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1. PRELUDE

Let Q = (V, E) be a connected but undirected graph. A Subset | € V becomes independent if
its vertices doesn’t form any edges. The highest cardinality of such a set is called
independence number which is usually denoted as B (Q2).

The ideologies pertaining to the concepts namely The Energy of a Graph [3], Coloring a
Graph [2], Color Energy of a Graph [2] and the Maximum independent vertex energy [6] are
the main motivation to conceptualize Maximum independent - energy ‘Ely’ of a graph Q
and to determine the y — energy Ely of certain standard graphs. Mathematical aspects
concerning Energy of a Graph can be seen in [1], [4] and [5].

It has been discovered that Energy of a Graph has exceptional applications in the study of
chemical molecules and in other fields.

Similar studies are also found in [7] and [8].

The standard results regarding Ely of any graph Q are obtained by studying characteristic
polynomial of its maximum independent colored matrix.

Inorder to connect with chemical applications, We have computed the mathematical value of
Ely for the chemical cancer drug Cisplatin.
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2. MAXIMUM INDEPENDENT y - ENERGY - Ely

Let Q be a graph with r edges and s vertices. Let Iy be its maximum independent colored set
of vertices.

The maximum independent colored matrix of Q isas x s adjacency square matrix Aly (Q) =
(bij ), where

lifi=jifvi elyor the vertices vi and vj constitutes an edge and c (vi) #
(Vi)
bij = —1 if vertices vi and vj doesn’t constitute an edge but ¢ (vi) = ¢ (vj)

0 elsewhere

Then the characteristic polynomial obtained from its adjacency matrix Aly () denoted by
hs(Q, Ac) is elucidated as hs(Q, Ac) = det(Acl — Aly (Q2)).

As it is evident that the adjacency matrix Aly (Q) consists of real symmetric numbers, its
independent x - eigenvalues are also real and we specify them as Ac1, Ac2, Ac3, ...,
Acs. The maximum independent - energy of Q is defined as : Ely (Q) = X.;—; |Aci|

In the later section of this paper, we have computed the numerical values of Ely for certain
standard graphs namely Star Kis-1, Complete Bipartite Kss and Friendship Fs Graphs after
studying the basic properties of Ely.

3. BASIC THEOREMS ON EIy

Theorem 1. Let Q be a simple connected graph with independence number  (Q2). If the order
and size of Q is s and r respectively with hs(Q, Ac) = boAc +biA%. +...+bs being the
characteristic polynomial obtained from Iy of Q, then

1) bo=1
2) bi=-B(Q)
3) by = (B(ZQ)) - [ry + r, ry being

number of vertices that doesn’ t form edges butidentical in color
2

Proof. (1) It is obvious that hs (2, Ac) := det( Al — Aly (©2)) which yields bo=1.

(2)As the total of the diagonal elements in Aly (Q) is evidently equal to independence
number B(Q) of its corresponding graph Q, thus we get b1 = —f (Q).

(3) Since (—1)? b2 equals total of determinants of all principal submatrices of Aly () of order
2 x 2, it leads to

1<i<jss

Vol. 71 No. 4 (2022) 8508
http://philstat.org.ph


http://philstat.org.ph/

Mathematical Statistician and Engineering Applications
ISSN: 2094-0343
2326-9865

= Z (bitbyj — bijbji)

1<i<jss
= lei<j55(biibjj) - lei<j55(bij2)
= (B(Zﬂ)) — [r'x + 1],

number of vertices that doesn’ t form edges but identical in color
2

where r'y being

Theorem 2. Let Q be a graph. Let Acl, Ac2, Ac3, ...., AcS be the latent values of maximum
independent colored adjacency matrix Aly (). Then

(1) Xi-1Aci=B(Q),
2). iAc = 2[rx + 1] + B () where 'y being

number of vertices that doesn’ t form edges but identical in color
2

Proof. (1) Since the total of the latent values of Aly (Q) equals the trace of Aly (€2), we get
SoiAci = Yi_ by = Iyl = B (Q) where B (Q) denotes the cardinality of maximum
independent colored vertex set.

(2) Also likewise the Sum of the squares of latent values of the Aly (Q) matches the trace of
the (A2 Iy (Q)).

Thus

A= X5 Xy bijbyi
=2 Y5es bijbji + Zi=a(bii”)
s S
=23 (b?) + Y (ba?)
i<j =1
So Xi_y A%ci =2[rx + 1] +B(Q)

Theorem 3. Consider Q to be a simple connected graph containing a maximum independent
colored set Iy. If the Ely is a rational number, Then Ely (Q) = |Iy|(mod2).

