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Te graph theory has wide important applications in various other types of sciences. In chemical graph theory, we have many
topological polynomials for a graphG through which we can compute many topological indices. Topological indices are numerical
values and descriptors which are used to quantify the physiochemical properties and bioactivities of the chemical graph. In this
paper, we compute Hosoya polynomial, hyper-Wiener index, Tratch–Stankevitch–Zefrov index, Harary index, Schultz poly-
nomial, Gutman polynomial, Schultz index, and Gutman index of generalized Petersen graphs P(n, 1) and P(n, 2).

1. Introduction

A graph G is an ordered pair G(V; E) consisting of a set of
vertices V(G) and a set of edges E(G) such that each edge
connects a pair of vertices. In the mathematical feld of graph
theory, the distance between two vertices u, v in a graph is the
number of edges in a shortest path connecting them and
denoted by d(u, v), and the diameter of a graph is the length of
the shortest path between themost distanced vertices denoted by
D(G), which is defned as D(G) � Maxu∈V d(u, v): v ∈ V{ }.

Te chemical compounds can be represented by using
the mathematical tools of graph theory. Atoms are repre-
sented by vertices and bonds by edges. In this case, we obtain
a molecular graph [1, 2].

A topological index is a numerical value which describes
and explains important information about the chemical
structure.Tese topological descriptors provide information of
a chemical compound based on the arrangement of its atoms
and their bonds.Tere are hundreds of topological indices that
have found some applications in theoretical chemistry; espe-
cially in QSPR/QSAR research, some of them are based on
distance and the others are based on degrees. Topological
information of a molecule comprises the position and some-
times the type of the atoms defned in relation to the bonds that

connect them. Such topological descriptors correlate with
certain compound properties and activities [3–5].

In chemistry, discovery of the drugs commonly relies on
the topological descriptors. If we compute topological in-
dices of drug molecular structures, medical and pharma-
ceutical researchers will be able to understand their
therapeutic properties which can compensate for the
shortcomings of medicine and chemical experiments [6].

Te Wiener index of a graph is defned as
W(G) � 1/2u∈Vv∈Vd(u, v), and it was put forward in 1947
by the American chemistWiener [7]. At frst, Wiener index was
used for predicting the boiling of parafn.

Te hyper-Wiener index was introduced in 1993 by Randić
[8] and defned as WW(G) � 1/2(W(G) + 1/2u∈Vv∈V
d2(u, v)) where d2(u, v) � (d(u, v))2 and has been extensively
studied with computational techniques through edge and
vertex contributions [9–11]. Klein’s original defnition of the
hyper-Wiener index was applicable just to trees, and therefore
the hyper-Wiener index was later defned for any connected
graph G [12].

Te Harary index of a graph G was introduced by Plavšić
et al. in 1993 [13] and by Ivanciuc et al. [14] independently
and defned as Ha(G) � 1/2u∈Vv∈V1/d(u, v), and this
index is also a useful topological index in chemical graph
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theory and has received much attention during the past
decades.

Tratch et al. introduced Tratch–Stankevitch–Zefrov
(TSZ) index as expanded Wiener index in 1990 [15].

Te Hosoya polynomial of graph G was introduced by
Hosoya in 1988 [16] as a counting polynomial and defned as
H(G, x) � 1/2u∈Vv∈Vxd(u,v). At frst, it was named
Wiener polynomial, but today, it is called the Hosoya
polynomial. Te main advantage of the Hosoya polynomial
is that it contains a wealth of information about distance-
based graph invariants. Hosoya polynomial actually counts
the number of distances of path of diferent lengths in
a molecular graph, and through Hosoya polynomial, we can
fnd many indices that depend on the distance.

Te relationship between Hosoya polynomial, hyper-
Wiener index, Tratch–Stankevitch–Zefrov index, and
Harary index is given as follows [17]:

W(G) �
zH(G, x)

zx

x�1
,WW(G) �

1
2

z2xH(G, x)

zx2

x�1
,

Ha(G) � 
1

0

H(G, x)

x
dx,TSZ(G) �

1
3!

z3x2H(G, x)

zx3

x�1
.

