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ABSTRACT

In chemical graph theory, Wiener index is atopological index of a molecule, defined as the sum of the lengths of
the shortest paths between all pairs of vertices in the chemical graph representing the non-hydrogen atoms in the
molecule. Calculation of Wiener index is usually done using distance matrix. For any matrix calculation smaller the
matrix, better and fast are the computations. This paper aims to obtain the Wiener index of chemical trees by
reducing the size of the distance matrix.
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INTRODUCTION

Mathematics is always used in graph theory in weriways. In [ 1 ] amino acid trees and Huffmannesodre used
for arriving at a new genetic code. In [ 2 ] peitthble is used in drug encryption. Graph thearpme area of
mathematics extensively used in chemistry.

Wiener index has fast screening of ligands/molecateit can be directly calculated from molecutauciure, so its
use in QSAR models is of immense utility compa@eéxperimentally determined physicochemical paramnsehat
are not always available for a particular molecstancture [ 3 ]. Calculation of Wiener index isualy done using
distance matrix. This paper aims to reduce the eizthe chemical graph. So the size of the digtanatrix is
smaller. This means the computational complexitycaltulation of the Wiener index is reduced. Theppised
method finally generates the Wiener index of thiginal chemical graph from this matrix.

Preliminary Note
In this section we provide the basic details of Wéieindex and chemical graph that is required & pihoposed
calculation.

Wiener Index

In chemical graph theory, the Wiener index (als@iér number) is a topological index of a molecdlefined as
the sum of the lengths of the shortest paths betw#eairs of vertices in the chemical graph repreing the non-
hydrogen atoms in the molecule [ 4 ].

Chemical Graph

In chemical graph theory and in mathematical chimia molecular graph or chemical graph is a regmeation of

the structural formula of a chemical compound imie of graph theory. A chemical graph is a labgesph whose

vertices correspond to the atoms of the compounddeaiges correspond to chemical bonds. Its verticedabeled

with the kinds of the corresponding atoms and edgedabeled with the types of borliszor particular purposes
any of the labeling may be ignored [ 5 ].
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In the Fig 1 the snapshot [ 6 ] on the left sidarisexample of a chemical graph and the graphenight side is its
respective graph structure.

Fig. 1Wiener Index Calculation Using Distance Matrix

Snap shot 1 provides a method of Wiener index tatiom using distance matrix [ 7 ].

The Wiener index can be defined for an arbitrary connected graph as follows.
Without loss of generality, assume that G has vertices 1.2, . . . ,n. For each pair i,j
of vertices, let J;.J,- denote the distance in & between f and /;ie. the length of the
shortest path between 7 and j. The distances d;; form the so-called distance matrix
D(G) = [d;;] of the graph G. The Wiener index of G is the number

n i n n
WG =3 T d;= 3 dy;
i=1 j=1 i=1 j=1
uciD, D_uUCD,

1T 2 3 4 5 6 7T 8§ |V5 1 2 3 4 5 7 B | V5

1 o 1 1 1 111 |7 1 o0 1 2z 3 4 2 3 |20
2./ 0 3 3 3 3 ¥ 3|29 2 /7 0 3 &8 9 127 & |50
3 (5 5 0 5 5 5 5 7|37 3 [wms 0 5 W 15 10 7 |62
4 (3 3 3 0 & & 3 3 (27 4 19 6 3 0 6 129 & 5]
3 2 2 % 2 0 7 2 2|19 ¥y |8 &6 4 2 0 & 6 [41
6 T 1 1 1 1 0 1 7 ] 5 4 3 2 1 5 4 |24
7 T 11 1 1 1 0 17 o201 2 0% 4 o 3 |20
&1 11 1o 07 & 13 2 1 2 1 I 0|18
C5 (20 14 12 14 18 24 20 18| 140 Ch|44 25 18 23 37 o0 44 35| 286
Wiener index (W) = 70 oHCo, = 143
hyper-Cluj-distanceindex (CfD,) = 143 DZC_]'DP — 605

Snapshot 1

(n*-1)

The Wiener index of a path with n — verticesn'sT[ 81].

