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Abstract

Let G be a finite, simple and undirected graph. For any integer 1 < k < oo, generalized eccentricity k" power
sum adjacency matrix of G is m x m matrix with its (i, /)" entry as e(v;)* + e(v;)¥, if v; adjacent to v; and
zero otherwise, where e(v) is the eccentricity of the vertex v of a graph G. In this paper, the new energy of
graph under the name as generalized eccentricity k" power sum adjacency energy of G (EGE*SA(G)) has
been introduced. Generalized eccentricity k" power sum adjacency energy EGE*SA(G) of some standard
graphs and regular graphs obtained by complete graph.
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1.Introduction

Let G = (V(G),X(G)) be a finite, simple and undirected graph with |V(G)| = m and [X(G)| = q. The distance
d(u, v) between any two vertices u and v in a graph G is the length of the shortest u — v path. Eccentricity of a
vertex is defined as the maximum distance between a vertex to all other vertices [1]. In 1978, the concept energy
of a graph G originated by I. Gutman [9].

In 2023, B. Fathima have defined the generalized eccentricity k" power sum energy EGE*S(G) of G
[8]. Motivated by these papers, the concept of generalized k" power sum adjacency energy EGE*SA(G) of G.

Let G be a graph with m vertices and g edges. For any integer 1 < k < o0, a graph G whose matrix is
ek(v) + e*(v;), if v; adjacent tov;

denoted by GE¥SA(G) = [ge*sa;;] is determined as ge*sa;; = { 0 horwi
,  otherwise

The generalized eccentricity k** power sum adjacency energy of G is indicated by EGE!SA(G) =
Y™, |n:l, where n1,75, -+, m,, are eigenvalues of GE¥SA(G).
2. Preliminaries

Lemma 2.1 [5]
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Let M,N, P and Q be matrices with M invertible. Then we have |1;[ g| = |M||Q — PM7N|

Lemma 2.2 [5]

M N

Let M,N, P and Q be matrices. Let S = (P 0

) if M and P commutes. Then |S| = |[MQ — PN|.

Lemma 2.3 [15]

If A(K,,) is the adjacency matrix of K,,, then A2(Kp) = (p — 2)A(K,) + (p — D1,
3. Generalized eccentricity k" power of sum adjacency energy of some graphs
Theorem 3.1

In a complete graph K,,, (m = 2), EGE*SA(K,,) = 4(m — 1).

Proof:

Let K,,, be the complete graph with m vertices for m > 2.

Since K,, is a connected graph withe(v;) =1, 1 < k < m, we get

1% + 1%, if v; adjacent to v;

eksa; (K ={
g  (Kn) 0, otherwise

and the generalized eccentricity k" power sum adjacency eigenvalues of K,, are ~ —2 of multiplicity (m — 1)
and 2(m — 1) of multiplicity 1 respectively. Hence EGE*SA(K,,) = 4(m — 1).

Theorem 3.2

In a complete bipartite graph K, , (m,n = 2), EGE*SA(K,,,) = 2%*2(m).

Proof:

Let G be a complete bipartite graph of order m + n and mn edges.

k1 if o adi ,
Since ge*sa; (Kyp) = {2 , ify ad]ac'ent O e et
’ 0, otherwise
K1 1 - 1
GE*SA(Kp, ) = [ k?—l 2 ]] andwhereJ ={: ~
' 2] 0 1 - 1

PGE*SA(K,)() = |nly — GE¥SA(K, )|

- Nl _2k+1]
_2k+1] r]lm

= (hn)* = (2F41))?
= ()l = 2571 (I + 271))
- (nlm _ 2k+1m) (nlm _ 2k+1m)n2m—2

k+1 k+1
Hence S,(GE*SA(K, :<2 m 27m 0 )and
p( (Km,n)) 1 1 om — 2

EGE*SA(K,, ) = 2¥*2(m).
Theorem 3.3

In astar graph K; ,, (m = 2), EGE*SA(Ky,) = 2(2%+ D)Vm.
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Proof:

Let G be a star graph of order m+1 and m edges.

