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Abstract— In this paper, we prove that the subdivision of Flower graph and the Path union of k copies of subdivision of
Flower graphs are Product cordial graph and Total product cordial graphs. We also extend to prove that the path union from the
outer vertex of the subdivision of Flower admits Product cordial and total product cordial labeling.
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l. INTRODUCTION

In mathematical discipline of graph theory, a graph labeling
is the assignment of labels, traditionally represented by
integers, to the edges or vertices, or both, of a graph subject
to certain constraints. Graph labeling is one of the most
interesting concepts in Graph theory and it was introduced by
Rosa [3] in 1960°’s. Graph labeling draws an effective
communication between Number Theory and in analysing
the structure of the graphs. Cordial labeling was first
introduced by Cahit [1] in 1987. In 2004, Sundaram et al[4]
introduced the notion of Product cordial labeling
.Sundaram et al [4] proved the various graphs are product
cordial graphs such as tree graphs, Triangular snakes, Dragon
graphs, Helm, B, UB,, C,UB, , W, UC,, . In 2006,
Sundaram et al [5] introduced the notion of Total product
cordial labeling. Sundaram et al [5] proved the various
graphs are Total product cordial graphs such as Tree graphs,
all cycles except Cy, Ky 2n—1,C» Wheels, Helms. Let the
Flower graph Fl,,n >3, is the graph obtained from the
Helm graph H,,, by attaching each pendant vertex to the apex
of the wheel graph w,, and subdividing each edge by a vertex
is called Subdivision of Flower graph. For a detailed survey
on Total product cordial graphs one can refer to Gallian [2].

1. MAIN RESULTS

Theorem 2.1:
Subdivision of Flower graph admits Product cordial labeling.

Proof:

Let the Flower graph S(Fl,),n = 3 is the graph obtained
from the Helm H,, by attaching an edge from each pendant
vertex to the apex of the wheel W, and subdividing each
edge by a vertex.
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We denotes the vertices of S(Fl,,),n = 3 as follows:

Let u denotes the apex vertex. Let wy, w,, ..., w,, denotes the
vertices obtained by subdividing the edges uu; . Let
Uy, Uy, ..., Uy denotes the vertices of the cycle of Flower
graph. Let u;u;,, (1 <i < n) subdivides as the vertices y;
on the cycle c,. Let vy, v,, ..., 1, denotes the end vertices of
the S(FL,). Let x4, x,, ..., x,denotes the vertices which is
obtained by subdividing the uv; edges of Flower graph.
Let z,, z,, ..., z, denotes the vertices obtained by subdividing
the edges u;v; of Flower graph.

Figure: 2.1 Subdivision of Flower graph

Let V(S(Fln)) ={u,w,u;,z,v,x,y;(1<i<n)}

Let E(S(FL,)) =
{Cuw;, wiuy) U (uiz;, 2;v;) U (Wi, Yistia) U

(ux;, x;v;); (1 < i <n)}

The total number of vertices in S(Fl,,) is 6n + 1 and the total
number of edges in S(FL,,) is 8n (n = 3).
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The vertex labels for the subdivision of Flower graph are
defined below:
f:V(S(FL,) - {0,1}
fQu,wiu,y) =1
f(Zi,vl', xl-) = 0 where (1 <i< n) (1)

The edge labels for the subdivision of Flower graph are
defined below:
fE(S(FL,) — {0,1}

fuwy, wig, wiy;, yivigg) = 1

fQuxg, v, w25, 2v;) = 0 (2)
Using the above equations, the vertex and edge labels are
computed as follows:

The number of vertices with label ‘0" = v£(0) = 67”
The number of vertices with label 1" = vp(1) = %n +1
The number of edges with label 0" = e;(0) = 87’1

8n

The number of edges with label 1" = er(1) = -
Let m denotes the number of petals in Flower graph.

Case: m is odd

|v:(0) — v, (1)] = | +1-—=1

2
|ef(0) — e, (D] =

6n 6n
2

on_ on =0
2 2

The condition for Product cordial labeling is,
lvr(0) — v (D] <1 and

|8n 8n

Thus, the condition is satisfied.
Case:m is even

lvs(0) — v (D] = | +1-—|=1

2
|ef (0) — e (1)] =

6n 6n
2

on_ on =0
2 2

Therefore, [v;(0) —v;(1)| <1  and
1

Thus, the condition is satisfied.

Hence the subdivision of Flower graph admits product
cordial labeling.

|8n 8n

Theorem 2.2:
Subdivision of Flower graph admits Total product cordial
labeling.

