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Abstract
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1. Introduction

In this paper, we consider with simple graph, let G be connected, which has set V(G) for its vertices

and set E(G) for its edges. The complement G of G is a graph with vertex set V(G) and two vertices

of G are adjacent if and only if they are not adjacent in G. The degree of a vertex v in G, denoted by

d(v), is the total number of edges incident with v [9]. According to [1], topological indices play a key

role in QSPR and QSAR modeling in chemical graph theory. If two vertices u and v of G are adjacent,

the edge connecting them will be indicated as uv. If u, v ∈ V(G), the distance dG(u, v) between u and

v is defined as the length of the shortest u − v path in G, and a shortest u - v path is often called a

geodesic. The diameter of a connected graph G is the length of any longest geodesic, represented by

diam(G). In a graph G, we can define the first and second degrees of a vertex v, respectively using the

distance as follows: d1(v/G) = |{u ∈ V(G) : d(u, v) = 1}|, d2(v/G) = |{u ∈ V(G) : d(u, v) = 2}|. The

maximum and minimum degrees of G are denoted by ∆ = ∆(G) an δ = δ(G), respectively. The Zagreb

indices M1(G) and M2(G) are the most widely investigated topological indices and they are related

to the most common molecular descriptors. These have been defined more than forty years ago [7,8],

which are defined as follows:

M1(G) = ∑
v∈V(G)

d2
1(v/G)
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M2(G) = ∑
uv∈E(G)

d1(u/G)d1(v/G).

For more details on the Zagreb indices, we refer to [3–5,10,14,15]. The Forgotten index [7] is given

by F(G) = ∑v∈V(G) d3
1(v/G) = ∑uv∈E(G)[d2

1(u/G) + d2
1(v/G)]. For more information on Zagreb and

beyond topological indices, readers can refer to the survey [6]. In 2017, Naji et al. [13] have introduced

new distance-degree-based topological indices depending on the second degrees of vertices, called leap

Zagreb indices of G and are defined as:

LM1(G) = ∑
v∈V(G)

d2
2(v/G),

LM2(G) = ∑
uv∈E(G)

d2(u/G)d2(v/G),

LM3(G) = ∑
v∈V(G)

d1(v/G)d2(v/G).

In 2022, Alsinai et al. [2] have introduced a new version of leap Zagreb index called fourth leap Zagreb

index of G defined by:

LM4(G) = ∑
uv∈E(G)

[
d1(u/G)d2(u/G) + d1(v/G)d2(v/G)

]
.

Also, Alsinai et al. [2] proved that for a graph G with diameter at most two,

LM4(G) = ∑
v∈V(G)

d2
1(v/G)d2(v/G).

The precise formulas for the fourth leap Zagreb index of few graph operations, including cartesian

product, composition, disjunction, and corona product of graphs, are presented in this study by using

the new version fourth leap Zagreb index depending on the vertices.

Lemma 1.1 ([13]). Let G be a connected graph with n vertices and m edges. Then for every vertex v ∈ V(G),

d2(v/G) ≤
(

∑
u∈N(v)

d1(u/G)

)
− d1(v/G).

Equality holds if and only if G is a CF−graph, where CF−graph means {C3, C4}− free graph.

Lemma 1.2 ([13]). Let G be a connected graph with n vertices. Then for every vertex v ∈ V(G),

d2(v/G) ≤ d1(v/G) = n − 1 − d1(v/G).

Equality holds if and only if G has diameter at most two.
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2. Cartesian Product

Definition 2.1 ([11]). For given disjoint graphs G1 and G2 their caetesion product, denoted by G1 × G2 is

defined as the graph on the vertex set V(G1) × V(G2),and vertices u=(u1,u2) and v=(v1,v2) of G1 × G2 are

connected by an edge if and only if either u1 = v1 and u2v2 ∈ E(G2) or u2= v2 and u1v1 ∈ E(G1). The

distance between any two vertices u=(u1, u2) and v=(v1, v2) ∈ G1 × G2 is given by dG1×G2 (u, v) = dG(u1, v1)

+ dG2(u2, v2) and |V(G1 × G2)| =|V(G1)||V(G2)|.

