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ABSTRACT: First Gourava index is defined as GO, (G) =Y,ver(e)[dy + dy, + dyd,,],where d,, is degree of vertex u. In this
paper first Gourava index, second Gourava index, product connectivity Gourava index, sum connectivity Gourava index, first
hyper Gourava index and second hyper Gourava index of tensor product, corona product and cartesian product of graphs are
studied.
KEYWORDS: Cartesian product, corona product, Gourava index, first hyper Gourava index, second hyper Gourava index, tensor
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I.LINTRODUCTION

Let G = (V,E) be a graph with order [V(G)| = n and size |E(G)| = m. The degree of a vertex is denoted by d, and
defined as the number of vertices adjacent to ueV(G). The edge connecting the vertices u and v is denoted by uv. All
graphs considered here are finite, undirected and simple. In the field of graph theory, the graph operations produce
new graph from initial ones. Binary operations create a graph from two initial graphs G1(V1,E1) and G2(V3,Ez) such as
graph union, graph intersection, graph join and graph products etc. Different versions of degree-based topological
indices of molecular graphs are studied in [1-2]. Zagreb indices are widely studied in the literature for example [3-4].
There are several molecular graphs that can be realised as a product of graphs, for example nanotorus as CnOCnm,
nanotubes as P,OCnm, grid as P,OPw [5]. R.P.Kumar et al. derived some topological indices of mesh, grid, torus and
cylinder in [6]. W.Gao et al. studied multiple ABC index and multiple GA index of square grid [7].In [8] topological
indices of grid are computed. Topological indices of graph product are studied in many papers [9-15]. Topological
indices of graph operations are obtained in [16-18]. Figure for cartesian product of P, and Ps is taken from [19] to
study topological indices of family of Gourava index. Cartesian product of a cycle C, with a path Pn iS Pamm)
generalized prism graph with |V|=mn and |E|=n(2m-1)[20-21].Weiner index and Hosaya polynomial of tubes and
tori was studied by M.V.Diudea in 2005 [22]. Tensor product of two graphs G: and G; is the graph denoted by
G1®G,, with vertex set V(Gi®Gz2) = V(G1)xV(Gz),and any two of its vertices (ui,vi) and (uzv:) are adjacent
whenever u; is adjacent to uz in Gi and v; is adjacent to vz in Gz [23-24].The corona product of two graphs G and H is
defined as the graph obtained by taking one copy of G and |V(G)| copies of H and joining the i-th vertex of G to every
vertex in the i-th copy of H. The corona product is denoted by GOH [25-28]. Cartesian product of two graphs
G1=(V41,E1) and G2(V2,E2) denoted by G1xG, or GiOGzcontaining vertex set VixV, where (uj,uz) is adjacent with
(vy,v2) iff where[ui=u; and vi,v2€ Ez]Jor [vi= v, and uiu:€E: [29]. Gourava indices are degree-based indices
defined in [30-35] as:

1) First Gourava index =G0, (G)= Yyvep(o)ldy + dy + dyydy].

2) Second Gourava index =G0, (G)= Yyvere)[(dy + dy)dydy].

3) Product connectivity Gourava index =PGO(G)= Yyvek(c) ﬁ.

_r
V(dytdy}+dydy,
5) First hyper Gourava index =HGO; (G)= Y pep(c)ldy + dy + dyydy]%

6) Second hyper Gourava index =HGO0,(G)= Yyvee)[(dy + d,)(d,d)]>.

