Wasit Journal for Pure Sciences Vol. (1) No. (3)

Domination (set and Number) in Neutrosophic Soft
over Graphs

L Amir sabir majeed
Department of Mechanic / College of Technical Engineering / Sulaimani Polytechnic Univer-
sity / Iraq

amir.majeed@spu.edu.ig

2 Nabeel Ezzulddin Arif
12 Department of Mathematics / College of Computer Science and Mathematics/
Tikrit University / Iraq
nabarif@tu.edu.ig

Abstract: By combining the ideas of neutrosophic soft sets and oversets in
graphs and replacing each crisp or neutrosophic set by overset at each vertex
and edge, we present a new framework for treating neutrosophic soft infor-
mation (NSI) in this research.

Keywords: Single valued neutrosophic overgraph, dominating set, domination
number.

1. Introduction

There is a lot of study being done in the subject of dominance in graph the-
ory.a book on dominance that lists 1222 works in this field was published in
1998.A collection of vertices D that each vertex is either in or adjacent to a
vertex in D is referred to as a dominant set in a graph[1]. The fuzzy set the-
ory is a concept that Zadeh (1965) developed as a remedy for the problem
of handling uncertainties. As an extension of the fuzzy set concept, At-
anassov [3] offered intuitionistic fuzzy sets. When the information at hand
is insufficient to allow the typical fuzzy set to find the imprecision, the idea
of intuitionistic fuzzy(IF) sets might be taken into consideration as an alter-
nate approach.

In fuzzy sets, the only factor taken into account is the degree of approval. If
not, an (IF) set's (truth(T) and falsity(F)) memberships functions are de-
scribed, where the sum of both values must be smaller than one [4]. Fuzzy
graph theory was first developed in 1975 by Azriel Rosenfied [8].

Despite being so young, it is expanding quickly and has significant applica-
tions across many different fields. Actually, a significant portion of issues
include ambiguous, insufficient, and inconsistent data. The most effective
mathematical tool for handling this kind of problem is thought to be neutro-
sophic sets [2].Smarandache started the neutrosophic set concept in
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1995.(T, I, F) memberships are three components of a neutrosophic set that
are declared independently to address problems with inconsistent, impre-
cise, and indeterminate data.

In order to specify set theoretic operators on a certain kind of neutrosophic
set known as single valued neutrosophic set(SVNS), Wang came up with
the concept of (SVNS)[6]. The soft set notion had introduced by Mo-
lodtsov [5] as a ground-breaking method for handling uncertainty in math-
ematics. From a parameter standpoint, Molodtsov's soft sets offer us a fresh
method to achieve this. Soft sets have been found to have potential uses in
many different domains. in 1995 when sumrand [9]studded the state of
over loud the membership > 1, contract to the traditional set with member-
ship<= 1 he introduced overset concept. In this article we will introduce the
conception of soft overset and soft overgraph

2. Preliminaries

Definition: 2.1. A Single-Valued Neutrosophic Overset (SVNOS) A is defined as:
4= {(v,< T(w),I(v),F(v) >):at least one of 1 < T(v),I(v),F(v) < 2} [7.10]
and non of them <0, forallveV THY
Definition: 2.2. Let X be a universe and Z be a set of parameters. Consider A c Z
and P (X) be the set of all Single valued neutrosophic oversets of X.
The pair (F, A) is known to be the neutrosophic soft overset (NSOS) over X, where
F is a function given by F: A - P(X)
Definition: 2.3.let G* = (V, E) is an underline graph and, A is nonempty set of pa-
rameters.
A neutrosophic soft overgraph (NSOG) G = (G*, F, K, A) is a quadruple set if it
meets the conditions below:
(1) (F,A)isa(NSOS)overV.i.e F:A = P(V)
(2) (K,A)isa(NSOS)overE.i.e K:A— P(E)
(3) (F(e),K(e)) is aneutrosophic over graph of G* then
Tiey(vivy) < min{Trcey (), Tecey (v))}
Iee) (vivy) < Min{leey (W0, Iy (v))}:
Fi(ey(vivy) = Max{Ipey(w:), Iy (v;)}
Ve€Adandv,y€Vstvy,€EcCV XV
Such that not all of Ty (.yv;, Ix(e)Vj, Fi(eyvj} <1 and no one of them <0.
Also there exist at lest Ty ) v; Vj, Ix(e)Vi V), Fx(eyvivj} >1 and all of them<0.
Note: the (NSOQG) is called pure if all of it vertices and edges are over sets
Example: 2.1 Consider a simple graph G* = (V, E) and such that
v ={v, v, v3v,} and E = {v,v, v1v3 V1V, VoV, V3V, } and A = {e,, e,} set of
parameters.
let (F, A) be a (NSOS) over V with approximation function (AF) by F: A —» P(X),
and let (K, A) be a (NSOS) over E with (AF) K: A — P(E) are defined by

H(e,) F(e) | (vy,0.5,1.4,0.6) (v5,1.2,0.6,0.7) (vs,1.5,0.4,0.5) (v4,0.1,0.4,1.3)
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K (e1) (v1v,,0.5,0.6,0.7| (v,v3,0.5,0.4,0.6) (v11,,0.1,0.4,1.3)

H(e,) F(e) | (v,,0.2,03,1.5) (v,,0.4,1.7,0.3) (v5,1.6,0.7,0.4) (v,,1.3,04,0.5)

