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Abstract. In this paper strong adjacency matrix of a fuzzgp is discussed. Some
properties of the strong adjacency matrix are gigen. An algorithm is discussed to find
the edge dominating sets of a fuzzy graph. Andheroalgorithm is also discussed to
find a maximal edge dominating set of a fuzzy gr&itable examples are also given.
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1. Introduction

The study of dominating sets in graphs was stdmedre and Berge [2,10] and the
domination number was introduced by Cockayne andettéemi [3]. The concept of
fuzzy relation was introduced by Zadeh [13] in biassical paper in 1965. Rosenfeld
[11] introduced the notion of fuzzy graph and sal/dnzzy analogs of graph theoretic
concepts such as paths, cycles and connectedrmesas@dram and Somasundram [12]
discussed domination in fuzzy graphs using effectigdges. NagoorGani and
Chandrasekaran [4] discussed domination in fuzaplymusing strong arcs. Domination,
independent domination and irredundance in fuzzgplgs using strong arcs was
discussed by Nagoor Gani and Vadivel [7,8]. NagGani and Prasanna Devi [5,6]
discussed edge domination and independence in fyrzmphs and also discussed about
accurate edge dominating set and maximal edge @biminset in fuzzy graphs. Here we
formulate algorithms to find the edge dominating amximal edge dominating sets.

2. Preliminaries

A fuzzy graph G =< o,p >is a pair of functionss:V — [0,1] and wi:VxV - [0,1],
where for all X,¢ V, we haveu(x,y) <o(x)Ao(y). A fuzzy graph H < t,p > is
called a fuzzy subgraph of G1ifv;) < o(v;) for all v; € V andp(v;,v;) < u(v;,v;) for
allv;,v; € V. An edge in G is called an isolated edge i§ inot adjacent to any edge in G.
A fuzzy graph G =< 6, > is a complete fuzzy graphyi{v;,v;) = o(v;) A o(v;) for all
vi,v; € 6*. An arc (x,y) in a fuzzy graph G <o, p> is said to be strong if
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u”(x,y) = uwx,y). The strong neighborhood of an edgein a fuzzy graph G is
Ns(e;) = {ej € E(G)/ ¢jis a strong arc in G and adjacenteth Lete; ande; be two

edges of a fuzzy graph G. We say thatlominatese; if ejis a strong arc in G and
adjacent te;. A subset D of E(G) is said to be an edge domigaset of G if for every

ej € E(G)-D there exist; € D such that; dominates;.The smallest number of edges in
any edge dominating set of G is called its edgeidation number and it is denoted by
v'(G). An edge dominating set D of a fuzzy graph @ maximal edge dominating set if
S —D is not an edge dominating set of G, where Seésst of all strong arcs in G. The
maximal edge domination numbef, (G) of G is the minimum cardinality of a maximal
edge dominating set of G. A square matrix is saicbé a symmetric matrix if its
transpose is equal to itself, that is, matyils symmetric ifA = AT.

3. Algorithms

Here we introduce strong adjacency matrix of a yugeaph. And we formulate two
algorithms to find the edge dominating sets andimaledge dominating sets of a fuzzy
graph respectively.

3.1. Strong adjacency matrix
In this section we introduce strong adjacency matfi a fuzzy graph. And some
properties of the strong adjacency matrix are discussed.

Definition 3.1.1. Let G be a fuzzy graph withnodes andm arcs. Then thestrong
adjacency matrixA(G) = A = [ajj]mxmiS defined as

1, ife; € Ng(ej)

i = {0, otherwise

where S is the set of all strong arcs in G.

ifei €S

i # janday —{ L
’ J u 0, otherwise

Example3.1.1.
- € 08

b e

94 E:
0.1

0.3 0.6
& c f

Figurel: G

Here S= {eq, e,, e3,e5}. The strong adjacency mateXG) is given as
Ns(e1) Ns(ez) Ns(es) Ns(es) Ns(es)

€1 [ 1 1 0 1 O]
e, 1 1 1 0 0

AG) =
@)=, 0 1 1 1 0
e l 0 0 0 0 OJ
es 0 0 0 0 1

Properties of strong adjacency matrix
1. The strong adjacency mati(G) need not to be a symmetric matrix.
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2. If the fuzzy graph G has only strong arcs tA€6) is a symmetric matrix.
3. If G is a complete fuzzy graph thap = 1, Vi but the converse needs not to be
true.

