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Abstract: Topological index is a numeric quantity associated with the molecular graph of
the chemical compound. There are different types of topological indices in the literature
which are mainly categorized into degree-based and distance-based topological indices.
These topological indices correlate boiling point, stability, strain energy and other physic-
chemical properties of chemical compounds. Wiener index is an ancient topological index
which is introduced by Harold Wiener while he was working on steaming point of
paraffin. The convex partition method and extended convex partition method
accommodates the problem of finding Wiener index of large family of molecular graphs.
As these methods are not universe, we have some of the molecular graphs for which these
methods are not feasible. In particular name a few we have TiO2 nanotube, Boron and
alpha-boron nanotubes and networks like hexagonal network. In this paper we find the
Wiener, Gutman and Degree distance index for hexagonal network using computer
algorithm and programme.

Keywords: Molecular graphs, Graph invariants, hexagonal networks, topological indices,
Wiener index, Degree-distance index, Gutman index.

I. INTRODUCTION

The structure of a chemical composite can be symbolized by a graph whose vertex and
edge identify the atom and bonds respectively. Computational drug design is a rapidly growing
field and a very important domain in the discipline of medicinal chemistry. International Union
of Pure and Applied Chemistry (IUPAC), Medicinal Chemistry Section Committee has pointed
out the topological index as one among the important terms used in computational drug design
for easy reference purposes [28]. Topological index is the numeric quantity of molecule that is
mathematically derived from the structural graph of a molecule. The topological indices are
used in quantitative structure-property relationships (QSPR) and quantitative structure-activity
relationships (QSAR) studies.

Let V(G) and E(G) be respectively denotes the set of all vertices and set of all edges of
a molecular graph G. The cardinality of these sets represents the number of vertices and edges.
An edge in E(G) is represented by e = uv with end vertices u and v (u and v are adjacent).
Throughout this paper d(u, v) represents the distance (No. of edges) between u and v. The
diameter of the graph G is defined by diam(G) = Max{d(u,v) : u,v € V(G)} and d;(u) is
the degree (the number of vertices adjacent to u or the number of edges incident with u) of the
vertex u in G.

The first idea of this index originated from the effort ended by H. Wiener in 1947 while
he was working on steaming limit of paraffin [29] and this is the first topological index in the
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field of computational and mathematical chemistry. The Wiener index of the graph G is defined
as [15]

W(G) = z d(w,v)
{u,v}cv(G)

For details on Wiener index consult paper [14, 8, 9].

In the past few decades, an enormous quantity of mathematical investigations were stated on
graph invariants instigating from chemistry. For applications of these graph invariants, the
research community can refer the chemical literature [6, 7, 10, 25].

The graph invariants (Topological indices) are based on vertex degrees and the distances
between vertices. Most of the degree based topological indices were computed by direct
computation and edge partition methods whereas the distance based topological indices like
Wiener [18], vertex Szeged index [13], edge Szeged index [30], edge—vertex Szeged index
[20], and total Szeged [20] are computed using convex partition method [18]. The extension of
this method is given by Arockiaraj et al. in [1]. In this paper we compute the Wiener, Gutman
and degree distance index of hexagonal network.

The degree distance was first given by Dobrynin and Kochetova in [11] and by Gutman [12],
who used other name Schultz molecular topological index. The degree distance of a vertex x €
V(G) is defined and denoted by

D) =d) ) dxy)

Yev(G)

D@= ) D
x€V(G)

Yet another way of defining the same invariant is the following

DDE@ = Y dWdmdEy)
{xy}cv(G)

In the literature Degree distance index of a graph is investigated by many people. The unique
extremal graph for minimum DD (G) is given in [21]. This result solves the conjecture posted
by Dobrynin and Kochetova [11]. The are several properties on degree distance of a connected
graph of given order and size were presented in [2, 21, 23]. The two extremal values of degree
distance of a unicyclic graph were discussed in [3, 16, 17, 22]. An ordering of connected graphs
with respect to degree distance were given in [24, 26]. Dankelmann et al. [5] solved the
conjecture on degree distance of a graph posted by Tomescu [21]. The reverse degree distance
is also reported in [31].