K(ey) (v1v5,0.2,0.3,1.5| (v,v,,0.4,0.4,0.5) (v3v,,1.3,0.4,0.5)

then H (e;) ={F (e1),K(e;)} and H (e;) = { F (e,), K(e,)} are neutrosophic
Overgraphs according to the parameters e, and e, respectively as seems as follows: -

v1(0.5,1.4,0.6) (v2,1.2,0.6,0.7) (v1,0.2,0.3,1.5) (v2,04,1.7,0.3)
(v1v2,0.5,0.6,0.7)

(v1v3.0.5,0.4,0.6) (v1¢3,0.2,0.3,1.5) (v2vd4,0.4,0.4,0.5)

kK
(viv4,0:1,0.4,1.3)

(v3,1.5,0.4,0.5) (v4,0.1,0.4,1.2) (v3,1.6,0.7,04) (V4330405 (v41.304,05)

Figure 2.1 G=(H(e1),H(e2)) Neuyrosophic soft overgraph
Example: 2.2. Let a(1.4,0.7,0.5), (1.2,0.5,0.2), ¢(0.2,0.3,1.3) and
ab(1.2,0.5,0.5),ac(0.2,0.3,1.3), bc(0.2,0.3,1.3)
A (1.4,0.7,0.5)

ab(1.2,0,8,0.5)

~41.2,0.5,0.2)
&

~(0.2,0.3,1.3)

bc(0.29.3,1.3)
Figure 2.2 H is Neutrosophic overgraph but not soft

Example: 2.3. Consider the graph G* = (V,E),whereV = {a,b,c,d}and E =
{ab, bd, cd}.

Let
A —
{e1, e;}and (F, A) be a neutrosophic soft set (NSS)over V with approximate
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function by F: A - P(X) and (K, A) be a (NSS) over E with K: A - P(E) gevin
by

H F a(,0.5,0.6,0.7) (b,0.4,0.5,0.3) (c,0.7,0.5,0.8) (d,0.4,0.9,0.5)
(e1) (e1)
K (ab,0.3,0.4,0.5) (bd,0.3,0.4,0.4) (ac,0.4,0.3,0.6)
(e1)
H F a(,0.4,0.5,0.2) (b,0.3,0.6,0.8) (c,0.3,0.4,0.5) (d,0.7,0.8,0.5)
(e2) (e2)
K (ab,0.2,0.3,0.5) (bc,0.1,0.3,0.4) (cd,0.2,0.2,0.4)
(e2)

It is clearly that H (e;) and H (e,) are neutrosophic graphs according to the pa-
rameters e; and e; respectiviely as follows

af,0.4,0.5.0.2), (B,0.3,0.6,0,8),
‘af.0.5,0.6,0.7, (b,0.4,0.5,0.3), -
b ] (ab,0.2,0.3,0.5)
(bdl,0.3,0.4,0.4)
[y w
= =]
o < (be,0.1,0.3,0.4)
S S
- m
o o
] s
{ed,0.2,0.2,0.4)
0.7,0.5,0.8 4,0.4,0.8,0.5
(6,0.7,0.5,0.8) e (.0.4,0.9,0.5) (60.3,0.4,0.5), (d,0.7,0.5,0.5)
H(e2)

G=(H(e1), H(e2))
Figure 2.3 Neutrosophic soft graph but not overgraph

Definition: 2.4. In a (NSOG) G = (G*,F,K, A) , the vertex v; is adjacent to v if
Tk (e) (Uivj) = Min{TF(e) (2), Tr(e) (}’)},
Ix(e)(viv)) S Min{lpe)(x), Iy ()}
F (o) (Viv) = Max{lp o) (0, Ipey ()
Ve€eAandx,yeEVstxye EcCV XV
Definition: 2.5. The degree of any vertex u in a (NSOG)G = (G*,L,K,A), is
denoted by  d (w) = (drr(e)(W), (dire) W), (drr(e) (W) where
dTL(e) W) = ZeeA(ZueV,u:tv TK(e) w,u) dIL(e) (W) = ZeeA(EueV,u:tv IK(e) (w,u)
Arpe)(W) = YeeaQuevuzy Frey(v,u) are known as the degree of (T,I,F)-
membership vertex such that v and u are adjacent for all e € A.
Notes: -1) §(G) = min{dg(v)/v € V,e € A.} is the minimum degree of v

2)is A(G) = max{dy(v)/v € V,e A.}is the maximum degree of v
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Definition 2.6. If G = (G*,],K,A) be (NSOG). The total degree td(x) of
td(x) =

X €

G is

obtained by

(th](e)(X), td”(e) (x), tdF](e) (x)) where

th](e) (X) = ZeEA (Zx¢yEV TI((e) (x' y) + T](e) (X, y)

eeA X+y€EV

tdF](e) (X) = ZeEA (Zx:tyEV FK(e) (x' y) + F](e) (x: y)) Called the t- degree of

(T, I'and F) membership vertex respectively foralle € A,x,y € V.

Example 2.4 let G * = (V, E) be a simple graph with V ={a, b, c, d} .

Suppose A = (J, A) be a(NS) over a set V with (NAF)J: A - p(V)and K: A -— p

(E) represented as

H i) | a(l50612) | (©.0.7.1605) (©160517) (.1.6.15,0.7)
(e K(e) | ab(0.7,0.612) | bd(0.7.14,0.7) Ccd(13.0517), | ac(150514)

H i) | b(07.1605 | (5030608 o(1.7,0605) 4(08.1.9.14)
) K(e)) | ac(16,0.6.18) | dc(0.7,0.6,1.4) bd(0.8,06,.14), | ad(080.7,1.6)

obviously, H (e;) = (J (ey)), K (e1))) and H (e,) = (J (e,), K (e,)) are neutrosophic

graphs with respect to the el and e, as shown in Figure 2.4

v1(0.5,1.4,0.5)

(0.5,0.6,1.1)

v2(1.2,0.6,0.7)

(0.4,04.1.2)

:

v3(1.5,0.4,0.5)

(0.10.4,1.3)

v4(0.1,0.4,1.3)

v1(0.2,0.3,1.5)
®

(0.2,03,1.5)

v2(0.4,1.7.0.3)

q

(0.4,0.

