. PRELIMINARY

In this section we recall some basic concepts on SVNG and let G denotes SVNG and
and G* = (V, F) denotes underlying crisp graph.

Definition 2.1. [10] Let X be a space of points (objects) with generic elements in X
denoted by x; then the neutrosophic set A (NS A) is an object having the form A =
{< @ :Ta(x), Ia(x), Fa(x) >, 2 € X}, where the functions T,I,F : X —]|0,1"[ define
respectively the truth-membership function, an indeterminacy-membership function, and a
falsity-membership function of the element x € X to the set A with the condition —0 <
Ta(z) + La(z) + Fa(x) < 3. The functions Ta(x), [4(z) and Fa(z) are real standard or
nonstandard subsets of 70,17

Since it is difficult to apply NSs to practical problems, Wang et al. introduced the
concept of a SVNS, which is an instance of a NS and can be used in real scientific and
engineering applications.

Definition 2.2. [10] Let X be a space of points (objects) with generic elements in X
denoted by x. A single valued neutrosophic set A (SVNS A) is characterized by truth-
membership function Ta, an indeterminacy-membership function I, and a falsity-membership
function Fy. For each point v € X Ta(x),1a(x), Fa(z) € [0,1]. A SVNS A can be
written as A = {< © : Ta(z),Ia(x),Fa(z) >z € X}. And for every z € X; 0 <
Ta(z) + Ia(x)+ Fa(z) < 3.

Definition 2.3. [1] The single valued neutrosophic graph (SVNG) is a pair G = (C, D)
of G* = (V,E), where C is SVNS on'V and D is SVNS on E such that

TD(QHB) < mln(Tc(Oé),Tc(ﬁ))
ID(a7B) > maX(Ic(OZ),Ic(,@>)
Fp(a, B) = max(Fo(a), Fo(B))

whenever
0 < Tp(a, )+ Ip(a, )+ Fp(a, f) <3
Vo,B8€V. The SVNG G = (C, D) is said to be complete (strong) SVNG, if

Tp(z,y) = min(Te(x), To(y))
Ip(z,y) = max(Ic(x), Io(y))
Fp(z,y) = max(Fo(x), Fo(y))
Vx,y € V(¥(x,y) € E). The order of G, which is denoted by O(G), is defined by
0(G) = (01(G), 01(G), Or(G)),

where

Or(G) = To(a), 01(G) = Ic(a), Op(G) =Y Fola).

acV acV acV
The size of G, which is denoted S(G), is defined by

S(G) = (51(G), S1(G), SF(G)),
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where
Sr(G)= > Tp(a,p), SHG)= > Ip(a,B), Sk(G)= > Fp(a,p).
(a,B)EE (a,B)EE (a,B)EE
a#B a#fB a#p

The degree of a vertex « in G, which is denoted by dg(«), is defined by
da(a) = (dr(a), di(@), dr(@)),

where
dr(e) = > Tp(e,B), di(e)= > Ip(ef), dr(a)= > Fp(e,B).
(a,B)€EE (a,B)EE (a,B)€EE
a#f a#f aFp

Definition 2.4. [1] The Partial single valued neutrosophic subgraph of SVNG G = (C, D)
on G* = (V,E) is a SVNG H = (C',D"), if
(1) C' CC, that isVx €V

Too(x) <To(x), 1(x) > Io(x), Foo(z) > Fo(x).
(2) D' C D, that is ¥(a, 8) € E
TD/(Oé?ﬁ) < TD(Oé,ﬁ), ID/(avﬁ) > ID(aaﬁ)? FD/(a7ﬁ) > FD(aaB)'
The single valued neutrosophic subgraph of SVNG G = (C,D) of G* = (V, E) is a SVNG
H=(C',D") onaH* = (V' ,E'), such that
(1) C' = C, that isVx € V' CV, with
Ter(x) =Te(x), 1p(2) = Ic(z), For(z) = Fe(o).
(2) D' = D, that is V(o, B) € E' C E, with
TD/(avﬁ) = TD(OZ7B)7 ID/(avﬁ) = IDQ%B)? FD/(OZ7B) = FD(Q’B)'

Definition 2.5. [1] A path P in a SVNG G = (C,D) is P : v1,va,03,...,0, such that
Tp(vi,vit1) > 0,Ip(vi,vig1) > 0, Fp(vi,viz1) > 0 for 1 < i < n. The SVNG G is said
to be a connected, if there is at least one path between every pair of vertices, else G is
disconnected.

3. THE cLASSES OF SVNGSs or 1-PSVNGs

In this section we discuss the antipodal SVNGs, eccentric SVNGs, self centered SVNGs
and self median SVNGs.

Definition 3.1. Let G1 = (C1, D1) and Gy = (Cq, D2) be two SVNGs of G} = (V1, Eq)
and G5 = (Va, Ea), respectively. The homomorphism x : Vi — Va is a mapping from Vi
into Vo satisfying following conditions

Te, (p) < Te,(x(p), 1o, (p) = Icy(x(p)), Fou(p) > Fou,(x(p))
Vp € V.
Tp,(p,q) < Tp,(x(p), x(9)), Ip,(p,q) = Ip,(x(P),x(q)), Fp,(P:q) = Fp,(x(P), x(q))

V(p,q) € E1. The weak isomorphism v : Vi — Va is a bijective homomorphism from Vi
into Vo satisfying following conditions

Te, (p) =Tc, (U(p)), Ic, (p) = Ic, (U(p)), Fey (p) = Fg, (U(p))
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Vp € Vi. The co-weak isomorphism k : Vi — Vb is a bijective homomorphism from Vi into
Vo satisfying following conditions

Tp, (p, Q) =Tp, (’{(p)a H(Q))? Ip, (pv Q) =Ip, (H(p), ’{(Q))v Fp, (p> Q) = FDQ(ﬁ(p)? ’{(Q))

Y(p,q) € E1. An isomorphism ¢ : Vi — V4 is a bijective homomorphism from Vi into Va
satisfying following conditions

TCl (p) = TC2(7!}(p))v ICl (p) = ICz(U(p))’ FCl (p) = FCz(w(p))
Vp € V1.

Tp,(p,q) = Tp,(¥(p),¥(q)), Ip,(p,q) = Ip,((p),%(q)), Fp,(p,q) = Fp,(¥(p), ¥ (q))
Y(p,q) € Er.

Remark 3.1. One can see the following.

(1) The weak isomorphism between two SVNGs preserves the orders.

The weak isomorphism between SVNGSs is a partial order relation.

The co-weak isomorphism between two SVNGs preserves the sizes.

The co-weak isomorphism between SVNGSs is a partial order relation.

The isomorphism between two SVNGs is an equivalence relation.

The isomorphism between two SVNGs preserves the orders and sizes.

The isomorphism between two SVNGs preserves the degrees of their vertices’s.

