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Abstract

A topological index is a branch of chemical graph theory that is vi-
tal to analyzing the physio-chemical characteristics of chemical com-
pound structures divided into a degree-based molecular structure such
as Zagreb indices, a distance-based molecular structure such as Wiener
index, and a mixed such as Gutman index. In this paper, some def-
initions, results, and examples of Wiener polynomial and index for
subdivision graph of friendship, and bifriendship graphs, line subdi-
vision graph of friendship, and bifriendship graphs were introduced.
Moreover, we used the MATLAB program to calculate the Wiener
polynomial and index of these graphs and refer to some applications.
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1. Introduction

There are several applications for graphs in various applied sciences such
as organic chemistry, biology (DNA, RNA), electronics, networks, busi-
nesses, and etc. In practical applications, topological indices are among
the best applications to recognize physical properties, chemical reactions,
and biological activities. For the past 40 years, chemical graph theory, con-
sidered an important branch of both computational chemistry and graph
theory, that has attracted much attention, and the results obtained in this
field have been applied to many chemical and pharmaceutical engineer-
ing applications [19, 33, 37]. Chemical graphs are models of molecules in
which atoms are represented by vertices and chemical bonds by edges of a
graph. Topological indices are important attributes to analyze the Physic-
chemical characteristics of chemical compound structures, such as degree-
based molecular structures, distance-based molecular structures, and mixed
[26, 28, 17, 20].

A finite graph is a pair G = (V, E) consisting of a non-empty set V
is called vertices, pointe, or nodes together with unordered pairs set of
vertices is called edge, denoted by |V | the order of vertices and |E| the
size of edges. The degree of vertex v ∈ V dented by d (v) is the number
of edges incident on v. The friendship graph [21, 30] F(n)3 of n triangles
with common (center) vertex v ∈ V (F (n)3) has order |V (F (n)3)| = 2n+1
and size |E(F (n)3)| = 3n, see Figure 1.1.

Figure 1.1: friendship graph F (n)3

ABifriendship graph [22]BF (n,m)3 has two friendship graphs F (n)3,
F (m)3 with n and m triangles joint the common (center) two vertices by
an edge, see Figure 1.2, has |V (BF (n,m)3)| = 2(n +m + 1) vertices and
|E(BF (n,m)3)| = 3 (n+m) + 1 edges.
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Figure 1.2: bifriendship graph BF (n,m)3

An edge subdivision operation: The edge subdivision operation for an
edge {u, v} ∈ E is the deletion of {u, v} from G and the addition of two
edges {u,w} and {w, v} along with the new vertex w. A graph that has
been derived from G by a sequence of edge subdivision operations is called
a subdivision graph of G [38].

A Subdivision graph [39, 16] of a graph G is a graph with adding vertex
of degree two for any edge of G. A Line graph [34, 31] of G L(G) is a
graph with vertices as the edges of G and the two vertices of L(G) are
adjacency if and only if the two edges have common in G. A graph G is
connected if every two vertices are joint by path denoted by u−v and
the length of the path denoted by p(u,v) and the shortest path between
two vertices is called a distance, denoted by d(u, v), define as d (u, v) =
min{P (u, v) : u, v ∈ V (G)} and the diameter of G denoted by δ (G),
define as δ (G) = max{d (u, v) : u, v ∈ V (G)}. TheWiener polynomial
[13, 14] of a graph G define as

W (G;x) =

δ(G)X
k=0

d (G, k)xk ,(1.1)

where d (G, k) is the number of pairs with k a par, k = 0, 1, 2, . . . , δ (G).

Obviously, d (G, 0) = |V |, d (G, 1) = |E|, Pδ
k=0 d (G, k) =

¡|V |+1
2

¢
, and

W (v;G;x) =
X
k=0

d(v,G, k)xk,(1.2)
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where d (v,G, k) is the number of vertices that is distance k from the vertex
v ∈ V (G).

The Wiener index,W (G ) of G is the total distance in G, that is,W (G ) =P
{u,v} d(u, v), where the summation is taken over all pairs of distinct ver-

tices in G. It is clear that

W (G) =
d

dx
W (G;x)|x=1 ,(1.3)

Now, let G1 and G2 be disjoint connected graphs, and let, v ∈ V (G1)
and u ∈ V (G2). The graphG1 : G2 is obtained from G1 and G2 by intro-
ducing a new edge joining the vertices v and u. The Wiener polynomial of
graph G1 : G2 given by Gutman [24, 23] in the following theorem.

Theorem 1.1: W (G1 : G2;x) = W (G1;x) +W (G2;x) + xW (v;G1;x)
W (u;G2;x).

Walid in [38] supervised Ali generalizing Theorem (1) by introducing two
new edges with common vertex joining the vertices v and u, in the following
theorem.