Proof. Let Ac1, Ac2, Ac3, ..., Acs be the maximum independent y - latent values of a graph Q.
Let Ac1, Ac2, A3, ...., Acs (for t < s) be the non negative latent values and the balance being
negative values, we get

le |}\Cl|: ()\.C]_ + )\402 + )\403 + ...t }\,ct) - (}\,ct+1 + )\.ct+2 + 7\‘ct+3 +..+ }\,cs)
= 2 ()\.C]_ + )\402 + )\403 + ...+ )Lct) - (7\.(:1 + }\,c2 + 7\‘c3 + ...+ 7\«08) ................ (31)
=2 ()\.C]_ + )\,cz + )\4c3 + ...t )Lct ) - B (Q)
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Therefore, EIy () = 2k — B () where k = (A1 + A2 + Aez + ... + Aet)

Here the latent values Ac1, Ac2, A3, ...., Acs are integers,so their total will also be an integer
value. Then, the value of ’k’ is also integer as the value of Ely (Q) is a rational.

4. EIy OF CERTAIN COMMON FAMILIES OF GRAPHS
Theorem 4. Fors >2, Ely (Kis-1) = (2s — 4) + Vvs?2—2s5+45

Proof. For a Star graph Kis-1 with s vertices V = {v1, v, ..., Vs}, its highest independent set
Iy = {vs}

Since its chromatic number y = 2 and B (Kis-1)) = s — 1, we obtain
o1t 1 1
| 1 . 1 -1 . —1|
Aly (Kis-1) = | : : |
1 -1 1 -1
1 -1 -1 1d5x9

Characteristic polynomial is obtained as (—1)° (¢ — 2)5 2 A%+ (S —3)Ac— (S — 1))

2 —(s-3)+Vs2-2s+5
Spectrum, Specly (K1,s-1) = < 2 )
s—2 1

Therefore, Ely (K1s-1) = X.i—; |Aci]

—(s—3)+Vs2-2s+5
2

=12|(s — 2) + 1

=(2s —4) + Vs?2—-2s5+5
Thus Ely (Kis-1) is (2s — 4) + Vs2 — 25 + 5.
Theorem 5. Fors>2 , Ely (Kss) = (3s — 3) + v4s2 + 1.

Proof. Let Kss be a Complete Bipartite graph with vertices V = {u1, U, ..., Us, V1, V2, ..., Vs},
then its Iy = {uy, vi}.

Since its chromatic number ¥ = 2 and the independence number B(Kss) = S, we obtain

0 1 1 1
|[ 11 =1 —1]|
AIX (Ks,s) = : " :
l1 -1 1 —1J
1 -1 -1 1 (25 x 25)

Characteristic polynomial of Kss is found to be (Ac — 1) (Ae — 2) (A%c+ (25 — 3)Ac + (2-
39))

1 2 —(25-3)+V4s2+1
Its Spectrum, Specly (Kss) = ( 2 >
s—1 s-1 1
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Then Ely (Kss) = Y71 |Aci]

—(25-3)+V4s2+1
2

=11|s = 1) + |2|(s — 1) + 1

=(s-D+(@2s—2)+ VasZ +1
=(3s—3)+ V4s2+1
Thus Ely (Ks‘s) IS (35 -3)+ V4s? + 1.

Theorem 6. For s >2, Ely (Fs)is (s — 1)V54+ s +Vs2 +2s+5

Proof. For a Friendship graph Fs of order (2s + 1), it assumes the maximum independent set
as Iy = {vo}.

Since its chromatic number ¥=3 and the independence number B(Fs) = s, we obtain

rt 1 .1 1

11 1 -1 0l
AIX(FS):il : . 131|

i o 7 1 OJ(ZWZSH)

Characteristic polynomial of Fs is given by (—1)(Ae+S) (\2c— 3hc + 1) T (A2%+ (s —3) Ac + (1 —
25))

345 —(s-3)+Vs2+25+5
Spectrum, Spec Iy (Fs) = ( 2 S 2 )
s—1 1 1

Then ElIy (Fs) = X:7-; |Aci|

—(s—3)+Vs2+2s+5
2

= 25 -1+ -8l + 1

= (s — DV5+s+Vs2+2s+5

Thus Ely (Fs)is (s — 1)V5 + s +Vs2 + 2s + 5.
5. CHEMICAL APPLICATION OF Ely

Cisplatin is a strong medicinal drug which is extensively used for chemotherapy purpose
against Cancer disease. Maximum independent Color energy Ely of Cisplatin has been
computed below which might be useful for further development that involves Cancer
treatment.
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Fig 1. Cisplatin: Structural Formula

Here, the maximum independent colored set is Iy = {CI, Cl, NHs, NHz}.

[O 1 1 1 1]
1 1 -1 0 o]
Alxy=[1 -1 1 0 o]
i 0o o 1 -1
10 o 1 1l

The Characteristic polynomial is found to (Ac)(Ac — 2)% (Ac + 2)

Spectrum of Cisplatin, Spec Iy = [(1) _12 g]

Thus, Ely of Cisplatin = 8.
6. CONCLUSION

The numerical values of Ely of certain well known standard graphs are established here. It is
noticed that the selection of the maximum independent colored vertex set acts as an important
criteria in calculating the y — energy Ely of a particular graph. It can be applied to any drug's
structural formula transferred to a graph and can be analysed and compared with its
corresponding Pharmaceutical properties.
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