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Motivated by an open problem of Abawajy et al. [1] we find some relations between
power graphs and Cayley graphs of finite cyclic groups. We show that the vertex deleted subgraphs
of some power graphs are spanning subgraphs or equal to the complement of vertex deleted
subgraphs of some unitary Cayley graphs. Also we prove that some Cayley graphs can be expressed
as direct product of power graphs. Applying these relations we study the eigenvalues and energy of
power graphs and the related Cayley graphs.

05C25; 05C50

© 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of Egyptian Mathematical
Society. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).

1. Introduction

The study of graphical representation of semigroups or groups
becomes an exciting research topic in the last few decades,
leading to many fascinating results and questions. In this con-
text the most popular class of graphs are the Cayley graphs.
Cayley graphs are introduced in 1878, well studied and having
many applications. The concept of power graphs is a very
recent development. In this paper we have worked on an open
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problem of Abawajy et al. [1, Problem 10] which asked for link
between power graphs and Cayley graphs.

The concept of directed power graph was first introduced
and studied by Kelarev and Quinn [2-4]. The directed power
graph of a semigroup S is a digraph with vertex set S and for
x,y € S there is an arc from x to y if and only if x # y and
y=x" for some positive integer m. Following this
Chakrabarty et al. [5] defined the undirected power graph
G(G) of a group G as an undirected graph whose vertex set is
G and two vertices u, v are adjacent if and only if u # v and
u™ =v or v" = u for some positive integer m. After that the
undirected power graph became the main focus of study in
[6-9]. In [5] it was shown that for any finite group G, the power
graph of a subgroup of G is an induced subgraph of G(G) and
G(G) is complete if and only if G is a cyclic group of order 1 or
p", for some prime p and positive integer m. In [6] Cameron has
proved that for a finite cyclic group G of non-prime-power
order n, the set of vertices 7, of G(G) which are adjacent to
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all other vertices of G(G), consists of the identity and the
generators of G, so that |T,| =1+ ¢(n), where ¢(n) is the
Euler’s ¢ function. For more results on power graphs we refer
the recent survey paper [1]. In this paper our main subject of
study is undirected power graph and so we use the brief term
‘power graph’ to refer to the undirected power graph.

For a finite group G and a subset S of G not containing the
identity element e and satisfying ™' = {57! : s € S} = S, the
Cayley graph of G with connection set S, Cay(G, S), is an undi-
rected graph with vertex set G and two vertices g and £ are
adjacent if and only if gh™' € S. For any positive integer 7,
let Z, denotes the additive cyclic group of integers modulo 7.
If we represent the elements of Z, by 0,1,...,n— 1, then
U,={acZ,:gcd(a,n) =1} is a subset of Z, of order ¢(n),
where ¢(n) is the Euler’'s ¢ function. The Cayley graph
Cay(Z,,U,) is known as unitary Cayley graph, see [10]. One
can observe that Cay(Z,,Z, — {0}) is the complete graph K,
on n vertices.

For a finite simple graph G with vertex set {vi, va,..., v},
the adjacency matrix A(G) = (a;) is defined as an n x n matrix,
where a; = 1 if v; ~ v, and a; = 0 otherwise. The eigenvalues
of A(G) are also called the eigenvalues of G and denoted by
(@), i=1,2,...,n. Since A(G) is a symmetric matrix,
2:(G)’s are all real and so they can be ordered as
M(G) = (G) = -+ = 4,(G). By Perron Frobenious theo-
rem, see [11], 4,(G) is always positive and 4,(G) > |4;(G)| for
alli=2,3,...,n For the graph G, the energy E(G) of G, intro-
duced by Gutman [12], is the sum of the absolute values of all
its eigenvalues. The concept of energy of graphs arose in chem-
istry. The total n-electron energy of some conjugated carbon
molecule, computed using Hiickel theory, coincides with the
energy of its “‘molecular” graph [13]. One can easily check that
the eigenvalues of the complete graph K, are n — 1 and —1 with
respective multiplicities 1 and n — 1 and so E(K,) =2(n—1).
A graph G on n vertices is called hyperenergetic if
E(G) > 2(n—1) [13]. In [14] the authors found energy of all
unitary Cayley graphs and determined conditions for which
they are hyperenergetic.

