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Abstract

Sambathkumar introduces the notion of global domination in graphs.
Nagoorgani and Jahir Hussain introduced the concept of global domination in
fuzzy graphs using effective arcs. This paper presents global domination in
fuzzy graphs using strong arcs. The strong global domination number of different
classes of fuzzy graphs is obtained. An upper bound for the strong global
domination number of fuzzy graphs is obtained. Strong global domination in
fuzzy trees is studied. It is established that every node of a strong global
dominating set of a fuzzy tree is either a fuzzy cut node or a fuzzy end
node. lItis proved that in a fuzzy tree, each node of a strong global dominating set
is incident on a fuzzy bridge. Also, the characteristic properties of the
existence of a strong global dominating set for a fuzzy graph and its complement
are established.
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strong global domination.
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1 Introduction

Fuzzy graphs were introduced by Rosenfeld [26]. Rosenfeld has described the
fuzzy analog of several graph theoretic concepts like paths, cycles, trees, and
connectedness and established some of their properties [26]. Bhutani and
Rosenfeld have introduced the concept of strong arcs [9]. Akram also does
several works on fuzzy graphs, Dudek, Davvaz, Sunitha R.A. Borzooei, Hossein
Rashmanlou, and Pal [1, 2, 16, 5, 32, 28]. Global domination in graphs was
discussed by Sampathkumar [7]. Somasundaram and Somasundaram dis-
cussed domination in fuzzy graphs. They defined domination using effective
edges in fuzzy graphs [29, 30]. Nagoorgani and Chandrasekharan explained
domination in fuzzy graphs using strong arcs [21]. Manjusha and Sunitha
discussed some concepts of domination and total domination in fuzzy graphs
using strong arcs [15, 16]. Akram did related works on bipolar fuzzy graphs,
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Waseem and Madhumangal Pal [4, 3, 22]. This paper discusses global
domination in fuzzy graphs using strong arcs.

2 Preliminaries

It is pretty well-known that graphs are simply models of relations. A graph
isa convenient way of representing information involving the relationship
between objects. Vertices and relations by edges represent the objects. When
there is vagueness in the description of the objects, their relationships, or
both, it is natural that we must design a 'fuzzy graph model." It briefly
summarises some basic definitions in fuzzy graphs presented in [8, 9, 15, 20,
21, 23, 26, 12, 29, 31].

>A fuzzy graph i} denoted by G:(V,o,u), where V is a node-set, o
and u are mappings defined as o3¥ —[01] and x:VxV —{01], where o
and uSrepresent the membership values of a node and an arc respectively.
For any fuzzy graph, MX,Y) §—<7(X)/{0'$y). Wk consider fugzy graph G
with no loops and assume that V ig finite and nonempty, u is reflexive
(i.e., u(x,X) < o(x), for all x) and symmetric (i.e., u(X,y)=u(y,x), for
all (x, y)). In all the examples, o is q%wo&en suitably. Aiso, we de?ote thé
underlying crisp graph by G* : (0% u*) where o* = {u eV:O'(u)>O} and
{(u,v)eV xV :,u(u,v)>0}. Throughout, we assume that o' =V . The fuzzy
graph H:(z,v) is said to be a partial fuzzy subgraph of G:(V,o,u) if
vcu and rco. In particular, we call H:(z,v) a fuzzy subgraph of
G:(V,o,u) if z(u)=0c(u) forall uez” and v(u,v) = u(u,v) forall (u,v)ev’.

A fuzzy graph G:(V,o, 1) is called trivial if o =1. Two nodes U and V in a
fuzzy graph G are said to be adjacent (neighbors) if (u,v)>0. The set of all
neighbors of u is denoted by N(u).

An arc (u,v) of a fuzzy graph G:(V,o,u) with u(u,v)>0 is called a
the weakest arc of G if (u,v) is an arc with a minimum x(u,v).