(2
(
(
(
(

\/\/\/\/\/\/

3
4
5
6
(7

Definition 3.2. Let G = (C, D) be a SVNG of G*. The strength of connectedness between

x and y in V, which is denoted by S% (x,y), is defined by
Sp (z,y) = (I (z,y), Ip (z, ), Fp (z,)),

where
T (x,y) = sup{Th(z,y) : k=1,2,...,n},

T (z,y) = sup{Tp(z,v1) A ... NTp(vk—1,Yy) : x,v1,V2,...,0p—1,y € V,k=1,2,... ,n},
IX(x,y) = inf{I%(z,y) : k=1,2,...,n},

I3 (z,y) = inf{Ip(xz,v1) V...V Ip(vk_1,y) : x,v1,02,...,06-1,y € V,E=1,2,... ,n}

F¥(z,y) = inf{F8(z,y) : k=1,2,...,n},

Fp(z,y) =inf{Fp(z,v1) V...V Fp(vg_1,Yy) : &,v1,02,...,05—1,y € Vk=1,2,... ,n},

Here T (z,y), Iy (z,y) and Fp°(x,y) are called T-strength, I-strength and F-strength
between vertices x and y in V, respectively. The length of path P : vy, va,...,v,, which is

denoted by I(P), is defined by [(P) = (Ip(P),l;(P),lp(P)), where

Z TD 'UZa Zl ID Uza Z FD Uu

where lp(P),l;(P) and lp(P) are called the T-length, I-length and F-length of path P,
respectively. The distance between two vertices « and (3 in V, which is denoted by d(c, 3),
1s defined by

Uz—l—l UH-I UT‘H

d(a, B) = (0r(a, B), 01(a; B), 6r (a, B)),

where

dr(a, f) = min(lp(P)), dr(a, ) = min(l;(P)), or(c, 5) = min(lp(P)),
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FiGureE 1. SVNG

where o7 (e, B), dr(a, B) and dr(a, B) are called the T-distance, I-distance and F-distance
of any path o — B, respectively. The eccentricity of v; € V, which is denoted by is e(v;), is
defined by e(v;) = (er(v;),er(vi), er(v;)), where
er(v;) = max{dr(vi,v;) 1 v; € V,v; # v;}
er(vi) = min{or(vi, vj) : v; € V,v; # v;}
er(vi) = min{dp (v, v;) : vj € V,v; # v;}
where ep(v;), er(v;) and ep(v;) are called the T-eccentricity, I-eccentricity and F'-eccentricity
of vertex v;, respectively. The radius of G, which is denoted by r(G), is defined by
r(G) = (rr(G),r1(G),rr(Q)), where
rr(G) = min{er(v;) 1 v; € V}
r7(G) = min{es(v;) : v; € V'}
rr(G) = min{ep(v;) 1 v; € V}
where rp(G),r1(G) and rp(G) are called the T-radius, I-radius and F-radius of graph
G, respectively. The diameter of G, which is denoted by d(G), is defined by d(G) =
(dr(G),d;(G),dr(G)), where
dr(G) = max{er(v;) : v; € V}
dr(G) = max{er(v;) : v; € V}
dr(G) = max{er(v;) :v; € V}
where dp(G),d;(G) and dp(G) are called the T-diameter, I-diameter and F-diameter of
graph G, respectively.

Definition 3.3. An antipodal single valued neutrosophic graph (ASVNG) A(G) = (Q, R)
of a SVNG G = (A, B) is the SVNG, such that

(a) @=A on V. (b) If §(p,q) = d(G), then

(i) If p and q are adjacent in G, then R = B on E.

(ii) If p and q are not adjacent in G, then

=
=
2

Tr(p, q) = min(Ta(

S
SN—
~
b
—
=)
N—
N—

Ir(p, q) = max(4(
Fr(p,q) = max(Fa(p), Fa(q))
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FiGURE 2. Antipodal SVNG

Example 3.1. Consider the SVNG G = (A, B) of G* = (V, E), which is shown in Fig-
ure 1. Then by routine calculations, §(a,b) = (7,2,3), d(a,c) = (5,4,3), d(b,c) = (7,2,5),
e(a) = (7,2,3), e(b) = (7,2,3), e(c) = (7,2,3), d(G) = (7,2,3) = (a,b). Hence an
ASVNG A(G) = (Q, R), which is shown in Figure 2.

Definition 3.4. An eccentric SVNG G, = (P,Q) of a SVNG G = (A, B) is the SVNG,
such that
(a) P=AonV. (b) If

then
(i) If p and q are neighbors in G, then Q = B on E.
(ii) If p and q are not neighbors in G, then

To(p, q) = min(T'a(p), Ta(q))

Iq(p, q) = max(1a(p), 1a(q))
Fo(p, q) = max(Fa(p), Fa(

)
~—
~—

(c) else @ =0 = (0,0,0).

Example 3.2. Consider the SVNG G = (A, B) of G* = (V, E), which is given in Ez-
ample 3.1. Then by calculations, §(a,b) = (7,2,3), & ,4,3), 0(b,c) = (7,2,5),
e(a) =(7,2,3), e(b) = (7,2,3), e(c) = (7,2,3), d(G) = (7,2,3) (5(& b) here, o7 (a,b) =

7 = min(er(a),er(b)), 6r(a,b) = 2 = max(er(a),er(b)), or 3 = max(ep(a),er(b)),
dp(a,c) = 3 = max(ep(a),er(c)), or(b,c) = 7 = min(er(b),er(c)), or(b,c) = 2 =
max(ezr(b), er(c)). The ESVNG is shown in Figure 3.

~—
(=%}
—~
8
S
~
Il

Proposition 3.1. The ASVNG of the SVNG is the generalization of antipodal fuzzy graph
of fuzzy graph and antipodal intuitionistic fuzzy graph of intuitionistic fuzzy graph.

Proposition 3.2. The ESVNG of SVNG is the generalization of eccentric fuzzy graph of
fuzzy graph and eccentric intuitionistic fuzzy graph of intuitionistic fuzzy graph.

Proposition 3.3. A(G) is always a single valued neutrosophic subgraph of Ge. Further
A(G) and Ge are same, whenever G = (A, B) be a complete SVNG.
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FIGURE 3. Eccentric SVNG

Definition 3.5. The connected SVNG G = (A, B) is distance reqular SVNG, whenever
5(.1‘,3/) =k= (]{71, kz,k‘:;)
Vax,yeV.

Proposition 3.4. If G = (A, B), is distance reqular SVNG, then G is single valued
neutrosophic spanning subgraph of A(G), such that A(G) is same as Ge.

Theorem 3.1. If G = (A, B) be a complete SVNG, then G and A(G) are isomorphic.

Proof. Since A is constant function, that is A(z) = ¢ = (¢1, c2, ¢3) where ¢1, ¢z and c3 are
constants, hence we get 6(p,q) = d = (dy, da,ds) for all p,q € V, therefore eccentricity of
G e(p) = d = (dy,dg,ds) for all p € V. Hence d(G) = d = (di,d2,d3) = d(p,q) for all p € V.
Thus adjacency between every two vertices in A(G) such that (i) Q@ = A on V. (ii) Since
p and ¢ are neighbors in G, hence R = B on E. Therefore G is isomorphic to A(G). O

Theorem 3.2. Let G = (A, B) be a connected SVNG, then ASVNG A(G) is subgraph of
G.

Proof. Since by the definition of ASVNG, A(G) and G have same vertex set, such that
(1) @ =Aon V. (ii) If 6(p,q) = d(G), then (a) If p and ¢ are adjacent in G, then R = B
on E. (b) If p and ¢ are not adjacent in G, then Tr(p,q) = min(T4(p), Ta(q)), Ir(p,q) =
max(la(p),1a(q)) and Fr(p,q) = max(Fa(p), Fa(q)). O

Theorem 3.3. If G1 = (A1, B1) and Go = (Ag, Ba) are isomorphic, then so A(G1) and
A(G2).