Due to the applications of Cayley graphs in automata
theory as explained in the monograph [15] and other versatile
areas, the authors of [1] have given an open problem (Problem
10) to investigate the relations of power graphs and Cayley
graphs. In this paper we find some relations between power
graphs of finite cyclic groups Z, and the Cayley graphs.
Applying these relations we obtain the eigenvalues and energy
of G(Z,) as well as of the related Cayley graphs and also find
the relations between the energy of power graphs and Cayley
graphs.

2. Relations between power graphs and Cayley graphs

It is known [10] that if n =p is a prime number, then the
unitary Cayley graph Cay(Z,,U,) is the complete graph K,
and if n = p* is a prime-power then it is a complete p-partite
graph. So we have the observations below.

(i) For any prime p,G(Z,) =K, = Cay(Z,,U,).

(ii) If n = p* for some prime p and a positive integer o > 1
then Cay(Z,,U,) is a regular spanning subgraph of
9(Z.,).

Notations: Let 7, be a subset of Z, consists of the identity
and generators ie. T, = U,U{0}. We denote the vertex
deleted subgraph G(Z,) — T, of the graph G(Z,) by G*(Z,)
and similarly Cay*(Z,,U,) = Cay(Z,,U,) — T,. Again for
any graph G let G be the complement of G.

Theorem 2.1 gives a relation between G'(Z,) and
Cay*(Z,,U,) for some values of n. From the definition of
power graph it is clear that the vertices of 7, are adjacent to
all other vertices in G(Z,). So roughly speaking, this theorem
gives an expression of G(Z,) in terms of Cay(Z,, U,) for a class
of values of n. Now since Cay(Z,, U,) is highly symmetric and
also widely studied in the literature, this theorem may help us
to investigate the structure and various properties of G(Z,).
For instance in the next section we apply this theorem to inves-
tigate the eigenvalues and energy of G(Z,,) which may not be
so easy to get otherwise.

Theorem 2.1. If n = p*qP, where p, q are distinct primes and o, 8
are positive integers, then G*(Z,) is a spanning subgraph of
Cay*(Z,,U,). These two graphs are equal if and only if
a=1=0p.

Proof. Both the graphs have the same vertex set Z, — T,
where T, =U,U{0}. Let E,={ap€ Z,:qta},E,={bg e
Z,:ptb} and E,, = {ipg € Z,} — {0}. Then E,, E,, and E,,
are pairwise disjoint sets whose union is Z, — T,.

First we look into the adjacency among the vertices in the
graph Cay*(Z,, U,). If possible suppose that for some integers
¢ and d, cp ~ dp. Then there exists 5 € U, such that for some
integer r,

P+5=dp=>s=(d—c+rp*"¢")p

which is a contradiction because p t 5. So for any integers ¢ and
d,cp ~ dp. Similarly it can be shown that for any integers ¢
and d,cq ~ dq. Thus no vertex of E,, E, is adjacent to a vertex
in the same set and each vertex of E,, is an isolated vertex in
the graph Cay*(Z,,U,). Now for any 5 € U,,gcd(s,n) =1
and so there exist integers u and v such that su+nv=1.
Consider any vertex ap from E, and bqg from E,. Then

ap — bg = (ap — bq)(su + nv) = (ap — bq)su  (mod n).

Since ptapu—bqu as well as qtapu— bqu,(ap — bq)
us € U, and so ap ~ bg. Hence Cay*(Z,,U,) is a complete
bipartite graph with bipartition E, U E, along with the isolated
vertices E,,. So in the graph Cay*(Z,, U,), none of the vertices
of E, is adjacent to any vertex of £, and these are the only non-

adjacency of vertices in Cay*(Z,,U,).

Next we check for the non-adjacency of vertices in the
graph G*(Z,). If possible suppose that ap of E, is adjacent to
bg of E, in the graph G*(Z,). Then for some positive integers
my and m,
ap =mbg or bg=map.

First consider ap = m;bg which implies ap = m,bq + mp*q”
for some m, € Z. But then ¢ | ap which is a contradiction as
g is a prime and ¢{p as well as g{a. Hence ap # m,bq.

