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1 Introduction

Graph theory is a nice tool to depict information in a very
nice way. Usually graphs are represented pictorially,
algebraically in the form of relations or by matrices. Their
representation depends on application for which a graph is
being employed. Graph theory has its origins in a 1736
paper by the celebrated mathematician Leonhard Euler
[13] known as the father of graph theory, when he settled a
famous unsolved problem known as Ko nigsburg Bridge
problem. Subject of graph theory may be considered a part
of combinatorial mathematics. The theory has greatly
contributed to our understanding of programming,
communication theory, switching circuits, architecture,
operational research, civil engineering anthropology,
economics linguistic and psychology. From the standpoint
of applications it is safe to say that graph theory has
become the most important part of combinatorial
mathematics. A graph is also used to create a relationship
between a given set of elements. Each element can be
represented by a vertex and the relationship between them
can be represented by an edge.

L.A. Zadeh [26] introduced the notion of fuzzy subset of a
set in 1965 which is an extension of classical set theory.
His work proved to be a mathematical tool for explaining
the concept of uncertainty in real life problems. A fuzzy set
can be defined mathematically by assigning to each
possible individual in the universe of discourse a value
representing its grade of membership in the fuzzy set. This
grade corresponds to the degree to which that individual is
similar or compatible with the concept represented by the
fuzzy set. In 1975 Azriel Rosenfeld [20] considered fuzzy
relations on fuzzy sets and developed the theory of fuzzy
graphs which have many applications in modeling,
Environmental science, Social science, Geography and
Linguistics etc. which deals with problems in these areas
that can be better studied using the concept of fuzzy graph
structures. Many researchers contributed a lot and gave

neutrosophic soft graphs such as union, intersection and
complement are defined here. The concept of strong neutrosophic
soft graphs is also discussed in this paper.

some more generalized forms of fuzzy graphs which have
been studied in [8] and [10]. These contributions show a
new dimension of graph theory.

Molodstov introduced the theory of soft sets [18] which is
generally used to deal with uncertainty and vagueness. He
introduced the concept as a mathematical tool free from
difficulties and presented the fundamental results of the
new theory and successfully applied it to several
directions. During recent past soft set theory has gained
popularity among researchers, scholars practitioners and
academicians. The theory of neutrosophic set is introduced
by Smarandache [21] which is useful for dealing real life
problems having imprecise, indeterminacy and inconsistent
data. The theory is generalization of classical sets and
fuzzy sets and is applied in decision making problems,
control theory, medicines, topology and in many more real
life problems. Maji [17] first time proposed the definition
of neutrosophic soft sets and discussed many operations
such as union, intersection and complement etc of such
sets. Some new theories and ideas about neutrosophic sets
can be studied in [6], [7] and [12]. In the present paper
neutrosophic soft sets are employed to study graphs and
give rise to a new class of graphs called neutrosophic soft
graphs. We have discussed different operations defined on
neutrosophic soft graphs using examples to make the
concept easier. The concept of strong neutrosophic soft
graphs and the complement of strong neutrosophic soft
graphs is also discussed. Neutrosophic soft graphs are
pictorial representation in which each vertex and each edge
is an element of neutrosophic soft sets. This paper has been
arranged as the following;

In section 2, some basic concepts about graphs and
neutrosophic soft sets are presented which will be
employed in later sections. In section 3, concept of
neutrosophic soft graphs is given and some of their
fundamental properties have been studied. In section 4, the
concept of strong neutrosophic soft graphs and its
complement is studied. Conclusion are also given at the
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end of section 4.
2 PRELIMINARIES

In this section, we have given some definitions about
graphs and neutrosophic soft sets. These will be helpful in
later sections.

2.1 Definition [25]: Agraph G” consists of set of finite
objects V ={v;,V,,V,.....v, } called vertices (also called
points or nodes) and other set E ={e;,e,,e;,....., } whose
elements are called edges (also called lines or arcs). Usual-
ly a graph is denoted asG" =(v,E). Let G" be a graph
and {u,v} an edge of G*  Since {u,v}is 2-element set,
It is often more
uv or vu If

we may write {v,u} instead of {u,v}.
convenient to represent this edge by
€ = UV is an edges of a graph G then we say that u

and V are adjacent in G"and that e joins u and V. A
vertex which is not adjacent to any other node is called
isolated vertex.

2.2 Definition [25]: An edge of a graph that joins a node
to itself is called loop or self loop.

2.3 Definition [25]: In a multigraph no loops are allowed
but more than one edge can join two vertices, these edges
are called multiple edges or parallel edges and a graph is
called multigraph.

