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SOME DEGREE BASED TOPOLOGICAL INDICES

OF TRANSFORMATION GRAPHS

G. R. Roshini, S. B. Chandrakala and B. Sooryanarayana

Abstract. In this paper, an explicit formula for sum-connectivity index,
atom-bond connectivity index and augmented Zagreb index of eight distinct
transformation graphs are obtained and also extended the same for transfor-
mation graphs of r-regular graph.

1. Introduction

Let G be finite, undirected simple graph having n vertices and m edges. Let
V(G) and E(G) be the vertex set and edge set of G respectively. The degree of a
vertex v is denoted by dG(v). Let uv represent an edge between the two vertices u
and v. For undefined terminologies we refer to [5].

A topological index is a numerical parameter mathematically derived from
the graph representing a molecule. The topological indices of molecular graphs
are widely used for establishing correlations between the structure of a molecular
compound and its physicochemical properties or biological activity in Quantitative
Structure Property Relationships (QSPR) and in Quantitative Structure Activity
Relationships (QSAR).

Estrada et al. in 1998, invented a new topological index known as atom-
bond connectivity (ABC) index [2]. Later in the year 2009, Bo Zhou and Nenad
Trinajstić gave another topological index known as sum-connectivity index (SCI)
[7]. Motivated by the ABC index, Furtula et al. [3] in 2010, put forward its
modified version and named as augmented Zagreb index. Main properties and
critical comparative study of these degree based topological indices are summarized
in [4].
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226 G. R. ROSHINI, S. B. CHANDRAKALA AND B. SOORYANARAYANA

Definition 1.1. The sum-connectivity index of a graph G is defined as

SCI(G) =
∑

uv∈E(G)

[dG(u) + dG(v)]
− 1

2 .

Definition 1.2. The atom-bond connectivity index of a graph G is defined as

ABC(G) =
∑

uv∈E(G)

√
dG(u) + dG(v)− 2

dG(u)× dG(v)
.

Definition 1.3. The augmented Zagreb index of a graph G is defined as

AZI(G) =
∑

uv∈E(G)

(
dG(u)dG(v)

dG(u) + dG(v)− 2

)3

.

Transformation graphs Gxyz. In 2001, Wu and Meng [8] introduced some
new graphical transformations which generalizes the concept of the total graph.

Definition 1.4. Let G(V,E) be a graph on n > 3 vertices and x, y, z be three
variables taking values + or −. The transformation graph Gxyz is a graph having
V (G) ∪E(G) as a vertex set and for α, β ∈ V (G) ∪E(G), α and β are adjacent in
Gxyz if and only if

(1) α, β ∈ V (G), α and β are adjacent in G if x = + and are nonadjacent in
G if x = −.

(2) α, β ∈ E(G), α and β are adjacent in G if y = + and are nonadjacent in
G if y = −.

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

Since there are eight distinct 3-permutations of {+,−}, we obtain eight graphi-
cal transformations of G. For a given graph G, G+++, G++−, G+−+, G−++ and its
complement G−−−, G−−+, G−+−, G+−− are the eight transformation graphs. The
transformation graphs are investigated in [1, 6].

In this paper, we have given an expression for the sum-connectivity index(SCI ),
atom-bond connectivity index (ABC ) and augmented Zagreb index (AZI ) for all
the eight transformation graph of G and also obtained the same when G is a regular
graph.

Proposition 1.1. Let G be a graph on n vertices and m edges. Let u ∈
V (G)and e ∈ E(G). Then the degrees of corresponding vertices in Gxyz are :

(i) dG+++(u) = 2dG(u) and dG+++(e) = dG(u) + dG(v).
(ii) dG++−(u) = m and dG++−(e) = dG(u) + dG(v) + n− 4.
(iii) dG+−+(u) = 2dG(u) and dG+−+(e) = m− dG(u)− dG(v) + 3.
(iv) dG−++(u) = n− 1 and dG−++(e) = dG(u) + dG(v).
(v) dG−−−(u) = n+m−2dG(u)−1and dG−−−(e) = n+m−dG(u)−dG(v)−1.
(vi) dG−−+(u) = n− 1 and dG−−+(e) = m− dG(u)− dG(v) + 3.
(vii) dG−+−(u) = n+m− 1− 2dG(u) and dG−+−(e) = n+ dG(u) + dG(v)− 4.
(viii) dG+−−(u) = m and dG+−−(e) = m+ n− dG(u)− dG(v)− 1.



