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Abstract - In this paper, we have proposed new windmill graph, that is Basava star windmill graph. The Basava star windmill 

graph 𝐵𝑛+2
(𝑚)

 is the graph obtained by taking 𝑚 ≥ 2 copies of the graph 𝐾1 + 𝐾1,𝑛 for 𝑛 ≥ 1 with a vertex 𝐾1 in common. 

Further-more, we have proposed the general Sombor index of graph 𝐺. Inspired by recent work on degree-based topological 

indices, we have obtained first and second Zagreb index, F-index, first and second hyper-Zagreb index, harmonic index, 

Randi𝑐′ index, general Randi𝑐′ index, sum connectivity index, general sum connectivity index, atom-bond connectivity index, 

geometric-arithmetic index, arithmetic-geometric index, Symmetric division deg index, 𝑆𝐾 indices, general 𝑆𝐾𝛼(𝐺) index, 

general 𝑆𝐾1
𝛼(𝐺) index, Sombor index and general Sombor index of Basava star windmill graph. 

Keywords – ABC index, hyper-Zagreb index, Randi𝒄′ connectivity index, SK indices and Sombor indices, sum-connectivity 

index, Zagreb index, Windmill graph. 

I. INTRODUCTION 
Topological indices are designed on the grounds of the transformation of a molecular graph into a number that characterizes 

the topology of the molecular graph. We study the relationship between the structure, properties, and activity of chemical 

compounds in molecular modeling. Molecules and molecular compounds are often modeled by molecular graphs. A 

topological index is known as a connectivity index, is a type of a molecular descriptor that is calculated based on the molecular 

graph of a chemical compound. A chemical graph is a model used to characterize a chemical compound. A molecular graph is 

a simple graph whose vertices correspond to the atoms and edges corresponds to the bonds. 

In this paper, graph 𝐺 be a finite undirected graph without loops and multiple edges on 𝑛 vertices and 𝑚 edges and is 

called (𝑛, 𝑚) graph. We denote vertex set and edge set of graph 𝐺 as 𝑉(𝐺) and 𝐸(𝐺), respectively. For a graph 𝐺, the degree 

of a vertex 𝑣 is the number of edges incident to 𝑣 and is denoted by 𝑑𝐺 (𝑣). For unexplained graph terminology and notation 

refer [13, 15]. Now a days, the topological indices are extensively used in mathematical chemistry. In the literature many 

researchers are defined degree based topological indices are in[10, 11, 12, 14, 23, 24, 25]. 

First and second Zagreb indices were defined by Gutman and Trinajsti𝑐′ [8] in 1972 as 

 

𝑀1(𝐺) = ∑

𝑣∈𝑉(𝐺)

𝑑𝐺(𝑣)2, 𝑀2(𝐺) = ∑

𝑢𝑣∈𝐸(𝐺)

𝑑𝐺 (𝑢)𝑑𝐺(𝑣). 

 

The first Zagreb index [19] can also be defined as  

𝑀1(𝐺) = ∑

𝑢𝑣∈𝐸(𝐺)

[𝑑𝐺(𝑢) + 𝑑𝐺(𝑣)]. 

The forgotten topological index or F-index was introduced in [6], which is defined as  

 

𝐹(𝐺) = ∑

𝑣∈𝑉(𝐺)

𝑑𝐺(𝑢)3 = ∑

𝑢𝑣∈𝐸(𝐺)

[𝑑𝐺(𝑢)2 + 𝑑𝐺(𝑣)2]. 

 

The first hyper-Zagreb index was introduced in [22] and second hyper-Zagreb index was introduced in [4] which are defined as  

 

𝐻𝑀1(𝐺) = ∑

𝑢𝑣∈𝐸(𝐺)

[𝑑𝐺(𝑢) + 𝑑𝐺 (𝑣)]2,      𝐻𝑀2(𝐺) = ∑

𝑢𝑣∈𝐸(𝐺)

[𝑑𝐺(𝑢)𝑑𝐺(𝑣)]2. 

