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DEGREE BASED TOPOLOGICAL INDICES OF LINE GRAPH OF A

CAYLEY TREE Γkn

U. POOJARI1∗, B. S. DURGI1, R. M. BANAKAR2, §

Abstract. Several topological indices and their chemical applicability have been stud-
ied in chemical graph theory. Some of the degree based topological indices, namely
Zagreb index, Modified Zagreb index, Randić index, Atom-bond connectivity index, the
fourth version of atom-bond connectivity index, Geometric arithmetic index, the fifth
version of geometric arithmetic index, Sum connectivity index have been obtained for
Cayley tree Γkn for k = 2 . In this paper, we have computed these topological indices for
the line graph of a Cayley tree L(Γkn).

Keywords: Degree based topological index, Zagreb index, atom-bond connectivity index,
Randić index, Cayley tree.
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1. Introduction

Let G be a simple connected graph with vertex set V (G) and edge set E (G). Let du(G)
denotes the degree of a vertex u in G, dG(u, v) denotes the shortest distance between the
vetices u and v and Su(G) denotes the degree sum of the neighbourhood of the vertex u in
G. |V(G)| and |E(G)| respectively denote the number of vertices and the number of edges
in the graph G. The line graph of a graph G is denoted by L(G), and is the graph whose
vertices are the edges of G and two vertices in L(G) are adjacent if and only if they have
a common vertex in G [11].

Topological index is the numerical value, which is used to characterize the physical and
chemical nature of chemical molecules. Wiener[25] introduced the concept of topological
indices in 1947, while he was working on the boiling point of paraffin molecules. He defined

Wiener index as W (G) = 1
2

∑
u,v∈V

dG(u, v) [25].
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The Cayley tree Γkn, with n levels from the root, is an infinite and symmetric regular
tree, that is, a graph without cycles, from each vertex of which exactly k + 1 edges are

issued [17].The number of vertices in Γkn when k ≥ 2 is |V|= 1+ (k+1)(kn−1)
k−1 and the number

of edges is |E|= (k+1)(kn−1)
k−1 . The Cayley graph with n = 3 and k = 3 is shown in Figure

1(a).

(a) Cayley tree Γ3
3 (b) Line graph of Cayley tree Γ3

3

Figure 1. Cayley tree and line graph of Cayley tree Γ3
3

2. Preliminary

2.1. Definitions. Following are some of the degree based topological indices:

Definition 2.1. The atom-bond connectivity index (ABC) was introduced by Estrada et.
al.[10]. The ABC index is given by

ABC(G) =
∑
uv∈E

√
du + dv − 2

du · dv
. (1)

Definition 2.2. The geometric arithmetic index GA(G) was introduced by D. Vukicevic
and B. Furtula [9]. The GA(G) index is given by

GA(G) =
∑
uv∈E

2
√
du · dv

(du + dv)
. (2)

Definition 2.3. The Randić index, which is regarded as the oldest degree based topological
index [21], is given by

R− 1
2
(G) =

∑
uv∈E

1√
du · dv

. (3)

Definition 2.4. The general sum connectivity index was introduced by Zhou and Trinajstic
[7] and is given by

χα(G) =
∑
uv∈E

(du + dv)
α. (4)

Definition 2.5. The Zagreb indices were first defined by Gutman and Trinajstic [15, 16]
in studying pi-electron energy of chemical compounds. For a graph G, the first, second,
third and the modified Zagreb indices are given by,

First Zagreb index : M1(G) =
∑
uv∈E

(du + dv) , (5)
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Second Zagreb index : M2(G) =
∑
uv∈E

(du · dv) , (6)

Third Zagreb index : M3(G) =
∑
uv∈E
|du − dv| , (7)

Modified Zagreb index : M∗2 (G) =
∑
uv∈E

1

du · dv
. (8)

Definition 2.6. The fourth version of atom-bond connectivity index ABC4(G) was intro-
duced by M. Ghorbani et. al. [13]. The ABC4 index is given by

ABC4(G) =
∑
uv∈E

√
Su + Sv − 2

Su · Sv
. (9)

Definition 2.7. The fifth version of geometric arithmetic index GA5(G) was introduced
by Graovac et.al.[14]. The fifth version of geometric arithmetic index GA5(G) is given by