(1.3,0.4,0.5)

>

4.0.5)

v3(1.6,0.7,0.4)

v4(1.3,0.4,0.5)

figure 2.1 Neutrosophic soft overgraph G=(H(e1).H(e2))

The degree of the graph H (e;) vertices are as follows, deg(a) = (3.5,1.7,3.6),
deg(b) = (1.4,2,1.7), deg(c) = (2.8,1.0,2.8),deg(d) = (3.3,2.5,3.1)
and total degree td(a)= (5,2.3,4.8), td(b)2.1,3.6,2.2), td(c)= (4.4,1.5,4.5),
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td(d)=(4.9,4,3.8).
Also, for H (e,) degree of a, b, ¢, d will be as bellow,
deg(a) = (2.4,1.3,3.4), deg(b) = (0.8,0.6,1.4), deg(c) = (2.3,1.2,3.2), deg(d) =
(2.3,1.9,4.4)
td(a)= (4,2,5.2), td(b)= (2.3,1.2,2.1), td(c)= (4,1.8,3.7), td(d)= (3.1,3.8,5.8)
Definition: 2.7. a simple graph G= (V, E) with same degree for all
v € Vissaid to be regular.
Definition: 2.8. suppose that G = (G*,], K, A) be (NSOG) of a simple graph
G* = (V,E), then G is defined as regular graph where H (e) isregular Ve € A4,
Definition: 2.9. ¢ = (G*,J,K, A) is called k- regular (NSOG) if H (e) be
aregularwithd;(v) =k ,vvEVandVe € A
Definition 2.10. a graph H(e) is called a totally regular neutrosophic ovregraph
(NOQG) iftd;(v) = tdg(u) ,VYu,v € H(e) where e € A. and
it is k—totally regular (NOG) if td;(v) =tds(u) =k ,Vu,v € H(e;) ,e; €A
Definition: 2.11. agraph ¢ = (G*,],K,A) = (H(ey), ... H(ey)) is a totally
regular (NSOG) where H (e;) be totally regular graphvVe; € 4,i=1..n.

Definition: 2.12. the order O (G) of the (NSOG) ¢ = (G*, F, K, A) calculated by

O (G) =Xeeal Xiz1 Tr(ey(vi) , X1 Ir ey (Vi) , Xiz1 Frey (vi)}, and the size S (G) of
G calculated by

S(G)= XYeeal 21=1 Tk(e) (vivj) ) l=1 Ix(e) (vivj) ) ul=1 Fge (vivj)};

Definition: 2.13. Let G = (G*,], K, A) be a (NSOG). then

. . . T 1; —F;
1) Vertex- cardinality is [V] = Yeea(|Zy, Ok ’(Z)(x) OIS

n
2

where n is number of vertices in G

. e T; I; —F;
2) Edge -cardinality is |[E| = |Xy,», (o2l ](e)z(xy) 100)

o
Where m is number of edges in G

3) cardinality of G will be |G| = X.ea(|V] + |E])

Example 2.5 Consider the above example 2.4, here H (e,) and H (e;) are (NSOG)s

of G with respect to the parameter e,, the vertex cardinality=4.75, the edge cardinali-
ty=3.35 and cardinality of G =8.1

according to the parameter e,, |V|=4.5, [E| =2.6 and |G|=7.1
Definition: 2.14. Let G, = (G*,F,,K,,A) and G, = (G*,F,,K,,B) be two
(NSOG).
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Then G, be a neutrosophic soft subovergraph of G, if
i)ASB i) H; (e) is partial subovergraph of H,(e) V e € A
Definition: 2.15. The graph G, = (G*, F;,K;,A) is known as spanning neutro-
sophic soft sub-overgraph of ¢ = (G*,F,K,B) if i) BC A inv,=v
i)
{Tpl(e)(v) = TF(e)(V) ) 11«"1(3)(17) = IF(e)(U) )
FFI(e)(v) = FF(e)(v)} foralleeB,v €V

Definition: 2.16.let G, = (F;,K;,A) and G, = (F,,K,, B) be two neutrosophic
soft Overgraphs. The intersection of G,and G, is denoted by G =G, NG, =
(F,K,AU B),where
1) (F,A U B)is a neutrosophic overset overV =V, NV,,

2) (K,A U B)is aneutrosophic overset over E = E; NE, , where memberships
function of G defined by
@) Tre)(V) = {Try)(v) if € € A= BT, (v) if e
€ B — ATr ()(V) V Tr,e)(v) Where One of Tg, ()(V), Trye)(V)
> 1T, (ey(V) A Tpey(v) Otherwise if e€ ANB}

Ireey = {Igyey(V) if € € A= B Iy (V) if €
€ B — Alp(ey(V) V I, e)(v) Where One of I, o) (v), Ip, ) (V)
> 11, (o) (V) A Irye)(v) Otherwise if e€ ANBY,
FFl(e)(v)if e€A-B
F Fle) = FFZ(e)(U)if eeB—-A,
FFl(e)(v) \% FFZ(E)(U) lf e€eANB