Lemma 2.2 ([12]). Let G1 and G2 be two nontrivial disjoint connected graphs with orders n1,n2,respectively.

Then for any vertex (u, v) ∈ V(G1 × G2),

(1) d1((u, v)/G1 × G2) = d1(u/G1) + d1(v/G2);

(2) d2((u, v)/G1 × G2) = d2(u/G1) + d1(u/G1) d1(v/G2) + d2(v/G2).

Theorem 2.3. Let G1 and G2 be two nontrivial disjoint connected graphs with n1, n2 vertices and m1, m2 edges,

respectively. Then

LM4(G1 × G2) = n2LM4(G1) + 2m2F(G1) + M1(G1) ∑
v∈V(G2)

d2(v/G2)

+ 4m2LM3(G1) + 2M1(G1)M1(G2) + 4m1LM3(G2)

+ M1(G2) ∑
u∈V(G1)

d2(u/G1) + 2m1F(G2) + n1LM4(G2)

Proof. Let G1 and G2 be two nontrivial connected graphs with n1, n2 vertices and m1, m2 edges.

respectively Then by definition of fourth leap Zagrab index and Lemma 2.2, we have

LM4(G1 × G2) = ∑
(u,v)∈V(G1×G2)

(d1((u, v)/G1 × G2))
2d2((u, v)/G1 × G2)

= ∑
u∈V(G1)

∑
v∈V(G2)

[(
d1(u/G1) + d1(v/G2)

)2(
d2(u/G1)

+ d1(u/G1)d1(v/G2) + d2(v/G2)

)]
= ∑

u∈V(G1)
∑

v∈V(G2)

[(
d2

1(u/G1) + 2d1(u/G1)d1(v/G2) + d2
1(v/G2)

)
(

d2(u/G1) + d1(u/G1)d1(v/G2) + d2(v/G2)

)]
= ∑

u∈V(G1)
∑

v∈V(G2)

[
d2

1(u/G1)d2(u/G1) + d2
1(u/G1)d1(u/G1)d1(v/G2) + d2

1(u/G1)d2(v/G2)

]

+ ∑
u∈V(G1)

∑
v∈V(G2)

[
2d1(u/G1)d1(v/G2)d2(u/G1) + 2d1(u/G1)d1(v/G2)

d1(u/G1)d1(v/G2) + 2d1(u/G1)d1(v/G2)d2(v/G2)

]
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+ ∑
u∈V(G1)

∑
v∈V(G2)

[
d2(u/G1)d2

1(v/G2) + d1(u/G1)d1(v/G2)d2
1(v/G2) + d2

1(v/G2)d2(v/G2)

]

= ∑
u∈V(G1)

[
n2d2

1(u/G1)d2(u/G1) + d3
1(u/G1)(2m2) + d2

1(u/G1) ∑
v∈V(G2)

d2(v/G2)

]

+ ∑
u∈V(G1)

[
4m2d1(u/G1)d2(u/G1) + 2d2

1(u/G1)M1(G2) + 2d1(u/G1)LM3(G2)

+ ∑
u∈V(G1)

[
d2(u/G1)M1(G2) + d1(u/G1)F(G2) + LM4(G2)

]
= n2LM4(G1) + 2m2F(G1) + M1(G1) ∑

v∈V(G2)

d2(v/G2)

+ 4m2LM3(G1) + 2M1(G1)M1(G2) + 4m1LM3(G2)

+ M1(G2) ∑
u∈V(G1)

d2(u/G1) + 2m1F(G2) + n1LM4(G2).

3. Composition

Definition 3.1 ([11]). The composition G1[G2] of graphs G1 and G2 with disjoint vertex sets and edge sets is

a graph on vertex set V(G1)× V(G2) in which (u1, v1) is adjacent with (u2,v2) whenever [u1 is adjacent with

u2] or [u1 = u2 and v1 is adjacent with v2].

Lemma 3.2 ([12]). Let G1 and G2 be two disjoint graphs with n1 and n2 vertices and with m1 and m2 edges,

respectively. Then

(1) d1((u, v)/G1[G2]) = n2d1(u/G1) + d1(v/G2);

(2) d2((u, v)/G1[G2])) = n2d2(u/G1) + d1(v/G2).