Proof. By hypothesis there is an isomorphism f between them, which preserves the weights
of edges, so the length and distance will be preserved. Hence if vertex a has maximum
T-eccentricity, minimum [-eccentricity and minimum F-eccentricity in Gy, then f(«) has
maximum 7 -eccentricity, minimum [-eccentricity and minimum F-eccentricity in G2, so
G1 and G will have same diameter. If distance between o and 3 is k = (ky, ko, k3) in G,
then f(a) and f(3) will also have their distance as k = (k1, ko, k3) in G2, f is a bijective
function between A(G1) and A(G2) with Q1 (« ) Aj(a) = Az(a) = Q2(a) for all a« € V3
and (i) If @ and 8 are adjacent in Eq, then Ry = Bj. (i) If a and § are not adjacent in Ej,
then Tk, (o, 8) = min(Ts, (), Ta,(B)), Ir, ( ﬁ) = max(la,(a),14,(B)) and Fg, (o, B) =
max(FAl(oz),FAl(ﬁ)) as f : Gi — G3 is an isomorphism, then a and ( are adjacent in
Eq, then Ri(«, ) = Ba(f(«), f(B)), if a and 8 are not adjacent in Eq, then Tg, («, ) =

)
min(f(a), £(8)), In, (o, B) = max(f(a), f(8)) and Fp, (a, ) = max(f(a), f(8)), thus we
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conclude that Ry(«a,8) = Ra(f(«), f(B)), so the same isomorphism f is an isomorphism
between A(G1) and A(G2). O

Theorem 3.4. If G; = (A1, B1) and Gy = (Ag, Bs) be two connected SVNGs, If G1 and
Gy are co-weak isomorphic, then A(G1) is homomorphic to A(G2).

Proof. Since G; and G2 are co-weak isomorphic SVNGs, then there exists a bijection
[ : G1 — Gy satistying the conditions T4, (o) < Ta,(f(a)), Ia, () > L4,(f(a)), Fa, () >
Fa,(f(a)) for all @« € Vi and Bi(«, 8) = Ba(f (), f(B)) for all (e, B) € Eq, so the distance
and diameters will preserved. Let d(G1) = d(G3) = k = (k1, ko, k3) if u,v € Vj are at a
distance k in G1, then they are made as neighbors in A(G1), so f(u), f(v) € V5 are at a
distance k in G2, then they are made as neighbors in A(G3). If v and v are neighbors in G1,
then Ry (u,v) = By(u,v) = Ba(f(u), f(v)) = Ra(f(u), f(v)). If uw and v are not neighbors in
G, then T, (u,v) = min(T, (), T (0)) < min(Ta, (£(w)), T, (£(0))) = Ty (f(w), £(2))
similarly Ig, (u,v) > Ig,(f(u), f(v)) and Fg,(u,v) > Fr,(f(u), f(v)). Hence A(G1) is
homomorphic to A(G2). O

Theorem 3.5. If G1 = (A1, By1) and Gy = (Aa, B2) be two complete SVNGs, then if Gy
is co-weak isomorphic to Ga, then A(G1) is co-weak isomorphic to A(G3).

Proof. Straight forward as Theorem 3.4 is proved. O

Definition 3.6. Let G = (A, B) be a SVNG, a vertez v; € V is said to be a central vertex
if (G) = e(vi). The set of all central vertices of G, is denoted by C(G). The connected
SVNG G = (A, B) is said to be self centered single valued neutrosophic graph (SCSVNG),
if r(G) = e(v;) Yv; € V.

Example 3.3. Consider the SVNG G = (A,
ample 3.1. Then by calculations, §(a,b) = (7,
2,

e(a) = (7,2,3), e(b) = (7,2,3), e(c) = (7,
Therefore G is a self centered SVNG.

Definition 3.7. A path cover of a SVNG G = (A, B) is the set Q of paths so that every
vertex of G is incident to some path of Q.

Definition 3.8. An edge cover of a SVNG G = (A, B) is the set E of edges such that
every vertex of G is incident to some edge of E.

Theorem 3.6. Every complete SVNG G = (A, B) is a self centered SVNG and

1 1 1
r(G) = <T IF)

where T'x; 18 minimal, I4; and Fy; are mazximal.

B) of G* = (V,E), which is given in ex-
2,3), d(a,c) = (543) d(b,c) = (7,2,5),
), 7(G) = (7,2,3) = e(a) = e(b) = e(c).

Proof. Let v; € V such that Ty; is least truth membership of vertex value in G.

Case(i) V v; — vj paths P of length n in G for all v; € V.

for n = 1 trivially holds, if n > 1, the T-strength of one edge T4; and therefore T-
length of a v; — v; path will exceed T%”, thus T-length of path P = [p(P) > T%n" hence
dr(vi,vj) = min(lp(P)) = T%u for all v; € V.

Case(ii) Let vy, # v; € V, consider all v, — vj paths @ of length n in G for all v; € V.
Subcase(i) Whenever n = 1, then Tg(vy, v;) = min(Tax, Ta;j) > Ta; since Ta; is minimal,

hence T-length of Q) = (Q) m <
U5
Subcase(ii) Whenever n = 2, then I7(Q) TB(vkl,le) + TB(vk1+1,vj) < TLAi since Ty; is

minimal.
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FIGURE 4. SVNG

Subcase(iii) Whenever n > 2, then I7(Q) < 7 since T4, is minimal, hence 07 (v, v;) =
min(l7r(Q)) < T%u for all vy, v; € V. Thus we have ep(v;) = min(éT(vZ,v])) = ﬁ for all
v; € V. Next rp(G) = min(er(vi)) = 7, hence rp(G) = T— where T4 (v;) is minimal.

Similarly others can be proved. Hence G is self centered SVNG
O

Remark 3.2. In general converse part does not hold of Theorem 3.6.

Example 3.4. Consider a SVNG G = (A, B) of G* = (V, E), which is shown in Figure 4.
Then by calculations, 6(, B) = (6,3,2), 6(,6) = (5,3,2), 6(8,7) = (5,3,2), 6(7,0) =
(6.5.2), 3(am) = (11,6, 43, 38, = (16,8, e(@) = (113.2). (8) = (11,5, 2)s o(2)
(11,3,2), e(6) = (11,3,2). Here T‘(G) e(G) (11,3, 2). Thus G s self centered SVNG,
but G is not complete SVNG.

Remark 3.3. A SVNG G = (A, B) is self centered SVNG if and only if d(G) = r(G).

