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Abstract: In this paper, we have proposed new windmill graph, that is Basava wheel windmill graph. The
Basava wheel windmill graph Wgﬂ is the graph obtained by taking m > 2 copies of the graph K; + W,
for n > 4 with a vertex Kj in common. Inspired by recent work on topological indices, proposed new
degree-based topological indices namely, general SK, and SK{ indices of a graph G. We have obtained first
and second Zagreb index, F-index, first and second hyper-Zagreb index, harmonic index, Randi¢ index,
general Randi¢ index, sum connectivity index, general sum connectivity index, atom-bond connectivity
index, geometric-arithmetic index, Symmetric division deg index, Sombor index, SK indices, general SK, and
SK{ indices of Basava wheel windmill graph. Further, we have computed exact values of these topological
indices of chloroquine, hydroxychloroquine and remdesiver.
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1. Introduction

topological index, also known as a connectivity index in the field of chemical graph theory, is a
A form of molecular descriptor that is derived based on the molecular graph of a chemical compound.
Topological indices are involved in the construction of quantitative structure-activity relationships (QSARs),
in which the biological activity or other attributes of molecules are associated with their chemical structure [?

I

Throughout this paper, we have considered only finite, connected, undirected graph without loops and
multiple edges of n vertices and m edges and is called (1, m) graph. We denote vertex set as V(G) and edge
set as E(G) of graph 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 [1,2].

Definition 1. [1] The wheel graph is a graph obtained from a cycle graph C,,_; by adding a new vertex which
is adjacent to the vertices of a cycle C,,_;. Thatis W,, = Kj + C,,_1 is a graph with n vertices and 2(n — 1) edges.

Now a days, topological indices are extensively used in mathematical chemistry. Among them, first and
second Zagreb indices of a graph G were defined by Gutman and Trinajsti¢ [3] in 1972 as,

Mi(G) = ), dg(v)? (1)
veV(G)

MQ(G): Z dG(u)dG(U). (2)
uveE(G)

The first Zagreb index of a graph G [4] can also be defined as,

M(G)= ), [dg(u)+dc(v)]. ®)

uveE(G)
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The forgotten topological index or F-index of a graph G was introduced by Furtula and Gutman [5] as,

F(G)= ), deu)’ =} [do(u)*+dg(v)?). )

veV(G) uv€E(G)

The first hyper-Zagreb index of a graph G was introduced by Shirdel et al., in [6] as,

HMi(G) = Y. [dg(u)+dg(v)]. ®)
uveE(G)

The second hyper-Zagreb index of a graph G was introduced by Farahani et al., in [7] as,

HMz(G) = ) [dc(u)dg(v)]. (6)
uveE(G)

The harmonic index of a graph G was introduced by Fajtlowicz in [8] as,

2

The Randi¢ index or product connectivity index of a graph G was proposed by Randi¢ in [9] as,

1
x(G) = T ®)
uveZ:E(G) dG(”)dG(v)
The sum connectivity index of a graph G was defined in [10] as,
X@G) = Y ! ©)
uveE(G) dg(u) +dg(v)
The general Randi¢ index of a graph G was defined as,
X"(G)= ) ldc(u)dg()]". (10)
uveE(G)
The general sum connectivity index of a graph G was defined as,
X4G) = ) ldo(u)+dg(v)]". (11

uveE(G)

The above two topological indices were proposed in [3,11].
The atom-bond connectivity index of a graph G was defined in [12] as,

B dg(u) +dg(v) —2
ABC(G) = uv;@ \/ doda@) (12)

The geometric-arithmetic index of a graph G was defined in [13] as,

GA(G) — Z—M(;(IJW;(Z)) (13)

dg(u) +dg(v)

uveE(G)

The symmetric division deg index of graph G [14] is defined as,

v Aol 4 do(o)

SDD(G) = (14)
@)= L acwie(o)
The concept of Sombor index (SO) of a graph G was recently introduced by Gutman in [15] as,
S0(G)= Y \Jdo(u)? +dg(v)2. (15)

uveE(G)
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Further, we have extend to the new degree based topological indices of general SK, and general SK{
indices of a graph G.
The general SK, index of a graph G is defined as,

14
SKi(G) = L (dc(”) ;dc(v)) - (16)
uveE(G)
For « = 1, we get, the SK;(G) index of a graph G [16], which is defined as,
dg(u)+dg(v
SKi(G)= Y M 17)
uveE(G)

For & = 2, we get, the SKj index of a graph G [16], which is defined as,

SK»(G) = Z (dc(”)erG(U))z (18)

uveE(G) 2

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

14
SKiG) = ¥ (dc(”)zdc(”)) . (19)
uveE(G)
For &« = 1, we get, the SK% index of a graph G [16], which is defined as,
SK%(G) = 2 M (20)
2
uveE(G)

