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Abstract -The notion of interval, double-valued neutrosophic intuitionistic fuzzy sets is a generalization of fuzzy sets, intuitionistic fuzzy
sets, interval valued intuitionistic fuzzy sets. We apply the concept of interval, double-valued neutrosophic intuitionistic fuzzy sets an
instance of neutrosophic intuitionistic fuzzy sets, to graphs. We introduce certain types of strong interval ,double-valued neutrosophic
intuitionistic fuzzy graphs and investigate some of their properties with proofs and examples.
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I. INTRODUCTION

Neutrosophic sets (NSs) proposed by Smarandache [4, 5] are powerful mathematical tools for dealing
with incomplete, indeterminate and inconsistent information in real world. They are a generalization of fuzzy
sets [12], intuitionistic fuzzy sets [9, 11], interval valued fuzzy set [6] and interval-valued intuitionistic fuzzy
sets theories[10].

The neutrosophic sets are characterized by a truth-membership function (t), an indeterminancy-
membership function (i), and falsity-membership function (f) independently, which are within the real
standard or nonstandered unit interval [0,1].

The same authors [3, 14] introduced as well the concept of interval valued neutrosophic sets. The
extension of fuzzy graph [1,2] theory have been developed by several researchers, including intuitionistic
fuzzy graphs , considering the vertex sets and edge sets as intuitionistic fuzzy sets. In interval valued fuzzy
graphs, the vertex sets and edge sets are considered as interval valued fuzzy sets. In interval valued
intuitionistic fuzzy graphs, the vertex sets and edge sets are regarded as interval valued intuitionistic fuzzy
sets.

But, when the relations between nodes (or vertices) in problems are indeterminate, the fuzzy graphs
and their extensions fail. In order to overcome the failure, Smarandache [3] defined four main categories of
neutrosophic graphs: I-edge neutrosophic graph, I-vertex neutrosophic graph , (t,i,f)-edge neutrosophic graph
and (t,i,f)-vertex neutrosophic graph. Later on, Broumi et al. introduced another neutrosophic graph model.
This model allows the attachment of truth-membership (t), indeterminacy-membership (i) and falsity-
membership (f) degrees both to vertices and edges. A neutrosophic graph model that generalizes the fuzzy
graph and intuitionistic fuzzy graph is called Strong interval, double-valued neutrosophic intuitionistic fuzzy
graphs.

Strong interval, double-valued neutrosophic intuitionistic fuzzy graphs are developed and some
interesting properties are explored.
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2. PRELIMINARIES
DEFINITION 2.1

A neutrosophic fuzzy graph with underlying set V is defined to be a pair N, = (A, B) where

1. The functions T,:V —[01], 1,:V —>[0]1] and F,:V —[01] denote the degree of truth-
membership, degree of indeterminacy-membership and falsity-membership of the element v, €V ,

respectively and 0 <T,(v,)+ 1,(v;) +F.(v;) <1 ........ (1)
2. EcV XV where, functions Tg:V xV —[01], 1;:VxV —>[01] and Fz:V xV —>[01] are
defined by
To(Vi, V) ST (V) Ta(vy) oo, 2)
g (Vi, V) S Ta(v)da(v) oo 3)

Fo (Vi,V;) < Fo(v)-Fa(v))

forall v;,v; eV where e means the ordinary multiplication denotes the degree of truth-membership,

indeterminacy-membership and falsity-membership of the edge (v;,v;)eE respectively, where
0<Tg(v;, V) + (v, V) + Fg(vi,v;) <1 forall (v;,v;) e E (i,j=1,2,3,....n)

' 2
V1(02.0.3.0.3) (0.08,0.15,0.03) V1 (0.4,0.5,0.3)
(0.11,0.03,0.27) (0.3,0.4.0.10)
Vi (0.6,0.1,0.9) (0.043,0.06,0.32) Vi (0.8,0.7,0.4)

Figure 1- Neutrosophic fuzzy graph

we call “A” the neutrosophic fuzzy vertex set of V, “B” the neutrosophic fuzzy edge set of E,
respectively.