A path P of length n is a sequence of distinct nodes Uug,Uu,........ U,
such that u(u,_,,u,)>0,i=12,....nand the degree of membership of the
weakest arc is defined as its strength. If U, =un,2and n>3, then P is called

a cycle, and P is called a fuzzy cycle if it contains more than one weakest
arc. A cycle's strength is the strength of its weakest arc. The strength of
connectedness between two nodes, X and Y, is defined as the maximum of
the strengths of all paths between X andy and is denoted by
CONN, (%, Y).

A fuzzy graph G:(V,o,u) is connected if for every X, y in
CONN,(x,y)>0

o

7’

An arc (u,v) of a fuzzy graph is called an effective arc if (u,v)=c()Ac(v).

Then U and V are called effective neighbors. The set of all effective



neighbors of u are called the effective neighborhood of u and are denoted
by
EN().
A fuzzy graph G:(V,o, u) is said to be complete if p 1(u,v) =o(U) Ac(V),
for all u,v € o*.
Theorder p and size q of a fuzzy graph G:(V,o,u) is defined to be
p=30(9) andq= Y uxy).

xeV (X,y)eVxVv
Let G:(V,o, 1) be a fuzzy graph and TV . Then the scalar cardinality
of S is defined to be» o&(v), and it is denoted by |S|s|. Let p denotes the

veS
scalar cardinality of V , also called the order of G.

The complement of a fuzzy graph G:(V,o, 1), denoted by G, is

definedto be G = (V, g, u) where u(x,y)=oc0(x)Ao(y)—u(x,y) for all x, y €
V [33]. An arc of a fuzzy graph G : (V, g, u) is called strong if its weight is at
least as great as the strength of connectedness of its end nodes when it is
deleted. A fuzzy graph G is called a strong fuzzy graph if each arcin G is
a strong arc. Depending on CONNG(x, y) of an arc (x,y) in a fuzzy graph
G, Mathew, and Sunitha [31] defined three different types of arcs. Note
that CONNG-(xy)(X, y) is the strength of connectedness between x and yin
the fuzzy graph obtained from G by deleting the arc (x,y). An arc (x, y)
in G is a— strong if u(x,y) > CONNg-(x,)(x, ¥). An arc (x,y) in G is
68— strong if u(x, y) = CONNg-(xy)(x, y). An arc (x,y) in G is 6— arc if
H(x, y) < CONNG-(xy)(x, ¥)-
Thus, an arc (x, y) is strong if it is either a strong_or 8 strong. Also, y is
called a strong neighbor of x if the arc (x,y) is strong. The set ofall
strong neighbors of x is called the strong neighborhood of x and is
denoted by Ns(x). The closed strong neighborhood N [x] is defined as
N, [x]= Ns(x)ul{)(k A path P is called a strong path if P contains only

strong arcs.

A fuzzy graph G : (V, o, u) is said to be bipartite [29] if the vertex set V
can be partitioned into two non-empty sets Vi and V> such that u(vy, v2) = 0
if vi, v2 € Vi or vy, v2 € Va. Further if u(X, y)=a(x)/\va(y) forallu € »1
and v € V,, then G is called a complete bipartite graph and is denoted by
Ks1,0,, Where o1 and o2 are respectively the restrictions of o to V1 and V.

A node u is said to be isolated if u(u, v) =0 for all v#u

3 Strong Global Domination in Fuzzy Graphs

This section introduces the concept of global domination in fuzzy graphs
using strong arcs. Recall the notion of global domination in graphs introduced
by Sambathkumar [7]. According to him, a dominating set S of G is a global
dominating set of G if S is also a dominating set of the complement of G.
The minimum number of vertices in a global dominating set of G is the global
domination number y4(G) of G.
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4
Nagoorgani and Jahir Hussain [24] introduced the concept of global

