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Abstract

Energy of graph and energy of fuzzy graph is the sum of theluabsvalues of the eigen values |of
adjacency matrix. The concept of energy of fuzzy graphtsneed to fuzzy regular, totally regular and
graceful graphs in this paper. This paper intends to elababatet characteristics of eigen values, upper
and lower bound of energy.
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1 Introduction

Energy of graphs was first defined by Ivan Gutman in 197¢fafic molecules can be represented by graphs
called molecular graphs. Energy of different graphs includdgglar [1], non-regular [2], circulate [3] and
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random graphs [4] is also under study. Energy is deffaesigned graphs in [5] and for weighted graph by

I. Gutman and Shao in 2011. In [6] R. Balakrishnan definectizegy of @ electrons of the molecule is
approximately the energy of its molecular graph.

Fuzzy graphs are encountered in fuzzy set theory. ayfeet was defined by Zadeh in 1965 [7]. Every
element in the universal set is assigned a grade of mehippén [0,1]. Fuzzy set are representation of how a
human brain perceives the objects in the world. Hence, fsetztheory and fuzzy graph theory have many
applications in those areas are in [8] solving minimum sipantree problem in fuzzy environment, In [9]
Fuzzy Set in Fuzzy Shortest Path Problem. 1975 Rosendiéieloped the structure of fuzzy graphs and
obtained analogs of several graph theoretical concept$uiay line graph, fuzzy cycle [10], established
some characterization of fuzzy tree using fuzzy bridgesfuzzy cut nodes and also introduced the concept
of bipartite fuzzy graph [11]. In [12] Anjali Narayanan and $iathew introduced concept of the energy
of fuzzy graphs. In [13,14] S. Vimala introduced the conoémnergy of fuzzy labeling graph. In [15] A.
Pal, and T. Pal, discusses about the fuzzy robust gralohing problem. In [16] A. Dey and A. Pal,
introduced Vertex coloring of a fuzzy graph using alpha cut.

In this paper, a comparative study made between reguldrtotally regular graph, and graceful graphs
though various examples. Then a characterization ofneigkies provided. Also, bound on the energy is
studied.

2 Preliminaries

2.1 Fuzzy graph: [13]

LetU andV be two sets. Thep is said to be a fuzzy relations frdoh XV to [0,1]. A fuzzy graph
G = (o, K) is a pair of function of vertices and edges consieN — [0,1] and i/:V xV - [0,1],
where for all u,vOV, we haveu(u,v) < o(u)Jo (V).

2.2 Bounds of energy

Jz M om?+nm—1) A >/2(2%, m’)n > ER(G).

Lower bound> Upper bound> Energy

2.3 Regular graph: [13]

Let G: (0, i) be a fuzzy graph ofs”: (V, E). If d;(V) =K, for all VOV . (i.e.), if each vertex has
same degred , then G is said to be a regular fuzzy graph of degkeer a K -regular fuzzy graph.
2.4 Totally regular graph: [13]

Let G(a, i) be a fuzzy graph of5". The total degree of a vertax(1V is defined by

Eds (V) =D mu)+o(y =3, Kw)+o(u)=d;(V)+o(u) @)

wiE

If each vertex of g has the same total degree k, thisrs@d to be a totally regular fuzzy graphs.
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2.5 Labeling: [2]

A labeling of a graph is an assignment of values to théces and edges of a graph. Given a gréphan
injective function f :V(G) — N has been called a vertex labeling&f. An edge labeling of a graph is a

bijection from E(G) to the sel{l, 2, IE G b} .
2.6 Fuzzy labeling graph: [14,15]

A graphG =(0, 1) is said to be a fuzzy labeling graph,af:V - [0,1] and £:VxV - [0,1], is
bijective such that the membership value of edges aridesare distinct and/(U, V) <o (U)o (V) for
all u,vOV.

2.7 Graceful labeling: [2]

A grath with g edges if f is an injection from the vertices 65 to the set ,..., g such that, when

each edgeXy is assigned the Iab+f (X) - f(y)| , the resulting edge labels are distinct such labeling called
graceful

2.8 Fuzzy graceful labeling
A graceful labeling admits fuzzy values it's called fuzraceful labeling.
3 Main Results

Theorem: 3.1

If a fuzzy graphG is both regular and totally regular, then the eigen vadwesbalanced on the energy

(i.e)).,
n
> +A=0 ®3)
i=1
Proof:
Let G be akl-regular andk2 -totally regular fuzzy graph.
Henced(U) = K for all U]V and td(u) = K, for all uLJV.

Let i, V,,...,V, be a vertices of5. It can be represented by & N matrix giving the adjacency between
the vertices.