 

The harmonic index of a graph 𝐺 was introduced by Fajtlowicz in [5] is defined as  

 

https://www.ijmttjournal.org/archive/ijmtt-v68i1p509
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𝐻(𝐺) = ∑

𝑢𝑣∈𝐸(𝐺)

2

𝑑𝐺(𝑢) + 𝑑𝐺(𝑣)
. 

 

The Randi𝑐′ index of a graph 𝐺 was proposed in [20] and defined as  

 

𝜒(𝐺) = ∑

𝑢𝑣∈𝐸(𝐺)

1

√𝑑𝐺(𝑢)𝑑𝐺(𝑣)
. 

 

The sum connectivity index of a graph 𝐺 was defined in [28] as  

 

𝑋(𝐺) = ∑

𝑢𝑣∈𝐸(𝐺)

 
1

√𝑑𝐺(𝑢) + 𝑑𝐺 (𝑣)
. 

 

The general Randi𝑐′ index of a graph 𝐺 is defined as  

𝜒𝛼(𝐺) = ∑

𝑢𝑣∈𝐸(𝐺)

[𝑑𝐺(𝑢)𝑑𝐺(𝑣)]𝛼 . 

 

The general sum connectivity index of a graph 𝐺 is defined as  

𝑋𝛼(𝐺) = ∑

𝑢𝑣∈𝐸(𝐺)

[𝑑𝐺(𝑢) + 𝑑𝐺 (𝑣)]𝛼 . 

The above two topological indices were proposed in [2, 8, 16, 29]. 

 

The atom-bond connectivity index, which is defined in [3] as  

𝐴𝐵𝐶(𝐺) = ∑

𝑢𝑣∈𝐸(𝐺)

√
𝑑𝐺(𝑢) + 𝑑𝐺(𝑣) − 2

𝑑𝐺 (𝑢)𝑑𝐺(𝑣)
. 

 

The Geometric-arithmetic index of a graph 𝐺 is in [26] defined as  

𝐺𝐴(𝐺) = ∑

𝑢𝑣∈𝐸(𝐺)

2√𝑑𝐺(𝑢)𝑑𝐺(𝑣)

𝑑𝐺(𝑢) + 𝑑𝐺 (𝑣)
. 

 

The Arithmetic-geometric index of a graph 𝐺 is in [21] defined as  

 

𝐴𝐺1(𝐺) = ∑

𝑢𝑣∈𝐸(𝐺)

𝑑𝐺(𝑢) + 𝑑𝐺(𝑣)

2√𝑑𝐺(𝑢)𝑑𝐺(𝑣)
. 

 

The symmetric division deg index of graph 𝐺 is in [27], which is defined as  

 

𝑆𝐷𝐷(𝐺) = ∑

𝑢𝑣∈𝐸(𝐺)

𝑑𝐺 (𝑢)2 + 𝑑𝐺 (𝑣)2

𝑑𝐺(𝑢)𝑑𝐺(𝑣)
. 

Recently, Basavanagoud et al. [1], proposed new degree based topological indices of general 𝑆𝐾𝛼 and general 𝑆𝐾1
𝛼 indices of a 

graph 𝐺. 

 

The general 𝑆𝐾𝛼 index of a graph 𝐺 [1], is defined as  

𝑆𝐾𝛼(𝐺) = ∑

𝑢𝑣∈𝐸(𝐺)

(
𝑑𝐺(𝑢) + 𝑑𝐺(𝑣)

2
)

𝛼

. 

 

Put 𝛼 = 1, we get, the SK index of a graph 𝐺 [21], is defined as  
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𝑆𝐾(𝐺) = 𝑆𝐾1(𝐺) = ∑

𝑢𝑣∈𝐸(𝐺)

𝑑𝐺(𝑢) + 𝑑𝐺(𝑣)

2
. 