Theorem 3.7. Let G = (A, B) be a connected SVNG with path covers Py, P» and P3 of
G, respectively. Then G is self centered SVNG if and only if

or(vi,vj) = dr(G), V(vi,v5) € Py
61(vi, vj) = di(G), V(vi,v;) € P
(SF(U“U ) = dF(G) V(Ui,'l)j) S P3
Proof. Assume that G = (A, B) be self centered SVNG. Suppose that conditions are false,
that is
or(vi,vj) = dr(G), I(vi,v;) € P
Or(vi,v5) = di(G), Iv;,v;) € Py
6p(vi,v;) = dp(G), 3(vi,v;) € Py
then by above remark, the above inequality becomes
or(vi,vj) # r(G), I(vi,v5) € Py
o1(vi,vj) # r1(G), I(vi,vj) € P
op(vi,v5) # rp(G), (vi,v5) € P3
Thus we conclude that, for some v; € V

er(vi) # rr(G), er(vi) #r1(G), er(vi) # rr(G)
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which shows that G is not self centered SVNG, which contradict the assumption. Thus
or(vi, vj) = dr(G), Y(vi,v;) € P
(51(1)1‘,7)]‘) = d[(G), V(vi,vj) e PR
6F(vi,vj) = dF(G), V(’UZ',U]') € P3
Next assume that
6T(UZ',’U]) = dT(G)v v(”h”j) S
5[(%,1@) = d](G), V(vi,vj) S P2
dr(vi,v;) = dp(G), Y(vs,v;) € Ps
then by our hypothesis, we have
or(vi,v5) = er(vi), Y(vi,v5) € P
dr(vi,v;) = er(vs), Y(vi,v;) € Py
Or(vi,v5) = ep(vs), V(vi,v5) € P3
this implies that, v; € V
er(vi) = rr(G), er(vi) = ri(G), er(vi) = rr(G)
hence e(G) = r(G), this shows that G is SCSVNG. O
Theorem 3.8. If G = (A, B) be a connected SVNG, with edge covers L1,Ls and Ls of G,
G is self centered SVNG if and only if
d(vi, vj) = dr(G) for all (v;,v;) € Ly,
d(vi,vj) = dr(G) for all (vs,v;) € Lo,
d(vi,v;) = dp(G) for all (v;,v;) € Ls.

Proof. Similarly as Theorem 3.7 proved. O

Theorem 3.9. Let H = (A", B') be connected self centered SVNG, then there exists a
connected SVNG G = (A, B) for which < C(G) > is isomorphic with H and dp(G) =
QTT(G),d](G) = 27“[(G), dF(G) = QT’F(G).

Proof. Let H = (A’, B') be a connected self centered SVNG. Let dp(H) = I,d;(H) = m,
and dp(H) = n. For two vertices v;,v; € V with Ta(v;) = Ta(v;) = 1, 1a(v;) = La(vj) =
3, Fa(vi) = Fa(vj) = % Also all the vertices of H are neighbors to both v; and v; with
Tp(vi,vr) = Tp(vj,v8) = 7,1p(vi,vk) = Ip(vj, ve) = vaFB(Uz’Uk) = Fp(vj,00) = 5
for all v, € V.". Next put Ty =Ty, Iy = I, and Fy = F, for all vertices in H and
Tgs :TBI,IB :IB/ and Fp :FB' N (Oé,ﬂ) cE.

If possible Ta(v;) > Ta(vy) for at least one vertex vy € V,", then % > TA(vk) that is
< TA%'Uk) < TB(j o) this holds for all v; € V' because H is SVNG, thus 5 (v o [ for
all v, € V' which contradict to fact dp(H) = I, therefore Ty (v;) < Ta(vy,) for all vy, € V'
and Tp(vi,vg) < min(Ta;, Tag) = 7, similarly Tp(vj,vp) < min(Taj,Tay) = 7 for all
vp € V, note that Ta(v;) > Ia(vy) and Ta(v;) > Ia(vy) for all vy € V' since dr(H ) m,
therefore Ip(v;,vg) > max(a;, Iax) = %, similarly Ip(vj,vr) > max(Laj, Lax) = 2 fo
all v, € V', similarly Fa(v;) > Fa(vg) and Fa(vj) > Fa(vg) for all v, € V, since dr(H)

=

n, therefore FB(vl , Ug) < max(Fy;, Fag) = 1 , similarly Fg(vj,vg) > max(Faj, Fai) = 2L
for all v, € V' hence G is SVNG.

Next er(vy) = I for all vy € V' and ez (v;) = er(v;) = TB(vli T TB(Uli o = 2, rr(G) =1,
dr(G) = 21. Next er(vg) = m for all v, € V' and e;(v;) = ez(vj) = m =2m, r;(G) =
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FiGURE 5. SVNG

m, d;(G) = 2m. Similarly ex(vy,) = n for all vy € V' and ep(v;) = ep(v;) = m = 2n,

rr(G) =n, dp(G) = 2n. O

Definition 3.9. Let G = (A, B) be a connected SVNG, the status of a vertex o, which is
denoted by S(a), is defined by S(a) = (St(a), Sr(e), Sp(a)), where

=Y dr(a,B), Si(a) =Y 61(e, B), Se(e) = dp(e,B)
BEV BEV BeEV
where St(a), St(a) and Sp(«) are called T-status, I-status and F-status of the vertezx a,

respectively. The connected SVNG G is called self-median if all vertices have same status.

Definition 3.10. minimum and mazimum status of connected SVNG the G is denoted
and defined by respectively

m(S(G)) = (min(S7(G)), min(S7(G)), min(Sp(G)))
M(S(G)) = (max(57(G)), max(5;(G)), max(Sp(G)))
Definition 3.11. The total status of of connected SVNG the G is given by
t(5(@)) = (H(S7(G)), 1(S1(G)), t(SF(G)))

) =Y Sr(a), Si(G)) =Y Si(a), (Sr(G)) = Sr(a)

acV acV aeV

Example 3.5. Consider the SVNG G = (A,B) of G* = (V, ) which is shown in
Figure 5. Then by calculations, S(a) = (5,3 4) S(B) = (18,9,12), S(v) = (13,6,8),
S(6) = (21,7,10). Thus G is not self median SVNG.

Remark 3.4. Let G = (C, D) be a connected SVNG of G* = (V, E), which is an even
cycle, then G 1is self-median SVNG, if alternative edges have same truth, indeterminacy
and falsity membership values.

Example 3.6. Consider the SVNG G = (A, B) of G* = (V, E) which is given in Ez-
ample 3.4. Then by routine calculations, we get 6(c, B) = (6,3,2), d(a,d) = (5,3,2),
8(B,v) = (5,3,2), §(7,9) = (6,3,2), 6(o,y) = (11,6,4), 6(8,0) = (11,6,4), S(a) =
(22,12,8), S(B) = (22,12,8), S(v) = (22,12,8), S(9) = (22,12,8), t(S(G)) = S(a) =
S(B) = S(y) = S(5). Thus G is self median SVNG.

where
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4. THE CLASSES OF m—PSVNGs

In this section, we discuss the m—PSVNGs and special classes of m—PSVNGs such
as, antipodal, eccentric, self centered and self median m—PSVNGs. Let G denotes
m—PSVNG and G* = (V, E) denotes underlying crisp graph. In the whole article the
results and definitions hold Vr =1,2,3,--- ,m.

Definition 4.1. Let X be a space of points (objects) with generic elements in X de-
noted by x. A m— Polar single valued neutrosophic set A (m—PSVNS A) is characterized
by m—Polar truth-membership function Ta(z) : X — [0,1]™ m—Polar indeterminacy-
membership function I4(x) : X — [0,1]™ and m—Polar falsity-membership function
Fa(z) : X — [0,1]™. The m—PSVNS is the generalization of m—Polar fuzzy set and
m— Polar intuitionistic fuzzy set. Note that a [0,1]™-set is an L-set. An L-set on the set
X is a synonym of a mapping A : X — L, where L is a lattice. So, [0,1]™ is considered to
be a partial order set with the point-wise order <, where m is an arbitrary ordinal number,
< is defined by x < y < pr(z) < p(y) for eachr € m and p, : [0,1]™ — [0, 1] is the r—th
projection mapping (r € m), when L = [0,1], an L-set on X will be called a fuzzy set on X.

