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Computation of Randic index and Multiplicative Randic index for Human Chain Graph
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Abstract

The Randic index is denoted by R(G), which is very applicable in chemistry and
medicine. The mathematical foundation of this index is also extensively developed. In this
paper, we compute the Randic index and multiplicative index for the interesting Human chain
graph by using MATLAB.
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1. Introduction

The Randic index, commonly known as the connectedness index, is a degree-based topological
index studied extensively by Milan Randic [5] in 1976. It is defined as

1
RG) = Y ————
@ u;Ew/d(u)*d(v)

where d(u) is the degree of the vertex u and uv is an edge of the graph G. The Randic index is
very applicable in chemistry and medicine. It is commonly used in chemistry and pharmacology
to create quantitative structure-property and structure-activity relationships. Randic's books [7,
8] and surveys [3,6,10] provide detailed information on these applications. Additional
information about the Randic index can be found in Li and Shi's survey [9] or Li and Gutman's
book [4]. Anitha, one of the author of this article, first introduced the human chain graph with
another author, Selvam, in 2021 [1]. Additional information about the Human chain graph can
be found in [2]. Again, the graph shows that we are interested in investing in the Randic index.

2. Explanation of the structure of the human chain graph

Consider HCym , @ human chain graph with 2mn+n+1 vertices and 2mn+2n edges for n> 1 and
m= 3. The vertices are labeled as uy, Uy, ..., Uzpt1, V1, Uz, ooy Van—1)n W1, W2, oo, Wiy and the
edges are

{uiui+1/1< 0 < 2n} U {UziVm-1)-1)+1> Y2iV(m-1)i> Y2iWm(i-1)+1/1 S i <n} U
{Vin-D-D+jVim-D-D+j+1 /1 S TSN, 1 <j <m =2} U {(Win(i-1)+jWm@-n+j+1 /1 ST <
n1<j<m-—-2}U{wpiwpi/1<1i<n}
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The degree of each vertex is clearly understandable based on the topology of the human chain

network. That means,

d(uq)=1, d(uzpn41)=1,

Fori=1ton,

d(uz;)=5, d(wpm)=1, dWp;—1)=1, d(Wp;—2)=3.

Fori=1ton,j=1 tom—1
d(V(m-1)(i-1)+j)72
Fori=1ton, j=1 to m—3
d(Wp(i-1)+j)=2

if m>3, Fori=1 ton—1,

d(uzi41)=2.

Table—1 As a result, the number of vertices at 1 degree, 2 degree, 3 degree, and 5 degree of

the given graph is listed

below.

Number of 1—degree
vertices

Number of 2—degree
vertices

Number of 3—degree
vertices

Number of 5—degree
vertices

2n+2

2mn—3n—1

n

N

3. Determination of Randic Index and Multiplicative Randic Index
In this section, we will find the formulas and values of Randic index and multiplicative Randic
index using MATAB for human chain graph .

3.1 Computing d(u)*d(v) for the Human Chain Graph's edges

Ifn>1

d(uy) * d(uy)=1*5=5

d(uzn) * d(Uzpeq)=1%5=5

d(uy;) * d(v(m_l)(i_1)+1)=5*2=10, for1<i<n

d(ug) * d(Vno1))=5*2=10,for 1 < i <n
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d(v(m_l)(i_1)+j) *d(v(m_l)(i_1)+j+1)= 2*2=4, forl1<i<n1 S] <m-—-2
d(Wpy) *d(Wp_o)= 1*¥3=3,for1 <i<n
AdWpi—1) *d(Wpi_2)= 1¥3=3,for 1 <i <n

5x2=10,for1<i<nm>3
d(uz) *d(wm(i‘1)+1)={5 x3=15for1<i<nm=3

If m>3,

d(Wm(i-1)+j) *dWii—n+j+1)=2%2=4, for 1 < i<n1<j<m—4
Ad(Wpi—2) * d(Wpi_3)=3%2=6,for 1 < i <n,

If n>1,

d(uy;) * d(uyjpq)=2*2=4,for1 <i<n-1

d(Upipq) * d(Uyjpp)=2%2=4, for1 <i<n-—-1

Theorem 3.1 For n > 1, the Randic index for the human chain graph is

2(2n-1)

2n . n
R(G)—F ﬁ-l_\/?s-l_ 710 —form3
_2 2_n n (5n-2)
R(G) \/_ \/_+\/_+ T + n for m=4
R(G) = +\/_+\/_+(5\r/l_2) n(m — 3) for m>4

Proof

Let G represent a human chain graph.

We remember that, R(G) = Y. ,,per m , Where uv is an edge.