(1)

Te Schultz index is a topological index that depends on
distances between vertices in the graph, and it is widely studied
and has a close relationship with that of Wiener index. Schultz
index was introduced by Schultz in 1989 [18] and defned as
follows: Sc(G) � 1/2u∈Vv∈V(du + dv) d(u, v), and its
original purpose was to give a technique for determining
a molecular topological index to describe the structure of al-
kanes. Te Schultz index has been shown to be a useful mo-
lecular descriptor in the design of molecules with desired
properties [19].

Klavžar and Gutman in 1997 [20] defned the modifed
Schultz index, which is known as the Gutman index as a kind
of a vertex-valency weighted sum of the distance between all
pair of vertices in a graph. Gutman index is defned as
follows: Gut(G) � 1/2u∈Vv∈V(du × dv)d(u, v).

In chemical graph theory, there are two important
polynomials for these structure descriptors which were
introduced by Gutman in 2005 which are Schultz poly-
nomial and Gutman polynomial of G.

Te Schultz polynomial is defned as Sc(G, x) � 1/2u∈V
v∈V(du + dv) xd(u,v).

Te Gutman polynomial is defned as
Gut(G, x) � 1/2u∈Vv∈V(du × dv) xd(u,v).

Schultz index is related to Schultz polynomial, and
Gutman index is related to Gutman polynomial according to
the following relationship: Gut(G) � z/z xGut(G, x)|x�1,

Sc(G) � z/zxSc(G, x)|x�1 [21].
In [22], we see Wiener index of generalized Petersen

graph P(n, k) for k � 1, 2, 3.

Schultz index was studied in [23–25]. Chen and Liu [26]
studied the maximal and minimal Gutman index of uni-
cyclic graphs. Te Gutman index has been studied in [27].

Wiener index and Harary index have found many ap-
plications in chemistry and there are lots of papers dealing
with these two indices [28, 29].

Te Hosoya polynomial has been investigated on trees
[30, 31], composite graphs [32, 33], and benzenoid
graphs [34].

Te Petersen graph is named after Julius Petersen, who
in 1898 constructed it to be the smallest bridgeless cubic
graph with no three-edge coloring. In 1950, Coxeter [35]
introduced a family of graphs generalizing the
Petersen graph.

Let n and k be positive integers, for n≥ 3 and
1≤ k≤ n − 1.Te generalized Petersen graph is a graph on 2n

vertices with V(P(n, k)) � vi, ui; 0≤ i≤ n − 1  and edges
E(P(n, k)) � uiui+1, uivi, vivi+k; 0≤ i≤ n − 1  where all
subscripts are taken as modulo n [36].

2. Discussion and Results

In this paper, we compute Hosoya polynomial of generalized
Petersen graph P(n, k) for k � 1, 2, and through Hosoya
polynomial of generalized Petersen graph P(n, k) for
k � 1, 2, we compute hyper-Wiener index, Tratch–
Stankevitch–Zefrov index, and Harary index. Also, we
compute Schultz polynomial of generalized Petersen graph
P(n, k) for k � 1, 2 and through it compute Schultz index.
Also, we compute Gutman polynomial of generalized
Petersen graph P(n, k) for k � 1, 2 and through it compute
Gutman index.

In this research, we will rely on tables, so that each table
contains two columns in the frst column, we will fnd the
possible distance between diferent pairs of vertices of
generalized Petersen graph and in the second column will
show the number of pairs.
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Theorem 1. For n � 2m, where m is a positive integer and
n≥ 6, we have
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(2)

Proof. As we see from Figure 1, the distance sequence is
computed for generalized Petersen graph P(n, 1) for n � 2m

and presented in Table 1.

From Table 1, we have
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□
Theorem  . For n � 2m + 1 and n≥ 5, we have
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Proof. As we see from Figure 2, the distance sequence is
computed for generalized Petersen graph P(n, 1) for n �

2m + 1 and presented in Table 2.