II. RESULTS AND DISCUSSION

Hexagonal networks are applied in chemistry to model benzenoid hydrocarbons [27].
Hexagonal networks are the partition of a plane into equilateral triangles. These networks are
based on regular triangular tessellations studied in [4]. It also has application in computer
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graphics and image processing [19]. A hexagonal network HX (n) of dimension n has 3n? —
3n + 1 vertices and 9n? — 15n + 6 edges, where n is the number of vertices on one side of
the hexagon [4]. The vertex set of HX(n) is V(HX(n)) ={(a,B,v):—n < a,B,y < n}. The
diameter of HX(n) is 2n — 2 and vertex partition is given in Table 1. There is exactly one
vertex at distance n — 1 from each of the corner vertices (3-degree vertices). This vertex is
called the centre of HX(n) and denoted by (0,0,0). See Figure 1.

£=0
y=-1 a=1
y = 0 a=0
y= 1 a=-1
(_23_4’_2)
O
(17473)
(-400.4)
Fig 1: Co-ordinate axis in HX (n)
Table 1: Vertex of Partition of HX (n)
S. .
Vertex Partition ;
o Vil

1 |V, ={u:d;(w) =3} 6
2 |V, ={wd;(u) =4} 6(n—2)
3 | Va={uds;(w)=6}| 3n>2—9n+7

Observation 1.1: Let (a, 8, ) be any vertex of HX(n). Then (a, B,v) is also a vertex of HX(n)
where (a,f,v) = (—a,—B,—7).

Observation 1.1: Let V; be the set of all three degree vertices of HX(n) and (a,8,y) € V;.
Then V; satisfies the following conditions

@ lal+ 181+ Iyl =2n
) a+p#0;8+y+#0
(i)a#=pB +y
iv)ya=0orf=00ry=0

Observation 1.3: Let I/, be the set of all four degree vertices of HX(n) and (a, 8,y) € V,. Then
V, satisfies the following conditions

i) lal+[Bl+ 1yl =2n
() a=B#y
i) lal + 18l = Iyl 1Bl + vl = lal; la| + |y| = |B]

Lemma 1.1:
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Let G be a HX(n) and u = (I, my,n;) and v = (I, m,, n,) be any two vertices of G. Then
1
de(u,v) = 5[“1 — Lol+my — mal+ing — ny]

The proof of the above lemma is trivial from the addressing scheme presented in the Figure 1.
Using this result as a key we compute the wiener, Gutman and degree distance index of
hexagonal network using computer program.

C++ Program

For every positive integer n > 1, the Wiener index, Gutman index, Degree distance index
and ratio between them for HX(n) is computed by using following C++ Program:

#include<stdio.h>
#include<math.h>
main()

{
int
af100000][3],b[10][3],c[10000]/3],d[10000][3] n,ijkxy tqw,ezl[3]m[3]pr=0:s=0t=0h=0g=0lag=
O0flag1=01lag2=0,1flag3=0, flag4=0;
float 10,i1,i2,i3,i4,15,i6,j1,j2,]3,j4 J5,j6,
unsigned long long int dsum=0,gsum=0,wsum=0;
printf("Enter the HX value:");
scanf("%d",&n);
=(3*n*n)-(3*n)+1;
printf("Total number of points:%d\n"f);
n--;
X=n;
y=0;
i0=(float) 1/2;
i1=(float) 9/2;
i2=(float) 16/2;
i3=(float) 36/2;
i4=(float) 12/2;
i5=(float) 18/2;
i6=(float) 24/2;
j1=(float) 6/2;
j2=(float) 8/2;
j3=(float) 12/2;
j4=(float) 7/2;
j5=(float) 9/2;
j6=(float) 10/2;
for(j=n;j>=0;j--)
{
for(i=xk=y;i>=y,k<=x;i--k++)
{
h=0;
alg/[h]=1;
h++;
alg]/h]=j;
h++;
alg][h]=k;
h++;
g++;
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Y

