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ABSTRACT: Graph coloring is one of the most
important problems of combinatorial optimization. Many
problems of practical interest can be modeled as coloring
problems. Two types of coloring namely vertex coloring
and edge coloring are usually associated with any graph.
Edge coloring is a function which assigns colors to the
edges so that incident edges receive different colors. Let
G=(V,l, 0 ) be a simple connected undirected graph
where V is a set of vertices and each vertices has a
membership value i and each edge has a membership
value o. Minimum number of color needed to color the
graph is known as chromatic number of that graph. Graph
coloring is a NP complete problem. In our paper, we
introduce an algorithm to find the complement of any
fuzzy graph with O (n? time and also coloring this
complement fuzzy graph using a cut.

Keywords: Complement fuzzy graph, edge color, a cut of
fuzzy graph

I. INTRODUCTION

We know that graphs are simple model of relation. A
graph is a convenient way of representing information
involving relationship between objects. The object is
represented by vertices and relations by edges. When
there is vagueness in the description of the objects or in
its relationships or in both we need to design fuzzy graph
model. One of the most important properties of fuzzy
graph model is fuzzy graph coloring which is used to
solve problems of combinatorial optimization like traffic
light control, exam-scheduling, register allocation etc.
Two types of coloring namely vertex coloring and edge
coloring are usually associated with any graph. The paper
is organized in five sections. 1% section includes
introduction of fuzzy graph model. Section two defines
fuzzy graph and its properties. Section three, we find the
complement of a fuzzy graph and define a coloring
function which is based on a cut to color the complement
fuzzy graph and finding the chromatic number for this
fuzzy graph.

Il. FUZZY GRAPH
A fuzzy graph is a pair of functions G: (o, ) where o is a
fuzzy subset X and W is a symmetric relation on o i.e. o:
X — [0, 1] and p: X x X — [0, 1] such that p(x, y) =
o(x) M a(y) for all x, y in X. we denote the crisp graph of

G: (o, W) by G*: (o*, u*) where o* is referred to as the
nonempty set X of nodes and pu* = Ee X x X. Now crisp
graph (X, E) is a special case of a fuzzy graph with each
vertex and edge of (X, E) having degree of membership
value 1where loops are not consider and p is reflexive.
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Fig 1 Fuzzy graph (G) Fig 2 Crisp graph(G")

2.1 COMPLEMENT OF FUZZY GRAPH
Complement of a fuzzy graph has been defined by
Moderson [1]. Complement of a fuzzy graph G: (o, W) as
a fuzzy graph G°: (¢°, W°) where o° = o and | (x, y) = 0 if
H(x, y)> 0 and p° (X, y) = a(X) A o(y) otherwise. From the
definition G° is a fuzzy graph even if G is not and (G°)° =
G if and only if G is a strong fuzzy graph. Also,
automorphism group of G and G° are not identical. But
there is some drawbacks in the definition of complement
of a fuzzy graph mentioned above. In fig 5 (G%° # G and
note that they are identical provided G is a strong fuzzy
graph
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Fig .5 Complement of complement Fuzzy graph
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Now the complement of a fuzzy graph G: (o, W) is the
fuzzy graph G: (&, /) where @ = & and I

X y)=a(X)Aa(y) - uX,y) VX YyeX 1)
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Fig .6 Fuzzy graph
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) Fig .8 Complement of complement
Fig. 7 Complement Fuzzy graph

Fuzzy graph

Now, & =0 =¢and In

(X, Y) =T0)AT(Y) ~ (X, Y) =a () A

o) (e () Ao(y) -HXY)  =HXY)VXY.
Hence & =G

Fig. 8 shows the Complement of complement fuzzy graph
is a fuzzy graph

2.2 a CUT OF AFUZZY GRAPH

a cut set of fuzzy set A is denoted as A, is made up of
members whose membership is not less than o .A, ={xeX
| pa(X)= o.}. a cut set of fuzzy set is crisp set. In this
paper, a cut set depend on vertex and edge membership
value. The a cut of fuzzy graph defined as G, =(V, E,)

