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1. INTRODUCTION

Fuzzy set theory and intuitionistic fuzzy sets theory are useful models for dealing with
uncertainty and incomplete information. But they may not be sufficient in modeling of
indeterminate and inconsistent information encountered in real world. In order to cope with
this issue, neutrosophic set theory was proposed by Smarandache as a generalization of fuzzy
sets and intuitionistic fuzzy sets.

Neutrosophic set is a powerful tool to deal with incomplete, indeterminate and inconsistent
information in real world. It is a generalization of the theory of fuzzy set , intuitionistic fuzzy
sets , interval-valued fuzzy sets and interval-valued intuitionistic fuzzy sets , then the
neutrosophic set is characterized by a truth-membershipdegree (T), an indeterminacy-
membership degree (1) and a falsity-membership degree (F)independently, which are within
the real standard or nonstandard unit interval ]°0, 1*].

Properties and isomorphism of total and middle fuzzy graphs was given by Nagoorgani and
Malarvizhi. Here, in this paper some properties of 1 — Quasi total Single valued Neutrosophic
graphs is defined and isomorphic relation is discussed. Also the Isomorphic property in
Single Valued Neutrosophic Line graph is observed.
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2. PRELIMINARIES

A Single-Valued Neutrosophic graph(SVN graph) is a pair G = (A,B) of the crisp graph G* =
(V, E)(i.e., with underlying set V) , where A : V — [0, 1] is single-valued neutrosophic set in
Vand B :V xV — [0, 1] is single-valued neutrosophic relation on V such that

Te(xy) <min{Ta(x), Ta(y)},

Is(xy) < min{la(x), 1a(y)},

Fa(xy) < max{Fa(x), Fa(y)}

forall x, y € V. Ais called single-valued neutrosophic vertex set of G and B is called single-
valued neutrosophic edge set of G, respectively.

Given a single-valued neutrosophic graph G = (A,B) of a crisp graph G* = (V,E), the
order of G is defined as Order (G) = (0 1(G), 0;(G),0(G)) ,where 0 1(G) = Y.yev Ta(V),
01(G) = XvevIa(v), 0p(G) = Xyev Fa(v).

Given a single-valued neutrosophic graph G = (A,B) of a crisp graph G* = (V, E), the size of
G is defined as Size(G) = (St(G),Si(G),Sk(G)) , where St(G) = Yyry Te(u,v), S1(G) =
Zu:tv IB(ur V)' S F(G) = Zu:tv FB(u' V)'

The degree of a vertex x in an SVNG, G = (A, B) is defined to be sum of
the weights of the edges incident at x. It is denoted by dg(u) and is equal to
Quev T (W, v), Yuzv g (U, v), Yuey Fg(u,v)) forall vadjacent to uin G*.

Two vertices x and y are said to be neighbors in SVNG if either one of the following
conditions hold

Ts(x,y) > 0,Iz(x,y) > 0,Fg(x,y) >0

TB(XJY) = O'IB(XﬂY) > O, FB(XﬂY) >0

TB(Xi Y) > 0: IB(XI y) = O: FB(XI Y) >0

TB(Xi Y) > 0: IB(XI y) > O; FB(XI Y) =0

TB(XJY) = O'IB(XﬂY) = O, FB(XﬂY) >0

TB(XiY) =0, IB(le) >0, FB(XIY) =0
Te(x,y) > 0,Ig(x,y) = 0,Fg(x,y) =0forx,y € A
Let G and G’ be single valued neutrosophic graphs with underlying sets V and V' respectively.
A homomorphism of single valued neutrosophic graphs, h: G—> G isa map h: V>V’
which satisfies

Ta(u) < Ty (h(w)), [a(u) < 14/ (h(u)), Fa(u) < Fpr(h(u)) forallu e v

Tg(u,v) < Ty (h(w),h(v)), Ig(u,v) < Iy (h(u),h(v)), Fg(u,v) < Fgr(h(u),h(v))
forall u,v € V.
Let G and G’ be single valued neutrosophic graphs with underlying sets V and V' respectively.
An isomorphism of single valued neutrosophic graphs, h : G — G’ is a bijective maph: V —»
V' which satisfies

Ta(u) = Ty (h(u)), I (w) = Iy (h(w)), Fa(u) = Fyr(h(u)) forallu e v

Ts(w,v) = Ty (h(w), h(v)), Ig(u,v) = Iy (h(w),h(v)), Fg(u,v) = Fy (h(w),h(v))
forall u,v € V.Then G is said to be isomorphic to G".Two isomorphic graphs are given below
A weak isomorphism of single valued neutrosophic graphs, h: G- G isamaph:V >V’
which is a bijective homomorphism that satisfies