Similarly it can be proved that bg #* map. Thus none of the
vertices of E, is adjacent to any vertex of E,. Hence G'(Z,)

is a spanning subgraph of Cay*(Z,,U,).
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For a=1=p ie for n=pq,E,y=¢,E, ={p,2p,...,
(¢ —1)p} and E; = {q,24,...,(p — 1)g}. Thus Cay™(Z,q, Up,)
is a complete bipartite graph with bipartition E, U E, and so
Cay*(Zpq, Upq) is the disjoint union of K, | and K, ;. Again
E, U {0} and E, U {0}, being closed under addition modulo pq,
are subgroups of Z,, of order g and p respectively. Therefore
both E, U {0} and E, U {0} are cyclic groups of prime order
and so G(E,) = K4—1,G(E;) = K,—1. Thus G'(Z,,) is the
disjoint union of K, ; and K, ; and so G'(Z,) =
Cay"(Zpg; Upg)-

Next we take o > 1. If possible suppose that p> of E, is
adjacent to pg of Ep, in the graph G*(Z,). Then for some
positive integers m and n,

PP =mpg or pg=mp.

First consider p>=mpqg. Then for some integer
p (m+rp~'¢#")q which is a contradiction. Hence
p* # mpq. Similarly it can be proved that pg # m'p*. Thus

for « > 1, the two graphs G'(Z,) and Cay*(Z,,U,) can not
be equal. The same thing is also valid for > 1. Hence

G'(z,) = Cay*(Z,,U,) ifonly ifa=1= 4.0

Next we give another relation between power graphs and
Cayley graphs using the direct product concept of graphs as
well as that of groups. Recall that the direct product G| ® G,
of graphs G, = (V,E) and G, = (V>, E,) is the graph with
vertex set V| x V5, the cartesian product of ¥, and V;, and
(u1,up) is adjacent to (v, ;) in G| ® G, if and only if u;, v,
are adjacent in G; and uy, v, are adjacent in G,. Also, for the
groups Z

5,1 < i
1)”7 X

k
< k, the direct product [] Z, is the group
i=1

with elements {(@,...,%) : % € Zp’x,»} and binary operation
@, ) + (7, T) = (@ 47,
tion in i component is modulo p.

In Theorem 2.2 we show that with the appropriate choice of
the connection set S, the Cayley graph Cay(Z,, S) is either the
power graph of Z,, or the direct product of the power graphs of
suitable proper subgroups of Z,. Lemma 2.1 below will be use-
ful to prove this theorem. However this Lemma is similar to
Lemma 2.6 of [16] and so here we omit its proof.

ux + V), where addi-

Lemma 2.1. For distinct primes p;, positive integers o; and
subsets  S; C Zyu,(i=1,2,...,k), Cay(Z;,S1)® - @ Cay
i 1

k k
(Zpu 5 Sk) = C(ly(H ZI)‘_A, 5 H S,‘) .
k =1 =l

Notations: For a natural number n > 1, we take its prime
factorization as n = p{'p? ~~p,°\‘f‘, where p,p,,...,p, are
distinct primes and al,ocz, .., 0y are positive integers. It is
known [17] that Z, == HZ 5o as groups (under addition)
defined by

through the 1som0rphlsm g: 2, —>HZa,

g([da],) = ([a}pTl , [a]pgz,...,[a]p;k)‘ We con31der the mapping
k

f=g'. Then f: [1Z, — Z, is also a group isomorphism.
=1

k
The image of an element in ,1;[1 Zp’z,- under f can be computed

by applying the Chinese remainder theorem.

Theorem 2.2. Letn = pi'p3 ---
a natural number n>1,8; =7, — {0},i=1,2,...

P be the prime factorization of
Jk, and S

k
be the image of [[S: under the above mentioned group
i=1

k

isomorphism f: [ Z 4 — Z,. Then Cay(Z,,S) is isomorphic
=1

to g(zp? )® Q(ZP;Z) ® - ® g(zpi“ ).

Proof. Clearly G(Z,:)
2,...,k.

