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F−INDEX AND HYPER-ZAGREB INDEX OF GENERALIZED
MIDDLE GRAPHS

B. BASAVANAGOUD1∗ AND SHRUTI POLICEPATIL2

Abstract. Graph invariants are numerical quantities connected with molec-
ular graphs, and topological indices are one of them. Molecular descriptors
are what they’re called in mathematical chemistry. Quantitative structure-
property relationship (QSPR) and quantitative structure-activity relationship
(QSAR) studies rely primarily on topological indices in mathematical chem-
istry. The F -index, or forgotten topological index, for a molecular graph G
is equal to the sum of cubes of degrees of all vertices of the graph, while the
hyper-Zagreb index is equal to the square of sum of degrees of all adjacent
vertices of the graph. We obtain F -index, hyper-Zagreb index, and coindex
values for generalised middle graphs Gxy and their complements of Gxy in this
study.

1. Introduction

In this paper, we are concerned with simple graphs, having no directed or
weighted edges and no loops. Let G be a finite graph with n vertices and m edges
is called (n,m) graph. We denote vertex set and edge set of graph G as V (G) and
E(G), respectively. The neighbourhood of a vertex u ∈ V (G) is defined as the set
NG(u) consisting of all vertices v which are adjacent to u in G. The degree of a
vertex u ∈ V (G), denoted by dG(u) and is equal to |NG(u)|. If u and v are two
adjacent vertices of G, then the edge connecting them will be denoted by dG(e),
and is defined by dG(e) = dG(u)+dG(v)−2 with e = uv, and e ∼ f(e � f) means
that the edges e and f are adjacent(not adjacent). The complement of a graph
G is denoted by G and is defined as the graph whose vertex set is V (G) in which
two vertices are adjacent if and only if they are not adjacent in G. Obviously,
G has n vertices and

(
n
2

)
− m edges. The line graph L(G) of a graph G is the

graph with vertex set E(G) and two vertices are adjacent in L(G) if and only
if the corresponding edges in G are adjacent. The line graph L(G) has order

nL = m and size mL = −m + 1
2

n∑
i=1

dG(vi)
2. The complement of line graph is

jump graph, which is denoted by J(G). The jump graph has order m and size
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mJ =
(
m+1
2

)
− 1

2

n∑
i=1

dG(vi)
2. The subdivision graph S(G) of a graph G whose

vertex set is V (G) ∪E(G) where two vertices are adjacent if and only if one is a
vertex of G and other is an edge of G incident with it. The partial complement
of subdivision graph S∗(G) of a graph G whose vertex set is V (G)∪E(G) where
two vertices are adjacent if and only if one is a vertex of G and other is an edge of
G nonincident with it. For undefined graph theoretic terminologies and notations
refer [23].
For a molecular graph G, first Zagreb index was defined by Gutman and Trinajstić
[21] in 1972 as

M1(G) =
∑

v∈V (G)

dG(v)2.

The second Zagreb index was defined in [20] as

M2(G) =
∑

uv∈E(G)

dG(u) · dG(v).

The first Zagreb index [29] can also be expressed as

M1(G) =
∑

uv∈E(G)

(
dG(u) + dG(v)

)
.

The first and second Zagreb coindices [2] were defined respectively as

M1(G) =
∑

uv/∈E(G)

(
dG(u) + dG(v)

)
,

and

M2(G) =
∑

uv/∈E(G)

(
dG(u) · dG(v)

)
.

For basic properties of Zagreb indices refer [18, 21] and for Zagreb indices of
graph operation refer [2, 13, 25, 34]. Another degree based graph invariant called
forgotten topological index or F - index was put forward by Furtula and Gutman
[16] is defined as

F (G) =
∑

v∈V (G)

dG(v)3 =
∑

uv∈E(G)

(
dG(u)2 + dG(v)2

)
.

Its coindex [15] is given by

F (G) =
∑

uv/∈E(G)

(
dG(u)2 + dG(v)2

)
.

See [16] for basic properties and [3, 15] for F-index of graph operations.
The hyper Zagreb index was introduced by Shirdel et al., in [31] which is defined as

HM(G) =
∑

uv∈E(G)

(
dG(u) + dG(v)

)2
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and hyper Zagreb coindex was introduced by Veylanki et al., in [33] as

HM(G) =
∑

uv/∈E(G)

(
dG(u) + dG(v)

)2
.