Put 𝛼 = 2, we get, the 𝑆𝐾2 index of a graph 𝐺 [21], is defined as  

 

𝑆𝐾2(𝐺) = ∑

𝑢𝑣∈𝐸(𝐺)

(
𝑑𝐺(𝑢) + 𝑑𝐺(𝑣)

2
)

2

. 

 

The general 𝑆𝐾1
𝛼(𝐺) index of a graph 𝐺 [1], is defined as  

𝑆𝐾1
𝛼(𝐺) = ∑

𝑢𝑣∈𝐸(𝐺)

(
𝑑𝐺(𝑢)𝑑𝐺(𝑣)

2
)

𝛼

. 

 

Put 𝛼 = 1, we get, the 𝑆𝐾1 index of a graph 𝐺 [21], is defined as  

 

𝑆𝐾1(𝐺) = 𝑆𝐾1
1(𝐺) = ∑

𝑢𝑣∈𝐸(𝐺)

𝑑𝐺(𝑢)𝑑𝐺(𝑣)

2
. 

 

Put 𝛼 = 2, we get, the 𝑆𝐾1
2(𝐺) index of a graph 𝐺 [1], is defined as  

 

𝑆𝐾1
2(𝐺) = ∑

𝑢𝑣∈𝐸(𝐺)

(
𝑑𝐺(𝑢)𝑑𝐺(𝑣)

2
)

2

. 

 

The concept of Sombor index (𝑆𝑂) was recently introduced by Gutman is in [9], which is defined as  

 

𝑆𝑂(𝐺) = ∑

𝑢𝑣∈𝐸(𝐺)

√𝑑𝐺(𝑢)2 + 𝑑𝐺(𝑣)2. 

 

Further, we have extend to the new degree based topological indices of general Sombor index 𝑆𝑂𝛼(𝐺). 

 

The general 𝑆𝑂𝛼(𝐺) index of a graph 𝐺, is defined as  

 

𝑆𝑂𝛼(𝐺) = ∑

𝑢𝑣∈𝐸(𝐺)

[𝑑𝐺(𝑢)2 + 𝑑𝐺(𝑣)2]𝛼 . 

 

Put 𝛼 = 1, we get, F-index of a graph 𝐺 [6]. 

Put 𝛼 = 2, we get, the second Sombor 𝑆𝑂2(𝐺) index of a graph 𝐺, is defined as  

 

𝑆𝑂2(𝐺) = ∑

𝑢𝑣∈𝐸(𝐺)

[𝑑𝐺(𝑢)2 + 𝑑𝐺 (𝑣)2]2. 

 

Motivated by recent results on Kulli path and Kulli cycle windmill graphs [17, 18]. We now introduce the Basava star windmill 

graph which is defined as follow. 

Definition 1 The Basava star windmill graph Bn+2
(m)

 is the graph obtained by taking m ≥ 2 copies of the graph K1 + K1,n for 

n ≥ 1 with a vertex K1 in common. This graph is shown in Figure-1. The Basava star windmill graph B1+2
(m)

 is a friendship 

graph and is denoted by F3
(m)

. The Basava star windmill graph B2+2
(m)

 is the Kulli path windmill graph and denoted by P4
(m)

. For 

more details on windmill graphs, one can refer [7, 17, 18].  
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Fig. 1 Basava star windmill graph 𝑩𝒏+𝟐
(𝒎)

. 
   

The partitions of the vertices with respect to their degree of vertices of Basava star windmill graph 𝐵𝑛+2
(𝑚)

 is given in Table 1. 

  

Table 1. Vertex set partitions of basava star windmill graph. 

 

   
 

 

The partitions of the edges with respect to their degree of end vertices of Basava star windmill graph 𝐵𝑛+2
(𝑚)

 is given in Table 2. 

  

Table  2. Edge set partitions of basava star windmill graph. 

 

 

 

 

II. DEGREE BASED TOPOLOGICAL INDICES OF THE BASAVA STAR WINDMILL GRAPH 

  
In the following theorems, we compute some degree based topological indices of Basava star windmill graph.  

