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Abstract. For a simple connected graph Q, the Maximum independent  D-energy (distance energy)
DE max results from the total of its absolute D-latent values. DEimax has been calculated for some of the

well known standard graphs. Also the basic properties of DEimax are also analyzed by studying a graph’s
characteristic polynomial, its D-latent values and its D-energy DEimax. As an implementation in the field of
Chemistry, DEimax has been established here for Cancer medicines namely Carboplatin & Cisplatin for
mathematical Comparative purposes.
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I.Prelude
Let Q be a graph composed of order ’s’ & size ’r’ but without parallel edges, loops and directions.

The D-matrix is an adjacency matrix whose each entry is the value of the distance among the considered vertices

[2].
The basic Graph Energy results from its latent values as found in [3,4,6].

In 2016, K.B. Murthy et al [7] introduced Maximum independent vertex energy based on Independent set (no two
members in this set constitutes an edge) and usual graph energy.

The above mentioned concepts inspired us to come up with idea of Maximum independent D-Energy of a graph
DEimax(2) which we have computed for few standard graphs and therefore applied to molecular graphs of anti-

cancer drugs Carboplatin and Cisplatin to make a comparative mathematical study.
Related studies can also be found in [8, 9 & 11].
Il.Maximum Independent D-Energy of a Graph

Let Q be a graph composed with ’s’-no. of vertices(order) and ’r’-no. of edges(size). An independent set
Imax subset of Vertex set of a graph Q with largest number of members belonging to it is called a maximum
independent set. Then the maximum independent D-matrix of Q is the n x n matrix AimaxD(®2) = (9ij),

where gij= 1 if i=], Vj € Imax
0 i i=j1 Vi GE Imax
dij otherwise

The characteristic polynomial of AimaxD(Q) is written as follows:
hs(Q,)=det(ArmaxD (Q)-A1).

The maximum independent D-latent values of the graph Q are the latent values of AimaxD(2). Since
AimaxD(Q) contains real and symmetric values in them, its latent values are real and we represent them as
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ALy AtDy s Ay s AL,
Then the maximum independent D- energy of Q is defined as: P Erua () = 220 [Aunl.
I11.Basic Theorems on DEimax(€2)

Theorem.1 Let Q be a simple connected graph with independence number B (Q). If the order and size of Q is s and r
respectively with hs(Q, 1) = goASc +g1A%L; +....+gs being the characteristic polynomial obtained from I of €, then

1) go:l
2) 91=-P(Q)
= (B X iciyen i)
3) 02 = ( 5 ) lsi<is !
Proof. (1) It is obvious that hs (Q, 1) := det( Al — AimaxD(€2)) which yields go=1.

(2) As the total of the diagonal elements in AimaxD(Q?) is evidently equal to independence number B(QQ) of its
corresponding graph €, thus we get g1 = — (Q2).

(3) Since (—1)%g, equals total of determinants of all principal submatrices of AimaxD(€) of order 2 x 2, it leads to

=)

1<i<jss

Yii gij|
djii 9jj

= Z (giigjj_gijgji)

1<i<jss
= Z1si<j55(9ii9jj) - leiq’ss(gijz)
( B(Q)) _ 2i<ici<n d(vi;)
2

Theorem 2. Let Q be a graph. Let A10:: Atis: Aty s A, be the latent values of maximum independent adjacency
matrix AimaxD(€2). Then

(1). X3=4 AIDi = B (),

o= Y d(vy)

(2). X A’IDi=B(Q)+2r+2¢p where  i<i. d#1

Proof. (1) Since the total of the latent values of AimaxD(Q) equals the trace of AimaxD(Q), we get X5_, AIDi =

221 9i = 1| = B (Q) where B (Q) denotes the cardinality of maximum independent vertex set.
(2) Also likewise the Sum of the squares of latent values of the AjmaxD(€2) matches the trace of the (AZmaxD()).
Thus
N S S
Z A*IDi = Z Z 9ij9ji
i=1 i=1 j=1

=2%3:;9:19ji + 2i-1(9:%)

=2 i(gijz) + i(guz)
i<j i=1
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So ¥5_, A2IDi= 2r + 2¢ + B (Q)

Theorem 3. Consider Q to be a simple connected graph containing a maximum independent set I. If the
DEimax(Q)is a rational number, Then DEimax(2) = [[|(mod2).