3.1.1. Remark
1. If an edges;is not a strong arc then the row correspondindn¢oetdge;, has all
zero entries and vice versa.
2. If an edgee is an isolated edge then there will be only ahieehtry in the row
corresponding to the edge

Example 3.1.2. In the above example, Fig. &, is not a strong arc thus the row
corresponding t&, has all entries as zero amrd is an isolated edge thus the row
corresponding t® have only onél’ entry.

3.2. Algorithms

Here in this section we introduce two algorithmseQalgorithm to find the edge
dominating sets of a fuzzy graph and another wtfie maximal edge dominating sets of
the fuzzy graphs. And suitable examples are given.

Algorithm 3.2.1 Let G be a fuzzy graph and let S be the set aftadhg arcs of G.
Step 1. Write the strong adjacency matdx= [a;] for the given fuzzy graph G.
LetD ={}
Step 2: Choose an edge; € S-D (arbitrarily) and puw; in D i.e., D = DU {e;}.
Step 3: Let the sub matriBof Abe formed by the rows corresponding to the eddes in
Step 4: If the sub matrixBhas atleast ond” entry in each column d8then D is an edge
dominating set of G.
Otherwise goto Step 2 and repeat the process.

Note 3.2.1 Every superset of an edge dominating set of G wvilly strong arcs, is also an
edge dominating set of G.

Example 3.2.1.
a ©1 0.8 b .
eyl 96 0.6
C
0.1 0.8 0.7
€3

€ e, 02 d
Figure2: G

Here S={e;,es3, €4, €5}
Step 1: The strong adjacency maté(G) is given as
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Ns(e1) Ns(ez) Ns(es) Ns(es) Ns(es) Ns(ee)

€1 [ 1 1 0 0 1 1]
) 0 0 0 0 0 0
A(G) = e3 | 0 1 1 1 0 1|
€4 0 0 1 1 1 1
€s 0 0 0 0 0 0
€6 1 1 1 1 0 1
AndletD ={ }

Step 2:e; €S—D andD = {e;}
Step 3: The sub matriB is
Ns(e;) Ns(ez) Ns(ez) Ns(es) Ns(es) Ns(eg)
eq [ 1 1 0 0 1 1]
Step 4: The sub matriBdoes not has atleast oéentry in each column d.
Now goto Step 2.
Step 2: e3 € S—D andD = {e;, e3}
Ns(e1) Ns(ez) Ns(es) Ns(es) Ns(es) Ns(eg)
Step 3B = € [ 1 1 0 0 1 1]
€3 0 1 1 1 0 1
Step 4: The sub matriBhas atleast oné’ entry in each of its column.

ThusD = {e,, e3} is an edge dominating set of the given fuzzy gi@ph

B =

Algorithm 3.2.2 Let G be a fuzzy graph and let S be the set aftedhg arcs of G.
Step 1. Write the strong adjacency matdx= [a;] for the given fuzzy graph G.
LetD ={}

Step 2: Choose an edgee S—-D (arbitrarily) and pu; in D i.e., D = DU {e;}.
Step 3: Let the sub matriBof Abe formed by the rows corresponding to the eddes in
Step 4: If the sub matriBhas atleast onié'in each column then goto Step 5.

Otherwise goto Step 2.
Step 5: Define a new matrix = [c;;] as follows

. :{ ajj ife; €D

o, otherwise

If at least one column df has all entries as zero then D is a maximal edgeirtating set
of G. Otherwise goto Step 2 and repeat the process.

