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Abstract: Vagueness and uncertainty are two distinct models are represented by Fuzzy sets and Soft sets. The
combination of Soft sets and simple graphs produces soft graphs which is also an interesting concept to deal
with uncertainty problems. Any communication network can be modeled as a graph whose nodes are the
processors (stations) and a communication link as an edge between corresponding nodes. The stability of a
communication network is a very important factor for the network designers to reconstruct the it after the
failure of certain stations or communication links. Two essential quantities in an analysis of the vulnerability of a
communication network are (1) the number of nodes that are not functioning and (2) the size of a maximum order of a
remaining sub network within which mutual communications can still occur. C. A. Barefoot, et. al. [13] introduced the
concept of integrity. The extension of such a vulnerability parameter is studied in fuzzy graphs. Since
neutrosophic soft graphs are the most generalized network structure where we can define and study the
importance of the vulnerability parameters is made in this manuscript. Also, we introduce the domination
integrity of neutrosophic soft graphs and explain with suitable examples. Few bounds are obtained.
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1. Introduction

The problems deal with vagueness and uncertainty can be modelled by using two different
soft tools namely fuzzy set defined by Zadeh [48] in 1965 and soft set defined by Molodtsov [31] in
1999. The intuitionistic fuzzy set is the generalization of fuzzy set was introduced by Atanassov
[2-4]. It depends on a membership function and a non membership function. Any real time
problems which consist of involving imprecise, indeterminacy and inconsistent data can be
represented as the neutrosophic set, introduced by Smarandache [38]. This is the generalization of
classical sets and fuzzy sets. The degree of acceptance deals in fuzzy sets, membership (truth)
function and a non-membership (falsity) function deals in intuitionistic fuzzy set, neutrosophic set
deals truth-membership, indeterminacy-membership, and falsity-membership. The rough soft sets,
soft rough sets, and soft-rough fuzzy sets are obtained from soft sets with rough sets and fuzzy
sets. Feng et al. [18 -20] and Ali [7] introduced these soft tools in the consecutive years 2010 and
2011. In 2014, Rajesh Thumbakara et. al.[33] introduced soft graphs. They defined soft graph
homomorphism, soft tree and soft complete graph and discussed their properties also. Ali et al. [7]
discussed the fuzzy sets and fuzzy soft sets induced by soft sets.

In 1736, graph theory was defined by Euler. Fuzzy graph was introduced by Azriel
Rosenfied in 1975[29 & 35]. Muhammad Akram et.al. [6] defined fuzzy soft graphs in 2015. Also,
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they have investigated the properties of strong, complete and regular fuzzy soft graphs. Guven et.
al. [25] introduced an idea about neutrosophic soft graphs and its application. Shannon and
Atanassov [37] defined the intuitionistic fuzzy graph (IFG). A.M.Shyla [46] introduced the concept
of Intuitionistic Fuzzy Soft graph in 2016. Ghorai. G. et. al.[21 | modelled the neutrosophic graphs
in 2017. Akram [6] established the certain notions including neutrosophic soft graphs, strong
neutrosophic soft graphs, and complete neutrosophic soft graphs.

Graphs are the most important and essential tool in the modern communication world which
has communication nodes and links. The stability of such communication networks can be
measured by vulnerability parameters like connectivity, toughness [11], tenacity [16], rupture
degree, scattering number, integrity [13-15], domination integrity [39-42], etc. Two essential
quantities in an analysis of the vulnerability of a communication network are (1) the number of
nodes that are not functioning and (2) the size of a maximum order of a remaining sub network
within which mutual communications can still occur. C. A. Barefoot, et. al. [13-14] introduced the
concept of integrity. It is a useful measure of vulnerability and it is defined as follows. I(G) =
min{|S| + m(G — S): S c V (G)}, where m(G — S) denotes the order of the largest component in
G-S.

Integrity measures not only the difficulty to break down the network but also the damage
caused. A small group of people have effective communication links with other members of the
organization and they take important decisions in an administrative set up. Domination in graphs
provides a model for such a concept. A minimum dominating set of nodes provides a link with the
rest of the nodes in a network, If the removal of such a set, results huge impact in the network. That
is, the decision-making process is paralyzed but also the communication between the remaining
members is minimized. The damage will be more when the dominating sets of nodes are under
attack.

This motivated to study the concept of domination integrity when the sets of nodes disturbed
are dominating sets. Sundareswaran et. al. introduced the concept of Domination Integrity of a
graph and studied in [39] as another measure of vulnerability of a graph which is defined as follows
DI(G) = min{|S| + m(G — S)}, where S is a dominating set of G and m(G — S) denotes the order
of the largest component in ¢ — S and is denoted by DI(G). M. Saravanan et. al. extended the idea
of vulnerability parameters in fuzzy graphs [42 - 44]. They explained a real time application for the
domination integrity [45]. There are different versions of domination integrity were introduced in
the literature such as Domination Weak Integrity in graphs [47], Geodomination integrity [12],
Connected domination integrity in graphs [27] and Total Edge Domination Integrity in graphs [8].

