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Abstract. The vertex-order graph of the finite cyclic group G is based on its compo-
nents Cy of the vertex-order graph $(G), whose vertices are of order 'd’ as the divisors
of the order of the group G. The important properties of the vertex-order graph and its
complements namely girth, radius, diameter, clique number, independence number and
rank are derived. Further, the complement 3(G) of the vertex-order graph is proved as
a complete t-partite graph and shown with an example. Later, we compute the first,
second and third Zagreb indices of the graph S(G), S(Z,) and I(Zp,).

Keywords: vertex-order graph, complete t-partite, Zagreb index.

1. Introduction

Group theoretical facts with disconnected graph will yield the finest application
in the real world problems like protein-protein interaction, genetically disorders,
existence of new virus with pandemic potential, handling drug discovery situa-
tion etc., in the medical science field. Over the past four decades, researchers
developed enormous amount of applications in the area of algebraic graph the-
ory, especially algebraic facts with connected graphs [2, 3, 13].

A graph H is said to be connected if there exists a path between every pair
of vertices; Otherwise, the graph is disconnected. A disconnected graph consists
of two or more connected subgraphs of H. Each of these connected subgraphs
are called component of H.

A clique C of H is a subgraph of a graph H such that all vertices in the
subgraph are completely connected with each other. The clique number of the
graph H, denoted by Clique(H), is the number of vertices in the maximal clique
of H. An independent set or stable set in a graph H is a set of pairwise non
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adjacent vertices of H. The independence number of a graph H, denoted by
a(H), is the maximum size of an independent set of vertices. The girth of a
graph H with a cycle is the length of the shortest cycle. The eccentricity of a
vertex u, denoted by e(u), is the greatest distance from u to all other vertices
in the graph H. That is,

e(u) = ;Eg%/agé) d(u, ).

The radius of the graph H, denoted by rad(H), is the value of smallest
eccentricity. The diameter of the graph H, denoted by diam(H), is the value of
greatest eccentricity.

The eigenvalues of a graph H are defined to be the eigenvalues of its ad-
jacency matrix. The rank of the graph H, denoted by p(H), is defined as the
number of non zero eigenvalues of its adjacency matrix.

Kiruthika and Kalamani [15] found generalization of the vertex partition
and edge partition of the power graph of the finite abelian group of an order
pq if p < q, where p and ¢ are distinct primes. They found some types of
topological indices of graphs related to the groups. Jahandideh, Sarmin and
Omer computed the various types of indices like Szeged index, edge Wiener
index, first Zagreb index and the second Zagreb index for the non commuting
graph [5]. Ramanae, Gundloor and Jummannaver [18] investigated the third
Zagreb index, forgotten index and coindices of cluster graphs. Veylaki, Nikmehr
and Tavalla [19] explained some basic mathematical properties for the third and
hyper Zagreb coindices of graph operations.

Topological descriptors are based on the graph impression of the molecule
and can also encode chemical information concerning atom type and bond mul-
tiplicity. It plays a vital role in the area of Quantitative Structure Activity
Relation(QSAR), Quantitative Structure Property Relation(QSPR) and Fuzzy
Lattice Neural Network(FLNN) [14]. One of the classical topological index is
the familiar Zagreb index that was first introduced in [11] where Gutman and
Trinajstic[10] examined the dependence of total-electron energy on molecular
structure and this was elaborated in [8, 9].

The first and second Zagreb indices of a graph H, are defined as

Mi(H)y= Y [d(u)+d(v)],

weE(H)

respectively.
Another Zagreb index called the third Zagreb index of a graph H, denoted
by Ms(H), is defined by Fath-Tabar [4] as
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The Zagreb indices [8, 12, 16, 17] play a very important key role in the past,
present and future research developments.

In this research, we newly defined the vertex-order graph &(G) of the finite
cyclic group G. The study of certain properties of the vertex-order graph of the
finite cyclic group G is the main outcome and is presented in this research. The
complement of the vertex-order graph is also defined with simple proofs.

