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Abstract: The soft set theory is a mathematical tool to represent uncertainty, imprecise, and
vagueness is often employed in solving decision making problem. It has been widely used to identify
irrelevant parameters and make reduction set of parameters for decision making in order to bring
out the optimal choices. This manuscript is designed with the concept of neutrosophic soft graph
structures. We introduce the domination number of neutrosophic soft graphs and elaborate them
with suitable examples by using strength of path and strength of connectedness. Moreover, some
remarkable properties of independent domination number, strong neighborhood domination,
weights of a dominated graph and strong perfect domination of neutrosophic soft graph is

investigated and the proposed concepts are described with suitable examples.
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perfect domination, Soft graph.

1 Introduction

Fuzzy graph theory was introduced by Azriel Rosenfied in 1975. Still it is very young, it
has been growing very fast and has crucial applications in various domain. Fuzzy set was introduced
by Zadeh [8] whose basic components is only a membership function. The generalization of Zadeh's
fuzzy set, called intuitionistic fuzzy set was introduced by atanassov [16] which is characterized by a
membership function and a non membership function. According to Atanassov, the sum of
membership degree and a non membership degree does not exceed one. A. Somasundaram and S.
Somasundaram [33] presented more concept of independent domination, connected domination in
fuzzy graphs, R. Parvathi and G. Thamilzhendhi [23] introduced domination in intuitionistic fuzzy
graphs and discussed some of its properties.

The soft graphs represents need any addition information about the data such as the
probability in statistic or possibility value in fuzzy graphs and give the accurate value. The theory
use parameterization as its main vehicle in developing theory and its applications. The crucial model
of parameter reduction and decision making is developing fascinating in dealing with uncertainties
that making problems in soft set theory are interesting field. Molodtsov [25] introduced the concept
of soft set theory as a new mathematical tool for dealing with uncertainties. Molodtsov’s soft sets give

us new technique for dealing with uncertainty from the view point of parameters. It has been revealed
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that soft sets have potential applications in several fields. In [7], author studied the fuzzy soft
graphs. Operations of fuzzy soft graphs are studied in [8]. Recently, Akram M [9] introduced an
idea about neutrosophic soft graphs and its application. Recently, the author Smarandache [29, 30,
13, 14, 31, 32, 17, 18, 19, 20, 35] introduced and studied extensively about neutrosophic set and it
receives applications in many domains. The neutrosophic set has three completely independent parts,
which are truth-membership degree, indeterminacy-membership degree and falsity-membership
degree with the sum of these values lies between 0 and 3. Akram [9] established the certain notions
including neutrosophic soft graphs, strong neutrosophic soft graphs, complete neutrosophic soft
graphs. Motivation of the above, we introduced the concept of domination number in neutrosophic
fuzzy soft graphs, strong neighborhood domination and strong perfect domination in neutrosophic
fuzzy soft graphs. The major contribution of this work as follows:
® The domination set of neutrosophic soft graphs is established by using the concept of
strength of a path, strength of connectedness and strong arc.
¢ The necessary and sufficient condition for the minimum domination set of
neutrosophic soft graph is investigated.
* Some properties of independent domination number of neutrosophic soft graph are
obtained and the proposed concepts are described with suitable examples.
* Further we presented a remarkable properties of independent domination number,
strong neighborhood domination and strong perfect domination of neutrosophic soft graph.
2 Preliminaries
Definition 2.1 [30] A Neutrosophic set A is contained in another neutrosophic set B, (i.e) A € C if
Vx € X, Tp(X) < Tg(x), [,(x) < [g(x)and F,(x) = Fg(x).
Definition 2.2 [35] Let X be a space of points (objects), with a generic elements in X denoted by x.
A single valued neutrosophic set (SVNS) A in X is characterized by truth-membership function
Ta (%), indeterminacy-membership function I,(x) and falsity-membership-function F,(x).
For each point x in X, Ta(%), Fa(x),Ia(x) € [0,1].
A={xTa(x),FaAX),[a(x)} and 0 < Ta(x) + [,(X) + FAo(x) <3
Definition 2.3 [17, 18] A neutrosophic graph is defined as a pair G* = (V,E) where
(i) V= {vy,vy,..,vy} such that T, =V - [0,1], I; =V = [0,1] and F; =V — [0,1] denote the degree
of truth-membership function, indeterminacy function and falsity-membership function,respectively
and
0SS Ta(x) +1a(x) + Fa(x) <3
(i) Ec VxV where T, =E - [0,1],I, = E - [0,1] and F, = E - [0,1] are such that
T (uv) < min{T; (u), Ty ()},
[;(uv) < min{l; (), 1;(v)},
Fz(uv) < max{F;(u), F1(V)},
and 0 < T,(uv) + I, (uv) + F,(uv) < 3,Vuv € E
Definition 2.4 Let (H,A) and (G,B) be two neutrosophic soft sets over the common universe U.
(J,A) is said to be neutrosophic soft subset of (G,B) if A c B, if Ty (%) < Tg(e)(X), Ijie)(X) < Igey (%)
and Fje) (%) = Fge)(x) forall e € M,x € U.
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Definition 2.5 Let (H,A) and (G,B) be two neutrosophic soft sets over the common universe U. The
union of two neutrosophic soft sets (H,A) and (G, B) is neutrosophic softset (K,C) = (H,A) U (G, B),
where C = AU B and the truth-membership, indeterminacy-membership and falsity-membership of
(K,C) are defined by Ty()(X) = Tye) (%), ife € A — B, Tg(e) (%), ife € B — A, max(Tye) (%), Tgey (X)ife €
ANB.
Definition 2.6 Let U be an initial universe and P be the set of all parameters. p(U) denotes the set
of all neutrosophic sets of U. Let A be a subset of P. A pair (J,A) is called a neutrosophic soft set
over U. Let p(V) denotes the set of all neutrosophic sets of V and p(E) denotes the set of all
neutrosophic sets of E.
Definition 2.7 [9] A neutrosophic soft graph G = (G*,],K,A) is an ordered four tuple, if it satisfies the
following conditions:
(1)G* = (V,E) is a simple graph,
(ii)A is a non-empty set of parameters,
(iii)(J,A) is a neutrosophic soft set over V,
(iv)(K, A) is a neutrosophic soft set over E,
(v)(J(e),K(e)) is a neutrosophic graph of G*, then
Tk(e) xY) < {Tje)(®) A Tye) (W)},
Ike)xY) < {Ijey(X) ALjey(M},
Freey(xy) < {Fjey(®) V Fye) ()},
such that
0 < Tk(ey(xy) + Ike)(Xy) + Fyey(xy) < 3 forall e € A and x,y € V.
The neutrosophic graph (Je,K.) is denoted by H(e) for convenience. A neutrosophic soft graph is a
parametrized family of neutrosophic graphs. The class of all neutrosophic soft graphs is denoted by
NS(G"). Note that Tg(e)(xy) = Ix@e)(Xy) = 0 and Fge)(xy) = 1¥vxy EVXV —E,e € A.
Definition 2.8 [9] Let G, = (F;,K;,A) and G, = (F,,K,, B) be two neutrosophic soft graphs of G*.
Then G; is a neutrosophic subgraph of G, if
()A€ B.
(i))H; (e) is a partial subgraph of H,(e) forall e € A.
3 MAIN RESULT
Definition 3.1 Let G = (G",],K, A) be a neutrosophic soft graph. Then the degree of a vertex u € G is
a sum of degree truth membership, sum of indeterminacy membership and sum of falsity
membership of all those edges which are incident on vertex u denoted by d(u)=
(dT](e)(u)' dI](e) (), dF](e)(u)) where
drye)(W) = Yeea Qugvev Tk(ey(u,v)) called the degree of truth membership vertex
dijey (W) = Yeea Cugvev Ik(e)(u,v)) called the degree of indeterminacy membership vertex
dpje)(W) = Yeea Qugvev Fre)(w,v)) called the degree of falsity membership vertex for all
eeAuyvev.
Definition 3.2 Let G = (G*,],K, A) be aneutrosophic soft graph. Then the total degree of a vertex u €
G is defined by td(u) = (tdyye)(u), tdyy(ey (), tdpyey (1)) where
tdrye) (W) = Yeea Qugvev Tk(e)(W, V) + Tjey(u,v) called the degree of truth membership vertex
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tdyyey(W) = Yeea Cugvev ke (W, V) +Ijey(u,v)) called the degree of indeterminacy membership
vertex

