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COMPUTATION OF CONNECTIVITY INDICES OF KULLI PATH
WINDMILL GRAPH
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ABSTRACT. The Kulli path windmill graph Pffﬂ is the graph obtained by taking m > 2

copies of the graph K; + P, for n > 4 with a vertex K; in common. In this paper,
we determine Zagreb, hyper-Zagreb, sum connectivity, general sum connectivity, Randic
connectivity, General Randic connectivity, atom-bond connectivity, geometric-arithmetic,
harmonic and symmetric division deg indices of Kulli path windmill graph.
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1. INTRODUCTION

Throughout this paper, we consider simple graphs which are finite, undirected without
loops and multiple edges. Let G = (V, E) be a connected graph with vertex set V = V(G)
and edge set £ = E(G). The degree dg(v) of a vertex v is the number of vertices adjacent
to v. The edge connecting the vertices u and v will be denoted by wv. For other undefined
notations and terminologies from graph theory, the reader are referred to [7].

A molecular graph is a graph such that its vertices correspond to the atoms and the edges
to the bonds. Chemical graph theory is a branch of Mathematical chemistry which has an
important effect on the development of the chemical sciences. A single number that can
be used to characterize some property of the graph of a molecular is called a topological
index for that graph. There are numerous topological descriptors that have found some
applications in theoretical chemistry, especially in QSPR/QSAR research.

In [6], the first and second Zagreb indices were introduced to take account of the con-
tributions of pairs of adjacent vertices. The first and second Zagreb indices of a graph
G are defined as Mi(G) = X,y (g dg(v)? or My(G) = > wer@lda(u) + dg(v)] and
MZ(G) = ZquE(G) [dG(u)dG(U)]

In [11], Shirdel et al., introduced the first hyper Zagreb index HM;(G) of a graph G.
This index is defined as HM1(G) = 3_,,cp(q)lda(u) + dg(v)]?. In [4], the second hyper

Zagreb index HM3(G) of a graph G is defined as HM3(G) = ,,cp(c) [da(u)de(v)]?.
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The Randic index or product connectivity index of a graph G is defined as x(G) =
Y e E(G) m. This topological index was proposed by Randic in [10].

The sum connectivity index of a graph G is defined as X(G) = >_,,cp(q) L

Vida(w)+de(v)”
This topological index was proposed by Zhou and Trinajstic in [14].

The general Randic connectivity index or second K, index of a graph G is defined as
X(G) = Xwvep(@)lda(u)da(v)]®. The general sum connectivity index or first K, index of
a graph G is defined as X(G) = 3., ,cp()lda(u) + da(v)]?. The above two topological
indices were proposed in [1], [6] and [8].

In [2], Estrada et al. introduced the atom-bond connectivity index, which is defined as

da(u)+dg(v)—2
ABC(G) = Luvene) \ i

The geometric-arithmetic index of a graph G is defined as GA(G) = 3_ e p(q) Ziﬂm.
This index was proposed by Vukicevic and Furtula in [12].

The harmonic index of a graph G is defined on the arithmetic mean as H(G) = >_,,,c p(c) m.
This index was first appeared in [3].

In [13], Vukicevic and Gasperov posed the symmetric division deg index of a graph G,
which is defined as

sppe)= Y marlda(w).da(v) | min(de(u). de(v)) _ ¢ de(u)?® + dg (v)*

weE(G) min(dg(u),dg(v)) — maz(de(u),da(v) da(u)dg(v)

weE(G)

The Kulli path windmill graph PXH is the graph obtained by taking m > 2 copies of the
graph K + P, for n > 4 with a vertex K; in common. This graph is shown in Figure-1.
The Kulli path windmill graph P2(T1) is a friendship graph and it is denoted by F?Em) . The

m)

Kulli path windmill graph Pé 41 is the first Kulli path windmill graph. For more details

) (m)

on french windmill graph F™ and Kulli cycle windmill graph C, 7, refer to [5] and [9],

respectively. In this paper, we consider only the Kulli path windmill graphs PSJ_L% for m > 2
and n > 4.