=K = Cay(Zp’z,,S,-) for all i=1,

Now from Lemma 2.1, Cay(ZpTl ,S1®

k k
Cay(Zp;z SR ® Cay(Zp:/\v,Sk) = Cay (H 2, HSi). Next
i=1 ' =1
k k
we show that Cay(HZp?,-,HS,-) is isomorphic to
=l =1

k
Cay(Z,, S). In fact the group isomorphism f: [[Z,x — Z, is
=1

also a graph isomorphism i.e. it preserves adjacency as shown
below:

k k
(715 cee 7”7/») ~ (V_h s 7W) in Cay (HZ[)?’?HSI> ’
i= =1
v/( € HSH
) ef(HS,-) , as f'is a bijection
i=1

< flur,...,ur) —f(vi,...,%) €S, as
fis a group homomorphism
= fluy,..., u%) ~f1,...,v%)in Cay(Z,,S).

<:>(u717 7u/\) V],

= fl(ur,....,w) — (7,..., %)

Therefore f preserves adjacency and we get Cay(Zn7 S) = Cay
(Zyn,81) @+ @ Cay(Zyn, Si) = G(Zyn) @ -+ ®G(Zn ). O

We illustrate this theorem by giving an example.

Example 1: Let us consider the group 7, = Z4 x Z3 with
Z,=10,,1,,...n—1,,}. Therefore S; = {14,24,3,},5, =
{15,2;} and S=f(S, x S;). The graphs G(Z,),G(Z;) and
G(Z4) ® G(Z5) are given in Fig. | and Fig. 2. The images of f
and so the elements of S can be computed applying the
Chinese theorem. Here S = {115,212,512, 712,
1015, 11},} and so Cay(Z,,S) can be drawn as given in
Fig. 3. From Figs. 2 and 3 one can check that f'is a graph
isomorphism from the graph G(Zs) ® G(Z;) to the graph
Cay(Zy,S).

remainder

0
0
3 1
2 1
G(Zs) 2
G(Z4)
Fig. 1 G(Z;) and G(Zy).
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(641 63)
(04,23) (04,15)
3,1 o
Gorts (14,25)
(34 63 (14' 63)
- — (14' TS)
(34! 23
(24,15) (24,23)

(241 63)

Fig. 2 G(Z4) ® G(Z5).

F]g. 3 Cay(Zlg,S).

3. Energy of G(Z,) and Cay(Z,, S)

For the rest of this paper the connection set S appears in
Cay(Z,,S) will be that subset of Z, given in Theorem 2.2. In
this section we apply the relation between power graph and
Cayley graph to investigate the eigenvalues and energy of
G(Z,) as well as that of Cay(Z,,S). Since the eigenvalues
and energy of unitary Cayley graph is well studied (for exam-
ple see [10,14]) we compare the energies of the graphs G(Z,)
and Cay(Z,,S) with that of the unitary Cayley graph. In the
following theorem we apply Theorem 2.1 to find the eigenval-
ues and energy of G(Z,,).

Theorem 3.1. For the power graph G(Z,,), where p and q are
two distinct primes, we have the following.

() 22(6(Z,)) < B2 -2 and
j=34,...,pg—1;
(ii) 71% < ;“pq(g(zpq)) < -1
(i) £(G(Zy)) <2pg+p+q—6

Proof. (i) It is well known [11] that for any graph G on n ver-
tices Z»(G) + 4,(G) < —1. Also if G is connected and G is the
union of a complete bipartite graph and some isolated vertices
then from [18] one gets that ;(G) = —1, forj=3,4,...,n— 1.
Now for two distinct primes p and ¢,G(Z,,) is a connected

graph and from Theorem 2.1, G(Z,,) is the union of
Cay*(Z,4, Up,) and the vertices of T, i.e. G(Z,,) is the graph
K, 1,-1 plus ¢(pg) + 1 isolated vertices. Thus

4(G(Zyg)) = =1, g —1 (1)

j=3,4,...

and 7»(G(Z,,)) —
eigenvalue of K, |, ; is —

(p—1)(g—1)< -1 (since the smallest
(p — 1)(g — 1)). This implies

72(G(Zy)) < (p—l)(q—l)—lgl%—z (AM > G.M).
)

(i) Since Apy(G(Zp,)) < Apg-1(G(Z,y)) the right hand side
inequality follows from (i). Again it is known that (for
instance, see [l1]) for any graph G on n vertices,
21(G) < n—1 and the sum of the eigenvalues of G is zero.
Using these facts and Eqs. (1), (2) we get the left hand side
inequality.