Ta(w) = Ty (h(w)), Iz (W) = Ly (h(w)), Fa(w) = Fp (h(w) forall u € V
A co-weak isomorphism of single valued neutrosophic graphs, h: G - G' isamap h: V —
V' which is a bijective homomorphism that satisfies

” Tp(u,v) = Ty (h(w), h(¥)), Ip(u,v) = Iy (h(w),h(v)), Fy(u,v) = Fgr(h(u),h(v)) for
alluy v ev.
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The busy value of the vertex x in G is BV(x) = (BVr, (x), BV}, (%), BV, (x)) = (Xi Ta(x) A
Ta(x1), 2ila(x) ALa(X1), 21 Fa(x) V Fa(X;)) where Xx; are the neighbours of x and the busy
value of G is BV(G) = Y}; BV(x;) where x; are the vertices of G.
A vertex in a G is a busy vertex if (Ta, 14, Fa) (%) < dg(%).
Let G be a graph with vertex set V(G) and edge set E(G). The 1-quasitotal graph, (denoted
by Q1(G)) of G is defined as follows:
The vertex set of Q1(G), that is V(Q1(G)) = V(G) U E(G).
Two vertices X, y in V(Q1(G)) are adjacent if they satisfy one of the following conditions:
(). x, yarein V(G) and (x,y)€ E(G).
(if). x, y are in E(G) and x, y are incident in G.
Let G : (A,B) be a SVN graph with the underlying crisp graph G* = (V,E). The vertices and
edges of G are taken together as vertex set of sd(G) = (Agq, Bsq), each edge ‘e’ in G is
replaced by a new vertex and that vertex is made as a adjacent of those vertices which lie on
‘e’ in G. Here Agq is @ SVN subset defined on VU E as
(Ta, Ia, Fa)sa(x) = (Ta, Ia, FA) () ifxevVv
= (TB' IB' FB)(X) ifx € E
The SVN relation Bgq on V U E is defined as
Te,, (%, y) = Ta(®) A Tg(y) ifxeVandy € E

= 0 otherwise

Ig,,(x,y) = 14(x) Alg(y) ifxeVandy € E
=0 otherwise

Fg,(x,y) = Fao(x) V Fg(y) ifxeVandy € E
=0 otherwise

(Te g I,y FB,g ) (X%, y) is @ SVN relation on (T, ,,1a_,,Fa ) and hence the pair sd(G) =
(Asq, Bsq), isa SVN graph. This pair is said as subdivision SVN graph of G.

u(0.2,0.3,0.7) b(0.2,0.2,0.5) v(0.4,0.3,0.6)

a(0.1, 0.2,0.3)
¢(0.,30.2,0.7

(0.6, 0.9,0.4) d(0.4,0.3,08) \y(0.5,0.4,0.8)

SVN Graph - G

u(0.2,0.3,0.7) b(0.2,0.2,0.5) V(0.4,0.3,0.6)

a(0.1, 0.2,0.3)
¢(0.,30.2,0.7)

(0.6, 0.9,0.4) d(0.4,0.3,08) \y(0.5,0.4,0.8)

Subdivision Graph - sd(G)
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In the above sd(G) , (a,u) =(0.1,0.2,0.7), (u,b) = (0.2,0.2,0.7), (b,v) = (0.2,0.2,0.6),
(v,c) =(0.3,0.2,0.7), (c,w) = (0.3,0.2,0.8), (w,d) = (0.4,0.3,0.8), (d,x) = (0.4,0.3,0.6),
(x,a) =(0.1,0.2,0.4)

Let G=(A,B) be a SVN graph with its underlying crisp graph G* = (V, E). The pair tlI(G) =
(Aq, By) of G is defined as follows. The vertex set of tI(G) is VU E. The SVN subset Ay is
defined on VU E as,
(Ta, 1a, FA)u(x) = (Ta, 1a, FA) (%) ifxevVv
= (TB' IB' FB)(X) ifx e E
The SVN relation B, on V U E is defined as
TBtl (X! Y) = TB (X’ Y)) IBtl (X’ Y) = IB(X’ Y)) FBtl (X, Y) = FB (X' Y) if (X, Y) €EE