Theorem 3.3. Let G1 and G2 be disjoint graphs with n1 and n2 vertices and edges m1 and m2 edges, respectively.

Then

LM4(G1[G2]) = n4
2LM4(G1) + M1(G1)[n4

2 − n3
2 − 2n2

2m2] + 4n2
2m2LM3(G1)

+ 8n2m2m1[n2 − 1] + M1(G2)[−4n2m1 + n2 ∑
u∈V(G1)

d2(u/G1) + n2n1 − n1F(G2)].

Proof. Let G1 and G2 be disjoint graphs with n1 and n2 vertices and m1 and m2 edges, respectively.

Then by Lemma 3.2 we have

LM4(G1[G2]) = ∑
(u,v)∈V(G1×G2)

d2
1((u, v)/G1[G2]) d2((u, v)/G1[G2]))

= ∑
u∈V(G1)

∑
v∈V(G2)

[(
n2d1(u/G1) + d1(v/G2)

)2(
n2d2(u/G1) + d1(v/G2)

)]
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= ∑
u∈V(G1)

∑
v∈V(G2)

[(
n2

2d2
1(u/G1) + 2n2d1(u/G1)d1(v/G2) + d2

1(v/G2)

)
(

n2d2(u/G1) + d1(v/G2)

)]
= ∑

u∈V(G1)
∑

v∈V(G2)

[
n2

2d2
1(u/G1)

(
n2d2(u/G1) + d1(v/G2)

)

+ 2n2d1(u/G1)d1(v/G2)

(
n2d2(u/G1) + d1(v/G2)

)
+ d2

1(v/G2)

(
n2d2(u/G1) + d1(v/G2)

)]
= ∑

u∈V(G1)
∑

v∈V(G2)

[
n3

2d2
1(u/G1)d2(u/G1) + n2

2d2
1(u/G1)d1(v/G2)

+ 2n2
2d1(u/G1)d1(v/G2)d2(u/G1) + 2n2d1(u/G1)d1(v/G2)d1(v/G2)

+ n2d2
1(v/G2)d2(u/G1) + d2

1(v/G2)d1(v/G2)

]
= ∑

u∈V(G1)
∑

v∈V(G2)

[
n3

2d2
1(u/G1)d2(u/G1) + n2

2d2
1(u/G1)

(
n2 − 1 − d1(v/G2)

)

+ 2n2
2d1(u/G1)d1(v/G2)d2(u/G1) + 2n2d1(u/G1)d1(v/G2)

(
n2 − 1 − d1(v/G2)

)
+ n2d2

1(v/G2)d2(u/G1) + d2
1(v/G2)

(
n2 − 1 − d1(v/G2)

)]
= ∑

u∈V(G1)
∑

v∈V(G2)

[
n3

2d2
1(u/G1)d2(u/G1) + n3

2d2
1(u/G1)− n2

2d2
1(u/G1)

− n2
2d2

1(u/G1)d1(v/G2) + 2n2
2d1(u/G1)d1(v/G2)d2(u/G1)

+ 2n2
2d1(u/G1)d1(v/G2)− 2n2d1(u/G1)d1(v/G2)

− 2n2d1(u/G1)d2
1(v/G2) + n2d2

1(v/G2)d2(u/G1) + n2d2
1(v/G2)− d2

1(v/G2)− d3
1(v/G2)

]
= ∑

u∈V(G1)

[
n4

2d2
1(u/G1)d2(u/G1) + n4

2d2
1(u/G1)− n3

2d2
1(u/G1)

− 2n2
2m2d2

1(u/G1) + 4n2
2m2d1(u/G1)d2(u/G1) + 4n2

2m2d1(u/G1)

− 4n2m2d1(u/G1)− 2n2d1(u/G1)M1(G2) + n2M1(G2)d2(u/G1)

+ n2M1(G2)− M1(G2)F(G2)

]
= n4

2LM4(G1) + n4
2M1(G1)− n3

2M1(G1)− 2n2
2m2M1(G1)

+ 4n2
2m2LM3(G1) + 8n2

2m2m1 − 8n2m2m1 − 4n2m1M1(G2)

+ n2M1(G2) ∑
u∈V(G1)

d2(u/G1) + n2n1M1(G2)− n1M1(G2)F(G2).