( Ty, ey(uv)if e€e A—B A

b) Ty () Ty, ey (uv)if e EB — A
uv) =
k() T, (e)(UV) V T, (o) (uv) Where One of Tr, (o) (v), Tr,)(v) = 1
L Ty e)(WV) A Ty, e)(uv) Otherwise if e € ANB J
Iy (ey(uv) =
( Iy, ey(uv)if e € A—B \
Iy, e)(wv)if e €EB — A
I, (ey(uV) V Iy, oy (uv) Where One of I, (oy(v), Ix,e)(v) =2 1
L, (e)(WV) A I, )(uv) ife€ ANB )
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Fy,euv)if e€E A—B

Fy,ey(uv)if e€ B—A

Fy,( W) V I,y (wv) if e€E ANB

Jforallu,vev

Definition: 2.17. Let G, = (F;,K;,A) and G, = (F,, K,, B) be two neutrosophic
soft Overgraphs. The union of Gyand G, is denoted by G = G; U G,
Then G = (F,K,A U B),where
1) (F,A U B)is a neutrosophic overset over V=V, UV,,
2) (K,A U B)is aneutrosophic overset over E = E; UE,,
3) The (T, I, F) membership functions of G for all u,v € V
defined by same way in the intersection definition above.
Example: 2.5. Let A = {e;, e,} and B = {e;, e3} be two parameters sets.

Let

Gy

and G, be

byG, = {H, (e;), H, (e;)}, where

two

neutrosophic

soft overgraphs

defined

H,(ey) (uy,04,150.6) | (uy0.3,0512) | (us0.50.3,1.4) (u4,1.6,0.3,0.8)
Flen)
ket | (Wi, 0.3,0.5,1.2) | (ujuy, 0.4,0.3,0.8) | (upus, 0.3,0.3,1.4) (Uyu,,0.3,0.3,1.2)
H,(e,) (uy,13,040.6) | (uy1.2,0504) | (us1.50.3,0.4) (s, 1.4,0.5,1.2)
Flez)
Keezy | (uattz, 1.2,0.4,0.6) | (uzus, 1.2,0.3,0.4) | (upuy, 1.2,0.3,0.4) ‘

{(u1,0.4,1.5,0.6)

(u2,0.3.0.5,1.2)

(uiud, p.4,

o

(u4d,1.6,0.3,0.8)

(u1u2,0.3,8.5,1.2)
0.3,0.8)

(v2vd,0.3,0.271.2)

'.1{&1}.

(v2u3,0.3

L0.3,1.4)

{v3,0.5,0.3,1.4)

u1,1.3,0.4,0.6
f % )

(u2,1.2,0.5,0.4)

(ulu2, 1.2,0.4,0.6)

(u2ud,1.

.1.2)

(ud, 1.4,
o

Figure 2.5 G=(H{e1).H(e2))

and G, = {H,(e;), H,(e3)},where

.5,1.4) (v2u3f.2,0.3,0.4)

{u3,1.50.3,0.4)
o

Hiu?],

H,(ey) (uy,1.3,04,05) | (u,,0.60.714) | (vy,1.2,0515) | (us 0.7,0.4,1.2)
Feer)
ket | (uyv1,1,03,1.6) | (uyuy, 0.6,0.4,1.4) (upus, 0.4,0.3,1.7)

H,(es) (uy,04,1.713) | (u,,1.2,1.51.6) | (vy,1.3,04,1.6) | (us 0.61.50.7)
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Flez)

Keezy | (uyvy,0.4,0.4,1.8)

(u,v4,1,0.4,1.7)

(uyug,0.5,1.3,1.6)

(11,1.3,0.4,0.5) (42,0.6,0.7,1.4)

(u1u2,0.6,0.4,1.4)

(u1v14f1.0.3.1.6)

(v1,1.2,0.5,1.5)

(v2u3)0.4.0.3,1.7)

(13,0.7.0.4,1.2)

(11,0.4,1.7.1.3)

(u1v1,0.4/0.4,1.8)

(12,1.2,1.5,1.6)

(u2v1,40.4,1.7)

(v1.1.3,0.4,1.6)

(43,0.6,1.5,0.7)

(u2u3,005,7.3,1.6)