2.4 Definition [25]: A graph which has neither loops nor
multiple edges is called a simple graph.

2.5 Definition [25]: A sub graph H™ of G is a graph
having all of its vertices and edges in G* . If H™ isa sub
graph of G' then G' isasuper graphof H’.

2.6 Definition [25]: Let G, =(V,,E,)and G, =(V,,E,)

be two graphs. A function f:V, >V, is called
isomorphism if

i) f isonetooneand onto.

i) for all a,beV,{ab}eE if and only if

{f(a), f(b)} €E, when such a function exists, G; and
G, are called isomorphic graphs and is written as

G, =G,.
In other words, two graph G, and G, are said to be

isomorphic to each other if there is a one to one
correspondence between their vertices and between edges
such that incidence relationship is preserved.

2.7 Definition [25]: The union of two simple graphs

G, =(V,,E))and G, =(V,,E,) is the simple graph with
the vertex set V, UV, and edge setE, UE,. The union of

by

* *

G, G, is
G =G, UG, =(V, uV,,E, UE,).

and denoted

2.8 Definition [25]: The join of two simple graphs
G, =(V,,E))and G, =(V,,E,) is the simple graph with
the vertex set V, UV, and edge set E, UE, UE'where E’
is the set of all edges joining the nodes of V, and V,
assume that V, NV, = ¢ . The join of G, and G, is denoted
by G" =G, +G, =(V, UV,,E, UE, UE).

2.9 Definition [18]: Let U be an initial universe and E

be the set of all possible parameters under consideration
with respect to U . The power set of U is denoted by

P(U)and Ais a subset of E. Usually parameters are
attributes, characteristics, or properties of objects in U .

A pair (F,A) is called a soft set over U , where F is a
In other words, a soft set over
U is a parameterized family of subsets of the universe U .
For ec A F(e) may be considered as the set of e-

mapping F:A—>P(U)

approximate elements of the soft set (F, A).

2.10 Definition [21]: A neutrosophic set A on the
universe of discourse X is defined as

A={(XTa().14(x), Fa(x)), x € X}, where

T,I,F:X—>]5,1*[ and 0<T,(0)+1,(0)+F,(x)<3" .

From philosophical point of view, the neutrosophic set
takes the value from real standard or non-standard subsets

of J@,l*[. But in real life application in scientific and

engineering problems it is difficult to use neutrosophic set
with value from real standard or non-standard subset of

]6,1{ . Hence we consider the neutrosophic set which

takes the value from the subset of [0,1].

2.11 Definition [17]: Let N(U) be the set of all
neutrosophic sets on universal set U,E be the set of
parameters that describes the elements of U and Ac E .

A pair (F,A) is called a neutrosophic soft set NSS over
U, where F is a mapping given by F:A— N(U). A
neutrosophic soft set is a mapping from parameters to
N(U). It is a parameterized family of neutrosophic
subsets of U. For e A, F(e) may be considered as the

set of e-approximate elements of the neutrosophic soft set
(F,A). The neutrosophic soft set (F,A) is parameterized

family {F(e),i=12,3,e € A}.
2.12  Definition  [17]: Let E,E,€E
(F.E;).(G,E, ) be two neutrosophic soft sets over U then

and

(F,E,) is said to be a neutrosophic soft subset of (G, E,)
if
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(1) E cE,
2 {TF(e) (%) <Tge) (¥): Te(ey (X) < g (%),

Fr(e) (X) = Fg(e) (X)
forall ee E,xeU .
In this case, we write (F,E;) = (G,E,).
2.13 Definition [17]: Two neutrosophic soft sets
(F,E;)and (G,E,) are said to be neutrosophic soft equal
if (F,E,)is a neutrosophic soft subset of (G,E,) and
(G,E,) is aneutrosophic soft subset of _Inthis case,
we write (F,E,)=(G,E,). |

2.14 Definition [14]: Let U be an initial universe, E be
the set of parameters, and Ac E .

() (H,A) is called a relative whole neutrosophic soft set
(with respect to the parameter set A ), denoted by ¢, , if
TH(E) (X):l'IH(e) (X):l, FH(E) (X):O, fOI‘ a“ eEA,
xeU.

(b) (G, A) is called a relative null neutrosophic soft set
(with respect to the parameter set A ), denoted by ¢, , if
TH(E)(X):O'IH(Q)(X):O’ FH(E) (X):l, fOI’ a" eEA,
xeU.