4) Sum connectivity Gourava index =SGO(G)= Y,ver(6)

All the symbols and notations used in this paper are standard and mainly taken from books of graph theory [36-38]. In
this paper first Gourava index, second Gourava index, product connectivity Gourava index, sum connectivity Gourava
index, first hyper Gourava index and second hyper Gourava index of tensor product, corona product and cartesian
product of graphs are studied.
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ILMATERIALS AND METHODS
A molecular graph is a simple graph related to the structure of a chemical compound. A molecular graph is

constructed by representing each atom of a molecule by vertex and bonds between atoms by edges. In tensor product
of two graphs we have, the vertex set |V(G)|= n? and edge set |[E(G)|= 2(n-1)2 for G=P4®P4.The corona product of
two complete is denoted by K.®Kn.The tensor product between P, and P4, corona product between K, and Ks and
cartesian product of P4 and P4 are shown in figure 1,2 and 3 respectively. The edge partition represented for different
product graph are in given table (1-3).

I11.RESULTS AND DISCUSSION

Let G be a graph with n vertices and m edges. Different versions of Gourava index of product graphs are computed for
path graphs and complete graphs. The edge partition of product graphs is considered for degree of end vertices. By
graph operation a new graph is obtained. For these graphs the degree of end vertices is decided by observation and

used in the computation of Gourava indices.

Tensor product

Theorem 1.1: Let P, and P4 be two path graphs.

Then first Gourava index of tensor product P4 ®P. is GO, (G)= 68+112(n-3) +48(n-3)2.

Proof. Partition the edge set E(G) in four sets E4, Ez, Esand E4 as |E1s|= 4, |E2z|= 4, |Ez|= 8(n-3) and |Esw|= 2(n-
3)2 and using table (1).

Therefore GO, (G)= Yyvere)[dy + dy + dydy]

=aeg, 1+ 4+ 15 4]+Y00ep [24+ 2+ 2 % 2]+ Xo4ep,[2 + 4 + 2 4] + Yasep,[4 + 4+ 4 % 4]
=9%x4+8x4+14+8(n—3)+48(n — 3)2

=68+ 112(n — 3) + 48(n — 3)2.
Theorem 1.2: Let P4 and P4 be two path graphs.

Then second Gourava index of tensor product P4®P4 is GO, (G)= 144+384(n-3) +256(n-3)%.

Proof. Partition the edge set E(G) in four sets E1, Ez, Esand E4 as |Ews|= 4, |E2z|= 4, |E24]|= 8(n-3) and |Esw|= 2(n-
3)2 and using table (1).
Therefore GO, (G)= Yuvero)[(dy + dyy)dydy]

=1aer, [(1+ D1 % 4]+¥05¢p, [(2 + 2)2 * 2]+ X 04ep, [ (2 + 4)2 % 4] + Yssep, [(4 + 4)4 x 4]
=20%4+4+16+4+48x8(n—3) + 128 * 2(n — 3)?

=144 + 384(n — 3) + 256(n — 3)2.
Theorem 1.3: Let P4 and P4 be two path graphs.
8(n—-3) . 2(n-3)>2

Then product connectivity Gourava index of tensor product P, ®P, is PGO(G)= 1.8944 + s T

Proof. Partition the edge set E(G) in four sets E4, E;, Ezand E4 as |E1s|= 4, |E2|= 4, |E24/= 8(n-3) and |Esu|= 2(n-
3)2 and using table (1).

1
Therefore PGO(G)= Yuver(©) Jzmasa.a,
=% a4 Do, [+ Tae o] + Taser, [(ee]
TR L Ay 1e4] 22 [z +2)2+2] 2eE L I +a2a] HENGrne
S S S| Uit 2(n-3)*
J5+4] T Jaea] | Jlew8] | ([A+a)1v4]
_ 8(n-3) , 2(n-3)?
=1.8944 + ==+ = —-.
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. .. . _ _ 16(n-3) = 8(n—3)>2
Theorem 1.4: Sum connectivity Gourava index of tensor product Ps®P, =SGO(G) = 4.1614 + TR

Theorem 1.5: First hyper Gourava index of tensor product P4®P, = HGO,(G)= 580 + 1568(n — 3) + 1152(n —
3)2.

Theorem 1.6: Second hyper Gourava index of tensor product PoQPs =HGO0,(G)= 2624 +18432(n—3) +
32768(n — 3)2.
Corona product

Theorem 2.1: Let K, and K, be two complete graphs with order n and m.