For basic properties of hyper Zagreb index and coindex refer [17] and for graph
operations refer [5, 7, 31, 33].
The Zagreb indices interms of edge-degrees reformulated by Milićević et al. in
2004 [28] . The first and second reformulated Zagreb indices are defined respec-
tively as

EM1(G) =
∑

e∈E(G)

dG(e)2.

and
EM2(G) =

∑
e∼f

dG(e)dG(f).

The forgotten topological indices reformulated interms of edge-degrees. The
reformulated F -index [26] is defined by,

EF (G) =
∑

e∈E(G)

dG(e)3.

For topological indices’ chemical applications refer to [19, 32].

2. Generalized middle graphs Gxy

Akiyama et al. [1] defined the middle graph M(G) of G is the graph whose
vertex set is V (G)∪E(G) in which two vertices u and v are adjacent if and only
if at least one of u and v is an edge of G, and they are adjacent or incident
in G. Note that middle graph identical to the semi-total line graph introduced
by Sampathkumar et al. [30]. Inspired by the definition of middle graph of
a graph, Basavanagoud et al. [4] introduced some new transformation graphs,
which generalize the concept of middle graph.

Definition 2.1. LetG = (V,E) be a graph and x, y be two variables taking values
+ or −. The generalized middle graph Gxy[4] is the graph having V (G) ∪ E(G)
as the vertex set and α, β ∈ V (G) ∪ E(G), α and β are adjacent in Gxy if and
only if one of the following holds:

(i) α, β ∈ E(G), α, β are adjacent in G if x = + and α, β are not adjacent in
G if x = −.

(ii) α ∈ V (G) and β ∈ E(G), α, β are incident in G if y = + and α, β are not
incident in G if y = −.

In the view of the above one can obtain four generalized middle graphs, since
there are four distinct 2-permutation of {+,−}. Note that G++ is just the middle
graph M(G) of G, whereas the other generalized middle graphs are G+−, G−+

and G−−. We denote the complement of the generalized middle graphs Gxy by
Gxy. The generalized middle graphs and their complements are shown in Figure
1. The vertex ui of Gxy corresponding to a vertex of G is referred to as a point
vertex. The vertex e of Gxy corresponding to an edge ei of G is referred to as
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Figure 1. Graph G, its generalized transformations Gxy and their
complements Gxy.

a line vertex. Different topological indices of generalized middle graphs have
already been studied by many researchers. Basavanagoud et al. in [10] found
Zagreb indices of generalized middle graphs. This motivates us to study F-index
and hyper-Zagreb index of generalized middle graphs.

3. Preliminaries

The following results are useful for proving our main results.

Proposition 3.1. [4] Let G be an (n,m)-graph. Then the degrees of point and
line vertices in Gxy are

(i) dG++(ui) = dG(u) and dG++(ei) = 2 + dG(e).
(ii) dG+−(ui) = m− dG(u) and dG+−(ei) = n− 2 + dG(e).
(iii) dG−+(ui) = dG(u) and dG−+(ei) = m+ 1− dG(e).
(iv) dG−−(ui) = m− dG(u) and dG−−(ei) = n+m− 3−m− dG(e).

Proposition 3.2. [4] Let G be an (n,m)-graph. Then order of Gxy is n+m and

(i) size of G++ = m+ 1
2
M1(G).

(ii) size of G+− = m(n− 3) + 1
2
M1(G).

(iii) size of G−+ =
(
m
2

)
+ 3m− 1

2
M1(G).

(iv) size of G−− = m(n− 1) +
(
m
2

)
− 1

2
M1(G).

Theorem 3.3. [22] Let G be a graph with n vertices and m edges. Then

M1(G
++) = M1(G) + 2M2(G) + F (G).

Theorem 3.4. [4] Let G be a graph with n vertices and m edges. Then

(i) M1(G
+−) = (2n− 7)M1(G) + 2M2(G) + [nm− 4m+ (n− 4)2]m+ F (G).

(ii) M1(G
−+) = 2M2(G)− (2m+ 5)M1(G) +m(m+ 3)2 + F (G).



F−INDEX AND HYPER-ZAGREB INDEX OF GENERALIZED MIDDLE GRAPHS 5

(iii) M1(G
−−) = (3 − 2n − 2m)M1(G) + 2M2(G) + m2(n − 4) + m(n + m −

1)2 + F (G).