The relative whole neutrosophic soft set with respect to the
set of parameters E is called the absolute neutrosophic
soft set over U and simply denoted by U, . In a similar

way, the relative null neutrosophic soft set with respect to
E is called the null neutrosophic soft set over U and is
denoted by ¢ .

2.15 Definition [17]: The complement of a NSS (G, A)
(G,AY defined by
where G :-=A—>N(U) is a

is  denoted and s

by
(G,A) =(G°.—A)
mapping given by G®(—e) = neutrosophic soft comple-

ment with T =T,

6°(-¢)

(e)°

2.16 Definition [14](1): Extended union of two NSS
(H,A) and (G,B) over the common universe U is
denoted by (H,A)ug(G,B)
(H,A)Ue (G,B)=(K,C), where C=AUB and the

truth-membership, indeterminacy-membership and falsity-
membership of (K,C) are as follows

=Foe IGC(—e) =loge); Fec(ﬂe)

and is define as

ifeeB-A,

(x)} ifecAnB

ifee A-B,
ifeeB-A,

max{IH(e)(x), IG(e)(x)} ifee AnB

Fuo(X) ifecA-B,
Fee) (x)= Foe) (x) ifeeB-A
min{Fy ) (X), Fg(o (X)} ifec AnB

2.17 Definition [14]: The restricted union of two NSS
(H,A) and (G,B) over the common universe U is

denoted by (H,A)u,(G,B)
(H,A)Up (G,B)=(K,C), where C=AnB and the

truth-membership, indeterminacy-membership and falsity-
membership of (K,C) are as follows

TK(e) (X) =max {TH(e) (X)’TG(E) (X)} |f ee Aﬁ B,

IK(e) (X) = maX{IH(e) (X)y IG(e) (X)} |fe (S Am B,

Fee) (x)= min{FH(e) (x), Foge) (X)} ifee ANB.

and is define as

2.18 Definition [14]: Extended intersection of two NSS
(H,A) and (G,B) over the common universe U is
by (H,A)n:(G,B) and s
(H,A)ne (G,B)=(K,C), where C=AUB and the
truth-membership, indeterminacy-membership and falsity-
membership of (K,C)are as follows

denoted define as

TH(e)(x) ifee A-B,

T (X) = Toe (X)  ifeeB-A,
min (T, ) (X). T (X)] ifee AnB

lye (X)  ifec A-B,

Ik(e)(x): IG(e)(x) ifee B—A,

min{IH(e)(x), loe) (x)} ifee ANB
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FH(e)(X) ifee A-B, Table 1
Fe (X)= Foe(x) ifeeB-A f X, X, X5
. e (0.4,05,0.6) (0.4,0.5,0.7) (0,0,1)
F F feeA !
max {Fy) (), Fogy (X)f ifec AnB e, (0.30.405) (01,0304) (0.10.3,0.6)
2.19 Definition [14]: The restricted intersection of two e, (0.2,03,05) (0.1,02,04) (0.1,05,0.7)
NSS (H,A)and (G,B) over the common universe U is g (o) (o) TN
denoted by (H,A)n;(G,B) and is define as . (026’320 ) (026 i) (01,0 i)
1 LU0, UL (g} Lt}
(H.A)n¢ (G.B)=(K.,C), where C=AnB and the e, (010306) (001  (0.1,0308)
truth-membership, indeterminacy-membership and falsity- e (0.1,0.1,09) (0.1,0.2,0.7) (0.1,0.3,0.8)

membership of (K,C)are as follows

Tee () =min{T (x). Toe) (X)) ife € ANB,

Ly (X) =Min{ 1y (), g, (%)} ife € ANB,
FK(E) (X) = maX{FH(e) (X), FG(e) (X)} ifee ANB.

3 Neutrosophic soft graphs
3.1 Definition Let G™ =(V,E)be a simple graph and A

be the set of parameters. Let N (V) be the set of all
neutrosophic sets in V. By a neutrosophic soft graph NSG,

N (e,) Corresponding to e,

(0.4,05,0.6)

(0.203,0.8)

we mean a A-tuple G :(G*,A, f,g) where figure 1

f:AS>N(V),g: Ao N(VxV) defined as

()=, = {(xTe (), 4 (), Fy (x)).x V) ang N (&) Corresponding to e,

9(e)= 0. = {{(x V). Te (% ¥). T (X ¥), Fe () (X, y) €V <V x %

are neutrosophic sets overV and V xV respectively, such
that

Ty (X, y) < min{T (x), T, (¥)},

e (X y) <min {1 (%), 1 (¥)},

Fe (%) 2 max{F (x),Fy (y)}-
forall(x,y)eV xV and e € A Wwe can also denote a NSG
by G =(G*, A f,g) ={N(e):e e A} which is a parameter-

ized family of graphs N(e) we call them Neutrosophic

graphs.

