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Abstrat. The Randi type additive onnetivity matrix of the graph G of order n and size m is de�ned

as RA(G) = (Rij), where Rij =
√
di +

√

dj if the verties vi and vj are adjaent, and Rij = 0 if vi and vj

are not adjaent, where di and dj be the degrees of verties vi and vj respetively. The purpose of this

paper is to introdue and investigate the Randi type additive onnetivity energy of a graph. In this

paper, we obtain new inequalities involving the Randi type additive onnetivity energy and presented

upper and lower bounds for the Randi type additive onnetivity energy of a graph. We also report results

on Randi type additive onnetivity energy of generalized omplements of a graph.
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1. Introdution

Let G be a simple, �nite, undireted graph. The energy E(G) is de�ned as the sum of

the absolute values of the eigenvalues of its adjaeny matrix. Basially energy of graph is

originated from hemistry. In For more details on energy of graphs (see [1, 2℄).

In hemistry, we an represent the onjugated hydroarbos by a moleular graph. Eah

edge between the arbon-arbon atoms an be represented by an edge. Here we will neglet

the hydrogen atoms. Now a days energy of graph attrating more and more researhers due

its signi�ant appliations. The Randi type additive onnetivity matrix RA(G) = (Rij)n×n

is given by

RAij =

{√
di +

√

dj , vi ∼ vj,

0, otherwise.

The harateristi polynomial of RA(G) is denoted by φRA(G,λ) = det(λI − RA(G)).
Sine the Randi type additive onnetivity matrix is real and symmetri, its eigenvalues are
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real numbers and we label them in non-inreasing order λ1 > λ2 > · · · > λn. The minimum

dominating Randi energy is given by

RAE(G) =

n
∑

i=1

|λi|. (1)

Definition 1.1. The spetrum of a graph G is the list of distint eigenvalues λ1 > λ2 >

· · · > λr, with their multipliities m1,m2, . . . ,mr, and we write it as

Spe(G) =

(

λ1 λ2 · · · λr

m1 m2 · · · mr

)

.

In [3, 4℄, the authors de�ned the minimum overing Randi energy of a graph and minimum

dominating Randi energy of a graph and presented the upper and lower bounds on these

new energies.

This paper is organized as follows. In the Setion 3, we get some basi properties of

Randi type additive onnetivity energy of a graph. In the Setion 4, Randi type additive

onnetivity energy of some standard graphs are obtained.

2. Some basi properties of Randi type

additive onnetivity energy of a graph

Let us de�ne the number K as

K =
∑

i<j

(
√

di +
√

dj
)2
.

Then we have

Proposition 2.1. The �rst three oe�ients of the polynomial φRA(G,λ) are as follows:

(i) a0 = 1,

(ii) a1 = 0,

(iii) a2 = −K.

⊳ (i) By the de�nition of ΦRA(G,λ) = det[λI −RA(G)], we get a0 = 1.

(ii) The sum of determinants of all 1 × 1 prinipal submatries of RA(G) is equal to the

trae of RA(G) implying that

a1 = (−1)1 × the trae of RA(G) = 0.

(iii) By the de�nition, we have

(−1)2a2 =
∑

16i<j6n

∣

∣

∣

∣

aii aij
aji ajj

∣

∣

∣

∣

=
∑

16i<j6n

aiiajj − ajiaij =
∑

16i<j6n

aiiajj −
∑

16i<j6n

ajiaij = −K. ✄

Proposition 2.2. If λ1, λ2, . . . , λn are the Randi type additive onnetivity eigenvalues

of RA(G), then
n
∑

i=1

λi
2 = 2K.
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⊳ It follows as

n
∑

i=1

λ2
i =

n
∑

i=1

n
∑

j=1

aijaji = 2
∑

i<j

(aij)
2 +

n
∑

i=1

(aii)
2 = 2

∑

i<j

(aij)
2 = 2P. ✄

Using this result, we now obtain lower and upper bounds for the Randi type additive

onnetivity energy of a graph:

Theorem 2.1. Let G be a graph with n verties. Then

RA(G) 6
√
2nK.

⊳ Let λ1, λ2, . . . , λn be the eigenvalues of RA(G). By the Cauhy�Shwartz inequality we
have

(

n
∑

i=1

aibi

)2

6

(

n
∑

i=1

ai
2

)(

n
∑

i=1

bi
2

)

.