GA5(G) =
∑
uv∈E

2
√
Su · Sv

(Su + Sv)
. (10)

3. Main Results

In this paper, we compute the first, second, third and the modified Zagreb indices,
Randić index, atom bond Connectivity index, the fourth version of atom-bond connectiv-
ity index, geometric arithmetic index, the fifth version of geometric arithmetic index, the
sum connectivity index of L(Γkn). The line graph of a Cayley tree with n = 3 and k = 3,
L(Γkn) is shown in Figure 1(b). The number of vertices and the number of edges of L(Γkn),

when k ≥ 2, are given by |V |= (k+1)(kn−1)
k−1 and |E|= k(k+1)

2(k−1) [(k + 1)kn−1 − 2] respectively.

Edge partition of L(Γkn) on the basis of degree of end vertices of each edge, when n ≥ 2
and k ≥ 2:

(du, dv)where uv ∈ E Number of edges

(k, k) kn+1−kn−1

2

(k, 2k) (k + 1)kn−1

(2k, 2k) k(k+1)
2(k−1) [(k + 1)kn−2 − 2]

Table 1. Edge partition of L(Γkn), when n ≥ 2 and k ≥ 2.
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Edge partition of L(Γkn) on the basis of degree of end vertices of each edge, when n = 1
and k ≥ 2:

(du, dv)where uv ∈ E Number of edges

(k, k) k(k+1)
2

Table 2. Edge partition of L(Γkn), when n = 1 and k ≥ 2.

Theorem 3.1. The ABC index, GA index, Randić index, sum connectivity index and
Zagreb indices for the line graph of Cayley tree Γkn, when n ≥ 2 and k ≥ 2 are given by,

(i) ABC(L(Γkn)) = (kn−kn−2)
√
k−1√

2
+ (k + 1)kn−2

√
3k−2
2 + (k+1)

(k−1)

√
2k−1
2
√
2

[(k + 1)kn−2 − 2].

(ii) GA(L(Γkn)) = kn+1−kn−1

2 + (k + 1)kn−1 2
√
2

3 + k(k+1)
2(k−1) [(k + 1)kn−2 − 2].

(iii) R− 1
2
(L(Γkn)) = kn−kn−2

2 + (k+1)√
2
kn−2 + (k+1)

4(k−1) [(k + 1)kn−2 − 2].

(iv) χα(L(Γkn)) = 2α−1[kn+1+α−kn−1+α]+3α(k+1)kn−1+α+ 4α

2 k
1+α(k+1)[(k+1)kn−2−2].

(v) M1(L(Γkn)) = kn+2 + 2kn + 3kn+1 + 2k2(k+1)
(k−1) [(k + 1)kn−2 − 2].

(vi) M2(L(Γkn)) = kn+3

2 + 2kn+2 + 3
2k

n+1 + 2k3(k+1)
(k−1) [(k + 1)kn−2 − 2].

(vii) M3(L(Γkn)) = (k + 1)kn.

(viii) M∗2 (L(Γkn)) = kn−1+kn−2

2 + k+1
8k(k−1) [(k + 1)kn−2 − 2].

Proof. Let uv ∈ E is an edge in L(Γkn), with u and v as end vertices. From Table(1), it
is clear that, in L(Γkn), on the basis of degree of end vertices of each edge, when n ≥ 2 and

k ≥ 2 , there exist three types of edges. In first type, there are kn+1−kn−1

2 edges with each

of the edges uv ∈ E is such that du = k and dv = k. In second type, there are (k+ 1)kn−1

edges with each of the edges uv ∈ E is such that du = k and dv = 2k. And in the third

type, there are k(k+1)
2(k−1) [(k + 1)kn−2 − 2] edges with each of the edges uv ∈ E is such that

du = 2k and dv = 2k. We use this information in formulae (1) - (8) to obtain the results
of Theorem 3.1.

(i) From Eq.(1), we have ABC(G) =
∑
uv∈E

√
du + dv − 2

du · dv
,

using Table (1), we get

ABC(L(Γkn) =

(
kn+1 − kn−1

2

)√
k + k − 2

k · k
+ (k + 1)kn−1

√
k + 2k − 2

k · 2k

+
k(k + 1)

2(k − 1)
[(k + 1)kn−2 − 2]

√
2k + 2k − 2

2k · 2k
.