For a = 2, we get, the SK3(G) index of a graph G, which is defined as,

SKi(G)= Y, <dG<”)dG(U)>2. (21)

uveE(G) 2

In the literature review, many researchers are studied on windmill graphs, see for example, [17,18].
Recently Kulli et al., [19,20] proposed two windmill graphs which are Kulli cycle and Kulli path windmill
graphs. Motivated by this, we have proposed the Basava wheel windmill graph, which is defined as below;

Definition 2. The Basava wheel windmill graph W:ST)l is the graph obtained by taking m > 2 copies of the

graph K; + W, for n > 4 with a vertex K; in common. This graph is shown in Figure-1. The Basava wheel

windmill graph Wﬁf% is a french windmill graph Fém).

Let G be the Basava wheel windmill Wy(::)l graph. The graph G has mn + 1 vertices and 3mn — 2m edges,
m > 2,n > 4. Then there are three types of vertices as given in Table 1. Also there are four types of edges as
given in Table 2.
Table 1. Vertex partition of Basava wheel windmill WrET)l graph.
dg(v) | 4 | n | mn
Number of vertices | m(n—1) | m | 1

Table 2. Edge partition of Basava wheel windmill W;STl graph.

(degg(u),degc(v)) | (44) | (4n) | (4mn) | (n,mn)
Number of edges | m(n—1) [ m(n—1) | m(n—1) | m
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Figure 1. Basava wheel windmill graph W’Yﬂ

2. Degree based topological indices of the Basava wheel windmill graph

Theorem 1. The F-index of Basava wheel windmill graph is

FW™)) = 64m(n — 1) + mn®(1+ m?).

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

F(G) = ), dg(v)’

veV(G)
= Y &+ Y P+ Y (mn)
veVy eV, 0EViun

= 64xm(n—1)+nxm+ (mn)®
64m(n — 1) + mn> + m®n®
= 6dm(n—1) +mn>(1+m?).
O

Theorem 2. The harmonic index of Basava wheel windmill graph is

1 1 1 2m
H(W(m)):2m(n—1) §+4+n 4+ mn +n+mn'

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

2
H(G) = =
uveE(G) dG(”) +dG(U)
2 2 2 2

- Lt Lot T >

uv€ekg 4+4 Uv€Eyyy 4+n UVEE 4 n 4+ mn UvEE +mn n+mn
= %xm(n—l)—i— xm(n—1)+ 2 xm(n—1)+ 2 X m
8 4+n 44+ mn n—+mn
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= m(n-—1) 2 + 2 + 2 21
B 8 4+n A+mn| n+mn

1 1 1 2m
= 2 -1 .
m(n )[8+4+n+4+mn}+n+mn

O
Theorem 3. The Randi¢ index of Basava wheel windmill graph is

(m)\ PN 1 1 Vm
X(W,1q) =m(n 1)[ + —\F NG + o

Proof. By using the definition of Randi¢ index and Table 2, we obtain

1

O = b acwie®)

uveEg vV 4x4 UvEE V4 uv€E4+W, V4 X mn uoE€E iy V hxXmn
1 1 1 1
= Exm(n—l)—l—ﬁxm(n—lﬂ—zr m(n—1)+nﬁxm
= mn-—1) E + ! + ! ”
B 2/n 2y/mn ny/m
1 1 1 \F
= 1) =4+ — vy
mn—1) {4 tom T 2«/mn}

O
Theorem 4. The general Randi¢ index of Basava wheel windmill graph is
x"‘(W,E"l)l) =4"m(n — 1) (4 +n" + (mn)*) + m*1n.
Proof. By using the definition of general Randi¢ index and Table 2, we obtain

Y, ldc(u)dg(v)]

uveE(G)

x4 (G)

— Z[4><4]“+ Z [4 x n]* + Z [4 x mn]* 4+ Z [n x mn]®

uveEg uv€Ey uvE€EL 1y uv€Ey+mn
= 16" xm(n—1)+ (4n)* x m(n —1) + (4mn)"* x m(n —1) + (mn?)" x m
= m(n—1) [16“ + (4n)" + (4mn) } + m(m*n®®)
= 4*m(n —1)(4" +n" + (mn)*) + m*n".
O

By using the Theorem 4, we establish the following results;
Corollary 5. The second Zagreb index of Basava wheel windmill graph is

MZ(Wyﬂ) = 5m*n? + 4mn® — 4m*n 4 12mn — 16m.

