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ON SOME GENERALIZED GRAPHS RELATED TO CYCLE

SHRUTI POLICEPATIL∗ AND POOJA B.1

Abstract. The generalized graphs related to cycle are defined by Scaria
et al.[43]. Motivated by this, we define three new classes namely P (n, k, t),
Q(n, k, t) and S(n, k), obtain their adjacency spectrum and thus adding them
to the classes of graphs whose spectrum is completely known. Further, we
compute (a, b)-KA indices of some generalized graphs related to cycle.

1. Introduction

The topological indices are graph invariants which are numerical values as-
sociated with molecular graphs. In mathematical chemistry, these are known as
molecular descriptors. The topological indices play vital role in mathematical
chemistry, especially quantitative structure-property relationship (QSPR) and
quantitative structure-activity relationship (QSAR) investigations. For chemical
applications of topological indices refer [3, 4, 11, 12, 16, 17, 42, 44, 49, 52, 53].

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 degree of a vertex dG(v) is the number of edges incident
to it in G. For undefined graph theoretic terminologies and notations refer [15].

The (a, b)-KA indices were introduced by Kulli [24] and elaborated in [25].
The first (a, b)-KA index KA1

(a,b)(G), the second (a, b)-KA index KA2
(a,b)(G)

and the third (a, b)-KA index KA3
(a,b)(G) are defined as

KA1
(a,b)(G) =

∑
uv∈E(G)

[dG(u)a + dG(v)a]b,

KA2
(a,b)(G) =

∑
uv∈E(G)

[dG(u)a · dG(v)a]b,

and
KA3

(a,b)(G) =
∑

uv∈E(G)

|dG(u)a − dG(v)a|b,
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where a and b are real numbers.
The particular values of a and b in (a,b)-KA indices [24].

(1) KA1
(1,1)(G) = M1(G), the first Zagreb index, [10].

(2) KA1
(−1,1)(G) = RM1(G), the redefined first Zagreb index, [41].

(3) KA1
(−1,−1)(G) = RM2(G), the redefined second Zagreb index, [41].

(4) KA1
(2,1)(G) = F1(G), the first Forgotten index, [14].

(5) KA1
(2,2)(G) = HF1(G), the first hyper Forgotten index, [9].

(6) KA1
(1,2)(G) = HM1(G), the first hyper Zagreb index, [48].

(7) KA1
(1,− 1

2
)
(G) = χ(G), the sum connectivity index, [54].

(8) 1
2
KA1

(1,1)(G) = SK(G), the SK-index, [47].

(9) KA1
(2, 1

2
)
(G) = SO(G), the Sombor index, [12].

(10) KA1
(1,b)(G) = M b

1(G), the first general Zagreb index, [34].

(11) KA1
(a,1)(G) = Mα(G), An edge α-Zagreb index, [38].

(12) KA1
(3,1)(G) = Y (G), the Y-index, [1].

(13) KA1
(1, 1

2
)
(G) = N(G), the Nirmala index, [26].

(14) KA1
(3, 1

2
)
(G) = D(G), the Dharwad index, [27].

(15) KA2
(1,1)(G) = M2(G), the second Zagreb index, [10].

(16) KA2
(2,1)(G) = F2(G), the second Forgotten index, [28].

(17) KA2
(1,2)(G) = HM2(G), the second hyper Zagreb index, [51].

(18) KA2
(1,− 1

2
)
(G) = R(G), the Randic index, [40].

(19) KA2
(1,b)(G) = Rb(G), the general Randic index, [6].

(20) KA3
(1,1)(G) = Alb(G), the Albertson index, [2].

(21) KA3
(−1,1)(G) = Min(G), the misbalance indeg index, [50].

(22) KA3
( 1
2
,1)

(G) = Mro(G), the misbalance rodeg index, [50].

(23) KA3
(− 1

2
,1)

(G) = Mir(G), the misbalance irdeg index, [50].

(24) KA3
(−2,1)(G) = Ms(G), the misbalance sdeg index, [50].

(25) KA3
(1,2)(G) = σ(G), the sigma index, [13].

(26) KA3
(2,1)(G) = MF (G), the minus F-index, [29].

(27) KA3
(2,2)(G) = ρF (G), the square F-index, [29].

(28) KA3
(2, 1

2
)
(G) = RMFc(G), the reciprocal minus F-index, [32].

(29) KA3
(1,b)(G) = M b

i (G), the general minus index, [31].