Theorem 3.5. [4] Let G be a graph with n vertices and m edges. Then

M2(G
++) = 2EM1(G) + EM2(G) + 2[M1(G) +M2(G)] + F (G)− 4m.

Theorem 3.6. [10] Let G be a graph with n vertices and m edges. Then

(i) M2(G
+−) = m2[(n− 2)(n− 6) + 4]−m(n− 2)2 + 1

2
M1(G)[2(m+ 1)(n− 4)

+ (n− 2)2] + F (G) + 2M2(G) + EM2(G) + (n− 2)EM1(G).

(ii) M2(G
−+) = (m+ 1)2

(
m+1
2

)
− (m

2−5
2

)M1(G)− (m+ 1)EM1(G) +EM2(G)
− F (G)− 2M2(G).

(iii) M2(G
−−) = (n+m− 3)2mJ − (n+m− 3)EM1(G) + EM2(G)

+m2(n−4)(n+m−3) + 2m2(n−4)− [m(n−5)−n+ 1]M1(G)−F (G)−
2M2(G).

Theorem 3.7. [9] Let G be a simple graph. Then HM(G) = F (G) + 2M2(G).

Theorem 3.8. [15] Let G be a graph with n vertices and m edges. Then

(i) F (G) = n(n− 1)3 − 4m(n− 1)2 + 3(n− 1)M1(G)− F (G).
(ii) F (G) = (n− 1)M1(G)− F (G).
(iii) F (G) = 2m(n− 1)2 − 2(n− 1)M1(G) + F (G).

Theorem 3.9. [17] Let G be a graph with n vertices and m edges. Then

(i) HM(G) = 2n(n− 1)3 − 12m(n− 1)2 + 4m2 + (5n− 6)M1(G)−HM(G).
(ii) HM(G) = 4m2 + (n− 2)M1(G)−HM(G).

Theorem 3.10. [24] Let G be a graph with n vertices and m edges. Then

HM(G) = 4m(n− 2)2 − 4(n− 1)M1(G) +HM(G)

.

4. F -index and coindex of generalized middle graphs and their
complements

In this section, we obtain F -index and coindex of generalized middle graphs
and their complements.

Theorem 4.1. Let G be an (n,m) graph. Then

F (G++) = F (G) + 8m+ EF (G) + 24mL + 6EM1(G).

Proof. By the definition of F - index and Proposition 3.1, we have

F (G++) =
∑

u∈V (G++)

d3G++(u)

=
∑

u∈V (G+−)∩V (G)

d3G+−(u) +
∑

e∈V (G++)∩E(G)

d3G++(e)

=
∑

u∈V (G)

(
dG(u)

)3
+
∑

e∈E(G)

(2 + dG(e))3

= F (G) + 8m+ EF (G) + 24mL + 6EM1(G).
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�

Using Theorems 3.2, 3.3 and 4.1 in Theorem 3.8, we get the following results
for F -index of G++, F-coindex of G++ and its complement F (G++), respectively.

Corollary 4.2. Let G be an (n,m) graph. Then

F (G++) = (n+m− 1)
(

3M1(G)− 6m(n+m− 1) + n(n+m− 1)2
)
− F (G)

+(n+m− 3)
(

3EM1(G)− 6mL(n+m− 3) +m(n+m− 3)2
)
− EF (G).

Corollary 4.3. Let G be an (n,m) graph. Then

F (G++) = (n+m− 1)
(
M1(G) + 2M2(G)

)
+ F (G)(n+m− 2)− 8m

−EF (G)− 24mL − 6EM1(G).

Corollary 4.4. Let G be an (n,m) graph. Then

F (G++) = (2m+M1(G))(n+m− 1)2 − 2(n+m− 1)[M1(G) + 2M2(G)]

−F (G)[2(n+m)− 1] + 8m+ EF (G) + 24mL + 6EM1(G).

Theorem 4.5. Let G be an (n,m) graph. Then

F (G+−) = m3(n− 6)− F (G) + 3mM1(G) + EF (G)

+(n− 2)(3EM1(G) + 6mL(n− 2) +m(n− 2)2).

Proof. By the definition of F - index and Proposition 3.1, we have

F (G+−) =
∑

u∈V (G+−)

d3G+−(u)

=
∑

u∈V (G+−)∩V (G)

d3G+−(u) +
∑

e∈V (G+−)∩E(G)

d3G+−(e)

=
∑

u∈V (G)

(
m− dG(u)

)3
+
∑

e∈E(G)

(n− 2 + dG(e))3

= m3(n− 6)− F (G) + 3mM1(G) + EF (G)

+(n− 2)(3EM1(G) + 6mL(n− 2) +m(n− 2)2).