domination in fuzzy graphs using effective arcs. According to thenca set
DcV is a dominating set of a fuzzy graph G if every vertex in V\ D is
effective adjacent to some vertex in D. A fuzzy dominating set D of an
effective fuzzy graph G is a global fuzzy dominating set if D is also a fuzzy
dominating set of the complement of a fuzzy graph G. The global fuzzy
domination number is the minimum fuzzy cardinality of a fuzzy global
dominating set. These concepts have motivated researchers to reformulate
the concept of global domination more effectively. The studies in [24] are
the main motivation of this article, and it is introduced the definition of
global domination of a fuzzy graph using strong arcs. This introduction is
essential because the parameter 'global domination number' defined by
Nagoor gani and Jahir Hussain [24] is inclined more towards graphs than
fuzzy graphs. Using the new definition of global domination number, it is
possible to reduce the value of the old global domination number and
extract classic results in a fuzzy graph.

Definition 3.1 [21] A node v in a fuzzy graph G : (V, o, u) is said to strongly
dominate itself and each of its strong neighbors ; that is, v strongly
dominates the nodes in Ns[v]. A set D of nodes of G is a strong dominating

G set if every node of V (G) — D is a strong neighbor of some node in D.

Definition 3.2 A strong dominating set D of a fuzzy graph G : (V, o, u) is
called a strong global dominating set of G if D is also a strong dominating set
of the complement of the fuzzy graph G.

Definition 3.3 The weight of a strong global dominating set D is defined
as W (D) = “jep M(u, v), where u(u, v) is the minimum of the membership
values (weights) of the strong arcs incident on u. The strong global domination
number of a fuzzy graph G is defined as the minimum weight of strong global
dominating sets of G, and it is denoted by y (G) or simply Veg- A

minimum strong global dominating set in a fuzzy graph G is a strong global
dominating set of minimum weight.

Let ys4(G) or Vsg denote the strong global domination number of the
complement of a fuzzy graph G.

Remark 3.4 Note that in any undirected fuzzy graph G : (V, o,ﬂ), for any
x, ye V, if (x,y) is a strong arc in G, then (x, y) need not be a strong arc in

G. That is, if x strongly dominates y in G, then x need not strongly
dominate y in G.

Remark 3.5 If all the nodes are isolated, then V is the only strong global
dominating set of G of order p and ysg = 0. That is, Ns(u) = ¢ for each u € V.



Example 3.6 Consider the fuzzy graph given in Fig. 1.

u(0.6) 0.1 v(0.7)

0.2 0.4

w(0.8) 0.3 x(0.9)
Fig. 1 lllustration of strong global domination in fuzzy graphs

In this fuzzy graph, strong arcs are (u, w), (w, x), and (x, v). The strong
global dominating sets are D1 = {u, x}, D> = {u, v}, D3 = {w, x},and D4 =
{v, w}. Among these, the minimum strong global dominating sets are D1 and
D3 where

W(D1) =0.2+0.3=0.5 and W(Ds3) =0.2 +0.3 =0.5.
Hence

ysg = 0.5.

4 Strong Global Domination number for classes
of Fuzzy graphs

This section determines the strong global domination number of a complete
fuzzy graph, complete bipartite fuzzy graphs, and fuzzy cycles.

Proposition 4.1 If G : (V, o, u) is a complete fuzzy graph, then
Vsg(G) = nu(u, v),

where n is the number of nodes in G and u(u, v) is the weight of the weakest
arc in G.

Proof: Since G is a complete fuzzy graph, all arcs are strong [29] and each
node is adjacent to all other nodes. Also, all nodes in G are isolated nodes
Hence the set of all nodes of G is the strong global dominating set of G. Hence
the result follows.

Proposition 4.2 In any fuzzy graph G : (V, g, u), the number of elements
in any minimum strong global dominating set of both G and G are the same.
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Proof: By, definition, a strong global dominating set is a dominating

set of both Gand G . Hence the proposition .