(30) KA3
(a,1)(G) = Ma

i (G), the general misbalance deg index, [35].

(31) KA3
(2,b)(G) = MF b(G), the general minus F-index, [32].

Let G = (V (G), E(G)) be a simple graph with an adjacency matrix A. The
multiset of eigenvalues of A constitute the spectrum of G. Numerous studies have
been conducted recently on the computation of various graph polynomials and
the related spectra.
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2. Generalized graphs related to cycle

Scaria et al.[43] defined some generalised graphs related to the cycle Cn namely
M(n, k), T (n, k, t), N(n, k, t), D(n, k, t,m), C(n, k, t), PC(n, k, t) and CC(n, k, t).
The definitions ofN(n, k, t) andD(n, k, t,m) contained some error. Basavanagoud
et al. corrected these definitions in [5].

Definition 2.1. [43] The graph M(n, k) has vertices, respectively, edges given
by

V (M(n, k)) = {ui, vi/0 ≤ i ≤ n− 1},
E(M(n, k)) = {uivi, uivi+1, vivi+k/0 ≤ i ≤ n− 1},

where the subscripts are expressed as integers modulo n > 4 and k < n
2
.

Definition 2.2. [43] The graph T (n, k, t) has vertices, respectively, edges given
by

V (T (n, k, t)) = {ui, vi/0 ≤ i ≤ n− 1},
E(T (n, k, t)) = {uivi, uivi+1, uiui+t, vivi+k/0 ≤ i ≤ n− 1},

where the subscripts are expressed as integers modulo n > 4 and t, k < n
2
.

Definition 2.3. [5] The graph N(n, k, t) has vertices, respectively, edges given
by

V (N(n, k, t)) = {ui, vi/0 ≤ i ≤ n− 1},
E(N(n, k, t)) = {uivi+t, viui+t, vivi+k/0 ≤ i ≤ n− 1},

where the subscripts are expressed as integers modulo n > 4 and t, k < n
2
.

Definition 2.4. [5] The graph D(n, k, t,m) has vertices, respectively, edges given
by

V (D(n, k, t,m)) = {ui, vi/0 ≤ i ≤ n− 1},
E(D(n, k, t,m)) = {uivi+t, viui+t, vivi+k/0 ≤ i ≤ n− 1},

where the subscripts are expressed as integers modulo n > 4 and t,m, k < n
2
.

Definition 2.5. [43] The graph C(n, k, t) has vertices, respectively, edges given
by

V (C(n, k, t)) = {ui, vi/0 ≤ i ≤ n− 1},
E(C(n, k, t)) = {uiui+k, uivi, vivi+t/0 ≤ i ≤ n− 1},

where the subscripts are expressed as integers modulo n > 4 and t, k < n
2
.

Definition 2.6. [43] The graph PC(n, k, t) has vertices, respectively, edges given
by

V (PC(n, k, t)) = {ui, vi/0 ≤ i ≤ n− 1},
E(PC(n, k, t)) = {uivj, uivi, vivi+k/0 ≤ i, j ≤ n− 1},

where j /∈ {i + n − t, i + t} and the subscripts are expressed as integers modulo
n > 4 and t, k < n

2
.
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(g) PC(6, 1, 1)

(f) CC(6, 1, 1)(e) C(6, 1, 1)(d) D(6, 1, 1, 1)

(b) T (6, 1, 1) (c) N(6, 1, 1)(a) M(6, 1)

Figure 1. Generalized graphs related to cycle.

Definition 2.7. [43] The graph CC(n, k, t) has vertices, respectively, edges given
by

V (CC(n, k, t)) = {ui, vi/0 ≤ i ≤ n− 1},

E(CC(n, k, t)) = {uiuj, uivi, vivi+k/0 ≤ i, j ≤ n− 1},

where j /∈ {i + n − t, i + t} and the subscripts are expressed as integers modulo
n > 4 and t, k < n

2
.

Gera et al. described the spectrum of the generalized petersen graph [8]. The
work is motivated from a work on the spectrum of the generalized graphs related
to cycle [43] in which the authors describe the spectrum of the generalized graphs
related to cycle in terms of the eigenvalues of a cycle.

We propose the following definitions of graphs which are all new in literature.

Definition 2.8. The graph P (n, k, t) has vertices, respectively, edges given by

V (P (n, k, t)) = {ui, vi/0 ≤ i ≤ n− 1},

E(P (n, k, t)) = {uiuj, uivi, uivi+1, vivi+k/0 ≤ i, j ≤ n− 1},

where j /∈ {i + n − t, i + t} and the subscripts are expressed as integers modulo
n > 4 and k < n

2
.
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Figure 2. The graph P (5, 1, 1).