H2(eT) H2(e3)
Flgure 2.6 G2=(H2(e1).H2(e3))
Then G; N G, will be
H(e;) (uq,1.3,1.5,0.6) (u,,0.3,0.5,1.4) (u3,0.5,0.3,1.4)
Fe1y
k(el) (u,u3,0.3,0.3,1.4) (u,u,,0.3,0.5,1.4)
H(e,) (uq4,1.3,0.4,0.6) (u,,1.2,1.5,1.6) (us3,1.5,0.3,0.4)
Fez)
k(ez) (uluz, 1.2,0.4,1.6) (u2u3, 1.2,0.3,1.6)
H(e,) (uy,0.4,1.7,1.3) (uy,1.2,1.5,1.6) (us,0.6,1.5,0.7)
Fes)
k(e3) (u1u2,0.6,1.5,l.6)
(u1,1.3,‘,g.5,0.ﬁ) (u2,0.3,UB5,1.4) (u1,1_3,oE4,a_s) (u2,1.2,1.5,1.6) (21.21516)
@ ulu,0.3,0.5,1.4) ¢ (u1u2,1.2.04,1.6) (u1.041213) T
°
(u2u3,¢.6,1.5,1.6)
(v2u3,1.2,0.3,1.6) k
g
(u2u30.3,0.3,1.4) Hie3)
J
(43,0.6,1.5,0.7)
C H(e2) (43,1.5,0.3,0.4)
Hie1) (13,05,0.3,1.4)
G =(H(e1),H(e2)H(e3))
and G, U G, will be
H(ey) (uy,1.3,1.5,0.5) (u,,0.3,0.5,1.4) (us,0.5,0.3,1.4) (us,1.6,0.3,08) | (v,,1.2,0.5.5,1.1.5)
Fleny
ke | gy 1.2,0.3,05) | (upus 1.3,04,0.6) | (upuy, 1.2,051.1) | (u3v,0.2,03,1.2) | u,vy,0.3,1.1,1.4)
H(ey) | Feezy | (uy,1.3,0.4,0.6) (uy,1.2,0.5,0.4) (us,1.5,0.3,0.4) (uy,1.4,0.5,1.2)
kez) | (uyuy,0.2,051.1) | (upus, 1.2,0.50.6) | (upuy,0.2,0.1,1.1) | (uyvy,0.3,0.51.2) | (uzvy,0.4,0.5,1.2)
H(e,) (uy,0.4,1.7,1.3) (uy,1.2,1.5,1.6) (uz,0.6,1.5,0.7) (V,,1.3,0.4,1.6)
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Fles)

kesy | (ugu,,0.2,0.5,1.1) | (uyus,1.2,0.5,0.6) (up1y,0.2,0.1,1.1) | (uyv,0.3,0.5,1.2) | (u3vy,0.4,0.5,1.2)

(u1,1.3,1.5,0.6) (t2,0.3,05,1.4)

® 0 (61,1.3,0.4,0.6) (v2,1.2,1.5,1.6)

(u2,1.2,1.5,1.6)
(ulu2,0.3,0.5,1.4)

(u1,041.7,1.3)

B Y
L

(u1u2,1.2,0.4,1.6)

(u1v1,0.4,0.4,1.8) .6,1.5,1.6)

(u2u4,1.6,0.3/1.4)
(42u3,1.2,0.3,1.6)

(u1u4,1\6,1.5,0.8) &JZW 0417)

(utv1,13,1.51.5)

(v2u3)0.3,0.31.4) (u2ud,1,20.5,

(43,0.6,1.5,0.7)

(4140512 He2) (13150304
(V1120515 (V4160308 (13050314

Hiet)
Figure 2.8 G =(H(e1).H(e2) H(e3))

Proposition: 2.1. If G,, G, are neutrosophic soft pure overgraphs then G; U G, isa
neutrosophic soft pure overgraph if for each pair of vertices v;, v; have correspond-
ing component which is greater than 1 or either F; > 1or F; > 1

Proof: Casel: if all the components > 1 the result is trivially

Case2: if Vi # j,T; = 1,0r I; = 1 then either Ty (v;,v;j1or Ix(v;,v;)1
which implies that ( Tk (v;, vj), Ix (vi, V) , Fx(v;,v;)) is overset
Case 3: ifeither F; > 1or F; > 1then (T, Iy, Fy)is also overset
Definition: 2.18. the graph G¢ = (F, K€, A)is a complement of a neutrosophic

soft overgraph G = (F, K, A) where the memberships at K¢ are defined as:
D) Ticiey @) = Trey@) A Trgey (@) — Ty (w,v),

i) ey, v) = Ipey(W) A Ip@e)(v) — Ixe) (W, v),
i) Frcoy(W,v) = Fpey(W) V Frey(v) — Fgey(w, v),
forallu,veV, foralle €A
Example; 2.5. Consider simple graph G * = (V,E), where V = {v,,u,, us, u,}
and E = {u u,, Uyy, Usly}
Let A={e;,e,}and let (F, A) be a (NSOS) over V with F: A > P (V)
and (K, A) be a (NSOS) over E with its (AF) K: A - P(E) as follows:

H,(ey) {(a,1.5,0.6, 0.7) (b, 0.4, 0.5, 1.3) (c, 0.7, 1.5, 0.8) (d,1.4,0.9,0.5)
Feer)
Ken) (ab,0.3,0.4,1.4) (bd, 0.3,0.4,1.3) (ac,0.6,0.6,0.8)

H,(e,) {(3,0.4,0.5, 1.2) (b,1.3, 0.6, 0.8) (c,0.3, 1.4, 0.5), (d,0.7, 1.8, 0.5)
Fle2)
kez | (ab,0.2,03,1.3) (bc,0.1,0.5,0.8) (cd, 0.2,1.5,0.5)
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(2,1.5,0:6,0.7) (6,0.4,0.5,1.3) (@.0-4.0-21-2) (.1.3,0.6,0.8)
(ab,0.4,0.5,1.2)
(bc,0.3,0.6,0.8)
(¢,0.7,1.5,0.8) . (dc.0.3,1.4,8.5)
@
(,1.4,0.9,0.5) (4.0.7.1.8,0.5) (¢,0.3,1.4,0.5)
H(e1) H(e2)
Figure 2.9 G=(H(e1),H(e2))
(2.1.5.0%6.0.7) (5,0.4,05,1.3) (2.04.0.5.1.2) (5.1.3.0.6,0.8)
(ad,1.4)0.6,0.7) (2d,0.4,0.5,1.2) (6d.,0.7,0:6.0.8)
m (bc,0.4,4.5,1.3) S
(3¢,0.3:0.5,1.2)
D (dlc.0.7,0.9,0.8) (¢.0.7.1.5,0.8) H G
(d.1.4,0.9,0.5) (6.0.7.1.8,0.5) (c,0.3,1.4,0.5)
Hfa1) Hfe2)
Figure21°cSHfe1). Hfe2))
1p(e)\V)

i) Figey(uv) = Feey(W) V Fpeey(v)