SOME DEGREE BASED TOPOLOGICAL INDICES OF ... 227

Proposition 1.2. Let G be a r-regular graph with n vertices and m edges. Let
u ∈ V (G)and e ∈ E(G). Then the degrees of corresponding vertices in Gxyz

r are :

(i) dG+++(u) = 2r and dG+++(e) = 2r.
(ii) dG++−(u) = m and dG++−(e) = 2r + n− 4.
(iii) dG+−+(u) = 2r and dG+−+(e) = m− 2r + 3.
(iv) dG−++(u) = n− 1 and dG−++(e) = 2r.
(v) dG−−−(u) = n+m− 2r − 1 and dG−−−(e) = n+m− 2r − 1.
(vi) dG−−+(u) = n− 1 and dG−−+(e) = m− 2r + 3.
(vii) dG−+−(u) = n+m− 2r − 1 and dG−+−(e) = n+ 2r − 4.
(viii) dG+−−(u) = m and dG+−−(e) = m+ n− 2r − 1.

Proposition 1.3. Edge set of Gxyz can be partitioned in Ex, Ey and Ez where
Ex = {uv | u, v ∈ V (G)}, Ey = {st | s, t ∈ E(G)} and Ez = {ue | u ∈ V (G), e ∈
E(G)}. For a r- regular graph with n vertices and m edges

(i) | Ex=+ |= m and | Ex=− |=
(
n
2

)
−m.

(ii) | Ey=+ |= m(r − 1) and | Ey=− |= m
2 (m− 2r + 1).

(iii) | Ez=+ |= 2m and | Ez=− |= m(n− 2).

2. Sum-connectivity index of transformation graphs Gxyz

Theorem 2.1. Let G be a connected graph on n vertices having m edges. Then

SCI(G+++) =
1√
2
SCI(G) +

∑
st∈Ey

[dG(a) + 2dG(b) + dG(c)]
− 1

2

+
∑

eu∈Ez

[3dG(u) + dG(v)]
− 1

2

where s = ab, t = bc ∈ E(G), e = uv ∈ E(G); u, v, a, b, c ∈ V (G) and are distinct.

Proof.

SCI(G+++) =
∑

uv∈E(G+++)

[dG+++(u) + dG+++(v)]−
1
2

=
∑

uv∈Ex

[dG+++(u) + dG+++(v)]−
1
2 +

∑
st∈Ey

[dG+++(s) + dG+++(t)]−
1
2

+
∑

eu∈Ez

[dG+++(u) + dG+++(e)]−
1
2

=
∑

uv∈Ex

[2dG(u) + 2dG(v)]
− 1

2 +
∑

st∈Ey

[dG(a) + 2dG(b) + dG(c)]
− 1

2

+
∑

eu∈Ez

[2dG(u) + dG(u) + dG(v)]
− 1

2 .
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Therefore

SCI(G+++) =
1√
2
SCI(G) +

∑
st∈Ey

[dG(a) + 2dG(b) + dG(c)]
− 1

2

+
∑

eu∈Ez

[3dG(u) + dG(v)]
− 1

2

�

Corollary 2.1. Let G be a r-regular graph on n vertices having m edges.
Then

SCI(G+++
r ) =

m(r + 2)

2
√
r

Proof.

SCI(G+++
r ) =

1√
2

∑
uv∈Ex

[2r]−
1
2 +

∑
st∈Ey

[4r]−
1
2 +

∑
eu∈Ez

[4r]−
1
2

=
m√
4r

+
m(r − 1)√

4r
+

2m√
4r

=
m(r + 2)

2
√
r

�

Theorem 2.2. Let G be a connected graph on n vertices having m edges. Then

SCI(G++−) =

√
m

2
+

∑
st∈Ey

[dG(a) + 2dG(b) + dG(c) + 2(n− 4)]−
1
2

+
∑

eu∈Ez

[m+ dG(v) + dG(w) + n− 4]−
1
2

where s = ab, t = bc ∈ E(G), e = vw ∈ E(G); u, v, w, a, b, c ∈ V (G) and are
distinct.