DEFINITION 2.2

An interval valued intuitionistic fuzzy graph with underlying V is defined to be a pair G=(A, B) where

1) The function M, :V — D[0,1] and N, :V — D[0,1] denote the degree of membership and non-
membership of the element x €V respectively, such that

0<M,(X)+N,(x)<1 forall xeV.
2) The functions M, : E <V xV — D[0,1] and N; : E <V xV — D[0,1] are defined by
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Mg, (X, y) <min(M,, (x), M, (¥)),
Ng, (X, y) = max(N, (x), Ny (¥)),
Mgy (X, y) <min(M,, (x), M, (¥)),
Ngy (%, y) 2 max(N ,, (x), N oy (¥)),

Such that 0< Mg, (X, y¥)+ Ng, (X, y) <1, forall (x,y)eE.

DEFINITION 2.3

A double valued neutrosophic fuzzy graph with underlying set V is defined to be a pair G = (A, B)
where

1. The functions T,:V —[01], I,:V —>[01] and F,:V —[01] denote the degree of truth-
membership, degree of indeterminacy-membership and falsity-membership of the element v, €V ,
respectively and 0 <T,(v,)+1,(v;)+ F,(v,) <1 forall v, eV (i =123.....n)

2. The functions T :EcV xV —>[0]1], I;:EcV XV —>[0]1] and Fs:E<V xV —»[0]] are
defined by
Tg(vi,vy) <min[T,(v;), Ta(v;)]

I (vi,v;) <minf[l,(v;), 1,(v;)] and

Fg(vi,vy) = max[F,(v;), Fu(v))]

[ |

Denoting the degree of truth-membership, indeterminacy-membership and falsity-membership of
the edge (v;,Vv;) € E respectively, where 0 <Tg(v;,v;) + l5(v;,v;) + Fg(v;,v;) <1 forall (v,v;)eE (i,
j=1,2,3,....n)

we call “A” the double valued neutrosophic fuzzy vertex set of V, “B” the double valued neutrosophic
fuzzy edge set of E, respectively.

Note that B is a symmetric double valued neutrosophic relation on A. We use the notation (v;,v;) for
an element of E. Thus, G=(A,B) is a double valued neutrosophic graph G =(V,E) if :

Tg (vi,vy) < min[T,(v;), T,(v;)]
I (vi,v;) <minfl,(v;), 1,(v;)] and
Fs (vi,v;) 2 max[F, (v;), Fa(v))]

forall (v;,v;) eE
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(0.5,0.1,0.4) (0.6,0.3,0.2

@ (0.4,0.1,0.6) O

(0.1,0.2,0.8)
(0.2,0.1,0.7)
0.4,0.2,0.5
(0.4,0.2,0.5) (0.1,0.2,0.8) (0.2.0.3.0.4)

Figure 2-Double valued neutrosophic fuzzy graph

3. Interval, Double-Valued Neutrosophic Intuitionistic Fuzzy Graphs
DEFINITION 3.1

A interval, double-valued neutrosophic intuitionistic fuzzy graph (IDVNIF-graph) with underlying set
V is defined to be a pair G=(A,B) where

1. V={vy,vo,....vq} such that Ta:V—[01], Tau:V—[01], lau:V—>[01], lau:V—[01], and
Fau:'V—[01], Fau :V—[01] denote the degree of truth-membership, the degree of indeterminancy-
membership and falsity-membership of the element vieV, respectively, and
0<TA(v;)+1,(v,)+FL(v,) <1, forevery vieV.,

2.The functions  Tg.:VxV —[01], Teu:VxV —[01], lg.:VxV —[0]], lIgu:VxV —[0]] and
FeL:VxV —[01], Feu:V xV —[01], such that

To (Vi V) <min[T, (v;), Ta (V)]

Toy (Vi, Vi) <min[T,y (v;), Tay (v))]

i

Lg Vi, vy) <min[lg (v;), 15 (V)]

Loy (Vi V) s min[lg, (v;), gy (V)]
And

FBL(Vi’Vj) 2 maX[FBL(Vi)’ FBL(Vj)]

FBU (Vi’vj) 2 maX[FBU (Vi)’ FBU (Vj)]

Denote the degree of truth-membership, the degree of indeterminancy -membership and falsity-
membership of the degree (v;,v;) € E respectively, where
0<Tg(v;,v;) +1g(v;,v;) + Fg(v;,v;) <1 forall (v;,v;)eE
EXAMPLE

