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Abstract: In this paper, neighborhood connected total domination in an intuitionistic fuzzy graph,
neighborhood disconnected total domination in an intuitionistic fuzzy graph, neighborhood connected perfect
domination in an intuitionistic fuzzy graph, neighborhood disconnected perfect domination in an intuitionistic
fuzzy graphs are introduced and discuss its properties. Furthermore this new domination parameter is compare

with other known domination parameters.
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INTRODUCTION

The study of domination set in graphs was begun by
ore and Berge. The connected domination number was
first introduced by E. Sampathkumar and H.B. Walikar [1]
Rosenfield [2] introduced the notion of fuzzy graph and
several fuzzy analogs of graph theoretic concepts such as
path, cycles and connectedness. A Somasundram and
S. Somasundaram [3] discussed domination in fuzzy
graphs. K.T. Atanassov [4] initiated the concept of
intuitionistic fuzzy relations and intuitionitic fuzzy graphs.
R.Parvathi and M.G. Karunambigai [5] gave a definition of
IFG as a special case of IFGS defined by K.T Atanassov
and A.Shannon. R.Parvathi and G.Thamizhendhi [6] was
introduced dominating set and domination number in
IFGS. In this paper, we discuss some new kinds of
neighborhood connected domination number of an
intuitionstic fuzzy graph and obtain the relationship with
other known parameters of an IFG G.

Preliminaries
Definition: 2.1: An Intuitionistic Fuzzy Graph (IFG) is of
the form G = (V, E) where

« V={V,V,...,V,}suchthatg, : V- [0, 1]ando,: V
- [0, 1] denote the degree of membership and
non-membership of the element v,e V respectively
and0 =0, (v,) + 0, (v)=1, for every vie V.

* Ec VxVwhere

W VXV = [0, 17and p, : VX'V = [0, 1] are such that

My (Vi vp) < min {0,(vy), 0,(v))}

K2 (vi, v)) = max {0,(v), 0,(v))}

and 0 <p (v, v)) + (v, vy) < 1

for every (v;, v))€ E.

Note: when p,; = p,;=0 for some i and j then there is no

edge between v; and v; otherwise there exits an edge

between v, and v;.

Definition: 2.2: An IFG H = (V', E') is said to be an IF
subgraph (IFSG) of G=(V,E)if V'c E and E' c E. That is
<o, 0'5120'2; and 'Ulli < Uy, ;112‘/.2;12‘,- for every

1
O1i

i=1,2...n.

Definition: 2.3: The intuitionistic fuzzy subgraph H = (V',
E’) is said to be a spanning fuzzy subgraph of an IFG G =
(V,E)if (;i(u) =0(u) and glz(u):(;Z(u) forallue V' and ,ui(u,v)s,ul @)
and s 2wy and for all u, ve V.
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Definition: 2.4: Let G = (V, E) be an IFG. Then the vertex
cardinality of G is defined by P = |v| = 22 == for all
vieV.

Definition: 2.5: Let G = (V, E) be an [FG. Then the edge
cardinality of E is defined by “Z‘”’?ﬁ“*“‘ Vi, V) - 1y (Vi V)
for all v,v;eE.

Definition: 2.6: Let G = (V, E) be an IFG. Then the
cardinality of G is defined to be |G| = [V| + |[E| = p +q.

Definition: 2.7: The number of vertices is called the order
of an IFG and is denoted by O(G). The number of edge is
called size of IFG and is denoted by S(G).

Definition: 2.8: The vertices v; and v; are said to the
neighbors in IFG either one of the following conditions
hold
o (v, v) >0,y (v, v) >0
wy (v, vi) = 0, 1y (vi, v) >0
(viov) >0, (Y, y)=0,v,yeV

Definition: 2.9: A path in an IFG is a sequence of distinct
vertices vy, V,, ...V, such that either one of the following
conditions is satisfied.

o 1y (v, v) >0, b, (v, v;) >0 for some i and j
1y (vi, vi) = 0, p, (v, v;) > 0 for some i and j
1y (vi, vi) >0, p, (v, v;) = 0 for some i and j

Note: The length of the path P=v, v,, ... v,,, 0> 0)isn
Definition: 2.10: Two vertices that are joined by a path is
called connected.

Definition: 2.11: An edge e=(x, y) of an IFG G=(V, E) is
called an effective edge if |, (X, y) = min {0,(x), 0,(y)} and
K, (X, y) = max {0,(x), 0,(y)}.

Definition: 2.12: An IFG G =(V, E) is said to be complete
IFG if p,y =min {0, 0,;} and p,; = max {a,, 0} for every
Vi, VE V.