Throughout this paper, we follow the terminologies and notations of [6] for
groups and [20, 7] for graphs.

2. Some theoretical properties of the vertex-order graph

In this section, some simple characteristics of the graph $(G) are studied with
theorems and examples.

Definition 2.1. A wvertex-order graph of a finite cyclic group G is a simple
graph whose vertices are elements of the group G and there is an edge between
any two distinct vertices iff its orders are equal and is denoted by I(G).

Example 2.1. The vertex-order graph (Zg) of the finite cyclic group G is
shown in Figure 1.

1

G, =K =
R c 2 Cg =Ky

Figure 1: The vertex-order graph $(Zy).

Theorem 2.1. The girth gr(S(G)) of the vertez-order graph S(G) is given by

gr(3(G)) = {3’ if ¢(n)>3

oo, otherwise.

where ¢ is the euler totient function.

Proof. Let 3(G) be the vertex-order graph of the finite cyclic group G of or-
der n.

It is noted that the length of the shortest cycle of F(G) is the minimum length
of the cycles of all the components C; where d is the divisor of n. The graph
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$(Q) is disconnected and the components Cy are all complete. The complete

subgraph is denoted by K, where m = ¢(d) and each K, is (m — 1) regular.
If ¢(n) > 3 then the vertex-order graph contains the complete graph K,
and m > 3. In this case, the length of the shortest cycle is 3.
In all other cases, the graph does not contain any cycle.
Hence,

3, if ¢(n)>3

oo, otherwise. [

gr(3(@)) = {

Theorem 2.2. For any vertez-order graph 3(G), the eccentricity of the vertex
v is e(v) = 00

Proof. Let e(v) be the eccentricity of the vertex v of the vertex-order graph
3(G).

The distance between the any two vertices v;, v; is 0o, if v;, v; are the vertices
of two different components Cy of the vertex order graph. Since each component
Cq is complete, the distance between v; and v; is 1 if v;, v; are vertices of the
same component. Thus, e(v) = max; d(v, v;) = co. Therefore, the eccentricity
of the vertex v of the vertex-order graph is cc. O

Lemma 2.1. Let G be the finite cyclic group of order n. Then, the following
holds:

(1) diam(3(G)) = oo.
(17) rad(S(G)) = oc.

Theorem 2.3. The independence number of the vertex-order graph denoted by

a(S(Q)) is always t where t is the number of components of the graph.

Proof. Let a(3(G)) be the independence number of the vertex-order graph. It
is clear to see that the independence number of a complete graph is 1. Since
each component Cy is a clique, the independence number of complete graph is
one i.e., a(Cy) = 1 and is denoted by I;. Also the the vertex-order graph is the
disjoint union of its components Cy. Thus

a(S(G) =D a(Cy)

d
= Number of components of the vertex order graph = t.

.. Independence number of the vertex-order graph is t. O

Corollary 2.1. The independence number o((Zy,)) of the vertex-order graph
is four if n = pq, where p and q are any two distinct primes.

Example 2.2. The independence number of the vertex-order graph (Zi5) is
four, a[3(Z15)] = 4 which is shown in Figure 3.



378 KIRUTHIKA G. aAND KALAMANI D.

Theorem 2.4. Let S(G) be the vertex-order graph of the finite cyclic group G.
Then

n—1, ifnisodd,
n—2, ifniseven,

MWGD—{

where p(J(Q)) is the rank of the vertez-order graph.

Proof. Let A\i, Ao, As,...A, be the eigenvalues of the vertex-order graph of the
finite cyclic group G order n.

If \;, i = 1,2,...m are the eigenvalues of the complete graph K,, where
m = ¢(d) and d is the divisor of n, then for m # 1,

{—L ifi=1,23...m—1,
A =
m—1, ifi=m.

If m =1, the eigenvalue of K, is zero.