= n4
2LM4(G1) + M1(G1)[n4

2 − n3
2 − 2n2

2m2] + 4n2
2m2LM3(G1)

+ 8n2m2m1[n2 − 1] + M1(G2)[−4n2m1 + n2 ∑
u∈V(G1)

d2(u/G1) + n2n1 − n1F(G2)].
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4. Corona Product

Definition 4.1 ([11]). Let G1 and G2 be two disjoint graphs on disjoint vertex sets with n1 and n2 vertices,

respectively. The corona G1 ◦ G2 of G1 and G2 is defined as the graph obtained by taking one copy of G1 and n1

copies of G2, and then joining the ith vertex of G1 to every vertex in the ith copy of G2, We denote ith copy of G2

as Gj
2.

Lemma 4.2 ([12]). Let G1 and G2 be two disjoint graphs with n1 and n2 vertices and m1 and m2 edges,

respectively . Assume that 1 ≤ j ≤ n then,

d1(v/(G1 ◦ G2)) =

 d1(v/G1) + n2, if v ∈ V(G1) ;

d1(v/G2) + 1, if v ∈ V(G1) .

d2(v/(G1 ◦ G2)) =

 d2(v/G1) + n2d1(v/G1), if v ∈ V(G1) ;

d1(vj/G1) + n2 − 1 + d1(v/Gj
2), if v ∈ V(Gj

2) .

Theorem 4.3. Let G1 and G2 be two disjoint graphs with n1 and n2 vertices and m1 and m2 edges, respectively.

Then

LM4(G1 ◦ G2) = LM4(G1) + n2F(G1) + n1F(G2) + 2n2LM3(G1) + 2n2
2M1(G1)

+ n2 ∑
v∈V(G1)

d2(v/G1) + M1(G2)[2m1 + n1n2 − n1 + 2n1]

+ n1n2[n2 − 1] + 2n2m1[1 + n2] + 4m2n1[n2 − 1] + 2m2[4m1 + n1].

Proof. Let G1 and G2 be two disjoint graphs with n1 and n2 vertices and m1 and m2 edges, respectively.

Assuming that 1 ≤ j ≤ n1, by Lemma 4.2, we have,

LM4(G1 ◦ G2) = ∑
v∈V(G1◦G2)

d2
1(v/G1 ◦ G2)d2(v/G1 ◦ G2)

= ∑
v∈V(G1)

d2
1(v/G1 ◦ G2)d2(v/G1 ◦ G2)

+
n1

∑
j=1

∑
v∈V(Gj

2)

d2
1(v/G1 ◦ G2)d2(v/G1 ◦ G2)

= ∑
v∈V(G1)

[(
d1(v/G1) + n2

)2(
d2(v/G1) + n2(d1(v/G1)

)]

+
n1

∑
j=1

∑
v∈V(Gj

2)

[(
d1(v/G2) + 1

)2(
d1(vj/G1) + n2 − 1 + d1(v/Gj

2)

)]

= ∑
v∈V(G1)

(
d2

1(v/G1) + 2n2d1(v/G1) + n2
2

)(
d2(v/G1) + n2d1(v/G1)

)

+
n1

∑
j=1

∑
v∈V(Gj

2)

(
d2

1(v/G2) + 2d1(v/G2) + 1
)(

d1(vj/G1) + n2 − 1 + d1(v/Gj
2)

)
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= ∑
v∈V(G1)

[(
d2

1(v/G1)d2(v/G1) + n2d3
1(v/G1)

+ 2n2d1(v/G1)d2(v/G1) + 2n2
2d2

1(v/G1) + n2
2d2(v/G1) + n3

2d1(v/G1)

)
+

n1

∑
j=1

∑
v∈V(Gj

2)

[
d2

1(v/G2)d1(vj/G1) + n2d2
1(v/G2)− d2

1(v/G2)