Definition: 2.13: The complement of an IFG, G=(V, E) is
an IFG, G=(V,E), where,

V=v

o =oy; and oy;=0y; ,foralli=1,2, ...n

Hyjj =min{o1;,01 3~ Hyjj
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@=max{02i,oz‘,-}—p2,-j foralli=1,2,...n
Definition: 2.14: An IFG, G =(V, E) is said to bipartite the
vertex set V can be partitioned into two non empty sets V,
and V, such that

* W (v, v)=0andp, (v, v) =0if v;, vie V,(or) v, vie V,
W (vi, vp) > 0 and p, (v;, v;)> 0 if vieV,and v;eV, for
some i and jor

W, (v, vp) =0and p, (v, v)) > 0if vieV, and v;eV, for some
iand jor

W, (vi, v)) >0 and p, (v;, v)) = 0 if vieV, and v, V,for some
iand j

Definition: 2.15:

A bipartite IFG, G = (V, E) is said to be complete if
Hy (Vi v;) = min {0,(v)), 0,(v;)}
K, (Vi Vi) = max {0,(vy), 05(v))}
forall vieV, and v;eV,. It is denoted by K(o,6,, uu,)

Definition: 2.16: A vertex u € V of an IFG G =(V, E) is
said to be an isolated vertex if u, (u, v) =0 and p, (u, v) =
0, for all v € V. That is N (u) = ¢. Thus an isolated vertex
does not dominate any other vertex in G.

Definition: 2.17: Let G=(V,E) bean [FGon V. Letu, v €
V, we say that u dominate v in G if there exits an effective
edge between them.

Definition: 2.18: Let G = (V, E) be an intuitionistic fuzzy
graph G on the vertex set V. Let x , yeV , we say that x
dominates y in G if y, (x, y) = min {0,(x), 0,(y)} and p, (x,
y) = max {0,(x), 0,(y)}.A subset D of V is called a
dominating set in IFG G if for every v € V — D, there exists
u € D such that u dominates v. A dominating set D of an
IFG is said to be minimal dominating set if no proper
subset of D is a dominating set.

Intuitionistic Fuzzy Neighborhood Connected Total
Domination Number: In this section, the concept of
intuitionistic fuzzy neighborhood connected total
domination number is introduced and its properties are
investigated.

Definition 3.1: Let G = (V, E) be an intuitionistic fuzzy
graph. The total dominating set D, is called the
neighborhood connected total dominating set if the
induced intuitionistic fuzzy subgraph <N(D,)> is
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connected. The intuitionistic fuzzy neighborhood
connected total domination number ¥y,.(G) is the minimum
intuitionistic fuzzy cardinality taken over all minimal
neighborhood connected total dominating sets of G.

Example 3.2
02,03
V{(02,0.3) (0.2,0.3) 1,(0.3.0.2)
Ve(0-2.0.4) v7(0.1,0.2)
(0.1,0.4)
(0.2,0.3) 0.1.0.4) (0.1,0.2p (0.1,0.4)
0.1,0.1)
vs(0.1,0.1) v5(0.3,0.1
w0209 V3(0.1,0.4)
Fig. 3.1

Theorem 3.3: If G = (V, E) be an intuitionistic fuzzy k-
regular graph with equal intuitionistic fuzzy vertex and
edge cardinality then G has a neighborhood connected
total dominating set.

Proof: Let G = (V, E) be an intuitionistic fuzzy k-regular
graph with equal intuitionistic fuzzy vertex and edge
cardinality. Then by definition of total domination, every
vertex ve'V is adjacent to some vertex ue D. Every vertex
is incident with equal number of edges since it is a k-
regular intuitionistic fuzzy graph with equal vertex and
edge cardinality. Therefore G has a total dominating set
and the neighborhood of D is connected. Clearly G has a
neighborhood connected total dominating set.

Theorem 3.4: If the k-regular intuitionistic fuzzy graph G
=(V, E) is not a C, with n intuitionistic fuzzy vertices then

Yae(G) < 2 M.

Proof: Let G = (V, E) be an intuitionistic fuzzy k-regular
graph with n intuitionistic fuzzy vertices and D, is the
neighborhood connected total dominating set, v,.(G) is
the minimum neighborhood connected total domination
number of G. The neighborhood connected total

dominating set D,, containing at most ” intuitionistic
2

fuzzy vertices, since by the definition of total dominating
set every veV is adjacent with atleast one vertex ueD,,.
The induced subgraph < N(D,) > is connected. Clearly
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‘Ynct(G) < g |V‘.