Ficurg 1. Kulli path windmill graph PT(LT%
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2. RESuULTS

Theorem 2.1. The sum connectivity index of Kulli path windmill graph is

2 3 2 2
X"y = [ -+ -
(Put1) vV V6 Vmn+2  Vmn+3 "
1 1
* [\/6—1_ \/mn—&-?)] .

Proof. Let G = PT(LTi, where PSH is a Kulli path windmill graph. By algebraic method,
we have |V (G)| = mn + 1 and |E(G)| = 2mn — m. We have three partitions of the vertex
set V(G) as follows:

Vo = {1) S V(G) : dg(v) = 2}; "/2’ = 2m,

Vs ={v e V(G) : dg(v) = 3}; |V3] = mn — 2m, and

Vion = {v € V(G) : dg(v) = mn}, |[Vin| = 1.

Also we have four partitions of the edge set E(G) as follows:

Es = {uv € E(G) : dg(u) = 2,dg(v) = 3}; |E5| = 2m,

Es = {uv € E(G) : dg(u) = 3,dg(v) = 3}; |Eg| = mn — 3m,

Epnt2 = {uwv € E(G) : dg(u) = mn,dg(v) = 2}; |Epnt2| = 2m, and

Epnts = {uwv € E(G) : dg(u) = mn,dg(v) = 3}; |Emnts] = mn — 2m. Now

1
X(G) =
(@) uvez;((;)\/d(;(u)—i-dc(v)
1 1 1
= 2 m*uv;ﬂ(jm* 2 Vmn+2

uwv€Es UVE Emn+

1
* Z vmn+ 3

WEEmn+3

|:2 3+ 2 2
= |—=-—= — m
V5 V6 Vmn+2 Vmn+3
1 1
+ o=t — | mn.
[\/6 \/mn+3]

Theorem 2.2. The general sum connectivity index of Kulli path windmill graph is

XUPT)) = [2(5%) — 3(6%) + 2(mn + 2)* — 2(mn + 3)"m
+ [6* + (mn + 3)* mn.
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Proof. Let G = T(L J& be a Kulli path windmill graph. Now
XY@ = Y [da(u) +da(v))

weE(G)

= ) 243+ ) [B+3°

uveE5 uve Fg

+ Z [mn 4+ 2] + Z [mn + 3]¢

WEEyn42 wWEEmn43

5% x 2m + 6% x (mn — 3m) + (mn + 2)* x 2m

+ (mn+3)* x (mn —2m)
= [2(5%) — 3(6%) + 2(mn +2)* =2(mn + 3)*m
+ [6°+ (mn+3)%m

From the above Theorem, the following results are immediate
Corollary 2.1. The first Zagreb index of P, 1 s
Mi(PI) = (mn)? 4+ 9mn — 10m.
Corollary 2.2. The first hyper Zagreb index of P +1 18

HM;(PI",) = (mn)® 4 6(mn)? + 41mn — 68.
Theorem 2.3. The Randic index of Kulli path windmill graph is

V2 V2 2 1 1
Py = Y21y - +[+} .
X(Poi) V3 Vmn 3mn " 3 3mn mn

Proof. Let G = P +%, where P( % is a Kulli path windmill graph. Now

x(G) = —
uuezE:(G) Vda(u) dG (v)

RN AV R
uvEFEs UUEEmn+2
1
S S
wE B mn X 3
! X 2m + ! X ( 3m) + L X 2
= — m+ — mn — 3m —_— m
V6 V9 2mn
1
+ X (mn — 2m
V3mn ( )
V2 V2 2

- %_1+\/ﬂ%_\/3mn

3mn

1 1
m + [3—#} mn.

Theorem 2.4. The general Randic index of Kulli path windmill graph is

Xa(PéJri) 2 x 6% — 3201 1 20T (1)@ — 2(3mn)|m + [9% + (3mn)*|mn.
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Proof. Let G = T(L J& be a Kulli path windmill graph. Now

X4G) = ) lde(uwda(v)]*

weE(G)

= Z [2 x 3]" + Z [3 x 3]+ Z [mn x 2]°
uveEs uveFg UVEEmn+2

+ Z [mn x 3]°
UUEEmn+3

6% x (2m) + 9% x (mn — 3m) + (2mn)® x (2m)

+ (3mn ) (mn — 2m)
= [2x 6% — 320 4 29 (mn)e — 2(3mn)Ym
+ [9% + (3mn)*Imn.