Definition 2.9. The graph Q(n, k, t) has vertices, respectively, edges given by

V (Q(n, k, t)) = {ui, vi/0 ≤ i ≤ n− 1},

E(Q(n, k, t)) = {uiuj, uivi, uivi+1, vivi+k/0 ≤ i, j ≤ n− 1},

where j ∈ {i + 1, i + 2, ..., n − 1} and the subscripts are expressed as integers
modulo n > 4 and k < n

2
.

b b
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bbv0
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Q(n, k, t) :

Figure 3. The graph Q(4, 1, 1).

Definition 2.10. The graph S(n, k) has vertices, respectively, edges given by

V (S(n, k)) = {ui, vi/0 ≤ i ≤ n− 1},

E(S(n, k)) = {uiuj, uivi, uivi+1/0 ≤ i ≤ n− 1},

where j ∈ {i+ n− k, i+ k} and the subscripts are expressed as integers modulo
n > 4 and k < n

2
.
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Figure 4. The graph S(5, 1).

We require the following definitions for further results:
The quasi-total graph P (G) [45] of a graph G is the graph whose vertex set is

V (G)∪E(G) and two vertices are adjacent if and only if they correspond to two
nonadjacent vertices of G or to two adjacent edges of G or one is a vertex and
other is an edge incident with it in G.

The quasivertex-total graph Tqv(G) [33] of graph G is the graph whose point
set is the union of the set of points and the set of lines of G in which two points
are adjacent if and only if they correspond to two non adjacent points of G or to
two adjacent lines of G or to two adjacent points of G or to a point and a line
incident to it in G.

The semitotal point graph T2(G) of a graph G [46] is defined as a graph with
vertex set V (G) ∪ E(G) where two vertices of T2(G) are adjacent if and only if
they correspond to two adjacent vertices of G or one is a vertex of G and another
is an edge G incident with it in G.

Now, we define the following definitions:

Definition 2.11. The quasi-total line complement graph QP (G) of a graph G is
the graph whose vertex set is V (G) ∪ E(G) and two vertices are adjacent if and
only if they correspond to two non adjacent vertices of G or one is a vertex and
other is an edge incident with it in G.
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Figure 5. The grph C5 and QP (C5).

Definition 2.12. The quasi-vertex total line complement graph QTqv(G) of a
graph is the graph whose vertex set is V (G)∪E(G) and two vertices are adjacent
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if and only if they correspond to two non adjacent vertices of G or to two non
adjacent edges of G or one is a vertex and other is an edge incident with it in G.

b

b b

b b

b

b

b b

b

QTqv(C5) :

u0

u1

u2

u3

u4

v0

v1

v2

v3

v4

b

b b

b b

C5 :
u0

u1 u2

u3

u4

Figure 6. The grph C5 and QTqv(C5).

Definition 2.13. The quasi-semi total point graph of a graph QT2(G) is the
graph whose vertex set is V (G)∪E(G) and two vertices are adjacent if and only
if they correspond to two non adjacent vertices of G or one is a vertex and other
is an edge incident with its in G.
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Figure 7. The grph C5 and QT2(C5).

Note that when k = 1 and k = 2, P (n, k, t) is a quasi-total graph of Cn and
quasi-total line complement graph of Cn, respectively, when k = 1 and k = 2,
Q(n, k, t) is a quasivertex-total graph of Cn and quasivertex-total line complement
graph of Cn, respectively, when k = 1 and k = 2, S(n, k) is a semitotal-point
graph of Cn and quasi-semi total point graph of Cn, respectively.

Definition 2.14. An n× n matrix is called circulant if it can be written in the
form 

b1 b2 b3 · · · bn
bn b1 b2 · · · bn−1
bn−1 bn b1 · · · bn−2

...
...

...
. . .

...
b2 b3 b4 · · · b1


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and is denoted by circ(b1, b2, ..., bn).
In the above definitions let A(n, k) and B(n, k) respectively denote the sub-

graphs induced by the edgesA = {uiui+1, i = 0, 1, 2, ..., n−1} andB = {vivi+k, i =
0, 1, 2, ..., n − 1}. Then the adjacency matrix of A(n, k) is the adjacency matrix
of the cycle Cn which is the circulant Cn with the first row [0 1 0...0 0 1] and that
of B(n, k) is the circulant Ck

n with the first row [0.....0 1 0.....0 1 0.....0].
We require this result to prove our main results.