 

Theorem 2.1  The F-index of Basava star windmill graph is  

 F(Bn+2
(m)

) = 8mn + m(n + 1)3(1 + m2). 
 

 Proof. By using the definition of F-index and Table 1, we derive  

 

                F(Bn+2
(m)

) = ∑v∈V(G) dG(v)3 

 = ∑v∈V2
23 + ∑v∈Vn+1

(n + 1)3 + ∑v∈Vm(n+1)
m(n + 1)3 

 = 8 × mn + (n + 1)3 × m + m3(n + 1)3 

 = 8mn + m(n + 1)3(1 + m2). 
  

Theorem 2.2  The harmonic index of Basava star windmill graph is  

 

 H(Bn+2
(m)

) = 2m[
n

n+3
+

n

mn+m+2
+

1

(n+1)(m+1)
]. 

 

Proof. By using the definition of harmonic index and Table 2, we derive  

 

𝑑𝐺 (𝑣) 2 𝑛 + 1 𝑚(𝑛 + 1) 

Number of vertices 𝑚𝑛 𝑚 1 

(𝑑𝐺(𝑢), 𝑑𝐺 (𝑣)) (2, 𝑛 + 1) (2, 𝑚(𝑛 + 1)) (𝑛 + 1, 𝑚(𝑛 + 1)) 

Number of edges 𝑚𝑛 𝑚𝑛 𝑚 
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           H((m)n+2) = ∑uv∈E(G)
2

dG(u)+dG(v)
 

 = ∑uv∈En+3

2

2+n+1
+ ∑uv∈E2+m(n+1)

2

2+m(n+1)
+ ∑uv∈En+1+m(n+1)

2

n+1+m(n+1)
 

 =
2

n+3
× mn +

2

2+m(n+1)
× mn +

2

n+1+m(n+1)
× m 

 = 2m[
n

n+3
+

n

mn+m+2
+

1

(n+1)(m+1)
]. 

  

Theorem 2.3  The Randic′ index of Basava star windmill graph is  

 

 χ(Bn+2
(m)

) =
mn

√2(n+1)
[1 +

1

√m
] +

m

(n+1)√m
. 

 

Proof. By using the definition of Randic′ index and Table 2, we derive  

 

            χ((m)n+2) = ∑uv∈E(G)
1

√dG(u)dG(v)
 

 = ∑uv∈En+3

1

√2×(n+1)
+ ∑uv∈E2+m(n+1)

1

√2×m(n+1)
+ ∑uv∈En+1+m(n+1)

1

√(n+1)×m(n+1)
 

 =
1

√2(n+1)
× mn +

1

√2m(n+1)
× mn +

1

√(n+1)m(m+1)
× m 

 =
mn

√2(n+1)
[1 +

1

√m
] +

m

(n+1)√m
. 

  

Theorem 2.4  The general Randic′ index of Basava star windmill graph is  

 

 χα(Bn+2
(m)

) = 2α(n + 1)αmn[1 + mα] + mα+1(n + 1)2α. 
 

Proof. By using the definition of general Randic′ index and Table 2, we derive  

 

           χα((m)n+2) = ∑uv∈E(G) [dG(u)dG(v)]α 

   = ∑uv∈En+3
[2 × (n + 1)]α + ∑uv∈E2+m(n+1)

[2 × m(n + 1)]α + ∑uv∈En+1+m(n+1)
[(n + 1) × m(n + 1)]α 

   = (2(n + 1))α × mn + (2m(n + 1))α × mn + ((n + 1)m(n + 1))α × m 

   = 2α(n + 1)αmn[1 + mα] + mα+1(n + 1)2α. 
  
By using Theorem 2.4, we establish the following results.  

 

Corollary 2.5  The second Zagreb index of Basava star windmill graph is  

 

 M2(Bn+2
(m)

) = 2mn(n + 1)(1 + m) + m2(n + 1)2. 
 