Corollary 6. The second hyper Zagreb index of Basava wheel windmill graph is

VW) = )16 49900500
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Theorem 7. The sum connectivity index of Basava wheel windmill graph is

1 1 1 m
+ + + .
2V2  VA+n  JA+mn Vn(m+1)

XW™) = m(n —1)

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

1
uveZE(G) dg(u) +dg(v)

X(G) =

_ Z Lﬁ- Z #4_ Z #_’_ Z L
uveEg vi+4 uv€Ey, vd+n uvE€EL 1y V4 +mn UVEEn+mn V14 mn
1 1 1 1
= xmn—1)+ xmn—1)+ ——=xmn—1)+ ———— xXm
VAi+4 ( ) Vi+n ( ) Va4 mn ( ) Vn+mn
1 1 1
= mn-1) n

+ + + .
22 VA+n A+ mn n(m+1)

O
Theorem 8. The general sum connectivity index of Basava wheel windmill graph is
X* (Wr(l:"_)l) =m(n—1)[8" + (44 n)* + (4 +mn)*| +m(n -+ mn)".

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

X4G) = ), ldo(u)+dg(o)]"
uveE(G)
= Y [A+4+ )Y B4a+ )Y, “+mn)*+ Y [n4+mn]
uvekg uv€Eyy, UVEE 4 1yp UvEEy+mn

= 8 xmn—1)+@+n)"xmn—-1)+ @ +mn)" xmn—1)+ (n+mn)* xm
= m(n—1)[8" + (44 n)* + (4+ mn)*| +m(n+ mn)".

O
By using the Theorem 8, we establish the following results.
Corollary 9. The first Zagreb index of Basava wheel windmill graph is
MW = 16m(n — 1) + mn?(m + 1).
Corollary 10. The first hyper Zagreb index of Basava wheel windmill graph is
HM1(W,(1+)1) = m(n —1)[96 +n® + 8n + m*n? + 8mn] + mn* + m>n? + 2m*n*

Theorem 11. The atom-bond connectivity index of Basava wheel windmill graph is

m(n—1) [V6 n+2 mn + 2 m [mn+n-—2
ABC(W’(’+)1) 2 {2—'—\/ n +\/ mn ]+n m '

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

ABCG) = T \/dc()+dc() 2
uveE(G)

dg(u)dg(v)
[4+n—
4><n uv€E4+

[4+4— 2
uveE 4><4

2 -2
= \/%xm(n—l)—f— xm(n—l)—i—\/m:mz xm(n—l)—i—\/%x

4 +mn—2 n+mn-—2
CAxmn + Z nxX mn

MUEE UVEEn1mn
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1 2 2 —
_ m(n—l) @++7 n-+ mn + mn+n
4 2 n

m(n—1) [V6 n+2 mn+2]  m fmntn—2
= 2|22+ + z
2 2 n n

O

Theorem 12. The Geometric-arithmetic index of Basava wheel windmill graph is

4+/n 4\/mn 2m~/m
GA(W’ST)l) = m(n—1) [1+ 4\—{; * 4+mn} + 1+\/n:'

Proof. By using the definition of Geometric-arithmetic index and Table 2, we obtain
dg(u)dg(v)
uoeE(G) dG(u) + dG(v)
2v/4 x4 2/4 x 24 x 24/n X
-y R, oy EER, oy EET, oy VIR

GA(G) =

uveky 4+4 UvEE 4+n UVEEL {yn 4+mn UvE€E4mn n+mn
21 24 4 2V
= 2O 1)+ 2 = 1)+ B -1y 4 2
8 44n 4+mn n+mn
4 4./ 2mn+/m
= mn-1)|1+ \/H—b— L
44+n 44+mn n+mn
4/n  4/mn 2m+/m
= -1 1 .
m(n ){ +4+n+4+mn]+l+m

O

Theorem 13. The Symmetric division deg index of Basava wheel windmill graph is

16+n* 16 2
SDD(W,S+)1)—1+m2+m(n—1)[2+ o + (mn)

4n 4mn
Proof. By using the definition of Symmetric division deg index and Table 2, we obtain

dg (u) + g (0)

SDD(G) =
uwoeE(G) dG(u)dG(v)
42 4 42 42 4 n? 42 + (mn)? n? + (mn)?

I e i

uveEy X uv€E xn UVEE 4y yn X mn UvEE;mn i xmn

16 4 16 16 + n? 16 2 2
= 1_2 xm(n—1)+ Z;zn xm(n—l)—l—#xm(n—l)—i—n_;:?) m
B 32 16+n* 16+ (mn)?]  n?(1+m?)
= mn—1) {16 T T 4 + n2

16+n%> 16 2
= 1+m*+mn—1)2+ Rl + + (mn) .
4n 4mn
O

Theorem 14. The Sombor index of Basava wheel windmill graph is

SOW™)) = m(n — 1)[4v2 + V16 + n2 + v/16 + m2n2] + mn/1 + m2.

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

S0(6) = L \/do(up+d(o)?
uveE(G)
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uveEg UvEE UVEE Ly UVEE 1 mn

Y VEr2+ Y VEr2+ Y 242+ Y (/24 (mn)?