Then first Gourava index of corona product (K.®Km) is GO;(G)= m(2+ m)n™C, + nm(m?> + nm+m +n —
D+[2n+m—1)+ (n+m—1)2]"C,.
Proof. By using table (2), the edges for the corona product of complete graphs of order n and m on degree are
(m,m),(m,n+m-1) and (n+m-1,n+m-1).

Therefore GO1(G)= Yyvere)[dy + dy + dydy]

= meEEl [m+m+m=m] +Zm(n+m—1)EE2[m +n+m—-1+mmn+m-—1)] +Z(n+m—1)(n+m—1)eE3[2(n +m—
D+ m+m-1)7?]

=m2+m)n™C, +nm(m?+nm+m+n—1)+[2n+m—1)+ (n+m—1)2]"C,.
Theorem 2.2: Let K, and K, be two complete graphs with order n and m.

Then second Gourava index of corona product (Kn®Kmn) is

GO,(G)=(2m>)n™C, + Cm+n—1D)(mM? + nm—m)nm +2(n+m — 1)3 (*C,).

Proof. By using table (2), the edges for the corona product of complete graphs of order n and m on degree are
(m,m),(m,n+m-1) and (n+m-1,n+m-1).

Therefore GOZ (G): ZquE(G)[(du + d];)dudv]

= meEEl[(m + m)mz] + Zm(n+m—1)EE2[(m tn+m-— 1)m(n +m— 1)] + 2(n+m—1)(n+m—1)EE3 [Z(n +m—
D(n+m—1)2?]

=2m3)n™C, + Cm+n—1)(mM? + nm—m)nm +2(n+m—1)3 ("C,).
Theorem 2.3: Let K, and K, be two complete graphs with order nand m.

Then product connectivity Gourava index of corona product (Kz@Kw) is

nm n 1
Jemin—-1)(m2+nm-m)  [2(n+m-1)3

PGO(G)= nmc, +

("C).

1
V2m3
Proof. By using table (2), the edges for the corona product of complete graphs of order n and m on degree are
(m,m),(m,n+m-1) and (n+m-1,n+m-1).

1
Therefore PGO(G)= Yuver() Taragaa

= 1 1 N 1
_meEEl W+Zm(n+m—1)EEz J@ntn+m-1)mn+m-1) ! Z(n+m—1)(n+m—1)EE3 J2mtm-D)(nt+m-1)2

nm 1

—_1 m n
V3 nT J@m+n—1)(m2+nm-m) + J2(n+m-1)3 ("C2).
Theorem 2.4: Sum connectivity Gourava index of corona product (K. ® Kw) is —— nmc, +

nm + . ("Cy).
Jem+n+m-1)+(m2+nm-m)  J2(m+m-1)+(n+m—1)>2 2
Theorem 2.5: First hyper Gourava index of corona product (Kn®Kw) is (2m+m?)2n™C, +[(2m+n—1) +
(m? + nm — m)]’nm + [2(n + m — 1) + (n + m — 1)?]? (C,).
Theorem 2.6: Second hyper Gourava index of corona product (Ka®Km) is 2m3n™C, + [(2m +n — 1)(m? +
nm — m)]?nm + [2(n + m — 1)3]2 (C,).
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Cartesian product
Theorem 3.1: Let P, and P4 be two path graphs.

Then first Gourava index of cartesian product P,OP, is GO;(G)=88 + 15(2m + 2n — 12) + 19(2m + 2n — 8n) +
24(2nm — 5m — 5n + 12).

Proof. Partition the edge set E(G) in four sets Ei, Ez, Esand E4 as |E2z|= 8, |Es3|=2m+2n-12, |Es= 2m+2n-8 and
|E44|= 2mn-5m-5n+12, table (3).