∴ ABC(L(Γkn)) =
(kn − kn−2)

√
k − 1√

2
+ (k + 1)kn−2

√
3k − 2

2

+
(k + 1)

(k − 1)

√
2k − 1

2
√

2
[(k + 1)kn−2 − 2].
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(ii) From Eq.(2), we have GA(G) =
∑
uv∈E

2
√
du · dv

(du + dv)
,

using Table (1), we get

GA(L(Γkn)) =

(
kn+1 − kn−1

2

)
2
√
k · k

(k + k)
+ (k + 1)kn−1

2
√
k · 2k

(k + 2k)

+
k(k + 1)

2(k − 1)
[(k + 1)kn−2 − 2]

2
√

2k · 2k
(2k + 2k)

.

∴ GA(L(Γkn)) =
kn+1 − kn−1

2
+ (k + 1)kn−1

2
√

2

3
+
k(k + 1)

2(k − 1)
[(k + 1)kn−2 − 2].

∴ GA(L(Γkn)) =
kn+1 − kn−1

2
+ (k + 1)kn−1

2
√

2

3
+
k(k + 1)

2(k − 1)
[(k + 1)kn−2 − 2].

(iii) From Eq.(3), we have R− 1
2
(G) =

∑
uv∈E

1√
du · dv

,

using Table (1), we get

R− 1
2
(L(Γkn)) =

(
kn+1 − kn−1

2

)
1√
k · k

+ (k + 1)kn−1
1√
k · 2k

+
k(k + 1)

2(k − 1)
[(k + 1)kn−2 − 2]

1√
2k · 2k

.

∴ R− 1
2
(L(Γkn)) =

kn − kn−2

2
+

(k + 1)√
2

kn−2 +
(k + 1)

4(k − 1)
[(k + 1)kn−2 − 2].

(iv) From Eq.(4), we have χα(G) =
∑
uv∈E

(du + dv)
α,

using Table (1), we get

χα(L(Γkn)) =

(
kn+1 − kn−1

2

)
(k + k)α + (k + 1)kn−1(k + 2k)α

+
k(k + 1)

2(k − 1)
[(k + 1)kn−2 − 2](2k + 2k)α.

∴ χα(L(Γkn)) = 2α−1[kn+1+α − kn−1+α] + 3α(k + 1)kn−1+α

+
4α

2
k1+α(k + 1)[(k + 1)kn−2 − 2].

(v) From Eq.(5), we have M1(G) =
∑
uv∈E

(du + dv),

using Table (1), we get

M1(L(Γkn)) =

(
kn+1 − kn−1

2

)
(2k) + (k + 1)kn−1(3k)

+
k(k + 1)

2(k − 1)
[(k + 1)kn−2 − 2](4k).

∴M1(L(Γkn)) = kn+2 + 2kn + 3kn+1 +
2k2(k + 1)

(k − 1)
[(k + 1)kn−2 − 2].
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(vi) From Eq.(6), we have M2(G) =
∑
uv∈E

(du · dv),

using Table (1), we get

M2(L(Γkn)) =

(
kn+1 − kn−1

2

)
(k · k) + (k + 1)kn−1(k · 2k)

+
k(k + 1)

2(k − 1)
[(k + 1)kn−2 − 2](2k · 2k).

∴M2(L(Γkn)) =
kn+3

2
+ 2kn+2 +

3

2
kn+1 +

2k3(k + 1)

(k − 1)
[(k + 1)kn−2 − 2].

(vii) From Eq.(7), we have M3(G) =
∑
uv∈E
|du − dv|,

using Table (1), we get

M3(L(Γkn)) =

(
kn+1 − kn−1

2

)
|k − k|+(k + 1)kn−1|k − 2k|

+
k(k + 1)

2(k − 1)
[(k + 1)kn−2 − 2]|2k − 2k|.

∴M3(L(Γkn)) = (k + 1)kn.

(viii) From Eq.(8), we have M∗2 (G) =
∑
uv∈E

1

du · dv
,

using Table (1), we get

M∗2 (L(Γkn)) =

(
kn+1 − kn−1

2

)
1

k2
+ (k + 1)kn−1

1

2k2
+
k(k + 1)

2(k − 1)
[(k + 1)kn−2 − 2]

1

4k2
.