= V32xmn—1)+V16+n2xm(n—1)+ /16 + (mn)2 x m(n — 1) + \/n? + (mn)2 x m

= m(n—1)[4V2+ V16 + n2 + /16 + m2n2] + mn/1 4 m2.
O

Theorem 15. The general SK, index of Basava wheel windmill graph is

SKy(W ,5+)1) 2104{ (n—l)(8“+(4+n)“+(4+mn)“>—i—m(n—i—mn)“}

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

i) - § (feledtdety

uveE(G)

_ ¥ (4—;—4)”‘+ 3 (4—;71)“+ 3 (4—%11111)“+ 3 <n+2mn>“

uvecEg UvEE UVEE 4 yn UvEE; £ mn

2
4
= (4—;4> xm(n—l)+<442_n> x m(n—1) +<4 ) xm(n—1)

- el (52 () )

_ mn=1) {8"‘ (At (4 mn)“] . it mn)t ;mn)

u

= zl“ [m(n —-1) (8"‘ +(4+n)*+(4+ mn)"‘) +m(n+ mn)“} :

O

By using the Theorem 15, we establish the following results.

Corollary 16. The SK; index of Basava wheel windmill graph is
1
SKy (W) = 5 [m(n —1)(16 + 1 + mn) + mn(1+ m)} .

Corollary 17. The SK; index of Basava wheel windmill graph is

SKy (W, }5+)1) i {m(n -1) (64+ (44+n)>+ 4+ mn)2> +m(n+ mn)Z].

Theorem 18. The general SK{ index of Basava wheel windmill graph is

2\
SKE(W™)) = 2%m(n — 1) [4% + n* + (mn)*] + m(r;t#
Proof. By using the definition of general SK{ index and Table 2, we obtain
dc(u)dg(v) \"
(44 —
skie) = x (%)

uveE(G)

4x4\" 4xn\" 45 mn\"
- L) () () e
uveEg uvE€Ey, UVEE UVEEn+mn

- ron[(5) < (3) () ()

n4mn\"
2

o
n xmn
(2")
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= m(n—1)8" + (2n)" + (2mn)" | +
= 2%m(n—1)[4" +n*+ (mn)"] +
O
By using the Theorem 18, we establish the following results.

Corollary 19. The SK} index of Basava wheel windmill graph is

mzn

2

2

SK%(W;ET)l) =m(n—1)(8+2n+2mn) +

Corollary 20. The SK? index of Basava wheel windmill graph is

m3n*

SK%(W(m)) = m(n —1)(64 + 4n* + 4m*n®) + )

n+1

3. Comparison of topological indices of some chemical drugs

We have considered three chemical drugs, which are chloroquine, hydroxychloroquine and remdesiver
[21]. Chloroquine is an antiviral drug, which is used to prevent and treat malaria. It's also used to
treat protozoa-induced liver infections (extraintestinal amebiasis) and coronavirus patients (COVID-19).
Hydroxychloroquine is also antiviral drug, which has also have similar activity to that of chloroquine. The
U. S. Food and Drug Administration (FDA) approved to treat autoimmune conditions such as systemic lupus
erythematosus in adults, chronic discoid lupus erythematosus and rheumatoid arthritis. Remdesivir is used to
treat the coronavirus patients (COVID-19). Table 3 shows the exact values of topological indices of chloroquine,
hydroxychloroquine and remdesiver. These values are useful to planning the effective use of these drugs in

medical field.

Table 3. Topological indices (TI's) of chloroquine, hydroxychloroquine and remdesiver.

TI's\Chemical drugs | Chloroquine | Hydroxychloroquine | Remdesiver
M;(G) 106 110 216
M, (G) 120 124 257

F(G) 262 270 586
HM;(G) 502 518 1100
HM;(G) 700 716 1493

H(G) 10.2999 10.7999 18.6380

x(G) 9.8179 10.3179 19.5080

X(G) 10.8376 11.3376 20.1485
ABC(G) 16.7007 17.4078 31.6111

GA(G) 22.3751 23.3751 21.1418
SDD(G) 51.6666 53.6666 104.6666
SO(G) 76.6907 79.5191 157.8076
SK1(G) 53 55 108
SK»(G) 125.5 129.5 275
SKi(G) 60 62 128.5
SK3(G) 175 179 440.75

4. Conclusion

We have presented here, few theoretical results on the some degree based topological indices. In this
paper, we have proposed new graph transformation, is Basava wheel windmill graph. And also we have
proposed two topological indices, namely, general SK, and general SK{ indices, using these indices we can
obtain physio-chemical properties of molecular graphs. The SK, SK; and SKj indices are corollary of this
proposed indices. Further we have investigated these topological indices of chloroquine, hydroxychloroquine

and remdesiver.
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