(7if) From (ii) it follows that

(G2 <52 ()

Thus from Egs. (1)-(3) and using 0 < 4,(G(Z,,)) < pg— 1 we
get

EG(Zy) =3 Vil G(Zp)| < 2wg+p+q—6. O (4)

It is known [13] that for any two graphs G, and
G,, E(G, ® G,) = E(G))E(G;). Since E(Q(Zp’z,)) =2(p¥ — 1),
for 1 <i<k, applying Theorem 2.2 we get the energy of
Cay(Z,,S) as given below.

Theorem 3.2. Let n = p{'p5* - - - pi* be the prime factorization of
any natural number n > 1. Then
E(Cay(Z,,5)) = EG(Z, ) EG(Z,)) - EG(Z,))
=2 - DE — 1) (1), (5)
In the following few results we give comparison of energies

of power graph and Cayley graph.

Corollary 3.1. For n = pq, where p,q are distinct odd primes,
E(G(Z,)) < E(Cay(Zy,S)).

Proof. For p = 3,4 =5 we get from (4) and (5),

E(g(zﬁt/)) <32= E(Cay(Z,,q,S)). (6)

Now for both p,g>5 it is easy to verify that
5p+q9—2) < 2pq which implies that
p+q—6<2pg—4p —4q+ 4. Thus using (4) and (5)
E(G(Zyg)) <4pq—4p—4qg+4 <4(p—1)(g—1)

= E(Cay(Z,,,S)). O

Pq>
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Corollary 3.2. For n=2q, where q is an odd prime,

E(G(Z,)) > E(Cay(Zy, S)).

Proof. It is well known [11] that for any graph G on n vertices
21(G) = 24 where M is the number of edges in G. By
Corollary 4.3 of [5] the number of edges, M of G(Z,,) is given
by

2M = [4 - ¢(2) — 1]¢(2) + 29 — ¢(q) — 1]d(q)
+[4q — ¢(29) — 1]p(2q) =2 +4q(q - 1).

Therefore

2M 1
2(G(Z >—=2(q—1)+-.

1(6(25)) 2 (q )+q (7
Now it is well known (see [13]) that for any graph
G, E(G) = 24/(G). Combining this fact with Egs. (5) and (7)
we get that

E(G(Zy)) = 4q—1) + 3 = E(Cay(Zs,, S)) +§, O

Theorem 3.3. For any natural ~ number

E(Cay(Z,,S)) = E(Cay(Z,,U,)).

n>1,

Proof. Let n=p{'py---p* be the prime factorization of a

natural number n > 1. Since for all i=1,2,... k,p/’s are

primes and «;’s are positive integers then p? — 1 > p — p¥~".

So (' =Dy —1)--- (i = 1)
= d(p1)dW) - (L)

Now by Theorem 3.7 of [14], E(Cay(Z,,U,)) =2 ¢(n). So
from Egs. (5) and (8) we get

E(Cay(ZmS)) = 2k¢(n) = E(Cay(Z,,, Un))' g

since ¢ is multiplicative. (8)

From Corollary 3.2 and Theorem 3.3 the following corollary is
immediate.

Corollary 3.3. For n=2gq,
E(g(zn)) > E(Cay(zrm Un))'

where q is an odd prime,

Next theorem gives necessary and sufficient conditions of
Cay(Z,, S) to be hyperenergetic. Comparing this theorem with
Theorem 3.10 in [14] we see that the values of n for which
Cay(Z,,U,) is hyperenergetic, Cay(Z,,S) is also hyper-
energetic. However there are some values of n for which
Cay(Z,, S) is hyperenergetic but Cay(Z,, U,) is not.

Theorem 3.4. Let n = p{'p5? - - - pi* be the prime factorization of
any natural number n > 1. Then Cay(Z,,S) is hyperenergetic if
and only if (i) k = 3 or (it) k = 2,n is odd or (iii) k = 2,n is of
the form n = 2*qP for some positive integers o, § with o = 2 and
q is an odd prime.

Proof. We consider three cases.

