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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 B,(l’fg is the graph obtained by taking m = 2 copies of the graph K; + K, , for n > 1 with a vertex K; 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 SK,(G) index,

general SK{(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 d (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

M@ = ) AP M@= ) d(w)dg(v)
vev(G) UvEE(G)

The first Zagreb index [19] can also be defined as
M@ = D [dew) +ds(w)]

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

FG) = ) de@?= ) [dg@) + ()]

vEV(G) UVEE(G)

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

HM@ = ) [ +d; 0P, HMQ) = ) [deWds ()]

uveE(G) UveE(G)

The harmonic index of a graph G was introduced by Fajtlowicz in [5] is defined as
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2
H(G) = _—
e, B () + o (V)
The Randic’ index of a graph G was proposed in [20] and defined as
1

MZE@ Vg (wdg(v)

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

x(G) =

1

X(@G) =

The general Randic’ index of a graph G is defined as
G = ) )]
UveE(G)
The general sum connectivity index of a graph G is defined as
X@ = ) [dew) +dg ()"

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

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

_ de(u) + dg(v) — 2
ABC(6) = Z() j dodg(v)

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

2ydsWds(v)

GAG) = 4o () +dg (V)

UvEE(G)
The Arithmetic-geometric index of a graph G is in [21] defined as
de(u) +dg(v)

Wi 2V deWds(v)

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

A46,(6) =

O e+ dg ()
PO 2 T awdw)

Recently, Basavanagoud et al. [1], proposed new degree based topological indices of general SK, and general SK{* indices of a
graph G.

The general SK,, index of a graph G [1], is defined as
dg(u) +dg (V))“

SK,(G) = >

UveE(G)

Put a = 1, we get, the SK index of a graph G [21], is defined as
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SK(G) = SK,(G) = o) + dg(v)

2
UveE(G)
Put ¢ = 2, we get, the SK, index of a graph G [21], is defined as
dg(w) +d 2
SK,(G) = ( c(u) - G(V)) .
uveE(G)
The general SK¥(G) index of a graph G [1], is defined as
d d “
SK#(G) = (c(u)zc(v)) |
UveE(G)
Put @ = 1, we get, the SK; index of a graph G [21], is defined as
d d
SK,(G) = SKX(G) = M
UvEE(G)
Put a = 2, we get, the SK?(G) index of a graph G [1], is defined as
dg(w)d 2
SK2(G) = G(u)z G(v)> .

UveE(G)

The concept of Sombor index (S0) was recently introduced by Gutman is in [9], which is defined as

0@ = ) AT+ dg)2.

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

The general SO, (G) index of a graph G, is defined as
S0(6) = D [de()? +dg(v)]*.
UVEE(G)

Put @ = 1, we get, F-index of a graph G [6].
Put a = 2, we get, the second Sombor SO, (G) index of a graph G, is defined as

S0,6)= ) () +dg (v}

UVEE(G)

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 BI(,T; is the graph obtained by taking m > 2 copies of the graph K, + K, , for
n > 1 with a vertex K; in common. This graph is shown in Figure-1. The Basava star windmill graph Bf}g is a friendship

graph and is denoted by Fgm). The Basava star windmill graph Bg’f; is the Kulli path windmill graph and denoted by P}m). For

more details on windmill graphs, one can refer [7, 17, 18].
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Fig. 1 Basava star windmill graph B,(:fr‘)z

The partitions of the vertices with respect to their degree of vertices of Basava star windmill graph Br(l’f% is given in Table 1.

Table 1. Vertex set partitions of basava star windmill graph.
de(v) 2 n+1 mmn+1)

Number of vertices mn

m 1

The partitions of the edges with respect to their degree of end vertices of Basava star windmill graph B,(l'f% is given in Table 2.

Table 2. Edge set partitions of basava star windmill graph.
(dg(w),dg (v)) 2,n+1) (2,m(n+1)) n+1,mmn+1)

Number of edges mn mn m

Il. 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(B™) = 8mn + m(n + 1)3(1 + m?).

n+2

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

FB) = Zveve dg(M)®
= Zvevz 23 + Zvevnﬂ (n+ 1)3 + Zvevm(n+1) m(n + 1)3

=8xmn+ (n+1)> xm+ m3(n+1)3
= 8mn + m(n + 1)3(1 + m?).