where V,={veV|>a} and E,={e€E| [i>a}

I11. COLORING OF COMPLEMENT FUZZY

GRAPH
In our previous paper [8] we have done a C program to
find the complement a fuzzy graph using the condition
(1). In this paper we find the complement of the fuzzy
graph using the C program. We find all the different
membership value of vertices and edges in the
complement of a fuzzy graph. This membership value
will work as a a cut of this complement fuzzy graph.
Depend upon the values of a cut we find different types
of fuzzy graphs for the same complement fuzzy graph.
Then we color all the edges of the complement fuzzy
graph so that no incident edges will not get the same
color and find the minimum number of color will need to
color the complement fuzzy graph is known as chromatic
number.
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For solving this problem we have done the calculation
into three cases. in 1% case we take a fuzzy graph (G)
which have five vertices and five edges. All the vertices
and edges have fuzzy membership value. In the second
case we find the complement of this fuzzy graph (G,). In
third section we define the edge coloring function to color
the complement fuzzy graph.

CASE 1:

We consider a fuzzy graph with have five vertices, vy, v,,
V3, V4, Vs and corresponding membership values 0.9,
0.75, 0.95, 0.95, 0.9. Graph consist of five edges e, e,
€3, €4, €5 With their corresponding membership value 0.75,
0.9, 0.85, 0.15, 0.6. Corresponding fuzzy graph is shown
in fig. 9

Vi V) V3 Vg Vg

vi[ 0.0 075 0.0 00 09 |

V21 0.75 06 0.0 0.0 0.0

V

w= 3| 00 06 00 015 0.0
Val 0.7 05 0.14 0.0 0.85
Vsi 0.5 0.6 0.8505 0.9 |

Adjacent matrix 1

__Vp Vs V3 Vg Vs

Adjacent matrix 2

(V1,0.9)

(el, 075) (es ,09)

(V2,0.75) (V5 ,09)
(92 ,06) €4 ,085)
(v3,0.95 (65 ,0.15) (Vs ,0.95)

fig.9 G (fuzzy graph)
Adjacent matrix 1 represents the membership value of

edges and adjacent matrix2 represents the existence of
edges between the vertices
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CASE 2:
We find the complement of a fuzzy graph using [8].

_ Vi V) V3 Vg Vs
vi| 0.0 00 09 09 0.0]

w= v, 0.0 0.0 0.15 0.75 0.75
v/ 0.9 0.15 0.0 0.0 0.9
v,| 0.75 0.75 0.0 0.0 0.05

vs| 0.0 0.75 0.9 0.05 0.0

Adjacent matrix 3

Vi V) V3 Vg Vg

Vi 0 0 e e O]
E2 =
V2 0 0 e, € €3

e €4 0 0 (S35

Va e, €¢ 0 0 (S5

Vs 0 [SE} e; €y 0

Adjacent matrix 4
Adjacent matrix 3 represents the membership value of
edges and adjacent matrix4 represents the existence of
edges edge between the vertices

(Vl,O.g)

1 2
(V2,0.75) 0.75

(V5, 09)
0.15 0.05
2 1
(va, 0.95)
(V3, 0.95
Fig.10 G; (complement fuzzy graph)
CASE 3:

Given a fuzzy graph G=(VgEg),its edge chromatic
number is fuzzy number x(G)={(x, ,0)} where x, is the
edge chromatic number of G, and a values are the
different membership value of vertex and edge of graph
G. In this fuzzy graph, there are six o
cuts. They are {0.05, 0.15, 0.75, 0.9, 0.95}.For every
value of o, we find graph G, and find its fuzzy edge
chromatic number.
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For o= 0.05 Fuzzy graph G = (V, o, 1) where
0={0.9,0.75,0.95,0.95, 0.9} and

_V1 Vy V3 Vg Vs
vi| 00 00 09 09 00 |

v, | 0.0 0.0 0.15 0.75 0.75
vs| 0.9 0.15 0.0 0.0 0.9

vq| 0.75 0.75 0.0 0.0 0.05

vs | 0.0 0.75 0.9 0.05 0.0
~ Adjacent matrix 5

Vi V) V3 Vg

Vil o 0 e e 07

V2 00 s, €¢ SE}

E3 =
Vs e €4 0 0 (S13

Va e, € 0 0 ey

Vs | QAdjacent patrix 6 o
(Vl, 09)

(v, 0.75) @275/ 4

(V5, 09)

0.15 0.05

2 1

0.9

0.75
Flgll I(0.0S) =4

(V3, 095) (V4, 095)

For a cut value 0.05 we find the graph Gogs ( Fig. 11).
Then we proper color all the edges of this graph and find
the chromatic number of this graph is 4.