�

Using Theorems 3.2, 3.4 and 4.5 in Theorem 3.8, we get the following results
for F -index of G+−, F -coindex of G+− and its complement F (G+−), respectively.

Corollary 4.6. Let G be an (n,m) graph. Then

F (G+−) = (n− 1)
(

3M1(G) + 6m(n− 1) + n(n− 1)2
)

+ F (G)

+(m+ 1)
(

3EM1(G)− 6mL(m+ 1) +m(m+ 1)2
)
− EF (G).

Corollary 4.7. Let G be an (n,m) graph. Then

F (G+−) = F (G)(n+m) +M1(G)[−3m+ (n+m− 1)(2n− 7)]

+(n+m− 1)(2M2(G) + [nm− 4m− (n− 4)2]m)

−m3(n− 6)− (n− 2)[3EM1(G) + 6m2(n− 2) +m(n− 2)2].
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Corollary 4.8. Let G be an (n,m) graph. Then

F (G+−) = (2m(n− 3) +M1(G))(n+m− 1)2 + F (G)[2(n+m)− 1]

+M1(G)[2(n+m− 1)(2n− 7)− 3m] + 2(n+m− 1)[2m2

+(nm− 4m+ (n− 4)2)m] +m3(n− 6) + EF (G)

+(n− 2)[3EM1(G) + 6mL(n− 2) +m(n− 2)2].

Theorem 4.9. Let G be an (n,m) graph. Then

F (G−+) = F (G)− EF (G) + (m+ 1)
(
3EM1(G)− 6mL(m+ 1) +m(m+ 1)

)2
.

Proof. By the definition of F - index and Proposition 3.1, we have

F (G−+) =
∑

u∈V (G−+)

d3G−+(u)

=
∑

u∈V (G−+)∩V (G)

d3G−+(u) +
∑

e∈V (G−+)∩E(G)

d3G−+(e)

=
∑

u∈V (G)

(dG(u))3 +
∑

e∈E(G)

(m+ 1− dG(e))3

= F (G)− EF (G) + (m+ 1)
(
3EM1(G)− 6mL(m+ 1) +m(m+ 1)2

)
.

�

Using Theorems 3.2, 3.4 and 4.9 in Theorem 3.8, we get the following results
for F -index of G−+, F -coindex of G−+ and its complement F (G−+), respectively.

Corollary 4.10. Let G be an (n,m) graph. Then

F (G−+) = (n+m− 1)
(

3M1(G)− 6m(n+m− 1) + n(n+m− 1)2
)
− F (G)

+(n− 2)
(

3EM1(G) + 6mL(n− 2) +m(n− 2)2
)

+ EF (G).

Corollary 4.11. Let G be an (n,m) graph. Then

F (G−+) = F (G)(n+m− 2)−M1(G)[(n+m− 1)(2m+ 5)]

+(n+m− 1)[2M2(G) +m(m+ 3)3]−m(m+ 3)3

+EF (G) + 6(m+ 1)2mL − 3(m+ 1)EM1(G).

Corollary 4.12. Let G be an (n,m) graph. Then

F (G−+) = (m2 + 5m−M1(G))(n+m− 1)2

−2(n+m− 1)[2M2(G)− (2m+ 5)M1(G) +m(m+ 3)3]

+F (G)[3 + 2(n+m)] +m(m+ 1)3 − EF (G)

−6(m+ 1)2mL + 3(m+ 1)EM1(G).

Theorem 4.13. Let G be an (n,m) graph. Then

F (G−−) = m3(n− 6)− F (G) + 3mM1(G)− EF (G)

+(n+m− 3)(3EM1(G)− 6mL(n+m− 3)

+m(n+m− 3)2).
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Proof. By the definition of F - index and Proposition 3.1, we have

F (G−−) =
∑

u∈V (G−−)

d3G−−(u)

=
∑

u∈V (G−−)∩V (G)

d3G−−(u) +
∑

e∈V (G−−)∩E(G)

d3G−−(e)

=
∑

u∈V (G)

(dG(u))3 +
∑

e∈E(G)

(m+ 1− dG(e))3

= m3(n− 6)− F (G) + 3mM1(G)− EF (G)

+(n+m− 3)(3EM1(G)− 6mL(n+m− 3) +m(n+m− 3)2).