Proposition 4.3 y (Ko, 0,) = 2u(u, v), where u(u, v) is the weight of the
weakest arc in Koo, and u € V1, v € V,.

Proof: In Ky, 4,, all arcs are strong. Also, each node in Vi is adjacent toall
nodes in V,. Hence in Ko, ,,, the strong global dominating set is any set
containing precisely two nodes, one in Vi and the other in V.. The end
nodes say

{u, v} of any weakest arc (u, v) in Ko 4, forms the minimum strong global
dominating set of G. Hence ys4(Koy0, ) = t(u, v) + p(u, v) = 2u(u, v). So the
proposition is proved.

Theorem 4.4 Let G : (V, o, u) be a fuzzy cycle where G* is a cycle. Then,

n
Vsg(G) = v{ W (D) : D is a strong global dominating set in G with |D| > MEJ, ;
where n is the number of nodes in G.

Proof: In a fuzzy cycle, every arc is strong. Also, the number of nodes in a
strong global dominating set of both G and G* are the same because each arc
in both graphs is strong. In graph G*, the strong global domination number
of

G* is obtained as | £ | [27]. Hence the minimum number of nodes in a strong
global dominating set of G is [??J. Therefore the result follows.

Proposition 4.5 Let G : (V, g, u) be a non trivial fuzzy graph of size q. Then
vs¢(G) = q if and only if all arcs are strong and each node is either isolated or
has a unique, strong neighbor.

Proof: If all arcs are strong and each node is either an isolated node or has a
unique, strong neighbor, then the minimum strong global dominating set of
G is a set D containing nodes, each of which is either an isolated node or an
end node of each unique, strong arc. Hence the weight of D is exactly

W(D) = = u(u,v) = q.
uebD
Hence ysg = g.

Conversely, suppose that ysg = . To prove that all arcs are strong and each
node is either isolated or has a unique, strong neighbor. If possible, let (u, v)
be an arc of G, which is not strong. Then the weight of this arc isnot
counted for getting ys;. Hence ysg < g, a contradiction. Hence all arcs are
strong.

Let x be any node of G. If x is an isolated node, then clearly, x is contained
in the minimum strong global dominating set. If possible, suppose x has two
strong neighbors say v and w. Then exactly one of the weights of the arcs (x, v)
and (x, w) contribute to the weight of the minimum strong global dominating
set. Hence ysg < g, a contradiction. Hence each node has a unique, strong
neighbor.



Remark 4.6 In Proposition 4.5, G is exactly S U N where S is a set of
isolated nodes, may be empty, and N is a union of K3 s.

Remark 4.7VIn any fuzzy graph G : (V, o, ), y,, < p always holds since

ux, y) < alx) A oly) for all x, y € o*. [p is the scalar cardinality of G,
which is obtained by using the node weights, and y, is the weight of the

minimum strong global dominating set, which is obtained by using the arc
weights].

For the strong global domination number y , the following theorem gives a

Nordhaus-Gaddum type result.
Theorem 4.8 For any fuzzy graph G : (V, o, W), Vsg + Vsg < 2p.
Proof: Since ysg < p and ysg < p by Remark 4.7, we have ysg+ysg < p+p = 2p.

Definition 4.9 A strong global dominating set D of a fuzzy graph G : (V, o,
W) is called a minimal strong global dominating set if no proper subset of D is
a strong global dominating set.

Example 4.10 /n Fig.1 of Example 3.6, D = {u,v}} is a minimal strong
global dominating set.

Definition 4.11 [18] A strong dominating set D of a fuzzy graph G :
(V, o, u) is a strongly connected dominating set of G if the induced fuzzy
subgraph < D > is connected.

Remark 4.12 [18] Note that a fuzzy graph G : (V, o, u) contains a strong,
connected dominating set if and only if G is connected.