Let ai = 1, bi =| λi |. Then
(

n
∑

i=1

|λi|
)2

6

(

n
∑

i=1

1

)(

n
∑

i=1

|λi|2
)

implying that

[RAE]2 6 n · 2K
and hene we get

[RAE] 6
√
2nK

as an upper bound. ⊲

Theorem 2.2. Let G be a graph with n verties. If R= det RA(G), then

RAE(G) >

√

2K + n(n− 1)R
2
n .

⊳ By de�nition, we have

(RAE(G))2 =

(

n
∑

i=1

| λi |
)2

=

n
∑

i=1

| λi |
n
∑

j=1

| λj |=
(

n
∑

i=1

| λi |2
)

+
∑

i 6=j

| λi || λj | .

Using arithmeti-geometri mean inequality, we have

1

n(n− 1)

∑

i 6=j

| λi || λj | >





∏

i 6=j

| λi || λj |





1
n(n−1)

.

Therefore,

[RA(G)]2 >

n
∑

i=1

| λi |2 +n(n− 1)





∏

i 6=j

| λi || λj |





1
n(n−1)

>

n
∑

i=1

| λi |2 +n(n− 1)

(

n
∏

i=1

| λi |2(n−1)

) 1
n(n−1)

=
n
∑

i=1

| λi |2 +n(n− 1)R
2
n = 2K + n(n− 1)R

2
n .
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Thus,

RAE(G) >

√

2K + n(n− 1)R
2
n . ✄

Let λn and λ1 are the minimum and maximum values of all λ′
is. Then the following results

an easily be proven by means of the above results:

Theorem 2.3. For a graph G of order n,

RAE(G) >

√

2Kn− n2

4
(λ1 − λn)2.

Theorem 2.4. For a graph G of order n with non-zero eigenvalues, we have

RAE(G) >
2
√
λ1λn

√
2Kn

(λ1 + λn)2
.

Theorem 2.5. Let G be a graph of order n. Let λ1 > λ2 > λ3 > . . . > λn be the

eigenvalues in inreasing order. Then

RAE(G) >
|λ1||λn|n+ 2K

|λ1|+ |λn|
.

3. Randi type additive onnetivity energy of Some Standard Graphs

Theorem 3.1. The Randi type additive onnetivity energy of a omplete graph Kn is

RED(Kn) = 4(n − 1)
3
2 .

⊳ Let Kn be the omplete graph with vertex set V = {v1, v2, . . . , vn}. The Randi type
additive onnetivity matrix is

RA(Kn) =



















1 2
√
n− 1 2

√
n− 1 . . . 2

√
n− 1 2

√
n− 1

2
√
n− 1 0 2

√
n− 1 . . . 2

√
n− 1 2

√
n− 1

2
√
n− 1 2

√
n− 1 0 . . . 2

√
n− 1 2

√
n− 1

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

2
√
n− 1 2

√
n− 1 . . . 2

√
n− 1 0 2

√
n− 1

2
√
n− 1 2

√
n− 1 . . . 2

√
n− 1 2

√
n− 1 0



















.

Hene, the harateristi equation is

(

λ+ 2
√
n− 1

)n−1(
λ− 2(n− 1)

3
2
)

= 0

and the spetrum is

SpecDR (Kn) =

(

2(n − 1)
3
2 −2

√
n− 1

1 n− 1

)

.

Therefore, we get RAE(Kn) = 4(n − 1)
3
2 . ⊲

Theorem 3.2. The Randi type additive onnetivity energy of star graph K1,n−1 is

RAE(K1,n−1) = 2
[√

n− 1 + (n − 1)
]

.
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⊳ Let K1,n−1 be the star graph with vertex set V = {v0, v1, . . . , vn−1}. Here v0 be the

enter. Randi type additive onnetivity matrix is

RA(K1,n−1) =



















1
√
n− 1 + 1

√
n− 1 + 1 . . .

√
n− 1 + 1

√
n− 1 + 1√

n− 1 + 1 0 0 . . . 0 0√
n− 1 + 1 0 0 . . . 0 0

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.√
n− 1 + 1 0 0 . . . 0 0√
n− 1 + 1 0 0 . . . 0 0



















.

The harateristi equation is

λn−2
(

λ+
√
n− 1 + (n − 1)

)(

λ−
(√

n− 1 + (n − 1)
))

= 0

and the spetrum would be

SpecDR (K1,n−1) =

( √
n− 1 + (n− 1) 0 −

√
n− 1 + (n− 1)

1 n− 2 1

)

.