Consider a graph G™ such that V={v1,vovs}, E={V1V2,Vov3,vav1}. Let A be a interval, double-
valued neutrosophic intuitionistic fuzzy subset of V and B a double-valued neutrosophic intuitionistic fuzzy
subset of E denoted by
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(x.[0.2.0.4].[0.5.0.7].[0.4,0.6])

(xy,[0.1,0.2].[0.4,0.3].[0.4.0.7])
(x2.[0.1,0.2],[0.4,0.2].[0.7.0.9])

V3
(v.[0.6,0.7],[0.2,0.3],[0.2,0.3]) (z.[0.1,0.2].[0.4,0.3],[0.7,0.9])

(yz.[0.1.0.1].[0.2.0.3].[0.8.0.9])

Figure 3- Interval, Double-Valued Neutrosophic Intuitionistic Fuzzy Graph

In figure 3
Q) (x,[0.2,0.4],[0.5,0.7],[0.4,0.6]) is a interval, double-valued neutrosophic intuitionistic fuzzy
vertex.
(i) (xy,[0.1,0.2],[0.4,0.3],[0.4,0.7]) is interval, double-valued neutrosophic intuitionistic fuzzy
edge.

(@iii)  (x,[0.2,0.4],[0.5,0.7],[0.4,0.6]) and (y,[0.6,0.7],[0.2,0.3],[0.2,0.3]) are interval, double-valued
neutrosophic intuitionistic fuzzy adjacent vertices.

(iv)  (xy,[0.1,0.2],[0.4,0.3],[0.4,0.7]) and (yz,[0.1,0.1],[0.2,0.3],[0.8,0.9]) are interval, double-
valued neutrosophic intuitionistic fuzzy adjacent edge.

DEFINITION 3.2

A interval, double-valued neutrosophic intuitionistic fuzzy graph G=(A,B) of G =(V,E) is called
strong interval, double-valued neutrosophic intuitionistic fuzzy graph if

TBL(Vi ,v,-):m in [TAL(Vi) ,TAL(VJ')]

Tgu(Vi ,Vj):m in [T/_\U (Vi) ,T/_\U (VJ)]
|BL(Vi ,v,-):m in [ |A|_(Vi), |A|_(Vj)]
lsu(vi,v))=min[lau(vi),lau(vj)] and
FaL(vi,vj)=max[Fac(vi),FaL(Vj)]

Feu(Vi,vj)=max[Fau(Vi),Fau(v)] forall(v;,v;) €E.

DEFINITION 3.3

The complement of a interval, double-valued neutrosophic intuitionistic fuzzy graph G(A,B) on G is a
interval, double-valued neutrosophic intuitionistic fuzzy graph G on G~ where

1. A=A
2. TAL(Vi) = TAL (Vi) )

Tz(Vi) =Tau (Vi)
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L (V) =1, (),
I_(V)_ Faw (Vi)
Fu (V) = Fu (V).
Fao (V) = Fay (v;) forall v, eV.

3. T (Vi V) = Min[T, (v,), Tu (V)] =T (v, V)),
Tou (VioVy) = Min[T g (v), Ty (V)] = Tay (Vi V),
To (Vi) = min[l, (V) 1 (V)] = e (V)
Toy (v, v;) = minfly (v), Ly (V)] = gy (v, v;) and
o (Vi V) = max{Fu (v,), Fu (V)] = Fa (v, V),

BU(VHV) max[F,, (v;), FAU(V )N- FBU(VHV)fora“(Vl’ ,)EE-

REMARK

If G=(V, E) is a interval, double-valued neutrosophic intuitionistic fuzzy graph on G". Then from

above definition, it follow that G is given by the interval, double-valued neutrosophic intuitionistic fuzzy
graph G = (V,E) on G where

V =V and
BL(Vu i) = min[T, (vi), Tac (VI = Te (v v)),
-I-=(VI’V]) MIN[Ty (Vi) Tay (V)] =Teu (vihV5),

t(vi’vj):min[lAL(Vi)'IAL(Vj)]_IBL(Vian),
;(Vu j) mm[IAu(V):IAU(V )] BU(V,, J) and

FBL(Viij) = maX[FAL(Vi)i FAL(Vj)]_ FBL(Vi!Vj)a

F=(v,,v ) =max[F,, (V;), Fay (vV;)]1 - Fgy (vi,v;) forall(v;,v;) e E.