+ d2
1(v/G2)d1(v/Gj

2) + 2d1(v/G2)d1(vj/G1) + 2n2d1(v/G2)

− 2d1(v/G2) + 2d1(v/G2)d1(v/Gj
2) + d1(vj/G1) + n2 − 1 + d1(v/Gj

2)

]
= LM4(G1) + n2F(G1) + 2n2LM3(G1) + 2n2

2M1(G1)

+ n2
2 ∑

v∈V(G1)

d2(v/G1) + 2n3
2m1

+
n1

∑
j=1

[
d1(vj/G1)M1(G2) + n2M1(G2)− M1(G2) + F(G2) + 4d1(vj/G1)m2

+ 4n2m2 − 4m2 + 2M1(G2) + n2d1(vj/G1) + n2
2 − n2 + 2m2

]
=

[
LM4(G1) + n2F(G1) + 2n2LM3(G1) + 2n2

2M1(G1)

+ n2
2 ∑

v∈V(G1)

d2(v/G1) + 2n3
2m1 + 2m1M1(G2) + n2n1M1(G2)

− n1M1(G2) + n1F(G2) + 8m2m1 + 4n2n1m2 − 4m2n1

+ 2n1M1(G2) + 2n2m1 + n2
2n1 − n1n2 + 2n1m2

]
= LM4(G1) + n2F(G1) + 2n2LM3(G1) + 2n2

2M1(G1) + n2
2 ∑

v∈V(G1)

d2(v/G1)

+ 2n3
2m1 + 2m1M1(G2) + n1n2M1(G2)− n1M1(G2) + n1F(G2)

+ 8m1m2 + 4n2n1m2 − 4m2n1 + 2n1M1(G2)

+ 2n2m1 + n2
2n1 − n1n2 + 2n1m2

= LM4(G1) + n2F(G1) + n1F(G2) + 2n2LM3(G1) + 2n2
2M1(G1)

+ n2
2 ∑

v∈V(G1)

d2(v/G1) + M1(G2)[2m1 + n1n2 − n1 + 2n1]

+ n1n2[n2 − 1] + 2n2m1[1 + n2
2] + 4m2n1[n2 − 1] + 2m2[4m1 + n1].

5. Disjunction

Definition 5.1 ([11]). The disjunction G1 ∨ G2 of two graphs G1 and G2 with disjoint vertex sets and edge sets

is the graph with vertex set V(G1)× V(G2) in which (u1, v1) is adjacent with (u2, v2) whenever u1 is adjacent

with u2 in G2.
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Lemma 5.2 ([12]). Let G1 and G2 be two disjoint graphs with n1 and n2 vertices and m1 and m2 edges,

respectively. Then

(1) d1((u, v)/G1 ∨ G2) = n2d1(u/G1) + n1d1(v/G2)− d1(u/G1)d1(v/G2).

(2) d2((u, v)/G1 ∨ G2) = (n1n2 − 1)− n2d1(u/G1)− n1d1(v/G2) + d1(u/G1)d1(v/G2).

Theorem 5.3. Let G1 and G2 be two disjoint graphs with n1 and n2 vertices and m1 and m2 edges, respectively.

Then

LM4(G1 ∨ G2) = M1(G1)

[
n1n4

2 − n3
2 − 10n1n2

2m2 + 7n1n2M1(G2)− 3n1F(G2)− M1(G2) + 4n2m2

]
+ F(G1)

[
− n4

2 + 6n2
2m2 − 3n2M1(G2) + F(G2)

]
+ M1(G2)

[
− 10n2n2

1m1 + n4
1n2 − n3

1 + 4n1m1

]
+ n1m1

[
8n1n2

2m2 − 8n2m2 + 6n1F(G2)

]
− n4

1F(G2).