We calculate the following by applying 3.1(Computing d(u)*d(v) for the edges of the Human
Chain Graph).
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1 1 n 1

Ifm=3, R(G) = + i
m=3, R(G) = Vauy)+d(uz) \/d(uZn)*d(u2n+1) Zl_lJd(uzi)s»<d(17(m-1)(i—1)+1)

+

n 1 n 1 n 1 n 1

- + n
- \/d(uzi)*d(v(m—l)i) = 1\/d(wm1)*d(wml 2) = 1\/d(Wm1 1)*d(Wpmi— 2) =1 atuy )« dWini—2)

n 1 n-1 1 n-1 1
T i=1 =1 g(uyp)*d(Uzisq) =1 G(uyipr)*dUsiss)
\/d(v(m—1)i)*d(77(m—1)(i—1)+1) 2i 2i+1 2i+1 2i+2
1 1 n—1 n-1 n n n

1,1 non n
ETEtT m it mtimIm T sttt E T

+
|
+
SE

2 2n
Hence,R(G)—\/—E+\/—§+E+ = 3
If m=4,
1 1 n—-1 1 n—1 1
= A - - V7
R(G) Jd(uq)*d(uy) + Jad(uan)*d(Uzn41) T 2= d(uzp)*dUzits) =1 d(ugisg)*d(Usiss) +
S - + 3 - + 3 - +
\/d(uzi)*d("(m—1)(i—1)+1) \/d(uzi)*d(”(m—mi) \/d(uzi)*d(wm(i—l)+1)
n 1 n 1 n 1

T ey SR s YT vy Ty M LA Y T ey T sy

. 1
Yiz1 271:12

\/d(v(m_ 1)(i—1)+j)*d("(m—l)(i—1)+j+1)

_litignptypl v n nyn, nm2)
GTE T Tt m T T m T E T ET A

_ n (5n-2) .
Hence, R(G) = \/—+\/—+\/g+ N +n,m=4.
If m>4
1 1 1 1
R(G) = il — 4 ynl
(@) Jdui)*d(uz) + Jad@uzn)*dWan+1) t iz d(uz)*d(Uzitq) =1 dugieg)*dUgiys) +
1 1 1
i=1 + Xisq + izt +
\/d(uzi)*d("(m—1)(i—1)+1) \/d(uzi)*d(”(m—mi) \/d(uzi)*d(wm(i—l)+1)
n 1 Ly 1 +yn 1
=1 \/d(Wmi)*d(Wmi—z) =1 \/d(wmi—l)*d(wmi—z) =1 \/d(Wmi—z)*d(Wmi—3)
_ 1 1
D) ary + st

j=1
\/d(Wm(i— 1)+j)*d(Wm(i—1)+j+1) Jd("(m—n(i— 1)+j)*d('7(m— 1)(i-1)+j+1)

1 1 n-1 n-1 n n n(m—4) = n(m-2)
GtEt Rt R T E T E T m AT A TR W v

Hence R(G) —\/_+\/_+\/_+(5\71_2)

+n(m-—3)

3.2 MATLAB code for determining the Randic index value for the human chain graph
For m=3,
n=;
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(2/5qrt(5))+(2*n/sqrt(3))+(n/sqrt(15))+(2*(2*n-1)/sqrt(10))+(n/2)
For m=4,

n=;

(2/5qrt(5))+(2*n/sqrt(3))+(n/sqrt(6))+((5*n-2)/sqrt(10))+(n)

For m>4,

n=; m=;
(2/sqrt(5))+(2*n/sqrt(3))+(n/sqrt(6))+((5*n-2)/sqrt(10))+H(n*(m-2))

Table—2 The human chain graph's Randic index forn=1 to 10 and m = 3 to 10 is shown below.

n=1 n=2 n=3 n=4 n=5 n=6 n=7 n=38 n=9 n=10
m= 3.4398 6.6176 9.7954 12.9732 16.1510 19.3288 22.5066 25.6844 28.8622 32.0400
m= 4.406 8.5501 12.6942 16.8383 20.9824 25.1265 29.2706 33.4147 37.5588 41.7029
m=5 6.406 12.5501 18.6942 24.8383 30.9824 37.1265 43.2706 49.4147 55.5588 61.7029

m=6 7. 406 14.5501 21.6942 28.8383 35.9824 43.1265 50.2706 57.4147 64.5588 71.7028

m=7 8. 406 16.5501 24.6942 32.8383 40.9824 49.1265 57.2706 65.4147 73.5588 81.7028

m=38 9.406 18.5501 27.6942 36.8383 45.9824 55.1265 64.2706 73.4147 82.5588 91.7028

m= 10. 406 20.5501 30.6942 40.8383 50.9824 61.1265 71.2706 81.4147 91.5588 101.7028

m=10 | 11.406 22.5501 33.6942 44.8383 55.9824 67.1265 78.2706 89.4147 100.5588 111.7028
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The graph below shows the Randic index for n = 1-10 and m = 3-10.

Human chain graph’s Randic Index for n=1 to 10 and
m=3 to 10

120
100
80
60

40

. =7 | m=8 m=9 B m=10

Theorem 3.2 For n > 1, the Multiplicative Randic index for the human chain graph is
) = (3)"+ ()" () + ()" O

)= (3" ()" ()" )™+ @) s

)= (3" ()" ()" ()™ @ o

Proof

Let G represent a human chain graph.

We remember that, R(G) = [lyper m , where uv is an edge.