The set of eigenvalues of the vertex-order graph J(G) is the union of all the
eigenvalues of the complete graph K, for all m.

So, the number of non-zero eigenvalues value of the vertex-order graph is
n — 1if nis odd and n — 2 if n is even, since the number of isolated vertices is

1 if n is odd and 2 if n is even.
Hence, the rank of the vertex-order graph

n—1, ifnis oddm
n—2, ifnis even.

p(3(Q)) = {

3. Properties of the complement of the vertex-order graph

Let $(G) be the complement of the vertex-order graph of the finite cyclic group
G. In this section, some important properties of the complement of the vertex-
order graph are discussed.

Theorem 3.1. The complement S(G) of the vertex-order graph is a complete
t-partite graph.

Proof. Let ¢t be the number of connected component of the vertex-order graph
$(Q) of the finite cyclic group G of order n.

Each component Cy of the vertex-order graph is a complete subgraph K,,
and the vertex-order graph §(G) is the disjoint union of the complete subgraphs
K, where m = ¢(d) and d is the divisors of n.

It is clear that no two vertices in the same component C,; of the vertices
are adjacent in their complements. This implies that each component C,; of
$(G) is independent in their complement 3(G). Hence, the complement graph

$(@Q) is the complete t-partite graph where ¢ is the number of components of
the vertex-order graph. O
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Example 3.1. Let $(Zs55) be the complement of the the vertex-order graph of
the group Zss5. Let Cy, C3, C5, C15, Cs7, Ch11, Ciss, Css5 are the 8 components
of the graph $(Zs55) where 1, 3, 5, 15, 37, 111, 185, 555 are the divisors of
555. Then, the number of vertices in the each component Cj of the vertex-order
graph (Zss5) is given below:

|C1] = ¢(1) =1,
|Cs] = ¢(3) =2,
|C5] = ¢(5) = 4,
|C15] = ¢(15) =8,

|Cs7| = ¢(37) = 36,

|C111| = ¢(111) = 72,
|C1s5| = (185
|Cs55] = ¢(555

Hence, K1, Ko, K4, Kg, Ksg, K72, K144, Kogg are the complete subgraphs of
S(Zs55). The set of vertices in K, are independent in their complement 3(Zs55)
for any m. Thus, $(Zss5) is the complete 8-partite graph and is denoted by
K1,2,4,8,36,72,144,288 which is shown in Figure 2.

K G

WA

“ ? Q/l

K43 —K 144
A\ /
Ky / {288

K,

Figure 2: The edge adjacency of the complement of the Vertex-order graph
S(Zsss).-
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Lemma 3.1. The complement (Gle) of the vertez-order graph is complete
bi-partite if n is the square of the prime number.

Proof. Let Cy be the component of the vertex-order graph. If n = p?, then
(@) has exactly three distinct components namely C1, Cp, Cp2 where p is a
prime. Each of these are complete which is shown in Figure 1. By omitting
the identity element, there are only two components C, and C,2 which are
independent in their complement. Hence, $(G|e) is a complete bi-partite graph.

O]

Theorem 3.2. The complement I(G) of the vertex-order graph has a clique as
the number of independent set.

Proof. Let $(G) be the complement of the vertex-order graph of the finite
cyclic group G of order n.

Let Clique(3(G)) be the clique number of the complement of the vertex-
order graph. From Theorem 3.1, the complement of the vertex-order graph
(@) is the complete t-partite graph. From this it is clear that the largest
complete subgraph $(G) contains ¢ vertices

Clique(S(G)) =B

Corollary 3.1. The independence number of the complement of the vertez-
order graph S(G) is the number of the generators of the finite cyclic group G,

i.e., a(S(G)) = o(n).

Theorem 3.3. The girth of the complement of the vertex order graph I(G) is
given by

9r(3(@)) = {;’f’ e

Proof. Let J(G) be the vertex-order graph of order n. Let gr(3(G)) be the
girth of the complement of the vertex-order graph (G).