Tg, (X, y) = Ta(x) A Tg(y) ifxeVandy € E
= 0 otherwise

Ig,(xy) = 1a(x) A lg(y) ifxeVandy € E
= 0 otherwise

Fg,(x,y) = Fa(®) V Fg(y) ifxeVandy € E
= 0 otherwise

Tg, (e, f) = Tg(e) ATg(f)  ife,f € E & they have a vertex in common
= 0 otherwise

Ig, (e, ) =Ig(e) Alg(D) ife,f € E & they have a vertex in common
=0 otherwise
Fg, (e, f) = Fg(e) v Fg(f) ife,f € E & they have a vertex in common
=0 otherwise

Thus by the definition By is a single valued neutrosophic relation on Au. Hence the pair
tl(G) = (Ay, By) isa SVN graph and is termed as Total Single Valued Neutrosophic Graph.

I. 1—QUASI TOTAL SINGLE VALUED NEUTROSOPHIC GRAPH
Definition 3.1 Let G=(A,B) be a SVN graph with its underlying crisp graph G* = (V,E). The
pair Q;t1(G) = (Aq,u, Bo,u) of G is defined as follows. The vertex set of Q,tl(G) is VU E.
The SVN subset Ao is defined on V U E as,
(Ta, 1a, Fa) g,u(®) = (Ta, 1a, FA) (%) ifxevVv
= (Tg, I, F) (%) ifx€eE
The SVN relation By, on V U E is defined as
Tpy a®Y) = Te(x,¥), 1p, ;% ¥) = I5(x,¥), Fp, ,(x,y) = Fe(xy) if (x,y) €EE

TBQ1tl (e,f) = Tg(e) ATg(f) ife, f € E & they have a vertex in common
= 0 otherwise
IBQ1tl (e,f) =1g(e) Alg(D) ife,f € E & they have a vertex in common
= 0 otherwise
FBQltl (e, f) = Fg(e) v Fg(f) ife, f € E & they have a vertex in common
=0 otherwise

Thus by the definition Bouu is a single valued neutrosophic relation on Aoiu. Hence the pair
Q,t1(G) = (Ag,m,Bo,u) is @ SVN graph and is termed as 1 — Quasi Total Single Valued
Neutrosophic Graph.
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u(0.2,0.3,0.7) b(0.2,0.2,0.5) v(0.4,0.3,0.6)

a(0.1, 0.2,0.3)
¢(0.30.2,0.7)

(0.6, 0.9,0.4) d(0.4,03,0.6)  \(0.5,0.4,08)

SVN Graph - G

u(0.2,0.3,0.7) bed.2,0.2,0. V(0.4,0.3,0.6)

a(0.1, 0.2,0.3)

x(0.6,0.9,0.4) d(%{:&@/ W(0.5, 0.4,0.8)

1 — Quasi Total SVN Graph - Q1tl(G)

In the above Qitl(G), (u, v) = (0.2, 0.2, 0.5), (v, w) = (0.3, 0.2, 0.7), (W, X) = (0.4, 0.3, 0.6),
(x, u) = (0.1,0.2, 0.3), (a b) = (0.1, 0.2, 0.5), (b, ¢) = (0.2, 0.2, 0.7), (c, d) = (0.3, 0.2, 0.7),
(d, a) = (0.1, 0.2, 0.6)

Properties of 1 — Quasi Total SVN Graph

Theorem 3.2

Let G=(A,B) be SVN graph and tI(G) is its Total SVN graph, order of tI(G) = order(G) +
size(G).

Proof : By definition of Q1tl(G), vertex set of Q1tl(G) is VU E.

Order of Q:tl(G) = (OT( Q.t1(G)), 0;( Q:t1(G)), OF(Qltl(G)))

= (Zxevoe Taguu (9 Exevut lag,a (%) Zxevur Fag,u &)

= (erv Tagu®) + Zxek Tag,q %), Xxevlag,q ¥ + Xxer g, q (¥ Xxev Fag o (¥) +

Sxee Fag,q () =(Bxev Tag,a () Zxevlag,q () Exev Fag,a () +

(Zxet Tag,a (%) Zxek ag,u () » Exer Fag,a ()
= order(G) + size (G) .
Theorem 3.3 : Let G=(A,B) be SVN graph and tI(G) is its Total SVN graph, size ofQ1 tI(G)

= SiZG(G) +(ZX,yEE TB (X) A TB (Y) ) Zx,yEE IB (X) A\ IB(Y) ) Zx,yEE l:"B (X) \ l:"B (Y))
Proof : size of Qitl(G)= (ST(Qltl(G)), $1(Q.tl(®)), SF(Qltl(G)))