From Table 2, we have
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Figure 1: Generalized Petersen graph P(10, 1).

Table 1: Te distance sequence for generalized Petersen graph
P(n, 1) for n � 2m.

d(u, v) Te number of pairs
1 3n

2 4n

3 4n

. .

. .

. .
n − 2/2 4n

n/2 3n

n + 2/2 n
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□
Theorem 3. For n � 4m and n≥ 24, we have
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Proof. As we see from Figure 3, the distance sequence is
computed for generalized Petersen graph P(n, 2) for n � 4m

and presented in Table 3.
From Table 3, we have

Figure 2: Generalized Petersen graph P(11, 1).

Table 2: Te distance sequence for generalized Petersen graph
P(n, 1) for n � 2m + 1.

d(u, v) Te number of pairs
1 3n

2 4n

3 4n

. .

. .

. .
n − 1/2 4n

n + 1/2 2n
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□Theorem 4. For n � 4m + 1 and n≥ 17, we have

H(P(n, 2), x) � 3nx
1

+ 6nx
2

+ 7nx
3

+ 7nx
4

+ 8n 

(n+3/4)

i�5
x

i
+ 2nx

(n+7/4)
,

WW(P(n, 2)) �
n
4

+ 24n
3

+ 185n
2

− 1044n

48
,

TSZ(P(n, 2)) �
n
5

+ 40n
4

+ 578n
3

+ 3584n
2

− 24939n

768
,

Ha(P(n, 2)) �
121
12

n +
8n

n + 7
+ 8n 

(n+3/4)

i�5

1
i
,

Sc(P(n, 2), x) � 18nx
1

+ 36nx
2

+ 42nx
3

+ 42nx
4

+ 48n 

(n+3/4)

i�5
x

i
+ 12nx

(n+7/4)
,

Gut(P(n, 2), x) � 27nx
1

+ 54nx
2

+ 63nx
3

+ 63nx
4

+ 72n 

(n+3/4)

i�5
x

i
+ 18nx

(n+7/4)
,

Sc(P(n, 2)) � n
3
2

n
2

+ 18n −
87
2

 ,

Gut(P(n, 2)) � n
9
4
n
2

+ 27n −
261
4

 .

(8)
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Proof. As we see from Figure 4, the distance sequence is
computed for generalized Petersen graph P(n, 2) for n �

4m + 1 and presented in Table 4.
From Table 4, we have

H(P(n, 2), x) �
1
2


u∈V


v∈V

x
d(u,v)

� 3nx
1

+ 6nx
2

+ 7nx
3

+ 7nx
4

+ 8n 

(n+3/4)

i�5
x

i
+ 2nx

(n+7/4)
,

WW(P(n, 2)) �
1
2

z2xH(P(n, 2), x)

zx2

x�1

�
1
2

z
2

zx
2 3nx

2
+ 6nx

3
+ 7nx

4
+ 7nx

5
+ 8n 

(n+7/4)

i�6
x

i
+ 2nx

(n+11/4)⎛⎝ ⎞⎠


x�1

�
n
4

+ 24n
3

+ 185n
2

− 1044n

48
,

TSZ(P(n, 2)) �
1
3!

z3x2H(P(n, 2), x)

zx3

x�1

�
1
6

z
3

zx
3 3nx

3
+ 6nx

4
+ 7nx

5
+ 7nx

6
+ 8n 

(n+11/4)

i�7
x

i
+ 2nx

(n+15/4)⎛⎝ ⎞⎠


x�1

�
n
5

+ 40n
4

+ 578n
3

+ 3584n
2

− 24939n

768
,

Ha(P(n, 2)) � 
1

0

H(P(n, 2), x)

x
dx

� 
1

0
3n + 6nx

1
+ 7nx

2
+ 7nx

3
+ 8n 

n−1/4

i�5
x

i
+ 2nx

n+3/4⎛⎝ ⎞⎠dx

�
121
12

+
8n

n + 7
+ 8n 

n+3/4

i�5

1
i
,

Sc(P(n, 2), x) �
1
2


u∈V


v∈V

du + dv(  x
d(u,v)

� 3(6)nx
1

+ 6(6)nx
2

+ 7(6)nx
3

+ 7(6)nx
4

+ 8(6)n 
n+3/4

i�5
x

i

+ 2n(6)nx
n+7/4

Figure 3: Generalized Petersen graph P(24, 2).