tdpyey(W) = Xeea Qugvev Friey(W, V) + Fje)(u,v)) called the degree of falsity membership vertex for
all e€e A,u,vevV.
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Figure 1

Example 3.3 Consider a simple graph G" = (V,E) such that V={ab,cd} and E=
{(ab), (bc), (cd), (ad)}. Let A = (J,A) be a neutrosophic soft over V with the approximation function
J:A - p(V) defined by
J(e;) = a(0.5,0.6,0.4),b(0.7,0.6,0.5), ¢(0.6,0.5,0.7), d(0.6,0.5,0.7)
J(e;) = a(0.6,0.7,0.8),b(0.5,0.6,0.7), ¢(0.7,0.6,0.5),d(0.8,0.9,0.4)

Let (K,A) be a neutrosophic soft over E with neutrosophic approximation function K:A — p(E)
defined by

K(e;) = ab(0.5,0.5,0.4), bc(0.6,0.5,0.7), cd(0.5,0.5,0.6), ad(0.5,0.4,0.6)

K(e,) = ab(0.5,0.6,0.8), bc(0.5,0.5,0.5), cd(0.7,0.6,0.4), ad(0.5,0.6,0.7)
Clearly, H(e;) = (J(e;),K(e;)) and H(e;) = (J(e;),K(e;)) are neutrosophic graphs corresponding to
the parameters e; and e, respectively as shown in Figure 1.
For the graph H(e;) degree of vertices as follows, deg(a)=(1,0.9,1.0),deg(b) =
(1.1,1.0,1.1), deg(c) = (1.1,1.0,1.3), deg(d) = (1.0,0.9,1.2)
For the graph H(e,) degree of vertices as follows, deg(a)=(1.0,1.2,1.5) , deg(b) =
(1.0,1.1,1.3), deg(c) = (1.2,1.1,0.9), deg(d) = (1.2,1.2,1.1)
Definition 3.4 A simple graph G is said to be a regular if each vertices has a same degree for all e €
A, x,y €V. Let G* = (V,E) be a neutrosophic graph then G is said to be a regular neutrosophic
graph if H(e) is a regular graph for all e € A, if H(e) is a regularr neutrosophic graph of degree r
forall e € A, then G isa r — regular fuzzy graph. Let G* = (V,E) be a neutrosophic graph then G is
said to be a totally regular neutrosophic graph if H(e) is a totally regular graph for all e € A, if H(e)
is a totally regular neutrosophic graph of degree r for all e € A, then G is a r —totally regular