Lemma 2.15. [7] Let G be an r−regular graph with an adjacency matrix A and
an incidence matrix R. Then RRT = A+ rI so that for any eigen vector v of A
with an eigenvalue λ, RRTv = (λ+ 2)v.

Theorem 2.16. [24] Let G be an r-regular graph with n ≥ 2 vertices. Then

(i) KA1
(a,b)(G) = 2b−1nrab+1,

(ii) KA2
(a,b)(G) = 1

2
nr2ab+1,

(iii) KA3
(a,b)(G) = 0.

3. Main Results

3.1. Spectrum of new generalized graphs related to cycle in terms of
the eigenvalues of a cycle.

Theorem 3.1. The eigenvalues of P (n, k, t) are all roots of the quadratic equation

δ2 − δ[−γj + µj + (J − I)] + µj(J − I − µj)− (λj + 2) = 0,

where λj = 2cos
(
2πj
n

)
, µj = 2 cos

(
2πjk
n

)
and γj = 2 cos

(
2πjt
n

)
, 0 ≤ i ≤ n− 1 are

the eigenvalues of Cn, C
k
n and Ct

n, respectively.

Proof. By a proper ordering of vertices of P (n, k, t), an adjacency matrix of it
A(P (n, k, t)) can be written as

A(P (n, k, t)) =

[
Ck
n R

RT J − I − Ct
n

]
where R is the vertex-edge incidence matrix of Cn. Let Xj be the eigen vector
of Cn with an eigenvalue λj = 2 cos

(
2πj
n

)
. Then as per the above note, Xj is an

eigen vector of Ck
n with an eigenvalue µj = 2 cos

(
2πjk
n

)
. Now we get the desired

result. �

Theorem 3.2. The eigenvalues of Q(n, k, t) are all roots of the quadratic equation

δ2 − δ(J − I) + µj(J − I)− (λj + 2) = 0,

where λj = 2 cos
(
2πj
n

)
, µj = 2 cos

(
2πjk
n

)
and γj = 2 cos

(
2πjt
n

)
, 0 ≤ i ≤ n− 1 are

the eigenvalues of Cn, C
k
n and Ct

n, respectively.

Proof. By a proper ordering of vertices of Q(n, k, t), an adjacency matrix of it
Q(P (n, k, t)) can be written as

A(Q(n, k, t)) =

[
Ck
n R

RT J − I

]
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where R is the vertex-edge incidence matrix of Cn. Let Xj be the eigen vector
of Cn with an eigenvalue λj = 2 cos

(
2πj
n

)
. Then as per the above note, Xj is an

eigen vector of Ck
n with an eigenvalue µj = 2 cos

(
2πjk
n

)
. Now we get the desired

result. �

Theorem 3.3. The eigenvalues of S(n, k) are all roots of the quadratic equation

δ2 − δµj − (λj + 2) = 0,

where λj = 2 cos
(
2πj
n

)
and µj = 2 cos

(
2πjk
n

)
, 0 ≤ i ≤ n − 1 are the eigenvalues

of Cn and Ck
n, respectively.

Proof. By a proper ordering of vertices of S(n, k), an adjacency matrix of it
S(n, k) can be written as

A(S(n, k)) =

[
0 R
RT Ck

n

]
where R is the vertex-edge incidence matrix of Cn. Let Xj be the eigen vector
of Cn with an eigenvalue λj = 2 cos

(
2πj
n

)
. Then as per the above note, Xj is an

eigen vector of Ck
n with an eigenvalue µj = 2 cos

(
2πjk
n

)
. Now we get the desired

result. �

3.2. (a, b)-KA indices of some generalized graphs related to cycle.

Theorem 3.4. If G is a regular graph with n vertices. Then

(i) KA1
(a,b)(G) = nr

2
x[r

a+ra]b,

(ii) KA2
(a,b)(G) = nr

2
x[r

2ab],

(iii) KA3
(a,b)(G) = nr

2
.

Proof. Let G be a regular graph. We obtain two partition of edge sets of G as
follows:
E1 = {uv ∈ E(G)/dG(u) = r, dG(v) = r}, |E1| = nr

2
,

By the definitions of (a, b)-KA indices and edge partitions of G, we have
(i) The first (a, b)-KA polynomial is

KA1
(a,b)(G) =

∑
uv∈E(G)

x[dG(u)a+dG(v)a]b

=
nr

2
x[r

a+ra]b .