Table 3: Te distance sequence for generalized Petersen graph
P(n, 2) for n � 4m.

d(u, v) Te number of pairs
1 3n

2 6n

3 7n

4 7n

5 8n

6 8n

7 8m

. .

. .

. .
n − 4/4 8n

n/4 15/2n

n + 4/4 6n

n + 8/4 5/2n
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� 18nx
1

+ 36nx
2

+ 42nx
3

+ 42nx
4

+ 48n 
n+3/4

i�5
x

i
+ 12nx

n+7/4
,

Gut(P(n, 2), x) �
1
2


u∈V


v∈V

du × dv(  x
d(u,v)

� 3(9)nx
1

+ 6(9)nx
2

+ 7(9)nx
3

+ 7(9)nx
4

+ 8(9)n 
n+3/4

i�5
x

i

+ 2(9)nx
n+7/4

� 27nx
1

+ 54nx
2

+ 63nx
3

+ 63nx
4

+ 72n 
n+3/4

i�5
x

i
+ 18nx

(n+7/4)
,

Sc(P(n, 2)) �
z

zx
Sc(P(n, 2), x)|x�1

� 18n + 36(2)n + 42(3)n + 42(4)n + 48n 5 + 6 + 7 + . . . +
n + 3
4

 

+ 12n
n + 7
4

 

� n
3
2
n
2

+ 18n −
87
2

 ,

Gut(P(n, 2)) �
z

zx
Gut(P(n, 2), x)|x�1

� 27n + 54(2)n + 63(3)n + 63(4)n + 72n 5 + 6 + 7 + . . . +
n + 3
4

 

+ 18n
n + 7
4

 

� n
9
2
n
2

+ 27n −
261
4

 .

(9)

□
Theorem 5. For n � 4m + 2 and n≥ 22, we have

H(P(n, 2), x) � 3nx
1

+ 6nx
2

+ 7nx
3

+ 7nx
4

+ 8n 

(n−2/4)

i�5
x

i

+ 7nx
(n+2/)

+ 4nx
(n+6/4)

+ nx
(n+10/4)

,

WW(P(n, 2)) �
n
4

+ 24n
3

+ 212n
2

− 624n

48
,

TSZ(P(n, 2)) �
n
5

+ 40n
4

+ 632n
3

+ 4640n
2

− 19824n

768
,

Ha(P(n, 2)) �
121
12

n +
14n

n + 2
+

16n

n + 6
+

4n

n + 10
+ 8n 

(n−2/4)

i�5

1
i
,

Sc(P(n, 2), x) � 18nx
1

+ 36nx
2

+ 42nx
3

+ 42nx
4

+ 48n 

(n−2/4)

i�5
x

i

+ 42nx
(n+2/4)

+ 24nx
(n+6/4)

+ 15nx
(n+10/4)

,

Gut(P(n, 2), x) � 27nx
1

+ 54nx
2

+ 63nx
3

+ 63nx
4

+ 72n 

(n−2/4)

i�5
x

i

+ 63nx
(n+2/4)

+ 36nx
(n+6/4)

+ 9nx
(n+10/4)

,
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Sc(P(n, 2)) � n
3
2

n
2

+ 18n − 30 ,

Gut(P(n, 2)) � n
9
4
n
2

+ 27n − 45 .

(10)

Proof. As we see from Figure 5, the distance sequence is
computed for generalized Petersen graph P(n, 2) for n �

4m + 2 and presented in Table 5.