Proof.

SCI(G++−) =
∑

uv∈E(G++−)

[dG++−(u) + dG++−(v)]−
1
2

=
∑

uv∈Ex

[dG++−(u) + dG++−(v)]−
1
2

+
∑

st∈Ey

[dG++−(s) + dG++−(t)]−
1
2 +

∑
eu∈Ez

[dG++−(u) + dG++−(e)]−
1
2

=
∑

uv∈Ex

[2m]−
1
2

+
∑

st∈Ey

[dG(a) + dG(b) + n− 4 + dG(b) + dG(c) + n− 4]−
1
2

+
∑

eu∈Ez

[m+ dG(v) + dG(w) + n− 4]−
1
2 .
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Therefore

SCI(G++−) =

√
m

2
+

∑
st∈Ey

[dG(a) + 2dG(b) + dG(c) + 2(n− 4)]−
1
2

+
∑

eu∈Ez

[m+ dG(v) + dG(w) + n− 4]−
1
2

�

Corollary 2.2. Let G be a r-regular graph on n vertices having m edges.
Then

SCI(G++−
r ) =

√
m

2
+

m(r − 1)√
2(k1 − 4)

+
m(n− 2)√
k1 − 4 +m

Where k1 = n+ 2r

Proof.

SCI(G++−
r ) =

√
m

2
+

∑
st∈Ey

[4r + 2(n− 4)]−
1
2 +

∑
eu∈Ez

[m+ 2r + n− 4]−
1
2 .

Therefore

SCI(G++−
r ) =

√
m

2
+

m(r − 1)√
2(k1 − 4)

+
m(n− 2)√
k1 − 4 +m

.

�

Theorem 2.3. Let G be a connected graph on n vertices having m edges. Then

SCI(G+−+) =
1√
2
SCI(G)

+
∑

st∈Ey

[2(m+ 3)− (dG(a) + dG(b) + dG(c) + dG(d))]
− 1

2

+
∑

eu∈Ez

[m+ dG(u)− dG(v) + 3]−
1
2

where s = ab, t = cd ∈ E(G), e = uv ∈ E(G); u, v, a, b, c, d ∈ V (G) and are
distinct.

Proof.

SCI(G+−+) =
∑

uv∈E(G+−+)

[dG+−+(u) + dG+−+(v)]−
1
2

=
∑

uv∈Ex

[dG+−+(u) + dG+−+(v)]−
1
2 +

∑
st∈Ey

[dG+−+(s) + dG+−+(t)]−
1
2

+
∑

eu∈Ez

[dG+−+(u) + dG+−+(e)]−
1
2
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and

SCI(G+−+) =
∑

uv∈Ex

[2dG(u) + 2dG(v)]
− 1

2

+
∑

st∈Ey

[m− dG(a)− dG(b) + 3 +m− dG(c)− dG(d) + 3]−
1
2

+
∑

eu∈Ez

[2dG(u) +m− dG(u)− dG(v) + 3]−
1
2 ,

Therefore

SCI(G+−+) =
1√
2
SCI(G)

+
∑

st∈Ey

[2(m+ 3)− (dG(a) + dG(b) + dG(c) + dG(d))]
− 1

2

+
∑

eu∈Ez

[m+ dG(u)− dG(v) + 3]−
1
2

�

Corollary 2.3. Let G be a r-regular graph on n vertices having m edges.
Then

SCI(G+−+
r ) =

m

2

[
1√
r
+

(m− 2r + 1)√
2(m− 2r + 3)

+
4√

m+ 3

]
Proof.