(ii) The second (a, b)-KA polynomial is

KA2
(a,b)(G) =

∑
uv∈E(G)

x[dG(u)a·dG(v)a]b

=
nr

2
x[r

a·ra]b

=
nr

2
x[r

2ab].
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(iii) The third (a, b)-KA polynomial is

KA3
(a,b)(G) =

∑
uv∈E(G)

x|dG(u)a−dG(v)a|b

=
nr

2
x|r

a−ra|b

=
nr

2
.

�

(dG(u), dG(v)) where uv ∈ E(G) Number of edges
(2, 4) 2n
(4, 4) n

Table 1. Edge partition of M(n, k) graph.

Theorem 3.5. If G is M(n, k) graph with 2n vertices. Then

(i) KA1
(a,b)(G) = 2n[2a + 4a]b + n2b4ab,

(ii) KA2
(a,b)(G) = n[23ab+1 + 42ab],

(iii) KA3
(a,b)(G) = 2n|2a − 4a|b.

Proof. Let G = M(n, k). By the definitions of (a, b)-KA indices and Table 1, we
have
(i) The first (a, b)-KA index is

KA1
(a,b)(G) =

∑
uv∈E(G)

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

= 2n[2a + 4a]b + n[4a + 4a]b

= 2n[2a + 4a]b + n2b4ab.

(ii) The second (a, b)-KA index is

KA2
(a,b)(G) =

∑
uv∈E(G)

[dG(u)a · dG(v)a]b

= 2n[2a · 4a]b + n[4a · 4a]b

= n[23ab+1 + 42ab].

(iii) The third (a, b)-KA index is

KA3
(a,b)(G) =

∑
uv∈E(G)

|dG(u)a − dG(v)a|b

= 2n|2a − 4a|b + n|4a − 4a|b

= 2n|2a − 4a|b.
�

Theorem 3.6. If G is T (n, k, t) graph with 2n vertices. Then

(i) KA1
(a,b)(G) = n2b+2(ab+1),
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(ii) KA2
(a,b)(G) = n42ab+1,

(iii) KA3
(a,b)(G) = 0.

Proof. Let G = T (n, k, t) is a 4-regular graph. By using Theorem 2.16, we get
the required result. �

Theorem 3.7. If G is T (n, k, t) graph with 2n vertices. Then

(i) KA1
(a,b)(G, x) = nx2

b+2(ab+1)
,

(ii) KA2
(a,b)(G, x) = nx4

2ab+1
,

(iii) KA3
(a,b)(G, x) = 4n.

Proof. Let G = T (n, k, t) is a 4-regular graph. By using Theorem 3.4, we get the
required result. �

(dG(u), dG(v)) where uv ∈ E(G) Number of edges
(1, 3) n
(3, 3) n

Table 2. Edge partition of N(n, k, t) graph.

Theorem 3.8. If G is N(n, k, t) graph with 2n vertices. Then

(i) KA1
(a,b)(G) = n[1 + 3a]b + n2b3ab,

(ii) KA2
(a,b)(G) = n[3ab + 32ab],

(iii) KA3
(a,b)(G) = n|1− 3a|b.

Proof. Let G = N(n, k, t). By the definitions of (a, b)-KA indices and Table 2,
we have
(i) The first (a, b)-KA index is

KA1
(a,b)(G) =

∑
uv∈E(G)

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

= n[1a + 3a]b + n[3a + 3a]b

= n[1 + 3a]b + n2b3ab.

(ii) The second (a, b)-KA index is

KA2
(a,b)(G) =

∑
uv∈E(G)

[dG(u)a · dG(v)a]b

= n[1a · 3a]b + n[3a · 3a]b

= n[3ab + 32ab].

(iii) The third (a, b)-KA index is

KA3
(a,b)(G) =

∑
uv∈E(G)

|dG(u)a − dG(v)a|b

= n|1a − 3a|b + n|3a − 3a|b

= n|1− 3a|b.
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�

Theorem 3.9. If G is C(n, k, t) graph with 2n vertices. Then

(i) KA1
(a,b)(G) = n2b3ab+1,

(ii) KA2
(a,b)(G) = n[32ab+1],

(iii) KA3
(a,b)(G) = 0.

Proof. Let G = C(n, k, t) is a 3-regular graph. By using Theorem 2.16, we get
the required result. �

(dG(u), dG(v)) where uv ∈ E(G) Number of edges
(n, n− 2) n2 − 2n

(n, n) n
Table 3. Edge partition of PC(n, k, t) graph.