∴M∗2 (L(Γkn)) =
kn−1 + kn−2

2
+

k + 1

8k(k − 1)
[(k + 1)kn−2 − 2]. �

Theorem 3.2. The ABC index, GA index, Randić index, sum connectivity index and
Zagreb indices for the line graph of cayley tree Γkn, when n = 1 and k ≥ 2 are:

(i) ABC(L(Γkn)) = (k+1)
√
k−1√

2
.

(ii) GA(L(Γkn)) = k(k+1)
2 .

(iii) R− 1
2
(L(Γkn)) = k+1

2 .

(iv) χα(L(Γkn)) = (k + 1)k1+α2α−1.
(v) M1(L(Γkn)) = k2(k + 1).

(vi) M2(L(Γkn)) = k3(k+1)
2 .

(vii) M3(L(Γkn)) = 0.
(viii) M∗2 (L(Γkn)) = k+1

2k .

Proof.
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(i) From Eq.(1), we have ABC(G) =
∑
uv∈E

√
du + dv − 2

du · dv
,

using Table (2), we get

ABC(L(Γkn)) =

(
k(k + 1)

2

)√
k + k − 2

k · k
.

∴ ABC(L(Γkn)) =
(k + 1)

√
k − 1√

2
.

(ii) From Eq.(2), we have GA(G) =
∑
uv∈E

2
√
du · dv

(du + dv)
,

using Table (2), we get

GA(L(Γkn)) =

(
k(k + 1)

2

)
2
√
k · k

k + k
.

∴ GA(L(Γkn)) =
k(k + 1)

2
.

(iii) From Eq.(3), we have R− 1
2
(G) =

∑
uv∈E

1√
du · dv

,

using Table (2), we get

R− 1
2
(L(Γkn)) =

(
k(k + 1)

2

)
1√
k · k

.

∴ R− 1
2
(L(Γkn)) =

k + 1

2
.

(iv) From Eq.(4), we have χα(G) =
∑
uv∈E

(du + dv)
α,

using Table (2), we get

χα(L(Γkn)) =

(
k(k + 1)

2

)
[k + k]α.

∴ χα(L(Γkn)) = (k + 1)k1+α2α−1.

(v) From Eq.(5), we have M1(G) =
∑
uv∈E

(du + dv),

using Table (2), we get

M1(L(Γkn)) =

(
k(k + 1)

2

)
(k + k).

∴M1(L(Γkn)) = k2(k + 1).

(vi) From Eq.(6), we have M2(G) =
∑
uv∈E

(du · dv),

using Table (2), we get

M2(L(Γkn)) =

(
k(k + 1)

2

)
(k · k).

∴M2(L(Γkn)) =
k3(k + 1)

2
.
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(vii) From Eq.(7), we have M3(G) =
∑
uv∈E
|du − dv|,

using Table (2), we get

M3(L(Γkn)) =

(
k(k + 1)

2

)
|k − k|.

∴M3(L(Γkn)) = 0.

(viii) From Eq.(8), we have M∗2 (G) =
∑
uv∈E

1

du · dv
,

using Table (2), we get

M∗2 (L(Γkn)) =

(
k(k + 1)

2

)
1

k · k
.

∴M∗2 (L(Γkn)) =
k + 1

2k
. �

Edge partition of L(Γkn) on the basis of degree sum of neighbours of end vertices of each
edge, when n = 1 and k ≥ 2:

(Su, Sv)where uv ∈ E Number of edges

(k2, k2) k(k+1)
2

Table 3. Edge partition of L(Γkn), when n = 1 and k ≥ 2.

Edge partition of L(Γkn) on the basis of degree sum of neighbours of end vertices of each
edge, when n = 2 and k ≥ 2:

(Su, Sv)where uv ∈ E Number of edges

(k(k + 1), k(k + 1)) k(k2−1)
2

(k(k + 1), 3k2) k(k + 1)

(3k2, 3k2) k(k+1)
2

Table 4. Edge partition of L(Γkn), when n = 2 and k ≥ 2.