Definition 4.13 [18] The weight of a strong, connected dominating set
D is defined as W (D) =,¢p u(u, v), where u(u, v) is the minimum of the
membership values(weights) of strong arcs incident on u. The strong connected
domination number of a fuzzy graph G is defined as the minimum weight of
strong, connected dominating sets of G, and it is denoted by ys(G) or
simplyysc. A minimum strong, connected dominating set in a fuzzy graph G is a
strong,connected dominating set of minimum weight.

Let ysc(G) or Ysc denote the strong connected domination number of the
complement of a fuzzy graph G.

Remark 4.14 Let D be a minimum strong global dominating set of a fuzzy
graph G : (V, g, u). Then D induces a connected subgraph in G or G°. Hence D
is a strongly connected dominating set of G or G Thus the following
proposition is established.

Proposition 4.15 For any fuzzy graph G : (V, o, u), at least one of the
following holds.

(i)Vsc <ysg (ii)Vsc <Vsg -
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5 Strong Global Domination in Complement
of Fuzzy Graphs

Sunitha and Vijayakumar [33] have defined the present notion of the
complement of a fuzzy graph. Sandeep and Sunitha have studied the
connectivity concepts in a fuzzy graph and its complement [28]. The
complement of a fuzzy graph G, denoted by G or G° is defined to be
G=(V,o,u) Ahere = u(x,y)=c(X)Ac(¥F—u(x,y)for all x,yeV [33].
Bhutani has defined the isomorphism between fuzzy graphs [8].

Consider the fuzzy graphs Gi1 : (Vi, 01, p1) and Gz : (V2, 02, u2) with o7 = V1
and o, = V2. An isomorphism [8] between two fuzzy graphs Gi and G: is a
bijective map h: V1 — V> that satisfies

o1(u) = o2(h(u)) for all u € Vi.
ui(u, v) = uz(h(u), h(v)) for all u,v € V1 and we write G1 = Ga.
A fuzzy graph G is self-complementary [33] if G =~ G.

Theorem 5.1 [33] If G is an M-strong fuzzy graph, then G° is also an M-
strong fuzzy graph.

Theorem 5.2 If G is an M-strong fuzzy graph, then G and G° have the
same strong global dominating set.

Proof: By Theorem 5.1, if G is an M-strong fuzzy graph, then G¢ is also an M-
strong fuzzy graph. Then the end nodes of the M-strong arcs in G are isolated
nodes in G“ and isolated nodes in G are the end nodes of M-strong arcs in G
Hence every strong global dominating set of G is a strong global dominating
set of G and vice-versa. Thus the theorem follows.

Theorem 5.3 Every non-trivial self-complementary connected fuzzy graph
G has a strong global dominating set D whose complement L \D s also a
strong global dominating set.

Proof: Every non-trivial connected fuzzy graph G has a strong dominating
set D whose complement V — D is also a strong dominating set [16]. Since G
is selfcomplementary, G = G¢. Hence G and G‘are connected. Hence the
theorem follows by using the result in [16].

Theorem 5.4 For any self-complementary connected fuzzy graph G : (V, o, u),
Vsg < p/2.



Proof: Let D be a minimal strong global dominating set of G. Then, by
Theorem 5.3, V — D is a strong global dominating set of G. Then ys4 < W (D)
and ysg < W(V — D).

Therefore 2y < W (D) + W (V— D)< p implies i, < p/2Z. Hence the
proof.

Corollary 5.5 Let G be a self complimentary connected fuzzy graph. Then
Vsg + Vsg < p. Further equality holds if and only if ysq = Vsqg = p/2.

Proof: By Theorem 5.4, ysg < p/2, Vsqg < p/2
= Vsg +Vsg = P/2+p/2 =p,

that is ysg + Vsg < p.

If 7 :7_/Sg7: p/2, then obviously +7_/597: p. Conversely, suppose
Ys +;_/Sg = p._Then, by Theorem 5.4, we have ysg < p/2, ys¢ < p/2. If either
Vsg < P/2 or ysqg < p/2, then Ys 4?7_759 < p, which is a contradiction. Hence

the only possibility is that y, =y, =p/2.