Definition 4.2. An m—Polar single valued neutrosophic graph is a pair G = (A, B),
where AV — [0,1]™ is an m— Polar single valued neutrosophic set in V' such that,
0 < proTa(z) +prola(z)+proFa(z) <3,
Ve e V, Vr = 1,2,3,--- ,m and B : V xV — [0,1]™ is an m—Polar single valued
neutrosophic relation on V, such that
DPr © TB(‘T7 y) S lnf(pr o TA(x)7p7‘ o TA(y))7
proIp(w,y) > sup(pr o La(z),pr o 1a(y)),
pro Fp(z,y) = sup(py o Fa(z),pr o Fa(y)),
Vx,y € V, whenever
0 <proTp(z,y) +prolp(z,y)+proFp(z,y) <3,

V(z,y) € E CV xV and Vr = 1,2,3,--- ,m. Note that p, o B(z,y) = 0, V(z,y) €
VXV —FE ¥Yr=1,2,3,--- ,m. Also A is called the m— Polar SVN vertez set of G and B
is called the m—Polar SVN edge set of G, respectively. An m— Polar SVN relation B on
V' is called symmetric if p, o B(x,y) = p, o B(y,x) Vx,y € V.

The m—PSVNG is the generalization of m— Polar fuzzy graph and m— Polar intuitionistic
fuzzy graph. The graph G is said to be a complete (strong) m—Polar SVNG, if

pr o Tg(z,y) = inf(p, o Ta(z),pr o Ta(y)),

proIp(x,y) = sup(pr o La(x), pr o La(y)),

pro Fp(z,y) = sup(pr o Fa(z),pr 0 Fa(y)),
Ve,y € V((z,y) € E) and Vr =1,2,3,--- ,m. The order of G, which is denoted by O(G),
1s defined by

O(G) = ((p10O1(G),p10O1(G),p1 0 Or(G)), -, (Pm © O1(G), pm © O1(G), pm © Op(G)))
where

Pbr© OT(G) = Zpr OTA(J:)a DPr OOI(G) = Zpr OIA(-T), br o OF(G) = Zpr OFA(l')

zeV zeV zeV
Vr=1,2,3,--- ,m. The size of G, which is denoted by S(G), is defined by

S(G) = ((pr o S7(G), pr o S1(G),p1 0 Sp(G)), -+ (Pm © ST(G), pm © S1(G), pm © Sp(G)))
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where

Pr o ST<G) = Z Dr OTB<$7y)7
(z,y)EE

proSi(G)= > prolp(x,y),
(z,y)EE
TFY

proSp(G)= Y proFg(z,y),
(z,y)ER
zAy

Vr=1,2,3,--- ,m. The degree of vertex x, which is denoted by dg(x), is defined by

da(x) = ((pr o dr(z), prodi(z),p1odp(z)), -, (Pm © dr(2), pm © di(2), pm © dr(2)))
where

prodr(z) = Y pyoTp(x,y),
(zy)ek
T#y

prodl Z PrOIBHTZ/
(zy)EE
Ay

prodp(x)= Y proFp(z,y)
(zy)eE
T#Y

Vr=1,2,3,---,m
The total degree of vertex x is denoted and defined by

tdg(z) = ((protdr(x),protdr(z),p1otdp(x)), -+, (pm o tdr(z), pm o tdr(x), pm o tdr(x)))
where,

ploth Z szTB(a7 y)+ploTA( )

(z,y)EE
]

piotdr(z) = Y piolp(x,y)+pio la(x)

(z,y)EE
T#Y

piotdp(z) = Y pioFg(z,y)+p;o Fa(x)

(zy)eE
TF#Y

Vi=1,2,3,--- ,m. The degree of edge e = xy is denoted and defined by
d(;(x,y) = ( ) (pl © dT(.%', y)vpl © dl(x7y)api © dF(.ﬁU,y)), o )

where

piodr(z,y)= > pioTplw,w)+ »  pioTp(w,y)
((E w)EE (fw7y)€E

zFw w#y
piodi(z,y)= Y piolplm,w)+ Y  piolp(w,y)
(z,w)EE (w,y)EE
THW w#yY
piodp(z,y) = Y pioFplx,w)+ Y  pioFpwy)
(z,w)eEE (w,y)EE

zFw wy
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Vi=1,2,3,---,m. The total degree of edge e = xy is denoted and defined by

th(xuy) = ( ) (pl © th(xay)apl © td](‘rvy)7p7, © tdF(iU,y)), o )
where

piotdr(e,y) = S pioTp(ww)+ S poTlw,y)+pioTo(r,y)

(zw)eE (wy)eE
TFw w#y
piotdi(z,y) = Y piolp(x,w)+ Y piolp(w,y)+p;olp(x,y)
(x w)GE (w7y)€E
rFw wFy
piotdp(z,y) = > pioFg(m,w)+ Y  pioFp(w,y)+pioFp(z,y)
(.’17 U))GE (wﬁg)GE
zFw wFy

Vi=1,2,3,---,m

Definition 4.3. A strong (complete) m— Polar single valued neutrosophic graph is a pair
G = (A, B), where A:V — [0,1]"™ is an m— Polar single valued neutrosophic set in V
and B : V xV — [0,1]™ is an m— Polar single valued neutrosophic relation on V, such
that

proTp(z,y) = (proTA(w%PrOTA(y))

proIB(x, ) (pTOIA(x)vprOIA(y))

pro Fp(z,y) = sup(pr o Fa(z),pr o Fa(y))
V(z,y) €V (Ve,y € V) and Vr =1, ,3, -, m.

Definition 4.4. The Partial m—PSVN-subgraph of m—PSVNG G = (A, B) on a crisp
graph G* = (V,E) is a m—PSVNG H = (A', B'), such that
(1) A CA ieVr=1,2,3,mandVz €V

proTy(x) <proTa(x), proly(x) = prola(x), proFy () =proFa(x)
(2) B' CB,ieVr=1,2,3,---,m andVay € E
proTy(x,y) <proTp(z,y), prolp(x,y) > prolp(x,y), proFy(z,y) > pro Fp(z,y)
Definition 4.5. The m—Polar SV N-subgraph of m—PSVNG G = (A, B), on a crisp
graph G* = (V,E) is a m—PSVNG H = (A", B'), on a crisp graph H* = (V' E"), such
that
(1) A=A, ieVzeV CV, with

proTy(x) =proTa(z), proly(x)=prola(z), proly(z)=proFa(z)
Vr=12,3,---.m
(2) B' =B, i.eVzy e E C E, with
proTy (z,y) =proTr(x,y), proly(z,y) =prolp(x,y), proFy(x,y)=proFp(z,y)
Vr=1,2,3,---.m

Definition 4.6. A m—PSVN path P in a m—PSVNG G = (A, B), is a sequence of
distinct vertices vy, v1, -+ ,VUp, such that

DPr OTB(Uj_l,'Uj) > Ov Pr OIB(Uj_l,Uj) > 07 Dbr © FB(vj—lavj) >0

for 0 < j <nandVr = 1,2,3,---,m. Here n > 1 is called length of path P. A sin-
gle node or a vertex v may also be considered as a path. In this case path is of length
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((0,0,0),---,(0,0,0)). The consecutive pairs (vj_1,v;) are called edges of path. We call P
a cycle if vo = v, and n > 3. An m—PSVNG G = (A, B), is said to be connected if every
pair of vertices has at least one m—PSVN path between them, otherwise it is disconnected.