= (Zx,yEVUE Tey,a (X ¥) ) Lxyevue IBg 4 (X ¥) ) Xxyevur Fg o (%, Y))
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= Z TBQ1t1 (X' Y)i Z IBQltl (X' Y)i z FBQltl (X' Y)

X,YEV X,yEV X,YEV
D Toguu@ ) D T u (), D Frg y®y)
X,YEE X,YEE X,YEE
= Z TBQ1t1 (X, Y)i Z IBQltl (X' Y)i z FBQltl (X' Y)
X,YEV X,yEV X,YEV

H D WEOATsE) ) I AT, D Fe( v Fa()

X,YEE X,YEE X,YEE

= size(@ +| D" T ATs(), ) () ALs(), ). Fs() v Fa(y)

X,YEE X,YEE X,YEE

Theorem 3.4 : dow)(u) = de(u) if u €V, dawne)(Yi) = busy value of yi in Qutl(G) if yi €E.
Proof : By the definition of degree of a vertex given
Case 1: Let x eV,

da,u@ () = (2 Tigua(92), ) Tnqy (%), ) Fiq (% a))

aev aev aev
= > ). ) o). ) Fs®)
yeEE yEE y€EE

=dg (%)
Case 2: Ify; € E,

do.u@ ) = (Z T b)) 1,50 b). ) Fiy (v b))

beE beE beE

- (Z Ta) ATa(0), ) T Als(b), ) Fa(3) V. FB<b)>

beE beE beE

= busy value of y; in Q1tl(G).
Theorem 3.5 : 1- Quasi Total Single Valued Neutrosophic of any Single Valued
Neutrosophic is disconnected.
Proof: Let G = (A, B) be a SVN graph. The SVN vertex set of Q:tl(G) is V UE where V
and E are vertex set and Edge set of G respectively, and the SVN relation is only defined
between x,y € Vand e, f € E. As there is no SVN relation between x € Vand e € E of
elements in the vertex set of Qitl(G) , there is no path that connects u and e in Qutl(G).
Hence, Q1tl(G) is disconnected graph.
Theorem 3.6 : If G is a SVN graph then sd(G) is weak isomorphic toQ tl(G).
Proof : Let G = (A,B) be a SVN graph with its underlying crisp graph G™= (V,E). By the
definition of sd(G), Agq is @ SVN subset defined on VU E as

(Ta, Ia, Fa)sa(x) = (Ta, In, Fo) (%) ifxevVv
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= (Tg, I, Fp) (x) ifx €E Q)
The SVN relation Bgq on V U E is defined as
Te,, (% y) = Ta(x) A Tg(y) ifxeVandy € E
= 0 otherwise
Ig,,(xy) = A(x) Alg(y) ifxeVandy € E
=0 otherwise
Fp,,(x,y) = FA(x) V Fg(y) ifxeVandy € E
=0 otherwise
Using (1) in the above equation,
Te,, (X% y) = Ta () ATa_ (y) ifxeVandy € E
=0 otherwise
g, (xy) =1x () ALy, () ifxeVandy € E
= 0 otherwise
Fp,(xy) = Fp ,(x) VF4 () ifxeVandy € E
= 0 otherwise

Define a map ‘g’ from sd(G) to Qitl(G) as identity map g:VUE - VUE , g be bijection
satisfying
(Ta, 1a, Fa),u(8(x)) = (Ta, I, Fa)q,u(®) = (Ta,Ia, FA)(X) = (Ta, 4, Fa)sa(X) ifx €V
(Ta, 1a, Fa)q,u(8()) = (Ta, Ia, Fa)q,u(®) = (Tp, I, Fg) (X) = (Ta, I, Fa)sa(x) if x € E
That is (Ta, Ia, Fa)q,u(8(x)) = (Ta,Ia, Fa)sq(x) if x € VU E
Case 1:
Ifx,y €V, (Tg, Ip, Fp)u(8(x), 8(¥)) = (Tg, Ig, Fp)q,u(x,y) = (Tg,Ip, Fp) (x,y)if x,y € V.
By the definition of sd(G), (Tg, Ig, Fg)sq(x,y) = 0ifx,y €V
That implies (Tg, Ig, Fg)sa(x,y) < (Tg, Ig, Fp)u(g(x), g(¥)) ifx,y € V
Case 2:
If x = e;,y = e € E then
Ty, u (ei, ej) = min{Tg(e;), Tg (ej)} if e;, ejhave a vertex in common
IBQlﬂ(ei, e;) = min{Ig(e;),1z(e;)} if e;, e;have a vertex in common
FBo,u (ei, ej) = max{Fg(e;), Fg (ej)} if e;, ejhave a vertex in common
= 0 otherwise
Tg,, (ei, ej) < TBtl(ei, ej) ife;, e €E
IBsd(ei, ej) < IBﬂ(ei, ej) ifej;, e; €E
Fp (i €)) < Fp,(ei ) ife;, e €E
Thus from the cases we get
Tg, (%, y) < Tg,(x,y) ifx,y E VUE
Ig,,(xy) <lg,(xy) ifx,y EVUE
Fg_,(xy) < Fg,(xy) ifx,y EVUE
Therefore g: sd(G) - Q,tI(G) is a weak isomorphism.