Theorem 2.2 The harmonic index of Basava star windmill graph is

(m)y _ n n 1
H(By.2) = 2r1’1[n+3 + mn+m+2 (n+1)(m+1)]'

Proof. By using the definition of harmonic index and Table 2, we derive
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2
H((mM)yy2) = z:quE(G) dg(u)+dg((v)

2 2 +Z

2
- z:UV‘EEn+3 2+n+1 + z:UVEEZ+m(n+1) 2+m(n+1)

UVEEn+1+mm+1) n+1+m(n+1)

2 2 2
=—Xmn+———Xmn+———Xm
n+3 2+m(n+1) n+1+m(n+1)

n n 1
- 2rrll:n_+3 + mn+m-+2 (n+1)(m+1)]'

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

(m) _ mn m

1
X(Bnyz) = 2(n+1) [1+ \/_r?] + (n+1)vm'

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

1
X((M)n42) = Xuver(e) WO

1 1 1
- z:U"EEn+3 JZx(m+1) + z:‘1"€“32+m(n+1) JZxm(n+1) + z“‘1"E“3n+1+m(n+1) JO+D)xm(n+1)
1 1 1
~ J2+) X mn + Jzm(m+1) X mn + JO+Dm@m+1) xm
= [1 4 =]+ ——
T 20+ [ vm' ' (n+1)vm’

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

X*(BI™)Y) = 2¢(n + 1)*mn[1 + m*] + m*+1(n + 1),

n+2
Proof. By using the definition of general Randic’ index and Table 2, we derive
X*((M)n+2) = Luver(s) [de(Wds(v)]*
= ZuveEn+3 [2x(+1)]*+ ZuveE2+m(n+1) [2xmn+1)]*+ ZuveEn+1+m(n+1)

=2+ 1D))*xmn+ Cmn+1))*Xxmn+ (n+ )m(n + 1))* X m
=2%mn+ D*mn[1 + m*] + m**1(n + 1)%*

By using Theorem 2.4, we establish the following results.

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

M,(B™) = 2mn(n + 1)(1 + m) + m?(n + 1)2.

n+2

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

HM,(B™)) = 4mn(n + 1)2(1 + m2) + m3(n + 1)*,
Theorem 2.7 The sum connectivity index of Basava star windmill graph is

m) _ 1 1 m
X(Bni2) = mn[\/m + \/mn+m+2] J(@+1)(m+1)

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

1
X((M)y42) = ZquE(G) dgW+dg(v)
DIPIELSS) o 2 1
Wwe€En+s arnt1 + uv€Es 1 m(n+1) \/ﬁ + UEEN+1+m(n+1) \/n+1+m(n+1)
1

1 1
= Xmn+——=Xmn+—=Xm
Vn+3 Vmn+m+2 vmn+m+n+1
1 m

= mn[

1
Vn+3 + \/mn+m+2] + J(m+1)(m+1)
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Theorem 2.8 The general sum connectivity index of Basava star windmill graph is
X*(B™) = mn[(n + 3)* + (mn + m + 2)%] + m(n + 1)*(m + 1)~

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

X“(Byry) = Zuverco) [do (@) + dg (V)]
ZUVEEn+3 [2 +n+ 1]0[ + Zuv€E2+m(n+1) [2 + m(n + 1)]0( + ZuveEn+1+m(n+1)
=n+3]*Xxmn+[mn+m+2]*xmn+[(n+ 1)(m+ 1)]*xm

=mn[(n+3)*+ (mn+m+ 2)*] + m(n + 1)*(m + 1)*.
By using Theorem 2.8, we establish the following results.
Corollary 2.9 The first Zagreb index of Basava star windmill graph is
M, (B{™)) = mn[mn + m + n + 5] + m(m + 1)(n + 1).
Corollary 2.10 The first hyper Zagreb index of Basava star windmill graph is
HM, (B") = mn[(n + 3)2 + (mn + m + 2)?] + m(n + 1)2(m + 1)2,
Theorem 2.11 The atom-bond connectivity index of Basava star windmill graph is
ABC(B +2) =+2mn + n£+1 /%
Proof. By using the definition of atom-bond connectivity index and Table 2, we derive
ABC(BL) = By [ Snter2
= YuveEnsa 221::)2 + XuveEs 1memsn) ’Zzﬁ—:}r;z + Y uveEp 1 emmen) ’%

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

(m) / EEY 2mvm
GA(BnTZ) = 2mn Z(Il + 1 [E + mn+m+2] + 1+m’

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

GA(B +2) y 2y/dg(wWdg (V)

uveE(G) qg(w)+dg(v)

_ Z 21/2><(n+1 Z 21/2><m(n+1 Z 2/(n+1)xm(n+1)
T AuveEniz  g4n+a UWEE2tmn+1)  2+m(n+1) WEEn+14mm+1)  n+1+m(n+1)
2,/2(n+1 2\/2m(n+1 n+1)m(n+1)
= 22000 o mp 4 2200 g 4 BEDROD
n+3 2+m(n+1) n+1+m(n+1)