Proof. Let G1 and G2 be two disjoint graphs with n1 and n2 vertices and m1 and m2 edges, Then by

Lemma 5.2, we obtain

LM4(G1 ∨ G2) = ∑
(u,v)∈V(G1∨G2)

(
d1((u, v)/G1 ∨ G2)

)2(
d2((u, v)/G1 ∨ G2)

)

= ∑
v∈V(G2)

∑
u∈V(G1)

[(
n2d1(u/G1) + n1d1(v/G2)− d1(u/G1)d1(v/G2)

)2

(
(n1n2 − 1)− n2d1(u/G1)− n1d1(v/G2) + d1(u/G1)d1(v/G2)

)]
= ∑

v∈V(G2)
∑

u∈V(G1)

[(
(n2d1(u/G1) + n1d1(v/G2)

)2

− 2
(

n2d1(u/G1) + n1d1(v/G2)

)(
d1(u/G1)d1(v/G2)

)
+ d2

1(u/G1)d2
1(v/G2)

]
(
(n1n2 − 1)− n2d1(u/G1)− n1d1(v/G2) + d1(u/G1)d1(v/G2)

)
= ∑

v∈V(G2)
∑

u∈V(G1)

[(
n2

2d2
1(u/G1) + 2n2n1d1(u/G1)d1(v/G2)

+ n2
1d2

1(v/G2)− 2n2d1(u/G1)d1(u/G1)d1(v/G2)

− 2n1d1(v/G2)d1(u/G1)d1(v/G2) + d2
1(u/G1)d2

1(v/G2)

)]
(
(n1n2 − 1)− n2d1(u/G1)− n1d1(v/G2) + d1(u/G1)d1(v/G2)

)
= ∑

v∈V(G2)
∑

u∈V(G1)

[
n1n3

2d2
1(u/G1)− n2

2d2
1(u/G1)− n3

2d2
1(u/G1)

d1(u/G1)− n1n2
2d2

1(u/G1)d1(v/G2) + n2
2d2

1(u/G1)d1(u/G1)d1(v/G2)

+ 2n2
1n2

2d1(u/G1)d1(v/G2)− 2n2n1d1(u/G1)d1(v/G2)
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− 2n2
2n1d1(u/G1)d1(v/G2)d1(u/G1)− 2n2n2

1d1(u/G1)d1(v/G2)d1(v/G2)

+ 2n1n2d1(u/G1)d1(v/G2)d1(u/G1)d1(v/G2)

+ n3
1n2d2

1(v/G2)− n2
1d2

1(v/G2)− n2
1n2d2

1(v/G2)d1(u/G1)

− n2
1n1d2

1(v/G2)d1(v/G2) + n2
1d2

1(v/G2)d1(u/G1)d1(v/G2)

− 2n1n2
2d1(u/G1)d1(u/G1)d1(v/G2) + 2n2d1(u/G1)d1(u/G1)d1(v/G2)

+ 2n2
2d1(u/G1)d1(u/G1)d1(v/G2)d1(u/G1)

+ 2n1n2d1(u/G1)d1(u/G1)d1(v/G2)d1(v/G2)

− 2n2d1(u/G1)d1(u/G1)d1(v/G2)d1(u/G1)d1(v/G2)

− 2n2
1n2d1(v/G2)d1(u/G1)d1(v/G2) + 2n1d1(v/G2)d1(u/G1)d1(v/G2)

+ 2n1n2d1(v/G2)d1(u/G1)d1(v/G2)d1(u/G1)

+ 2n2
1d1(v/G2)d1(u/G1)d1(v/G2)d1(v/G2)

− 2n1d1(v/G2)d1(u/G1)d1(v/G2)d1(u/G1)d1(v/G2)

+ n1n2d2
1(u/G1)d2

1(v/G2)− d2
1(u/G1)d2

1(v/G2)

− n2d2
1(u/G1)d2

1(v/G2)d1(u/G1)− n1d2
1(u/G1)d2

1(v/G2)d1(v/G2)

+ d2
1(u/G1)d2

1(v/G2)d1(u/G1)d1(v/G2)

]
= ∑

v∈V(G2)

[
n1n3

2M1(G1)− n2
2M1(G1)− n3

2F(G1)− n1n2
2d1(v/G2)M1(G1)

+ n2
2d1(v/G2)F(G1)

+ 4n2
1n2

2m1d1(v/G2)− 4n1n2m1d1(v/G2)− 2n2
2n1M1(G1)d1(v/G2)

− 4n2n2
1m1d1(v/G2)d1(v/G2) + 2n1n2M1(G1)d1(v/G2)d1(v/G2)