. 2K +1, if v; adjacent to v;
Since ge¥sa;; (Ky.,) = { ’ ¢ 7 we get
g g Kim) 0, otherwise g
0 2k+1 2841 o 2k 41
[2F +1 0 0 0 |
GE*SA(Kim)=12c+1 0 0 - 0 | and
2k +1 0 0 0 J
PGE*SA(Kpnn)() = |0l — GE*SA(K, )|
nl, -¥+1) —-@+1) - -+
-2k +1) Nl 0 0
=1-@+1) 0 Nl 0
-2+ 1) 0 0 Nl

"t (m* - (25 4+ 1)%m)

k+1 k+1
Hence Sp (GEkSA(Kl,m)) = (2 IM 2 1\/5 0 1) and
m —

EGE*SA(Kyn) =22 + Dvm.

4. Generalized eccentricity k™ power sum adjacency energy of some regular graphs obtained by
complete graph

Theorem 4.1
Let D;(Kay,) be the edge deleting graph 1 of K,,,. Then EGE*SA(Dy(Kzy,)) = 253 (m — 1).
Proof:

Let G be a edge deleting graph 1 of order 2m, m=12,---,nand 2m(m—1) edges. Since

2k+1 if v, adjacent to v;
getsay (Dy(Kpn)) = {2 0 U 4Y 7,

0, otherwise

2k+1A(Km) 2k+1A(Km)

and
2k+1A(Km) 2k+1A(Km)

we get GE*SA(D;(Kyp)) = [

PGE*SA(D;(Kyn))(1) = Inl,, — GE*SA(Dy(Kom))

_ nIm - 2k+1A(Km) _2k+1A(Km)
| —2MAK,)  nl, — 2KTA(K,)

=Ly — 241 A(KR))? — 2K AKR D)
= 0?1, — 292 A(K))

2
= @™ [l — 257 AK)

(Zn)m (g _ 2k+1(m _ 1))(% + 2k+1)m—1

" — 2872 (m — 1) (n + 242"

k42 (0 _ok+2
Hence S,(GE*SA(D;(Kzn)) :(2 (=1 ~2 O)and

1 m—1 m

802



Tuijin Jishu/Journal of Propulsion Technology
ISSN:1001-4055
Vol. 44 No.2(2023)

EGE*SA(Dy(Ky,)) = 243 (m — 1).
Theorem 4.2

Let D5(K,,,) be the edge deleting graph 3 of K,,,,. Then EGE*SA(D;(Ks,,)) = 8(3%)(m — 1), where (m >
3).

Proof:
Let G be a edge deleting graph 3 of K,,,, order 2m, m = 3,4,---,n and m(m — 1) edges.

k . . . .
Since gekSaij (D3(Kzm)) = {2(3 ). If v, adjacent to Y )

0, otherwise
~ 0 2(3)*A(Ky)
we get GE*SA(D;(Kyp)) = [(3")A(Km) 0 ]and
PGEkSA(D3(K2m))(n) = |77[m — GEkSA(D3(K2m))|
) | nl,, -2(3"AK)
" |-2(39)A(K,) e

= |77]m||771m - (Z(Sk)A(Km))Zl

(m=2)A(Km)+m-Dln
I

=™ [l — 4(3%)(
= 21, — 4@3*)(m - 2)AK,) — 4B*)(m — D, |

= m =2 (P2 b — 430406

=(m — 2)™ (’ﬂ“*(iw — 4(3%)(m — 1))

-2
n? —4(3%*)(m-1)
( m-—2
=(* —4@*)(m - DH(n* — 4@B*)m?