SCI(G+−+
r ) =

1√
2

∑
uv∈Ex

[2r]−
1
2 +

∑
st∈Ey

[2(m+ 3)− 4r]−
1
2 +

∑
eu∈Ez

[m+ 3]−
1
2 .

Therefore

SCI(G+−+
r ) =

m

2

[
1√
r
+

(m− 2r + 1)√
2(m− 2r + 3)

+
4√

m+ 3

]
.

�

Theorem 2.4. Let G be a connected graph on n vertices having m edges. Then

SCI(G−++) =

(
n
2

)
−m√

2(n− 1)
+

∑
st∈Ey

[dG(a) + 2dG(b) + dG(c)]
− 1

2

+
∑

eu∈Ez

[n− 1 + dG(u) + dG(v)]
− 1

2

where s = ab, t = bc ∈ E(G), e = uv ∈ E(G); u, v, a, b, c ∈ V (G) and are distinct.
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Proof.

SCI(G−++) =
∑

uv∈E(G−++)

[dG−++(u) + dG−++(v)]−
1
2

=
∑

uv∈Ex

[dG−++(u) + dG−++(v)]−
1
2

+
∑

st∈Ey

[dG−++(s) + dG−++(t)]−
1
2

+
∑

eu∈Ez

[dG−++(u) + dG−++(e)]−
1
2 .

and

SCI(G−++) =
∑

uv∈Ex

[2(n− 1)]−
1
2 +

∑
st∈Ey

[dG(a) + 2dG(b) + dG(c)]
− 1

2

+
∑

eu∈Ez

[n− 1 + dG(u) + dG(v)]
− 1

2 .

Therefore

SCI(G−++) =

(
n
2

)
−m√

2(n− 1)
+

∑
st∈Ey

[dG(a) + 2dG(b) + dG(c)]
− 1

2

+
∑

eu∈Ez

[n− 1 + dG(u) + dG(v)]
− 1

2 .

�

Corollary 2.4. Let G be a r-regular graph on n vertices having m edges.
Then

SCI(G−++
r ) =

(
n
2

)
−m√

2(n− 1)
+

m

2

[
(r − 1)√

r
+

4√
n+ 2r − 1

]
Proof.

SCI(G−++
r ) =

(
n
2

)
−m√

2(n− 1)
+

∑
st∈Ey

[4r]−
1
2 +

∑
eu∈Ez

[n− 1 + 2r]−
1
2 .

Therefore

SCI(G−++
r ) =

(
n
2

)
−m√

2(n− 1)
+

m

2

[
(r − 1)√

r
+

4√
n+ 2r − 1

]
.

�

Analogous to above we obtained the following Theorems:

Theorem 2.5. Let G be a connected graph on n vertices having m edges. Then
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(i) SCI(G−−−) =
∑

uv∈Ex

[
2
(
k−dG(v)−dG(u)

)]− 1
2 +

∑
st∈Ey

[
2k−

(
dG(a)+

dG(b)+dG(c)+dG(d)
)]− 1

2 +
∑

ue∈Ez

[
2k−

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

)]− 1
2

where k = n+m− 1; s = ab, t = cd ∈ E(G), e = vw ∈ E(G);
u, v, w, a, b, c, d ∈ V (G) and are distinct.

(ii) SCI(G−−+) =

(
n
2

)
−m√

2(n− 1)
+
∑

st∈Ey
[2(m+3)− (dG(a)+dG(b)+dG(c)+

dG(d))]
− 1

2 +
∑

ue∈Ez
[n+m− dG(u)− dG(v) + 2]−

1
2

where s = ab, t = cd ∈ E(G), e = uv ∈ E(G); u, v, a, b, c, d ∈ V (G) and
are distinct.

(iii) SCI(G−+−) =
∑

uv∈Ex
[2(k − dG(u) − dG(v))]

− 1
2 +

∑
st∈Ey

[2(n − 4) +

dG(a)+2dG(b)+dG(c)]
− 1

2 +
∑

ue∈Ez
[(k+n−2dG(u)+dG(v)+dG(w)−4)]−

1
2

where k = n+m− 1; s = ab, t = bc ∈ E(G), e = vw ∈ E(G);
u, v, w, a, b, c ∈ V (G) and are distinct.