Definition 4.7. Let G = (C1,D1) and Ga = (C2, D32) be two m—PSVNGs of G7 =
(V1, Ev) and G5 = (Va, Es), respectively. The homomorphism x : Vi — Va is a mapping
from Vi into Vo satisfying following conditions:
proTe,(§) < proTe,(x(€)), prole(§) = prole,(x(§)), proFe,(§) = pro Fey(x(£))

VéEe Vi andVr=1,2,3,--- ,m.

proTp,(&m) < proTp,(x(§) x(n))

proIp,(&n) = proIp,(x(£), x(n))

pro Fp,(&n) = pro Fp,(x(§), x(n))

Y(&,n) € By and Vr = 1,2,3,--- ;m. The weak isomorphism v : Vi — Va is an bijective
homomorphism from Vi into Vs satisfying following conditions:

pro T, (§) = pro Ty (v(§)), proley(§) =prolc,(v(§)), proFoy(§) = pro Fo,(v(€))
VE e Vi and Vr = 1,2,3,--- ,m. The co-weak isomorphism k : Vi — Vb is an bijective
homomorphism from Vi into Vo satisfying following conditions:

proTp,(§,m) = pr o Tp,(x(£), x(1))
Pbr o IDl (57 77) =DpPro ID2 (X(g)a X(Tl))
pr o Fp,(&;m) = pr o Fp,(x(£), x(n))
V(& n) € By and Vr = 1,2,3,--- ,;m. An isomorphism ¢ : Vi — Vi, is a bijective homo-
morphism from Vi into Vo satisfying following conditions:
proTe,(§) = pro Ty (¥(§)), proley(§) = prole,(¥(§)), proFey(§) =pro Foy(¥(§))
VéEe Vi andVr=1,2,3,--- ,m.
proTp, (57 7]) =proTp, (X(g)a X(Tl))
proIp,(&n) = proIp,(x(£), x(n))
pr o Fp, (57 77) =Dpro FDQ(X(€)7 X(Tl))
V(&,n) € Ey andVr =1,2,3,--- ,m.
Remark 4.1. One can see the following.

(1) The weak isomorphism between two m—PSVNGSs preserves the orders.

(2) The weak isomorphism between m—PSVNGSs is a partial order relation.

(3) The co-weak isomorphism between two m—PSVNGs preserves the sizes.

(4) The co-weak isomorphism between m—PSVNGSs is a partial order relation.

(5) The isomorphism between two m—PSVNGSs is an equivalence relation.

(6) The isomorphism between two m—PSVNGSs preserves the orders and sizes.

(7) The isomorphism between two m—PSVNGSs preserves the degrees of their vertices’s.

Definition 4.8. Let G be a m—PSVNG of G*, the m— PSVN-Length of path Q : vi,vs,...,vn,
which is denoted by 1(Q), is defined by
Z(Q) = (pr o lT(Q)upT © l[(Q)va o lF)

where
n—1

DPr o ZT(Q) = Z

=1

1
pr © Tp(vi, Vit1)
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n—1

1
prol(Q) = ; pr o Ip(vi,vig1)
n—1 1
prole(@ =3

“— pr o Fp(vi,vit1)

The pr o lp(Q),pr 0 l1(Q) and p, o lp(Q) are called the m—PSVN-T-Length, m—PSVN-1-
Length and m—PSVN-F-Length of path @, respectively. The m— PSVN-Distance between
two vertices a and B in V, which is denoted by §(«, ), is defined by

(a, B) = (pr 0 o1 (e, B), pr 0 61(x, B), pr 0 6F (v, B))

where

pr o dp(a, B) = inf(Ip(Q)), prodr(a, ) =inf(i7(Q)), prodr(a,B) =inf(lp(Q)).
where p, o o7(a, B),pr 0 61(a, B) and p, o 0p(a, B) are called the m—PSVN-T-Distance,
m— PSVN-I-Distance and m— PSVN-F-Distance, respectively of any path a—. The m—PSVN-
Eccentricity of v; € V, which is denoted by e(v;), is defined by
6(’1}1') = (pr o eT(Ui)vpr o eI('Ui)vpr o eF(vi))

where

proer(vi) = sup{p, o o1 (vi,v;) 1 v; € V,v;i # v;}

proer(v;) = inf{p, o dr(vi,v;) 1 vj € Viv; # v;}

pr o ep(v;) = inf{p, o o7 (vi, vj) s vj € V,v; # v;}
where proer(v;), proer(v;) and proep(v;) are called the m— PSVN-T-Eccentricity, m—PSVN-

I-Eccentricity and m—PSVN-F-Eccentricity of verter v;, respectively. The m—PSVN-
Radius of G, which is denoted by r(G), is defined by

r(G) = (prorr(G),pror1(G), pr o Tr(G))
where
prory(G) = inf{p, oer(v;) : v; € V}
prori(G) =inf{p,oes(v;) :v; € V}
prorp(GQ) = inf{p, cep(v;) : v; € V}

where p.orp(G),prori(G) and prorp(G) are called the m— PSVN-T-Radius, m—PSVN-
I-Radius and m—PSVN-F-Radius, respectively. The m—PSVN-Diameter of G, which is
denoted by d(G), is defined by

d(G) = (pr 0 dr(G), pr 0 di(G),pr 0 dp(G))
where
prodr(G) = sup{p, o er(v;) : v; € V'}
prodr(G) =sup{proes(v;) :v; €V}
prodp(G) =sup{proep(v;) :v; €V}

where prodr(G), prodr(G) and prodr(G) are called the m—PSVN-T-Diameter, m—PSVN-
I-Diameter and m— PSVN-F-Diameter, respectively.



A. HASSAN, M. A. MALIK: M—-POLAR NEUTROSOPHIC GRAPHS 675

Definition 4.9. An m—Polar antipodal single valued neutrosophic graph (mPASVNG)
A(G) = (Q,R) of am—PSVNG G = (A, B) is the m—PSVNG in which

(a) @=A on V. (b) If p; 0 d(p,q) = pr 0 d(G), then

(i) If (p,q) € E, then R= B on E.