Edge partition of L(Γkn) on the basis of degree sum of neighbours of end vertices of each
edge, when n ≥ 3 and k ≥ 2:

(Su, Sv)where uv ∈ E Number of edges

(k(k + 1), k(k + 1)) kn−1(k2−1)
2

(k(k + 1), 3k2) kn−1(k + 1)

(3k2, 3k2) kn−2(k2−1)
2

(3k2, 4k2) kn−2(k + 1)

(4k2, 4k2) k(k+1)
2(k−1) [(k + 1)kn−3 − 2]

Table 5. Edge partition of L(Γkn), when n ≥ 3 and k ≥ 2.
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Theorem 3.3. The ABC4 index and GA5 index for the line graph of cayley tree Γkn, when
n = 1 and k ≥ 2 are:

(i) ABC4(L(Γkn)) = (k+1)
√
k2−1

k
√
2

.

(ii) GA5(L(Γkn)) = k(k+1)
2 .

Proof.

(a) From Eq.(9), we have ABC4(G) =
∑
uv∈E

√
Su + Sv − 2

Su · Sv
,

using Table(3), we get

ABC4(L(Γkn)) =

(
k(k + 1)

2

)√
k2 + k2 − 2

k2 · k2
.

∴ ABC4(L(Γkn)) =
(k + 1)

√
k2 − 1

k
√

2
.

(b) From Eq.(10), we have GA5(G) =
∑
uv∈E

2
√
Su · Sv

(Su + Sv)
,

using Table(3), we get

GA5(L(Γkn)) =

(
k(k + 1)

2

)
2
√
k2 · k2

k2 + k2
.

∴ GA5(L(Γkn)) =
k(k + 1)

2
. �

Theorem 3.4. The ABC4 index and GA5 index for the line graph of cayley tree Γkn, when
n = 2 and k ≥ 2 are:

(i) ABC4(L(Γkn)) = (k − 1)
√

k2+k−1
2 +

√
4k3+5k2−k−2

3k + (k+1)
3k

√
3k2−1

2 .

(ii) GA5(L(Γkn)) = k(k+1)
2

(
k +

4
√

3k(k+1)

4k+1

)
.

Proof.

(i) From Eq.(9), we have ABC4(G) =
∑
uv∈E

√
Su + Sv − 2

Su · Sv
,

using Table(4), we get

ABC4(L(Γkn)) =

(
k(k2 − 1)

2

)√
k2 + k + k2 + k − 2

k(k + 1)k(k + 1)
+ k(k + 1)

√
k(k + 1) + 3k2 − 2

k(k + 1)3k2

+
k(k + 1)

2

√
6k2 − 2

9k4
.

∴ ABC4(L(Γkn)) = (k − 1)

√
k2 + k − 1

2
+

√
4k3 + 5k2 − k − 2

3k
+

(k + 1)

3k

√
3k2 − 1

2
.
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(ii) From Eq.(10), we have GA5(G) =
∑
uv∈E

2
√
Su · Sv

(Su + Sv)
,

using Table(4), we get

GA5(L(Γkn)) =
k(k2 − 1)

2

(
2
√
k2(k + 1)2

k(k + 1) + k(k + 1)

)
+ k(k + 1)

(
2
√
k(k + 1)3k2

k(k + 1) + 3k2

)

+
k(k + 1)

2

(
2
√

3k2 · 3k2
6k2

)
.

∴ GA5(L(Γkn)) =
k(k + 1)

2

(
k +

4
√

3k(k + 1)

4k + 1

)
. �

Theorem 3.5. The ABC4 index and GA5 index for the line graph of cayley tree Γkn, when
n ≥ 3 and k ≥ 2 are:

(i)ABC4(L(Γkn)) = (k − 1)kn−2
√
k2 + k − 1

2
+ kn−

5
2

√
4k3 + 5k2 − k − 2

3

+ (k + 1)kn−4

[
(k − 1)

3

√
3k2 − 1

2
+

√
7k2 − 2

12

]

+
(k + 1)

4k(k − 1)
[(k + 1)kn−3 − 2]

√
4k2 − 1

2
.

(ii)GA5(L(Γkn)) = (k + 1)kn−1

(
k − 1

2
+

2
√

3k(k + 1)

4k + 1

)

+ (k + 1)kn−2

(
k

2
+

1

k − 1
+

4
√

3

7

)
− k(k + 1)

k − 1
.