MATERIALSAND METHODS

Wiener Index of a Treefrom Sub tree

A Wiener index is the sum of the values of thealise between non hydrogen molecules. Wiener insletsb
calculated using distance matrix. Representatioa a®atrix enables easy calculation of the wiendexn In any
calculation using matrices, as the size of the imdtcreases easy is the computation, either byuadaralculation

236
www.scholar sresear chlibrary.com



M. Yamuna Der Pharma Chemica, 2014, 6 (5):235-242

or calculation with aid of programs. Our main ide#o reduce the size of the distance matrix as$goossible still
possible to calculate the Wiener index.

We shall discuss calculation of Wiener index fdreg, since in a tree there is exactly one pativdst every pair
of vertices and easy for discussion.

Tree Reduction

(n*-1)

n —
In calculation of Wiener index, it is known thatetfWiener index of any path of length n n‘BT For

example for path £the value of the Weiner index is calculated dis¥es

1 2 3 4
- - - L]
Fig. 2

From vertex 1 the distance values are 1, 2, 3. Ftdhe values are 1, 2 and from 3 it is 1 so tHeevis 12. We use
any path as the basic subgraph that will be defeetad any graph. As an illustration consider thkofeing graph in
Fig. 3.

9

3 / 6 3

10 11

Fig. 3

We try to find a longest possible path that camIsebgraph of the graph and whose removal wildistonnect the
graph. The possible path is from vertex 3 to Geabth3. On removing this subgraph that is a patgthph in Fig .
3 gets reduced to the graph in Fig. 4 .

Fig. 4

This is the first part of the calculation, thatrélucing the tree to a smaller tree. We basicadlgkt out a longest
possible subgraph of the tree that is a path, wherseval will not disconnect the original tree.

L abelling of the Subtree
Let u be the vertex to which the longest path tacdied. Let R be the path with m edges that has been removed.
Now we redraw T1 so that it is rooted at u. Forttee T1 in Fig. 4. the rooted tree is as in Bbig.

Fig. 5
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m
For vertex u assign the valu® I . This is because in the original tree T we neechtoulate the distance from u to
i=1
m -
all the vertices in Pm. This value will b@_ | . For a next level vertex the distance value fervartices in Ris 2 +
i=1

m
3+ ...+ (m+1). So for the next level vertices mssign a labeD’ | + m. For the next level vertices the distance
i=1

m

values for the vertices in,As 3 +4 + ... + (m + 2). So for the next levettiees we assign a label. | + 2m. In
i=1

general for a tree rooted at u we assign labéefsliasvs

m.
Labelof u=Y 1
i=1

m
For vertices at level k assign labgl i +km, k=1, 2, ....., z where z is the height of tree.
i=1
For the tree in Fig. 5 vertex 6 is the root. 4r& lavel 1 vertices, 3, 5 are level 2 vertices? are level 3 vertices.
Height of the tree is 3. The path removed is ofthrb. So
5 -
Labelof 6 =Y 1=1+2+3+ 4+ 5= 1F
i=1

5
Label of vertices 4, 7 = i +m =15+ 5= 20
i=1

5
Label of vertices 3,5 > i +2m=15+ 10= 2¢
i=1

5
Label of vertices 1, 2 = i +3m=15+ 10= 3(
i=1

1 2
30 2

W N -
|
w
o

T=011.
2¢

3(
16
- - - - - - 202

Wiener index of T1 =

N P, N w w
I—‘(;uJI\Jc;o.h.hI

~N o 0 b~
|
|
|
|
N
ol

Wiener index of pathf= (1 +2+3+4)+(1+2+3)+(1+2)+=20

So Wiener index of T = Wiener index of T1 + Wieimgdtex of path P= 211 + 20 = 231.
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The above procedure can be summarized as follows.

Weiner Index Calculation of the Subtree

Construction of Distance Matrix D

We now calculate the Weiner index for the reduced T1. The off diagonal entry of the distance matmains
the same as in any Weiner index calculation. Inmabrdistance matrix all the diagonal entries arB@t we assign
nonzero values to the diagonal entries.

m
For the diagonal entry corresponding to vertexgmstiie value)_ | . For the remaining diagonal entries assign the
i=1

m
value Y1 +km, k=1, 2, ..., z. Now calculate the Weinedén as we normally calculate. The path of length m
i=1
was removed from vertex u. Already vertex u is aer®d along with tree T1. So the Weiner indexhef original
tree T is the value of the Weiner index of theatise matrix D + Weiner index of the deleted path Pthat is
Weiner index of a tree with n — vertices = Wn = Waiindex of D + Weiner index of,P ;.