Theorem 3.10. If G is PC(n, k, t) graph with 2n vertices. Then

(i) KA1
(a,b)(G) = n[1 + 3a]b + n2b3ab,

(ii) KA2
(a,b)(G) = n[3ab + 32ab],

(iii) KA3
(a,b)(G) = n|1− 3a|b.

Proof. Let G = PC(n, k, t). By the definitions of (a, b)-KA indices and Table 3,
we have
(i) The first (a, b)-KA index is

KA1
(a,b)(G) =

∑
uv∈E(G)

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

= (n2 − 2n)[na + (n− 2)a]b + n[na + na]b

= (n2 − 2n)[na + (n− 2)a]b + n[2bnab].

(ii) The second (a, b)-KA index is

KA2
(a,b)(G) =

∑
uv∈E(G)

[dG(u)a · dG(v)a]b

= n[1a · 3a]b + n[3a · 3a]b

= n[3ab + 32ab].

(iii) The third (a, b)-KA index is

KA3
(a,b)(G) =

∑
uv∈E(G)

|dG(u)a − dG(v)a|b

= n|1a − 4a|b + n|3a − 3a|b

= n|1− 4a|b.

�



50 SHRUTI POLICEPATIL, POOJA B.

(dG(u), dG(v)) where uv ∈ E(G) Number of edges
(3, 3) n

(3, n− 2) n

(n− 2, n− 2) n2−3n
2

Table 4. Edge partition of CC(n, k, t) graph.

Theorem 3.11. If G is CC(n, k, t) graph with 2n vertices. Then

(i) KA1
(a,b)(G) = n[3a + 3a]b + [3a + (n− 2)a]b + n2−3n

2
[(n− 2)a + (n− 2)a],

(ii) KA2
(a,b)(G) = n3ab[3ab + n(n− 2)]ab + n2−3n

2
(n− 2)2ab,

(iii) KA3
(a,b)(G) = n|3a − (n− 2)a|b.

Proof. Let G = CC(n, k, t). By the definitions of (a, b)-KA indices and Table 4,
we have
(i) The first (a, b)-KA index is

KA1
(a,b)(G) =

∑
uv∈E(G)

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

= n[3a + 3a]b + n[3a + (n− 2)a]b +
n2 − 3n

2
[(n− 2)a + (n− 2)a]

= n[3a + 3a]b + [3a + (n− 2)a]b +
n2 − 3n

2
[(n− 2)a + (n− 2)a].

(ii) The second (a, b)-KA index is

KA2
(a,b)(G) =

∑
uv∈E(G)

[dG(u)a · dG(v)a]b

= n[3a · 3a]b + n[3a · (n− 2)a]b +
n2 − 3n

2
[(n− 2)a · (n− 2)a]b

= n3ab[3ab + n(n− 2)]ab +
n2 − 3n

2
(n− 2)2ab.

(iii) The third (a, b)-KA index is

KA3
(a,b)(G) =

∑
uv∈E(G)

|dG(u)a − dG(v)a|b

= n|3a − 3a|b + n|3a − (n− 2)a|b +
n2 − 3n

2
|(n− 2)a − (n− 2)a|b

= n|3a − (n− 2)a|b.
�

(dG(u), dG(v)) where uv ∈ E(G) Number of edges
(4, 4) n

(4, n− 1) 2n

(n− 1, n− 1) n2−3n
2

Table 5. Edge partition of P (n, k, t) graph.
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Theorem 3.12. If G is P (n, k, t) graph with 2n vertices. Then

(i) KA1
(a,b)(G) = n2b4ab + 2n[4a + (n− 1)a]b + 2b−1(n2 − 3n)(n− 1)ab,

(ii) KA2
(a,b)(G) = n42ab + 2n[4ab · (n− 1)]ab + n2−3n

2
(n− 1)2ab,

(iii) KA3
(a,b)(G) = 2n|4a − (n− 1)a|b.

Proof. Let G = P (n, k, t). By the definitions of (a, b)-KA indices and Table 5,
we have
(i) The first (a, b)-KA index is

KA1
(a,b)(G) =

∑
uv∈E(G)

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

= n[4a + 4a]b + 2n[4a + (n− 1)a]b +
n2 − 3n

2
[(n− 1)a + (n− 1)a]b

= n[2(4a)]b + [4a + (n− 1)a]b +
n2 − 3n

2
[2(n− 1)a]b.