+ n4
1n2d2

1(v/G2)− n3
1d2

1(v/G2)− 2n2
1n2m1d2

1(v/G2)

− n4
1d2

1(v/G2)d1(v/G2) + 2n2
1m1d2

1(v/G2)d1(v/G2)

− 2n1n2
2M1(G1)d1(v/G2) + 2n2M1(G1)d1(v/G2) + 2n2

2F(G1)d1(v/G2)

+ 2n1n2M1(G1)d1(v/G2)d1(v/G2)− 2n2F(G1)d1(v/G2)d1(v/G2)

− 4n2
1n2m1d1(v/G2)d1(v/G2) + 4n1m1d1(v/G2)d1(v/G2)

+ 2n1n2M1(G1)d1(v/G2)d1(v/G2) + 4n2
1m1d1(v/G2)d1(v/G2)d1(v/G2)

− 2n1M1(G1)d1(v/G2)d1(v/G2)d1(v/G2)

+ n1n2M1(G1)d2
1(v/G2)− M1(G1)d2

1(v/G2)

− n2F(G1)d2
1(v/G2)− n1M1(G1)d2

1(v/G2))d1(v/G2) + F(G1)d2
1(v/G2))d1(v/G2)

]
=

[
n1n4

2M1(G1)− n3
2M1(G1)− n4

2F(G1)− 2n1n2
2m2M1(G1)

+ 2n2
2m2F(G1) + 8n2

1n2
2m1m2 − 8n1n2m1m2 − 4n2

2n1M1(G1)m2 − 4n2n2
1m1M1(G2)
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+ 2n1n2M1(G1)M1(G2) + n4
1n2M1(G2)− n3

1M1(G2)− 2n2
1n2m1M1(G2)− n4

1F(G2)

+ 2n2
1m1F(G2)− 4n1n2

2m2M1(G1) + 4n2m2M1(G1) + 4n2
2m2F(G1)

+ 2n1n2M1(G1)M1(G2)− 2n2F(G1)M1(G2)− 4n2
1n2m1M1(G2) + 4n1m1M1(G2)

+ 2n1n2M1(G1)M1(G2) + 4n2
1m1F(G2)− 2n1M1(G1)F(G2) + n1n2M1(G1)M1(G2)

− M1(G1)M1(G2)− n2F(G1)M1(G2)− n1M1(G1)F(G2) + F(G1)F(G2)

]
= M1(G1)

[
n1n4

2 − n3
2 − 2n1n2

2m2 − 4n1n2
2m2 + 2n1n2M1(G2)

− 4n1n2
2m2 + 4n2m2 + 2n1n2M1(G2) + 2n1n2M1(G2)

− 2n1F(G2) + n1n2M1(G2)− M1(G2)− n1F(G2)

]
+ F(G1)

[
− n4

2 + 2n2
2m2 + 4n2

2m2 − 2n2M1(G2)− n2M1(G2) + F(G2)

]
+ M1(G2)

[
− 4n2n2

1m1 + n4
1n2 − n3

1 − 2n2
1n2m1 − 4n2

1n2m1 + 4n1m1

]
+ n1m1

[
8n1n2

2m2 − 8n2m2 + 2n1F(G2) + 4n1F(G2)

]
− n4

1F(G2)

= M1(G1)

[
n1n4

2 − n3
2 − 10n1n2

2m2 + 7n1n2M1(G2)

− 3n1F(G2)− M1(G2) + 4n2m2

]
+ F(G1)

[
− n4

2 + 6n2
2m2 − 3n2M1(G2) + F(G2)

]
+ M1(G2)

[
− 10n2n2

1m1 + n4
1n2 − n3

1 + 4n1m1

]
+ n1m1

[
8n1n2

2m2 − 8n2m2 + 6n1F(G2)

]
− n4

1F(G2)
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Chemica Acta, 76(2)(2003), 113-124.

[15] M. Veylaki, M. J. Nikmehr and H. A. Tavallaee, The third and hyper-Zagreb coindices of some graph

operations, Journal Applied Mathematics Computational, 50(2016), 315-325.