From Theorem 2.4, we have the following results.
Corollary 2.3. The second Zagreb index of P +1 18
My(P% ) = 3(mn)? + 9mn — 2m*n — 15m.
Corollary 2.4. The second hyper Zagreb index of P, 1 18
HM,(P"y) = 9(mn)* — 10m>n + 81mn — 171m.

Theorem 2.5. The atom-bond connectivity index of Kulli path windmill graph is

(m)y B 2 \/Qm \/mn(mn+1)_ m2n +m
ABC(P)") = (V2 2m 4 gmn 4| == T 2

Proof. Let G = ,E +i, where P! +i is a Kulli path windmill graph. Now

+dg(v)—2
ABC(G) = Z
weE(G dG(U)
243-2 3+3—-2
a Z 2% 3 +Z\/ 3x3
uwv€ Es5
fmn+ 2 — mn+3—2
+ Z T mnx2 + Z mn X 3
quEmn+2 ’U/UEEmn+3
1 2 1 mn + 1
= —2 — -3 —2 -2
\/im—l—?)(mn m)—l—mm—i—( ST >(mn m)

2 2 1 2
(- 2m4 Zmnt /mﬂ/mn(mnH _2\/mn+m,
3 n 3 3n
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Theorem 2.6. The geometric-arithmetic index of Kulli path windmill graph is

GAP™) = (4\5/6 - 3) 4 4 Y2V

ntl mn + 2

(m) (mn — 2m).

mn + 3

Proof. Let G = (m +i, where P( % is a Kulli path windmill graph. Now

(v) 2v/2 x 3 24/3 x 3
GAG) = Z ZV NN Z Vo7 Z Zver e
uwveE( G) + dG( ) uwv€FE5 2+3 uwv€ Fg 3+3
+ Z 2\/ mn X 2 Z 2\/ mn X 3
mn + Tmn+2 mn+ 3
uveEmn+2 “veEmn+3
2 2V 2+/
= \[ x 2m + (1) x (mn—3m)+<m> 2m
mn + 2

+ (M) (mn — 2m)

mn + 3
(V) s W2
N ) mn + 2
(m) (mn — 2m).

Theorem 2.7. The harmonic index of Kulli path windmill graph is

1 2 1 1 1
(Fa1) (3+mn+3>mn+<mn+2 mn + 3 20) "

Proof. Let G = pim

™) where P( i is a Kulli path windmill graph. Now

nt1>
e uvg de(u) + dG( )
2 2 9
B wweEs 2+3 i UUEZEG 3+3 * e, 2
2
P RS

= 2><2m+><(mn—3m)—|—< 2 >><2m
) mn + 2

+ < 2 )x(mn—?m)

n-+3

( 2

1 1 1
- — — |4m.
+mn—i—3>mn+<mn+2 mn + 3 20> "
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Corollary 2.5. Let P(Tﬂ be a Kulli path windmill graph with n > 2. Then

(i) H(PT)) = 2XCD(PM)),

(if) H(Péﬁ) <X(PT).

Theorem 2.8. The symmetric division deg index of Kulli path windmill graph is

mn = m 5 2

Proof. Let G = (m +} be a Kulli path windmill graph. Now

[10]
[11]
[12]
[13]

[14]

( ) B dg(’u,) +dG(v)
SDD(P,) = WGZE:(G) da(u)dg(v)

2% + 3 3% 43 mn)? + 22
- Y5 Y et X T
2x3 3x3 mn X 2

uwvEEs5 uwve€FEg UWEEmni2
(mn)? 4 32
+ Z mn X 3
uveEmn+3
13 244
= —x2m+2x (mn—3m)+ (mn)” +4 X 2m
6 2mn
+ < ) X (mn — 2m)
mn m 5 2
= (mmym 2) )
3 3 + mn 3m i +
O
REFERENCES

Clark, L., and Gutman, 1., (2008), The exponent in the general Randic index, J. Math. Chem. 43, pp.
32-44.