Proof.

(i) From Eq.(9), we have ABC4(G) =
∑
uv∈E

√
Su + Sv − 2

Su · Sv
,

using Table(5), we get

ABC4(L(Γkn)) =
(k2 − 1)kn−1

2

√
2k(k + 1)− 2

k2(k + 1)2
+ (k + 1)kn−1

√
k(k + 1) + 3k2 − 2

k(k + 1)3k2

+
(k2 − 1)kn−2

2

√
6k2 − 2

9k4
+ (k + 1)kn−2

√
7k2 − 2

12k4

+
k(k + 1)

2(k − 1)
[(k + 1)kn−3 − 2]

√
8k2 − 2

16k4
.
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∴ ABC4(L(Γkn)) = (k − 1)kn−2
√
k2 + k − 1

2
+ kn−

5
2

√
4k3 + 5k2 − k − 2

3

+ (k + 1)kn−4

[
(k − 1)

3

√
3k2 − 1

2
+

√
7k2 − 2

12

]

+
(k + 1)

4k(k − 1)
[(k + 1)kn−3 − 2]

√
4k2 − 1

2
.

(ii) From Eq.(10), we have GA5(G) =
∑
uv∈E

2
√
Su · Sv

(Su + Sv)
,

using Table(5), we get

GA5(L(Γkn)) =
kn−1(k2 − 1)

2

(
2
√
k2(k + 1)2

2k(k + 1)

)
+ (k + 1)kn−1

(
2
√
k(k + 1)3k2

k(k + 1) + 3k2

)

+
kn−2(k2 − 1)

2

(
2
√

3k2 · 3k2
6k2

)
+ (k + 1)kn−2

(
2
√

3k24k2

7k2

)

+
k(k + 1)

2(k − 1)
[(k + 1)kn−3 − 2]

2
√

4k2 · 4k2
8k2

.

∴ GA5(L(Γkn)) = (k + 1)kn−1

(
k − 1

2
+

2
√

3k(k + 1)

4k + 1

)
+ (k + 1)kn−2

(
k

2
+

1

k − 1
+

4
√

3

7

)

− k(k + 1)

k − 1
.

Edge partition of L(Γkn) on the basis of degree of end vertices of each edge, when k = 1:
The number of vertices and edges of L(Γkn) when k = 1 are |V |= 2n and |E|= 2n − 1
respectively.

(du, dv)where uv ∈ E Number of edges

(1, 1) 1

Table 6. Edge partition of L(Γkn), when n = 1 and k = 1.

(du, dv)where uv ∈ E Number of edges

(1, 2) 2
(2, 2) 2n− 3

Table 7. Edge partition of L(Γkn), when n ≥ 2 and k = 1.

Theorem 3.6. The ABC index, GA index, Randić index, sum connectivity index and
Zagreb indices for the line graph of cayley tree Γkn, when n = 1 and k = 1 are:

(i) ABC(L(Γkn)) = 0.
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(ii) GA(L(Γkn)) = 1.
(iii) R− 1

2
(L(Γkn)) = 1.

(iv) χα(L(Γkn)) = 2α.
(v) M1(L(Γkn)) = 2.
(vi) M2(L(Γkn)) = 1.
(vii) M3(L(Γkn)) = 0.
(viii) M∗2 (L(Γkn)) = 1.

Proof.

(i) From Eq.(1), we have ABC(G) =
∑
uv∈E

√
du + dv − 2

du · dv
,

using Table(6), we get

ABC(L(Γkn)) =

√
1 + 1− 2

1
.

∴ ABC(L(Γkn)) = 0.

(ii) From Eq.(2), we have GA(G) =
∑
uv∈E

2
√
du · dv

(du + dv)
,

using Table(6), we get

GA(L(Γkn)) =
2
√

1

(1 + 1)
.

∴ GA(L(Γkn)) = 1.

(iii) From Eq.(3), we have R− 1
2
(G) =

∑
uv∈E

1√
du · dv

,

using Table(6), we get

R− 1
2
(L(Γkn)) =

1√
1
.

∴ R− 1
2
(L(Γkn)) = 1.

(iv) From Eq.(4), we have χα(G) =
∑
uv∈E

(du + dv)
α,

using Table(6), we get

χα(L(Γkn)) = (1 + 1)α.