Proof:

Denote the vertices and edges of S(FL,,) as follows:

Let V(S(FL,)) = {w,wy, uy, 2, v, x, ¥y (1< i <n) }

Let E(S(FL) =
{(uwy, wiuy) U (w2, z;vy) U (Wi, Yittieg) U

(ux;, x;v;); (1 < i <n)}

The total number of vertices in S(Fl,,) is 6n + 1 and the total
number of edges in S(FL,,) is 8n (n = 3).

The vertex labels for the subdivision of Flower graph are
defined below:
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f:V(S(FL,) - {0,1}
fluwyu,y) =1
f(z,vi,x) =0where (1 <i<mn) (3)

The edge labels for the subdivision of Flower graph are
defined below:
frE(S(Fl,) = {0,1}
fuwy, wiwg, wiyg, yivig) =1

fQuxy, xv, wizg, ziv) = 0 4
Using the above equations, the vertex and edge labels are
computed as follows:
6n

The number of vertices with label '0’ = v;(0) = >

The number of vertices with label 1" = vp(1) = %n +1

8n

= ef(O) = 7
8n

=er(1) = I’y

The number of edges with label 0’
The number of edges with label 1’

The condition for total product cordial labeling is,
[v,(0) + ep(0) — (v (1) +e(1))] <1
Let m denotes the number of petals in Flower graph.
Case: m is odd
6n+8n (6n+1+8n)| _q
2 2 2 21
Thus, the condition is satisfied.
Case: m is even
6n+8n (6n+1+8n)| _q
2 2 2 21
Thus, the condition is satisfied.
Hence the subdivision of Flower graph admits Total product

cordial labeling.

Theorem 2.3:
Path union of k copies of Subdivision of Flower graph
admits Product cordial labeling.

Proof:

Let the Flower graph S(Fl,),n = 3 is the graph obtained
from the Helm H,,by attaching an edge from each pendant
vertex to the apex of the wheel W, and subdividing each edge
by a vertex.

We denotes the vertices of S(FL,,) as follows:

Let u;,uy,..,u,denotes the apex vertices. Let
Wi, Wai, ..., Wp; denotes the vertices i.e., obtained by
subdividing the edges u, u,;. Let uy;, uy;, ..., uy; denotes the
vertices of the cycle of Flower graph. Let w;u;., (1 <i <
n)subdivides as the vertices yi;, ¥2i, ..., Yni ON the cycle c,.
Let vy;, vy, ..., Up; denotes the end vertices of the S(FL,).
Let xy;, x5, ..., Xp; denotes the vertices i.e., obtained by
subdividing the u,v,; edges of Flower graph. Let
Z1ir Z9iy -, Zn;  denotes the vertices obtained by subdividing
the edges u,;v,, (n=1,2..) of Flower graph. Let P,
denotes the number of vertices in the path. Let p; denotes the
edges in the path.

Here u,, = P;
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Let V(S(Fln)) = {Un, Wni) Uni» Zni» Vnis Xni» Yni Py (1 < 0 <
n) }

Let E(S(Fln)) = {(u;ani,Wm'um') Y (unizniﬂznivni) Y
(UniVnis Ynittn(i+1)) Y (UnXni, XpiVn); (1 < 0 < n)}

path from the apex.

The total number of vertices in S(FL,) is (bn + 1)k's and
the total number of edges in S(FL,,) is (Bn)k's + p; (n = 3)
Let k denotes the copies of subdivision of Flower graph.
Let n’ denotes the vertex labels for the subdivision of Flower
graph is defined below:
Case: niseven
f(u‘;l' Whi> Unis Znir Unir Xni» yni)
k(bn+1)

' [ 2 ] ()

0, otherwise
Case: nis odd

f(u‘;‘l.' Wi Uniy Yni) = 1
f(Zniy Vi Xni) = 0
(1[5 6n+ 1)

f(u;l' Whi» Unis Zni» Vnis Xnis ym) = 4 0' [% (67’1 + 1)]

1,0; [(6n2+ 1)]

(6)
Using the above equations, the vertex and edge labels are
computed as follows:

The number of vertices with label 0’ = v£(0) = 6?"

The number of vertices with label 1" = ve(1) = 62—n+ 1
The number of edges with label 0° = er(0) = Bz—n + p;
The number of edges with label'l" = e;(1) = 82—” +p;
Case: k is odd

v (0) — v (V)] =

The condition for Product cordial labeling is,
|v:(0) — v-(1)| < 1 and |e;(0) —
ef(1)| <1
Thus, the condition is satisfied.
Case:k is even

|vr (0) — v (D] =
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lef (0) — e (D] =
%+m—%—m =1
Therefore,|v;(0) — v, (1)| < 1and |es(0) —ef(1)| < 1
Thus, the condition is satisfied.

Hence the path union of k copies of subdivision of Flower
graph admits product cordial labeling.