Theorem 5.6 In any fuzzy graph, G : (V, o, u), vsg = p/2 if and only if the
following conditions hold.

1) The graph is a self-complementary fuzzy graph.
2) All nodes have the same weight.
3) All arcs are M-strong arcs.

4) For every minimum strong global dominating set D ¢f G,
n is the number of nodes of G, and n is even.

D|=n/2,where

Proof: If all the conditions 1), 2), 3),4) hold, then obviously ysg = p/2.

Conversely, suppose ysq = p/2. If the graph is not self-complementary,
then clearly ysqg < p/2. If some nodes say u and v have different weights, then

the arc weight corresponding to these nodes is u(x, y) < o(x) X a(y).
If u(x, y) < o(x) A o(y), then obviously yss < p/2, a contradiction.

If u(x, y) = o(x) A oly), then (x,y) is a M-strong arc.

If |D| < n/2, then clearly ysq < p/2, a contradiction.
Hence all the conditions are sufficient.
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6 Strong Global Domination in Fuzzy trees

A fuzzy subgraph H : (t, v) spans the fuzzy graph G : (V, o, u) if T = o [20].
A connected fuzzy graph G = (V, g, u) is called a fuzzy tree(f-tree) if it has a
fuzzy spanning subgraph F : (o, v), which is a tree, where for all arcs (x, y) not
in F there exists a path from x to y in F whose strength is more than u(x, y)
[26]. Note that here F is a tree that contains all nodes of G and hence is a
spanning tree of G. Also, note that F is the unique maximum spanning tree
(MST) of G [34], where a maximum spanning tree of a connected fuzzy graph
G : (V,0,u) is a fuzzy spanning subgraph T : (g, v), such that T* is a tree,
and for which i, v(u, v) is maximum [20].

An arc is called a fuzzy bridge(f-bridge) of a fuzzy graph G : (V, o, u) if its
removal reduces the strength of connectedness between some pair of nodes in
G [26].

Similarly, a fuzzy cut node(f-cut node) w is a node in G whose removal from G
reduces the strength of connectedness between some pair of nodes other than
w [26].

A node z is called a fuzzy end node (f-end node) if it has precisely one strong
neighbor in G [10].

A non-trivial fuzzy tree G contains at least two fuzzy end nodes, and every
node in G is either a fuzzy cut node or a fuzzy end node [10].

In an f-tree G, an arc is strong if and only if it is an arc of F, where F is the
associated unique maximum spanning tree of G [9, 34]. Note that these strong
arcs are a-strong, and there are no 8-strong arcs in an f-tree [31]. Also, note
that in an f-tree G, an arc (x, y) is a-strong if and only if (x, y) is an f-
bridgeof G [31].

Theorem 6.1 [12]. The strong arc incident with a fuzzy end node is a fuzzy
bridge in any non-trivial fuzzy graph G : (V, g, u).

Corollary 6.2 [12]. In a non-trivial fuzzy tree G : (V, o, u) except K, the
strong neighbor of a fuzzy end node is a fuzzy cut node of G.

Theorem 6.3 In a non-trivial fuzzy tree G : (V, o, u), every node of astrong
global dominating set is either a fuzzy cut node or a fuzzy end node.

Proof: A non-trivial fuzzy tree G contains at least two fuzzy end nodes, and
every node in G is either a fuzzy cut node or a fuzzy end node [10]. Hence the
theorem.

Theorem 6.4 In a non-trivial fuzzy tree G : (V, o, u), each node of a strong
global dominating set is incident on a fuzzy bridge of G.
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Proof: Let D be a strong global dominating set of G. Let u= D . Since D
is a strong global dominating set, there exists veV &D such that (u, v) is a strong
arc. Also, D is a strong global dominating set of G- Then (u, v) is an arc of the
unique MST F of G [9, 34]. Hence (u, v) is an f-bridge of G [26]. Since u is
arbitrary, this is true for every node of the strong global dominating set of G.
This completes the proof.