From Table 5, we have

H(P(n, 2), x) �
1
2


u∈V


v∈V

x
d(u,v)

� 3nx
1

+ 6nx
2

+ 7nx
3

+ 7nx
4

+ 8n 

n−2/4

i�5
x

i

+ 7nx
(n+2/4)

+ 4nx(n+6/4)
+ nx(n+10/4)

,

WW(P(n, 2)) �
1
2

z2xH(P(n, 2), x)

zx2

x�1

�
1
2

z
2

zx
2 3nx

2
+ 6nx

3
+ 7nx

4
+ 7nx

5
+ 8n 

((n+2)/4)

(i�6)

x
i⎛⎝

+7nx
((n+6)/4)

+ 4nx
((n+10)/4)

+ nx
((n+14)/4)




x�1

�
n
4

+ 24n
3

+ 212n
2

− 624n

48
,

TSZ(P(n, 2)) �
1
3!

z3x2H(P(n, 2), x)

zx3 


x�1

�
1
6

z
3

zx
3

 
3nx

3
+ 6nx

4
+ 7nx

5
+ 7nx

6
+ 8n 

n+6/4

i�7
x

i⎛⎝

+ 7nx
(n+10/4)

+ 4nx
(n+14/4)

+nx
(n+18/4)




x�1

�
n
5

+ 40n
4

+ 632n
3

+ 4640n
2

− 19824n
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,

Figure 4: Generalized Petersen graph P(17, 2).

Table 4: Te distance sequence for generalized Petersen graph
P(n, 2) for n � 4m + 1.

d(u, v) Te number of pairs
1 3n

2 6n

3 7n

4 7n

5 8n

6 8n

7 8m

. .

. .

. .
n − 1/4 8n

n + 3/4 8n

n + 7/4 2n
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Ha(P(n, 2)) � 
1

0

H(P(n, 2), x)

x
dx

� 
1

0
3n + 6nx

1
+ 7nx

2
+ 7nx

3
+ 8n 

(n−6/4)

i�5
x

i⎛⎝

+7nx
(n− 2/4)

+ 4nx
(n+2/4)

+ nx
(n+6/4)

dx

�
121
12

n +
14n

n + 2
+

16n

n + 6
+

4n

n + 10
+ 8n 

(n−2/4)

i�5

1
i
,

Sc(P(n, 2), x) �
1
2


u∈V


v∈V

du + dv(  x
d(u,v)

� 3(6)nx
1

+ 6(6)nx2 + 7(6)nx3 + 7(6)nx4 + 8(6)n 

(n−2/4)

i�5
x

i

+ 7(6)nx(n+2/4)
+ 4(6)nx(n+6/4)

+(6)nx(n+10/4)

� 18nx1 + 36nx2 + 42nx3 + 42nx4 + 48n 

(n−2/4)

i�5
x

i

+ 42nx(n+2/4)
+ 24nx(n+6/4)

+ 6nx(n+10/4)
,

Gut(P(n, 2), x) �
1
2


u∈V


v∈V

du × dv(  x
d(u,v)

� 3(9)nx1 + 6(9)nx2 + 7(9)nx3 + 7(9)nx4 + 8(9)n 

(n−2/4)

i�5
x

i

+ 7(9)nx
(n+2/4)

+ 4(9)nx
(n+6/4)

+(9)nx
(n+10/4)

� 27nx
1

+ 54nx
2

+ 63nx
3

+ 63nx
4

+ 72n 

(n−2/4)

i�5
x

i

+ 63nx
(n+2/4)

+ 36nx
(n+6/4)

+ 9nx
(n+10/4)

,

Sc(P(n, 2)) �
z

zx
Sc(P(n, 2), x)|x�1

� 18n + 36(2)n + 42(3)n + 42(4)n + 48n 5 + 6 + 7 + . . . +
n − 2
4

 

+ 42n
n + 2
4

  + 24n
n + 6
4

  + 6n
n + 10

4
 

� n
3
2

n
2

+ 18n − 30 ,

Gut(P(n, 2)) �
z

zx
Gut(P(n, 2), x)|x�1

� 27n + 54(2)n + 63(3)n + 63(4)n + 72n 5 + 6 + 7 + . . . +
n − 2
4

 

+ 63n
n + 2
4

  + 36n
n + 6
4

  + 9n
n + 10

4
 

� n
9
4
n
2

+ 27n − 45 . (11)