Definition: 2.19. a neutrosophic overgraph on a simple graph H*= (V, E)
i) Is said to be strong neutrosophic overgraph (SNOG) if
uv be an ef fective edge for alluv € E

i) is complete (CVOQG) if Vu,v €V Janeffective edge uv € E

Definition: 2.20. a (NSOG) is complete neutrosophic soft overgraph(CNSOG) if

H (e) is complete (NOG) forall e € A

Definition: 2.21. a (NSOGQ) is Strong neutrosophic soft overgraph (SNSOG) if

H (e) is strong neutrosophic overgraph for each e € A

Note: complement of pure (NSOG) is not necessary to be pure (NSOG)

Proposition: 2.2. complement of strong neutrosophic soft overgraph is strong neu-
trosophic soft overgraph

Proposition: 2.3. if G be (SNSOG) then G U G€ is (SNSOG)
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Definition: 2.22. In a (NSOG) G of a simple graph ¢* = (V,E) forany x,y € V

are called pair of neighbors in G if at least two of the components (T ¢y (XY), Ik (e)
(xy), Fx(ey (xy)) are notequal to zero Ve € A.

Definition: 2.23. A path in (NSOG) is a sequence of various vertices
vl ) 172 IEE

., Uy, and each pair of v;,v;,, ,i =1,2,...,n are neighbors.
Definition: 2.24. The length of the path P = v, ,v,,...,v,(n > 0) in (NSOG)
isl(p)=n—-1

Definition: 2.25.1f v; ,v; € Ain G and if there exist a path p  which connect them
, the strength of p is defined as

(min; Ty ey (Vi Vigr), mingly(ey(V; Vig1), max;Fiey(V; vy41)) fori=1..j—-1

Definition: 2.26. val-,vj € V <€ G,theneach of
T%k@e Wi, v)) = sup{T'xy(vi, v)):l= 12,..n,e € 4},

I®ke) Wi, v) = sup{I'k@e)(v; ,vj):l = 1.2,...n,e € A}and
Fx@e Wi, vj) = inf{Flxey(vi,v):l= 12,...n,e € A}
where T (), Ix(e), Fr(ey are strength of connectedness of (truth, indeterminace,
facility) membership between vi and vj respectively.

Definition: 2.27.: If vi,vj are connected by path of length m then
T k(o) (i, v))

—sup sup {TK(e) (W, v1) A Tie(ey(1,02) A Te(ey (V2 , V3)- . A Ty (Vi1 'Um)}
UV, V. U,V EV ’

k(o) (Vi) vj)

—sup sup {IK(e) (u,v1) A Igey(W1,v2) A gy (V2 , V3). . A l(e) (Vim—1, Um):

,and
) ( ) U,V,Vi...Vp_q,V EV }
F K(e) ‘Ul-,‘Uj

—inf {FK(e) (W, v1) V Fyey(v1,v2) V Fr(e)(V2,v3)...V F(e)(Vim—1, Vm)

} ,e € A.
UV, V... VU1,V EV
Definition: 2.28. neutrosophic soft overgraph G is said to be connected if for

eachu,v €V areconnected by at least one uv-path Ve € A

Definition: 2.29. An edge (v, v,) is an effective edge, If the following holds
Tx(e) (V1V2) =T %k (e) (v1v,), Ix(e) (V1v2) 217y (v1v2) and
Fy(ey (V1V2) = F% k() (v107).
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Definition: 2.30. let G be a (NSOG) of G* = (V, E), x €V ,then N(x) =
{y:y € V} iscalled neighborhood set of x,where xy is an ef fective edge
Definition:2.31. If x € V ofa (NSOG) G of G *= (V, E) is an “Isolated vertex” if
Txey (% ¥) = Ix(ey (X V) = Fy(ey (%, ) = 0, which means that a vertex x does not
dominate any vertexyin G.¥ e € A.
Definition: 2.32. Let G be a (NSOG) of G * = (V, E).
Ifu, veV, souisdominatevin G if uv be an effective edge.
Note: 1) Domination (D) is symmetric relationi.e.,if x Dytheny D x,Vx,y €V
2) N(x) = {y:y € V,x D y} is exactly collection of all y in V that dominated by x.
) If Tyey(x,¥) < Ty (x,y)and Ix(e)(x,¥) < %) (x,y)and
Fgey(,y) < F ke (x,¥), forallx,y €V, e € A, then V be the single dom-
inating set of G.
Definition: 2.33. The set S c V is dominating set (DS) inGif YvveV —S3u e
Ssuchthatu Dv.foralle € A,u,v € V.
Definition: 2.34. A dominating set X of an (NSOG) is called minimal dominating
set if
A7 c X suchthat Z is dominating set. for alle € A,u,v € V.
Definition: 2.35.Let Dy, D, ... D,, be minimal dominating sets of (NSOG) G on
G* = (V,E),then
1)  Minimum cardinality of D;,i = 1, ...n is known as lower domination num-
ber (LDN) of G, i.e., LDN = ¥.c4(dys(G)) Ve € Au,v € V.
2)  Maximum cardinality of D;,i = 1, ...n is called upper domination number

(UDN) of G, i.e. UDN=Y,c,(Dys(G)) Ve € Au,v € V.