If n = p, a prime, then the complement graph does not contain cycle since
(@) is a star graph.

In this case, the girth of the complement of the vertex-order graph is co.

If n # p where p is a prime, then I(G) is the complete t-partite graph for
every t > 3 and the complement graph contains the cycle of length 3.

In this case, the girth of the complement of the graph J(G) is 3. Thus,

oo, ifn=np,
S(G)) = O
gr(3(6)) {3, if n # p.

Theorem 3.4. Let I(G) be the complement of the vertex-order graph of the
finite cyclic group G. Then, the following holds:
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(2) Tad(w) =1;

(i5) diam(S(G)) = 2.

Proof. Let 3(G) be the vertex-order graph associated with finite cyclic group

G of order n. It is noticed that I(G) is connected, since I(G) is disconnected.

The minimum and maximum eccentricities are 1 and 2 respectively.
Henceforth, the proof follows diam(S(G)) = 2 and rad(3(G)) = 1. O

10

Figure 3: The vertex-order graph (Z5) with its four components.

Corollary 3.2. The edge set of the complement of the vertex-order graph 3(Q)
is partitioned into tCo edge sets which is equal to the number of independent set
of the graph S(G).

Example 3.2. The number of independent set of the graph $(Z5) is 4 which
is shown in Figure 3. From Corollary 3.2, the number of edge sets of the com-
plement of the vertex-order graph $(G) is 6 which is shown in Figure 4.

Then, the number of edges

[E(S(Z15))| = |Ex| + | EBa| + | B3| + | Ea| + | Es| + [ E|
=4+2+8+8+32+16
= 70.

Lemma 3.2. The complement S(Gle) of the vertex-order graph is a null graph
iff n is prime.

Proof. If n = p, a prime, then §(G) is the star graph in which identity element
e is an universal vertex. By omitting the identity element e, the star graph
K1 n—1 becomes null graph. Hence, 3(Gle) is the null graph. O
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Figure 4: The complement of the Vertex-order graph $(Z5) with its four inde-
pendent sets.

Corollary 3.3. The complement I(Gliy) of the vertex-order graph is uni-cyclic
if n is 6 where i, is the isolated vertices of the graph I(G).

Theorem 3.5. For any vertex-order graph (G), the rank of the complement
of the vertez-order graph S(G) is p(S(G)) = t.

Proof. Let p(3(G)) be the rank of the complement of the vertex-order graph.
From [1] the vertex-order graph J(G) of rank ¢ has clique number at most ¢;
equality holds if and only if (G) is a complete t-partite graph. Thus, it is found
that the rank of the complement of the vertex-order graph (G) is the maximum
clique of the graph S(G), since the every component Cy of $(G) contain clique
which is complete.

Rank of the complement of the vertex-order graph is the clique number of
the complement of the vertex-order graph. From Theorem 3.2, the rank of
the complement J(G) of the vertex-order graph is the number of connected

components t p(S(G)) = Clique(3(G)) = t. O

Example 3.3. The rank of the complement of the vertex-order graph (Zg) is

four which is shown in Figure 5. p(3(Zs)) = 4.
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Figure 5: The vertex-order graph $(Zg) with its four components and transfor-
mation of its complement.

4. Computation of Zagreb indices of the vertex-order graph

In this section, we derive some Zagreb indices of the vertex-order graph.

Theorem 4.1. The first Zagreb index of the vertex-order graph M;(S(G)) is
> m(m —1)2, where m = ¢(d) .

Proof. Let 3(G) be the vertex-order graph of the finite cyclic group G. Since
$(@G) is a disconnected graph, there are finite number of connected components
Cy, each of which is a complete graph K,, where m = ¢(d) and d is the divisor
of the order of the group GG. Then, the number of edges and vertices in K, for
m # 1 are mCy and m respectively. If m = 1, there is no edge. Thus, the first

Zagreb index

uweE(G)
=Y mCyf(m—1)+ (m —1)]
= Z m(m — 1)2. O

Example 4.1. The first Zagreb index of the vertex-order graph M;(3(Z15)) is
430.