Corollary 2.6  The second hyper Zagreb index of Basava star windmill graph is  

 

 HM2(Bn+2
(m)

) = 4mn(n + 1)2(1 + m2) + m3(n + 1)4. 
 

Theorem 2.7  The sum connectivity index of Basava star windmill graph is  

 X(Bn+2
(m)

) = mn[
1

√n+3
+

1

√mn+m+2
] +

m

√(n+1)(m+1)
. 

 

Proof. By using the definition of sum connectivity index and Table 2, we derive  

 

           X((m)n+2) = ∑uv∈E(G)
1

√dG(u)+dG(v)
 

 = ∑uv∈En+3

1

√2+n+1
+ ∑uv∈E2+m(n+1)

1

√2+m(n+1)
+ ∑uv∈En+1+m(n+1)

1

√n+1+m(n+1)
 

 =
1

√n+3
× mn +

1

√mn+m+2
× mn +

1

√mn+m+n+1
× m 

 = mn[
1

√n+3
+

1

√mn+m+2
] +

m

√(n+1)(m+1)
. 
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Theorem 2.8  The general sum connectivity index of Basava star windmill graph is  

 Xα(Bn+2
(m)

) = mn[(n + 3)α + (mn + m + 2)α] + m(n + 1)α(m + 1)α. 
 

Proof. By using the definition of general sum connectivity index and Table 2, we derive  

 

         Xα(Bn+2
(m)

) = ∑uv∈E(G) [dG(u) + dG(v)]α 

           = ∑uv∈En+3
[2 + n + 1]α + ∑uv∈E2+m(n+1)

[2 + m(n + 1)]α + ∑uv∈En+1+m(n+1)
[n + 1 + m(n + 1)]α 

           = [n + 3]α × mn + [mn + m + 2]α × mn + [(n + 1)(m + 1)]α × m 

                          = mn[(n + 3)α + (mn + m + 2)α] + m(n + 1)α(m + 1)α. 
  

By using Theorem 2.8, we establish the following results.  

 

Corollary 2.9  The first Zagreb index of Basava star windmill graph is  

 M1(Bn+2
(m)

) = mn[mn + m + n + 5] + m(m + 1)(n + 1). 
 

 

Corollary 2.10  The first hyper Zagreb index of Basava star windmill graph is  

 HM1(Bn+2
(m)

) = mn[(n + 3)2 + (mn + m + 2)2] + m(n + 1)2(m + 1)2. 
 

Theorem 2.11  The atom-bond connectivity index of Basava star windmill graph is  

 ABC(Bn+2
(m)

) = √2mn +
m

n+1
√

(n+1)(m+1)−2

m
. 

 

Proof. By using the definition of atom-bond connectivity index and Table 2, we derive  

                      ABC(Bn+2
(m)

) = ∑uv∈E(G) √
dG(u)+dG(v)−2

dG(u)dG(v)
 

             = ∑uv∈En+3
√

2+n+1−2

2×(n+1)
+ ∑uv∈E2+m(n+1)

√
2+m(n+1)−2

2×m(n+1)
 + ∑uv∈En+1+m(n+1)

√
n+1+m(n+1)−2

(n+1)×m(n+1)
 

             = √
n+1

2(n+1)
× mn + √

m(n+1)

2m(n+1)
× mn + √

(n+1)(m+1)−2

m(n+1)2 × m 

             = √2mn +
m

n+1
√

(n+1)(m+1)−2

m
. 

  

Theorem 2.12  The Geometric-arithmetic index of Basava star windmill graph is  

 GA(Bn+2
(m)

) = 2mn√2(n + 1)[
1

n+3
+

√m

mn+m+2
] +

2m√m

1+m
. 