Theorem 1.2: W (G1 : G2;x) = W (G1;x)+W (G2;x)+x (W (v;G1;x))

+W (u;G2;x)+ x2W (v;G1;x) W (u;G2;x) + 1.

Our purpose, in this paper, gives definitions, results, and examples of
Wiener polynomial and index for subdivision graphs of friendship and
bifriendship graphs and line graph subdivision graphs of friendship and
bifriendship graphs. We refer the interested reader to [12, 29]. Any graph
in this paper is a simple graph.

2. Wiener Polynomial and Index of Subdivision Friendship
Graph and Line Subdivision Friendship Graph

In this part, we compute the Wiener polynomial and index for subdivision
graphs of friendship denoted by SF (n)3.

Theorem 2.1: The Wiener polynomial and index for subdivision graphs
of friendship graph are the following

W (SF (n)3;x) = 5n+1+6nx+2n (n+ 2)x
2+n (4n− 1)x3+4n (n− 1)x4
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+2n (n− 1)x5 + 1
2n(n− 1)x6, and

W (SF (n)3) = 3n(15n− 6).

Proof: By definition of subdivision graph of friendship graph SF (n)3
given in Figure 2.1 of n triangles have vertices |V (SF (n)3| = 5n + 1 =
d(SF (n)3, 0) and edges |E(SF (n)3)| = 6n = d(SF (n)3, 1), and d (SF (n)3, 2) =⎧⎪⎪⎪⎨⎪⎪⎪⎩

6n thenumber of pairs of n triangles with a length of two,

2n (n− 1) the number of pairs of n triangles with common vertex v
of length 2,

Therefore, d (SF (n)3, 2) = 6n+2n (n− 1) = 2n(n+2), so d (SF (n)3, 3) =⎧⎪⎪⎪⎨⎪⎪⎪⎩
3n the number of pairs of n triangles with a length of three,

4n (n− 1) the number of pairs of n triangles with common vertex v of
length 3.

Therefore, d (SF (n)3, 3) = 3n + 4n (n− 1) = n(4n − 1), Similar can be
found d (SF (n)3, k) ; k = 4, 5, 6. Hence

d (SF (n)3, k) =

⎧⎪⎨⎪⎩
4n (n− 1) the number of pairs for k = 4,
2n (n− 1) the number of pairs for k = 5,
1
2n (n− 1) the number of pairs for k = 6.

From these arguments, the result followsW (SF (n)3) =
d
dxW (SF (n)3;x)|x=1 =

45n2 − 18n = 3n(15n− 6).
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Figure 2.1: subdivision friendship graph SF (n)3

Example: For n =1 the friendship graph F (1)3 is the triangle and subdi-
vision graph of friendship graph SF (1)3 is the cycle with six vertices, see
Figure 2.2, using Theorem (2.1), the Wiener polynomial and the Wiener
index are given as the following W (SF (1)3;x) = 6 + 6x + 6x2 + 3x3,
W (SF (1)3) = 27. For n =2, the friendship graph F (2)3 is the two tri-
angles, and the subdivision graph of the friendship graph SF (2)3 is the
two cycles with a common vertex, using Theorem (2.1), the Wiener poly-
nomial and the Wiener index are given as the following:

W (SF (2)3;x) = 11 + 12x+ 16x
2 + 14x3 + 8x4 + 4x5 + x6,

W (SF (2)3) = 144.

Marisol Martínez
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Figure 2.2: subdivision graphs SF (1)3and SF (2)3

Now, we can constrict the line subdivision graph of friendship graph from
subdivision graph of friendship graph for n=1,2, as following (see 2.3)

Figure 2.3: line subdivision graphs LSF (1)3 and LSF (2)3

In general, the constrict the line subdivision graph of friendship graph
LSF (n)3 has complete graph k2 n and n cycles C6, common with two
vertices and an edge. See Figure 2.4, we get the following result.

Marisol Martínez
4


Marisol Martínez
5



170 M. Al-Rumaima, A. Alameri, M. Alsharafi, W.A.M. Saeed, H. Ahmed and A. Alwardi

Figure 2.4: line subdivision friendship graph LSF (n)3

Theorem 2.2: The Wiener polynomial and index for line subdivision
graphs of friendship graph are given as the following:

W (LSF (n)3;x) = 6n + 2n (n+ 2)x+ 4n (n− 1)x2 + 3n (2n− 1)x3

+4n (n− 1)x4 + 2n(n− 1)x5,

and
W (LSF (n)3) = 27n(2n− 1).

Proof: Clear that constrict the line subdivision graph of friendship graph
LSF (n)3, see Figure 2.4 and Theorem (2.1) we get

d(LS (F (n)3, 0) = |V ( LSF (n)3)| = 6n = d(S(F (n)3, 1),

d(LS (F (n)3, 1) = |E( LSF (n)3)| = 2n(n+ 2) = d(S(F (n)3, 2),

d(LS (F (n)3, 4) = 4n(n− 1) = d(S(F (n)3, 4), and

d(LS (F (n)3, 5) = 2n(n− 1) = d(S(F (n)3, 5).