By the definition of vertex-order graph (Z15), the connected components
are given by Ki, K, K4, Kg which is shown in Figure 3. Then, the first Zagreb
index

My(S(Z15) = Y _m(m —1)* = 430.
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Theorem 4.2. The second Zagreb index of the vertez-order graph My (I(G)) is
Yom M where m = ¢(d).

Proof. Let 3(G) be the vertex-order graph of the finite cyclic group G. Since
$(Q) is a disconnected graph, there are finite number of connected components
Cy, each of which is a complete graph K,, where m = ¢(d) and d is the divisor
of the order of the group G. Then, the number of edges and vertices in K, for
m # 1 are mCy and m respectively. If m = 1 there is no edge. Thus, the second

Zagreb index

:ZM ]

Example 4.2. The second Zagreb index of the vertex-order graph My (3(Z1g))
is 752.

By the definition of vertex-order graph &(Zig), the connected components
are given by K1,K1, Ko, Ko, K¢, Kg. Then, the second Zagreb index Ms(3(Z13))
is given by
m(m —1)3

= 752.
5 75

My(S(Z18)) =)

m

Lemma 4.1. Let (G) be the vertez-order graph of the finite cyclic group G.
Then, the third Zagreb index of the vertez-order graph Ms(S(Q)) is zero, since
the order of the vertices of all the components Cy are equal.

5. Computation of Zagreb indices of the complement of the
vertex-order graph

In this section, some Zagreb indices of the complement of the vertex-order graph
are derived with its generalizations.

Theorem 5.1. Let S(G) be the complement of the vertex-order graph of the
finite cyclic group G of order pq where p and q are any distinct primes. Then,
its Zagreb indices are given by

(1) Mi(3(G) =’ +q+1) —pa(P* + > +p+q—1);
(2) M3(S(G)) =p*P(p+q-5)—paBP* +¢*+5)—9p— 11l +p+q—1)+
2(p* 4 ¢*) — 4p(p — 1) — 6q(q — 1).
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qu-l

N7
Kp-l—q—l BDopg—p+1

K pg—q+1

Figure 6: The edge adjacency of the complement of the vertex-order graph
S(Zpg)-

Proof. Consider the complement of the vertex-order graph (G) of order n
where n = pq, p and g are any two distinct primes. The total number of vertices
and edges of 3(G) is given by pg and p?q + pg® — p* — ¢ — 2pq + 2p + 2q — 2
respectively. Then, the vertex set can be divided into 1 vertex of degree pqg — 1,
p — 1 vertices of degree pg — p + 1, ¢ — 1 vertices of degree pg — ¢ + 1 and
pq —p — q + 1 vertices of degree p+ ¢ — 1. Let d“(z )( u) and dc\(Z )( v) be the

degrees of the end vertices v and v respectively.

The edge set E(3(G)) can be divided into two edge partitions based on the
degrees of end vertices. These can easily done by using the four independent
sets which is shown in Figure 6.

The first partition of edges E;(3(Zpy)) contains p — 1 edges uv, where
dm(u) = pg— 1, dc\}(qu)(v) = pq — p + 1, the second partition of edges

E»(3(Zpq)) contains ¢ — 1 edges uv, where dS(qu)(u) = pq — 1, dJ(Z )( v) =

pq — q+ 1, the third partition of edges E3(3(Zpq)) contains pg —p —q+ 1 edges
uv, where dﬁ(u) — L dgz ( )=p+q—1

The fourth partition of edges E4(%(Z q)) contains pg —p — g + 1 edges uv,
where dg7—(u) = pg —p+ 1, dg75(v) =pg — ¢ + L.

