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NEW TYPE OF NEUTROSOPHIC OFF GRAPHS
R. NARMADA DEVI ! AND R. DHAVASEELAN

ABSTRACT. In this paper, the concept of neutrosophic off graph, total neutro-
sophic off graph and middle neutrosophic off graph are introduced. Several
interesting properties along with the examples are established.

1. INTRODUCTION

In 1965, Zadeh [11] introduced the notion of a fuzzy subset of a set as a
method for representing uncertainity. A. Rosenfeld [5] was introduced the idea
of fuzzy graph. The properties of fuzzy graphs are very much useful in ob-
taining solutions to many problems like traffic congestion problem, networking,
etc,. M.Akram [1] introduced the concept of Strong intuitionistic fuzzy graphs.
NagoorGani [3] introduced busy Nodes and free Nodes, order, degree, size in
intuitionistic fuzzy graph. The concepts of total and middle intuitionistic fuzzy
graph was introduced by NagoorGani and Rahman [4]. R.Narmada Devi [6,7]
were introduced the concepts of neutrosophic complex A -continuity and neu-
trosophic complex graphs. Moreover, F. Smarandache [8,9] introduced the idea
of neutrosophic set theory and their logic. Also he introduced the concept of
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neutrosophic off set [10]. S. Broumi [2] was studied the properties of single val-
ued neutrosophic graphs. In this paper the concepts of neutrosophic off graph
and their interesting properties are discussed.

2. PRELIMINARIES

Definition 1. [10] Let U be a universe of discourse and the neutrosophic set As
inU. Let T(x),I(z), F(x) be the functions that describe the degrees of member-
ship, indeterminate-membership, and nonmembership respectively, of a generic el-
ement x € U, with respect to the set Ay : T'(z),I(x), F(x) : U — [V, where
U <0< 1< QandVis called underlimit, while 2 is called overlimit and
T(x),I(x), F(z) € [V,Q)]. A Single-Valued Neutrosophic Offset( A; is defined as:
Az = (z,< T(x),I(x), F(x) >),x € U such that there exist some elements in Aj;
that have at least one neutrosophic component that is > 1, and at least another
neutrosophic component that is < 0.

Definition 2. [4] The busy value of a node v of an IFG G =< V,E > is
(D,(v), Dy(v)) where D,(v) = > p1(v) A pa(v;) and D, (v) = > 7y (v) A yi(v;)
where v; are neighbours of v. The busy value of an I FGG is defined to be the sum
of the busy values of an 1 FG G is defined to be the sum of the busy values of all
nodes of G. (i.e)D(G) = (3>, D,(vi), >, D,(v;)) where v; are nodes of G.

3. NEwW VIEW ON NEUTROSOPHIC OFF GRAPHS

In this section, the concept of neutrosophic off graph is introduced. Some
types of neutrosophic off graph are studied. Several interesting properties along
with the examples are established.

Definition 3. A pair G = (A, B) is called a neutrosophic off graph (in short.,
NoffG, )Jon a crisp graph G* = (V, E), where A = (x,Ta(x),[4(z), Fa(x)) is a
neutrosophic off set on V, for every x € V and B = (zy, Ts(zy), I5(zy), Fp(zy))
isa Nof f set on E such that

(@) Tr(ry) < min[T(x), Ta(y)),
(ii) Ip(zy) < min[l4(x), I4(y)] and
(iii) Fp(zry) > max[F4(x), Fa(y)], forevery zy € ECV x V.
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Then A and B are neutrosophic vertex off set on V and neutrosophic edge off set
on E respectively.

Definition 4. Let G be any a NoffG of a crisp graph G*. Then H = (A, By) is
called a neutrosophic off subgraph( NoffsubG) if
(D) TAl (Z‘) = TA<I>, IAl (JJ) = IA(x), FA1 (I) = FA(ZL’), fOI” all z € ViCcV,

(i) Ty, (vy) = Tp(2y), I, (zy) = Ip(vy), Fp,(vy) = Fp(xy), for all
Ty € E1 g E.

Definition 5. A NoffG C(G) = (C(A),C(B)) is called a complement of a NoffG
G if
C(A) = A, Top) (zy) = [Ta(x) ATaly)] — To(zy),
Loy (wy) = [La(z) A La(y)] — Ip(zy) and
Fow)(vy) = [Fa(z) V Fa(y)] — Fp(zy),

for every xy € E.

Definition 6. A NoffG G is called a complete NoffG(in short.,compNoffG) if
Tp(zy) = min[Ta(z),Ta(y), Ip(zy) = min[la(z),Ia(y)] and Fp(zy) =
max|[F4(z), Fa(y)], for every x,y € V.