neutrosophic fuzzy graph.
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Example 3.5 Consider a simple graph G* = (V,E) such that V = {a,b,c,d} and
E = {(ab), (bc), (cd), (ad)}. Let A = {e;,e,}. Let (J,A) be a neutrosophic soft over V with its
approximation function ] = A — p(V) defined by
J(e,) = a(0.4,0.3,0.3),b(0.3,0.3,0.4), c(0.4,0.4,0.4), d(0.5,0.5,0.5)
J(e,) = a(0.5,0.4,0.4),b(0.4,0.4,0.5), ¢(0.5,0.5,0.5), d(0.6,0.6,0.6).
Let (K,A) be a neutrosophic soft over E with neutrosophic approximation function K:A —
p(E) defined by
K(e;) = ab(0.2,0.2,0.2), bc(0.1,0.1,0.1), ¢d(0.2,0.2,0.2), ad(0.1,0.1,0.1)
K(e,) = ab(0.2,0.2,0.2), bc(0.3,0.3,0.3), ¢d(0.2,0.2,0.2), ad(0.3,0.3,0.3).
Obviously, H(e;) = (F(e;),K(e;)) and H(e;) = (F(e;),K(e;)) are neutrosophic graphs
corresponding to the parameters e; and e, respectively as shown in Figure 2
For the graph H(e;) degree of vertices as follows, deg(a)=(0.3,0.3,0.3) , deg(b)=
(0.3,0.3,0.3), deg(c) = (0.3,0.3,0.3), deg(d) = (0.3,0.3,0.3)
For the graph H(e,) degree of vertices as follows, deg(a)=(0.50.50.5) , deg(b)=
(0.5,0.5,0.5),deg(c) = (0.5,0.5,0.5),deg(d) = (0.5,0.5,0.5)
Here, H(e;) and H(e,) all the vertices degree are same so neutrosophic soft graph G is regular

neutrosophic graph.
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Figure 2

Definition 3.6 A graph G* = (V,E) is said to be a totally regular neutrosophic graph if each vertex
has a same total degree for all e € A, u,v € V.
Example 3.7 Consider a simple graph G* = (V,E) such that V= {a,b,c,d,i,j,k} and
E = {(ab), (bc), (cd), (ad), (ij), (Gk), (kj)}. Let A = {es, e,} parameter set. Let (J,A) be a neutrosophic
soft over V with its approximation function ] = A = p(V) defined by

J(ey) = {a(0.5,0.6,0.4),b(0.4,0.7,0.6), ¢(0.4,0.6,0.7),d(0.5,0.5,0.5)}

J(e;) = {i(0.6,0.7,0.5),j(0.5,0.7,0.9),k(0.6,0.6,0.7)}

Let (K,A) be a neutrosophic soft over E with neutrosophic approximation function K:A - p(E)
defined by
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K(e;) = ab(0.4,0.3,0.5), bc(0.4,0.3,0.3), c¢d(0.5,0.4,0.3),ad(0.3,0.4,0.5)
K(e,) = ij(0.5,0.5,0.4),jk(0.6,0.5,0.4), ik(0.4,0.5,0.6),

clearly, H(e;) = (J(e1),K(e;)) and H(e,) = (J(e;),K(e;)) are neutrosophic graphs corresponding to
the parameters e; and e, respectively as shown in Figure 3. For the graph H(e;) total degree of
vertices as follows,
tdeg(a) = (1.2,1.3,1.4), tdeg(b) = (1.2,1.3,1.4), tdeg(c) = (1.2,1.3,1.4), tdeg(d) = (1.2,1.3,1.4)
For the graph H(e,) degree of vertices as follow, tdeg(i) = (1.5,1.6,1.5), tdeg(j) = (1.5,1.6,1.5),
tdeg(k) = (1.5,1.6,1.5)
Here H(e;) and H(e,) all the vertices total degrees are same so neutrosophic soft graph G is totally

regular neutrosophic soft graph.

a(0.5,0.6,0.4)  (0.4,0.3,0.5) b(0.4,0.7,0.6) i(0.6,0.7,0.5)

(0.3,0[4,0.5) (0.4,9.3,0.3) (0.4,0.5,0.6)

d(0.5,8%,05) 0.4,0.4,04) ¢(0.4,0.6,0.7) k(0.6,0.6,0.7) (0.5,0.5,0.2) j(0.5,0.7,C

H (e,) H(e;)

Figure 3

Definition 3.8 The order of a neutrosophic soft graph G is

0rd(G) = Ye;en Zxev Ticep (€1 (X)) Zxev ey (€1) (%), 2xev Fie (€1)(X))-
Definition 3.9 The size of a neutrosophic soft graph G is

S(G) = Xejep (Zxyev Tk, (€)(XY), Xxyev Ik, (€)XY), Xxyev Fi,,(e1) (xy),
Example 3.10 In example Figure 1, we consider the order of neutrosophic soft graph is

0rd(@) = > O Tiep(@) (. Y Trep @, Y Fiiep () ().

ejEA XEV XEV XEV
Ord(G) = (5.0,5.0,4.7). Similarly S(G) = (4.3,4.2,4.7)

Definition 3.11 Let G = (G",],K,A) be an neutrosophic soft graph. then cardinality of G is defined
to be

IG| = Z | Z 1+ Tye)(X) + Ije) (X) — Fyey (%) i Z 1+ Tye)(Xy) + Ije) (Xy) — Fje)(Xy) |

2 2

eEA vjeV Vi,VjeV

Example 3.12 Consider the above Figure 3, here H(e;) and H(e;) are neutrosophic soft graph of G
corresponding to the parameter e;, the cardinality is G = 5.60 and corresponding to the parameter

e,, the cardinality is G = 4.60
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Definition 3.13 Let GG = (G",],K,A) be an neutrosophic soft graph, then vertex cardinality of G is
defined to be

1 +T] (e) x) +I](e) x) —F] (e) x)
2

V| = Yeeal Zviev |

Example 3.14 For the above Figure 3, H(e;) and H(e,) are neutrosophic soft graph of G
corresponding to the parameter e; cardinality is V =0.85+0.75+0.65+ 0.75= 3.0
corresponding to the parameter e,, the cardinality is V = 2.30. Then G(V) = 5.30