The fifth partition of the edges E5( (Zpq)) contains (p —1)(pg —p — ¢+ 1)
edges uv, where ds— 57, )( u) =pq—p+1, dsm— 57, )( v)=p+q—1.

The sixth partition of the edges Es(3(Z)4)) contains (¢ —1)(pg —p —q+1)
edges uv, where dg(qu)(u) =pqg—q+1, dm(v) = p+q— 1. Then, the
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required results for the graph ¥(Z,q) by using the number of its edge partition
as follows:
(1) The first Zagreb index

M(S(Zp) = > ldw)+d(v)]

weEE (S (qu))
(p—1Dpg—1+pg—p+1]+(¢—1)[pg—1+pg—q+1]
(pg—p—q+1)[pg—1+p+q—1]
(pg—p—q+1)[pg—p+1+pg—q+1]
(p—Dpg—p—q+1)pg—p+1+p+q—1]
(¢—Dpg—p—q+1)pg—p+1+p+q—1]
=p’¢(p+q+1)—pa(p® + > +p+q—1).

(2) The third Zagreb index

My(S(Zpg)) = >, ld(w) = d(v)|
weEE(S(Zpq))
=P-Dpg—1-pg+p—1+(¢—1)[pg—1—pg+q—1]
( q+1)[pg—1—p—q+1]
( q+1)[pg—p+1—-pg+q—1]
(p—1pg—p—qg+1)pg—p+1-—p—qg+1]
(¢—1)(pg—p—qg+1)pg—p+1-—p—qg+1]
=p’¢*(p+ ¢ —5) — pal3(p® + ¢* +5) — 9p — 11¢]
+2(p° +¢*) —4p(p — 1) — 6q(q — 1).

—-pP-
—-pP-

Similarly, we can generalize the second Zagreb index of the graph J(Z,,). O

Example 5.1. Let $(Z15) be the complement of the vertex-order graph of the
finite cyclic group Zi15. Then, its Zagreb indices are given by

(1) Ml(%<Z15>) = 1410;
2) My(S(Z)) = 310,
Using Theorem 5.1 the results obtained for (Zi5) are as follows:
(1) The first Zagreb index
M\(3(Z15)) = p°d*(p+a+1) = pa(p” + ¢* +p+q—1)
=3%523+5+1)—35(32+52+3+5—1)
= 225(9) — 15(41)
= 1410.
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(2) The third Zagreb index

M5(S(Z15)) = p°¢*(p + ¢ — 5) — pa[3(p* + ¢* + 5) — 9p — 11¢]
+2(p° +¢*) — 4p(p — 1) — 6g(q — 1)
— 310.

Similarly, we can enumerate the second Zagreb index of the graph &(Z35).

Theorem 5.2. Let S(G) be the complement of the vertex-order graph of the
finite cyclic group G of prime order p. Then, its Zagreb indices are given by

(1) Mi(3(G)) = p(p = 1);

(2) My(S(G)) = (p— 1%

(3) M3(3(G)) = (p—1)(p - 2).
Proof. Let ¥(Z,) be the complement of the vertex-order graph of the finite
cyclic group G. Since J(G) is a disconnected graph of complete graphs K, K1,

the total number of vertices and edges of 3(Z,) (or) K1 p—1 are given by p and
p — 1 respectively. Then, the vertex set can be partitioned into 1 vertices of
degree p — 1, and p — 1 vertices of degree 1. Thus, the only one edge set which
is given by Ey,-1 =p— 1. (1) The first Zagreb index

Mi(3(Zy) = ). [d(w) +d(v)] =p(p—1).

weE((Zp))

(2) The second Zagreb index

Mo(S(Zp) = Y dud(v)
weE(S(Zy))
= (- Dl -1)1)]
=(p—1)°
(3) The third Zagreb index
M3(3(Z)) = ) ldw) —d(v)| = (p—1)(p - 2). O

weE(S(Zp))

Example 5.2. The first, second and third Zagreb indices of the complement of
the vertex-order graph (Z19) of the finite cyclic group Z19 are 342, 324, 306
respectively.