Wiener index from reduced tree

Let T be the original tree with n — vertices

Step 1 Trace the longest possible path Pmin T so tha{ P, } is connected.
Step2Let T1 =T —{u}, where u is the vertex commantt and T1.

Step 3 Redraw T1 as a rooted tree with u as the root.

Step 4 Assign labels to the vertices in T1 as follows

m-
Labelofu=3Y I
i=1

i +m

m
Label of level 1 vertices =
|

iz

m
Label of level 2 vertices =1 +2m .....
i=1

m
Label of level k vertices = I + km, where k is the level of the tree T1.
i=1

Step 5 Construct the distance matrix D as follows
_ {distan cefromitoj if iz

label of the corresponding vertex i
Step 6 Calculate the Wiener index of D.

a;

Step 7 Wiener index of T = Wiener index of T1 + Wiened@x of path B_..
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RESULTSAND DISCUSSION

For the graph in Fig. 3 the distance matrix is
12 3 4
0 2 1 2
- -1 2
1

10 11 12
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So the Wiener index is 231 and it matches withviilee calculated using the proposed procedure.

Consider 2, 3 dimethylhexane. The ball and stigkcstire of 2, 3 dimethylhexane is as seen in srapsh

>

9D

Snapshot 2

The tree representation of 2, 3 dimethylhexanévisrgin Fig. 6

Fig. 6

The following snapshot [ 8 ] provides the Wieneatar of 2, 3 dimethylhexane.
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Example E7
Calculation of the expanded Wiener index and the Wiener index for 2 3-dimethylhexane.
D
1 Fi 3 4 5 b 7 8 V5;
1 0 1 2 3 4 5 i 3 20
£ 1 0 1 2 3 4 1 2 14
3 2 1 0 1 2 3 2 1 12
4 3 2 1 4] 1 2 3 2 14
5 4 3 2 1 0 1 4 3 18
6 3 4 3 2 1 0 3 4 24
7 2 1 2 3 4 5 4] 3 20
1 3 2 1 2 3 4 i 0 18
C5| 20 1 12 4 18 24 20 18 | 140
Wiener index (W) = 70
Snapshot 3

We now shall calculate the Wiener index of 2, 3etimylhexane using the proposed procedure.

We find a longest possible path that can be a syhgof the graph and whose removal will not disemtrihe
graph. The path is from vertex 6 to 12 of lengtD&.removing this

subgraph that is a path the graph in Fig. 6 gmtaged to the graph in Fig. 7 .

Fig. 7

Redrawing this as a rooted tree we obtain thevioiig graph in Fig. 8.

3

1 7
Fig. 8

For the tree in Fig. 8 vertex 3 is the root. 2y8lavel 1 vertices, 1, 7 are level 2 vertices.ghebdf the tree is 2. The
path removed is of length 3. So

3
Labelof 3=> 1=1+2+3=6.

i=1
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3
Label of vertices 28 = i+m=6+3=9
i=1

3
Label of vertices 1 7= i +2m=6+ 6=12.
i=1

1 2 3 7 8
112 1 2 2 3] 2
2l- 9 1 1 2|1z
Wiener index of T1 = =66
3/ - - 6 2 1|9
7 - - - 12 3|1t
8- - - - 9]9

Wiener index of pathP=1+2 +1 =4,

So Wiener index of T = Wiener index of T1 + Wieiradex of path P= 66 + 4 = 70.

This value matches with the Wiener index valueadsutated in snapshot 3.
CONCLUSION

For a tree with ten vertices if a path with 3 v&et is removed, then calculation of the distanoenfall the

remaining 6 vertices to these 3 vertices is reduEed the diagonal entry values in the reducedadits matrix we
only need to calculate the Wiener index of the pathoved. All the diagonal entry values can be iabthby just

addition of the path length to this value. Thiscatdtion is much easy than calculating the distaspecifically as
the number of vertices increases. Also since the af the matrix is reduced, computational compjedecreases.
So this method can be adopted for much easy céimulaf Wiener index.
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