�

Using Theorems 3.2, 3.4 and 4.13 in Theorem 3.8, we get the following results
for F -index of G−−, F -coindex of G−− and its complement F (G−−), respectively.

Corollary 4.14. Let G be an (n,m) graph. Then

F (G−−) = (n− 1)
(

3M1(G) + 6m(n− 1) + n(n− 1)2
)

+ F (G)

+6EM1(G) + 8m+ 24mL + EF (G).

Corollary 4.15. Let G be an (n,m) graph. Then

F (G−−) = (n+m− 1)[(3− 2n− 2m)M1(G) + 2M2(G)

+m2(n− 4) +m(n+m− 1)2 + F (G)]

−[nm3 − F (G)− 6m3 + 3mM1(G) +m(n+m− 3)3

−EF (G)− 6mL(n+m− 3)2 + 3EM(G)(n+m− 3)].

Corollary 4.16. Let G be an (n,m) graph. Then

F (G−−) = [2m(n− 1) +m(m− 1)−M1(G)](n+m− 1)2

−2(n+m− 1)[(3− 2n− 2m)M1(G) + 2M2(G)

+m2(n− 4) +m(n+m− 1)2 + F (G)] + [nm3 − F (G)

−6m3 + 3mM1(G) +m(n+m− 3)3 − EF (G)

−6mL(n+m− 3)2 + 3EM(G)(n+m− 3)].

5. Hyper-Zagreb index and coindex of generalized middle graphs
and their complements

In this section, we obtain hyper-Zagreb index and coindex of generalized middle
graphs and their complements.

Theorem 5.1. Let G be an (n,m) graph. Then

i. HM(G++) = 3F (G)+EF (G)+24mL+10EM1(G)+2EM2(G)+4[M1(G)+
M2(G)].

ii. HM(G+−) = F (G) +EF (G) + {3m+ [2(m+ 1)(n− 4) + (n− 2)2]}M1(G)
+4(n−2)EM1(G)+4M2(G)+2EM2(G)+m3(n−6)+(n−2)[6mL(n−2)
+m(n− 2)2] + 2[m2[(n− 2)(n− 6) + 4]−m(n− 2)2].
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iii. HM(G−+) = 3(m+1)EM1(G)−F (G)−EF (G)−6(m+1)2mL+m(m+1)3

+ 2[m(m+1)3

2
− (m

2−5
2

)M1(G)− (m+ 1)EM1(G) + EM2(G)− 2M2(G)].
iv. HM(G−−) = m3(n− 6)− 3F (G) + 3m− [m(n− 5)− n+ 1]M1(G)

+ (n+m− 3)[3EM1(G)− 6mL(n+m− 3) +m(n+m− 3)2]

+2[(n+m−3)2mJ−(n+m−3)EM1(G)+EM2(G)+m2(n−4)(n+m−3)
+ 2m2(n− 4)− 2M2(G)].

Proof. By using Theorems 3.5, 3.6, 4.1, 4.5, 4.9 and 4.13 in Theorem 3.7, we get
the desired result. �

Theorem 5.2. Let G be an (n,m) graph. Then

i. HM(G++) = M1(G)[5n + 3m − 10] + M2(G)[4n − 10] + F (G)[2n − 2] +
EM1(G)[3n + 3n− 13]− 2EM2(G)− EF (G) + (n + m− 1)2[n(n + m−
1)− 6m] + (n+m− 3)2[m(n+m− 3)− 6mL]− 6m(n− 1)2 + 4m2 − 8m.

ii. HM(G+−) = F (G) +EF (G) + {3m+ [2(m+ 1)(n− 4) + (n− 2)2]}M1(G)
+4(n−2)EM1(G)+4M2(G)+2EM2(G)+m3(n−6)+(n−2)[6mL(n−2)
+m(n− 2)2] + 2[m2[(n− 2)(n− 6) + 4]−m(n− 2)2].

iii. HM(G−+) = 3(m+1)EM1(G)−F (G)−EF (G)−6(m+1)2mL+m(m+1)3

+ 2[m(m+1)3

2
− (m

2−5
2

)M1(G)− (m+ 1)EM1(G) + EM2(G)− 2M2(G)].

iv. HM(G−−) = m3(n− 6)− 3F (G) + 3m− [m(n− 5)− n+ 1]M1(G)
+ (n+m− 3)[3EM1(G)− 6mL(n+m− 3) +m(n+m− 3)2]

+2[(n+m−3)2mJ−(n+m−3)EM1(G)+EM2(G)+m2(n−4)(n+m−3)
+ 2m2(n− 4)− 2M2(G)].