This motivated us to introduce the concept of integrity and domination integrity in
neutrosophic fuzzy soft graphs. Also, we prove certain properties of these new parameter concepts
are described with suitable examples.

In the second section, we provide all the basic definitions and results related to our article.
The definitions of the Integrity and Domination integrity in Fuzzy graphs were stated in the third
section and in the fourth section, we introduce the concept of Integrity and Domination integrity in
Neutrosophic graphs. At the end of the article, we give the conclusion of our work and discuss the

future work.
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2. Preliminaries

In this section, we provide all the basic definitions and results in the literature.

Definition 2.1 [21]
A neutrosophic graph is of the form G* = (V,a,u) where 0 = (T, 11, F;) & u = (T, 15, F)

0] V = {vy,V,,3,..7,} such that T, : V. — [0,1], I;:V — [0,1] and F;.V — [0,1] denote the
degree of truth-membership function , indeterminacy —membership function and
falsity-membership function of the vertex v; € V respectively and 0 < T;(v) + I;(v) +
FFv)<3,vv,eV(i=12,3,..n).

(i) T;:V XV —[01], IV xV —[0,1] and F,V xV - [0,1] where T,(v;,v;), (v, v))
and F,(v;,v;) denote the degree of truth-membership function , indeterminacy -
membership function and falsity-membership function of the edge (v;, v;) respectively
such that for every edge (v;,v;),

Tz(vi, vj) < min{ Tl(vl-),Tl(vj)},
Iz(vi,vj) < min{ Il(vi),ll(vj)},
Fz(vi,vj) < max{Fl(vi),Fl(vj)},
and T, (v, v;) + L(vi,v) + F(vi,v) <3

Definition 2.2 [33]

Let G = (V,E) be asimple graph, A any nonempty set. Let R an arbitrary relation between elements
of A and elements of V. That is € A X V . A set valued function F : A -» P(V ) can be defined as
F(x) = y € V| xRy}. The pair (F, 4) is a soft set over V. Let (F, A) be a soft set over V. Then (F, 4) is
said to be a soft graph of G if the subgraph induced by F(x) in G, F(x) is a connected subgraph of G
for all x € A. The set of all soft graph of G is denoted by SG (G).

Definition 2.3 [6]
A neutrosophic soft graph ¢ = (G*,F,K,A) is an ordered four tuple if it satisfies the following
conditions:
i G* = (V,E) is asimple graph,
ii.  Ais anonempty set of parameters,
iii. (F, A) is a neutrosophic soft set over V,
iv. (K, A) is a neutrosophic soft set over E,
V. (F(e), K(e)) is a neutrosophic graph of G *for all e € A. That is

Ti(ey(xy) < min{Tp(ey (x), Treey (0}

Iy (xy) < min{lp () (), ey W)} ;

Fi(ey(xy) < max{Fpy (x), Fre) ()}
such that 0 < Ty oy (xy) + Ix(e)(xy) + Fyey(xy) < 3,Ve €A, x,y EV.

S. Satham Hussain et. al. defined in [36] degree and total degree of a vertex v in a neutrosophic soft graph
G, order and size of a neutrosophic soft graph G. Also, they introduced vertex, edge and cardinality of a
neutrosophic graph G.
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Definition 2.4 [36]

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) = (d,,, (W), d;,) (W), dy.) () where
Ay W) = 2., (Z sy Te (U, v)) called the degree of truth membership vertex

dyo W) = 2., (2 ek (u, v)) called the degree of indeterminacy membership vertex

Ay (W) = 2,0, (Zhsrer Fiy (w, v)) called the degree of falsity membership vertex for alle € A, u,v € V.

Definition 2.5 [36]

Let G = (G, ], K, A) be a neutrosophic soft graph. Then the total 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 td(w) = (td,,,)(w), td ) (w), td;,) (u)) where
tdy (W) = 2., (2

u;

wvev Ti() W, v) + Ty (w, v) ) called the degree of truth membership vertex

td, (W) = Z,c,(Zrmverley (W, v) + ) (1, v))) called the degree of indeterminacy membership vertex
tdy) (W) = 2y (e Fr) (W, v) + E, (1, 1)) called the degree of falsity membership vertex for all e €
Auvev.