∴ χα(L(Γkn)) = 2α.

(v) From Eq.(5), we have M1(G) =
∑
uv∈E

(du + dv),

using Table(6), we get

M1(L(Γkn)) = (1 + 1).

∴M1(L(Γkn)) = 2.
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(vi) From Eq.(6), we have M2(G) =
∑
uv∈E

(du · dv),

using Table(6), we get

M2(L(Γkn)) = 1.

∴M2(L(Γkn)) = 1.

(vii) From Eq.(7), we have M3(G) =
∑
uv∈E
|du − dv|,

using Table(6), we get

M3(L(Γkn)) = |1− 1|.

∴M3(L(Γkn)) = 0.

(viii) From Eq.(8), we have M∗2 (G) =
∑
uv∈E

1

du · dv
,

using Table(6), we get

M∗2 (L(Γkn)) =
1

1
.

∴M∗2 (L(Γkn)) = 1. �

Theorem 3.7. The ABC index, GA index, Randić index, sum connectivity index and
Zagreb indices for the line graph of cayley tree Γkn, when n ≥ 2 and k = 1 are:

(i) ABC(L(Γkn)) = 2n−1√
2

.

(ii) GA(L(Γkn)) = 4
√
2−9+6n
3 .

(iii) R− 1
2
(L(Γkn)) =

√
2 + 2n−3

2 .

(iv) χα(L(Γkn)) = 2(3α) + (2n− 3)(4α).
(v) M1(L(Γkn)) = 8n− 6.
(vi) M2(L(Γkn)) = 8(n− 1).
(vii) M3(L(Γkn)) = 2
(viii) M∗2 (L(Γkn)) = 2n+1

4 .

Proof.

(i) From Eq.(1), we have ABC(G) =
∑
uv∈E

√
du + dv − 2

du · dv
,

using Table(7), we get

ABC(L(Γkn)) = 2

√
1 + 2− 2

2
+ (2n− 3)

√
2 + 2− 2

4
.

∴ ABC(L(Γkn)) =
2n− 1√

2
.

(ii) From Eq.(2), we have GA(G) =
∑
uv∈E

2
√
du · dv

(du + dv)
,

using Table(7), we get

GA(L(Γkn)) =
4
√

2

(1 + 2)
+ (2n− 3)

2
√

4

(2 + 2)
.

∴ GA(L(Γkn)) =
4
√

2− 9 + 6n

3
.
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(iii) From Eq.(3), we have R− 1
2
(G) =

∑
uv∈E

1√
du · dv

,

using Table(7), we get

R− 1
2
(L(Γkn)) = 2

1√
2

+ (2n− 3)
1√
4
.

∴ R− 1
2
(L(Γkn)) =

√
2 +

2n− 3

2
.

(iv) From Eq.(4), we have χα(G) =
∑
uv∈E

(du + dv)
α,

using Table(7), we get

χα(L(Γkn)) = 2((1 + 2)α) + (2n− 3)((2 + 2)α.

∴ χα(L(Γkn)) = 2(3α) + (2n− 3)(4α).

(v) From Eq.(5), we have M1(G) =
∑
uv∈E

(du + dv),

using Table(7), we get

M1(L(Γkn)) = 2(1 + 2) + (2n− 3)(2 + 2).

∴M1(L(Γkn)) = 8n− 6.

(vi) From Eq.(6), we have M2(G) =
∑
uv∈E

(du · dv),

using Table(7), we get

M2(L(Γkn)) = 2(2) + (2n− 3)(4).

∴M2(L(Γkn)) = 8(n− 1).

(vii) From Eq.(7), we have M3(G) =
∑
uv∈E
|du − dv|,

using Table(7), we get

M3(L(Γkn)) = 2|2− 1|+(2n− 3)|2− 2|.

∴M3(L(Γkn)) = 2.

(viii) From Eq.(8), we have M∗2 (G) =
∑
uv∈E

1

du · dv
,

using Table(7), we get

M∗2 (L(Γkn)) = 2
1

2
+ (2n− 3)

1

4
.