□
Theorem 6. For n � 4m + 3 and n≥ 19, we have
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H(P(n, 2), x) � 3nx1 + 6nx2 + 7nx3 + 7nx4 + 8n 
n+1/4

i�5
x

i

+ 5nx(n+5/4)
+ nx

(n+9/4)
,

WW(P(n, 2)) �
n
4

+ 24n
3

+ 197n
2

− 693n

48
,

TSZ(P(n, 2)) �
n
5

+ 40n
4

+ 602n
3

+ 4064n
2

− 22611n

768
,

Ha(P(n, 2)) �
121
12

n +
20n

n + 5
+

4n

n + 9
+ 8n 

n+1/4

i�5

1
i
,

Sc(P(n, 2), x) � 18nx1 + 36nx2 + 42nx3 + 42nx4 + 48n 
n+1/4

i�5
x

i

+ 30nx(n+5/4)
+ 6nx(n+9/4)

,

Gut(P(n, 2), x) � 27nx1 + 54nx2 + 63nx3 + 63nx4 + 72n 
n+1/4

i�5
x

i

+ 45nx(n+5/4)
+ 9nx(n+9/4)

,

Sc(P(n, 2)) �
n

2
3n

2
+ 9n − 75 ,

Gut(P(n, 2)) � n
9
4
n
2

+ 27n −
225
4

 .

(12)

Proof. As we see from Figure 6, the distance sequence is
computed for generalized Petersen graph P(n, 2) for n �

4m + 3 and presented in Table 6.
From Table 6, we have

Figure 5: Generalized Petersen graph P(18, 2).

Table 5: Te distance sequence for generalized Petersen graph
P(n, 2) for n � 4m + 2.

d(u, v) Te number of pairs
1 3n

2 6n

3 7n

4 7n

5 8n

6 8n

7 8m

. .

. .

. .
n − 2/4 8n

n + 2/4 7n

n + 6/4 4n

n + 10/4 n
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H(P(n, 2), x) �
1
2


u∈V


v∈V

x
d(u,v)

� 3nx1 + 6nx2 + 7nx3 + 7nx4 + 8n 
n+1/4

i�5
x

i

+ 5nx
(n+5/4)

+ nx
(n+9/4)

,

WW(P(n, 2)) �
1
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zx2
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z
2
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i�6
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�
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+ 24n
3
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�
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5
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4
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3
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2
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1

0
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x
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1
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+8n 
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4
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x

i
+ 5nx(n+1/4)
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⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠
dx

�
121
12

n +
20n

n + 5
+

4n

n + 9
+ 8n 

n+1/4

i�5

1
i
,

Sc(P(n, 2), x) �
1
2


u∈V


v∈V

du + dv(  x
d(u,v)

� 3(6)nx1 + 6(6)nx2 + 7(6)nx3 + 7(6)nx4 + 8(6)n 
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x
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,
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Gut(P(n, 2), x) �
1
2


u∈V


v∈V

du × dv(  x
d(u,v)

� 3(9)nx1 + 6(9)nx2 + 7(9)nx3 + 7(9)nx4 + 8(9)n 
n+1/4

i�5
x

i

+ 5(9)nx(n+5/4)
+(9)nx(n+9/4)

� 27nx1 + 54nx2 + 63nx3 + 63nx4 + 72n 
n+1/4

i�5
x

i

+ 45nx(n+5/4)
+ 9nx(n+9/4)

,

Sc(P(n, 2)) �
z

zx
Sc(P(n, 2), x)|x�1

� 18n + 36(2)n + 42(3)n + 42(4)n + 48n 5 + 6 + 7 + . . . +
n + 1
4

 

+ 30n
n + 5
4

  + 6n
n + 9
4

 

�
n

2
3n

2
+ 9n − 75 ,

Gut(P(n, 2)) �
z

zx
Gut(P(n, 2), x)|x�1

� 27n + 54(2)n + 63(3)n + 63(4)n + 72n 5 + 6 + 7 + . . . +
n + 1
4

 