Definition 7. A NoffG G is called a SteongNoffG if Tp(zy) = min[Ta(z), Ta(y)],
Ig(zy) = min[l4(x), Ia(y)] and Fp(xy) = max|[F4(z), Fa(y)], for every zy € E.

Definition 8. Let G be any NoffG of a crisp graph G*. Then the degree of
a vertex v € V is dega(x) = (Tyegy (%), Laegs (T), Feg, (x)) Where Tyey (x) =

2 ay TB(TY); Liegs (¥) = X0y IB(2Y), and Fiego (v) = 3,0, F(ry).

Proposition 3.1. Let G be any NoffG of a crisp graph G*. Then ), dega(z;) =

Definition 9. Let G be any NoffG of a crisp graph G*. Then the
(i) size of a NoffG G is defined by S(G) = (Ts(G),Is(G), Fs(G)) where
Ts(G) = 2apy To(ay), 1s(G) = 220z, In(wy), and Fs(G) = 3., Fi(zy).
(ii) order of a NoffG G is defined by Ord(G) = (To,a(G), Iora(G), Fora(G))
where Tp,q(G) = inev Ta(x;), lora(G) = Z:Q-EV IA(z;), and Fo,q(G) =
ZmiGV Fp(x;).
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(iii) busy value of a vertex v € V of G is Busya(v) = (Thusys (V), Lousye (V),
Fhusye (v)) where Thusyq(v) = 32, Ta(v) A Ta(vi), Lyusye (v) = 32, La(v) A
I4(v;) and Fyysy, (v) = >, Fa(v) V Fa(v;) where v; are neighbours of v.

(iv) busy value of a NoffG G is Busy(G) = (Tousy(G), Iousy(G), Fyusy(G))
where  Tyuoy(G) = 3 cy Thusye (V) Lousy(G) = 3o ey Tousya (V)
and Fiusy(G) = ey Fousye (V)-

Proposition 3.2. Let G be any NoffG of a crisp graph G*. Let v € V. Then
dege(e)(v) = Busyc(v) — dega(v).

Remark 3.1. From the definition of a complete NoffG G, it follows that for each
vertex v € V, Busy(v) = dega(v).

Definition 10. Let G be any NoffG of a crisp graph G*. Then A node or vertex
v € V of a NoffG G is said to be a busy node (or) busy vertex if T4(v) <
Tege (V), 1a(v) < Lgeg, (v)and Fa(v) > Fyeq, (v); otherwise it is called a free node.
An edge uv € E of a NoffG G is said to be an effective edge if Ts(uv) = Ta(u) A
Ta(v), Ig(uv) = La(u) A La(v) and Fp(uv) = Fa(u) V Fa(v).

Proposition 3.3. Let G be any NoffG of a crisp graph G* If G has effective edges
then it has atleast one busy vertex.

Definition 11. Let G be any NoffG of a crisp graph G*. Let T(G) = (Ar, Br) be
a total NoffG of G which is defined as follows: Let the vertex set of T(G) be VUE.
Then the Nof f set Ar is defined on V U FE as follows: forw € V U E,

(1) Ta,(w) =Ta(u), s, (w) = I4(u) and Fa,.(w) = Fy(u),w =u € V.

(ii) Ta,(w) = Tg(e), [a,(w) = Ig(e) and Fu,(w) = Fp(e),w =e € E.
The Nof f set By is defined on V U E x V U E as follows:
case(a) Ty, ((u,v)) = Tp(u,v), Ip.((u,v)) = Ip(u,v) and Fp.((u,v)) =
Fg(u,v),u,v € V.
case(b) Tp, ((u,e)) = Ta(u) NTg(e) if u € V, e € E and the vertex u lies on the
edge e, otherwise Tg.((u,e)) = 0. Ig,.((u,e)) = Ia(u) A Ig(e) ifu € V, e € E
and the vertex u lies on the edge e, otherwise Ip,.((u,e)) = 0. Fp.((u,e)) =
Fa(u) vV Fg(e) if u € V, e € E and the vertex u lies on the edge e, otherwise
Fg.((u,e)) =0.
case(c) Tp,((ej,exr)) = Tr(ej) NTp(ex) if ej, e, € E and the edges e; and ej, have
a common vertex, otherwise T, ((ej,ex)) = 0. Ip,.((ej,exr)) = Ip(e;) A Ip(ex) if
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e;,ex € E and the edges e; and e, have a common vertex, otherwise I, ((e;,ex)) =

0. FBT((ej,ek)) = FB(ej) V FB(€k> ifej,ek € E and the edges €; and eL have a
common vertex, otherwise Fp,((e;,e;)) = 0.

By the Definition, Ts,.((u,v)) < Ta,(u) ATa, (v), Ip,((u,v)) < g, (u) Alag(v)
and Fg,.((u,v)) > Fa,.(u)VFa,(v), forevery u,v € VUE. Then T(G) = (Ar, Br)
is a total NoffG of G.