Proof. Let A10:: Aty Arng. s Ain,. e the maximum independent D - latent values of a graph Q. Let (t < s) latent
values be the non negative latent values and the balance being negative values, we get

;=1 |AIDi|= (AMD1 + D2 + AID3 + ... + ADy) — (M D1 + AMDg2 + ADyss + .. + AIDs)
=2 (AMD1+AID2 + AID3 + ... + AIDy) — (AMD1 + AID2 + AID3 + ... + AIDs)
=2 (AMD1+ Mp2 + AID3 + ... + Dy ) — B (Q)
Therefore, Ely (Q) = 2k — B () where k = (AID1 + AMD2 + AMD3 + ... + AIDy)

Here the latent values AID1, AMDy, AMDs, ...., ADs are integers, so their total will also be an integer value. Then, the value
of ’k’ is also integer as the value of DEimax(€) is a rational.

IV.DEimax OF CERTAIN COMMON FAMILIES OF GRAPHS
Theorem 4. Fors >2, DEimax (Kis-1) = (s — 2) + V452 —8s+5
Proof. For a Star graph K, 51 with s vertices V = {v1, va, ..., Vs}, its highest independent set Imax = {Vs}

Since its independence number B (Kis1) =s —1, we obtain

01 11
1 1 2 2]
Almax (Kis-1) = B : , . : .|
i 2 7 2 M s

Characteristic polynomial is obtained as (—1)5 (A+1)2 (A% - (2s —3)A— (s — 1))
(25—3)+V/452-8s+5
Spectrum, Speclmax (Kis1) = ( -1 2
s—2 1

Therefore, DEimax(Kis-1) = Xioq Al

(25—3)+V4s2-8s+5
2

= -1/ - 2) + 1

=(s —2) + V4s2—8s+5

Thus DEimax(Kis-1)is (s — 2) + V4sZ —8s + 5.

Theorem 5. For s > 2 ,DEimax(Kss) = (7s — 6).

Proof. Let K;she a Complete Bipartite graphwith vertices V = {u1, Uz, ..., Us, V1, Va2, ..., Vs}, then its Imax = {u1, vi}.

Since its independence number B(Kss) = S, we obtain

1978



JOURNAL OF ALGEBRAIC STATISTICS
Volume 13, No. 3, 2022, p. 1976-1981
https://publishoa.com

ISSN: 1309-3452

0 2 1 1

[1 0 1 1]
A|max (KS'S)le : 1 1 : 2|

i1 2 1J(25><25)

Characteristic polynomial of K is found to be (A + 1) (A + 2)s1 (\%+ (4s — 3)A + (3s%-65+2))

(4s—3)+/4s2-1
Its Spectrum, Speclmax (Kss) = < -1 -2 f>

s—1 s—-1 1
Then DEimax (Ks,s) = Zf=1 | A

(45-3)+v4s%2-1 1
2

=1 =D+ [=2[6s = 1) +

=(s—1+@2s—2)+ (4s-3)

=(7s-6)

Thus DEimax(Kss) is (7s — 6).

Theorem 6. For s >2, DEjmax (Fs) is7s-6.

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

Since its independence number B(Fs) = s, we obtain

0 1 1 1
[1 1 2 2]
A|max (FS) = : :
1 2 11
1 2 10 (25s+1 x2s+1)

Characteristic polynomial of Fsis given by (—1)(A%+ 3L+ 1)1 (A% - (4s— 1) A — s)

(45s-3) —-3+V5
Spectrum, Speclmax (Fs) = ( 3 2 )
3 s—1

Then DEimax (Fs) = Xi=q |A]

(45-3)
3

|—3J_r\/§

: |(s—1) +

3

=7s-6

Thus DEimax (Fs)is7s — 6 .

V. Chemical Application of Maximum Independent D Energy DEimax(2)

Carboplatin and Cisplatin are anticancer drugs used considerably for chemotherapy treatment. DEimax () has

been calculated involving the molecular graphs of these two medicines which can be utilized for future research
pertaining to further development of these two medicines. Structural Formula for Carboplatin and Cisplatin are
illustrated in Figurel and its molecular graphs are involved in the below comparative study.

In Cisplatin, the maximum independent colored set is Imax = {Cl, Cl, NH3s, NH3}.