Calculate eigen values A, *A,,..., ¥ A

34 =0
i=1



Nagarani and Vimala; ARJOM, 4(2): 1-8, 2017; Arécto.ARJOM.33057

Therefore the eigen values are balance on the energy in regdletally regular fuzzy graphs.
Remark: 3.1.1

A regular and totally regular fuzzy graphs are satisfying therigen values are balanced feBn
Example: 3.1.2

ConsiderG”: (V, E) whereV ={V;, ,, &} and E ={\;, v, \\{} . DefineG: (a, 1) by
o(v) =03, a(v,) =o(v,) =0.4 and u(V,V,) =0.3, £ (v \,)= 0.3, (4, F 0.

0.4

0.3 0.3
0.4 0.4
0.3

0 03 0.
AG)=/03 0 O.
03 03 0

Then d(v) =0.6 for all i =1,2,3. So, G is regular fuzzy graph. Alsal(v) =1 for all i =1,2,3.
Hence G is also a totally fuzzy graph.

Eigen values are: -0.3000,-0.3000, 0.6000-88000 - 0.3000 + 0.6000 = O,

314 =0.
i=1

n
Energy of graph »_|A| = (0.3000 + 0.3000 + 0.6000) = 1.20

i=1

.Jz Tmm?+n(n—1) Al >/2(ZE,mPn > ER(G).

In this case 1.0621.09> 1.2 .

Lower bound>Upper bound>Energy

Theorem: 3.2

Let G be a fuzzy graceful graphs then the eigen values anacmlin:i/]i =0.

i=1
Pr oof:
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Let G be a fuzzy graceful graph when each edgelabel by| f(X)- f(y)| the resulting edge label are
distinct.

Let V;,V,,...,V, be a vertices of5. It can be represented by & N matrix giving the adjacency between
the vertices.

Calculate eigen values A, £A,,....£A,

34420
i1

Therefore the eigen values are balance on the energy in fuasfgrgraphs.
Remark: 3.2.1

A fuzzy graceful wheel graph and fuzzy graceful completplgrare satisfying that the eigen value are
balanced fomn =1, 3 in complete graph anft =5 in wheel graphs.

Example: 3.2.2

ConsiderG": (V, E) be a fuzzy graceful wheel graph Whéfe={vl, \,, S, \g} and

E={Vv, %\ Y% VY ¥Y YV VY Y.

Define G:(o,u) by o(v)=010(,)=040F 080 V¢, ¥ O ¢ ¥ O and
HWV,) =03, (V)= 0.7, 4y, F 0.1u v ¥ 0.4 G4y 3 0.8 Yy
H(v,v,) =0.5, ()= 0.€.

0.4 0.4 0.2
0.6 0.8
0.6 0 0

0 07 01 05 O.
07 0 08 0 O
AG)=/01 08 0 0 O
05 0 0 0 O
03 04 0 06 O

Eigen values are: -1.2992, -0.3195, -0.0228, 0.1344, 1.5071.
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-1.2992 - 0.3195 - 0.0228 + 0.1344 + 1.5071 = 0,

(i.e): ii/]i =0
=

n
Energy of graph) | A| = (1.2992 + 0.3195 + 0.0228 + 0.1344 + 1.5071) = 3.283
i=1

2
Jz ¥m m?+n(n—-1) Al >/2(ZE, m?)n > ER(G).
1.9160<3.1937< 3.283
Upper bound < Lower bound < Energy

Example: 3.2.3

Consider GD:(V,E) be a fuzzy graceful complete graph wheM ={V1,V2,\é,v4} and
E={V\% %y ¥y vy vy VY.

Define G:(o,u) by o(v)=0,0,)=010 ) 040 ¢ F O. and
H(Y,) =01 f1 ()= 03,1 Gy, F 0.24 G\ F 061 (y3 0.4 ¢y9) .

0.1
0 0.1

0.6 l 0.3
0.5 .

0.6 0.2 0.4

[0 0.1 04 o
0.1 0 03 0.
04 03 0 O
106 05 02 O

A(G) =

Eigen values are =-0.7941,-0.1854,-0.0914, 1.0709.

-0.7941 - 0.1854 - 0.0914 + 1.0709 = 0
n
(ie) Y *A =0
i=1

n
Energy of graph) |A|=(0.7941 + 0.1854 + 0.0914 + 1.0709) = 2.1417
1
i=1
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2
JZ YR om?+n(m-1) AR >/2(X2, m?)n >ERG).
1.2649<1.3564<2.1417

Upper bound<Lower bound<Energy

Tablel. List of energy and bounds

Name of the graphs E(G) m 5 m
\[ZZ; m? +n(n—1) |A] \[2( _ m? )n
i=1 i=1
Graceful complete graph;K 0.2000 0.1732 0.1414
Graceful Complete graphs 0.822¢ 0.671¢ 0.648¢
Graceful Complete graph,K 2.1417 1.9078 1.5329
Graceful wheel graph W 3.5832 3.1937 1.9160
Graceful wheel graph ¥V 4.2830 4.1424 4.053
Graceful wheel graph W 4.9972 4.4172 3.4370
4 Conclusion

In this paper, we find some energy of fuzzy regular and fgrageful graphs. Our future work is to apply
energy in many fuzzy graphs.
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