(ii) The second (a, b)-KA index is

KA2
(a,b)(G) =

∑
uv∈E(G)

[dG(u)a · dG(v)a]b

= n[4a · 4a]b + 2n[4a · (n− 1)a]b +
n2 − 3n

2
[(n− 1)a · (n− 1)a]b

= n42ab + 2n[4(n− 1)]ab +
n2 − 3n

2
(n− 1)2ab.

(iii) The third (a, b)-KA index is

KA3
(a,b)(G) =

∑
uv∈E(G)

|dG(u)a − dG(v)a|b

= n|4a − 4a|b + 2n|4a − (n− 1)a|b +
n2 − 3n

2
|(n− 1)a − (n− 1)a|b

= 2n|4a − (n− 1)a|b.
�

(dG(u), dG(v)) where uv ∈ E(G) Number of edges
(4, 4) n

(4, n+ 1) 2n

(n+ 1, n+ 1) n(n−1)
2

Table 6. Edge partition of Q(n, k, t) graph.

Theorem 3.13. If G is Q(n, k, t) graph with 2n vertices. Then

(i) KA1
(a,b)(G) = n2b4ab + 2n[4a + (n+ 1)a]b + n(n−1)

2
(n+ 1)ab,

(ii) KA2
(a,b)(G) = n42ab + 2n[4ab · (n+ 1)]ab + n(n+1)

2
(n− 1)2ab,

(iii) KA3
(a,b)(G) = 2n|4a − (n+ 1)a|b.
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Proof. Let G = Q(n, k, t). By the definitions of (a, b)-KA indices and Table 6,
we have
(i) The first (a, b)-KA index is

KA1
(a,b)(G) =

∑
uv∈E(G)

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

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

2
[(n+ 1)a + (n+ 1)a]b

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

2
[2(n+ 1)a]b.

(ii) The second (a, b)-KA index is

KA2
(a,b)(G) =

∑
uv∈E(G)

[dG(u)a · dG(v)a]b

= n[4a · 4a]b + 2n[4a · (n+ 1)a]b +
n(n− 1)

2
[(n+ 1)a · (n+ 1)a]b

= n42ab + 2n[4(n+ 1)]ab +
n(n− 1)

2
(n+ 1)2ab.

(iii) The third (a, b)-KA index is

KA3
(a,b)(G) =

∑
uv∈E(G)

|dG(u)a − dG(v)a|b

= n|4a − 4a|b + 2n|4a − (n+ 1)a|b +
n(n− 1)

2
|(n+ 1)a − (n+ 1)a|b

= 2n|4a − (n+ 1)a|b.

�

(dG(u), dG(v)) where uv ∈ E(G) Number of edges
(2, 4) 2n
(4, 4) n

Table 7. Edge partition of Q(n, k, t) graph.

Theorem 3.14. If G is S(n, k) graph with 2n vertices. Then

(i) KA1
(a,b)(G) = 2n[2a + 4a]b + n[4a + 4a]b,

(ii) KA2
(a,b)(G) = 2n23ab + n42ab,

(iii) KA3
(a,b)(G) = 2n|2a − 4a|b.

Proof. Let G = S(n, k). By the definitions of (a, b)-KA indices and Table 6, we
have
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(i) The first (a, b)-KA index is

KA1
(a,b)(G) =

∑
uv∈E(G)

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

= 2n[2a + 4a]b + n[4a + 4a]b

= 2n[2a + 4a]b + n[4a + 4a]b.

(ii) The second (a, b)-KA index is

KA2
(a,b)(G) =

∑
uv∈E(G)

[dG(u)a · dG(v)a]b

= 2n[2a · 4a]b + n[4a · 4a]b

= 2n23ab + n42ab.

(iii) The third (a, b)-KA index is

KA3
(a,b)(G) =

∑
uv∈E(G)

|dG(u)a − dG(v)a|b

= 2n|2a − 4a|b + n|4a − 4a|b

= 2n[2a + 4a]b + n[4a + 4a]b.

�

4. Conclusion

In this paper, we have defined three new classes namely P (n, k, t), Q(n, k, t) and
S(n, k), obtained their adjacency spectrum and thus adding them to the classes
of graphs whose spectrum is completely known. Further, we have computed
(a, b)-KA indices of some generalized graphs related to cycle.
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[10] I. Gutman, N. Trinajstić, Graph theory and molecular orbitals, Total π-electron energy of
alternant hydrocarbons, Chem. Phys. Lett., 17(4) (1972) 35–538.