Case I: For k = 1,n = p*, Cay(Z,, S) is the complete graph
K, on n vertices and so is not hyperenergetic.

Case II: Here k = 2,n = p*¢’(p < q). We consider three
subcases:

Subcase I: p=2,0=1,n=2¢g",2 < g. Then using Eq. (5)
we get

E(Cay(Z,,8)) =4(¢" —1) =224 = 1) =2=2(n—1) — 2.

Thus E(Cay(Z,,S)) <2(n—1) and so Cay(Z,,S) is not
hyperenergetic.

Subcase 2: p = 2,00 = 2,n = 2°¢” 2 < ¢. Then using Eq. (5)
we get

E(Cay(Z,,S))

42" = 1)(¢" - 1)
2(n—1)+22%¢" — 42" — 4.4 +6
2

=2(n—1)+ A(say), 9)
where
A=22q"—42"—4.4" +6
=2"(¢" —4)+ 42" - 4) + 6. (10)

Since o > 2,(2* — 4) > 0. First we consider ¢# # 3. Then as ¢
is a prime with ¢ > 2, (¢ — 4) > 0 and so from Eq. (10) we get
that 4 > 0. Next we consider ¢/ = 3. Then from Eq. (10) we
get that 4 =2 —6 >0 as o > 2. Therefore 4 > 0 for all
positive integers o, f with o > 2 and for all prime ¢ with
¢ > 2. Then from Eq. (9) we get E(Cay(Z,,S)) >2(n—1)
and so Cay(Z,,S) is hyperenergetic.

Subcase 3: p,q = 3,n = p*qP,p < q. For this case authors
in [14] have shown that E(Cay(Z,,U,)) > 2(n — 1). Then by
Theorem 3.3, we get that Cay(Z,, S) is hyperenergetic.

Case III: Here k > 3. This case is similar to subcase 3 of
Case I1. O

Acknowledgement

The authors are grateful to the referee for his/her valuable
suggestions.

References

[1] J. Abawajy, A. Kelarev, M. Chowdhury, Power graphs: a
survey, Electron. J. Graph Theory Appl. 1 (2) (2013) 125-147.

[2] A.V. Kelarev, S.J. Quinn, A combinatorial property and power
graphs of groups, Contrib. General Algebra 12 (2000) 229-235.

[3] A.V. Kelarev, S.J. Quinn, Directed graphs and combinatorial
properties of semigroups, J. Algebra 251 (2002) 16-26.

[4] A.V. Kelarev, S.J. Quinn, A combinatorial property and power
graphs of semigroups, Comment. Math. Univ. Carolinae 45
(2004) 1-7.

[5] I. Chakrabarty, S. Ghosh, M.K. Sen, Undirected power graphs
of semigroups, Semigroup Forum 78 (2009) 410-426.

[6] P.J. Cameron, The power graph of a finite group II, J. Group
Theory 13 (2010) 779-783.

[7] P.J. Cameron, S. Ghosh, The power graph of a finite group,
Discrete Math. 311 (2011) 1220-1222.

[8] S. Chattopadhyay, P. Panigrahi, Connectivity and planarity of
power graphs of finite cyclic dihedral and dicyclic groups,
Algebra Discrete Math. 18 (2014) 42-49.


http://refhub.elsevier.com/S1110-256X(15)00020-6/h0005
http://refhub.elsevier.com/S1110-256X(15)00020-6/h0005
http://refhub.elsevier.com/S1110-256X(15)00020-6/h0010
http://refhub.elsevier.com/S1110-256X(15)00020-6/h0010
http://refhub.elsevier.com/S1110-256X(15)00020-6/h0015
http://refhub.elsevier.com/S1110-256X(15)00020-6/h0015
http://refhub.elsevier.com/S1110-256X(15)00020-6/h0020
http://refhub.elsevier.com/S1110-256X(15)00020-6/h0020
http://refhub.elsevier.com/S1110-256X(15)00020-6/h0020
http://refhub.elsevier.com/S1110-256X(15)00020-6/h0025
http://refhub.elsevier.com/S1110-256X(15)00020-6/h0025
http://refhub.elsevier.com/S1110-256X(15)00020-6/h0030
http://refhub.elsevier.com/S1110-256X(15)00020-6/h0030
http://refhub.elsevier.com/S1110-256X(15)00020-6/h0035
http://refhub.elsevier.com/S1110-256X(15)00020-6/h0035
http://refhub.elsevier.com/S1110-256X(15)00020-6/h0040
http://refhub.elsevier.com/S1110-256X(15)00020-6/h0040
http://refhub.elsevier.com/S1110-256X(15)00020-6/h0040