 

Proof. By using the definition of Geometric-arithmetic index and Table 2, we derive  

 

                        GA(Bn+2
(m)

) = ∑uv∈E(G)
2√dG(u)dG(v)

dG(u)+dG(v)
 

            = ∑uv∈En+3

2√2×(n+1)

2+n+1
+ ∑uv∈E2+m(n+1)

2√2×m(n+1)

2+m(n+1)
  + ∑uv∈En+1+m(n+1)

2√(n+1)×m(n+1)

n+1+m(n+1)
 

            =
2√2(n+1)

n+3
× mn +

2√2m(n+1)

2+m(n+1)
× mn +

2√(n+1)m(n+1)

n+1+m(n+1)
× m 

            = 2mn√2(n + 1)[
1

n+3
+

√m

mn+m+2
] +

2m√m

1+m
. 

  

Theorem 2.13  The Arithmetic-geometric index of Basava star windmill graph is  

 AG1(Bn+2
(m)

) =
mn

2√2(n+1)
[n + 3 +

mn+m+2

√m
] +

m(m+1)

2√m
. 

 

Proof. By using the definition of Arithmetic-geometric index and Table 2, we derive  

                    AG1(Bn+2
(m)

) = ∑uv∈E(G)
dG(u)+dG(v)

2√dG(u)dG(v)
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          = ∑uv∈En+3

2+n+1

2√2×(n+1)
+ ∑uv∈E2+m(n+1)

2+m(n+1)

2√2×m(n+1)
 + ∑uv∈En+1+m(n+1)

n+1+m(n+1)

2√(n+1)×m(n+1)
 

          =
n+3

2√2(n+1)
× mn +

2+m(n+1)

2√2m(n+1)
× mn +

(n+1)(m+1)

2√(n+1)m(n+1)
× m 

                         =
mn

2√2(n+1)
[n + 3 +

mn+m+2

√m
] +

m(m+1)

2√m
. 

  

Theorem 2.14  The Symmetric division deg index of Basava star windmill graph is  

 SDD(Bn+2
(m)

) = 1 + m2 +
n

2(n+1)
[m(n + 1)2(1 + m) + 4m + 4]. 

 

Proof. By using the definition of Symmetric division deg index and Table 2, we derive  

                       SDD(Bn+2
(m)

) = ∑uv∈E(G)
dG

2 (u)+dG
2 (v)

dG(u)dG(v)
 

              = ∑uv∈En+3

22+(n+1)2

2×(n+1)
+ ∑uv∈E2+m(n+1)

22+(m(n+1))2

2×m(n+1)
  + ∑uv∈En+1+m(n+1)

(n+1)2+(m(n+1))2

(n+1)×m(n+1)
 

              =
4+(n+1)2

2(n+1)
× mn +

4+m2(n+1)2

2m(n+1)
× mn +

(n+1)2(1+m2)

m(n+1)2 × m 

              = 1 + m2 +
n

2(n+1)
[m(n + 1)2(1 + m) + 4m + 4]. 

  

Theorem 2.15  The general SKα index of Basava star windmill graph is  

 SKα(Bn+2
(m)

) =
1

2α [mn((n + 3)α + (mn + m + 2)α) + m(m + 1)α(n + 1)α]. 

 

Proof. By using the definition of general SKα index and Table 2, we derive  

 

        SKα(Bn+2
(m)

) = ∑uv∈E(G) (
dG(u)+dG(v)

2
)α  

             = ∑uv∈En+3
(

2+n+1

2
)α + ∑uv∈E2+m(n+1)

(
2+m(n+1)

2
)α + ∑uv∈En+1+m(n+1)

(
n+1+m(n+1)

2
)α 

             = (
n+3

2
)α × mn + (

2+m(n+1)

2
)α × mn + (

n+1+m(n+1)

2
)α × m 

             =
1

2α [mn((n + 3)α + (mn + m + 2)α) + m(m + 1)α(n + 1)α]. 

  

 

By using Theorem 2.15, we establish the following results.  

 

Corollary 2.16  The SK1 index of Basava star windmill graph is  

 SK1(Bn+2
(m)

) =
mn

2
[mn + m + n + 5] +

m(m+1)(n+1)

2
. 