IV. SINGLE VALUED NEUTROSOPHIC LINE GRAPH

Definition 4.1 : Let G = (A, B) be a SVN graph with the underlying graph G* = (V, E). The
SVN line graph of G is L(G) = (P, Q) with the underlying graph (Z, W) where the vertex set
isZ={S, ={x}U{u,v}:ix €EE u, v, €EV,x = (Uy, )}

and W = {(Sx,Sy) : S5 NS, # ?,x,y €EE,x + vy}

P(Sy) = (Tg(x), Ig(x), Fp(x))
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Q(SxSy) = (Te(x) A Ta(y), Ig(x) Alg(y), Fg(x) V Fp(y))for all (S,,S,) € W.
Example:
a(0.2,0.3,0.7)
x(0.1,0.2,0.3)

2(0.2,0.2,0.5) ¢(0.5,0.4,0.8)

b((0.4, 0.3,0.6)

SVN Graph - G

$1(0.2,0.3,0.7)
(0.1,0.2,0.3)

(0.2,0.2,0.5)
$3(0.5, 0.4,0.8)

(0.3,0.2,0.7)

$2((0.4,0.3,0.6)

Line Graph - L(G)

Theorem 4.2: if G1 = (Al, B1) and G2 = (A2, B2) are the two isomorphic SVN graphs then
their SVN line graphs are also isomorphic.

Proof: Give G1 and G2 are the two isomorphic SVN graphs with the underlying set S1 and
S2 respectively, i.e., there exists a bijective map h : S1 — S2 satisfying

Ty, (x) =Ty, (h(x)); Iy, (x) = IAZ(h(x)); Fp (x) = Fy, (h(x)) forallx €S,

Tp, (x) = Tp,(h(x), h(¥)); Tp,(x) = Tp,; Tp, (x) = Tp,(h(x),h(¥)) forallx,y € S;.

Let L(G1) = (P1,Q1) and L(G2) = (P2, Q2) be the line graphs of G1 and G2 respectively.
Consider an x € E;. Let x = (u,,v,). As h : S1 — S2 is one to one, onto, h(x) =
(h(ux)r h(vx)) € E2

Define : Z1 — Z2 as g(Sy) = Sh(x

As h is one to one and onto, g is well defined and one to one onto mapping.

ConsiderTp, (Sy) = Tp, (x) = Tp, (Wy, vy) = Tp, (h(uy), h(vx)) = T, (h(x))

TP1 (Sy) = TP2 (Sh(x)) = TP2 (g(Sx)) forallx € Z;

Similarly, Ip (Sx) = Ip,(g(Sx)) and Fp (Sy) = Fp,(g(Sy)) forall x € Z; (@)
To,(Sx,Sy) = T, (x) A Tg,(y) forall (S,,S,) € W,

=Tp, (Uy, V) A Tp, (uy, vy)

= Tg, (h(1), h(vx)) A Tp, (h(wy), h(vy))

=Tg, (h(x)) AT, (h(¥))

= Tg, (Shxy Shin)
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=To,(9(Sx), 9(S,)) forall x,y € E;

To,(Sx, Sy) =To,(9(Sx), g(S,)) forall S, S, € Z,
Similarly,

Io,(Sx:Sy) = 10,(9(S2), 9(Sy)), Fo, (S Sy) = Fo,(9(Sx), 9(Sy)) forall S,., S, € 7, (2)
From equations (1) and (2), L(G1) and L(G2) are isomorphic SVN line graphs when G1 and
G2 are the two isomorphic SVN graphs.
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