Theorem 3.5: If the intuitionistic fuzzy graph G = (V, E)
has a neighborhood connected total dominating set then
G contains a cycle.

Proof: Let G=(V, E) be an intuitionistic fuzzy graph. Since
G has a neighborhood connected total dominating set
then by definition of neighborhood connected total
dominating set, every vertex veV is adjacent with atleast
one vertex ueD,, and the neighborhood of D, is
connected. This implies G has a cycle.

nct

Theorem 3.6: If the intuitionistic fuzzy graph G = (V, E) is
not a cycle, has a neighborhood connected total
dominating set then G has a cycle non split dominating
set.

Proof: Let the intuitionistic fuzzy graph G =(V, E) isnot a
cycle, has a neighborhood connected total dominating set

D,.. D, contains 7 intuitionistic fuzzy vertices. Then the

2
induced subgraph <V-D,.> is a cycle. Therefore G has a
cycle non split dominating set.

net* nct

Theorem 3.7: If G = (V, E) is both a k-regular and r-totally
regular intuitionistic fuzzy graph whose crisp graph is 3-
regular then v,.,(G) = v,.(G).

Proof:

Obvious.

Theorem 3.8: If the intuitionistic fuzzy graph G =(V, E) is
K, then it has a neighborhood connected total dominating
set.

Proof: Let G = (V, E) be an intuitionistic fuzzy graph K,
obviously the dominating set is a singleton set, that is
either of the intuitionistic fuzzy pendent vertices.
Therefore the neighborhood is also a single intuitionistic
fuzzy vertex. Clearly it is connected. Also the dominating
set is total dominating set. Hence the K, has a
neighborhood connected total dominating set.

Remark 3.9: If the intuitionistic fuzzy graph G =(V, E) is
C,°K, then G has a neighborhood connected total
dominating set.

Remark 3.10: The intuitionistic fuzzy neighborhood
connected total dominating set may be an intuitionistic
fuzzy neighborhood connected perfect dominating set but
the converse need not be true.
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Intuitionistic Fuzzy Neighborhood Disconnected Total
Domination Number: In this section, the concept of
intuitionistic fuzzy neighborhood disconnected total
domination number is introduced and its properties are
discussed.

Definition 4.1: Let G = (V, E) be an intuitionistic fuzzy
graph, The total dominating set Dis called the
neighborhood disconnected total dominating set if the
induced intuitionistic fuzzy subgraph <N(D,)> is
disconnected.The intuitionistic fuzzy neighborhood
disconnected total domination number v,.(G) is the
minimum intuitionistic fuzzy cardinality taken over all
minimal neighborhood disconnected total dominating sets
of G.

Example 4.2

V1(0.1,0.4) V502,01

(0.1,0.4)

(0.1,0.4) 0204

V(04,0.3) V30.3.0.4)

(0.3,0.3) 02,0.4)

(0.2,0.2)

v5(0.3,0.1) V4(0.2,0.2)

Fig. 4.1
D, G) = { vy, V3, Vs}

Theorem 4.3: If G = (V, E) is a k-regular and r-totally
regular intuitionistic fuzzy graph then vy, (G) =< 2 |V
2

Proof: Let D be a v,-set . Since G has no isolated

vertices, every V-D has at least one neighbor in V-D. This

means that V-D is also a dominating set. If |[D| > 7,
2

thenV-D is a smaller dominating set, contradicting the
choice of D as a y,,-set. Thus v,,(G) < 2 |V
2

Theorem 4.4: If G = (V, E) is an intuitionistic fuzzy graph
with equal intuitionistic fuzzy vertex and edge cardinality
then y,.(G) =< 2 |y,

2

Proof:

Obvious.

Remark 4.5: If the intuitionistic fuzzy graph G = (V, E) is
a cycle C, or a path P, with n =3 and equal intuitionistic
fuzzy vertex and edge cardinality then,
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Yndct( Cn) ZYndct( Pn) = ﬁ ‘V| lfn = 0 (mOd 4)
2

Yndcl( Cn) = Yndcl( Pn) = L+2 |V‘ lfn = 2 (mOd 4)
2

Yndcl(cl1) = Yndcl( Pn) = LH |V‘, OtherWiSC.
2

Intuitionistic Fuzzy Neighborhood Connected Perfect
Domination Number: This section, the concept of
intuitionistic fuzzy neighborhood connected perfect
domination number is introduced and related properties
are discussed.