Example 3.1. The following graph is a example of total NoffG.
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FIGURE 1. G 43

(0.3, -0.3,1.1)

FIGURE 1. T(G)

Proposition 3.4. Let G be any NoffG of a crisp graph G*. If G is a Gtrong/N offG,
then S(T(G)) = 35(G) + (X2, eper IB(€5) A Th(er), Doc, cper In(€;) N In(er),
> e, ercr F'B(€5) V F(er)).

Definition 12. Let G be any NoffG of a crisp graph G*. Let M(G) = (Ays, Bur)
be a middle NoffG of G which is defined as follows: Let the vertex set of M (G) be
V' U E. Then the Nof f set Ay is defined on VUE as follows: forw € V UE,

(1) Ta,,(w) =Ta(u), 1a,,(w) = I4(u) and Fa,,(w) = Fa(u),w =u € V.

(ii) Ta,,(w) =Tg(e), 1a,,(w) = Ig(e) and Fa,,(w) = Fg(e),w = e € E.
The Nof f set By is definedon VU E x V U E as follows:
case(a) 1z,,((u,v)) =0, Ip,,((u,v)) =0and Fg,,((u,v)) =0,u,v € V.
case(b) Tg,,((u,e)) = Tr(e) if u € V, e € E and the vertex u lies on the edge e,
otherwise Tp,,((u,e)) = 0. Ig,,((u,e)) = Ig(e) if u € V, e € E and the vertex u
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lies on the edge e,otherwise Ig,,((u,e)) = 0. F,,((u,e)) = Fgle)ifueV,e € FE
and the vertex u lies on the edge e,otherwise Fg,,((u,e)) = 0.

case(c) Tg,,((e;,ex)) = Tp(e;) NTg(ex) if €5, ex, € E and the edges e; and e, have
a common vertex, otherwise Tp,,((ej,ex)) = 0. Ip,,((ej,ex)) = Ig(e;) A Ip(ex) if
e;,ex € E and the edges e; and e;, have a common vertex, otherwise I, ((e;j,ex)) =
0. F,, ((ej,ex)) = Fple;) V Fg(ey) if e;,e, € E and the edges e; and e, have a
common vertex,otherwise Fg,, ((ej,ex)) = 0.

By the Definition, Tg,,((u,v)) < Ta,,(u) A Ta,,(v), I, ((u,v)) < Ia,, (u) A
I4,,(v) and Fg,,((u,v)) > Fa,,(u) V Fy4,,(v), for every u,vo € V U E. Then
M(G) = (Ap, By) is a middle NoffG of G.

Example 3.2. The following graph is a example of middle N offG of G.

s (1.1,-0.3,0.4)

(e2) (0.4,—0.5,1.1)

A
(=)
3
."fb‘\.l 3
fayY>—nr——— |
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I e < - 0.2,0612) A&
., {h

(0.7, —0.6,1.2) (0.2, -0.6,1.2)

FIGURE 2. G and T(G)

Proposition 3.5. Let T(G) = (Ar, Br) be a total NoffG of a GtrongNoffG G.
Then

() degr(c)(u) = 2degg(u) for allu € V.

(i) degra)(ei) = Busyrc)(e:), if e; € E.

Proposition 3.6. Let G be any NoffG of a crisp graph G*. If G is a Gtrong/N offG,
then S(M(G)) = 25(G) + (X_., eper TB(es) A Trler), Yoo, cper1B(e) A In(er),
Zej,ekeE FB(ej) \ FB(ek)>

Proposition 3.7. Let M(G) = (An, By) be a middle NoffG of a GtrongNoffG
G. Then
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() degni(c)(u) = degg(u) for all u € V.
(ii) If u = e; and e;, e, € E are adjacent in G*, then

deguey(e;) =20 Tole;), Y Inles), > Fole)) + (Y Tole;) ATa(ex),

e; €l e;€E e;€ER e, €E
Z ]B(ej) A ]B<ek)7 Z FB(ej) V FB(ek)>
er€E er€FE
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