Estrada, E., Torres, Rodriguez, L., and Gutman, I., (1998), An atom-bond connectivity index: Mod-
elling the enthalphy of formation of alkanes, Indian J. Chem. 37A, pp. 849-855.

Fajtlowicz, S.,(1987), On conjectures of Graffiti-II, Congr. Numer. 60, pp. 187-197.

Farahani, M. R., Rajesh Kanna, M. R., and Pradeep Kumar, R., (2016), On the hyper-Zageb indices
of some nanostructurs, Asian Academic Research J. Multidisciplinary, 3(1), pp. 115-123.

Gallian, J. A., (2007), Dynamic Survey DS6: Graph Labeling, Electronic J. Combin., DS6, pp. 1-58.
Gutman, 1., and Trinajstic, N., (1972), Graph Theory and molecular orbitals, Total m-electron energy
of alternant hydrocarbons, Chem. Phys. Lett. 17, pp. 535-538.

Kulli, V. R., (2012), College Graph Theory, Vishwa International Publications, Gulbarga, India.
Kulli, V. R., (2016), The first and second K, indices and coindices of graphs, International Journal of
Mathematical Archive, 7(5), pp. 71-77.

Kulli, V. R., Chaluvaraju, B., and Boregowda, H. S., (2016), Some degree based connectivity indices
Kulli cycle windmill graph, submitted.

Randic, M., (1975), On characterization of molecular branching, J. Am. Chem. Soc., 97, pp. 6609 -
6615.

Shirdel, G. H., Rezapour, H., and Sayadi, A. M., (2013), The hyper-Zagreb index of graph operations,
Iran J. Math. Chem. 4(2), pp. 213-220.

Vukicvic., D. and Furtula, B., (2009), Topological index on the ratio of geometrical and arithmetical
means of end vertex degrees of edges, J. Math. Chem, 46, pp. 1369-1376.

Vukicevic., D., and Gasperov, M., (2010), Bond Additive Modeling 1. Adriatic Indices, Croatica chemica
acta 83(3), pp. 243-260.

Zhou, B., and Trinajstic, N., (2009), On a novel connectivity index, J. Math. Chem. 46, pp. 1252-1270.



COMPUTATION OF CONNECTIVITY INDICES OF KULLI PATH WINDMILL GRAPH 185

Dr. B. CHALUVARAJU is a former, Professor and Chairman for Department
of Mathematics and Director of Distance Education, Tumkur University. Currently,
he works as a Special Officer (Evaluation) and Faculty of Mathematics in Banga-
lore University. Six students received their Ph.D. degree and four students received
their M.Phil. degree under his guidance. He has published more than 74 research
papers in Graph Theory. His area of interest is Combinatorics and Graph theory.
He has presented many invited talks and research articles in National/International
Conferences, Symposiums and Seminars in different parts of the world.

Dr. V. R. KULLI is a former Dean, Faculty of Science and Technology and a
former Professor and Chairman, Department of Mathematics, Gulbarga University.
He is a former UGC-Emeritus fellow. 14 students received their Ph.D. degree and 19
students received their M.Phil. degree under his guidance. He has published more
than 200 research papers and introduced several new fundamental ideas, concepts in
Graph Theory. The Kulli-Sigarkanti conjecture is well-known conjecture in Graph
Theory. He has authored/edited many useful books for Colleges, Universities, M.
Phil. and Ph. D. students of Mathematics. Apart from his academic work, he worked
in various capacities for the development of Gulbarga University such as Syndicate,
Senate, Academic Council Member.

Mr. H. S. BOREGOWDA is working as an Assistant Professor at Department
of studies and Research in Mathematics, Tumkur University. He has worked as a
Head, Department of Mathematics (UG), University Constituent College, Tumkur
University. Currently he is pursuing Ph. D. degree in Mathematics and his area of
research is Chemical Graph theory. He published more than six research papers in
Graph Theory. He presented several research papers in National and International
Conferences, Symposiums and Seminars.