Marisol Martínez
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d (SF (n)3, 3) =

⎧⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎩

3n the number of pairs of n cycles with
alength of three,

6n (n− 1) the number of pairs of n cycles with
common k2n and length of 3.

Therefore, d (LSF (n)3, 3) = 3n+ 6n (n− 1) = 3n(2n− 1) ,and

d (LSF (n)3; 2) =
1

2
6n (6n− 1)− d (LSF (n)3, 0)− d (LSF (n)3, 1)

−
5X

k=3

d (LSF (n)3, k)

=
1

2
6n (6n− 1)− 6n− 2n2−4n−6n2+3n−4n2+4n−2n2+2n

= 4n (n− 1) .

From these claim the result follows, and the Wiener index is given as the
following

W (LSF (n)3) =
d

dx
W (LSF (n)3;x)|x=1 = 54n2 − 39n.

Example: For n=1, the Wiener polynomial and index for line subdivision
graphs of friendship graph LSF (1)3 are the same, the Wiener polynomial
and indices for subdivision graph of friendship graph SF (1)3, see Figure2.3.
For n=2, the Wiener polynomial and index for line subdivision graphs of
friendship graph LSF (2)3, see Figure 2.3, are the following
W (LSF (2)3;x) = 12 +16x+8x

2+18x3+8x4+4x5, andW (SF (2)3) = 138.

3. Wiener Polynomial and Index of Subdivision Bifriendship
Graph and Line Subdivision Bifriendship Graph

We can look the Figure3.1 of the subdivision graph of bifriendship graph
S(BF (n,m)3) by two graphs S(F (n )3) and S(F (m)3) with adding the
two edges uw,wv with a common vertex w, we get the graph S (F (n)) :
S (F (m)), which is the same graph S (BF (n,m)) with uw,wv ∈ E( S(BF (n,m)3)),
applied Theorem (1.2) in the introduction and by Theorem (2.1)
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W (S(BF (n,m)3);x) = W (S(F (n)3) : S(F (m)3);x)

= W (S(F (n)3);x) +W (S(F (m)3);x)

+ x [W (u, S(F (n)3) ;x) +W (v, S(F (m)3) ;x)]

+x2 [W (u, S(F (n)3) ;x)W (v, S(F (m)3) ;x)] + 1. #

where,

W (S(BF (n)3);x) = 5n+1+6nx+2n (n+ 2)x
2+n (4n− 1)x3+4n (n− 1)x4

+2n (n− 1)x5 + 1
2
n(n− 1)x6,

W (S(BF (m)3);x) = 5m+ 1 + 6mx+ 2m (m+ 2)x2 +m (4m− 1)x3

+4m (m− 1)x4 + 2m (m− 1)x5 + 1
2
m(m− 1)x6,

W (u, S(F (n)3) ;x) = 1 + 2nx+ 2n x2 + n x3,

W (v, S(F (m)3) ;x) = 1 + 2mx+ 2mx2 +mx3,

x[W (u, S(F (n)3) ;x) +W (v, S(F (m)3) ;x)]

= 2x+ 2(n+m)x2 + 2 (n+m)x3 + (n+m)x4,

and

x2 [W (u, S(F (n)3) ;x)W (v, S(F (m)3) ;x)] + 1 = 1 + x2 + 2(n+m)x3

+2 (n+ 2nm+m)x4 + (n+ 8nm+m)x5 + 8nmx6 + 4nmx7 + nmx8.

Substitution in formula #, we get the following theorem.

Theorem 3.1: TheWiener polynomial of subdivision graph of bifriendship
graph S(BF ((n,m)3) is

W (S(BF (n,m)3);x) = 3 + 5 (n+m) + 2 (3n+ 3m+ 1)x

+(2n (n+ 3) + 2m (m+ 3) + 1)x2 + [n(4n+ 3) +m(4m+ 3)]x3

+[n(4n− 1) +m(4m− 1) + 4mn]x4 +
hÃ2n
2

!
+

Ã
2m

2

!
+ 8nmx5

i

+
hÃn
2

!
+

Ã
m

2

!
+ 8nmx6

i
+ 4nmx7 + nmx8,
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and the Wiener index is:

W (S(BF (n,m)3)) =
d

dx
W (S(BF (n,m)3);x)|x=1

= [15n(3n+ 1) + 15m(3m+ 1)] + 140mn+ 4.

Figure 3.1: subdivision graph of bifriendship graph S(BF (n,m)3)

Example: Take n=2 and m=3 in Theorem (3.1), we get
W (S(BF (2, 3)3);x) = 28+32x+57x

2+67x3+71x4+69x5+52x6+24x7+
6x8, and

W (S(BF (2, 3)3)) = 1413.