1979



JOURNAL OF ALGEBRAIC STATISTICS
Volume 13, No. 3, 2022, p. 1976-1981
https://publishoa.com

ISSN: 1309-3452

0011 1 1
[1 1 2 2 2]
Almax of Cisplatin=11 2 1 2 2
1 2 2 1 2|
l1 2 2 2 1J

The Characteristic polynomial is found to (A +1)* (A2 - 7A - 4)

Spectrum of Cisplatin, Spec Imax = 2 2

7465 7—\/65]
1 1

Thus, DEimax of Cisplatin = 11.0623

FIGUREL. Cisplatin Vs Carboplatin: Structural Formula
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In Carboplatin, the maximum independent colored set is Imax = {Cl, Cl, NHs, NHs}.

A Imax of Carboplatin =
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L4
Latent values are 15.7179, -6.0619, -3.5616, -1, -0.76632, 0.6069, 0.5616, -0.4965

Thus, DEimax of Carboplatin = 28. 7726

Also, certain Scientific papers also suggests Carboplatin is preferred in many countries than compared to Cisplatin in
various Chemotherapy treatment as found in [5, 10]. So, Carboplatin is preferable than Cisplatin as an anticancer drug.

VI.Conclusion

Few basic properties of DEimax(Q)are studied and its numerical value of certain standard graphs are calculated.
Finally DEimax is analysed for the anti-cancer drugs Cisplatin and Carboplatin and the latter is found to have
more energy numerically which might be useful for scientists of medicinal field for further research.

References

[1] Bapat RB, Graphs and Matrices, Hindustan Book Agency,2011

[2] Gopalapillai Indulal, Ivan Gutman, Ambat Vijayakumar, On Distance Energy of Graphs, MATCH
Communications in Mathematical and in ComputerChemistry,60(2008),461-472.

1980



JOURNAL OF ALGEBRAIC STATISTICS
Volume 13, No. 3, 2022, p. 1976-1981
https://publishoa.com

ISSN: 1309-3452

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

[4] Gutman I, Li X, Zhang J, Graph Energy, Streib., Anal. Comp. Net., From Biology to Linguistics,
Wiley-VCH, Weinheim, 2009, 145-174

[5] Ibrahim Azar, Adam Austin, Seongho Kim, Hyejeong Jang, Amit Chopra, Syed Arzoo Mehdi, and Hirva
Mamdani, Carboplatin versus cisplatin for the treatment of extensive-stage small cell lung cancer (SCLC): A
National VA Database analysis, Journal of Clinical Oncology 2020 38:15_suppl, 9061-9061 DOl:
10.1200/JC0.2020.38.15_suppl.9061

[6] Li X, ShiY, Gutman I, Graph Energy, Springer, New York Heid. Dord.,London,2012

[7] Murthy K.B, Puttaswamy, Naji A.M, The Maximum Independent Vertex Energy of a Graph ,
International Journal of Mathematics And its Applications, 3(4)(2016), 63-71

[8] Rajesh Kanna M.R., B.N. Dharmendra, Minimum Covering Distance Energy of a Graph, Applied
Mathematical Sciences,7(111)(2013),5525-5536 http://dx.doi.org/10.12988/ams.2013.38477

[9] U Mary, Sreeja S, Maximum Independent Seidel Energy of a Graph, 10P Journal of Physics: Conference Series,
Issue 1947 012051, 2021 doi:10.1088/1742-6596/1947/1/012051

[10] \Vasconcellos VF, Marta GN, da Silva EMK, Gois AFT, de Castria TB, Riera R. Cisplatin versus carboplatin in
combination with third-generation drugs for advanced non-small cell lung cancer. Cochrane Database of
Systematic Reviews 2020, Issue 1. Art. No.: CD009256. DOI: 10.1002/14651858.CD009256.pub3.

[11] Veena Mathad, Sulthan Senan Mahde, The Minimum Hub Distance Energy of a Graph, International
Journal of Computer Applications, 125(13), 0975-8887

Affiliations

[1] Sreeja.S
Assistant Professor,
Department of Mathematics,
PSGR Krishnammal College for Women, Coimbatore, Tamilnadu
e-mail: sreejatips@gmail.com
[2] Dr. U.Mary
Head & Associate Professor,
PG & Research Department of Mathematics,
Nirmala College for Women, Coimbatore, Tamilnadu
e-mail: marycbe@gmail.com

[3] Y.Yogalakshmi
Research Scholar,
PG & Research Department of Mathematics,

Nirmala College for Women, Coimbatore, Tamilnadu
e-mail: yoga.goki@gmail.com

1981


http://dx.doi.org/10.12988/ams.2013.38477
mailto:sreejatips@gmail.com
mailto:marycbe@gmail.com
mailto:yoga.goki@gmail.com