Definition 2.6 [36]
The order of a neutrosophic soft graph G is
Ord (G) = ZeieA (ZXEVT](ei) (ei) (x)' ZxEVI](ei) (ei) (x), ZxEVI](ei) (ei) (X)

Definition 2.7 [36]
The size of a neutrosophic soft graph G is
S(G) = Zel-EA (nyEVTKei (ei)(xy)t Xy € V' nyeVIKei (ei)(xy): nyEVFei (ei) (xy}

Definition 2.8 [36]
Let G = (G*,], K, A) be an neutrosophic soft graph. Then cardinality of G is defined to be

1+ Tye)(x) + Loy (x) — Fyey () 1+ Tyey(xy) + Loy (xy) — Fyey(xy) |
2 2

|G| = Zeea |EviEV |+ Zvi,vjeV

Definition 2.9 [36]
Let G = (G, ], K, A) be an neutrosophic soft graph, then vertex cardinality of G is defined to be

1+ Tje) (%) + ey (x) — Fey ()
2

V| = ZeEAlzviEV |

Definition 2.10 [36]
Let G = (G *,J,K, A) be an neutrosophic soft graph, then edge cardinality of G is defined to be

1+ Tyey(xy) + Ix(e) (xy) — Fyey(xy)
2

|E| = ZEEAlxxyEE |

Definition 2.11 [36]

An arc (u,v)is said to be strong arc, if Ty(e)(w,v) = Ty (W, v) and Iy (u,v) = I, (w, v) and
Fg(ey(w, v) = Fg(oy(w, v).

Clearly, if u,v are connected by means of path of length k then T (Vi v;) is defined as

Sup{TK(e) (w,v,) A TK(e) (v, v,) A TK(e) (v, v3) A A TK(e) Ve v /W v, v, 0, v E VY,
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Iy (v, ) is defined as
inf{l (W) V Ly W, v) V Loy (0, ) VoV L) (W, V) /U 0,0, ...V, v € V}and
Fie (v, ) is defined as
inf{Fy (W, v) V Fyy(v, 1) V Fy(o (0, v,) V...V Fe (o (U, ) /U, 0, 0,01,V € Ve € A

Definition 2.12 [36]
Let G = (G *,], K, A)be a neutrosophic soft graph on V. Let u, v € V, we say that u dominates v in G if

there exists a strong arc between them.

Definition 2.13 [36]
Given S c V is called a dominating set in G if for every vertex v € V — § there exists a vertex u €

S such that u dominates v. foralle € A,u,v € V.

Definition 2.14 [36]
A dominating set S of a neutrosophic soft graph G = (G *,J, K, A) is said to be minimal dominating

set if no proper subset of S is a dominating set, for alle € 4,u,v € V.

Definition 2.15 [R.Dhavaseelan et. al.17]
A neutrosophic graph G = (G *,],K,A) is called Strong Neutrosophic graph if
Tx (o) (xy) = min{Tr (o) (%), Tr(e) 0} ;
Ie(e)(xy) = min{lpe) (0, Iy (M)} 5
Fi(e)(xy) = max{Fp(¢) (%), Fr(e) (V) } Ve € A, x,y €V
Definition 2.16 [36]
A neutrosophic soft graph G is a strong neutrosophic soft graph if H(e) is a strong neutrosophic

graph foralle € A.

Definition 2.17 [36]
Let G = (G *,],K, A) be a strong neutrosophic soft graph and v € V. Then the strong degree and the
strong neighborhood degree of v are defined, respectively
ds(V) = Zoes Croen. ) Ty WD), Zien, () L) W), 2y () Fi(oy ()
dNW) = 2oy Qren () Ty U), Zoen (0 ]y o) WV, 2o () Foy (1)
The strong degree cardinality of v are defined by
. ()] = Z( 1+ Tyey(w, v) + Iy (W, v) — Fi(e) (1, v))

2
e€A ueNg(v)

The minimum and maximum strong degree of G are defined, respectively as
6,(G) =nld;(v)|,Vv € Vand A,(v) =V |d;(v)|,VVEV ,e €A

Definition 2.18 [36]
The strong degree cardinality and the strong neighborhood degree cardinality of v are defined by

1+Tk(e) (u,v)+1K(e) (u,v)—FK(e) (u,v)
2

|dS (U) | = ZeEA (ZuENs(v) )
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14T je)(Wv)+1 ) (U V) —F j(o)(W,v)
AN @) = £y (B () — L)

Definition 2.19 [36]
Two vertices in a neutrosophic soft graph G = (G *,], K, A)are said to be an independent if there is

no strong arc between them.

Definition 2.20 [36]
Given § ¢ V is said to be independent set of G if Ty () (u, V) < Ty (w, v) and Iy () (u, v) < Iy (W, v)
and Fyoy(u,v) < F,?%e)(u, v)Ve €EA,u,v €S.