Corollary 3.2: The Wiener polynomial of S(BF (n, n)3) graph is

W (S(BF (n, n)3);x)=10n+3 + 2 (6n+1)x+(4n (n+ 3) + 1)x
2+2n(4n+3)x3

+2n (n− 16)x4 + 2n (6n− 1)x5 + n (9n− 1)x6 + 4n2x7 + n2x8,

and Wiener index of S(BF (n, n)3) graph is

W (S(BF (n, n)3)) = 10n(23n+ 3) + 4.

Proof: Take n=m in Theorem (3.1) and Figure 3.1, the result follows.

Example: Letn=2, see Figure 3.2. TheWiener polynomial of S(BF (n, n)3)
graph is

W (S(BF (2, 2)3);x)=23 + 26x+41x
2+44x3+44x4+44x5+34x6+16x7+4x8,

Marisol Martínez
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and the Wiener index of S(BF (2, 2)3) graph is

W (S(BF (2, 2)3)) = 984.

Figure 3.2: subdivision graph of bifriendship graph S(BF (2, 2)3)

Now, we can look the Figure3.3 of the line graph subdivision graph of
bifriendship graph LS(BF (n,m)3) by two graphs LS(F (n )3) and LS(F (m)3)
with adding an edge uv, where u ∈ V (LS (F (n))) , v ∈ V (LS (F (m))), we
get the graph LS (F (n)) : LS (F (m)), which is the same graph LS (BF (n,m))
with vu ∈ E(L S(BF (n,m)3)), applied Theorem (1.1) in the introduction,
and by Corollary (3.2), for n =m, we get the following Lemma.

Marisol Martínez
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Figure 3.3: line subdivision graph of bifriendship graph LS(BF (n,m)3)

Lemma 3.3: The Wiener polynomial of L S(BF (n, n)3) graph is

W (LS(BF (n, n)3);x) = 2(6n+1)+(4n (n+ 3) + 1)x+32nx2+4n (n+ 6)x3

+4n(4n − 1) x4 + 4n (4n− 1)x5 + 8n2x6 + 4n2x7, and the Wiener index
of L S(BF (n, n)3) graph is

W (LS(BF (n, n)3)) = 4n (59n+ 28) + 1

Proof: W (LS(BF (n, n)3);x) =W (LS(BF (n)3) : LS(BF (n)3);x)

=W (LS(BF (n)3);x) +W (LS(BF (n)3);x)

+ x [W (u,LS(BF (n)3) ;x) W (v, LS(BF (n)3) ;x)](3.1)

where, W (LS(BF (n)3);x) +W (LS(BF (n)3);x) = 2W (LS(BF (n)3);x)

= 2(6n+ 1 + 2n (n+ 3)x+ 14n x2

+10nx3 + 4n (n− 1)x4 + 2n(n− 1)x5),

x [W (u,LS(BF (n)3) ;x)W (v, LS(BF (n)3) ;x)] = x+4nx2+4n (n+ 1)x3

Marisol Martínez
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+4n (2n+ 1)x4 + 12n2x5 + 8n2x6 + 4n2x7.

Substitution in formula (3.1), theWiener polynomial of L S(BF (n, n)3)
graph in Lemma (3.3), and the Wiener index of L S(BF (n, n)3) graph is
given as the following

W (S(BF (n, n)3)) =
d

dx
W (S(BF (n, n)3);x)|x=1

= 236n2 + 112n+ 1 = 4n (59n+ 28) + 1.

Example: Let n=2 in Lemma (2.3), see Figure 3.4, the Wiener polynomial
of L S(BF (2, 2)3) graph is
W (LS(BF (2, 2)3);x) = 26+41x+64x

2+64x3+56x4+56x5+32x6+16x7,
and the Wiener index of L S(BF (2, 2)3) graph is

W (S(BF (2, 2)3)) = 8 (28 + 118) + 1 = 1169.

Figure 3.4: line subdivision graph of bifriendship graph LS(BF (2, 2)3)

Theorem 3.4: The Wiener polynomial of L S(BF (n,m)3) graph for n 6=
m is

W (LS(BF (n,m)3);x) = 2(3(n+m) + 1) + (2n (n+ 3) + 2m (m+ 3) + 1)x

Marisol Martínez
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+16(n+m)x2 + 4(3 (n+m) + nm)x3

+2 (n (2n− 1) +m (2m− 1) + 4nm) x4

+2(n ( n− 1) +m (m− 1) + 6nm)x5

+8nmx6 + 4nmx7,

and the Wiener index of L S(BF (n,m)3) graph is

W (LS(BF (n,m)3)) = 28n (n+ 2) + 28m (m+ 2) + 180nm+ 1.