Therefore, RAE(K1,n−1) = 2[
√
n− 1 + (n− 1)]. ⊲

Theorem 3.3. The Randi type additive onnetivity energy of Crown graph S0
n is

RAE(S0
n) = 8(n− 1)

3
2 .

⊳ Let S0
n be a rown graph of order 2n with vertex set {u1, u2, · · · , un, v1, v2, · · · , vn}.

The Randi type additive onnetivity matrix is

RAE(S0
n) =





































0 0 . . . 0 0 2
√
n− 1 . . . 2

√
n− 1

0 0 . . . 0 2
√
n− 1 0 . . . 2

√
n− 1

0 0 . . . 0 2
√
n− 1 . . . 2

√
n− 1 2

√
n− 1

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

0 0 . . . 0 2
√
n− 1 . . . 2

√
n− 1 0

0 2
√
n− 1 . . . 2

√
n− 1 1 0 . . . 0

2
√
n− 1 0 . . . 2

√
n− 1 0 0 . . . 0

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

2
√
n− 1 2

√
n− 1 . . . 2

√
n− 1 0 0 . . . 0

2
√
n− 1 2

√
n− 1 . . . 0 0 0 . . . 0





































.

Hene, the harateristi equation is

(

λ+ 2
√
n− 1

)n−1 (
λ− 2

√
n− 1

)n−1
(

λ− 2(n − 1)
3
2

)(

λ+ 2(n− 1)
3
2

)

= 0

and spetrum is

SpecRA (S0
n) =

(

2(n− 1)
3
2 −2(n− 1)

3
2 2

√
n− 1 −2

√
n− 1

1 1 n− 1 n− 1

)

.

Therefore, RAE(S0
n) = 8(n− 1)

3
2 . ⊲
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Theorem 3.4. The Randi type additive onnetivity energy of omplete bipartite graph

Kn,nof order 2n with vertex set {u1, u2, · · · , un, v1, v2, · · · , vn} is

RAE(Km,n) = 2(
√
mn)(

√
m+

√
n).

⊳ Let Km,n be the omplete bipartite graph of order 2n with vertex set

{u1, u2, · · · , un, v1, v2, · · · , vn}. The Randi type additive onnetivity matrix is

RD(Km,n) =



























0 0 0 . . .
√
m+

√
n

√
m+

√
n

√
m+

√
n

0 0 0 . . .
√
m+

√
n

√
m+

√
n

√
m+

√
n

0 0 0 . . .
√
m+

√
n

√
m+

√
n

√
m+

√
n

0 0 0 . . .
√
m+

√
n

√
m+

√
n

√
m+

√
n

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.√
m+

√
n

√
m+

√
n

√
m+

√
n . . . 0 0 0√

m+
√
n

√
m+

√
n

√
m+

√
n . . . 0 0 0√

m+
√
n

√
m+

√
n

√
m+

√
n . . . 0 0 0



























.

Hene, the harateristi equation is

λn−2[λ− (
√
mn)(

√
m+

√
n)][λ+ (

√
mn)(

√
m+

√
n)] = 0.

Hene, spetrum is

SpecRA (Km,n) =

(

(
√
mn)(

√
m+

√
n) 0 −(

√
mn)(

√
m+

√
n)]

1 m+ n− 2 1

)

.

Therefore, RAE(Km,n) = 2(
√
mn)(

√
m+

√
n). ⊲

Theorem 3.5. The Randi type additive onnetivity energy of Coktail party graph

Kn×2 is

RAE(Kn×2) =
4n− 6

n− 1
.

⊳ Let Kn×2 be a Coktail party graph of order 2n with vertex set

{u1, u2, . . . , un, v1, v2, . . . , vn}. The Randi type additive onnetivity matrix is

RA(Kn×2) =





























0 2
√
2n− 2 2

√
2n− 2 . . . 0 2

√
2n− 2 2

√
2n− 2 2

√
2n− 2

2
√
2n− 2 0 2

√
2n− 2 . . . 2

√
2n− 2 0 2

√
2n− 2 2

√
2n− 2

2
√
2n− 2 2

√
2n− 2 0 . . . 2

√
2n− 2 2

√
2n− 2 0 2

√
2n− 2

2
√
2n− 2 2

√
2n− 2 2

√
2n− 2 . . . 2

√
2n− 2 2

√
2n− 2 2

√
2n− 2 0

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

0 2
√
2n− 2 2

√
2n− 2 . . . 0 2

√
2n− 2 2

√
2n− 2 2

√
2n− 2

2
√
2n− 2 0 2

√
2n− 2 . . . 2

√
2n− 2 0 2

√
2n− 2 2

√
2n− 2

2
√
2n− 2 2

√
2n− 2 0 . . . 2

√
2n− 2 2

√
2n− 2 0 2

√
2n− 2

2
√
2n− 2 2

√
2n− 2 2

√
2n− 2 . . . 2

√
2n− 2 2

√
2n− 2 2

√
2n− 2 0





























.