Definition 2.21 [36]
An independent set S of G in a 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 2.22 [36]
The minimum cardinality among all maximal independent set is called lower independence
number of G, and it is denoted by X,c4(iNS(G)). The maximum cardinality among all maximal

independent set is called lower independence number of G, and it is denoted by Z,c,(INS(G)).
Muhammad Akram and Sundas Shahzadi gave the following definitions [6]

Definition 2.23 [6]

A neutrosophic soft graph G' == (G *,J',K’,A") is called a neutrosophic soft subgraph of
G=(G*J,KAifi.A c A

ii.K; S Ke, thatis Tyr(x) < Ty, (x),, I (x) < I, (%), Fr(x) = Fy, (%)

iii.Jo S Je, thatisTp(x) < T),(x),, Ip(x) < ;,(x),Fpp(x) = Fj,(x) foralle € A

Definition 2.24 [6]
The neutrosophic soft graph G; = (G *,J1, K3, B) is called spanning neutrosophic soft subgraph of
G = (G*J,K A)if

(i) B <€ 4,

(i) Tr, )W) = Tjey (W), 11, 0)(V) = Liey(@), Fje)(v) = Fyey(v) foralle € A,v € V

Definition 2.25 [6]

The complement of a neutrosophic soft graph ¢ = (J,K,A) denoted by G¢ = (J¢, K¢, A°) is defined
as follows:

(i) A° = A4,

@nJjete) = Je,

({ii)Tge (@) (u,v) = Tjey(w) ATyey(v) — Ti(ey(w, v),

(v)Ige(@)(w,v) = Liey(w) A Liey(v) — Ixey(w,v),

(W)Fke(e)(w,v) = Fyy(w) V Fyey(v) — Fyey(w,v), forallu,v € V,e € A.
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Definition 2.26 [6]
A neutrosophic soft graph G is self-complementary if G =~ G°.

Definition 2.27 [6]
A neutrosophic soft graph G is a complete neutrosophic soft graph if H(e) is a complete
neutrosophic graph of G foralle € 4,
Tx(ey(uv) = min {Tpe) (W), Tr(ey(v)}
Ix(ey(uv) = min{IF(e) W), Ir(e) (v)} and
Fgey(uv) = max {Fp)(u), Frey(v)}
Yu,v € V,e € A.

3. Integrity and Domination integrity in Fuzzy graphs
Saravanan et. al.[33 - 36] introduced the idea of the vulnerability parameter namely integrity and

domination integrity in fuzzy graphs.

Definition 3. 1 [41]

Let G = (o,p) be a fuzzy graph. The integrity of G, denoted by 1(G), is defined as I(G) =
min{ [S| + m(G —S)} where |[S| = Y eso(u) denotes the cardinality of S, and m(G-S) =
Yuev(G-s) 0(v) is order of the biggest component of G — S [41 - 43].

Definition 3.2 [35]

Let G = (o,p) be a fuzzy graph. The domination integrity of G, denoted by DI(G), is defined as
DI(G), = min{ |S| + m(G —S)}, S is the dominating set of G and |S| = Y eso(u) denotes the
cardinality of S, and m(G —S) = Yev(G-s)0(v) is order of the biggest component of G — S [33 - 36].

4. Integrity and Domination integrity in Neutrosophic soft graphs

In the crisp graph, membership values of vertex and edge are the same. In fuzzy,
intuitionistic fuzzy graphs and neutrosophic graph, the membership values of vertices and edges
have their own importance depending on the situation like uncertainty, indeterminacy, and falsity.
This motivates to define these vulnerability parameters in neutrosophic fuzzy graphs. Also, it gives

more accurate values in the real time problems especially in decision making process.

Definition 4.1
Let G = (G",]J,K,A) be a neutrosophic soft graph. The integrity of G, denoted by 1(G) is

1+T](e) (X)+I](e) (X)—F](e) (%)
2

denotes the

defined as 1(G) = min{ S| + m(G — S)} where [S| = Zeep [Ey,es

1+T](e) (X)+I](e) (X)—F](e) x)
2

cardinality of S, and m(G —S) = Zeecal|Zy,ev(e-s) | is order of the biggest

component of G — S.
Definition 4.2

Let G = (G*,], K, A) be a neutrosophic soft graph. The domination integrity of G, denoted by DI(G), is
defined as DI(G) = min{|S| + m(G—S)} and S is a dominating set ofG, where |[S|=
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1+T](e) (X)+I](e) (X)—F](e) (%)
2

ZeealZyes | denotes the cardinality of S, and m(G—-S) =

1+T](e) (X)+I](e) (X)—F](e) (%)
2

ZeealZyvievic-9) | is order of the biggest component of G — S.

Definition 4.3
AnT -setof G = (G*,],K,A) is any (strict) subset S of V(G) for which T(G) = min{ [S| + m(G — S)}.

Definition 4.4
An DI(G)-set of G = (G*,],K,A) is any (strict) subset S of V(G) for which DI(G) = min{ |S| + m(G —
S,

Example : 4.5
. ..... .
(0.4.0.6.0.6) (0.5,0.6,0.7) (0.5, 0.6.0.5) (05,05,07)
@ @ " N @
1,(0.5,0.7,0.7) (0.4.0.5.0.5) 15(0.6,0.6,0.7) 0, (05.0.606) (0.5.0.5.0.6) 1,(0.6,0.6,0.7)
H(ey) Figure 1 H(e,)
S [S] m(G — S) 1(G)
Sl = {ul, u3} 1.4 . 7 for {uz} 2.1
.75 for {u,} 2.15
1.45 2.1
S, = {uy, uy} .7 for {u,} oy
.75 for {us} .
53 — {ul’uz} 1.4 1.5 for {u3,u4} 29