Example 3.2.2.
€ 08
a b
e4 E:
0.7
0.2 < 0.6
d e; 01 N
Figure3: G
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Here S={e, e, €5}
Step 1: The strong adjacency maté(G) is given as
Ns(e1) Ns(ez) Ns(es) Ns(eq) Ns(es)

€1 [ 1 1 0 1 1]
€; 1 1 1 0 1
A(G) =
© €3 0 0 0 0 0
€4 0 0 0 0 0
€s [ 1 1 1 1 1J
AndletD ={ }

Step 2:e; €S—-D and then B= {e;}
Step 3: The sub matriBis
Ns(e;1) Ns(ez) Ns(es) Ns(ey) Ns(es)
eq [ 1 1 0 1 1]
Step 4: The sub matriB does not had’ entry in 3 column. Then goto Step 2.
Step 2:e, €S—D and then D= {e;,e,}
Ns(e;) Ns(ez) Ns(es) Ns(ey) Ns(es)

Step 3: NowB = €4 [ 1 1 0 1 1]

€2 1 1 1 0 1
Step 4: Each column has at led$tone entry in the sub matr Goto Step 5.

Step 5: The new matrixCis as follows
Ns(e1) Ns(ez) Ns(es) Ns(eq) Ns(es)

B =

€1 [ 0 0 0 0 0]
co e | 0 0 0 0 0
es 0 0 0 0 0
es |0 0 0 0 0l
es L1 1 1 1 1

No column ofChas all entries as zero. Then goto Step 2.
Step 2: e €S—-D and then B= {eq, e, €5}
Ns(e;) Ng(ez) Ng(es) Ng(es) Ng(es)

€1 1 1 0 1 1

Step 3: NowB =
P €2 [ 1 1 1 0 1]
€s 1 1 1 1 1

Step 4: Bhas atleast on@’ entry in each column. Therefore goto Step 5.
Step 5: Now the matrixC is as follows
Ns(e1) Ns(ez) Ns(es) Ns(eq) Ns(es)

e; 0 0 0 0 0
co € [ 0 0 0 0 o]
es 0 0 0 0 0
es |0 0 0 0 0l
es Lo 0 0 0 ol

Column ofChas all entries as zero.
ThusD = {e4, e,, 5} is @ maximal edge dominating set of G.
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Example 3.2.3. For the same fuzzy graph G in the above examplg @Jilet us find
another maximal edge dominating set. Here &, e,, e5}
Step 1: The strong adjacency maté&(G) is given as

Ns(e;) Ns(ez) Ns(ez) Ns(es) Ns(es)

€1 [1 1 0 1 1]
ey 1 1 1 0 1
A(G) =
© e3 | 0 0 0 0 0|
e |0 0 0 0 0l
€5 [1 1 1 1 1J
AndletD ={ }

Step 2:e; €S—-D and then B= {e;}
Step 3: The sub matriBis
Ns(e;) Ns(ez) Ns(es) Ns(ey) Ns(es)
eq [ 1 1 0 1 1]
Step 4: The sub matriB does not had’ entry in 3 column. Then goto Step 2.
Step 2:e; €S—D and then D= {e,, ez}
Ns(e1) Ns(ez) Ns(es) Ns(eq) Ns(es)

Step 3: NowB = e; [ 1 1 0 1 1]

€s 1 1 1 1 1
Step 4: Each column oB has at least ‘one entry. Goto Step 5.

Step 5: The new matrix is as follows
Ns(e;) Ns(ez) Ng(es) Ng(es) Ng(es)

B =

€1 [ 0 0 0 0 0]
co € | 1 1 1 0 1|
es 0 0 0 0 0
ey l 0 0 0 0 oJ
es 0 0 0 0 0

Here the & column has only zero entries.
ThereforeD = {e;, e5} is a maximal edge dominating set of G.

6. Conclusion

We defined strong adjacency matrix of a fuzzy grafbome properties of strong
adjacency matrix are also given. Using this stradgcency matrix we formulated two
algorithm one to find the edge dominating sets amather one to find the maximal edge
dominating sets of a fuzzy graph. Some examplesla® given. Further works are to
formulate algorithm to find the accurate edge datiny set of a fuzzy graph.
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