Proof: W (LS(BF (n,m)3);x) =W (LS(BF (n)3) : LS(BF (m)3);x)

= W (LS(BF (n)3);x) +W (LS(BF (m)3);x)

+ x [W (v.LS(BF (n)3) ;x) W (u,LS(BF (m)3) ;x)](3.2)

where, W (LS(BF (n)3);x) +W (LS(BF ( m)3);x) = 6 (n+m) + 2
+(2n(n+ 3) + 2m (m+ 3))x+ 14(n+m) + 10 (n+m)x3

+ (4n (n− 1) + 4m (m− 1))x4 + (2n (n− 1) + 2m (m− 1))x5,
x [W (u,LS(BF (n)3) ;x) W (v, LS(BF (m)3) ;x)] = x+ 2(n+m)x2

+2(n+2nm+m)x3+2 ( n+ 4nm+m)x4+12nmx5+8nmx6+4nmx7.

Substitution in formula (3.2), the Wiener polynomial of LS(BF (n,m)3)
graph in Theorem (3.4), and the Wiener index of L S(BF (n,m)3) graph
is given as the following

W (S(BF (n,m)3)) =
d

dx
W (S(BF (n,m)3);x)|x=1

= 28n (n+ 2) + 28m (m+ 2) + 180nm+ 1.

Example: Let n=3, m=2 in Theorem (3.4), the Wiener polynomial of
L S(BF (3, 2)3) graph is

W (LS(BF (3, 2)3);x) = 32+57x+80x
2+84x3+90x4+88x5+48x6+24x7,

and

the Wiener index of L S(BF (3, 2)3) graph is

W (S(BF (3, 2)3)) = 84 (5) + 56(4) + 1 = 645.
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4. Build Algorithms to Calculate the Wiener Polynomial and
Index

In this section, we show two programs that build an algorithm to calcu-
late the Wiener polynomial and index of subdivision friendship graph, line
subdivision friendship graph, subdivision bifriendship graph, and line sub-
division bifriendship graph using MATLAB PROGRAM.
In these programs we will use the following shortcuts:
L: line, S: subdivision, F: friendship, and BF: bifriendship

4.1 The Wiener polynomial algorithm of subdivision friendship graph, line
subdivision friendship graph subdivision bifriendship graph, and line sub-
division bifriendship graph,

clear;
clc;
syms x;
n=input(’Enter number of vertices: n= ’);
m=input(’Enter number of vertices: m= ’);

a0=(5*n+1);
a1=(6*n);
a2=(2*n*(n+2));
a3=(n*(4*n-1));
a4=(4*n*(n-1));
a5=(2*n*(n-1));
a6=(0.5*n*(n-1));

b0=6*n; b1=2*n*(n+2);
b2=4*n*(n-1);
b3=3*n*(2*n-1);
b4=4*n*(n-1);
b5=2*n*(n-1);

c0=3+5*(n+m);
c1=2*(3*n+3*m+1);
c2=2*n*(n+3)+2*m*(m+3)+1;
c3=n*(4*n+3)+m*(4*m+3);
c4=n*(4*n-1)+m*(4*m-1)+4*n*m;
c5=n*(2*n-1)+m*(2*m-1)+8*n*m;
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c6=(0.5)*n*(n-1)+(0.5)*m*(m-1)+8*n*m;
c7=4*n*m;
c8=n*m;

d0=2*(3*(n+m)+1);
d1=2*n*(n+3)+2*m*(m+3)+1;
d2=16*(n+m);
d3=4*(3*(n+m)+n*m);
d4=2*(n*(2*n-1)+m*(2*m-1)+4*n*m);
d5=2*(n*(n-1)+m*(m-1)+6*n*m);
d6=8*n*m;
d7=4*n*m;

fprintf(’WSF(n;x)=,a0,a1,a2,a3,a4,a5,a6);

fprintf(’WLSF(n;x)=b1,b2,b3,b4,b5);

fprintf(’WSBF(n;x)=+

fprintf(’WLSBF(n;x)=+

4.2 The Wiener index algorithm of subdivision friendship graph, line subdi-
vision friendship graph subdivision bifriendship graph, and line subdivision
bifriendship graph,

clear;
clc;

n=input(’Enter number of vertices: n= ’);
m=input(’Enter number of vertices: m= ’);

WSF(n)=3*n*(15*n-6);
WLSF(n)=27*n*(2*n-1);

WSBF(n,m)=15*n*(3*n+1)+15*m*(3*m+1)+140*n*m+4;
WLSBF(n,m)=28*n*(n+2)+28*m*(m+2)+180*n*m+1;

fprintf(’Wiener index of SF graph W(SF(n))=

fprintf(’Wiener index of LSF graph W(LSF(n))= WLSF(n));
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fprintf(’Wiener index of SBF graph W(SBF(n,m))= WSBF(n,m));

fprintf(’Wiener index of LSBF graph W(LSBF(n,m))= WLSBF(n,m));

Table 4.1: Data analysis of Wiener index for subdivision graph and line
subdivision graph of friendship graph and bifriendship graph when (n =
3, 4, . . . , 1000).
n-cycles W (SF (n)3) W (LSF (n)3) W (SBF (n)3) W (LSBF (n)3)

3 351 405 2164 2461

4 648 756 3804 4225

5 1035 1215 5904 6461

6 1512 1782 8464 9169

7 2079 2457 11484 12349

8 2736 3240 14964 16001

9 3483 4131 18904 20125

10 4320 5130 23304 24721
...