-239Hm-1) 23)(m-1) -2(35 2(3k)) and
1 1 m—-—1 m-—1

+ 4(32k))m—1

Hence S,(GEFSA(D3(Ky)) = (
EGE*SA(D3(Ky,)) = 8(3)(m — 1).
Theorem 4.3
Let JK,,™ be the join of complete graph. Then EGE*SA(JK,,™) = 2¥+3(m — 1).
Proof:
Let G be a join of complete graph of order 2m and m? edges.
2K*1, if v; adjacent to v;
0, otherwise

2k+1A(Km) 2k+1(1m)
2k+1([m) 2k+1A(Km)

Since ge*sa; JK,™) = {

we get GE¥SA(JK,,™) = [ ]and

PGE*SA(K,™)(1) = Inly — GEXSA(K,™)

— nlm - 2k+1A(Km) _2k+1(1m)
_2k+1(1m) nlm - 2k+1A(Km)
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= (Nl — 2 AKR))? = (2571 (1n))?

- ((77 — kY[ k(g 1))((’7 — k) 4 2k+1)m_1
(O + 25" D)L, = 2541 (m = 1)) ((n + 25¥ D)1, + 25FH)m !

- nm—l(n _ 2k+1(m))(77 4 2k+2 _ ok+1 (m)(n + 2k+2)m—1

_k+1 k+1 _ ok+2 _ok+2
Hence s,,(GEKSA(/Kmm)):( 264 () 2¢(m) -2 2 0 )

1 1 m—1 m-—1
and EGE*SA(JK,,™) = 23 (m — 1).

5. Generalized eccentricity k" power sum adjacency energy complement of regular graph obtained
from complete graph

Theorem 5.1

Let D,(Kay,) be the complement of edge deleting graph 2 of K,,,. Then EGE*SA(D;(Ky,,)) = 2K42(m).

Proof:
. A(Kn) 0 _ _ . .
Since A(D;(Kz)) = [ 0 AK )] [by theorem 4.1] and A = ] — I — A, where A is the adjacency matrix
1 - 1
of complement graph, where | = ( )
1 - 1

and

k . 0 2k+1 (])
Therefore, we get GE*SA(D,(Kyp)) = [2"“(/) 0 ]

PGE*SA(D;(Kz)) = |nly — GE*SA(Dy(Kap))|
— nlm _2k+1(])|
=2 ol

Thus the characteristic root of GE*SA(D,(K,,,)) are £25+1(m) of multiplicity, zero of multiplicity 2m — 2
respectively and hence EGE*SA(D,(Kzp)) = 2542 (m).

Theorem 5.2
Let D5 (K>,,) be the complement of edge deleting graph 3 of K5,,. Then EGE ¥SA (D3 (sz)) =23 (m - 1).

Proof:
. 0 2(3)FA(K,, ~ .
Since GE¥SA(D3(Kym)) = [(Sk)A(Km) ®) 0( )] (by theorem 4.2) and A =] —1— A, where A is the
1 1
adjacency matrix of complement graph, where | = ( ) -
1 - 1

weget GESAD ) = 7 0 2
=GE*SA(JK,,™) (bytheorem 4.3)

Since EGE*SA(JK,,™) = 2¥*3(m — 1).

Hence we get EGE*SA(Ds(Kzy,)) = 243 (m — 1).

Theorem 5.3

804



Tuijin Jishu/Journal of Propulsion Technology
ISSN:1001-4055
Vol. 44 No.2(2023)

Let (JK,,™) be the complement of join of complete graph. Then EGE"SA(]Kmm) = 8(3¥)(m — 1), where
m > 3.

Proof:

2k+1A(Km) 2k+1(1m)

Since GE*SA(JK,,™) =
Ukn™) [2k+1(1m) 2K A(K,)

(by theorem 4.3) and A =] —1— A, where 4 is the

1 1
adjacency matrix of complement graph, where | = ( )
1 - 1
T 0 2(3)*A(Km)
E*SA(JK =
we get GE*SA(JK,™) [(3")A(Km) 0

= GE*SA(D5(K,y,)) (by theorem 4.2)
Since EGE*SA(D3(Kzm)) = 8(3¥)(m — 1).

Hence GEFSA(JK,,™) =8(3")(m — 1).
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