For o= 0.15 Fuzzy graph G =(V, o, pn) where
6={0.9,0.75,0.95,0.95, 0.9} and

Vi V2 V3 Vg Vs

Vi 10.0 00 09 09 00 |

V2 10.0 0.0 0.15 0.75 0.75
M= Vvs 199 015 00 00 09

V4 10.75 0.75 0.0 0.0 0.0

Vs 10.0 0.75 0.9 0.0 0.0

Adjacent matrix 7

Vi V) V3 Vg Vg
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vi | 00 e e 0 T
V2 00 €, € €3
) Vs e, e, O 0 es
A e e 0 O 0
Vs 0O e e 0 O

Adjacent matrix 8

(v1,0.9)

(V, 0.75)

(V51 09)

0.15 0.05

0.9 0.75

(s, 0.95) (V4, 0.95)

Flg 12 X(o,15) =4

For o cut value 0.15 we find the graph Gois (Fig. 12).
Then we proper color all the edges of this graph and find
the chromatic number of this graph is 4.

For a= 0.75 Fuzzy graph G =(V, o, p) where o
={0.9,0.75,0.95,0.95, 0.9}

Vi Vs V3 Vg Vg

Vi 00 00 09 09 00|
V21 0.0 00 0.0 0.75 0.75
"= Vs | 09 00 00 00 09
V4 1 0.75 0.75 0.0 0.0 0.0
Vs 100 075 0900 00 |

Adjacent matrix 9

—V1 V> V3 Vg V.
Vi 0 O e, e 0 T

Es= v, 0 0 0 € €3
Vi €,

0 0 O es

val e e O O O

vs|] 0 e; e O O

Adjacent matrix 10
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(v,,0.75)

(v5,0.9)

0.75

v3,0.95 .
( 3 ) Flg 13 x(0.75) =3

(v4,0.95)

Now for o cut value 0.75 we find the graph Gg 75 (Fig.
13). Then we proper color all the edges of this graph and
find the chromatic number of this graph is 3.

For a= 0.9 Fuzzy graph G = (V, o, p) where ¢={0.9,
0.95,0.95, 0.9} and

— Vi V3 V3 Vg Vs
v,| 0.0 0.0 09 09 0.0
Mg =
v,| 0.0 0.0 0.0 0.0 0.0
v;/ 09 0.0 00 0.0 0.9

v 0.0 0.00.0 0.0 0.0

vsi_0.0 0.0 0.9 0.0 0.

Adjacent matrix 11

V1 V) V3 Va Vs
Vi 0 O e (S5} 0 T

v | 0 0 0 0 ©

E
*“vi|l e, 0 0 0 e

Va 0 0o 0 0 O

v |0 0 e 0 0

Adjacent matrix 12

(V1,0.9)

(V5,0.9)

0.9 (V,0.95)
(v5,0.95)

Flg 14 I(O.Q) =2
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For a cut value 0.9 we find the graph Gog ( Fig. 14). Then
we proper color all the edges of this graph and find the
chromatic number of this graph is 2.

For o= 0.95 Fuzzy graph G =(V, o, p) where 0={0.95}
and V3 Va

vs | 0.0 0.0

uz =
vs| 0.0 0.0
v3(0.95) @ o

Fig. 15 ¥ (095 =10 va(0.95)
For a cut value 0.95 we find the graph Gogs ( Fig. 15).
Then we proper color all the edges of this graph and find
the chromatic number of this graph is 0.

In the above example, five crisp graph G, = (V,,
E, ) are obtained by considering different values of a.
Now for the edge chromatic number ¢, for any o,it can
be shown that the chromatic number of fuzzy graph G is

¥(G) ={(4,0.05), (4, 0.15), (3, 0.75), (2, 0.9), (0, 0.95)}

IV. CONCLUSION

In this paper we find the complement fuzzy graph and
color all the edges of that complement fuzzy graph. Here
edge chromatic number depends on o cut value. In our
next paper, we shall try to design an algorithm on edge
coloring function to any fuzzy graph.
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