 

Corollary 2.17  The SK2 index of Basava star windmill graph is  

 SK2(Bn+2
(m)

) =
mn

4
[(n + 3)2 + (mn + m + 2)2] +

m(m+1)2(n+1)2

4
. 

 

Theorem 2.18  The general SK1
α index of Basava star windmill graph is  

 SK1
α(Bn+2

(m)
) = mn(n + 1)α[1 + mα] +

mα+1(n+1)2α

2α . 

 

Proof. By using the definition of general SK1
α index and Table 2, we derive  

 

 SK1
α(Bn+2

(m)
) = ∑uv∈E(G) (

dG(u)dG(v)

2
)α 

              = ∑uv∈En+3
(

2×(n+1)

2
)α + ∑uv∈E2+m(n+1)

(
2×m(n+1)

2
)α + ∑uv∈En+1+m(n+1)

(
(n+1)×m(n+1)

2
)α 

               = (
2(n+1)

2
)α × mn + (

2m(n+1)

2
)α × mn + (

m(n+1)2

2
)α × m 

               = mn(n + 1)α[1 + mα] +
mα+1(n+1)2α

2α . 

  

By using Theorem 2.18, we establish the following results.  
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Corollary 2.19  The SK1
1 index of Basava star windmill graph is  

 SK1
1(Bn+2

(m)
) = mn(n + 1)(1 + m) +

m2(n+1)2

2
. 

 

Corollary 2.20  The SK1
2 index of Basava star windmill graph is  

 SK1
2(Bn+1

(m)
) = mn(n + 1)2[1 + m2] +

m3(n+1)4

4
. 

 

Theorem 2.21  The general Sombor index of Basava star windmill graph is  

 SOα(Bn+2
(m)

) = mn([4 + (n + 1)2]α + [4 + m2(n + 1)2]α) + m(n + 1)2α(1 + m2)α. 
 

Proof. By using the definition of general Sombor index and Table 2, we derive  

 

              SOα(Bn+2
(m)

) = ∑uv∈E(G) [dG(u)2 + dG(v)2]α 

    = ∑uv∈En+3
[22 + (n + 1)2]α + ∑uv∈E2+m(n+1)

[22 + (m(n + 1))2]α 

    + ∑uv∈En+1+m(n+1)
[(n + 1)2 + (m(n + 1))2]α 

                   = [4 + (n + 1)2]α × mn + [4 + m2(n + 1)2]α × mn + [(n + 1)2 +m2(n + 1)2]α × m 

    = mn([4 + (n + 1)2]α + [4 + m2(n + 1)2]α) + m(n + 1)2α(1 + m2)α. 
  

By using Theorem 2.21, we establish the following results.  

 

Corollary 2.22  The Sombor index of Basava star windmill graph is  
 

 SO(Bn+2
(m)

) = mn(√4 + (n + 1)2 + √4 + m2(n + 1)2) + m(n + 1)√(1 + m2). 
 

Corollary 2.23  The second Sombor index of Basava star windmill graph is  

 

SO(Bn+2
(m)

) = mn(n + 1)4(1 + m4) + 8mn(n + 1)2(1 + m2) + m(n + 1)4(1 + m2)2 + 32mn. 
 

III. CONCLUSION  
We have proposed new graph transformation, is Basava star windmill graph. And also we have proposed new 

topological index, i.e., general Sombor index 𝑆𝑂𝛼(𝐺), using this index one can obtain physico-chemical properties of 

molecular graphs. 

In this paper, we have obtained certain degree-based topological indices of Basava star windmill graph, namely, first 

and second Zagreb, F-index, first and second hyper-Zagreb, harmonic, Randi𝑐′, general Randi𝑐′, sum connectivity, general sum 

connectivity, atom-bond connectivity, geometric-arithmetic, arithmetic-geometric, Symmetric division deg index, 𝑆𝐾 indices, 

general 𝑆𝐾𝛼(𝐺), general 𝑆𝐾1
𝛼(𝐺) and Sombor indices, are studied. Further one can investigate different topological indices of 

some chemical structures by using Sombor index. 
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