3.2 Example

Let G =(V,E) be a simple graph with
V={X.% %} A={e.e, e} be a set of parameters. A
NSG is given in Table 1 below and
T (%% ) =01 (%, %, ) =0and Fy (x, %) =1, for all

(%% ) €V xV (%, %), (%, %), (%, %)} and for all
ecA

(0.1,0.3,0.6) O
(0.1,0.3,0.4)

figure 2

N (e,) Corresponding to e,
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N (e ) Corresponding to e,

X1 X2
(0.1,0.1,0.9)
(0.1,0.2,0.4)
(030205) 120301 (0.3,02,0.6)
(0.1,0.2,0.7)
(0.1,0.5,0.7)
figure 4
X3 .
N (e,) Corresponding to e,
figure 3
X1
3.3 Definition A neutrosophic soft graph
* . . (0.1,0.1,0.6)

G= (G AL FL gl) is called a neutrosophic soft subgraph (0.1,0.2,0.4)
of G :(G A f,g) if (0.1,0.2,0.8)
(i) ALc A
(i) £l c f, thatis,
Tfel (X) ST (x),1 o (X)< T (x), Ffel ()= Fg (x). —
1 .
(iii) g, < g, that is, figure 5
Ts (% Y)<Te (X Y), s (%)<l (xy), Fa (X, y)=Fg (X, y).
forall e e A",
3.4 Example 3.5 Definition A neutrosophic soft subgraph

Let G" =(V,E)be a simple graph with V = {x;, X,, X, } and
set of parameters A={e,e,} . A neutrosophic soft
subgraph of example 3.2 is given in Table 2 below and

Tge(x. x.):o,lge(xi,xj)=0andFge(xi,xj)zl, for all

177

(%% )€V xV (%, %), (%, %), (%, %)} and for all
eeA

Table 2.
f! X X5 X3
e, (030205) (030206 (0,01
e, (01,0105 (0.1,02,04) (0.1,0.2,0.6)
g' (%% ) (%1 %) (%, %)
e, 020207  (00.0) 0.0.0)
e, (0.10.1,06)  (001)  (0.1,0208)

G:(G*,Al, fl,gl) is said to be spanning neutrosophic
soft subgraph of G =(G*,A, f,g)if f1(x)=f(x), for all

xeV,ee Al

(Here two neutrosophic soft graphs have the same
neutrosophic soft vertex set, But have opposite edge sets.
3.6 Definition The union of two neutrosophic soft graphs

G, =(G/ A, f',¢') and G, =(G;, A, f?,g°) is denoted
by G=(G",A f,g) withA=AUA, where the truth-

membership, indeterminacy-membership and falsity-

membership of union are as follows

ifee A-A andxeV, -V, or
ifee A—A andxeV,nV, or
ifee ANA andxeV,-V,.
ifee A,—A andxeV, -V, or
ifee A,—A andxeV, NV, or
ifee ANnA andxeV,-V,.

Tfel (x)

Te (X)=

Tfez (x)

max{Tfl (x),Tf2 (x)}{if ee ANA andxeV,NV,}

0, otherwise
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ifee A-A andxeV, -V, or ifee A—A and (x,y)e(V,xV,)-(V, xV,) or
Ifel(x) ifee A—A andxeV, NV, or Fg% (x,y)jifee A—A, and (x,y)e(V,xV,)N(V,xV,) or
ifec ANA, andxeV,-V,. ifee AnA and (x,y)e(V,xV;)-(V, xV,).
ifee A)—A andxeV, -V, or ifee A, —A and (x,y)e(V,xV,)-(V,xV,) or
le (X)=1 12 (x)jifec A=A andxeV, NV, or Foe (¥) =1 F o (xy)ifec A=A and (x,y) € (V, xV,)n(V, xV, Jor
ifee ANA andxeV, -V,. ifee AnA and (x,y)e(V,xV,)-(V,xV,).
ifec A A, and ifec A N A, and
max{l X), | x}{ } i { }
fel( ) er( ) xeV, NV, min Fg%(x'y)'FgeZ(X’y) (X y) e (VixVy) N (V,xV,)
0, otherwise 0, otherwise
ifee A-A, andxeV, -V, or 3.7 Example
Fa(x)jifec A—A andxeV, NV, or Let G, =(V,,E,) be a simple graph with V; ={x,%,, X}