Proof. By using Theorems 3.5, 3.6, 4.1, 4.5, 4.9 and 4.13 in Theorem 3.7, we get
the desired result. �

Theorem 5.3. Let G be an (n,m) graph. Then

i. HM(G++) = M1(G)
[
n+ 5m− 6 +M1(G)

]
+ 2M2(G)(n+m)

+ F (G)
[
n+m− 5

]
+ EF (G) + 10EM1(G) + 2EM2(G) + 24mL + 4m2.

ii. HM(G+−) = M1(G)
[
M1(G) + 4m(n− 3) + (n+m− 2)(2n− 7)

−3m− 2(m+ 1)(n− 4)− (n− 2)2
]

+2M2(G)
[
n+m

]
+F (G)(n+m−3)

− EM1(G)(4n− 8)− 2EM2(G)− EF (G) + 4m2(n− 3)2

+m(n+m− 2)
[
nm− 4m+ (n− 4)2

]
−m3(n− 6)

− (n−2)
[
6mL(n−2)+m(n−2)2

]
−2
[
m2[(n−2)(n−6)+4]−m(n−2)2

]
.

iii. HM(G−+) = M1(G)
[
M1(G)− 12m− 2m(m− 1) + (m2 − 5)

− (n+m− 2)(2m+ 5)
]

+ 2M2(G)(n+m)F (G)(n+m− 1) + EF (G)

−3(m+1)EM1(G)−2
[
EM2(G)− (m+1)EM1(G)

]
+m2(m−1)2 +36m2

+ 12m2(m− 1) + 6mL(m+ 1)2 − 2m(m+ 1)3 +m(n+m− 2)(m+ 3)2.
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iv. HM(G−−) = M1(G)
[
M1(G)− 4m(n− 1)− 2m(m− 1)

+ (n+m− 2)(3− 2n− 2m) +m+mn− 5m− n+ 1
]

+ M2(G)[2n + 2m − 8] + F (G)(n + m − 5) + 3(n + m − 3)EM1(G) −
2EM1(G) + 4m2(n− 1)2 +m2(m− 1)2 + 4m2(n− 1)(m− 1)
+m2(n− 4)(n+m− 2) +m(n+m− 2)(n+m− 1)2 −m3(n− 6)

− 3m+ (n+m− 3)
[
m(n+m− 3)2 − 6mL(n+m− 3)

]
+ 2
[
(n+m− 3)2mJ +m2(n− 4)(n+m− 3) + 2m2(n− 4)

]
.

Proof. By using Theorems 3.2, 3.3, 3.4, 3.7 and 5.3 in Theorem 3.9, we get the
desired result. �

Theorem 5.4. Let G be an (n,m) graph. Then

i. HM(G++) = M1(G)
[
10 + 2(n2 +m2)− 8(n+m) + 4nm

]
+M2(G)

[
12− 8(n+m)

]
+F (G)

[
7− 4(n+m)

]
+EF (G) + 10EM1(G) +

2EM2(G) + 24mL + 4m(n+m− 1)2.

ii. HM(G+−) = M1(G)
[
2(n+m− 1)2 − 4(n+m− 1)(2n− 7) + 3m

+2(m+1)(n−4)+(n−2)2
]

+M2(G)
[
12−8(n+m)

]
+F (G)

[
5−4(n+m)

]
+ 4(n− 2)EM1(G) + 2EM2(G) + EF (G) + (n+m− 1)2

[
4m(n− 2)

]
− 4m(n+m− 1)

[
nm− 4m+ (n− 4)2

]
+ (n− 2)

[
6mL(n− 2) +m(n− 2)2

]
+ 2
[
m2
(
(n− 2)(n− 6) + 4

)
−m(n− 2)2

]
.

iii. HM(G−+) = M1(G)
[
2(n+m− 1)2 + 4(n+m− 1)(2m+ 5)− (m2 − 5)

]
−M2(G)

[
− 4 + 8(n+m)

]
− F (G)

[
− 3 + 4(n+m)

]
+ 3(m+ 1)EM1(G)

− EF (G) + 2
[
EM2(G)− (m+ 1)EM1(G)