Vs

for(i=0j=F-1;i<t/2]>(/2:i++]--)

/

for(k=0:k<3:k++)
{

y

ajj[kj=-afij[k];

for(i=0;i<ti++)

{

Y

printf("”
for(i=0;

{

Y

printf("3 degree vertex Experimented value:%d" flag1);

J=0;
g=abs(a[il[j]);
w=abs(afil[j+1]);
e=abs(afillj+2]);

if((qg+w+e==2"1)&&(q==0//w==0/le==0))

{
for(j=0;j<3;j++)
b[rjfi/=alilfjl;
r++;
flagl++;
}
else if(q+w+e==2"n)
{
for(j=0,j<3;j++)
c/silif=alilfil;
S++;
flag2++;
/
else
{
for(j=0,j<3;j++)
dftjfij=afijlif;
t++;
flag3++;
}
|\n|n3 degree vertex:\n");
i<tlagl:i++)
for(j=0,j<3;j++)
{
printf("%d "bfil[i]);
}
printf("\n");
flag++;

printf("\n|\n4 degree vertex:\n");
for(i=0;i<flag2;i++)
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{
for(j=0,j<3;j++)
printf("%d " c[i][j]);
printf("\n");
flag++;
}

printf("4 degree vertex Experimented value:%d", flag2);
printf("\n\né6 degree vertex:\n");
for(i=0;i<flag3;i++)

{
for(j=0;j<3;j++)
{
printf("%d ", d[il[j]);
}
printf("\n");
flag++;
7

printf("6 degree vertex Experimented value:%d" flag3);
printf("\n\nTotal Experimented value:%d" flag);

for(i=0;i<flagl-1;i++)
{
for(j=i+1,;j<flagl;j++)
{
p=0;
for(k=0k<3:k++)

I[k]=b[i][k];
m/[k]=b[jj[k];
p#=abs(l[k]-m[k]);
/
gsum+=p*1;
wsum+=p*i0;
dsum+=p*l1;
flagd++;

/

for(i=0;i<flag2-1;i++)
{
for(j=i+1,;j<flagZ;j++)

p=0;
for(k=0,k<3;k++)

I[k]=c[i][K];
m[kj=c[j][k];
p+=abs([k]-m[k]);
}
gsum+=p*iz2;
wsum+=p*0;
dsum+=p*2;
flag4++;
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for(i=0;i<flag3-1;i++)
{
for(j=i+1,;j<flag3;j++)
{
p=0;
for(k=0:k<3:k++)
{
I[kj=d[i][k];
m[k]=d[j][k];
p+=abs(lfk]-m[k]);
7
gsum+=p*3;
wsum+=p*i0;
dsum+=p*3;
flagd++;

Y

for(i=0;i<flagl;i++)
{
for(j=0;j<flagZ;j++)
{
p=0;
for(k=0:k<3;k++)

I[k]=Dbl[ij[k];
mfk]=c[j/[k];
p+=abs(lfk]-m[k]),
7
gsum+=p*i4;
wsum+=p*io;
dsum+=p*j4;
flagd++;

Y

for(i=0;i<flagl;i++)
{
for(j=0;j<flag3;j++)
{
p=0;
for(k=0:k<3;k++)

I[k]=b[i][k];
m/kj=d[jj[k];
p+=abs(l[k]-m[k]),
/
gsum+=p*5;
wsum+=p*i0;
dsum+=p*j5;
flagd++;

for(i=0;i<flagZ;i++)
{
for(j=0;j<tlag3;j++)
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{
p=0;
for(k=0,k<3;k++)