ifee AnA andxeV,-V,.
ifee A,—A andxeV, -V, or
Fr(X)= Fer(x) ifeec A —A andxeV, NV, or

and set of parameters A ={e;,e,,e,}. Let G, =(V,,E,) be

a simple graph with V, = {X,,X;, X} and set of parameters

ifee ANA andxeV, -V, A, ={e,e,} . A NSG Glz(Gf,A,fl,gl) is given in

. ifee AnA, and Table 3 below and
mln{':fel(x)":fez(X)}{xevlmv2 } Ty (%% ) =014, (%, %) =0and Fy, (%, %) =1 for all
0, otherwise (Xiyxj)€V1><V1\{(X11X4)1(X3’X4)’(X1'X3)} and for all

Also

ifec A—A and (x,y)e(V,xV,)-(V, xVZe)eofAl' Table 3
Tg%(x,y) ifee A-A and (x,y)e(V,xV,)n(V,xV,) or £ 1% %, %

ifee ANA and (x,y)e(V,xV,)-(V, xV,). (01,02,03) (0.2,0.3,04) (0.2,05,0.7)
ifec A —A and (xy)e(V,xV,)-(V, xV,) or (0.,03,0.7) (0.4,06,0.7) &0.1,0.2,0.3)

o @

N

_ e, |(0.506,07) (0.6,0.809) (03,04,0.6)
T.(xy)= Tge2 (x,y)qifee A, —A and (x,y)e(V,xV;)N(V, xV, )or o | () (x%) (%)
ifee AnA and (X, y)e(V,xV,)-(VixVy). e |(0.102,07) (0.1,0.3,08) (0.10205)
ifec A A and e, |(01,0.2,07) (0.1,01,09) (0.1,0208)
T YY), T , .1,0.3,0. .2,0.3,0.
max{ 2 (6Y)T o (x y)}{ (x,y)e(levl)m(szVZ)} e, |(01,0.3,08) (02,0309) (0,0,0)

0. otherwise N (e,) Corresponding to e,

ifee A—A and (x,y)e(V,xV;)-(V,xV,) or
(x,y)jifee A—-A and (x,y)e(V,xV,)n(V,xV,) or
ifee AnA and (x,y)e(V,xV;)-(V, xV,).
ifee A, —A and (x,y)e(V,xV,)-(V,xV,) or
le (X, y)= Ig2 (x,y)qifee A, — A and (x,y)e(V,xV)N(V, xV, )or
’ ifee AnA and (x,y)e(V,xV,)-(V,xV,).
ifee ANnA, and
max {14 (4y).1, (X'y)}{ (x,y)e(levl)m(szVZ)}
0, otherwise

|
%

(0.1,0.2,0.7)

(0.1,0.3,0.8)

figure 6

N (e,) Corresponding to e,
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(0.1,0.2,0.7)

(0.1,0.2,0.8)

(0.1,0.3,0.7)

(0.1,0.2,0.3) (0.2,0.3,0.4)

(0.1,0.2,09

(0.1,0.1,0.9)

(0.2,0.3,0.9)

(0.2,0.4,0.7) (0.4,0.6,0.7)

X3 Xs

figure 7 figure 9

N (e, ) Corresponding to e
N (e,) Corresponding to e, (€) ponding to &,

X1 X4

(0.5,0.6,0.7)

(0.2,0.3,0.8)

(0.1,0.3,0.8) (0.3,0.4,0.5) (0.3,0.6,0.8)

(0.3,0.4,0.6)

(0.1,0.1,0.9)

(0.2,0.3,0.9)

(0.6,0.8,0.9) (0.5,0.7,0.9)

X3 X3

figure 8 figure 10
A NSG G, =(G}, A,, 1%,g7) is given in Table 4 below The union G =(G",A f,g)is given in Table 5 below and
and T, (x.%)=0.1g (x.%)=0and Fy (%% ) =1 for Ty (%.%)=0,15(x.x;)=0and Fy, (x,x)=1 for all

all (%%, ) €V, XV, \{(%,, %), (%5, %), (%. % )} and for all (%) €V xV \{(x,% ), (%% ). (%05, (%% ). (0% ) (00 % )}

ecA,. and forall ec A
Table 4

f2 X, X3 X5

e, (01,0204) (0.2,0304) (0.4060.7)

e, (03,06,0.8) (050.7,09) (0.3,0.4,0.5)

g° (% %) (%31 %) (% %)