...
...

...
...

1000 44982000 53973000 230030004 236112001

Table 4.2: Data analysis of Wiener index for subdivision graph of bifriend-
ship graph when (n = 3, 4, . . . , 1000) and (m = 3, 4, . . . , 1000).
(n, m) 3 4 5 6 7 · · · 1000

3 2164 2914 3754 4684 5704 · · · 45435454

4 2914 3804 4784 5854 7014 · · · 45575784

5 3754 4784 5904 7114 8414 · · · 45716204

6 4684 5854 7114 8464 9904 · · · 45856714

7 5704 7014 8414 9904 11484 · · · 45997314
...

...
...

...
...

...
...

...

1000 45435454 45575784 45716204 45856714 45997314 · · · 230030004
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Table 4.3: Data analysis of Wiener index for line subdivision graph of
bifriendship graph when (n = 3, 4, . . . , 1000) and (m = 3, 4, . . . , 1000).
(n,
m)

3 4 5 6 7 · · · 1000

3 2461 3253 4101 5005 5965 · · · 28596421

4 3253 4225 5253 6337 7477 · · · 28776673

5 4101 5253 6461 7725 9045 · · · 28956981

6 5005 6337 7725 9169 10669 · · · 29137345

7 5965 7477 9045 10669 12349 · · · 29317765
...

...
...

...
...

...
...

...

1000 28596421 28776673 28956981 29137345 29317765 · · · 236112001

5. Applications

Wiener polynomial and Wiener index for subdivision graph of friendship
and bifriendship graphs and line graph subdivision graph of friendship and
bifriendship graphs can be applied to many practical graphs [27, 22, 25,
11, 24, 35, 15, 36, 32, 18] such as Dutch windmill graph, paracactus chain
graphs, Oxide network and chain silicate, molecular structure of Ethane,
molecular graph of Ethane and Para-line graph of Ethane, Polyphony
Chains, dicoronylene, biphenylene, and V-Phenylenic nanosheet.

6. Conclusion

In this paper, the expressions for some distance-based molecular structures
and such as Wiener polynomial and Wiener index for subdivision graph
of friendship and bifriendship graphs and line graph subdivision graph of
friendship and bifriendship graphs have been derived. Also, we used the
MATLAB program to calculate the Wiener index of subdivision friendship
graph, line subdivision friendship graph, subdivision bifriendship graph,
and line subdivision bifriendship graph.



182 M. Al-Rumaima, A. Alameri, M. Alsharafi, W.A.M. Saeed, H. Ahmed and A. Alwardi

Data Availability
The data used to support the findings of this work are cited at relevant
places within the text as references.

Conflicts of Interest
The authors declare that they have no conflicts of interest.

Acknowledgment
We would like to thank the reviewers for their constructive suggestions and
useful comments which resulted in an improved version of this paper.

References

[1] Arthur B Cummings and David Eftekhary and Frank G House, The
accurate determination of college students-coefficients of friction, Jour-
nal of Sketchy Physics, Vol. 13 (2), pp. 46-129, 2003.

[2] I. J. Kuss, On the Importance of Kissing Up to Your Boss, 5, Dilbert
Books, Cambridge MA, 1995.

[3] L M Napster, Mathematical Theory of Efficient Piracy, Lecture Notes
in Mathematics, Vol 3204, Springer Verlag, New York NY, 1998.

[4] , O. P. Qwerty, History of the Goofy Layout of Keyboards, Podunk
University Arcana Department, Podunk IN, 1996.

[5] Robert Swearingen, Morpholoty and syntax of British sailors- English,
Technical Report, Vol. 249, Profanity Institute, New York NY, 1985.

[6] Tom Upsilon, Obscure Greek letters and their meanings in mathe-
matics and the sciences, V. W. Xavier, Proceedings of the seventh
international trivia conference, Last Resort Publishers, Philadelphia
PA, pp. 129-158, 1987.

[7] James Tetazoo, A brief guide to recreational pyromania, Available at
www.blowinglotsofweirdstuffup.com/guide.html (2005/06/12).

[8] J. Mentor, Behavior of small animals on fire, Nature, (in press).

[9] J. Mentor, Behavior of small animals on fire, Unpublished Manuscript,
2012.



Computation of wiener polynomial and index of line subdivision ... 183

[10] J. Mentor, Behavior of small animals on fire, Unpublished Manuscript,
2012.

