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ABSTRACT

Let G = (V,E) be a colored graph with vertex set V(QG)
and edge set E(G) with chromatic number x(G) and d; is

the degree of a vertex v;. The Randi¢ matrix R(G) = (r;;)
1

of a graph G, is defined by 7; \/ﬁ’ if the vertices
it

v; and v; are adjacent and r;; = 0, otherwise. The Randié

energy [5] RE(G) is the sum of absolute values of the
eigenvalues of R(G). The concept of Randi¢ color energy
ERrc(G) of acolored graph G is defined and obtained the Randi¢
color energy E'rc(G) of some graphs with minimum number of
colors.
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1. INTRODUCTION

Let G = (V, E) be a graph on vertex set V(G) = {v1,v2,...,v,}
and edge set E(G). Let d; be the degree of a vertex v; for
it = 1,2,...,n. The adjacency matrix A(G) = (a;;) of a graph
G is a square matrix of order n, where

(as;) = 1, if the vertices v; and v; are adjacent;
7/ 71 0, otherwise.

Since A(G) is symmetric, its eigenvalues Aj,Aa,..., A\,
are all real numbers, whose sum 1is equal to zero.
The energy E(G) [14] of a graph G is

B(G) =Y |\l

In 1975 by Milan Randié¢ [10], is defined Randié index as
R = R(G) = ZL, where Z indicates summation
d;d,;

i~ ing
over all pairs of adjacent vertices v; and v;. Randi¢ matrix [5]
R(G) = (r;;) of G is an x n symmetric matrix defined by

0, =73
1 .
i = , v; and v; are adjacent;
did;
0, v; and v; are not adjacent.

Let p1, p2, - . ., pn, be the eigenvalues of the Randi¢ matrix R(G),
these eigenvalues are real numbers, and that their sum is zero, the
Randi¢ energy [5] of a graph G is defined as

n

RE =RE(G) = |pil-

i=1

In the last few years, research publications on Randié spectrum,
Randi¢ indices and Randié¢ energy can be found in literature [3],
(40, 151, [0, 18]

A coloring of graph [1]] G is a coloring of its vertices such that
no two adjacent vertices receive the same color. The minimum
number of colors needed for coloring of a graph G is called
chromatic number and denoted by x(G). The color adjacency
matrix [1] Ac(G) are as follows: If ¢(v;) is the color of v;, then

1, ifv; and v; are adjacent with c(v;) # c(v;);
a;; =< —1, if v; and v; are non-adjacent with c(v;) = ¢(v;);
0, otherwise.

If A1, A2,...,\, are eigenvalues of A.(G) are called color
eigenvalues. Color energy [1] of a graph is

n

E(G) = |l

i=1

For more literature on color energy of a graph, we can see [1], [2],
(L0, (20, 113D

1.1 Randi¢ color matrix and Randi¢ color energy

Motivated by Color Energy of a Graph [1] and Randi¢ Matrix and
Randié Energy [5], have obtained a new matrix called Randi¢ color
matrix.

Let G be a simple colored graph with n vertices. The Randié color
matrix Agrc(G) = (r;5) is a square n X n matrix defined by

\/ﬁ, if v; and v; are adjacent with c(v;) # ¢(v;);
idj
Tij = —=L_ ifv; and v; are non-adjacent with c(v;) = ¢(v;);

Vdid;’

0, otherwise.

The characteristic polynomial of Arc(G) is |pI — Arc(G)|.
Let pi1,p2,...,pn be eigenvalues of Randié color matrix
Agrc(G). Since Arc(G) is real and symmetric matrix, so its
eigenvalues are real numbers and that their sum is zero. If the
eigenvalues of Arc(G) are p1, pa, . . ., p, With their multiplicities



are my, ma, . .., m, then spectrum of Agc(G) is denoted by

Specre(G) = ( Pr P2 --- Pn-1 Pn ) .

my Mo ... Mp_1 My

The Randié color energy Erc(G) of a colored graph G is defined
as

Ero(G) = Z pil-
=1

2. RANDIC COLOR ENERGY OF SOME GRAPHS

THEOREM 1. If K,, is complete graph with n vertices and
X(Kr) = n, then Randié color energy of K,, is Erc(K,) = 2.