7 Practical Application

Let G be a graph that represents the road network connecting various hospitals.
Let the vertices denote the hospitals, and the edges denote the roads connecting
the hospitals. Suppose we need to navigate patients in between hospitals during
busy hours. The membership functions o and u on the vertex set and the
edge set of G's can be constructed from the statistical data that represents the
number of ambulances going to various hospitals and the number of ambulances
passing through multiple roads during a busy hour. Now the term' busy' is
vague in nature. It depends on the availability of ambulances, time of
journey, hospital's demands, special requirements of patients, etc. Thus, we get a
fuzzy graph model. Some of the roads may be too traffic during the busy hour.
So, we must think of taking patients to various hospitals through secret roads. In
this fuzzy graph, a strong global dominating set D can be interpreted as a set of
busy hospitals in the sense that every hospital not in D is connected to a
hospital in D by a road or a secretroad in which the traffic flow is full.

8 Conclusion

Global fuzzy domination vyields specific, adaptable, and conformable results
compared to classical domination and fuzzy domination. Hence it introduced
global domination in fuzzy graphs using strong arcs and found some results
using the newly defined parameter' global domination number." It is
established that every node of a strong global dominating set of a fuzzy tree
is either a fuzzy cut node or a fuzzy end node. It is proved that in a fuzzy
tree, each node of a strong global dominating set is incident on a fuzzy
bridge. Also, the characteristic properties of the existence of a strong global
dominating set fora fuzzy graph and its complement are established.

References

[1] Akram, M, Bipolar fuzzy graphs, Information Sciences 181 (2011)
5548-5564.

https://doi.org/10.22105/jfea.2022.354342.1227



12

2]

(3]

[4]

5]

[6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

Akram, M. & Dudek W.A., Regular bipolar fuzzy graphs, Neural Com-
puting Applications 21 (2012) 197-205.

Akram, M, N. Waseem & Davvaz, B, Certain types of domination in
mpolar fuzzy graphs, Journal of Multivalued Logic and Soft Computing,
29 (5)(2017), 619-646.

Akram, M & N. Waseem, Novel decision making method based on domi-
nation in mpolar fuzzy graphs, Comm. Korean Math. Society, 32(4)(2017),
1077-1097.

Hossein Rashmanloua, Sovan Samanta, Madhumangal Pal & Rajab Ali
Borzooei, A study on bipolar fuzzy graphs, Journal of intelligent and fuzzy
systems, 28(2), 571-580, 2015.

Manjusha O. T & Sunitha M. S, Strong domination in fuzzy graphs,
Fuzzy Inf. Eng. 7 (2015) 369-377.

Sampathkumar E, The global domination number of a graph, Jour.Math.
Phy. Sci., 23(5) (1989) 377-385.

Bhutani K. R, On automorphisms of fuzzy graphs, Pattern Recognition
Letters 9 (1989) 159-162.

Bhutani K. R & Rosenfeld A., Strong arcs in fuzzy graphs, Inform. Sci.
152 (2003) 319-322.

Bhutani, K. R & Rosenfeld. A, Fuzzy end nodes in fuzzy graphs, Inform.
Sci. 152 (2003) 323-326.

Bhutani, K. R, & Abdullah Batton, On M-strong fuzzy graphs, Inform.
Sci. 1559 (2003) 103-109.

Sameena Kalathodi & Sunitha.M.S, Distance in Fuzzy Graphs,LAP
LAM- BERT Academic Publishing (2012).

Gray Chartrand & Ping Zang, Introduction to graph theory, Tata
McGraw-Hill Edition 2006.