Definition 5.1: Let G = (V, E) be an intuitionistic fuzzy
graph, The perfect dominating set D, is called the
neighborhood connected perfect dominating set if the
induced intuitionistic fuzzy subgraph < N(D, > is
connected. The intuitionistic fuzzy neighborhood
connected perfect domination number v,,(G) is the
minimum intuitionistic fuzzy cardinality taken over all
minimal neighborhood connected perfect dominating sets
of G.

Example 5.2
(0.2,0.1)v L0203 v 40.3,0.4)
(0.2,0.2
03.02)v o222 ve0.2,0.1)
(0.3,0.4)
(0.2,0.1)vy (0309 V0.4,0.2)
(0.3,0.4)
(0.1,0.3)
(0.4,0.1)V 4 v g0.1,0.3)
Fig. 5.1

Lemma 5.3: If D = {u, v} is a perfect dominating set of an
intuitionistic fuzzy graph G = (V, E), then N(u)nN(v) =¢
and N[u]uN[v] =V(QG).

Proof: Suppose N(u)nN(v) #{. Then there is a vertex
xeV(G) such that xeN(u)nN(v). Then xeN(u) and xeN(v).
This implies that x € V(G)-D is dominated by u and v
contrary to the fact that D is a perfect dominating set of G.
Thus N(u)NN(v) =¢. Suppose that N[u]JuN[v] #V(G).
Then there exists weV(G) such that wgN[u]uN][v], Thus
wéN[u] and w&N[v]. This implies that w is not dominated
by any element of D contrary to the fact that D is a
dominating set of G. Thus N[u]JuN[v] =V(G).

Theorem 5.4: If G = (V, E) is an intuitionistic fuzzy graph
and D is the neighborhood connected perfect dominating
set then V-D need not be a neighborhood connected
perfect dominating set.
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Theorem 5.5: If the intuitionistic fuzzy graph G = (V, E)
has a neighborhood connected perfect dominating set
then G has an even number of intuitionistic fuzzy vertices.

Proof: Let G = (V, E) be an intuitionistic fuzzy graph and
D be the neighborhood connected dominating set. By the
definition of perfect dominating set, every vertex u in D is
adjacent with exactly one v in V-D. Clearly |D| = |V — D|.
Therefore |G| = |D| + |V — D|, clearly the number of vertices
in G is even.

Theorem 5.6: Let D, and D, be the two perfect dominating
set of an intuitionistic fuzzy graph G = (V, E) then |D,| =
|D,| but the neighborhood connected perfect domination
numbers are not equal, That is v,,,(G)#¥,(G).

Proof: Let xeD,.Then there is a unique vertex V(x) in D,
which is adjacent to x, moreover for every y in D, there is
a unique vertex U(y) in D, which is adjacent to y. It may
be noted that these functions are inverse of each other.
Therefore |D,| = |D|, and hence D and D have the
intuitionistic fuzzy cardinality 2 | and 2 -
Therefore ¥, (G)# Yooz (G).

xeD1 yeD2

Remark 5.7: Let D, and D, be the two perfect dominating
set of an intuitionistic fuzzy graph G = (V, E) with equal
intuitionistic fuzzy vertex and edge cardinality. Then the
neighborhood connected perfect domination numbers are
equal, that is Y, (G) =Y (G).

Corollary 5.8: If G = (V, E) is an intuitionistic fuzzy graph
having two neighborhood connect perfect dominating
sets D, and D, such that|D,| # |D,| then D, D,# ¢.

Corollary 5.9: Let G = (V, E)be an intuitionistic fuzzy
graph with n intuitionistic fuzzy vertices. If there is a
perfect dominating set D with the number of vertices in D
is [D| # » then V-D is not a perfect dominating set.

2

Intuitionistic Fuzzy Neighborhood Disconnected Perfect
Domination Number: This section, introduces the
concept of intuitionistic = fuzzy  neighborhood
disconnected perfect domination number and carries out
a discussion on its properties.

Definition 6.1: Let G = (V, E) be an intuitionistic fuzzy
graph, The perfect dominating set D, is called the
neighborhood disconnected perfect dominating set if the
induced intuitionistic fuzzy subgraph< N(D,) > is
disconnected. The intuitionistic fuzzy neighborhood
disconnected perfect domination number y,,(G) is the
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minimum fuzzy cardinality taken over all minimal
neighborhood disconnected perfect dominating sets of G.

Theorem 6.2: If G = (V, E) is an intuitionistic fuzzy cycle
with 4n intuitionistic fuzzy vertices then y,,( C,,) =2n|V|.

Proof:
Obvious.
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