Sy = {uy,us) 145 | 1.45 for {u,, us} 29

Among all these subsets, S; is a1 -set of G and 1(G) = 2.1 corresponding to the parameter e,

For e,
S S| m(G — S) j{®)
Sy = {uy,us} 1.55 | .65 for {u,} 2.2
.75 for {u,} 2.3
Sy = {uy, us} 14 -8 for {u, } 2.2

.75 for {us} 2.15
1.45 | 1.5 for {us, u,} 2.95

1.55 | 1.4 for {u,, us} 2.95

Sy = {uy, uy}

Sy ={uy,uy

Among all these subsets, S; and S, are the T -sets of G and T(G) = 2.2 corresponding to the parameter

€;
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Example: 4.6
u,(0.6,0.7,0.8) (0.6,0.5,0.9) u, (0.6,0.5,0.9)
® .
H(e)

(0.3.0.5.0.8) (0.4,0.5,0.9)

@ L
1,(0.3,0.5,0.6) (0.3.0.5.0.7) u5(0.4,0.5,0.7)

Figure 2

In Figure 2, corresponding to the parameter H(e), {(uy, uz), (uz, u3), (us, uy), (uy, uy)} are the dominating
sets.

S S| m(G —S) DI(G)
S1 = {ug, up} 1.35 1.2 for 2.55
{u31u4}
1.2 2.35
S, = {u,, us} 1.35 for
{ul; 'Ll.4_}
1.2 2.9
53 — {u3,u4} 1.5 for
{ulluZ}
1.35 2.9
Sy = {uy, ug} 1.45 for
{u2'u3}
1.35 1.95
Se = {uy, us} 0.6 for {u,}
0.6 for {u,}
1.2 Min{1.8,1.95
Se = fuy s} 0.6 for {us} —?% }
0.75 for {u,} | = -

Among all these subsets, S5 is a DI -set of G and DI(G) = 1.8 corresponding to the parameter e. In this
neutrosophic graph G 1(G) = DI(G).

Example: 4.7
H(e) (0.4,0.5,0.7)
u,(0.4,0.5,0.
u,(0.3, 0.5, 0.8) u, (0.3,0.6,0.7) u5(0.3, 0.3, 0.6) us(0.4,0.3,0.7)
(0.3,0.5,0.7) (0.3.0.3.0.6) (0.3,0.3,0.6) (0.4,0.3,0.7)
Figure 3

In Figure 2, corresponding to the parameter H(e), {(u,, u,)} are the dominating sets

S S| m(G —S) DI(G)
Si={upus} | 12 | .5for {u} 1.7
.5 for {us}
.7 for {us}
S s m@G-8 [ TG |
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Sy ={us} 5 11 for {ug,uy) 1.6
1.1 for {u,, us} L6

In crisp graph , I(G) < DI(G). But there is no relationship between these parameters in Fuzzy

as well Neutrosophic soft graphs.

Definition 4.8

Let G = (G*,], K, A) be a neutrosophic soft graph. A subset S c V(G) is said to be a vertex covering of
G if S contains at least one end of every strong arcs of G. A vertex covering S of G is called a
minimal vertex covering if no subset of S is a vertex covering. The minimum cardinality of among

all minimal vertex covering of G is called its vertex covering number and is denoted by
Zeea(cNS(G)). .

Note: In Neutrosophic soft graphs, independent set may contain arcs which are not a strong arcs.

1,(04,0606)  (0.4,05,0.6) u, (05,07, 0.8) u(060.7.08)  (06,05,009) u, (0.6,0.5,0.9)
® P ®
(0.4.0.6.0.6) (0.5,0.6,0.7) (03.05.0.8) (0.4,0.5,0.9)
@ @ @ @
1,(0.5,0.7,0.7) (0.4.0.5.0.5) u5(0.6,0.6,0.7) u4(0.3,0.5,0.6) (03.0.5.0.7) u5(0.4,0.5,0.7)
H(e,) H(e,)

In H(ey), usu, is not a strong. So, independent set S = {us,u,} and vertex covering set W = {u,, u,}

In H(e,), all are strong arcs. Therefore, independent set S = {uy,u3} and vertex covering set W =

{us, uy}

Theorem 4.9
Let G be neutrosophic soft graph. Then Z,c4(INS(G)) + Z,ca(cNS(G)) = |V(G)] .
Proof.

Let S be a maximum independent set of a neutrosophic soft graph G and W be a minimum vertex
covering of G. Hence Z,c,(INS(G)) + Zeea(cNS(G)) = [V(G)I.

Definition 4.10
A neutrosophic soft graph G is said to be strong arc neutrosophic soft graph if every arc in G is a

strong arc.