(iv) SCI(G+−−) =

√
m

2
+
∑

st∈Ey

[
2k−

(
dG(a)+ dG(b)+ dG(c)+ dG(d)

)]− 1
2

+
∑

ue∈Ez
[m+ k − dG(v)− dG(w)]

− 1
2

Where k = n+m− 1; s = ab, t = cd ∈ E(G), e = vw ∈ E(G);
u, v, w, a, b, c, d ∈ V (G) and are distinct.

Corollary 2.5. Let G be a r-regular graph on n vertices having m edges.
Then

(i) SCI(G−−−
r ) =

1

2
√

2(k − 2r)

[
n(n− 1) +m

(
2(n− r) +m− 5

)]
(ii) SCI(G−−+

r ) =

(
n
2

)
−m√

2(n− 1)
+

m

2

[
(m− 2r + 1)√
2(m− 2r + 3)

+
4√

n+m+ 2(1− r)

]
(iii) SCI(G−+−

r ) =

(
n
2

)
−m√

2(k − 2r)
+m

[
(r − 1)√

2(n− 4 + 2r)
+

(n− 2)√
k + n− 4

]
(iv) SCI(G+−−

r ) =
m√
2

[
1√
m

+
(m− 2r + 1)

2
√

(k − 2r)
+ (n− 2)

√
2

k +m− 2r

]
.

3. Atom-bond connectivity index of transformation graphs Gxyz

Theorem 3.1. Let G be a connected graph on n vertices having m edges. Then

(i) ABC(G+++) =
∑

st∈Ey

√
dG(a) + 2dG(b) + dG(c)− 2

[dG(a) + dG(b)][dG(b) + dG(c)]

+
1√
2

[∑
uv∈Ex

√
dG(u) + dG(v)− 1

dG(u)dG(v)
+
∑

eu∈Ez

√
3dG(u) + dG(v)− 2

dG(u)[dG(u) + dG(v)]

]
where s = ab, t = bc ∈ E(G), e = uv ∈ E(G); u, v, a, b, c ∈ V (G) and are
distinct.

(ii) ABC(G++−) =
∑

eu∈Ez

√
n+m+ dG(v) + dG(w)− 6

m[dG(v) + dG(w) + n− 4]
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+
√
2(m− 1)+

∑
st∈Ey

√
dG(a) + 2dG(b) + dG(c) + 2n− 10

[dG(a) + dG(b) + n− 4][dG(b) + dG(c) + n− 4]

where s = ab, t = bc ∈ E(G), e = vw ∈ E(G); u, v, w, a, b, c ∈ V (G) and
are distinct.

(iii) ABC(G+−+) =
1√
2

[∑
uv∈Ex

√
dG(u) + dG(v)− 1

dG(u)dG(v)

+
∑

eu∈Ez

√
m+ dG(u)− dG(v) + 1

dG(u)[m− dG(u)− dG(v) + 3]

]

+
∑

st∈Ey

√
2m− dG(a)− dG(b)− dG(c)− dG(d) + 4

[m− dG(a)− dG(b) + 3][m− dG(c)− dG(d) + 3]

where s = ab, t = cd ∈ E(G), e = uv ∈ E(G); u, v, a, b, c, d ∈ V (G) and
are distinct.

(iv) ABC(G−++) =
∑

st∈Ey

√
dG(a) + 2dG(b) + dG(c)− 2

[dG(a) + dG(b)][dG(b) + dG(c)]

+
∑

eu∈Ez

√
n+ dG(u) + dG(v)− 3

(n− 1)[dG(u) + dG(v)]
+

(
n

2
− m

n− 1

)√
2(n− 2)

where s = ab, t = bc ∈ E(G), e = uv ∈ E(G); u, v, a, b, c ∈ V (G) and are
distinct.