Haynes,T. W, Hedetniemi, S. T & Slater,P.J, Fundamentals of domi-
nation in graphs, Marcel Dekker, Inc., New York 1998.



[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

13

Manjusha O. T &. Sunitha M. S, Notes on domination in fuzzy graphs,
Journal of intelligent and Fuzzy Systems 27 (2014) 3205-3212.

Manjusha O. T & Sunitha M. S., Total domination in fuzzy graphs
using strong arcs, Annals of Pure and Applied Mathematics 9(1) (2014)
23-33.

Manjusha O. T & Sunitha M. S., Strong domination in fuzzy graphs,
Fuzzy Inf. Eng. 7 (2015) 369-377.

Manjusha O. T. & Sunitha M. S., Connected domination in fuzzy graphs
using strong arcs, Annals of Fuzzy Mathematics and Informatics, 10(6)
(2015) 979-994.

Mordeson J. N. & Peng Chang-Shyh, Operations on fuzzy graphs, In-
form. Sci. 79 (1994) 159-170.

Mordeson J. N & Nair P. S., Fuzzy graphs and fuzzy hypergraphs,
Physica - Verlag 2000.

Nagoorgani A & Chandrasekaran V. T, Domination in fuzzy graph,
Adv. in Fuzzy Sets and Systems I(1) (2006) 17-26.

Nagoorgani A, Akram. M & Anupriya S, Double domination on intu-
itionistic fuzzy graphs, Journal of Applied Mathematics and Computing,
52(1-2)(2016) 515-528.

Nagoorgani A & Vijayalakshmi P, Insensitive arc in domination of
fuzzy graph, Int. J. Contemp. Math. Sciences 6(26) (2011) 1303—-1309.

Nagoorgani A. & Jahir Hussain R. , Connected and global domination
of fuzzy graph, Bulletin of Pure and Applied Sciences.27(2) (2008) 1-11.
AMS.

Pradip Debnath, Domination in interval-valued fuzzy graphs, Ann. Fuzzy
Math. Inform. 6(2) (2013) 363—-370.

Rosenfeld A, Fuzzy graphs, in fuzzy sets and their application to
cognitiveand decision processes, Academic Press (1975) 77-95.

Sampathkumar E & Walikar H. B, The connected domination numberof
a Graph, Jour. Math. Phy. Sci. 13(6) (1979) 607—613.

Sandeep Narayan K. R & Sunitha M. S, Connectivity in a fuzzy graph
and its complement, Gen. Math. Notes 9(1) (2012) 38—43.

https://doi.org/10.22105/jfea.2022.354342.1227



14

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

Somasundaram A & Somasundaram S, Domination in fuzzy graphs-I,
Pattern Recognition Letters 19 (1998) 787-791.

Somasundaram A, Domination in fuzzy graphs-Il, J. Fuzzy Math. 13 (2)
(2005) 281-288.

Sunil Mathew & Sunitha M. S, Types of arcs in a fuzzy graph, Inform. Sci.
179 (2009) 1760-1768.

Sunil Mathew & Sunitha M. S, Node connectivity and arc connectivity of
a fuzzy graph, Inform. Sci. 180 (2010) 519-531.

Sunitha M. S & Vijayakumar A, Complement of a fuzzy graph, Indian
journal of Pure and Applied Mathematics 33(9) (2002) 1451-1464.

Sunitha M. S & Vijayakumar A, A characterization of fuzzy trees, Inform.
Sci. 113 (1999) 293-300.

Talebi A & Rashmanlou H, Isomorphism on interval valued fuzzy graphs,
Ann. Fuzzy Math. Inform. 6(1) (2013) 47-58.

Yeh R. T & Bang S. Y, Fuzzy relations, fuzzy graphs and their applica-
tions to clustering analysis, in: L.A. Zadeh, K.S. Fu, M. Shimura (Eds.),
Fuzzy sets and Their Applications, Academic Press (1975) 125-149.