Hene, the harateristi equation is

λn
(

λ+ 4
√
2n − 2

)n−1(
λ− 4(n− 1)

√
2n− 2

)

= 0

and the spetrum is

SpecRA (Kn×2) =

(

4(n − 1)
√
2n− 2 0 −4

√
2n − 2

1 n n− 1

)

.

Therefore, RAE(Kn×2) = 8(n− 1)
√
2n− 2. ⊲
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4. Randi type additive onnetivity energy of omplements

Definition 4.1 [5℄. Let G be a graph and Pk = {V1, V2, . . . , Vk} be a partition of its

vertex set V . Then the k-omplement of G is denoted by (G)k and obtained as follows: For

all Vi and Vj in Pk, i 6= j, remove the edges between Vi and Vj and add the edges between

the verties of Vi and Vj whih are not in G.

Definition 4.2 [5℄. Let G be a graph and Pk = {V1, V2, . . . , Vk} be a partition of its

vertex set V . Then the k(i)-omplement of G is denoted by (G)k(i) and obtained as follows:

For eah set Vr in Pk, remove the edges of G joining the verties within Vr and add the edges

of G (omplement of G) joining the verties of Vr.

Here we investigate the relation between some speial graph lasses and their omplements

in terms of the Randi type additive onnetivity energy.

Theorem 4.1. The Randi type additive onnetivity energy of the omplement Kn

of the omplete graph Kn is

RAE(Kn) = 0.

⊳ Let Kn be the omplete graph with vertex set V = {v1, v2, . . . , vn}. The Randi type
additive onnetivity matrix of the omplement of the omplete graph Kn is

RA(Kn) =



















0 0 0 . . . 0 0
0 0 0 . . . 0 0
0 0 0 . . . 0 0
.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

0 0 0 . . . 0 0
0 0 0 . . . 0 0



















.

Charateristi polynomial is

RA(Kn) =

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

λ 0 0 . . . 0 0
0 λ 0 . . . 0 0
0 0 λ . . . 0 0
.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

0 0 0 . . . λ 0
0 0 0 . . . 0 λ

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

.

Clearly, the harateristi equation is λn = 0 implying

RAE(Kn) = 0. ✄

Theorem 4.2. The Randi type additive onnetivity energy of the omplement Kn×2

of the oktail party graph Kn×2 of order 2n is

RAE(Kn×2) = 4n.

⊳ Let Kn×2 be the oktail party graph of order 2n having the vertex set

{u1, u2, · · · , un, v1, v2, · · · , vn}. The orresponding Randi type additive onnetivity matrix
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is

RA(Kn×2) =































0 0 0 0 . . . 2 0 0 0
0 0 0 0 . . . 0 2 0 0
0 0 0 0 . . . 0 0 2 0
0 0 0 0 . . . 0 0 0 2
.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

2 0 0 0 . . . 0 0 0 0
0 2 0 0 . . . 0 0 0 0
0 0 2 0 . . . 0 0 0 0
0 0 0 2 . . . 0 0 0 0































Charateristi polynomial is

RA(Kn×2) =

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

λ 0 0 0 . . . −2 0 0 0
0 λ 0 0 . . . 0 −2 0 0
0 0 λ 0 . . . 0 0 −2 0
0 0 0 λ . . . 0 0 0 −2
.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

−2 0 0 0 . . . λ 0 0 0
0 −2 0 0 . . . 0 λ 0 0
0 0 −2 0 . . . 0 0 λ 0
0 0 0 −2 . . . 0 0 0 λ

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

and the harateristi equation beomes

(λ+ 2)n(λ− 2)n = 0

implying that the spetrum would be

SpecRA (Kn×2) =

(

2 −2
n n

)

.

Therefore,

RAE(Kn×2) = 4n. ✄

Aknowledgement. The authors are thankful to the anonymous referee for valuable suggestions

and omments for the improvement of the paper.

Referenes

1. Gutman, I. The Energy of a Graph, Ber. Math. Stat. Sekt. Forshungsz. Graz, 1978, vol. 103, pp. 1�22.

2. Gutman, I. The Energy of a Graph: Old and New Results, Algebrai Combinatoris and its

Appliations / eds. Betten, A., et al., Berlin, Springer-Verlag, 2001, pp. 196�211.