Example: 2.6. Suppose G be a (NSOG) of ¢* = (V, E), such that
V = {a,b,c,d}and E = {(ab), (bc), (cd), (da), (ac)} A = {el, €2} and let an
approximation function J: A — p (v) over V and,

(K, A) be a function K: A — p (E)
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bc(0.5,1.4,0.7), ¢d(0.5,1.4,0.7), ad(0.5,1.6,0.7),
ac(0.5,1.4,06)
are defined by
Hy(ey) a(1.5,0.5,0.6) b(0.5,1.6,0.7) c(0.6,1.8,0.7) d(0.4,1.2,1.3)
Fen)
k1 | ab(0.4,0.4,0.8) bc(0.5,1.6,0.7) cd(0.4,1.2,1.3) ad(0.4,0.4,1.3) bd(0.4,1.2,1.3)
H,(e;) a(0.6,0.7,1.7) b(0.6,0.8,1.6) c(0.4,0.6,1.2), d(0.5,0.4,1.8)
Flez)
ke2) | ab(0.4,0.7,1.8) bd(0.5,0.4,1.9) ¢d(0.5,0.4,1.8) ad(0.5,0.3,1.9) ac(0.4,06,1.7)
(21.5,0.4,0.6) (,0.5,1.6,0.7) (2,0,6,0 7,1.7)

(ac,0.4,0.4,0.8)

(ad,0.4,0.4, 3j (be 05,1.6,0.7)

(cd,0.4,1.2,1.3)

(d,0.4,1.2,1.3) (c,0.6,1.8,0.7)

(ab,0.4,0.7,1.8)

b(0.6,0.8,1.6)

(ac,0.4,0.6,1.7)

5,0.3,1.9)

{cd,0.4,0.4,1.8)

bdp.5,0.4,1.9)

(c,0.4,0.6,1.2)

Figure 2.11 G=({H(el),H(e2})

Here, in H (el) with respect to el, the dominating set is {(a, b), (c, d), (b, c), (d, a),

(a, b, ), (b, d,a), (d,c,a), (d)}, and
1)
(MaxDS) are {a, b}, {a, d}.

2)
number (MaxDN)= 2.35.

a minimum dominating set (MinDS) is {d}, and a maximum dominating set

a minimum dominating number (MinDN)=0.65 and a maximum dominating

Similarly, in H (e2) corresponding to e2, the (DS)s are {(a, b), (c, d), (a, b, c), (b,
c), (d, c, @)}, and, 1) the (MInDS) is {c, d}, and the (MaxDS) is {a, b}.

2) the (MinDN)=0.45, the (MaxDN)=0.7. and then clearly the dom-

ination number is

Yoea(dys(G)) =0.65+0.45=1.1
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Definition: 2.36. Vu,v € Vin (NSOG) G on G* = (V,E) are called independent
vertices if there exist no effective uv edge between u, v .

Definition: 2.37. The S c V is called independent set(IDS) of G if T (u,v) <
T,‘("Ee (u,v) and Iy (u, v) < I,‘;’(e (u, v)and Fye)(u,v) < F,?Ee (u,v) Ve €
A,u,v € S.

Definition: 2.38. The maximal (IDS) S of (NSOG) G is an (IDS) such that
Vv eV — S, theset S U {v} is not independent.

Definition: 2.39. let S;, S, ... S,, be all maximal (IDS) in (NSOG) G then:

1)  minimum cardinality among S;,i = 1, ...n is said to be lower (ID) number
of G, and it is indicated by Y..c4(ins(G))
2) maximum cardinality among S;,i = 1, ...n is called upper independence

number of G, and it is determined by Y. .c4(Iys(G))

Example 2.7. Consider the example 2.6.
According to parameter e,,
1)  Min (ID) set (IDS) is {a, c}, and the Maximum (IDS) is {a, c}.

2)  Min (ID) number is 2.5, and the maximum “ID” number is 2.5.

With respect to e,,
1)  Minimum (IDS) is {c, a}, and the maximum (IDS) is {d, b}.
2) Mini (independent dominating) number = 0.45; the max (independent domi-

nating) number = 0.45.

Then the independent domination number is
2eea(ins(G)) =2.95and F.ea(lys(G)) = 2.95

3. EFFECTIVE NEIGHBORHOOD DOMINATION

Definition:3.1. Consider G be (NSOG) on G*=(V, E) andx € V. Then

i) Vv y € V is called an effective neighbor of x if xy is an effective edge.
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ii) Ns(x) the collection of all effective neighbors of x is called effective
neighborhood set of x
iii) a closed effective neighborhood of x is determined by Ns[x] = Ns(x) U

x.Vx€eV,e € A.

Definition: 3.2. Let (NSOG) G on a simple graph ¢* = (V,E) andv € V.

the effective degree of v is defined as

1) ds(x) = Yeea (ZEN(S)(X) Tie)(X) 5 Xen 500 Ik (e)(X) s Xen ) Fiee) (%) )

and the effective neighbor degree of v is defined as

2) dsN(x) = Yeea (ZEN(S)(X) Tie)(x¥) s Xen o) Ik @) (XY) » Xen gy Fiee)(XY) )
Definition: 3.3. Let G be (NSOG)onG* = (V,E)andv € V.
The effective degree cardinality is defined by

TK(E) (uv)+1K(e)2(uv)—FK(e)(uv) ) + n;)

D) 1ds@)] = Teea((Tueniy )

The effective neighborhood degree cardinality is defined by

Tx(e)(W+Ig(e) (W) —Fg(e) (W) M
2) | dsN('U)l = ZeeA((ZueN(s)(v) uld K(e; K(&) ) + 7)

3) The minimum effective degree of G is defined as
6s(G) =A |ds(v)|Vv € V,e € A.