+ 45n
n + 5
4

  + 9n
n + 9
4

 

� n
9
4
n
2

+ 27n −
225
4

 . (13)

3. Conclusion

In this paper, we computed Hosoya polynomial, hyper-Wiener
index, Tratch–Stankevitch–Zefrov index, Harary index,
Schultz polynomial, Gutman polynomial, Schultz index, and
Gutman index of generalized Petersen graph P(n, k) for
k � 1, 2. For k � 1, we discussed two cases of n, where n �

2m and n � 2m + 1. For k � 2, we discussed four cases of n,
where n � 4m, 4m + 1, 4m + 2, 4m + 3. It is possible to beneft
from this study in computing some indices and topological
polynomials for a generalized Petersen graph P(n, k) for k≥ 3

depending on the same technique that we used in this paper.
For each case of k, there are 2k discussion cases, and that
depends on n mod 2k, where n mod 2k � 0, 1, 2, . . . , 2k − 1.

Tis study can be applied in chemistry because the computed
indices that indicate chemical, physical, and biological prop-
erties of a chemical molecule structure have many important
chemical applications.
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Figure 6: Generalized Petersen graph P(19, 2).

Table 6: Te distance sequence for generalized Petersen graph
P(n, 2) for n � 4m + 3.

d(u, v) Te number of pairs
1 3n

2 6n

3 7n

4 7n

5 8n

6 8n

7 8m

. .

. .

. .
n + 1/4 8n

n + 5/4 5n

n + 9/4 n
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[20] S. Klavžar and I. Gutman, “Wiener number of vertex-
weighted graphs and a chemical application,” Discrete Ap-
plied Mathematics, vol. 80, no. 1, pp. 73–81, 1997.

[21] M. R. Farahani and W. Gao, “Te Schultz index and Schultz
polynomial of the jahangir graph J(5,m),”AppliedMathematics,
vol. 06, no. 14, pp. 2319–2325, 2015.

[22] Y. Liu, L. Zuo, and C. Shang, “Chemical indices of generalized
petersen graph,” IAENG International Journal of Applied
Mathematics, vol. 47, pp. 1–7, 2017.

[23] A. A. Dobrynin, “Explicit relation between the wiener index
and the Schultz index of catacondensed benzenoid graphs,”
Croatica Chemica Acta, vol. 72, pp. 869–874, 1999.

[24] I. Gutman, “Selected properties of the Schultz molecular
topological index,” Journal of Chemical Information and
Computer Sciences, vol. 34, no. 5, pp. 1087–1089, 1994.

[25] H. P. Schultz, “Topological organic chemistry. 13. Trans-
formation of graph adjacency matrixes to distance matrixes,”
Journal of Chemical Information and Computer Sciences,
vol. 40, no. 5, pp. 1158-1159, 2000.

[26] S. Chen and W. Liu, “Extremal modifed Schultz index of
bicyclic graphs,” MATCH,” Communications in Mathemati-
cal and in Computer Chemistry, vol. 64, pp. 767–782, 2010.

[27] L. feng, “Te Gutman index of unicyclic graphs,” Discrete
Mathematics, Algorithms and Applications, vol. 04, no. 03,
pp. 1250031–1250708, 2012.

[28] M. H. Liu and B. L. Liu, “A survey on recent results of variable
Wiener index,” MATCH Communications in Mathematical
and in Computer Chemistry, vol. 69, pp. 491–520, 2013.

[29] K. X. Xu, K. C. Das, and N. Trinajstic, Te Harary Index of
a Graph, Springer, Heidelberg, Germany, 2015.

[30] G. Caporossi, A. A. Dobrynin, I. Gutman, and P. Hansen,
“Trees with palindromic Hosoya polynomials,” Graph Teory
Notes N. Y.vol. 37, pp. 10–16, 1999.

[31] D. Stevanovi´c and I. Gutman, “Hosoya polynomials of trees
with up to 11 vertices,” Zb. Rad. (Kragujevac), vol. 21,
pp. 111–119, 1999.
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