I[k]=c[1][K];
m[k]=d[j][k];
p+=abs([k]-m[k]);
}
gsum+=p*ie;
wsum+=p*i0;
dsum+=p*j6;
flagd++;
}
}
printf("\n%dC2:%d",£flag4);
printf("\nWeiner Sum:%Ilu",wsum);
printf("\nGutmann Sum:%IIu” gsum);
printf("\nDegree Distance Sum:%llu",dsum);
printf("\n3 degree vertex Experimented value:%d", flag1);
printf("\n4 degree vertex Experimented value:%d" flag2);
printf("\n6 degree vertex Experimented value:%d", flag3);
printf("\nTotal Experimented value:%d" flag);

}
Output
n | (Wil | [Vo] | [V5] | [V(G)] w(G) Gut(G) D'(G)

2 6 0 1 7 30 324 198
3 6 6 7 19 396 7080 3360
4 6 12 19 37 2142 47100 20130
5 6 18 37 61 7542 185592 74928
6 6 24 61 91 20592 543852 211854
7 6 30 91 127 47502 1316976 500592
8 6 36 127 169 97188 2791572 1042314
9 6 42 169 217 181764 5363472 1975584
10 6 48 217 271 317034 9555444 3482262
11 6 54 271 331 522984 16034904 5793408
12 6 60 331 397 824274 25631628 9195186
13 6 66 397 469 1250730 39355464 14034768
14 6 72 469 547 1837836 58413912 20726238
15 6 78 547 631 2627226 84230704 29756560
16 6 84 631 721 3667176 118455216 41691208
17 6 90 721 817 5013096 162996512 57181720
18 6 96 817 919 6728022 220057344 76964528
19 6 102 919 1027 8883108 292052352 101892336
20 6 108 1027 1141 11558118 381793728 132880784
21 6 114 1141 1261 14841918 492293504 171003056
22 6 120 1261 1387 18832532 627051648 217405104
23 6 126 1387 1519 23639336 789819904 273365344
24 6 132 1519 1657 29371868 984828416 340307808
25 6 138 1657 1801 36182976 1216605056 419730272
26 6 144 1801 1951 44189216 1490128512 513282272
27 6 150 1951 2107 53564488 1810358144 623003008
28 6 156 2107 2269 64466064 2183537664 750730496
29 6 162 2269 2437 77080048 2617854976 898445312
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30 6 168 2437 2611 91576176 3118729216 1068558976
31 6 174 2611 2791 108161696 3692178432 1262941696
32 6 180 2791 2977 127117216 4347153408 1486075008
33 6 186 2977 3169 148652544 5084992512 1739878144
34 6 192 3169 3367 172907872 5920211456 2026412928
35 6 198 3367 3571 200386848 6861762048 2347900160
36 6 204 3571 3781 231034784 7925750272 2709995776
37 6 210 3781 3997 265343904 9107546112 3115038208
38 6 216 3997 4219 304018624 10438281216 3572114432
39 6 222 4219 4447 345913152 11933955072 4079330048
40 6 228 4447 4681 393166592 13562846208 4621854208
41 6 234 4681 4921 444818560 15389589504 5205032448
42 6 240 4921 5167 502000640 17430755328 5895647744
43 6 246 5167 5419 566709838 19558567936 6657934848
44 6 252 5419 5677 629338368 21958684672 7495272448
45 6 258 5677 5941 699884288 24706453504 8405850624
46 6 264 5941 6211 784784512 27665117184 9407028224
47 6 270 6211 6487 878448384 30893588480 10133841920
48 6 276 6487 6769 978892032 34370441216 11117538304
49 6 282 6769 7057 1085469696 35253702656 12358457344
50 6 288 7057 7351 1179087360 37363912704 13783692288
60 6 348 | 10267 10621 2147483648 68790517760 22356957184
70 6 408 | 14077 14491 2296282112 86263267328 34359738368
80 6 468 | 18487 18961 4041338368 | 137438953472 34359738368
90 6 528 | 23497 24031 4294967296 | 137438953472 35576950784

100 6 588 | 29107 29701 4294967296 | 137438953472 68719476736
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