[11] I. Gutman and O. E. Polansky, Mathematical Concepts in Organic Chemistry, (Berlin,
Springer, 1986).

[12] I. Gutman, Geometric Approach to Degree-Based Topological Indices: Sombor Indices,
MATCH Communications in Mathematical and in Computer Chemistry, 86, (2021), 11–16.

[13] I. Gutman, M. Togan, A. Yurttas, A. S. Cevik and I. N. Cangul, Inverse Problem for Sigma
Index, MATCH Commun. Math. Comput. Chem., 79 (2018), 491–508.

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

[15] F. Harary, Graph Theory (Boston, USA: Addison-Wesley Publishing Company, 1969).

[16] Ö. C. Havare, Quantitative structure analysis of some molecules in drugs used in
the treatment of COVID-19 with topological indices, Polycyclic Aromatic Compounds,
https://doi.org/10.1080/10406638.2021.1934045.

[17] S. A. K. Kirmani, P. Ali and F. Azam, Topological Indices and QSPR/QSAR Analysis of
Some Antiviral Drugs Being Investigated for the Treatment of COVID-19 Patients, Journal
of Quantum Chemistry, 121 (9), (2021), e26594.

[18] V. R. Kulli, General fifth M-Zagreb indices and fifth M-Zagreb polynomials of PAMAM,
International Journal of Fuzzy Mathematical Archieve, 13(1), (2017), 99–103.

[19] V. R. Kulli, The Gourava indices and coindices of graphs, Annals of Pure and Applied
Mathematics, 14(1), (2017), 33–38.

[20] V. R. Kulli, On hyper-Gourava indices and coindices, International Journal of Mathemat-
ical Archieve, 8(12), (2017), 116–120.

[21] V. R. Kulli, B. Chaluvaraju, V. Lokesha and S. A. Basha, Gourava indices of some den-
drimer structures, Research Review International Journal of Multidisciplinary, 4(6), (2019),
212–215.

[22] V. R. Kulli, Some Gourava indices and Inverse sum indeg index of certain networks, In-
ternational Research Journal of Pure Algebra, 7( 7), (2017), 787–798.

[23] V. R. Kulli, Sombor indices of two families of dendrimer nanostars, Annals of Pure and
Applied Mathematics, 24(1), (2021), 21–26.

[24] V. R. Kulli, The (a,b) KA indices of Polycyclic Aromatic Hydrocarbons and Benzoid Sys-
tems, International Journal of Mathematics Trends and Technology, 65(11), (2019), 115–120.

[25] V. R. Kulli, (a, b) KA Indices of Benzenoid Systems and Phenylenes: The General Case,
International Journal of Mathematics Trends and Technology, 67(1), (2021), 17–20.

[26] V. R. Kulli, Nirmala index, International Journal of Mathematical Trends and Technology,
67(3)(2021), 8–12.

[27] V. R. Kulli, Dharwad index, International Journal of Engineering Sciences and Research
Technology, 10(4)(2021), 17–21.

[28] V. R. Kulli, F-indices of chemical networks, International Journal of Mathematics Archive,
10(3)(2019), 21–30.

[29] V. R. Kulli, Minus F and Square F-indices and their polynomials of certain dendrimers,
Earthline Journal of Mathematical Sciences, 1(2) (2019), 171–185.

[30] V. R. Kulli, Computation of minus F-indices and their polynomials of titania nanotubes,
Annals of Pure and Applied Mathematics, 22(2) (2020), 137–142.

[31] V. R. Kulli, Computation of some minus indices of titania nanotubes, International Journal
of Current Research in Science and Technology, 4(12) (2018), 9–13.

[32] V. R. Kulli, Computation of minus F-indices and their polynomials of titania nanotubes,
Annals of Pure and Applied Mathematics, 22(2) (2020), 137–142.

[33] V. R. Kulli, B. Basavanagoud, On the quasivertex-total graph of a graph, Journal of the
Karnatak University-Science, XXXXII, (1998), 1–7.

[34] X. Li, J. Zheng, A unified approach to the external trees for different indices, Commun.
Math. Comput. Chem., 54(1), (2005), 195–208.



ON SOME GENERALIZED GRAPHS RELATED TO CYCLE 55

[35] V. Lokesha, K. Z. Yasmeen, B. Chaluvaraju and T. Deepika, Computation of misbalance
type degree indices of certain classes of derived graph, International J. Math. Combin.,
3(2019), 61–69.
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