PROOF. Let K, be the complete graph with n vertices. Since
X (K, ) = n, we have Randié color matrix

-1 -1 -1 -1 -1
[ = n-1 n-1 n-1
-1 —1 -1 -1 -1
n-1 P w1 n-1 n-1 n-1
-1 -1 -1 -1 -1
n-1 n-1 P n-1 n-1 n-1
|pI — Arc(Kn)| =
-1 -1 -1 -1 -1
n-1 n-1 n-1 [ ST
-1 -1 -1 -1 —1
n—1 n-1 n-1 n—1 P n—1
-1 -1 -1 -1 -1
n-1 n-1 n-1 n-1 n-1 P
nxn

R, =R;+Rs+ -+ R,_1+ R,, then we get (p — 1) common
in first row

1 1 1 1 1 1
TP T = oS o
n7—11 n;—ll P n;—ll 7;11 nill
loI = Apc (K|l = (p—1)
nill n;—ll 7;—11 P 7;11 nill
i TP wh
sl T T ona P
nxn
R, = R, + %,k = 2,3,...,n, we get, Characteristic
n-1
polynomial |of — Arc(Ko)| = (p=1) (p+ —— ) .
-1
n—1 1

Specrc(K,) = , Randi¢ Color Energy of
n—11

K" is ERC(Kn) = 2.

O

THEOREM 2. If S, is star graph with n vertices and
x(Sn) = 2, then Randié color energy of S, s

Erc(Sn) =vn?2 —4n+8+4 (n—2).
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PROOF. Let S,, be the star graph with n vertices. Since
x (S, ) = 2, we have Randié color matrix

—1 —1 -1 —1 —1
P n—1 n—1 n—1 n—1 n—1
L 1 1 1 1
-1
=L 1 P 1 1 1
[pl — Arc(Sn)| =
—1
=L 1 1 p 1 1
—1
=L 1 1 1 p 1
—1
— 1 1 1 1 P
nxn

R, = Ry, — Ri_1,k =3,4,5,...,(n—1),n, then taking (p — 1)
common from R3 to R,,, we get

1 1 1 1 1
P vn—-1 +vn-1 vn-1 +Vvn-1 +vn-1
= 1 1 1 1
0 -1 1 0 0 0

lpI—ARc(Sn)| = (p—1)™?

0 0 0 1 0 0
0 0 0 -1 1 0
0 0 0 0 -1 1

CL=Cr+Cyp1+---+Cn,k=2,3,...,(n—1),n, then

~(n-1)
| P —

pl = Apc(Sp)l = (p—1)" 2| . o

| R ( )l ( ) nil p+(n72)

Characteristic polynomial

oI — Arc(Sn)| = (p = 1)"* [p* + (n—2)p— 1],

—(n—2)—/n2-4n+8 —(n—2)+4/n2-4n+8 1
2 2
Specrc(Sn) =
1 1

Randié Color Energy of S,, is

Erc(Sp) =+vVn?—4n+8+ (n—2).

O
THEOREM 3. If K, ,, is complete bipartite graph with 2n
vertices and x (K, ) = 2, then Randi¢ color energy of K, ,, is

ERC(Kn,n) = %

PROOF. Let K, , be the complete bipartite graph with 2n
vertices. Since x (K, ) = 2, we have Randié color matrix

nxn



ES e s § -1 =1
P n n n n  n
ES e - § -1 =1
w P n n n n n
1 1 1
nwoon Pow wm o
1 1 1 -1 -1 -1 -1
n o n P n

lpI—Arc (Knn)l =
-1 -1 -1 -1 1 1 1
n n nmn P ow n o
-1 -1 -1 -1 1 1 1
n n n nmon P n
=1 =1 -1 -1 1 1 1
n  n n n n on Pow
-1 =1 -t -t 1 1 ES
n n n n n n n 4 2nx2n
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—1