3. Prakasha, K. N., Siva Kota Reddy, P. and Cang�ul, I. N. Minimum Covering Randi Energy of a Graph,

Kyungpook Math. J., 2017, vol. 57, no. 4, pp. 701�709.

4. Siva Kota Reddy, P., Prakasha, K. N. and Siddalingaswamy, V. M. Minimum Dominating Randi

Energy of a Graph, Vladikavkaz. Mat. J., vol. 19, no. 1, pp. 28�35. DOI 10.23671/VNC.2017.2.6506.

5. Sampathkumar, E., Pushpalatha, L., Venkatahalam, C. V. and Pradeep Bhat, Generalized Comple-

ments of a Graph, Indian J. Pure Appl. Math., 1998, vol. 29, no. 6, pp. 625�639.



26 Madhusudhan, K. V., Reddy, P. S. K. and Rajanna, K. R.

Reeived September 7, 2018

Krishnarajapete Venkatarama Madhusudhan

ATME College of Engineering,

Mysore 570 028, Karnataka, India,

Assistant Professor

E-mail: kvmadhu13�gmail.om;

Polaepalli Siva Kota Reddy

Siddaganga Institute of Tehnology,

B. H. Road, Tumkur 572 103, Karnataka, India,

Assoiate Professor

E-mail: reddy_math�yahoo.om, pskreddy�sit.a.in;

Karpenahalli Ranganathappa Rajanna

Aharya Institute of Tehnology,

Bangalore 560 107, Karnataka, India,

Professor and Head of Mathematis

E-mail: rajanna�aharya.a.in

Âëàäèêàâêàçñêèé ìàòåìàòè÷åñêèé æóðíàë

2019, Òîì 21, Âûïóñê 2, Ñ. 18�26

ÝÍÅ��Èß ÀÄÄÈÒÈÂÍÎÉ ÑÂßÇÍÎÑÒÈ ÒÈÏÀ �ÀÍÄÈÊÀ ��ÀÔÀ

Ê. Â. Ìàäõóñóäõàí

1
, Ï. Ñèâà Êîòà �åääè

2
, Ê. �. �àäæàííà

3

1
Èíæåíåðíûé êîëëåäæ, Ìàéñóð 570 028, Êàðòàíàêà, Èíäèÿ;

2
Ñèääàãàíãà òåõíîëîãè÷åñêèé èíñòèòóò, Òóìêóð 572 103, Êàðòàíàêà, Èíäèÿ;

3
Òåõíîëîãè÷åñêèé èíñòèòóò À÷àðüè, Áàíãàëîð 560 107, Êàðíàòàêà, Èíäèÿ

E-mail: kvmadhu13�gmail.om; reddy_math�yahoo.om, pskreddy�sit.a.in; rajanna�aharya.a.in

Àííîòàöèÿ. Ìàòðèöà àääèòèâíîé ñâÿçíîñòè òèïà �àíäèêà RA(G) = (Rij)n×m çàäàåòñÿ ðàâåíñòâà-

ìè Rij =
√
di +

√

dj , åñëè âåðøèíû vi è vj ñìåæíû, Rij = 0, â ïðîòèâíîì ñëó÷àå, ãäå di è dj � ñòåïåíè

âåðøèí vi è vj ñîîòâåòñòâåííî. Öåëüþ äàííîé ñòàòüè ÿâëÿåòñÿ èññëåäîâàíèå ýíåðãèè àääèòèâíîé ñâÿçíî-

ñòè òèïà �àíäèêà. Â äàííîé ñòàòüå ìû ïîëó÷èëè íîâûå íåðàâåíñòâà, âêëþ÷àþùèå ýíåðãèþ àääèòèâíîé

ñâÿçíîñòè òèïà �àíäèêà, è ïðåäñòàâèëè åå âåðõíþþ è íèæíþþ ãðàíèöû. Ìû òàêæå ïîëó÷èëè ðåçóëüòàòû

ïî ýíåðãèè àääèòèâíîé ñâÿçíîñòè òèïà �àíäèêà îáîáùåííûõ äîïîëíåíèé ãðà�à.

Êëþ÷åâûå ñëîâà: ýíåðãèÿ àääèòèâíîé ñâÿçíîñòè òèïà �àíäèêà, ñîáñòâåííûå çíà÷åíèÿ àääèòèâíîé

ñâÿçíîñòè òèïà �àíäèêà.
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