462

S. Chattopadhyay, P. Panigrahi

[9] M. Mirzargar, A.R. Ashrafi, M.J. Nadjafi-Arani, On the power
graph of a finite group, Filomat 26 (2012) 1201-1208.

[10] W. Klotz, T. Sander, Some properties of unitary Cayley graphs,
Electron. J. Combin. 14 (2007) R45.

[11] D. Cvetkovi¢, P. Rowlinson, S. Simi¢, An Introduction to the
Theory of Graph Spectra, Cambridge University Press, London,
2010.

[12] I. Gutman, The energy of a graph, Ber. Math.-Stat. Sekt.
Forschungszent. Graz. 103 (1978) 1-22.

[13] X. Li, Y. Shi, I. Gutman, Graph Energy, Springer, New York,
2012.

[14] H.N. Ramaswamy, C.R. Veena, On the energy of unitary Cayley
graphs, Electron. J. Combin. 16 (2009) N24.

[15] A.V. Kelarev, Graph Algebras and Automata, Marcel Dekker,
New York, 2003.

[16] Y.G. Baik, Y.Q. Feng, H.S. Sim, M.Y. Xu, On the normality of
Cayley graphs of Abelian groups, Algebra Colloq. 5 (1998) 297—
304.

[17] T.W. Hungerford, Algebra: Graduate Texts in Mathematics,
Springer-Verlag, New York, 1974.

[18] X. Yong, On the distribution of eigenvalues of a simple
undirected graph, Lin. Algebra Appl. 295 (1999) 73-80.


http://refhub.elsevier.com/S1110-256X(15)00020-6/h0045
http://refhub.elsevier.com/S1110-256X(15)00020-6/h0045
http://refhub.elsevier.com/S1110-256X(15)00020-6/h0050
http://refhub.elsevier.com/S1110-256X(15)00020-6/h0050
http://refhub.elsevier.com/S1110-256X(15)00020-6/h0055
http://refhub.elsevier.com/S1110-256X(15)00020-6/h0055
http://refhub.elsevier.com/S1110-256X(15)00020-6/h0055
http://refhub.elsevier.com/S1110-256X(15)00020-6/h0055
http://refhub.elsevier.com/S1110-256X(15)00020-6/h0060
http://refhub.elsevier.com/S1110-256X(15)00020-6/h0060
http://refhub.elsevier.com/S1110-256X(15)00020-6/h0065
http://refhub.elsevier.com/S1110-256X(15)00020-6/h0065
http://refhub.elsevier.com/S1110-256X(15)00020-6/h0065
http://refhub.elsevier.com/S1110-256X(15)00020-6/h0070
http://refhub.elsevier.com/S1110-256X(15)00020-6/h0070
http://refhub.elsevier.com/S1110-256X(15)00020-6/h0075
http://refhub.elsevier.com/S1110-256X(15)00020-6/h0075
http://refhub.elsevier.com/S1110-256X(15)00020-6/h0075
http://refhub.elsevier.com/S1110-256X(15)00020-6/h0080
http://refhub.elsevier.com/S1110-256X(15)00020-6/h0080
http://refhub.elsevier.com/S1110-256X(15)00020-6/h0080
http://refhub.elsevier.com/S1110-256X(15)00020-6/h0085
http://refhub.elsevier.com/S1110-256X(15)00020-6/h0085
http://refhub.elsevier.com/S1110-256X(15)00020-6/h0085
http://refhub.elsevier.com/S1110-256X(15)00020-6/h0090
http://refhub.elsevier.com/S1110-256X(15)00020-6/h0090

	Some relations between power graphs and Cayley graphs
	1 Introduction
	2 Relations between power graphs and Cayley graphs
	3 Energy of ? and ? 
	Acknowledgement
	References