—1

—1

Ry =(Ri+Ry+ -+ Ry) = (Rop1 + Rogo + - + Ran),
R;c = Rk+R2n, k = 2,3,...,n and R;C = Rk —Rgn,
E=n+1,n+2,...,2n — 1, then we get (p+2"’1)common

n
in first row and (p - %) common from Ry to Roy,_1
11 101 -1 -1 -1 -1
0o 1 o 0 0 o0 0o 1
0o o 1 0 0 0 0 1
2n 1\27-2| o0 o o 1 0 o0 0o 1
= (f’+ ) (f’* g) 0o o o 0o 1 o0 0 -1
0o o o 0o o0 1 0 -1
) 0 0 0 o0 1
-1 -1 -1 -1 01 1 1
o m m m n n P 2nx2n

on = Ron + %, we get Characteristic polynomial

1 2n—1
B

_(M) 1
1 2n—1>'
2. D

Randié¢ Color Energy of K, ,, is Erc(Kp,n) = 22

n

2n—1
|pI — Apc(Knn)| = <P+ T) (P

SpecRC(Kn,n) =

THEOREM 4. If K, 41 is complete bipartite graph with
2n + 1 vertices and (K, n,+1) = 2, then Randié color energy
of Ky py1is

2[\/n2+2n+2—|—n}

ERC(Kn,n+1) = n+ 1 .

PROOF. Let K, ,41 be the complete bipartite graph with
2n + 1 vertices. Since x (K, n+1) = 2, we have Randié color
matrix Agc (K, n41) is a square matrix of order 2n + 1.

|pI — ARC(Kn,n+1)| =

4 T T
\/n(n+1) \/n(n+1) \/n(n+1)
1 T p 1 T -1 -1 -1
n n \/n(n-u) \/n,(n,+1) \/n(n+1)
_L 1 1 -1 1 1
1 1 1
nt mt mt \/n(n+1) \/n(n+1) \/n(n+1)
% % P —1 =1 =1
\/n(n+1) \/n(n+1) \/n(n+1)
-1 -1 -1 o % %
\/n(n+l) \/n(n+1) \/n(n+l)
-1 —1 ~1 1 1 1
\/n(n«l»l) \/n(n+1) \/n(n+1)
1 1 1 1
\/n(n+1) \/n(n+1) \/n(n+1)
-1 -1 -1 % % p
\/n(n+l) \/n(n+1) \/n(n+l)
;C :Rk*Rn,k: 1,2,3,...,n71,R’m :R7,L*Rn+1,
m:n+2,n—|—3,...,2n+lthentaking( fﬁﬂ) common
from Ry to R,,_; and (p — 1) from Ry, 15 t0 Ropis
1 n—1 1\"
(p n+1 ) (p n)
1 0 -1 0 0 0
0 1 -1 0 0 0
0 0 ) 0 0 61
1 — —
FE= T 2

-1

\/nntn)
0

co- -

/(i)
0

co- -

co- -

P

-1

-1
-1

Chi1=Cni1 +Cryo+ -+ Conga

~ (-

1

G

/) \/n<1n+1>

[

1

co -

(nt1)
\/n(n+1)

pt+1

(n+1)x(n+1)




Cl=C1+Co+ -+ Cp_y+ Cp, then

o+ n-1 —(n+1)
n+1
e n Vn(n+1)
lpI=Arc(Kn i)l ( . ) 1( 1)
pi—ARrcC n,n+1) = | P — p— = —n
: 1 —n__ 1
n+ n V/n(nt1) Pt

Characteristic polynomial

n-1 n
3 1 1 )
[pI-=Arc(Kn,nt1)| = (p— s 1) (p— ;) [(n-‘r 1p +2np—2} ,

—n-vn242n+2 —ntvn2+2n+2 1 1

o Tl ntl 7

Specrc(Knnt1) = ;
1 1 n—1mn

Randié¢ Color Energy of K, ;41 is

2[\/n2+2n+2—|—n}

ERC(Kn,7L+1) - n+1 .