We calculate the following by applying 3.1(Computing d(u)*d(v) for the edges of the Human
Chain Graph).
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1 1 n 1

Ifm=3, MR(G) = i
s @ Vaui)*d(uz) : Vaduzn)*dUzn+1) = \/d(uzi)*d(v(m—l)(i—l)+1)

*

n 1 " l—[n 1 " n 1 TN 1
- \/d(uZi)*d(”(m—l)i) =1 aWm)*d(Wmi—2) =1 aWmi-)*dWini—2) =1 duy)*dWini—2)

n 1 n-1 1 *T -1 1
d i)xd i d i d i
\/d(v(m_1)i)*d(v(m_1)(i-1)+1) (w2)*d(Uzi1) (Wair1)*d(Uzir2)

@ @ @ E @@ @@

enee, MR = () + ()" (&) (&) - @)

If m=4,
1 1 _ 1
MR(G) = n-1__ 1
@ Ja(ug)+d(uz) * Jaduzn)*duzn41) * =1 d(uzi)*d(uziv1) ¥
n—1 1 n 1 « T 1 .

A * A
=1 i i =1 1

d(Upir1)*d(Ugiyn) \/d(uzi)*d(”(m—1)(i—1)+1) \/d(uzi)*d(v(m-ﬁi)
1 n 1

i=1 = e Sdom)
Jd(uzi)*d(wm(i—1)+1) mi mi-2

1 1 — 1
n *TIN n m-2
i=1 Hj_l

=1 WD i) = AW A Wmig)

\/d(v(m—l)(i— 1)+j)*d('7(m— D-1)+j+1)

@ @ @@ E @@ @
-

1 \n(m-2)
(%)
1 2 1 2n 1\ 1 5n-2 1 2n
Hence, MR =(3) «(5) (%) *(m) +0)
If m>4
1 1 1 1
MR(G) = n-1___ - n-1
(@) \/d(ul)*d(uz)*\/d(uzn)*d(u2n+1)* =1 d(uzi)*d(uziﬂ)* =1 dugieg)*dUgiys)
xTn 1 1 * n 1 1 *
1= 1=
\/d(uzi)*d(”(m—1)(i—1)+1) \/d(uzi)*d(v(m_l)i)
1.1_1 ! * 7i/l=1 ! *
Jd(uzi)*d(wm(i_1)+1) \/d(Wmi—z)*d(Wmi-3)
FL AW dWmi-z) AW D) dWini—z) AW 2)*d(Wini—3)
n m—4 1 n m—2 1

i=11lj=1 i=111j=1
\/d(Wm(i—1)+j)*d(wm(i—1)+j+1) Jd(”(m—1)(i—1)+j)*d(v(m— 1)(i—1)+j+1)
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e G ) ) ) )
R

e =)'+ ()" @ @)@

3.3 MATLAB code for determining the Multiplicative Randic index value for the human
chain graph

For m=3,

n=;

(1/sqrt(5)™(2))*(1/sqrt(3)N(2*n))*(1/sqrt(15)N(n)) *(1/sqrt(10)" (4*n-2))*(1/2)(n))
For m=4,

n=;

(1/sqrt(5)™(2))*(1/sqrt(3)N(2*n))*(1/sqrt(6)N(n)) *(1/sqrt(10)" (5*n-2))*(1/2)~(2*n))
For m>4,

n=; m=;

(1/5qrt(5)™(2))*(1/sqrt(3)(2*n))*(1/sqrt(6)N(n))*(1/sqrt(10)™ (5*n-2))*(1/4) (n*m-3))

-

3

Table—3 The human chain graph's Multiplicative Randic index forn=1to 8 and m =3 to 6 is
shown below.

n=1 n=2 n=3 n=4 n=5 n=6 n=7 n=8
m=3 8.6066¢ 3.7037¢ 1.5938¢10 6.8587¢ 2.9515¢"7 1.2701¢™° 5.4658¢2 2.3621¢?’
m=4 2.1517¢™ 2.3148¢™ 2.4903¢"? 2.6792¢¢ 2.8823¢% 3.1009¢* 3.3360e 3.5890¢e
m=5 3.3448¢% 9.0422 " 6.0799 e'¢ 4.0881 ¢! 2.7488 % 1.8483 ¢! 1.2422 &% 8.3563 e**
m=6 3.3620e 5.6514 ¢ 9.4999 18 1.5969 ¢ 2.6844 ¢ 45124 ¥ 7.5853¢! 1.2751 ¢*

Based on the table 3 values, we can approximate all the values to 0. Therefore, we can deduce
that the multiplicative random index equals 0.

Correlation coefficient between Randic index and Multiplicative Randic index
Let's take multiplicative Randic index values as Y and normalized Randic index values as X. It is
evident that Y's mean value is 0. Consequently, since Y=0, the covariance of X and Y is zero.
Therefore moreover, the correlation coefficient is zero. Hence there is no correlation between
the Human chain graph's Randic index and Multiplicative index.

Conclusion

Using MATLAB, I determined the Randic and Multiplicative Randic indices for the human
chain graphs that I had introduced. I found that there was no association between the two indices.
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