(v) ABC(G−−−) =
∑

uv∈Ex

√
2(k − dG(u)− dG(v)− 1)

[k − 2dG(u)][k − 2dG(v)]

+
∑

st∈Ey

√
2(k − 1)− [dG(a) + dG(b) + dG(c) + dG(d)]

[k − dG(a)− dG(b)][k − dG(c)− dG(d)]

+
∑

eu∈Ez

√
2(k − 1)− [2dG(u) + dG(v) + dG(w)]

[k − 2dG(u)][k − dG(v)− dG(w)]

where k = n+m− 1; s = ab, t = cd ∈ E(G), e = vw ∈ E(G);
u, v, w, a, b, c, d ∈ V (G) and are distinct.

(vi) ABC(G−−+) =

(
n

2
− m

n− 1

)√
2(n− 2)

+
∑

st∈Ey

√
2(m+ 2)− [dG(a) + dG(b) + dG(c) + dG(d)]

[m− dG(a)− dG(b) + 3][m− dG(c)− dG(d) + 3]

+
∑

eu∈Ez

√
n+m− [dG(u) + dG(v)]

(n− 1)[m− dG(u)− dG(v) + 3]

where s = ab, t = cd ∈ E(G), e = uv ∈ E(G); u, v, a, b, c, d ∈ V (G) and
are distinct.

(vii) ABC(G−+−) =
∑

uv∈Ex

√
2(k − dG(u)− dG(v)− 1)

[k − 2dG(u)][k − 2dG(v)]
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+
∑

st∈Ey

√
2(n− 5) + dG(a) + 2dG(b) + dG(c)

[n+ dG(a) + dG(b)− 4][n+ dG(b) + dG(c)− 4]

+
∑

eu∈Ez

√
k + n− 2dG(u) + dG(v) + dG(w)− 6

[k − 2dG(u)][n+ dG(v) + dG(w)− 4]

where k = n+m− 1; s = ab, t = bc ∈ E(G), e = vw ∈ E(G);
u, v, w, a, b, c ∈ V (G) and are distinct.

(viii) ABC(G+−−) =
√
2(m− 1)

+
∑

st∈Ey

√
2(k − 1)− [dG(a) + dG(b) + dG(c) + dG(d)]

[k − dG(a)− dG(b)][k − dG(c) + dG(d)]

+
∑

eu∈Ez

√
k +m− 2− dG(v)− dG(w)

m(k − dG(v)− dG(w))

where k = n+m− 1; s = ab, t = cd ∈ E(G), e = vw ∈ E(G);
u, v, w, a, b, c, d ∈ V (G) and are distinct.

Corollary 3.1. Let G be a r-regular graph on n vertices having m edges.
Then

(i) ABC(Gr
+++) =

m(r + 2)
√
2r − 1

r
√
2

(ii) ABC(Gr
++−) =

√
2(m− 1) +

m(r − 1)

2r + n− 4

√
2(2r + n− 5)

+ (n− 2)

√
m(n+m+ 2r − 6)

2r + n− 4

(iii) ABC(Gr
+−+) =

m√
2

[
1

r

√
2r − 1 +

√
4(m+ 1)

r(m− 2r + 3)

+

(
m− 2r + 1

m− 2r + 3

)√
m+ 2(1− r)

]
(iv) ABC(Gr

−++) =

(
n

2
− m

n− 1

)√
2(n− 2)

+ 2m

[
r − 1

r

√
2r − 1

8
+

√
n+ 2r − 3

2r(n− 1)

]
(v) ABC(Gr

−−−) =
1

k − 2r

√
k − 2r − 1

2

(
n(n− 1) +m(2n+m− 2r − 5)

)
(vi) ABC(Gr

−−+) =

(
n

2
− m

n− 1

)√
2(n− 2)

+ 2m

[
m− 2r + 1

m− 2r + 3

√
m+ 2(1− r)

8
+

√
n+m− 2r

(n− 1)(m− 2r + 3)

]
(vii) ABC(Gr

−+−) =

(
n
2

)
−m

k − 2r

√
2(k − 2r − 1)

+m

[
r − 1

n+ 2r − 4

√
2(n− 5 + 2r) + (n− 2)

√
k + n− 6

(k − 2r)(n+ 2r − 4)