(ii) If (p,q) € E, then

pr o Tr(p, q) = inf(pr o Ta(p), pr 0 Ta(q))
pr o Ir(p, q) = sup(pr o La(p), pr © 14(q))
pr o Fr(p,q) = sup(pr o Fa(p),pr o Fa(q))

Example 4.1. Consider the crisp graph G* = (V,E) of 3-PSVNG G = (A, B), the 3-
PSVNSs A and B of V ={&,n,¢} and E = {(&,7n),(n,()(¢,&)} are defined in Table. 1.

proA|pioTy |prols|proFy

proB |pioTp |piolp |p1oFp

3 1/5 1/4 /3 [ (&n) | 17 1/2 1/3
n 1/7 1/2 /5 | (n,¢) | 1/7 1/2 1/5
¢ 14 | 16 | 1/8 | (& | 15 | 14 | 1/3
p2oA | p2oTy |prola | proFy | proB | prolp |prolp |prokp

3 1/4 1/6 1/2 &,m)
n 1/3 1/5 1/3 n,¢) | 1/3 1/5 1/3
¢ 1/2 1/8 1/7 ¢§&) | 1/4 1/6 1/2

( 1/4 1/5 1/2
(
(

p3o A | p3oTy | p3ols|p3oFy |psoB |p3oTp |p3olp |p3oFp
(
(
(

3 1/3 12 1/6 | (&,n) | 1/8 1/2 1/6
n 1/8 1/3 17 | (n,¢) | 1/8 1/3 1/3
¢ 1/6 1/5 1/3 | (¢,6) | 1/6 1/2 1/3

TABLE 1. 3-PSVNSs of 3-PSVNG
By calculations 3-PSVNSs of 3-PASVNG, which are defined in Table. 2.

p1oQ | proTg |proly | proFg |proR |pioTg |piolr|pioFg
£ 1/5 1/4 1/3 (5,77) 1/7 1/2 1/3
7 1/7 1/2 1/5 (7770 0 0 0
¢ 1/4 1/6 1/8 (¢, ¢) 0 0 0
p20Q | p2oTg | p2oly | paokFg |p2oR | proTg | prolr|p2oFg
& 1/4 1/6 1/2 (5,77) 1/4 1/5 1/2
n 1/3 1/5 /3 | (n,¢)
¢ 1/2 1/8 1/7 (C,{) 0 0 0
p3oQ | p3oTy | psoly | pzoky |psoR | p3oTg |p3olr|p3oFg
)
)
)

3 1/3 1/2 1/6 | (&n
n 1/8 1/3 17 | (n.¢
¢ 1/6 1/5 1/3 | (€€

TABLE 2. 3-PSVNSs of 3-PASVNG

Definition 4.10. An eccentric m—PSVNG G. = (Q,R) of a m—PSVNG G = (A, B),
which is the m—PSVNG, is defined by

(a) @Q=A on V. (b) If
Dr© 5T(a75) = inf(pr o GT(OZ),pT o eT(ﬁ))
pr o 61(c, B) = sup(py o er(), pr o e1(B))
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prodp(a, B) = sup(p, o ep(a), pr 0 er(f))

then

(i) If (o, 8) € E, then R= B on E.

(ii) If (o, B) &€ E, then
proTg(a, B) = inf(p, o Ta(a),pr o Ta(B))
Dr © IQ(a7 5) = sup(pr o IA(a)apr o IA(B))
pro Fg(a, B) = sup(pr o Fa(a), pr o Fa(B))

(c) Otherwise R =0 = (0,---,0).

Example 4.2. Consider the 3-PSVNG G = (A, B) of G* = (V,E), which is given in
Ezxample. 4.1. By calculations 3-PSVNSs of eccentre 3-PSVNG are given in Table. 3.

proQ | proTg |proly|proFg |proR |pioTg | prolgr|pioFR
3 1/5 1/4 173 [ (&n) | 1/7 1/2 1/3
n 1/7 1/2 1/5 | (n,¢) | 1/7 1/2 0
¢ 1/4 1/6 1/8 | (¢,€) 0 0 1/3
p2oQ | p2oTqg | prola | p2oFg | proR | ppoTr | prolr | p2oFr
3 1/4 1/6 172 | (€n) 0 0 0
n 1/3 1/5 1/3 | (0,0 0 0 1/3
¢ 1/2 1/8 17 | (¢,€) 0 0 0
p3o@Q | p3oTy | p3oly |p3okFg |psoR |p3oTg |p3olr|p3oFg
3 1/3 1/2 /6 | (&mn) | 1/8 1/2 0
n 1/8 1/3 17 | (0,0) | 1/8 0 1/3
¢ 1/6 1/5 1/3 | (¢,€) 0 1/2 1/3

TABLE 3. 3-PSVNSs of eccentric 3-PSVNG

Proposition 4.1. The m—PASVNG of the m—PSVNG is the generalization of m— Polar
antipodal bipolar fuzzy graph and m—Polar antipodal intuitionistic bipolar fuzzy graph.

Proposition 4.2. The eccentric m—PSVNG is the generalization of m— Polar eccentric
bipolar fuzzy graph and eccentric m— Polar intuitionistic bipolar fuzzy graph.

Proposition 4.3. The A(G) is always a m—PSVN subgraph of G.. For a complete
m—PSVNG G = (C, D), A(G) is same as G. and they are m—PSVN subgraphs of G.

Definition 4.11. The connected m—PSVNG G = (X,Y) is distance regular m—PSVNG,
whenever

prod(z,y) = ky = (k1r, k2r, k3r)
Vaz,yeV.

Theorem 4.1. For the complete m—PSVNG G = (A, B) where A be constant m—PSVNS
then G and A(G) are isomorphic.

Proof. Since A is constant function, that is A(x) = ¢, = (1, c2r, c3,) Where ¢y, cop, and
c3r are constants, hence p, o d(p,q) = d, = (dir,dar,ds;) Vp,q € V, therefore eccentricity
Pr © e(a) =d, = (dlr,dgr,dgr) Vo € V. Hence Py © d(G) =d, = (dlr,dgr,dgT) = (S(Oc,ﬁ)
Va € V. Thus adjacency between every two vertices in A(G) such that (i) Q@ = A on V.
(77) Since o and [ are neighbors in G, hence R = B on E. Therefore G is isomorphic to
A(G). O
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Theorem 4.2. If G; = (A1, B1) and Gy = (Az, By) are isomorphic m—PSVNGs, then so
A(Gl) and A(Gg)

Proof. By hypothesis there is an isomorphism 7 between them preserves the weights of
edges. Hence if vertex a has maximum T-eccentricity, minimum [-eccentricity, minimum
F-eccentricity in G, then 7(a)) has maximum 7T-eccentricity, minimum [-eccentricity and
minimum F-eccentricity in G, so G1 and G2 will have same diameter. If distance between
a and S is k, = (kir, kar, k3,) in G, then p,o7(a) and p,o7(5) will also have their distance
as k, in Go, since 7 is a bijective function between A(G1) and A(G2) with p, o Q1(a) =
proAi(a) = proAs(a) =proQ2(a) Va € Vi and (i) If (o, B) € Eq, then p,o Ry = p,o Bj.
(7i) If (e, B) & E71, then

pr o T, (o, B) = inf(p, o Ty, (a), pr 0 Ta, (B))

prolp, (a’ B) = sup(pr o Iy, (a)apr o l4, (B))

pr o FR1 (047 B) = sup(pr © FA1 (Oé),pr © FA1 (B))

Since 7 : G7 — Gy is an isomorphism, so if («, ) € Ej this implies p, o Ri(«, 5) =
pro Ro(7(a), 7(B)), if (o, B) € En, then

proTr, (a, /8) = inf(p, o T(O&),pr ° T(B))

pr o Ir, (e, B) = sup(pr o 7(), pr 0 7(B))

pr o Fg,(a, B) = sup(pr o 7(a), pr 0 7(3))
Therefore we conclude that p, o Ry(a, 8) = pr o Ra(7(x), 7(B)). O

Theorem 4.3. Let G1 = (A1, B1) and Gy = (Ag, By) be two connected m—PSVNGs, If
G1 and Gy are co-weak isomorphic, then A(G1) is homomorphic to A(G2).