6 (01,0208) (020309  (00.1)

¢, (0.1,0.1,0.9) (0.2,0.2,09) (0.2,0.3,0.8)

N (e,) Corresponding to e,
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Table 5
N (e,) Corresponding to e,
f X, %, %, X, X,
e | (01,0203) (0,0,0) (0.2,05,07) (0.2,03,04) (0,01)
e, | (0103,07) (0.1,02,03) (0.204,04) (0.10,2,03) (0.4,06,07)
e, [(0506,07) (0,0,1)  (06,0809) (0.304,06)  (001)
e, (0,01) (03,0608 (050.7,09) (0,01) (03,04,05)

(0.2,0.3,0.9)

9] () (%) (%) (%) (X))

e | (0402,07) (010308) (010208) (0,01) (001 (009

e, | (040207) (0.,01,09) (010208) (0,10,208) (020309) (0,01) Xa
e, |(0.1,03,08) (020309) (0,01) (0.01) (001 (002 )

. figure 13
(001 (001) (0.01) (0101,09)  (02,02,09) (020308)

N (e,) Corresponding to e,

N (el) Corresponding to e,

X2 X3

X1 X4

(0.1,0.1,0.9)

(0.3,0.6,0.8) (0.5,0.7,0.9)

(0.1,0.2,0.7)

(0.1,0.2,0.3) (0.2,0.3,0.4)

(0.2,0.3,0.8)
(0.2,0.2,0.9)

(0.1,0.3,0.8)

(0.3,0.4,0.5)

Xs

figure 14
figure 11

3.8 Proposition
The union G*=(v,A,f,, of two neutrosophic soft graph

G =(G"A,f¢') and G,=(G"A,f%g") is a

neutrosophic soft graph.

N (e,) Corresponding to e,

Proof
(0.1,0.2,0.8)

(0.1,0.2,0.8)

(0.2,0.3,0.9)

X4

figure 12
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Casei) Ifee A —A and (X, Y)e(V,xV,)-(V,xV,), then I .
X) ifeeA -
T (xy) =T (xy) <min{T, (x).T; ()} E (x) AR
= mingT_(x).T, ()} I ()= I (x) .ifee A - A
0 T (X y) <min{T_(x),T, . 1 2 .
© T =mint, 0.0} min{l} (x),1: ()}.ifee A NA
Also 1, (xy) =1, (xy) < mindl, (0.1, (1)} o
= min{l, (0,1, ()} F (x) ifee A-A
S0 I (xy) <min{l (x), 1 ()} _ 2 .
’ F (x) = F (x) ifecA -A
Now F (X y)= Fg: (x,y) = max{Flve (x), que N} ¢ ¢
=max{F, (%) F, ()} max{F, (x),F, (X)} ifee AnA
Similarly If{fee A — A and (x,y) € (V, xV.)N(V, xV,)}, or T (X y) ifec Ai _ A2
If{ee ANA and (x,y) € (V, xV.) = (V, xV,)}, we & _
can show the same as done above. Tge (X’ y) - ng (X ' y) ifee AZ - A1
Caseii) Ifee ANA and (x,y) e (V,xV.)N(V, xV,), then min{Tg1 (x, y),ng (x,y)} ifee AL A A2
T, 06Y) = maT, ()T, (60} EI E ’
(X, y) ife -
< max{min{T, (x), T, ()}, min{T, (x), T, (¥)} ge( » “AA
* * * h I (x,y)= 1,(x,y) ife - ,
< min{max{T, (x.T, (0}, max{T, ().T; (N} <0 AN Af2 )
o " " min{l , (x,y),1 ,(x,y)} ife
1 {1, (). ()} ifec A A,
Also 1, (xy) =max{l (xy). 1 (x )} Fgl (x,y) ifeeA-A,
< max{min{l, (x), 1, ()} min{l, (91, (Y)}} F, (xy)= Fgez (x,y) ifee A, -A 3.10
< min{max{l, (x),1, (O} max{l, (¥).1, (V)}} max{Fgl (x,y), Fe (x,y)} ifee AnA,
=min{l (x), 1, ()} 3.10 Example
Now  F (x,y) =min{F (xy),F (x y)} Let G, =(V,E,) be a simple graph with with V, = {x,,%,,%;}

= min{max{F, (9. F, (y)},max{F; (9.F, (}}
> max{min{F, (x),F, ()} min{F, (y),F, (Y)}}
= max{F (x), F, (¥)}

Hence the union G = G, UG, is a neutrosophic soft graph.