]
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(viii) ABC(Gr
+−−) =

√
2(m− 1)

+m

[
m− 2r + 1

k − 2r

√
k − 2r − 1

2
+ (n− 2)

√
k +m− 2(1 + r)

m(k − 2r)

]

4. Augmented Zagreb index of transformation graphs Gxyz

Theorem 4.1. Let G be a connected graph on n vertices having m edges. Then

(i) AZI(G+++) =
∑

st∈Ey

(
[dG(a) + dG(b)][dG(b) + dG(c)]

dG(a) + 2dG(b) + dG(c)− 2

)3

+
∑

eu∈Ez

(
2dG(u)[dG(u) + dG(v)]

3dG(u) + dG(v)− 2

)3

+
∑

uv∈Ex

(
2dG(u)dG(v)

dG(u) + dG(v)− 1

)3

where s = ab, t = bc ∈ E(G), e = uv ∈ E(G); u, v, a, b, c ∈ V (G) and are
distinct.

(ii) AZI(G++−) = m

(
m2

2(m− 1)

)3

+
∑

st∈Ey

(
[dG(a) + dG(b) + n− 4][dG(b) + dG(c) + n− 4]

dG(a) + 2dG(b) + dG(c) + 2n− 10

)3

+
∑

eu∈Ez

(
m[dG(v) + dG(w) + n− 4]

n+m+ dG(v) + dG(w)− 6

)3

where s = ab, t = bc ∈ E(G), e = vw ∈ E(G); u, v, w, a, b, c ∈ V (G) and
are distinct.

(iii) AZI(G+−+) =
∑

uv∈Ex

(
2dG(u)dG(v)

dG(u) + dG(v)− 1

)3

+
∑

st∈Ey

(
[m− dG(a)− dG(b) + 3][m− dG(c)− dG(d) + 3]

2(m+ 2)− (dG(a) + dG(b) + dG(c) + dG(d))

)3

+
∑

eu∈Ez

(
2dG(u)[m− dG(u)− dG(v) + 3]

m+ dG(u)− dG(v) + 1

)3

where s = ab, t = cd ∈ E(G), e = uv ∈ E(G); u, v, a, b, c, d ∈ V (G) and
are distinct.

(iv) AZI(G−++) =
∑

st∈Ey

(
[dG(a) + dG(b)][dG(b) + dG(c)]

dG(a) + 2dG(b) + dG(c)− 2

)3

+
∑

eu∈Ez

(
(n− 1)[dG(u) + dG(v)]

n+ dG(u) + dG(v)− 3

)3

+

((
n
2

)
−m

)(
(n− 1)2

2(n− 2)

)3

where s = ab, t = bc ∈ E(G), e = uv ∈ E(G); u, v, a, b, c ∈ V (G) and are
distinct.

(v) AZI(G−−−) =
∑

uv∈Ex

(
[k − 2dG(u)][k − 2dG(v)]

2(k − dG(u)− dG(v)− 1)

)3

+
∑

st∈Ey

(
[k − dG(a)− dG(b)][k − dG(c)− dG(d)]

2(k − 1)− [dG(a) + dG(b) + dG(c) + dG(d)]

)3
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+
∑

eu∈Ez

(
[k − 2dG(u)][k − dG(v)− dG(w)]

2(k − 1)− [2dG(u) + dG(v) + dG(w)]

)3

where k = n+m− 1; s = ab, t = cd ∈ E(G), e = vw ∈ E(G);
u, v, w, a, b, c, d ∈ V (G) and are distinct.

(vi) AZI(G−−+) =

((
n
2

)
−m

)(
(n− 1)2

2(n− 2)

)3

+
∑

st∈Ey

(
[m− dG(a)− dG(b) + 3][m− dG(c)− dG(d) + 3]

2(m+ 2)− [dG(a) + dG(b) + dG(c) + dG(d)]

)3

+
∑

eu∈Ez

(
(n− 1)[m− dG(u)− dG(v) + 3]

n+m− dG(u)− dG(v)

)3

where s = ab, t = cd ∈ E(G), e = uv ∈ E(G); u, v, a, b, c, d ∈ V (G) and
are distinct.