Theorem 4.4. Let G1 = (A1, B1) and Go = (As, Ba) be two complete m—PSVNGs, if Gy
is co-weak isomorphic to Ga, then A(G1) is co-weak isomorphic to A(G3).

Definition 4.12. A vertex v; € V is said to be a central vertezx if p, o r(G) = p, o e(v;).
The set of all central vertices of a m—PSVNG G is C(G), G is said to be self centered
m—PSVNG whenever p, or(G) = p, o e(v;) Yv; € V.

Example 4.3. The 3-PSVNG G = (A, B) of G*, which is given in Example 3.1 is a self
centered 3-PSVNG.

Remark 4.2. Every complete m—PSVNG G = (A, B) is a self centered m—PSVNG.
Remark 4.3. In general converse part does not hold of Remark 4.2.
Example 4.4. Consider a crisp graph G* = (V, E), of 3-PSVNG G = (A, B), the 3-

PSVNSs A and B of V and E, which are defined in Table. 4. Here G is self centered
3-PSVNG, but G is not complete 3-PSVNG.
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proA|pioTa |prols|prioFa|pioB |p1oTp |piolp |p1okp
a /5 | 1/3 | 1/3 |(@p)| 1/6 | 1/3 | 1/2
3 15 | 15 | 15 | B | 15 | 13 | 172
. 1/3 | 1/6 | 1/6 | (v.¢) | 1/6 | 1/3 | 1/2
e | | | e | €a) | 15 |13 | o1

p2o A | peoTa | prols | proFa | paoB |paoTp |peolp |p2oFp

~— — —

oy

o 1/4 1/5 1/6 | (a,B) | 1/4 1/4 1/6
3 13 | 14 | 17 | By | 1/3 | 13 | 1/3
v 1/2 1/3 1/3 | (v,6) | 1/6 1/2 1/2
3 1/6 1/2 1/2 | (&) | 1/6 1/2 1/2

Sy

p30 A | p3oTy |p3oly|p3oFa | p3o p3oTp |p3olp | p3oFp

o 12 177 1/8 | (a,B) | 1/6 1/2 177
3 1/6 1/2 1/7 | (B,v) | 1/6 1/2 1/4
v 1/3 1/9 1/4 | (&) | 1/5 1/7 1/3
3 1/5 1/7 1/3 | (&) | 1/5 1/7 1/3

TABLE 4. 3-PSVNSs of self centered 3-PSVNG

Remark 4.4. The m—PSVNG G = (A, B) is self centered m—PSVNG if and only if
pr o d(G) = pr or(G).

Theorem 4.5. Let H = (A', B) be self centered m—PSVNG, then there exists a m—PSVNG
G = (A, B) for which < C(G) > and H are isomorphic. Further 2(p, or(G)) = p, o d(G).

Proof. Let p, odp(H) = l,,p, od(H) = m,, and p, o dp(H) = n, next take two vertices
Vi,V € V' with Pr © TA(Ui) = Pr© TA('U]') = iapr o IA(vi) = Pr© IA(Uj) = ﬁapT o
Fa(v;) = pro Fa(v;) = s+ and all the vertices of H are neighbors to both v; and vj with

2N,
proTp(vi, vp) = proTr(vj,v) = 1 prolp(vi, vi) = prolp(vj,vr) = 5=, pro F(vi,vg) =
proFp(vj,vg) = ﬁ Vo, € V. Next put proTs =proTy,prolg =prol, and proFy =
proF s for all vertices’s in H and p.oTp = p,oTy ,p,olp = proly and p,oFp = p.oFy
Y af € E(H). If possible p, o T4(v;) > p, o Ta(vg) for at least one vertex v, € V,', then

% > pr o Ta(vg) that is [, < prOT];l(Uk) < pCOTBl(Ukﬂ/'l) this holds Vo, € V' because H is
m—PSVNG, thus ————— > [, Vo, € V' which contradict to fact p, o dr(H) = I,

proT (vg,vp)

therefore p, o To(v;) < Ta(vg) Yui € V' and p, o Tp(vi,vx) < inf(pr 0 Tas,pr 0 Tar) = 1,
similarly p, o Tg(vj,vg) < inf(p, o Taj,pr 0 Tar) = % Yo, € V' note that p, o I4(v;) >

3

pr o Ia(vg) and p, o Ta(vj) > pr o La(vg) Yo, € V' since p, o di(H) = m,, therefore
pr o Ip(vi,vg) > sup(py o Lai, pr 0 Tag) = ﬁ, similarly p, o Ig(vj,vg) > sup(p, © Taj,pro
Iak) = 5= Vo € V) similarly p, o Fa(vi) > p, o Fa(vi) and p, o Fa(v;) > pr o Fa(vr)
Vo, € V, since p, o dp(H) = n,, therefore p, o Fp(v;,vg) < sup(p, 0 Fa;,pr 0 Fag) = ﬁ,
similarly p, o Fg(vj,v) > sup(p, o Faj,pro Fag) = ﬁ Vo, € V. Hence G is m—PSVNG.

1 1 _
proTp(vi,v,) - proTB(vivk) — 2,

br © TT(G) = lp,pro dT(G) = 2l,. Next p, o 6[(’Uk) = my Yo, € V, and p, o 6[(1}7;) =
proer(vj) = m = 2my, prorr(G) = my, prodr(G) = 2m,.. Similarly p,oer(vg) = n,

Vop € V' and proer(vi) = proer(v)) = sy = 20 pr o Tr(G) =y, pro dp(G) =

2n,.. O

Also proer(vg) = I, Yoy € V' and proer(v;) = proer(v;) =
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Definition 4.13. The status of vertex £, which is denoted by S(&), is defined by
S(&) = (pr o S1(€),pr 0 S1(§),pr 0 Sk(§))

where

proST() =Y prodr(&,m), proSi(€) = prodr(&,n), proSp(&) =Y prodr(&n)

nev nev nev

where proSt(§),proS1(€) and proSp(€) are called m—PSVN-T-status, m— PSVN-I-status
and m—PSVN-F-status of the vertex &, respectively. The connected m—PSVNG is called
self median m—PSVNG, if every vertex has the same status.

Remark 4.5. Let G = (C, D) be a connected m—PSVNG of G*, which is an even cycle,
then G is self median m—PSVNG, if alternative edges have same truth, indeterminacy
and falsity membership values.

Example 4.5. The 3-PSVNG which is given in Example 4.4 is also self median 3-PSVNG.

5. CONCLUSION

In this paper, we discussed the special classes of SVNGs, antipodal SVNGs, eccentric
SVNGs, self centered SVNGs and self-median SVNGs of the given SVNGs. We also investi-
gated isomorphism properties on antipodal SVNGs. Next, we generalize into the m—Polar
single valued neutrosophic graph which is the generalization of m—Polar fuzzy, m—Polar
intuitionistic fuzzy, m—Polar bipolar fuzzy, m—Polar bipolar intuitionistic fuzzy graphs.
The m—PSVNGs gives more flexibility than BSVNGs. The m—PSVNGs have many appli-
cations in path problems, networks and computer science. The concept of m—Polar antipo-
dal SVNG, eccentric m—PSVNG, self centered m—PSVNG and self median m—PSVNG of
the given m—PSVNG introduced here. The weak isomorphism, co weak isomorphism and
isomorphism properties of antipodal m—PSVNG, eccentric m—PSVNG and self centered
m—PSVNG discussed in this article.
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