Definition 3.15 Let G = (G*,], K, A) be an neutrosophic soft graph, Edge cardinality of E is defined
to be

IE| = Z | Z 1+ Teey(xy) + Ige) (XY) = Fie) (xy) |

2
e€EA xy€E

Example 3.16 For the above Figure 3, H(e;) and H(e,) are neutrosophic soft graph of G
corresponding to the parameter e; cardinality is E = 2.6 corresponding to the parameter e,, the
cardinality is E = 2.30 then G(E) = 4.90.
Definition 3.17 The sum of weight of the strong edges incident at v is means to be dg(v). in
neutrosophic soft graph. The minimum deg(G) is §(G) = min{dy(v)/v € V,e € A.}
The maximum deg(G) is A(G) = max{dg(v)/v € V,e € A.}
Definition 3.18 Two vertices x and y are said to be neighbors in neutrosophic soft graph if either
one of the following conditions hold.

(D) Tkeey(xy) > 0,Ixce) (xy) > 0, Fgey(xy) >0,

(2)Tk(ey(xy) > 0, Ig(e) (xy) = 0, Fg(ey(xy) > 0,

() Tkee)(xy) > 0, Ige)(Xy) > 0, Fgey(xy) = 0,

(D) Tgey(xy) = 0, Ige)(Xy) > 0, Fgey(xy) >0, forall x,y € V,e € A.
Definition 3.19 A path in an neutrosophic is a sequence of distinct vertices vy, v,,..., vy, such that
either one of the following conditions are satisfied.

(D) Tkey(xXy) > 0,Ix(e) (xy) > 0, Fgey(xy) >0,

(2)Tg(e)(xy) > 0, Ige)(xy) = 0, Fgey(xy) > 0,

() Tk(e)(xy) > 0, Ige)(Xy) > 0, Fgey(xy) = 0,

(D) Tgey(xy) = 0, Ige)(Xy) > 0, Fgey(xy) >0, forall x,y € V,e € A.
Definition 3.20 The length of a path P = vy,v,,..., 411 (n > 0) in Neutrosophic soft graph is n.
Definition 3.21If v;,v; are verticesin G and if they are connected means of a path then the strength
of that path is defined as (min;;Tg ) (vj, vj), min;jIgce) (vi, vj), max; jFge) (vi, vj)) where
min; ; Ty ey (vi, vj) is the Ty - strength of weakest arc and min;lge)(v;, v;) is the Ige- strength of
weakest arc and max;;Fge)(vi, vj)) is the Fg(- strength of strong arc.
Definition 3.22 If v;,v;EV S G, the Tk, -strength of connectedness between v; and v; is
Tkiey (Vi vj) = sup{TII(((e) (vi,vj)/k=12,...n,e € A} and Ig) — strength of connectedness between v;
and vj is Ige(vivy) = sup{IIIE(e)(vi,vj)/k =12,...n,e €A} and Fgi)(vivj) = inf{FI}E(e)(vi,vj)/k =
1,2,...n,e € A}.

If u,v are connected by means of path of length k then TI](((e) (vj,v;) is defined as

Sup{TK(e) (u, Vl) A TK(e) (Vl' V2) A TK(e) (Vl' V3)' IR TK(e) (Vk—p Vk) /u’ V,Vi,... Vg1,V E V},
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I]lﬁ(e) (v, vj) is defined as

sup{lgcey (W, v1) Algiey(Vi, v2) Algiey(Vi, V3)- -+ Ik ey (Vk—1, Vi) /W, V, V4, ... Vg, v € V} and

Flé(e) (vi,vj) is defined as

inf{Fgey(0,v1) V Fyey(V1, V2) V Fieey (V1 V3)- -, Fre) (Vi-1, Vi) /W, V, Ve, ... Vi1, V € V}, @ € A
Definition 3.23 Two vertices that are joined by a path is called connected neutrosophic soft graph.
Definition 3.24 Let u be a vertex in an neutrosophic soft graph G* = (V,E), then N(u) = {v:v € V}
and (u,v) is a strong arc is called neighborhood of u.
Definition 3.25 A vertex u € V of an neutrosophic soft graph G = (V,E) is said to be an isolated
vertex if Tgee)(u,v) =0, Ige)(u,v) and Fyge)(u,v) = 0, thus an isolated vertex does not dominated
any other vertex in G.
Definition 3.26 An arc (u,v) is said to be strong arc, if Tg(e)(u,v) = Tg(e)(u,v) and Igeey(u,v) =
Ikey(w,v) and Fy(e)(u,v) = Fiie)(u, v).
Definition 3.27 Let G = (V,E) be an neutrosophic soft graph on V. Let u,v €V, we say that u
dominates v in G if there exists an strong arc between them.
Note:

1) Forany u,v €V, if u dominates v then v dominates u and hence domination is a

symmetric relation on V.
2) For any v € V,N(v) is precisely the set of all vertices in V which are dominated by v.
3) If Tgeey(wv) < Tgiey(w,v) and Ige)(u,v) < Igey(w,v) and Fge)(u,v) < Fgie)(u,v), for all
u,v €V and e € A, then the only dominating set of G is V.
Definition 3.28 Given S c V is called a dominating setin G if for every vertex v € V— S there exists
a vertex u € S such that u dominates v. forall e € A,u,v € V.
Definition 3.29 A dominating set S of an Neutrosophic soft graph is said to be minimal domiating
set if no proper subset of S is a dominating set. forall e € A,u,v € V.
Definition 3.30 Minimum cardinality among all minimal dominating set is called lower domination
number of G, and is denoted by Ycea (dns(G))Ve € A, u,vEV.
Maximum cardinality among all minimal dominating set is called upper domination number of G,
and is denoted by Yecp (Dns(G))Ve € A,u,vEV.
Example 3.31 Consider an neutrosophic soft graph G = (V,E), such that V= {a,b,c,d} and E =
{(ab), (bc), (cd), (da), (ac)}. Let A = {e;, e,} be a set of parameters and let neutrosophic soft over V
with neutrosophic approximation function J:A — p(v) defined by
J(e,) = a(0.5,0.5,0.6), b(0.5,0.6,0.7), c(0.4,0.3,0.6), d(0.4,0.5,0.7)
J(e,) = a(0.6,0.6,0.7), b(0.6,0.7,0.8), ¢(0.5,0.4,0.7), d(0.5,0.6,0.7)
Let (K, A) be a neutrosophic approximation function K:A — p(E) is defined by
K(e;) = ab(0.4,0.5,0.6), bc(0.4,0.3,0.6), cd(0.4,0.3,0.6), ad(0.4,0.5,0.6), bd (0.4,0.5,07)
K(e;) = ab(0.5,0.6,0.7), bc(0.5,0.4,0.7), ¢d(0.5,0.4,0.7),ad(0.5,0.6,0.7), ac(0.5,04,06)
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a(0.5,0.5,0.6) (0.4,0.5,0.6) b(0.5,0.6,0.7) a(0.6,0.6,0.7) (0.5,0.6,0.7) b(0.6,0.7,0.8
(0.4,0.5,0.6) (0.4,0.3,0.6) (0.5,006,0.7) (0.50.4,0.7)
14,0.5,0.7) 5,0.4,0.6)
d(0.405,0.7) (0.4,0.3,0.6) c(0:4,0.3,0.6) d(0.5080.7) (0.5,0.4,0.7) cl0.5,0.4,
He,) H(e,)
Figure 4
Here, corresponding to the parameter H(e;), the dominating set is

{(a,b), (b, ), (c,d), (d,a), (a,b,c),(d, c,a),(b,d,a),(d)}

Corresponding to the parameter e;, the minimum dominating set {d}.
Corresponding to the parameter e;, the maximum dominating set {a, b}.
Corresponding to the parameter e;, the minimum dominating number 0.6.
Corresponding to the parameter e;, the maximum dominating number 1.4.
Here, corresponding to  the parameter H(e,), the dominating set is
{(a,b), (b, ), (c,d), (a,b, ), (d, ¢,a)}

Corresponding to the parameter e,, the minimum dominating set {c, d}.
Corresponding to the parameter e,, the maximum dominating set {a, b}.
Corresponding to the parameter e,, the minimum dominating number 1.3.
Corresponding to the parameter e,, the maximum dominating number 1.5.
For Figure 4, domination number is

Z (dys(G)) = 0.6 + 1.3 = 1.9

e€A
Z (Dys(G)) = 1.4 + 1.5 = 2.9
e€A
Definition 3.32 Two vertices in an neutrosophic soft graph, G = (V,E) are said to be independent if
there is no strong arc between them.
Definition 3.33 Given ScV is said to be independent set of G if Ty(e)(u, v) < T(ey(u,v) and
Iy (W v) < Igiey(u,v) and Fgee)(u,v) < Fie)(u,v)Ve € A,u,v ES.
Definition 3.34 An indepentent set S of G in an neutrosophic soft graph is said to be maximal
independent, if for every vertex v € V—S§, the set S U {v} is not independent.
Definition 3.35 The minimum cardinality among all maximal independent set is called lower
independence number of G, and it is denoted by Y.cea (ins(G)). The maximum cardinality among all
maximal independent set is called lower independence number of G, and it is denoted by
Yeea (Ins(G))-
Example 3.36 Consider an above example for an neutrosophic soft graph G = (V,E), such that V =
{a,b,c,d} and E = {(a,b), (bc),(cd), (da), (ac)}. Let A= {e;,e,} be a set of parameters and let