@miscconv Sigmund Freud, July, 2012, Personal conversation

[11] I. Ahmad and M. Ahmad Chaudhry and M. Hussain and T. Mah-
mood, Topological Descriptors on Some Families of Graphs, Journal
of Chemistry, 2021, Vol. 2021, ID 6018893, doi 10.1155/2021/6018893.

[12] A. Alameri, F-coindex of some corona products of graphs, Journal of
Discrete Mathematical Sciences and Cryptography, pp. 1-16, 2021, doi
10.1080/09720529.2021.1932891.

[13] A. Ayache and A. Alameri, Topological indices of the mk-graph, J.
Assoc. Arab Univ. Basic and Appl. Sci., Vol. 24, pp. 283-291, 2017,
doi 10.1016/j.jaubas.2017.03.001.

[14] A. Ayache and A. Alameri and M. Alsharafi and H. Ahmed, The Sec-
ond Hyper-Zagreb Coindex of Chemical Graphs and Some Applica-
tions, Journal of Chemistry, pp. 1-8, 2021, doi 10.1155/2021/3687533.

[15] Y. Bai and B. Zhao and P. Zhao, Extremal Merrifield-Simmons Index
and Hosoya Index of Polypheny Chains, way, Vol. 3 (1), 2009.

[16] M. B. Belay and C. Wang and A. J. M. Khalaf and H. Hosseini and
M. R. Farahani, Topological indices of the subdivision graph and the
line graph of subdivision graph of the wheel graph, Journal of Discrete
Mathematical Sciences and Cryptography, Vol. 24 (2), pp. 589-601,
2021, doi 10.1080/09720529.2021.1892317.

[17] M. Bilal and M. K. Jamil and M. Waheed and A. Alameri, Three
Topological Indices of Two New Variants of Graph Products, Math-
ematical Problems in Engineering, Vol. 2021, ID:7724177, 2021, doi
10.1155/2021/7724177.

[18] T. Bharathi and S. Antony Vinoth and S. Leo, Fuzzy Radio Re-
ciprocal L-Labeling on Certain Chemical Graphs, Indian Journal
of Science and Technology, Vol. 14 (27), pp. 2284-2292, 2021, doi
10.17485/IJST/v14i27.664.

[19] S. Ding and M. I. Qureshi and S. F. Shah and A. Fahad and M. K.
Jamil and J. B. Liu, Face index of nanotubes and regular hexagonal
lattices, International Journal of Quantum Chemistry, Vol. 121 (19),
pp. e26761, 2021, doi 10.1002/qua.26761.



184 M. Al-Rumaima, A. Alameri, M. Alsharafi, W.A.M. Saeed, H. Ahmed and A. Alwardi

[20] M. R. Farahani and M. K. Jamil and M. R. R. Kanna and S.M.
Hosamanl, The Wiener index and Hosoya polynomial of the subdivi-
sion graph of the Wheel S(Wn) and the line graph Subdivision graph
of Wheel L(S(Wn)), Applied mathematics, Vol. 6 (2), pp. 21-24, 2016,
doi 10.5923/j.am.20160602.01.

[21] W. Gao and M. R. Farahani and M. Imran and M. R. R. Kanna,
Distance-based topological polynomials and indices of friendship
graph, SpringerPlus, Vol. 5 (1), pp. 1-9, 2016, doi 10.1186/s40064-
016-3271-5.

[22] W. Gao and W. Wang and M. R. Farahani, Topological indices study
of molecular structure in anticancer drugs, Journal of Chemistry, 2016,
doi 10.1155/2016/3216327.

[23] I. Gutman, Some properties of the Wiener polynomial, Graph Theory
Notes of New York, Vol. XXV, pp. 13-18, 1993.

[24] I. Gutman and N. Trinajsti, Graph theory and molecular orbitals. To-
tal φ-electron energy of alternant hydrocarbons, Chemical Physics Let-
ters, Vol. 17 (4) pp. 535-538, 1972, doi 10.1016/0009-2614(72)85099-1.

[25] M. Hu and H. Ali and M. A. Binyamin and B. Ali and J. B. Liu and
C. Fan, On distance-based topological descriptors of chemical inter-
connection networks, Journal of Mathematics, Vol. 2021, ID: 5520619,
2021, doi 10.1155/2021/5520619.

[26] S. Hayat and M. K. Shafiq and A. Khan and H. Raza and H. M. A.
Siddiqui and N. Iqbal and J. U. Rehman, On topological properties of
2-dimensional lattices of carbon nanotubes, Journal of Computational
and Theoretical Nanoscience, Vol. 13 (10), pp. 6606-6615, 2016, doi
10.1166/jctn.2016.5606.

[27] N. Idrees and M. J. Saif and T. Anwar, Eccentricity-Based Topological
Invariants of Some Chemical Graphs, Atoms, Vol. 7 (1), pp. 1-21, 2019.