]
+ (n+m− 1)2[2m2 + 10m]

− 4m(n+m− 1)(m+ 3)2 − 6mL(m+ 1)2 + 2m(m+ 1)3.

iv. HM(G−−) = M1(G)
[
− 4(n+m− 1)(3− 2n− 2m)− 2(n+m− 1)2

− [m(n− 5− n+ 1)]
]

+M2(G)
[
4− 8(n+m)

]
+ F (G)

[
1− 4(n+m)

]
+4(n+m−1)2

[
m(n−1)+m(m−1)

2

]
−4(n+m−1)

[
m2(n−4)+m(n+m−1)2

]
+m3(n−6)+3m+(n+m−3)

[
3EM1(G)−6mL(n+m−3)+m(n+m−3)2

]
+2
[
mJ(n+m−3)2−(n+m−3)EM1(G)+EM2(G)+m2(n−4)(n+m−3)

+ 2m2(n− 4)
]
.

Proof. By using Theorems 3.2, 3.3, 3.4, 3.7 and 5.3 in Theorem 3.10, we get the
desired result. �
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6. Conclusion

In this paper, we have obtained for F - index, hyper-Zagreb index and their
coindices of generalized middle graphs and their complements.
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2. A. R. Ashrafi, T. Došlić, A. Hamzeh,The Zagreb coindices of graph operations, Discrete
Appl. Math. 158 (15) (2010), 1571-1578.

3. S. Akhtera, M. Imran, Computing the forgotten topological index of four operations on
graphs, AKCE Int. J. Graphs Comb., 14 (1) (2017), 70-79.

4. B. Basavanagoud, I. Gutman, C. S. Gali, On second Zagreb index and coindex of some
derived graphs, Kragujevac J. Sci., 37 (2015), 113-121.

5. B. Basavanagoud, S. Patil, A Note on Hyper-Zagreb Index of Graph Operations, Iranian J.
Math. Chem., 7 (1) (2016), 89-92.

6. B. Basavanagoud, C. S. Gali, S. Patil, On Zagreb indices and coindices of generalized middle
graphs, Karnatak. Univ. J. Sci., 50 (2016), 74-81.

7. B. Basavanagoud, S. Patil, A Note on hyper-Zagreb coindex of Graph Operations, J. Appl.
Math. Comput., 53 (1) (2017), 647-655.

8. B. Basavanagoud, Basic properties of generalized xyz-Point-Line transformation graphs, J.
Inf. Optim. Sci., 39 (2) (2018), 561-580.

9. B. Basavanagoud, V. R. Desai, Forgotten topological index and hyper-Zagreb index of gen-
eralized transformation graphs, Bull. Math. Sci. Appl., 14 (2016), 1-6.

10. B. Basavanagoud, C. S. Gali, Computing first and second Zagreb indices of generalized
xyz-Point-Line transformation graphs, J. Glob. Res. Math. Arch., 5 (4) (2018), 100-122.

11. K. C. Das, I. Gutman, Some properties of the second Zagreb index, MATCH Commun.
Math. Comput. Chem., 52 (2004), 103-112.

12. A. Deng, A. Kelmans, J. Meng, Laplacian spectra of regular graphs transformations, Dis-
crete Appl. Math., 161 (2013), 118-133.

13. H. Deng, D. Sarala, S. K. Ayyaswamy, S. Balachandran, The Zagreb indices of four opera-
tions on graphs, Appl. Math. Comput., 275 (2016), 422-431.

14. M. Eliasi, B. Taeri, Four new sums of graphs and their Wiener indices, Discrete Appl.
Math., 157 (4) (2009), 794-803.

15. N. De, S. M. A. Nayeem, A. Pal, The F-coindex of some graph operations, Springer Plus,
5 (1) (2016), DOI: 10.1186/s40064-016-1864-7.

16. B. Furtula, I. Gutman, A forgotten topological index, J. Math. Chem., 53 (4) (2015),
1184-1190.

17. I. Gutman, On hyper Zagreb index and coindex, Bulletin T. CL de l’Académie serbe des
sciences et des arts, 42 (2017), 1-8.

18. I. Gutman, K. C. Das, The first Zagreb index 30 years after, MATCH Commun. Math.
Comput. Chem., 50 (2004), 83-92.

19. I. Gutman, O. E. Polansky, Mathematical Concepts in Organic Chemistry, Springer, Berlin
(1986).
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