neutrosophic soft over V with neutrosophic approximation function J: A - p(v) defined as follows:
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we have corresponding to the parameter e, arc (ac) is weakest arc us does not dominated by {c}
and {a}.
J(e,) = a(0.5,0.5,0.6), b(0.5,0.6,0.7), c(0.4,0.3,0.6), d(0.4,0.5,0.7)
J(e,) = a(0.6,0.6,0.7), b(0.6,0.7,0.8), ¢(0.5,0.4,0.7), d(0.5,0.6,0.7)
Let (K, A) be a neutrosophic approximation function K:A — p(E) is defined by
K(e,) = ab(0.4,0.5,0.6), bc(0.4,0.3,0.6), cd(0.4,0.3,0.6), ad(0.4,0.5,0.6), bd (0.4,0.5,07)
K(e,) = ab(0.5,0.6,0.7), bc(0.5,0.4,0.7), ¢d(0.5,0.4,0.7), ad(0.5,0.6,0.7), ac(0.5,04,06).
For the Corresponding to the parameter e;, the minimum Independent Dominating Det (IDS) is
{a,c}.
For the Corresponding to the parameter e;, the maximum (IDS) is {a, c}.
For the Corresponding to the parameter e;, the minimum independent dominating number is 1.25.
For the Corresponding to the parameter e;, the maximum independent dominating number is 1.25.
For the Corresponding to the parameter e, the minimum (IDS)is {c,a}.
For the Corresponding to the parameter e,, the maximum (IDS)is {d, b}.
For the Corresponding to the parameter e,, the minimum independent dominating number is 1.35.
For the Corresponding to the parameter e,, the maximum independent dominating number is 1.45.
Independent domination number is Yeca (ins(G)) = 2.60 and Yeeca (Ins(G)) = 2.70
Theorem 3.37 A dominating set S of an NSG, G = (G*,], K, A) is aminimal dominating set if and only
if for each d € D one of the following conditions holds.
(i) d is not a strong neighbor of any vertex in D.
(ii) There is a vertex v € V — {D} such that N(u) N D = d.
Proof. Assume that D is a minimal dominating set of G = (G",], K, A). Then for every vertex d € D,
D — {d} is not a dominating set and hence there exists v € V — (D — {d}) which is not dominated by
any vertex in D — {d}. If v=d, we get, v is not a strong neighbor of any vertex in D. If v# d,v is
not dominated by D — {v}, but is dominated by D, then the vertex v is strong neighbor only to d in
D. Thatis, N(v) N D = d. Conversely, assume that D is a dominating set and for each vertex d € D,
one of the two conditions holds, suppose D is not a minimal dominating set, then there exists a vertex
d € D, D — {d} is a dominating set. Hence d is a strong neighbor to at least one vertex in D — {d}, the
condition one does not hold. If D — {d} is a dominating set then every vertex in V—D is a strong
neighbor at least one vertex in D — {d}, the second condition does not hold which contradicts our
assumption that at least one of thse conditions holds. So D is a minimal dominating set.
Theorem 3.38 Let G be an NSG without isolated vertices and D is a minimal dominating set. Then
V — D is a dominating set of G = (G*,],K, A).
Proof.D be a minimal dominating set. Let v be a any vertex of D. Since G = (G*, F,K,A) has no
isolated vertices, there is a vertex d € N(v).v must be dominated by at least one vertex in D — v, that
is D — v is a dominating set. By above theorem, it follows that d € V — D. Thus every vertex in D is
dominated by at least one vertex in V—D, and V — D is a dominating set.
Theorem 3.39 An independent set is a maximal independent set of NSG, G = (G*,],K, A) if and only

if it is independent and dominating set.
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Proof. Let D be a maximal independent set in an NSG, and hence for every vertex v € V — D, the set
D Uv isnotin dependent. For every vertex v € V— D ,thereis a vertex u € D such that u is a strong
neighbor to v. Thus D is a dominating set. Hence D is both dominating and independent set.
Conversely, assume D is both independent and dominating. Suppose D is not maximal
independent, then there exists a vertex ve€V —D, the set DUV is independent. If DUV is
independent then no vertexin D is strong neighbor to v. Hence D cannotbe a dominating set, which
is contradiction, Hence D is a maximal independent set.

Theorem 3.40 Every maximal independent set in an NSG, G = (G*,], K, A) is a minimal dominating
set.

Proof. Let S be a maximal independent set in a NSG, by previous theorem, S is a dominating set.
Suppose S is not a minimal dominating set, then there exists at least one vertex v € S for which S —
v is a dominating set, But if S —v dominates V — S — (v), then at least one vertex in S —v must be
strong neighbor to v. This contradicts the fact that S is an independent st of G. Therefore, must be a
minimal dominating set.

4 STRONG NEIGHBORHOOD DOMINATION

Definition 4.1 Let G = (V,E) be a neutrosophic soft graph and u € V. Then u € V is called a strong
neighbour of u if uv isastrong arc. the set of strong neighbor of u is called the strong neighborhood
of u and is denoted by Ng(u). The closed strong neighborhood of u is defined as Ng[u] = Ng(u) U
uforall ueV,e €A.

Definition 4.2 Let G.= (V,E) be a strong neutrosophic soft graph and v € V.

(1) The strong degree and the strong neighborhood degree of v are defined, respectively

GO =D () T, ) Ik > Fyev)

e€A  Uu€eN(5) (V) UEN(5) (V) UEN(s5)(V)
INW =D (Y T, Y he@ Y FeW)
e€A UEN()(v) UEN(5)(V) UEN(5) (V)

Definition 4.3 The strong degree cardinality and the strong neighborhood degree cardinality of v
are defined by

1+Tg(e) (WV) +IK(e) (WV)—FK(e) (u,V))
2

Ids(v)l = ZeEA (ZuENS(v)

1+Ty(e)(W+]j(e) (u)—F](e)(u))
2

[dsSN(WV)| = Xeen Ruengw)

The minimum and maximum strong degree of G are defined, respectively as
65(G) =A|dg(v)| Vv €V and
Ag(G) =V |dg(V)| Vu,v EV,e € A.
The minimum and maximum strong neighborhood degree of G are defined by
8sN(G) =A |dsN(v)|Vv € V and
AN(G) =V |dgN(V)|Vu,v E V,e € A.
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Example 4.4 Consider a neutrosophic soft graph G = (V,E) in figure we see that

a(0.5,0.6,0.7) (0.5,0.6,0.8) b(0.5,0.6,0.8) a(0.6,0.7,0.8) (0.6,0.5,0.9) b(0.6,0.5,0.9)
(0.5,0.4,0.8)
(0.5,0.6,0.6) (0.2,0.4,0.7) (0.3,05,0.8) (0.4]0.5,0.9)
¢(0.5,0.4,0.3)
€(0.5,0.6,0.4) (0.3,0.5,0.6) d(0.3,0.5,0.6) d(0.3,05,0.6) (0.3,0.5,0.7) €(0.4,0.5,(
H(e) H(e,)

Figure 5
Corresponding to the parameter H(e;) = (ab), (bc), (cd), (de) are strong arc also for corresponding
to the parameter H(e,) all arcs are strong.
Here for corresponding parameter H(e;) , ds(a) = (0.5,0.6,0.8),ds(b) = (1.0,1.0,1.6) , ds(c) =
(0.8,0.8,1.4),d(d) = (0.6,0.9,1.2),ds(e) = (0.3,0.5,0.6)
lds(a)| = (0.65), [ds(b)| = (1.2),|ds(c)| = (1.1), |ds(d)| = (1.15), [ds(e)| = (0.6)