[28] M. Imran and M. A. Malik and R. Javed, Wiener polarity index
and related molecular topological descriptors of titanium oxide nan-
otubes, International Journal of Quantum Chemistry, Vol. 121 (11),
pp. e26627, 2021, doi 10.1002/qua.26627.



Computation of wiener polynomial and index of line subdivision ... 185

[29] R. M. J. Jothi and R. Revathi and D. Angel, SSP-Structure of k-Sun
Flower, Friendship and Jahangir Graphs, Journal of Physics: Con-
ference Series, Vol. 1770 (1), pp. 012-085, 2021, doi 10.1088/1742-
6596/1770/1/012085.

[30] S. Kurniawati and D. A. R. Wardani and E. R. Albirri, On resolv-
ing domination number of friendship graph and its operation, Journal
of Physics: Conference Series, Vol. 1465 (1), pp. 012-019, 2020, doi
10.1088/1742-6596/1465/1/012019.

[31] P. G. Lehot, An optimal algorithm to detect a line graph and output
its root graph, Journal of the ACM (JACM), Vol. 21 (4), pp. 569-575,
1974, doi 10.1145/321850.321853.

[32] Y. Luo and C. Ren and Y. Xu and J. Yu and S. Wang and M. Sun, A
first principles investigation on the structural, mechanical, electronic,
and catalytic properties of biphenylene, Scientific reports, Vol. 11 (1),
pp. 1-6, 2021, doi 10.1038/s41598-021-98261-9.

[33] M. A. Malik and I. Batool and M. M. Zobair and G. I. H. Aslam,
Wiener Polarity and Similar Topological Descriptors of Some Copoly-
mer, Polycyclic Aromatic Compounds, pp. 1-12, 2022.

[34] , J. W. Moon, On the line-graph of the complete bigraph, The An-
nals of Mathematical Statistics, Vol. 34 (2), pp. 664-667, 1963, doi
10.1214/aoms/1177704179.

[35] Z. S. Mufti and M. F. Nadeem and W. Gao and Z. Ahmad, Topolog-
ical study of the para-line graphs of certain pentacene via topological
indices, Open Chemistry, Vol. 16 (1), pp. 1200-1206, 2018.

[36] J. Palotas and J. Martens and G. Berden and J. Oomens, Labora-
tory IR spectroscopy of protonated hexa perihexabenzocoronene and
dicoronylene, Journal of Molecular Spectroscopy, Vol. 378, pp. 111474,
2021, doi 10.1016/j.jms.2021.111474.

[37] H. Raza and J. B. Liu and S. Qu, On mixed metric dimension of
rotationally symmetric graphs, IEEE Access, Vol. 8, pp. 11560-11569,
2019, doi 10.1109/ACCESS.2019.2961191.

[38] W. A. M. Saeed, A. A. Ali, Wiener Polynomial of Graphs, Mosul
Universityt, M. Un. IN, 1999.



186 M. Al-Rumaima, A. Alameri, M. Alsharafi, W.A.M. Saeed, H. Ahmed and A. Alwardi

[39] R. K. Thumbakara and B. George and J. Jose, Subdivision
Graph, Power and Line Graph of a Soft Graph, Communi-
cations in Mathematics and Applications, Vol. 13 (1), 2022,
doi.org/10.26713/cma.v13i1.1669.

Mahmoud Al-Rumaima
Department of BME,
Faculty of Engineering,
University of Science and Technology,
Sana’a,
Yemen
e-mail: m.alromaima@gmail.com
orcid 0009-0005-3656-0311

Abdu Alameri
Department of BME,
Faculty of Engineering,
University of Science and Technology,
Sana’a,
Yemen
e-mail: a.alameri2222@gmail.com
orcid 0000-0002-9920-4892

Mohammed Alsharafi
Department of Mathematics,
Faculty of Arts and Science,
Yildiz Technical University,
Istanbul,
Turkey
e-mail: alsharafi205010@gmail.com
Corresponding author
orcid 0000-0001-6252-8968



Computation of wiener polynomial and index of line subdivision ... 187

Walid A. M. Saeed
Department of Mathematics,
Faculty of Applied Science,
Taiz University,
Taiz,
Yemen
e-mail: dr−Walid−s@hotmail.com
orcid 0000-0000-0000-0000

Hanan Ahmed
Department of Studies in Mathematics
University of Mysore,
Mysore,
India
e-mail: hananahmed1a@gmail.com
orcid 0000-0002-4008-4873

Ammar Alsinai
Department of Studies in Mathematics
University of Mysore,
Mysore,
India
e-mail: aliammar1985@gmail.com
orcid 0000-0002-5221-0574

and

Anwar Alwardi
Department of Mathematics,
University of Aden
Aden,
Yemen
e-mail: a−Alwardi@hotmail.com
orcid 0000-0002-1908-6006