3.9 Definition The intersection of two neutrosophic soft
graphs G,=(G,A.fg) and G,=(G,A,f*g’) is denoted by
G=(G',Af,g) where A=AnAV=VnV, and the truth-

membership, indeterminacy-membership and falsity-
membership of intersection are as follows

T (x) ifeeA-A,
To(x) ifee A —A ,
min{T; (x), T ()} ifee ANA,

T, (x)=

and set of parameters A ={e,,e,} . ANSG G =(V,A, "¢
is given in Table 6 below and
T (%% ) =01, (%, %) =0and Fy (%) =1, for all
(%% ) €VixV, (%, % ), (%, %, ), (%, %)} and for all
ecA.

Table 6
fl Xl XZ X5
e, (01.0203) (020405) (010507
e, (02,0.30.7) (0.40607) (0.3.0.40.6)
g' (%,%) (% %) (%,%,)
e, (010108 (010308 (0.10.106)
e, (02,0307) (0.304,08) (0.20.30.7)

N (e,) Corresponding to e,

Nasir Shah and Asim Hussain, Neutrosophic Soft Graphs



Neutrosophic Sets and Systems, Vol. 11, 2016

40

X1

(0.1,0.1,0.8)

(0.1,0.2,0.3)

(0.2,0.4,0.5)

X2

(0.1,0.5,0.7)

(0.1,0.3,0.8)

Xs

figure 15

N (e,) Corresponding to e,

N

X2 Xs

(0.2,0.4,0.9)

(0.3,0.5,0.6)

(0.4,0.5,0.9)

(0.1,0.3,0.7)
(0.2,0.4,0.9)

(0.2,0.4,0.6)

X3

figure 17

(e;) Corresponding to e,

(0.2,0.3,0.7)

(0.2,0.3,0.7)

(0.4,0.6,0.7)

(0.3,0.4,0.6)

(0.3,0.4,0.8)

figure 16

Let G;=(V,,E,) be a simple graph with V, = {x,,,, X} and

set of parameters A, ={e,,e,}

A ={e,,&,}. A NSG

(0.1,0.4,0.8)

(0.1,0.2,0.9)

(0.1,0.2,0.6)

X3

figure 18

Let V=V,NV,={x,, %}, A=A UA ={e,e,6}

The intersection of two neutrosophic soft graphs

G,=(, A, f2¢") is given in Table 7 below and G=(Af.g) and G,=(G,,A,f*,g") is given in Table 8.
T (%% ) =015, (%, %, ) =0and Fy (%, %) =1, for all Table 8.
(%% ) €Vo ¥V, \{(%,,% ), (X5, %), (%, %)} and for all
ech,. bl % *s 9 (%, %)
Table 7.
.2,0.4,0. .1,0.5,0.7 .1,0.3,0.
Py X, X X e | (0.204,05) | (0.1,050.7) | g (0.1,0.3,0.8)
e, (0305,06) (0204,06) (0.40509) [¢ [(0.3050.7) | (030409 | e, (0.2,0.4,0.9)
e, (02,0405 (0.1,020.6) (0.1,050.7)
. (%) (o) (ox) | & (0204085 |(010507) | e, | (0.10408)
e, (01,0307) (020409) (0.204009)
e, 010208 (010209 (010408) | (o) ooty

N (e,) corresponding to e,
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X2 X5
| (0.1,0.3,0.8)
1 (0.2,0.4,05) (0.1,05,0.7)

figure 19

N (e,) corresponding to e,

X2

77N

(0.3,0.5,0.7)

Xs

(0.2,0.4,0.9)
(0.3,0.4,0.9)

(

figure 20

N (es) Corresponding to e,

X2 Xs
/ . (0.1,0.4,0.8)
' (0.2,0.4,0.5) (0.1,0.5,0.7)
/4
figure 21

3.11 Proposition
The intersection G=(G',Af,g) of two neutrosophic soft

graphs G =(G A, f',g")and G,=(G,A, f*,¢°) is a neutrosophic
soft graph where , A=AUA, and V=VY,nV, .
Proof
Casei) Ifee A -A thenT (X,y)= Tg, (X, y)

< min{T, (x), T, (y)} = min{T, (x), T, (v)}

so T (x,y) <min{T_(x), T, (¥)}

1,06y =1, (6 y) < mingl s, (9,1 (0}

=min{l (x), I, (¥)}
SO Ige(x, y) <min{l_(x),1_(¥)}
Now F_(x,y)= Fge x,y) = max{Ffel (x), Ffel (D)3

= max{F_(x), F,(¥)}

Similarly Ife e A — A we can show the same as done above.