Here §5(G) = 0.6 and A4(G) = 1.2 and also corresponding to the parameter H(e,) we get, ds(a) =
(0.9,1.0,1.7),ds(b) = (1.0,1.0,1.8), ds(c) = (0.7,1.0,1.6), ds(d) = (0.6,1.0,1.5)

lds(a)| = (1.1),|ds(b)| = (1.1), |ds(c)| = (1.05), |ds(d)| = (1.05)
Here 6,(G) = 1.05 and A4(G) = 1.1 and also corresponding to the parameter H(e;) we get,

dsN(a) = (0.5,0.6,0.8), d;N(b) = (1.0,1.0,1.0), dsN(c) = (0.8,1.1,1.4), d;N(d) = (1.0,1.0,0.7), dsN(e)
= (0.3,0.5,0.6)
|dsN(a)| = (0.65), |dsN(b)| = (1.5), |dsN(c)| = (1.25), |dsN(d)| = (1.50), |dsN(e)| = (0.6)

Here 6;N(G) = 0.6 and AgN(G) = 1.50 and also corresponding to the parameter H(e,), we get
dsN(a) = (0.9,1.0,1.5),dsN(b) = (1.0,1.2,1.5),dsN(c) = (0.9,1.0,1.5),dsN(d) = (1.0,1.2,1.5)
|[dsN(a)| = (1.2), |[dgN(b)| = (1.35), |dsN(c)| = (1.2), |dsN(d)| = (1.35),

Here 8;N(G) = 1.2and A4N(G) = 1.35.

Definition 4.5 The strong size and the strong order of neutrosophic soft graph of G are defined by

14T +1 -F
Sns(G) = Deea Suver Ke)(4V) K(Ze)(uv) KUY / uvis astrongarc} and

1+ Tjey(u) + Ijey () — Fyey(u
Ons(G) = {z Z [OI0) ]2(6)( ) [O1C) uv is a strongarc}

eEA uev
Example 4.6 Consider above Figure 5 neutrosophic soft graph G for a strong arc H(e;) is

1.3+1.1+1.1+1.2

(ab), (bc), (cd), (de) in H(e;) we get for corresponding parameter e;Sys(e;) = = 2.35.

Corresponding parameter e, all arcs are strong we get

1.2+1.0+11+10
Sns(ez) = > =2.15

Sns(G) = 4.5.
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1.4+1.3+1.6+1.2+1.7
> =

Corresponding parameter e;Oys(e;) = 3.6.

1.5+1.2+1.2+1.2
2

Corresponding parameter e, all arcs are strong we get Oys(e,) = = 2.55.

Definition 4.7 Let D be a dominating set in a neutrosophic soft graph. The arc weight and the node

weight of D are defined as follows, respectively,
1+A TK(e) (UV) +A IK(e) (UV) -V FK(e) (UV)}
2

W,(D) = ().
e€A ueD,veNg(u)
14+A T](e)(u) +A I](e) (u) -V F](e) (u)
2

FOESY
e€A ueD,veNg(u)
The strong domination number and the strong neighborhood domination number of G are
defined as the minimum arc weight and the minimum node weight of dominating sets in G are
denoted by N&s(G) and N&sy(G) respectively.
Example 4.8 Consider the neutrosophic soft graph G in Figure 5. The dominating set in G are,
corresponding to the parameter e; sets are
D, ={a,d},D, = {b,d},D; = {b,e},D, = {a,b,d}, D5 = {b,d, e}
W, (D,) = 1.20,W,(D,) = 1.1, W,(Ds) = 1.15, W, (D,) = 1.75, W, (Ds) = 1.70
Here corresponding to the parameter e; minimum dominating set Nés(e;) = {b,d} and domination
number N&g(e;) = 1.1
Similarly, for corresponding to the parameter e,, the domination sets are
D, = {a,b},D, = {b,c},D3 = {c,d},D, = {a,c},Ds = {a,d}, D¢ = {b,d},D; = {a,b,c},Dg = {b,d, c}, Dy
={c,d,a}
W, (D;) = 0.95, W,(D,) = 0.95,W,(D;) = 0.95, W,(D,) = 0.9, W,(Ds) = 0.95, W,(D,) = 1.0, W,(D,)
= 1.45,W,(Dg) = 1.45,W,(D,) = 1.4
Here corresponding to the parameter e,, the minimum dominating set N&g(e,) = {b,d} and
domination number N&g(e;) = 0.95
In addition ,we have Corresponding to the parameter e,, the dominating set
D, ={ad},D, = {b,d},D; = {b,e},D, = {a,b,d},Ds = {b,d, e}
W, (D,) = 1.40,W,(D,) = 1.35,W,(Ds) = 1.2, W,(D,) = 1.95, W, (D,) = 1.95
Here corresponding to the parameter e; minimum dominating set Nosy(e;) = {b,e} and
domination number N&gy(e;) = 1.2
similarly, corresponding to the parameter e, domination sets are
D, = {a,b},D, = {b,c},D3 = {c,d},D, = {a,c},Ds = {a,d},Dg = {b,d},D; = {a,b,c},Dg = {b,d, c}, Dy
={c,d,a}
W, (D,) = 1.15,W,(D,) = 1.0, W, (D;) = 1.0,W,(D,) = 1.05,W,(Ds) = 1.15, W, (D) = 1.1, W, (D)
= 1.60, W, (Dg) = 1.55, W, (Do) = 1.60
Here corresponding to the parameter e, minimum dominating set N&gy(e;) = D,,D; and

domination number N&gy(e,) = 1.0.
5 STRONG PERFECT DOMINATION
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In this section, we have define the perfect dominating set and strong perfect domination number of
a neutrosophic soft graph using proper condition.