(vii) AZI(G−+−) =
∑

uv∈Ex

(
[k − 2dG(u)][k − 2dG(v)]

2(k − dG(u)− dG(v)− 1)

)3

+
∑

st∈Ey

(
[n+ dG(a) + dG(b)− 4][n+ dG(b) + dG(c)− 4]

2(n− 5) + dG(a) + 2dG(b) + dG(c)

)3

+
∑

eu∈Ez

(
[k − 2dG(u)][n+ dG(v) + dG(w)− 4]

k + n− 2dG(u) + dG(v) + dG(w)− 6

)3

where k = n+m− 1; s = ab, t = bc ∈ E(G), e = vw ∈ E(G);
u, v, w, a, b, c ∈ V (G) and are distinct.

(viii) AZI(G+−−) =
∑

st∈Ey

(
[k − dG(a)− dG(b)][k − dG(c) + dG(d)]

2(k − 1)− [dG(a) + dG(b) + dG(c) + dG(d)]

)3

+
∑

eu∈Ez

(
m(k − dG(v)− dG(w))

k +m− 2− dG(v)− dG(w)

)3

+m

(
m2

2(m− 1)

)3

where k = n+m− 1; s = ab, t = cd ∈ E(G), e = vw ∈ E(G);
u, v, w, a, b, c, d ∈ V (G) and are distinct.

Corollary 4.1. Let G be a r-regular graph on n vertices having m edges.
Then

(i) AZI(Gr
+++) = m(r + 2)

(
2r2

2r − 1

)3

(ii) AZI(Gr
++−) = m

[(
m2

2(m− 1)

)3

+ (r − 1)

(
(2r + n− 4)2

2(2r + n− 5)

)3

+ (n− 2)

(
m(2r + n− 4)

n+m+ 2(r − 3)

)3]
(iii) AZI(Gr

+−+) = m

[(
2r2

2r − 1

)3

+
(m− 2r + 1)

2

(
(m− 2r + 3)2

2(m− 2r + 2)

)3

+ 2

(
2r(m− 2r + 3)

m+ 1

)3]
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(iv) AZI(Gr
−++) =

((
n
2

)
−m

)(
(n− 1)2

2(n− 2)

)3

+m

[
(r − 1)

(
2r2

2r − 1

)3

+ 2

(
2r(n− 1)

n+ 2r − 3

)3]
(v) AZI(Gr

−−−) =

(
(k − 2r)2

2(k − 1− 2r)

)3((
n
2

)
+

m

2
(m+ 2n− 2r − 5)

)
(vi) AZI(Gr

−−+) =

((
n
2

)
−m

)(
(n− 1)2

2(n− 2)

)3

+m

[(
m− 2r + 1

2

)(
(m− 2r + 3)2

2(m+ 2− 2r)

)3

+ 2

(
(n− 1)(m− 2r + 3)

n+m− 2r

)3]
(vii) AZI(Gr

−+−) =

((
n
2

)
−m

)(
(k − 2r)2

2(k − 2r − 1)

)3

+m

[
(r − 1)

(
(n+ 2r − 4)2

2(n− 5 + 2r)

)3

+ (n− 2)

(
(k − 2r)(n+ 2r − 4)

k + n− 6

)3]
(viii) AZI(Gr

+−−) = m

[(
m2

2(m− 1)

)3

+
1

2
(m − 2r + 1)

(
(k − 2r)2

2(k − 2r − 1)

)3

+

(n− 2)

(
m(k − 2r)

k +m− 2(1 + r)

)3]

References

[1] S. B. Chandrakala, K. Manjula and B. Sooryanarayana. The transformation graph Gxyz

when xyz = ++−. Int. J. Math. Sci. Eng. Appl. (IJMSEA), 3(1)(2009), 249–259.
[2] E. Estrada, L. Torres, L. Rodrguez and I. Gutman. An atom-bond connectivity index: mod-

elling the enthalpy of formation of alkanes. Indian J. Chem., 37A(10)(1998), 849–855.
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