Theorem 2.4:
Path union of k copies Subdivision of Flower graph admits
Total product cordial labeling.

Proof:
Denotes the vertex and edges of path union of k copies of
S(Fl,) as follows:
Let V(S(Fln)) = {u;l' Whni» Unis Znis Unir Xnir Ynis Pi’} (1 <i<
n)} ,
Let E(S(Fln)) = {(uani' Wniuni) U (unizniﬁznivni) U
(uniyni' yniun(i+1)) u (unxni' xnivni); (1 sis TL)}
The total number of vertices in S(Fl,) is (bn + 1)k's and
the total number of edges in S(FL,) is (8n)k's + p; (n = 3)
Let k denotes the copies of subdivision of Flower graph.
Let '’ denotes the vertex labels for the subdivision of Flower
graph is defined below:
Case:n is even
f(un' Whi» Uniy Znis Unis Xnis yni)
k(bn+1)

’ 2 (7)

0, otherwise
Case:n is odd

f (U, Wny Uiy i) = 1
f (Zni» Vi Xni) = 0
(1[5 6n + 1)

f(u‘;ll Whis Unis Znis Vnis Xni» Yni) = § 0, [% (6n + 1)]
| 10 [(6n+1)]

2

(8)

Using the above equations, the vertex and edge labels are
computed as follows:

The number of vertices with label 0’ = v£(0) = 67"
The number of vertices with label 1" = ve(1) =67"+ 1

The number of edges with label '0° = e;(0) = 87’1 +p;
The number of edges with label'l” = ef(1) = 87’1 +p;

The condition for total product cordial labeling is,
[v:(0) + ep(0) — (v (1) +e(1))] <1

Case: k is odd
6n+<8n+pi)k <6n+1+<8n+pi)k>|_1
2 2 2 2 h

Thus, the condition is satisfied.
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Case: k is even

6n (8n+p; 6n 8n + p;

7+ )= (7))
Thus, the condition is satisfied.
Hence the path union of k copies of subdivision of Flower
graph admits Total product cordial labeling.

Theorem 2.5:
Path union of k copies of Subdivision of Flower graph
admits Product cordial labeling when k is even.

Proof:

Let the Flower graph S(Fl,),n =3 is the graph obtained
from the Helm H,,, by attaching an edge from each pendant
vertex to the apex of the wheel W, and subdividing each
edge by a vertex.

We denotes the vertices of S(FL,,) as follows:

Let uj,uy, .., u,denotes the apex vertices. Let
Wq;, Wy, ..., Wy denotes  the vertices i.e., obtained by
subdividing the edges u,,u,;. Let uy;, Uy, ..., uy,; denotes the
vertices of the cycle of Flower graph. Let u;u;,, (1 <i <
n)subdivides as the vertices y;;, ¥2i, --., Yni On the cycle c,.
Let vy;, vy, ..., Un; denotes the end vertices of the S(FL,).
Let xy;, x5, ..., X,; denotes the vertices i.e., obtained by
subdividing the wu,v,; edges of Flower graph.
Let z,, z,, ..., z, denotes the vertices obtained by subdividing
the edges u,;v,;, (n=1,2..) of Flower graph. Let P,
denotes the number of vertices in the path. Let p; denotes the
edges in the path.

Here v,; = P,

Let V(S(Fln)) = {u;u Whi» Unis Znis Unis Xnis Ynirpi,; (1 i<
n)}

Let E(S(Fln)) = {(u;lwniﬂwniuni) u (unizniiznivni) u
(uniyni' yniun(i+1)) U (UnXpi, XniVn); (1 S 1 < )}

v,

the

path from the outer vertex.

Let k denotes the copies subdivision of Flower graph.

The total number of vertices in S(FL,) is (bn + 1)k's and
the total number of edges in S(FL,) is (8n)k's + p; (n = 3).
Let 'n’ denotes the vertex labels for the subdivision of Flower
graph is given below:

Case: nis even

f(u;u Wi Unis Znis Vni» Xnis Yni) =

{ 1, [k(6r21+ 1)] (9)

0, otherwise
Case: nis odd
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f(u;v Whni» Uni, yni) =1
f(Zni:Uni!xni) =0
1, [% (6n + 1)]

, k-1
f (Uns Wni Unis Znis Vnis Xnis Yni) = JO, [T (6n + 1)]

1,0; [(6n2+1)

(10)
Using the above equations, the vertex and edge labels are
computed as follows:
6n

The number of vertices with label 0" = vp(0) = >

The number of vertices with label 1'=v,(1) = % +1
The number of edges with label '0° = er(0) = 8?" + p;
The number of edges with label '1" = e;(1) = 8771 +p;
The condition for Product cordial labeling is,
lef(0) —ef (D] <1

When k is even

v (0) — v (D] =

lef (0) — e ()] = |(2+

8
)i~ (Z+p)e| =1
Therefore,|v;(0) — v, (1)| < 1and |es(0) —ef(1)| < 1
Thus, the condition is satisfied.