Theorem 4.11
Let G be strong arc neutrosophic soft graph. Then 1(G) < DI(G) < [V(G)|. Also 1(G) < DI(G) <
V(&) = Zeea(cNS(®)) + 1.
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Proof.

In strong neutrosophic graph, every arc is a strong arc. Therefore, [(G) < DI(G). Let S be vertex

covering in G. Then, clearly the induced graph of G — Sis an independent set, say T. Hence the

removal of S results totally independent vertices (isolates). Therefore, m(G —S) = 1. Hence
[V(G)| — Zoea(cNS(6)) + 1.

Theorem 4.12

For any neutrosophic soft graph, Zee, (dys(6)) < DI(G).

Proof.

The domination integrity number of a neutrosophic soft graph G depends upon the dominating set S
and the corresponding maximum order of the component of G — S. This implies that X,c, (dNS (G)) <
DI(G). The equality holds only when all the vertices of a neutrosophic soft graph. Hence
Zeea (dys(6)) < DI(G).

Theorem 4.13

For any strong arc neutrosophic soft graph, 8s(G) + 1 < 1(G) < DI(G).

Proof.

Let G be a strong neutrosophic soft graph. Let S be a subset of V(G) . Let u € V(G) be a minimum
strong degree vertex of G. Let |ds(v)| = 85(G). Then, after the removal of the vertices in S from G,
we get m(G — S) = 1 which gives the result §s(G) + 1 < 1(G).

Theorem 4.14

Let G' == (G +J',K',A") is called a neutrosophic soft subgraph of G = (G *,/,K,A). Then T1(H) <
1(6).

Proof.

Let G' == (G +,J',K',A") is called a neutrosophic soft subgraph of G = (G *,], K, A). Clearly, |[V(H)| <
[V(G)| (by subgraph definition, at least one vertex, v € H which has less membership value
comparing with membership value of G, otherwise |V(G)| <|V(H)|). Moreover, for any
neutrosophic soft graph H,T(H) < |H| < |G|.

Suppose I'(G) > I(H) for an integrity set S of H. Then m(H — S) < I(G) — |S|. If S is also an
integrity set of G, then m(H — §) < m(G — S), which is impossible, since H is sub set of G. If S is
not an integrity set of G then1(G) — |S| < m(G — S), this is a contradiction. Hence any integrity
set S of Gis such that I'(H) < I'(G).

Theorem 4.15

Let G = (G *,J, K, A) be a complete neutrosophic soft graph. Then 1(G) = |V (G)| = DI(G).

Proof.

Clearly, in complete neutrosophic soft graph, all the vertices are adjacent with the remaining set of

vertices. Therefore, after the removal of any subset S of vertices from G, m(G — ) = |V (G)| - ISI.

Theorem 4.16
If G = (J,K,A) is a strong neutrosophic soft graph and its complement G¢ = (J¢, K¢, A°), then
1(G U G°) = [V(G)|.
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Proof.
Let G be a strong neutrosophic graph and G¢ be the complement of G. By proposition 3.34[6], G U
G° is a complete neutrosophic soft graph. Hence I(G U G¢) = [V(G)].

Theorem 4.17

Let G; and G, be two connected neutrosophic soft graphs and G = G, U G, with |G| = |G,], then
vertex integrity of G is given by

1'(G) = min{|G,],T(G),|S| + V(G| |S| + max{m(G, — S),m(G, — S)}} where S is I - set of G.
Proof.

LetG; and G, be two connected neutrosophic soft graphs and G = G, U G, with |G| = |G,].
Assume that |G;| > |G,]. In this case integrity set S of G is either vertices from G1 or G2 or both or
empty. Since |G;| = |G,|, S cannot contain vertices from G, alone.

Based on each case which is mentioned above, we get the result.

Theorem 4.18
Let G, and G, be two connected neutrosophic soft graphs and ¢ = G, + G, with V; N V, # @. Then
1) = min{l(G)) + IV(G)LT(G2) + V(G-
Proof.
Let G; and G, be two complete neutrosophic soft graphs. Clearly, G is a complete neutrosophic soft
graph. Therefore, I (G) = 1(G,) + 1(G,) = 1(G,) + |V(Gy)| = |V(Gy)| +1(G,). If we take all the
vertices of G, in the I -set of G, then induced graph G, is a single connected component, since every
vertex from G, is linked with G, with an edge. In the similar manner, we consider G,. Moreover,
other subsets of V(G), m(G — S )contains all the remaining vertices of G. Hence the theorem
5. Conclusion
In this present work, we introduced the concept of integrity and domination integrity in
neutrosophic soft graphs and calculated the certain bounds of these new parameters. In our future
work, we will study the applications of these new parameters in neutrosophic real time networks
for decision making problems.
6. References:
Aktas H and Cagman N, Soft sets and soft groups, Inform. Sci., 177(2007), 2726-2735.
Atanassov, K.T., Intuitionistic fuzzy sets. Fuzzy Sets Syst., 20 (1986), 87-96.
Atanassov, K.T., Intuitionistic fuzzy sets. In Proceedings of the VII ITKR’s Session, Sofia,
Bulgarian, 20-23 (June 1983).
4. Atanassov, K.T., Intuitionistic fuzzy sets. In Intuitionistic Fuzzy Sets; Springer: Berlin,
Germany, (1999), 1-137.
5. Akram Muhammad and Saira Nawaz, Fuzzy soft graphs with applications, Journal of
Intelligent & Fuzzy Systems 30, (2016) 3619-3632.
6. Akram Muhammad and Shahzadi, Sundas Neutrosophic soft graphs with application
Journal of Intelligent & Fuzzy Systems, 32(1)(2017)m 841-858.
7. Ali, M.I, A note on soft sets, rough soft sets and fuzzy soft sets, Applied Soft Computing,
11 (2011), 3329-3332.
8. Ayse Besirik , Elgin Kili, Total Edge Domination Integrity in graphs, Journal of Modern
Technology and Engineering, 6(1) ( 2021),41-46.