∴M∗2 (L(Γkn)) =
2n+ 1

4
. �

Edge partition of L(Γkn) on the basis of degree sum of neighbours of end vertices of each
edge, when k = 1:
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(Su, Sv)where uv ∈ E Number of edges

(1, 1) 1

Table 8. Edge partition of L(Γkn), when n = 1 and k = 1.

(Su, Sv)where uv ∈ E Number of edges

(2, 3) 2

(3, 3) 1

Table 9. Edge partition of L(Γkn), when n = 2 and k = 1.

(Su, Sv)where uv ∈ E Number of edges

(2, 3) 2

(3, 4) 2

(4, 4) 2n− 5

Table 10. Edge partition of L(Γkn), when n ≥ 3 and k = 1.

Theorem 3.8. The ABC4 index and GA5 index for the line graph of cayley tree Γkn, when
n = 1 and k = 1 are:

(i) ABC4(L(Γkn)) = 0.
(ii) GA5(L(Γkn)) = 1.

Proof.

(i) From Eq.(9), we have ABC4(G) =
∑
uv∈E

√
Su + Sv − 2

Su · Sv
,

using Table(8), we get

ABC4(L(Γkn)) =

√
1 + 1− 2

1
.

∴ ABC4(L(Γkn)) = 0.

(ii) From Eq.(10), we have GA5(G) =
∑
uv∈E

2
√
Su · Sv

(Su + Sv)
,

using Table(8), we get

GA5(L(Γkn)) =
2
√

1

2
.

∴ GA5(L(Γkn)) = 1. �

Theorem 3.9. The ABC4 index and GA5 index for the line graph of cayley tree Γkn, when
n = 2 and k = 1 are:

(i) ABC4(L(Γkn)) =
√

2 + 2
3 .

(ii) GA5(L(Γkn)) = 1
2 + 4

√
6

5 .
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Proof.

(i) From Eq.(9), we have ABC4(G) =
∑
uv∈E

√
Su + Sv − 2

Su · Sv
,

using Table(9), we get

ABC4(L(Γkn)) = 2

√
2 + 3− 2

6
+

√
3 + 3− 2

9
.

∴ ABC4(L(Γkn)) =
√

2 +
2

3
.

(ii) From Eq.(10), we have GA5(G) =
∑
uv∈E

2
√
Su · Sv

(Su + Sv)
,

using Table(9), we get

GA5(L(Γkn)) = 2(
2
√

6

5
) + 2(

√
9

6
).

∴ GA5(L(Γkn)) =
1

2
+

4
√

6

5
. �

Theorem 3.10. The ABC4 index and GA5 index for the line graph of cayley tree Γkn,
when n ≥ 3 and k = 1 are:

(i) ABC4(L(Γkn)) =
√

2 +
√

5
3 + (2n− 5)

√
6
4 .

(ii) GA5(L(Γkn)) = 4
5

√
6 + 4

7

√
3 + n− 5

2 .

Proof:

(i) From Eq.(9), we have ABC4(G) =
∑
uv∈E

√
Su + Sv − 2

Su · Sv
,

using Table(10), we get

ABC4(L(Γkn)) = 2

√
2 + 3− 2

6
+ 2

√
3 + 4− 2

12
+ (2n− 5)

√
4 + 4− 2

16
.

∴ ABC4(L(Γkn)) =
√

2 +

√
5

3
+ (2n− 5)

√
6

4
.

(ii) From Eq.(10), we have GA5(G) =
∑
uv∈E

2
√
Su · Sv

(Su + Sv)
,

using Table(10), we get

GA5(L(Γkn)) = 2(
2
√

6

5
) + 2(

2
√

12

7
) + 2(2n− 5)

4

8
.

∴ GA5(L(Γkn)) =
4

5

√
6 +

4

7

√
3 + n− 5

2
. �

4. Conclusions

In this paper, generalized formulae for Zagreb index, Modified Zagreb index, Randic
index, Atom-bond connectivity index, the fourth version of atom-bond connectivity index,
geometric arithmetic index, the fifth version of geometric arithmetic index and the Sum
connectivity index for line graph of Cayley tree Γkn are computed.



U. POOJARI, B. S. DURGI, R. M. BANAKAR: DEGREE BASED TOPOLOGICAL ... 325

5. Acknowledgements

All the authors are grateful to the anonymous referees for their helpful comments and
suggestions.

References
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