Thus To =T, Tau =Tey, la=las gy =lg, and Fy =Fs, Fg, =Fs, 0N V, where
E=(TsL, Teu,lsL IsuFeL,Fsu) is the interval, double-valued neutrosophic intuitionistic relation on V. For any
interval, double-valued neutrosophic intuitionistic fuzzy graph G. G is strong interval, double-valued
neutrosophic intuitionistic fuzzy graph and G = G.
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PROPOSITION 3.1

G =G ifand only if G isa strong interval, double-valued neutrosophic intuitionistic fuzzy graph
Proof:

Strong interval, double-valued neutrosophic intuitionistic fuzzy graph, G=(A,B) defined on a graph
G'=(V,E) such that V={a,b,c,d}, E={ab,bc,cd,da} . A is an strong interval, double-valued neutrosophic
intuitionistic fuzzy set of V.

A={(a,[0.4,0.6],[0.2,0.1],[0.8,0.9]),(b,[0.2,0.3],[0.6,0.4],[0.9,0.9]),(c,[0.6,0.8],[0.4,0.3],

[0.7,0.5]),(d,[0.1,0.2],[0.1,0.1],[0.5,0.6])} and B an Strong interval, double-valued neutrosophic intuitionistic
fuzzy setof E <V xV .

B= {(ab,[0.2,0.3],[0.2,0.1],[0.9,0.9]),(bc,[0.2,0.3],[0.4,0.3],[0.9,0.9]), (cd,[0.1,0.2], [0.1,0.1], [0.8,0.9])
} {(ac,[0.4,0.6],[0.2,0.1],[0.8,0.9]), (bd,[0.1,0.2],[0.1,0.1],[0.9,0.9])}.

(a, [0.4,0.6],[0.2,0.1]1,[0.8,0.9]) (ab,[0.2,0.3],[0.2,0.1],[[0.9,0.91) (0.[0.2,0.31.[06.0.41.[0.9.0.91)

Vi) @

(ad.[0.1,0.2],[0.1,0.1],[0.8,0.9])

(be.[0.2,0.31,[0.4,0.3],[0.9.0.9])

Ty 7
'3 Vi
(d.[0.1,0.21.[0.1.0.1],[0.5.0.6]) (cd,[0.1.0.2].[0.1,0.1],[0.7.0.5]) (0T 0.51[0.4.0310.7.0.5)

Figure 4- G : Strong Interval, Double-valued Neutrosophic Intuitionistic Fuzzy Graph

(b,[0.2,0.3],[0.6,0.4],[0.9,0.9])
(a,[0.4,0.6],[0.2,0.1],[0.8,0.9])

(ac,[0.4,0.6],[0.2,0.1],[0.8,0.9]) (64.[0.1,0.2],[0.1.0.1],[0-9.05D

(c.[0.6.0.8],[0.4,0.31,[0.7.0.5])
(d,[0.1,0.2].[0.1,0.1].[0.5,0.6])

Figure 5- G Strong Interval, Double-valued Neutrosophic Intuitionistic Fuzzy Graph
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(a, [0.4,0.6],[0.2,0.1],[0.8,0.9]) (ab,[0.2,0.3].[0.2,0.1],[[0.9,0.9]) (0.00-2,0.3],[0-6.0.41,[0.9.0.91

L O

(2d.[0-1.0.2],[0.1.0.11.[0.8.05) (be,[0.2,0.3],[0.4,0.3],[0.9,0.9])

Y
(d.[0.1,0.2],[0.1,071].[0.5,0.6]) (cd,[0.1,0.2].[0.1,0.1],[0.7.0.5])

-
Vi

(2,[06,0.81,[0.4,0.31,[0.7,0.5])

Figure 6- G : Strong Interval, Double-valued Neutrosophic Intuitionistic Fuzzy Graph
DEFINITION 3.4

A Strong interval, double-valued neutrosophic intuitionistic fuzzy graph G is called self

complementary if G =G. Where G is the complement of interval, double-valued neutrosophic intuitionistic
fuzzy graph G.