R. V. Jaikumar, R. Sundareswaran, Said Broumi, Integrity and Domination Integrity in Neutrosophic Soft Graphs


https://content.iospress.com/search?q=author%3A%28%22Akram,%20Muhammad%22%29
https://content.iospress.com/search?q=author%3A%28%22Akram,%20Muhammad%22%29
https://content.iospress.com/search?q=author%3A%28%22Shahzadi,%20Sundas%22%29
https://content.iospress.com/journals/journal-of-intelligent-and-fuzzy-systems

Neutrosophic Sets and Systems, Vol. 53, 2023 177

10.
11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
21.

22.

23.

24.

25.

26.

27.

28.

29.

Azriel Rosenfeld, Fuzzy Graphs, Fuzzy Sets and their Applications to Cognitive and
Decision Processes Proceedings of the US-Japan Seminar on Fuzzy Sets and their
Applications, Held at the University of California, Berkeley, California, July 1-4, 1974
Biggs, N.; Lloyd, E.; Wilson, R. Graph Theory, Oxford University Press, (1986), 1736-1936.
Bauer, Douglas, Broersma, Hajo and Schmeichel, Edward. (2006), Toughness in Graphs: A
Survey, Graphs and Combinatorics, 22 1-35. 10.1007/s00373-006-0649-0.

Balaraman G , Sampath Kumar S, Sundareswaran R , Geodetic Domination Integrity in
graphs, TWMS J. App. and Eng. Math. ,11, Special Issue, (2021),258-267.

C. A. Barefoot, R. Entringer and H. Swart, Vulnerability in graphs-A comparative survey, J.
Combin. Math. Combin. Comput 1(1987), 12-22.

C. A. Barefoot, R. Entringer and H. Swart, Integrity of trees and powers of cycles, Congr.
numer. 58 (1987) 103-114.

K. S. Bagga, L. W. Beineke, W. D. Goddard, M.J. Lipman and R.E. Pipert, A survey of
integrity, Discrete Applied Mathematics, 37/38 (1992), 13-28.

M. Cozzens, D. Moazzami and S. Stueckle, The tenacity of a graph, in Graph theory,
combinatorics, and algorithms, Vol. 1, 2 (Kalamazoo, MI, 1992), 1111-1122, Wiley, New
York.

Arindam Dey , Ranjan Kumar , Said Broumi , Pritam Bhowmik, Different Types of
Operations on Neutrosophic Graphs, International Journal of Neutrosophic Science, Vol. 19
, No. 2, (2022) : 87-94

Feng, F., Liu, X.Y., Leoreanu-Fotea, V., Jun, Y.B., Soft sets and soft rough sets, Information
Sciences, 181 (2011), 1125 - 1137.

Feng, F., Li, C.X,, Davvaz, B., Irfan Ali, M., Soft sets combined with fuzzy sets and rough
sets: a tentative approach, Soft Computing, 14 (2010), 899 - 911.

F. Feng, Y.B. Jun and X. Zhao, Soft semirings, Comput. Math. Appl., 56(2008), 2621-2628.
Ghorai, G.; Pal, M. Certain types of product bipolar fuzzy graphs. Int. ]. Appl. Comput.
Math. 2017, 3, 605-619.

W. Goddard, On the vulnerability of graphs, Ph.D. thesis, University of Natal, Durban,
S.A.(1989).

W. Goddard and H. C. Swart, Integrity in graphs: Bounds and basics, J. Combin. Math.
Combin. 7 (1990) 139-151.

W. Goddard and H.C. Swart, On the integrity of combinations of graphs, J. Combin. Math.
Combin.Comput. 4 (1988) 3-18.

Guven Kara and Yildiray C, On neutrosophic soft graphs, International Conference on
Advances in Natural and Applied Sciences AIP Conf. Proc. 1833, 020029-1-020029-4; doi:
10.1063/1.4981677

F. Harary, Graph Theory, Addison-Wesley Publishing Company, Inc., (1969).

Harisaran G, Shiva G, Sundareswaran R and Shanmugapriya M, Connected Domination
Integrity in graphs, Indian Journal of Natural Sciences, 12(65), (April / 2021).