Hence the path union k copies of subdivisions of Flower
graph admits product cordial labeling when k is even.

—-=1|=0

Theorem 2.6:
Path union of k copies of Subdivision of Flower graph
admits Total product cordial labeling when k is even.
Proof:

Denotes the vertex and edges of Path union of even
number S(Fl,) as follows:
Let V(S(Fln)) = {u;l' Whis Unis Znir Vnis Xni» Ynis Pi’; (1 sis
n)} ,
Let E(S(Fln)) = {(unwm" Wniuni) U (unizni'znivni) U
(UniYnis Ynithncien)) U UnXni, Xni V) (1 < i < 1)}
Let k denotes the copies of subdivision of Flower graph.
The total number of vertices in S(FL,) is (bn + 1)k's and
the total number of edges in S(FL,,) is (8n)k's + p; (n = 3).
Let 'n’ denotes the total number of vertices for the
subdivision of Flower graph is given below:
Case:n is even

f(un: Whi» Uniyr Znis Unisr Xnis Yni) =

{ 1' [k(6721+1)]

0, otherwise
Case:n is odd

D

f(u';’l' Whi, Uni, yni) =1
f(Zni:Uni'xni) =0
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1, [% (6n + 1)]

(
|
' k-1
f(un' Whnir Uni» Znis Vni» Xnis yni) = {0: [T (671 + 1)]

1,0; [(6n2+1)]

(12)
Using the above equations, the vertex and edge labels are
computed as follows:

The number of vertices with label 0" = v (0) = %n
The number of vertices with label 1’ = v,(1) =%+ 1

The number of edges with label '0° = er(0) = 82—" + p;

The number of edges with label 1" = e(1) = S?n + p;

The condition for total product cordial labeling is,
When k is even
6n+(8n+pi)k (6n+ 1 +<8n+pi)k)| _q
2 2 2 2 h
Thus, the condition is satisfied.
Hence the path union of k copies of subdivisions of Flower
graph admits Total product cordial labeling when k is even.

1. CONCLUSION

In this paper, we have proved that the Product cordial
labeling and total product cordial labeling of subdivision of
Flower graph and the path union of subdivision of Flower
graph admits Product cordial labeling and total product
cordial labeling. Also, we can prove for any other
subdivisions of graphs are Product cordial and Total product
cordial labeling.

REFERENCES

[1] I.Cahit, Cordial graphs, A weaker version of graceful and
harmonious graphs,ArsCombinatoria, VVol.23(1987), pp.201-207.

[2] Gallian J. A., A dynamical survey of graph labeling, Electronics
Journal of Combinatorics,17" Ed.,(2017).

[3] Rosa.A, Theory of Graphs, Gordon and Breach, (1967).

[4] M. Sundaram, R. Ponraj and S.Somasundaram,(2004) Product
cordial labeling of graphs,Bull. Pure and Appl. Sci. (Math. &
Stat.), Vol. 23E pp.155-163

[5] M. Sundaram, R. Ponraj, and S. Somasundram, (2006) Total
product cordial labeling of graphs, Bull.Pure Appl. Sci. Sect. E
Math.  Stat., Vol.25 pp.199-203.

[6] S. K. Vaidya and C. M. Barasara,(2011) Product cordial graphs in
the context of some graph operations, Internal. J. Math. Sci.
Compult., Vol.1(2).

© 2019, IJCSE All Rights Reserved

Vol. 7(5), Mar 2019, E-ISSN: 2347-2693

Authors Profile

Mrs.V. Sharon Philomena pursed Bachelor of Science from
University of Madras, Chennai in 2002 and Master of
Science from University of Madras in year 2004. She is
currently pursuing Ph.D in Graph labeling. and working as
Assistant Professor in PG Department of Mathematics,
University of Madras, Chennai since 2010. She is a life
member of Anna Periyar All India Mathematical Society.
She has published more than 15 research papers in reputed
International Journals including IJAER, International Journal
of Computing algorithms. Organized conferences including
UGC sponsored National workshops. She has received UGC
—MRP a grant of 5 lakhs on Graph matching towards Women
related Cancer. She has 15 years of teaching experience .

Ms Priyadharshini T pursed Bachelor of Science from
University of Thiruvalluvar,Vellore in 2015, Bachelor of
Education from Tamilnadu Teacher Education Unversity,
Chennai in 2017 and currently, Pursuing Master of Science
from University of Madras, Chennai.

68