Definition 5.1 Let G = (G",],K,A) be a neutrosophic soft graph. A subset D of V is a perfect
dominating set (or DP) in G, if for every node v € V — D, there exists a only one node u € D such
that u dominates v. A set DP is said to be minimal perfect dominating set if for each v € D?,DP —v
is not a perfect dominating set in G.

Example 5.2 Consider the neutrosophic soft graph G = (V,E) figure we see that all arcs are strong

arc.
a(0.5,0.6,0.7) a(0.6,0.5,0.7) (0.5,0.4,0.6) b(0.6,0.5,0
(0.4,0.3,0.7) (0.4,0.5,0.7)
(0.6,0.5,0.7) (0.4,0.3,0.6) (0.5,p.5,0.5)
d(0.4,0.3,0. b(0.4,0.6,0.8)
(0.4,0.3,0.7) (0.4,0.5,0.7)

e(0.6,0.5,0.7) (0.4,03,0.7)  d(0.4,03,04) (0.4,0.3,0.6) c(0.5,0
¢(0.6,0.7,0.4)
H(e,)
H(e)
Figure 6

Here corresponding to the parameter e;, the perfect dominating sets are

D} = {a,b}, D} = {b,c}, D5 = {c,d}, D} = {a,d}
Then corresponding to the parameter e,, the perfect dominating sets are

DP ={a,b},D} ={d,c},D} ={a,d, e}
Proposition 5.3 Any perfect dominating set in neutrosophic soft graph G is a dominating set.
Remark 5.4 The converse of proposition in not correct in general cases. for this consider the
neutrosophic soft graph G in figure 6, we see thatin D = {a,c} is a domination set in G, but it is not
a a perfect domination set. Because b and d has two strong neighbors in D.
Definition 5.5 The strong perfect domination number of a neutrosophic soft graph G is defined as
the minimum arc weights of perfect dominating sets of G which is denoted by N&gp(G).
Example 5.6 Consider the neutrosophic soft graph G = (G*,],K,A) in Figure 6
Corresponding to the parameter e;, the perfect domination sets are,
DY = {a,b},D} = {b,c},Df = {¢,d},D§ = {a,d} in H(e,) we get
W, (DY) = 1.1, W, (DY) = 1.1, W,(D%) = 1.0, W, (D}) = 1.0
Then N&gp(e;) = 1.0
Corresponding to the parameter e,, the perfect domination sets are,
DY = {a,b},D} = {d,c},Df = {a,d, e} in H(e,) we get

W, (D¥) = 1.15,W, (D) = 1.05, W, (D%) = 1.50

Then Ngp(e,) = 1.05, N&8sp(G) = 1.05.
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Theorem 5.7 A perfect dominating set D of an NSG, G = (G],K,A) is a minimal perfect
dominating set if and only if for each d € D one of the following conditions holds.

(i) Ng(v) nDP = {@} or

(ii) There is a vertex u € V — {D} such that Ng(u) N D? = {v}.

Proof. Let D be a minimal perfect dominating set and v € DP. Suppose that (i) and (ii) are not
established. Then there exists a node u € D such that uv is strong and v has no strong neighbors
in V—DF. Therefore D? — {v} is a perfect dominating set in G, which is contradiction by the
minimality of DP.

Conversely, suppose that (i) or (ii) is established and D is not a minimal perfect
dominating set in G. Then there exists v € V— D? such that DF — {v} is a perfect dominating set.
Hence v has a strong neighbor in DP and so (i)is not established. Then there exists is a node u €
V — DP such that u isa strong neighbor of v and since DF — {v} is a dominating set, then u has a
strong neighbor in DP — {v}. Therefore u € V — DP has two strong neighbors in D and so D” isnot
a perfect dominating set, that is a contradiction. Then DP is a minimal perfect dominating set in G.
Corollary 5.8 A dominating set D in a neutrosophic soft graph G = (V,E) is a minimal dominating
set if and only if for each node v € D,either

(i) Ng(v) n D = {@} or.

(i) There is a vertex u € V — {D} such that Ng(u) n D? = {v}.

Theorem 5.9 Let G be a neutrosophic soft graph which every its node has at least one strong
neighbor. If DP is a minimal perfect dominating set in G, then V — DP is a dominating set.
Proof. Suppose that DF be a minimal perfect dominating set in G and v € V— (V — DP). If there is
no u €V —DP such that Ng(u) N DP = {v}. Then by above theorem, Ng(v) N DF = {@}. Therefore
there exists a node in G which has no strong neighbors that is contradiction. This implies that V —
DP is a dominating set.
Corollary 5.10 Let G be a neutrosophic soft graph every node of which has at least one strong
neighbor. If D is a minimal dominating set in G, then V—D is a dominating set in G.
Theorem 5.11 Let G be a neutrosophic soft graph every node of which has exactly one strong
neighbor. If DP is a minimal perfect dominating set in G, then V —DP is a perfect dominating set in
G.
Proof. Suppose that D is a minimal perfect dominating set in the neutrosophic soft graph G. Then
by above theorem V —DP is a dominating set and since every node in G has exactly one strong
neighbor, V—DF is a perfect dominating set in G.
6 Conclusion

In this work, we derived the domination number of neutrosophic soft graphs and elaborate them
with suitable examples by using strength of path and strength of connectedness. Further, we
investigate some remarkable properties of independent domination number, strong neighborhood
domination and strong perfect domination of neutrosophic soft graph and the proposed concepts are
described with suitable examples. Further we can extend to investigate the isomorphic properties of
the proposed graph
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