H. A. Jung, On a class of posets and the corresponding comparability graphs, J.
Combinatorial Theory Ser. B 24 (1978), 2, 125-133.

Kauffman, A., Introduction pa la theorie des sousemsembles ous, Masson et Cie, vol.1,
1973.

R. V. Jaikumar, R. Sundareswaran, Said Broumi, Integrity and Domination Integrity in Neutrosophic Soft Graphs


https://www.sciencedirect.com/science/article/pii/B9780127752600500086#!
https://www.sciencedirect.com/science/book/9780127752600
https://www.sciencedirect.com/science/book/9780127752600
https://en.wikipedia.org/wiki/Graph_Theory,_1736%E2%80%931936

Neutrosophic Sets and Systems, Vol. 53, 2023 178

30.
31.
32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

P.K. Maji, R. Biswas and A.R. Roy, Soft set theory, Comput. Math. Appl., 45(2003), 555-562.
D. Molodtsov, Soft set theory-First results, Comput. Math. Appl., 37(1999), 19-31.

E.K.R. Nagarajan and G. Meenambigai, An application of soft sets to lattices, Kragujevac
Journal of Mathematics, 35(1) (2011), 75-87.

Katy D. Ahmad , N.N.Thjeel , M.M. Abdul Zahra , R.A. Jaleel, On the Classification of n-
Refined Neutrosophic Rings and Its Applications in Matrix Computing Algorithms and
Linear Systems, International Journal of Neutrosophic Science, Vol. 18, No. 4, (2022) : 08-15
Rajesh K. Thumbakara and Bobin George, Soft Graphs Gen. Math. Notes, 21(2)(2014), 75-
86.

Rosenfeld, A., Fuzzy graphs, in: L.A. Zadeh, K.S. Fu and M. Shimura (Eds.), Fuzzy Sets and
Their Applications, Academic Press, New York, 1975,77-95.

S. Satham Hussain, R. Jahir Hussain and Florentin Smarandache, Domination Number in
Neutrosophic Soft Graphs, Neutrosophic Sets and Systems, 28, (2019),228-244.

Shannon A., Atanassov K., A _rst step to a theory of the intuitionistic fuzzy graphs, Proc. of
the First Workshop on Fuzzy Based Expert Systems (D. Lakov, Ed.), Sofia,(1994), 59-61.

F. Smarandache, Neutrosophy: neutrosophic probability, set, and logic, Amer Res Press,
Rehoboth, USA, (1998) 105.

R. Sundareswaran and V. Swaminathan, Domination Integrity in Graphs, Proceedings of
International Conference on Mathematical and Experimental Physics, Prague, 3-8 (August
2009), 46-57.

I. Silambarasan , R. Udhayakumar , Florentin Smarandache , Said Broumi, Some Algebraic
structures of Neutrosophic fuzzy sets, International Journal of Neutrosophic Science, Vol.
19, No. 2, (2022) : 30-41

M. Saravanan, Sujatha R, Sundareswaran R, Integrity of fuzzy graphs. Bull Int. Math.
Virtual Inst. 6: (2016) 89-96.

M. Saravanan, R. Sujatha, R. Sundareswaran, A study of regular fuzzy graphs and integrity
of fuzzy graphs, International Journal of Applied Engineering Research,10(82) (2015),160-
164.

M. Saravanan, R. Sujatha, R. Sundareswaran, Concept of integrity and its result in fuzzy
graphs, Journal of Intelligent & Fuzzy systems, 34(4), 2018, 2429-2439.

Saravanan Mariappan, Sujatha Ramalingam, Sundareswaran Raman, Goksen Bacak-Turan,
Domination integrity and efficient fuzzy graphs, Neural Computing and Applications, 32,
(2020)10263-10273.

M. Saravanan, R. Sujatha, R. Sundareswaran, B. Muthuselvan, Application of Domination
Integrity of Graphs in PMU Placement in Electric Power Networks, Turk J. Elec. Eng. &
Comp. Sci., 26(4),( 2018), 2066-2076.

AM. Shyla and T.K. Mathew Varkey, Intuitionistic Fuzzy Soft Graph, Intern. ]. Fuzzy
Mathematical Archive, 11(2), (2016), 63-77.

L. Vasu, R.Sundareswaran, and R. Sujatha, Domination Weak Integrity in graphs, Bull. Int.
Math. Virtual Inst., 10(1)(2020), 181-187.

48.L. A. Zadeh, Fuzzy sets, Information and control 8, (1965), 338 - 353.

Received: Sep 16, 2022. Accepted: Dec 20, 2022

R. V. Jaikumar, R. Sundareswaran, Said Broumi, Integrity and Domination Integrity in Neutrosophic Soft Graphs


https://link.springer.com/journal/521