PROPOSITION 3.2

Let G; and G, be strong interval, double-valued neutrosophic intuitionistic fuzzy graph, G, =G,
(isomorphism).

Proof

Assume that G; and G, are isomorphic, there exist a bijective map f :v, — v, satisfying
TAL (Vi) = TAU (f (Vi )
IAL(Vi) = IAU (f (Vi))’

Fo (V) = Foy (F(v,)) forall v, eV

And
T (viovy) = Tay (F(vi), T(v))),
Lo (Vi V) = Tey (F(v;), £(v))),
Fa  (Vi,V;) = Fgy (f(v;), f(v;)) forall(v;,v;) €E.
) By definition complement of a interval, double-valued neutrosophic intuitionistic fuzzy graph
we have,
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To (Vi V) = min[T, (v), Ta (V)] = To (Vi V)
=min[T,y (F (V) Tag (F 1= Tou (F(V), F(V)),
= Tou (F(v), F(v))).

Toc (Vi) = min[l, (V) 1 (V)1 = 1 (V0 V))
=min[ly (F V) Ly (FVNT= oy (F (), F(V5)),
= Tgo (F(v,), F(v))).

For (Vi V) = max[Fy, (v;), Fo (V)] = Fo (Vi V)
=max[F,, (f(v;)), Fay (F (V)= Fay (F(v), T(v))),
= Fou (F(v,), F(v,)).

forall(v;,v;) € E. Hence CTl ~ G_2 (isomorphism).

PROPOSITION 3.3

The complement of strong interval, double-valued neutrosophic intuitionistic fuzzy graph is a strong
interval, double-valued neutrosophic intuitionistic fuzzy graph with no edge.

Proof

Let G=(A,B) be a strong interval, double-valued neutrosophic intuitionistic fuzzy graph so

Tor (Vi V) = min[T, (v;), Ta (V1= Te (Vi V), Wi, jowwwn

=min[T, (v;), To (v;)]=min[T, (v;), T, (v;)] forallij,....n

=0 forallig,...... n.
Tou (v, V) = Min[Tog (v;), Tay (V)] = Tey (Vi,V;), Vi, o

=min[T,, (V;), Tay (v;)]=min[T,, (v;), Tpy (v;)] forallij,....n

=0 foralli,g,...... n.
Tg (v, V) =min[1, (v), 1o (V)] 15 (v, V), Vi, Joe.

= min[1, (v;), 1o (V)] =min[1, (v;), 1,4 (v;)] forallij,....n

=0 forallig,...... n.
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Ty (Vi)

Fol (V,,V;)

Fau (V,V))

Thus [-E(Viivj)1-|TU(Vi1vj)lE(vi1Vj)'E(Vi1Vj)’F_BL(Vi’Vj)1§(vi1vj)] =0.

=minfl,, (v;), Tay (V)] =Ty (vi,V)), Vi, j.....n.
= min[l,, (v;), Lay (v;)]=min[l,, (v;), 1, (v;)] forallij,....n

=0 foralli,g,...... n.

= max[Fu (v;), Fa (V)] = Fe (vi,V)), Vi, jo.n

= max[F, (v;), Fa (v;)]—max[F, (v;),Fa (v;)] forallij,....n
=0 forallij,......n.

=max[F,, (v;), Fay (Vi) = Fay (Vi1 V), Vi, jo....n.

= max[F,, (v;), Fay (v;)]—max[F,, (v;), Fuy (v;)] forall ij,.....n

=0 foralliy,...... n.

ISSN NO: 1301-2746

Hence the edge set of G is empty. If G is a strong interval, double-valued neutrosophic intuitionistic fuzzy

graph.

IV CONCLUSION

Strong interval, double-valued neutrosophic intuitionistic fuzzy sets is a generalization of the notion of
fuzzy sets, intuitionistic fuzzy set, Interval valued fuzzy sets, Interval valued intuitionistic fuzzy sets and
double valued neutrosophic sets.

In this paper we have defined for the first time interval, double-valued neutrosophic intuitionistic
fuzzy graph. In future study, we plan to extend our research to interval, double-valued neutrosophic
intuitionistic soft fuzzy graph.
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