O

THEOREM 5. If K, ,, is complete bipartite graph with m +n
vertices and X (K, n) = 2, then Randi¢ color energy of K, ,, is

\/('m,2 4+n2-m-n)24+4mn(m+n-1)+(m2+n2 -m-n)

n

Erc(Km,n) =

3

where m < n.

PROOF. Let K,, ,, be the complete bipartite graph with m + n
vertices. Since x (K, ) = 2, we have Randié color matrix

pl — ARC(Km,n” =

o 1 1 1 —1 —1 —1 —1
n n n mn mn mn ‘mn
1 P 1 1 —1 1 -1 —1
n n n vmn vmn vmn mn
1 1 1 1 1 1 -1
n n 3 n mn mn mn mn
1 1 1 —1 —1 —1 —1
nl nl nl pl mn v T n v T n 'Ii?, n
T T Gy Lo omoow
mmn mmn mmn vmn m 4 m m
1 1 1 1 1 1 1
vmn  ymn 7 Jmn  Jmn m m m 3
/ /
‘= Ry — Rp,k =1,2,3,...,m—1, R, = Ry — Rys1.
d=m+2,m+3,...,m+n, then takin, — 1) common from
’ ) ) n
Ry to R,,_; and taking (p — %) common from R, 5 to Ry 40,
we get
1 m—1 1 n—1
n m
1 0 0 -1 0 0 0 0
0 1 0 -1 0 0 0 0
0 0 1 1 0 0 0 0
1 1 1 —1 —1 —1 —1
i " " Ve e voprovpn
vmn mmn mmn vmn 4 m m m
0 0 0 0 ~1 1 0 0
0 0 0 0 -1 0 1 0
0 0 0 -1 0 0 1
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Characteristic polynomial

lp1-Anc (Km,m)l = (p- %)mfl (o- %)"71 [mn o2+ (n2+m?%—n-m)p-(m+n-1)]

—(m24n2-m-n)+ \/(m2 +n2-m-n)24+4mn(m+n-1)

1
2mn ™

Specrc (Km,n) =

1 m-1 n-1

Randi¢ Color Energy of K, ,, is

\/(m2+n27m7n)2+4mn(m+n71)+(m2+n27mfn)

mn

Erc(Km,n) =
O
THEOREM 6. If SO is crown graph with 2n vertices and

x(S%) = 2, then Randié color energy of S° is Epc(S0) = 4n=2,

n

PROOF. Let SO be the crown graph with 2n vertices. Since
x(S2) = 2, we have Randié color matrix

1 1 1 -1 -1 -1
pow oy oy 4w o m
w wowmow 0T
1 1 1 -1 -1 -1
nom Pw mm 0 =

i 1 i -1 -1 =1
o n P w W Y
0 — -1 -1 -1 1 1 1
lpI—Arc(Sp)l=| 0 ¢ = h P w oW
=1 -1 -1 1 1 1
w0 " moom P o
= -1 -1 1 1 1
w05 5 o8 e x

-1 -1 -1 1 1 1
R e U R R o

2nx2n

,’CICk—FCnJrk,kJ:l,Q,?),...
k=1,2,3,...,n then we get,

,nthen R . = Ry — Ry,

2 2 2
P n non
2p... 22
|pI — Arc(Sy)| = p"
22 .02
22...2p

nxn

Characteristic polynomial

lpI — Apc(Sp)| = p" <p+ 2(nn_1)> (p— E)H,

_ (2(n71)) 0 2
Specre(SY) = " "
1 nn-—1
Randi¢ Color Energy of SO is Epc(S0) = 241

n
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