Also

Caseii) Ifec ANA, then T, (xy) =min{T_(xy).T_(xy)}
< min{min{T, ()T, (y)}.min{T, (9.T, ()3}
< min{min{T, (x),T, ()}, min{T, (y).T, (¥)}}
=min{T, (x), T, (y)}

Also 1 (x,y) =min{l  (x,y),1.(x y)}
< min{min{l, (X): L (D} ;min{l 2 (0,1, (V)}}
< min{min{l, (x), 1, O} min{l, (V)1 (V)}}
= min{l, (), 1, ()}

Now  F (x y) =max{F (xy),F.(x y)}

> max{max{F, (x),F, (y)},max{F, (4, F, ()}
> max{max{F, (x),F, (0} max{F, (y).F, ()}}

= max{F (x), Fy, ()}

Hence the intersection G = G, (1G, is a neutrosophic soft graph.

4 Strong Neutrosophic Soft Graph
4.1 Definition A neutrosophic soft graph G=(G A f,q), is

called strong if g,(xy)=1,(x)nf,(y), for all x,yeV,eeA
That is if

Fe (X, Y)= max{Ffe (x), Fe (y)}
forall (x,y)eE.

4.2 Example

Let V={x.%.%}, A={e,e,} A strong NSG
G=(G',Af,g) is given in Table 9 below and
Tge(xi,xj)=0,Ige(xi,xj)=0andFge(xi,xj)=1 for all

(%% ) €V xV (%, %), (%, %), (%, %)} and for all
eeA
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Table 9. (i) A=A
i " X, X (i) T (0 =T (0100 =T (0, F, () = F, (x) forall x eV
e (0.10204) (0.203,05) (0.3040.7) | (;iiyT.(x y)_{min{T 1o T (VI T (X y) =0
fe ' - .

e, (0.3,0.6,0.8) (0.4,0.5,0.9) (0.3,0.4,0.5) 0 otherwise
g (%, %,) (%,%) (%, %) T (xY) :{min{lfe(X), le ()} if 1. (x,y) =0
6 (0.1,0.2,05) (0.2,0.3,0.7) (0,0,1) 0 otherwise
e, (0.3,0509) (0.3,04,09) (0.3,0.4,0.8) Fo(Xy) = max{F, (x), Fr ()} if Fy (X, ¥) =0

' 0 otherwise

N (e, ) Corresponding to e
( 1) P : ' 4.4 Example
For the strong neutrosophic soft graph in previous
s X example, the complements are given below for e, and e,

Corresponding to e, the complement of

(0.1,0.2,0.4) (0.3,0.4,0.7)

X1 X3

(0.1,0.2,0.5)

(0.2,0.3,.07)

(0.1,0.2,0.4) (0.3,0.4,0.7)

(0.2,0.3,0.5)

(0.1,0.2,0.5)

(0.2,0.3,.07)

figure 22
(0.2,0.3,0.5)

N (ez) Corresponding to e,

X2

X3 X figure 24
(0.3,0.4,0.8)

(0.3,0.4,0.5) is given by

(0.3,0.6,0.8)

(0.3,0.5,0.9)

(0.1,0.2,0.7)
(0.1,0.2,0.4)

(0.3,0.4,0.7)

figure 23
(0.2,0.3,0.5)

4.3 Definition Let G=(G',Af,g) be a strong neutrosophic
soft graph that is g,(xy)="f,(x)nf(y), for all for all
x,yeV,ee A The complement G=(G",Af,g) of strong
neutrosophic soft graph G=(G',A f,q) is neutrosophic soft
graph where

X2

figure 25

Corresponding to e, ,the complement of
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(0.3,0.4,0.8)

(0.3,0.6,0.8)

(0.3,0.5,0.9)

figure 26

is given by

(0.3,0.4,0.5) (0.3,0.6,0.8)

(0.4,0.5,0.9)

figure 27

Conclusion: Neutrosophic soft set theory is an approach
to deal with uncertainty having enough parameters so that
it is free from those difficulties which are associated with
other contemporary theories dealing with study of
uncertainty. A graph is a convenient way of representing
information involving relationship between objects. In this
paper we have combined both the theories and introduced
and discussed neutrosophic soft graphs which are

representatives of neutrosophic soft sets.
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