6. Conclusion

In this paper, the graph theoretical properties of the vertex-order graph and its
complements are interpreted with their proofs. Also the some Zagreb indices
of the vertex-order graph &(G) and the complement of the vertex-order graph
S(Zpq), S(Zp) are derived with their examples.



388

KIRUTHIKA G. aAND KALAMANI D.

References

1]

S. Akbari, P. J. Cameron, G. B. Khosrovshahi, Ranks and sig-
natures of adjacency matrices, manuscript, available online at

http://www.maths.qmu.ac.uk/lsoicher /designtheory.org/library /preprints
/ranks.pdf. 2004.

P. Balakrishnan, M. Sattanathan, R. Kala, The center graph of a group,
South Asian J. of Math., 1 (2011), 21-28.

P. J. Cameron, The power graph of a finite group-II, J. Group Theory, 13
(2010), 779-783.

H. Fath-Tabar, Old and new Zagreb indices of graphs, Match. Commun.
Math. Comput. Chem., 65 (2011), 79-84.

M. Jahandideh, N.H. Sarmin, S.M.S. Omer, The topological indices of non
commuting graph of a finite group, Int. J. of Pure & Appl. Math. 105 (2015),
27-38.

J. Gallian, Contemperary abstract algebra, Cengage Learning, (2017), 1-557.
F. Harary, Graph theory, Narosa Publishing House, New Delhi, 1988.

I. Gutman, B. Furtula, Z. K. Vukicevic, G. Popvoda, On Zagreb indices
and co-indices, Match. Commun. Math. and Comput. Chem., 74 (2015),
5-16.

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

I. Gutman, N. Trinajsti¢, Graph theory and molecular orbitals total-electron
energy of alternant hydrocarbons, Chem. Phys. Lett., 17 (1972), 535-538.

[. Gutman, N. Trinajstic, C.F. Wilcox, Graph theory and molecular orbitals.
XII. Acyclic polyenes, J. Chem. Phys., 62 (1975), 3399-3405.

D. Kalamani, G. Kiruthika, Subdivision vertex corona and subdivision ver-
tex neighbourhood corona of cyclic graphs, Advan. in Math. Scient. J., 9
(2020), 607-617.

D. Kalamani, G. Ramya, Product maximal graph of a finite commutative
ring, Bull. of Cal. Math. Soci., 113 (2021), 127-134.

D. Kalamani, P. Balasubramanie, Age classification using fuzzy lattice neu-
ral network, Inter. Conf. on Intelli. Syst. Desi. and Appli., IEEE, (2006).

G. Kiruthika, D. Kalamani, Degree based partition of the power graphs of
a finite abelian group, Malaya J. of Matematik, 1 (2020), 66-71.



SOME ASPECTS OF THE VERTEX-ORDER GRAPH 389

[16] G. Kiruthika, D. Kalamani, Computation of Zagreb indices on K-gamma
graphs, Inter. J. of Research in Advent Tech., 7 (2019), 413-417.

[17] K. Pattabiraman The third Zagreb indices and its coindices of two classes
of graphs, Bulletin of the International Mathematical Virtual Institute, 8
(2018), 213-219.

[18] H.S. Ramanae, M.M. Gundloor, R.B. Jummannaver, Third Zagreb, forgot-
ten index and coindices of some cluster graph, Asian J. Mathe. and Comp.
Research., 21 (2017), 210-216.

[19] M. Veylaki, M.J. Nikmehr, H.A. Tavallaee, The third and hyper-Zagreb
coindices of some graph operations, J. Appl. Math. Comput., 50 (2016),
315-325.

[20] D. B. West, Introduction to graph theory, Prentice Hall, 2008-third impres-
sion.

Accepted: April 19, 2022