4) Also, the maximum effective degree of G as
As(G) =V |ds(v)|Vu,vE V,e € A.

Example 3.1. Consider a (NSOG) in example 2.6
Corresponding to the parameter e; the edges (ad), (dc) are effective edges in H(e;)
And d,(a) = (0.4,0.4,1.3),d,(b) = (1.3,3.2,2.8),d,(c) = (0.9,2.8,2),
dy(d) = (1.2,2.8,3.9),|ds(a)|=0.25, |ds(b)|=1.85, |, ds(c) = 1.35, |ds(d)|=0.55
and 6,(G) = 0.25 and A,(G) = 1.85
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d,N(a) = (0.4,1.2,1.3),d;N(b) = (1,3,2).d;N(c) = (0.9,2.8,3),d,N(d) =
(2.6,3.8,2)
|dsN (a)|=0.65, |dsN(b)|=1.5, |dsN(c)|=0.85, |d;N(d)|=2.7

6sN(G) = 0.65 and A;N(G) = 2.7
also, for corresponding to the parameter e, the edges(ad), (dc) are effectives.

dg(a) = (0.4,0.6,1.7),ds(b) = (0,0,0),d(c) = (0.8,1,3.5),ds(d) =
(0.4,0.4,1.8),
|ds(a)| =0.15, |ds(b)=0],|ds(c) = 0.35|,|ds(d)|=0 and 8,(G) = 0 and A4(G) = 0.35
d;N(a) = (0.4,0.6,1.7),d;N(b) = (0,0,0),d;N(c) = (1.1,1.1,3.5),
dsN(d) = (0.4,0.6,1.2)
And |d;N (a)|=0.15, |dsN (b)|=0, |dsN (c)|=0.1, |dsN (d)|=0.4

6;N(G) = 0and AGN(G) = 0.4
Definition: 3.4. Let G* = (V,E) be a simple graph and G be (NSOG) onG* and

v € V. The effective size Sys(G) is defined by
SNS(G) =

{ZeeA(ZquE
and the effective order Oys(G) is defined by

Tice e —Fy,
Opns(G) = {ZEEA(ZuEE 1) (W) + ey (W) — Fyey(w) LT \

Tk(e) (uv)+1K(e) (uv)—FK(e) (uv)
2

+ % \ uv is an ef fective edge}

2

\S]

uv is an ef fective edge}

Conclusion: The concepts of neutrosophic soft overgraphs, effective neutro-
sophic soft overgraphs, complete (NSOG)s, and domination (set and number) of neu-
trosophic soft overgraphs were introduced in this work, and they were then appropri-
ately illustrated with examples. Furthermore, some noticeable properties of strong
neighborhood domination, independent domination number, and, the concept for the
neutrosophic soft overgraph are the proposed concepts that were investigated and

described with appropriate examples.

42



Wasit Journal for Pure Sciences Vol. (1) No. (3)

References

[1] Dr. Shobha Shuklal& Vikas Singh Thakur2. (2020). DOMINATION AND IT'S TYPE IN
GRAPH THEORY. journal of Emerging Technologies and Innovative Research (JETIR),
March 2020, Volume 7, Issue 3,1549-1557

[2] Dr.C.Rajan &A.Senthil Kumar. DOMINATION IN SINGLE VALUED NEUTROSOPHIC
GRAPHS. INTERNATIONAL JOURNAL OF INFORMATION AND COMPUTING SCIENCE,
Volume 6, Issue 3, March 2019,pages 157-166

[3] Florentin Smarandache, Neutrosophic Overset Neutrosophic Underset and Neutro-
sophic Offset. Pons FEditions Brussels, 2016

[4] M. Mullai* Said Broumi, Dominating Energy in Neutrosophic graphs, International
Journal of Neutrosophic Science (IJNS) Vol. 5, No. 1, 2020, Page. 38-58

[5] Muhammad Akram and Sundas Shahzad, Neutrosophic Soft Graphs, Journal of Intelli-
gent & Fuzzy Systems,January 17,2016,pages 1-21

[6] Muhammad Akram= , Gulfam Shahzadi, Operations on Single-Valued Neutrosophic
Graphs, Journal of Uncertain Systems Vol.11, No.3, 2017, pp.176-196

[7] R. Narmada Devia). Minimal Domination via Neutrosophic Over Graphs, AIP Confer-
ence  Proceedings 2277,100019(2020), Published  Online: 06  November
2020,pages100019.1-100019.7

[8] S. Satham Hussain, R. Jahir Hussain and Florentin Smarandache . Domination Number
in Neutrosophic Soft Graphs, Neutrosophic Sets and Systems, Vol. 28, 2019,pages 228-244

[9] Smarandache Florentin, Operators on Single-Valued Neutrosophic Oversets, Neutro-
sophic Undersets, and Neutrosophic Offsets, Bulletin of Pure & Applied Sciences- Mathe-
matics and Statistics, 2016, Volume : 35e, Issue : 2 pages (53 - 60)

[10] Seema Mehra, Manjeet Singh, Single Valued Neutrosophic Signedgraphs, Internation-
al Journal of Computer Applications (0975 - 8887) Volume 157 - No 9, January 2017

Article submitted 5 November 2022. Published as resubmitted by the authors 6 Dec. 2022.

43