_ r—T L 2myvm
= 2mny/2(n + 1] mn+m+2] + 1+m

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

(m) mn+m+2 m(m+1)
AGl(Bn+2) \/m[ n+3+ vm 1+ 2vm

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

s dg(w+dg(v)
AG;(Bpyo) = ZUVEE(G) 2J/dc(Wde(™)
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Z 24n+1 Z 24+m(n+1) + Z n+1+m(n+1)
~ ~uveEnys 5 Hx(nrD) UWeE24mn+1) 2,/2xm(n+1) UVEEn+1+mn+1) 2. /(n+1)xm(n+1)
n+3 24+m(n+1) (n+1)(m+1)
=——Xmh+-—F————=Xmh +—F————=
2,/2(n+1) 2/2m(n+1) 2\/(n+1)m(n+1)
mn mn+m+2 m(m+1)
22(n+1)[n+3+ Vvm 1+ 2ym

Theorem 2.14 The Symmetric division deg index of Basava star windmill graph is
SDD(B +2)—1+m + [m(n+ 1D?(1 4+ m) + 4m + 4].

2(n +1)

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

(m)y _ d (w)+d3(v)
SDD(B,,,3) = Xuver(q) edal)
=y 22+(n+1)? 3 224+ (m(n+1))? y (n+1)%2+(m(n+1))?
WEEn+3  ox(n+1) UWEE2tmm+1)  2xm(n+1) UWEEn+14mn+1)  (n+1)xm(n+1)
_ 4+(n+1)? n+ 4+m?(n+1)2 X mn + (n+1)%2(1+m?) <m
2(n+1) 2m(n+1) m(n+1)2

Theorem 2.15 The general SK,, index of Basava star windmill graph is
SKo(B{D) = — [mn((n + 3)* + (mn + m + 2)%) + m(m + 1)%(n + 1)].

n+2

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

dg(w+dg (V)
SK ( +2) = ZuveE(G) (%)a
2+n+1
= ZuV‘5En+3 ( )+ Z“UVE}:‘:2+m(n+1) — )" +ZUVEEn+1+m(n+1) ( 2
_ (n+3)0( % mn + (2+m(n+1))a « mn + (n+1+m(n+1))a X m

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

2+m(n+1)

n+1+m(n+1))a

By using Theorem 2.15, we establish the following results.

Corollary 2.16 The SK, index of Basava star windmill graph is
SK, (B{1) = ?[mn +m+n+5] +w_

Corollary 2.17 The SK, index of Basava star windmill graph is
SK,(BU) = =2 [(n + 3)% + (mn +m + 2)%] +

m(m+1)2(n+1)>2
n+2 '

4
Theorem 2.18 The general SK¢ index of Basava star windmill graph is
SK&(B™) = mn(n + 1)1 +m%] +

n+2

mO(+1(n+ 1)20(
20

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

dg(Wdg(V)y o
SKE(Bi1)) = Suver(e) (25D
2X(n+1)
_)a + Z:UVEEz+m(n+1) —

2m(n+1))a x mn + (
m%+1(n+1)2%
20(

2><m(n+1) (n+1)xm(n+1)

)" +ZUVEEn+1+m(n+1) (f)a

)O(

= ZquEn+3 (
2(n+1)
= () xmn+ (——

=mn(n+1) [14 m%] + =

m(n+1)

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

2 2
SK}(BU)) = mn(n + 1)(1 + m) + =20
Corollary 2.20 The SK? index of Basava star windmill graph is
mmtnt

SKZ(BYy)) = mn(n + 1)2[1 + m?] + ===

Theorem 2.21 The general Sombor index of Basava star windmill graph is
SO(BU) = mn([4 + (n + 1)2]* + [4 + m2(n + 1)%]%) + m(n + 1)2%(1 + m2),
Proof. By using the definition of general Sombor index and Table 2, we derive
S0u(Byp)) = Zuvercs) [de(W? + dg (v)]°
= Buvengs 22+ 04+ D21 + Tuver, e, [22 + (mn +1)2]
+ T uvebnssimen [0+ D? + (M0 + 1))

=[4+ M+ D?*Xxmn+[4+m?(n+1)2]*xmn+ [(n+ 1)? +m?(n + 1)2]* X m
=mn([4+ (n+ 1)?]*+ [4 + m2(n + D?]*) + m(n + 1)2%(1 + m?)“.

By using Theorem 2.21, we establish the following results.

Corollary 2.22 The Sombor index of Basava star windmill graph is

SOB™) = mn(\/4 + (n + 1)2 + /4 + m2(n + 1)2) + m(n + 1)/(1 + m?).

Corollary 2.23 The second Sombor index of Basava star windmill graph is
SOB™™) = mn(n + D*(1 + m*) + 8mn(n + 1)2(1 + m?) + m(n + 1)*(1 + m?)? + 32mn.

I1l. 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 SO, (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 SK,, (G), general SK{*(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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