Therefore GO, (G)= Yyvere)[dy + dy + dydy]

=Y23ep,[2 + 3+ 2% 3]+ ¥33e5,[3 + 3+ 3 %3] + X3sep,[3+ 4+ 3% 4] + Yyyep,[4 + 4+ 4+ 4]

=88+ 15(2m + 2n — 12) + 19(2m + 2n — 8n) + 24(2nm — 5m — 5n + 12).
Theorem 3.2: Let P, and P4 be two path graphs.

Then second Gourava index of cartesian product P,OPs is GO,(G)= 240 + 54(2m + 2n — 12) + 84(2m + 2n —
8) + 128(2nm — 5m — 5n + 12).

Proof. Partition the edge set E(G) in four sets E1, Ez, Esand E4 as |Ezz|= 8, |Ess|=2m+2n-12, |Es4|= 2m+2n-8 and
|E44|= 2mn-5m-5n+12, table (3).
Therefore GO, (G)= Yuvero)[(dy + dyy)dydy]

=223eg,[(2 +3)2 % 3] + X33, [(3 + 3)3 * 3|4+ X34ep,[ (3 + 4)3 * 4] + Xssep, [(4 + 4)4 + 4]

=240+542m+ 2n —12) + 84(2m + 2n — 8) + 128(2nm — 5m — 5n + 12).
Theorem 3.3: Let P, and P4 be two path graphs.

2m+2n-12 2m+2n-8

N RN

Then product connectivity Gourava index of cartesian product P,0OP4 is PGO(G)= 1.46 + +

2nm-5m-5n+12

V128 ’
Proof. Partition the edge set E(G) in four sets E1, Ez, Ezand E4 as |Ez3|= 8, |Es3]=2m+2n-12, |E3s|= 2m+2n-8 and

|E44|= 2mn-5m-5n+12, table (3).

1
Therefore PGO(6)= Duver(6) g saaca
=3 30y o] + e e+ Do Ee ] F Basen [
~223€1l f[G13)203] 33€E2L [[G+3)3+3]" ' “34€EsL [[(3+4)3+4] HEE TG+naa]

2m+2n-12 2m+2n-8 2nm-5m-5n+12

=146+ NG + o + o
. .. . . (2m+2n-12)
Theorem 3.4: Sum connectivity Gourava index of cartesian product PsOPs =SGO(G) = 2.421 t
(2m+2n-8) + (2nm-5m-5n+12)
V19 V24

Theorem 3.5: First hyper Gourava index of cartesian product PsOP. =HGO,(G)=968 + 225(2m + 2n — 12) +
361(2m + 2n — 8) + 16384(2nm — 5m — 5n + 12).

Theorem 3.6: Second hyper Gourava index of cartesian product P.OPs =HGO,(G)= 7200 + 2916(2m + 2n —
12) + 7056(2m + 2n — 8) + 16384(2nm — 5m — 5n + 12).

dy, dv 1,4 2,2 2,4 4,4

Number of edges 4 4 8(n-3) 2(n-3)?

Table 1. Edge partition of tensor product P4+ ®Pa4.

dy, dv (m,m) (m, n+m-1) (n+m-1, n+m-1)

Number of edges n"C; nm nCz

Table 2. Edge partition of corona product Ky®Kum.

my3 Mms3 M3 My

8 2(n1+n2 _ 6) 2(7’11+7’l2 _ 4’) 27’11712 _ 5n1 _ 57’12 + 12

Table 3. Edge partition of cartesian product Pn,0Pn,.
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(3, 5) G. 0 (3, u) G, w)
- - - -
0 —
(4, ) (4.0) (4, u) 4, w)
L L ] Bl L a

Fig. 1. Tensor product of P, and P, Fig.2. Corona product K,and Kj Fig.3. Cartesian product of P, and P,,

4. Conclusion

Tensor product, corona product and cartesian product of different versions of Gourava index are obtained. If
partition of edge set E(G) is known then the degree based topological indices and graph operations of any molecular
graph can be computed.
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