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1. Introduction

Unless mentioned or otherwise, the graphs in this paper are finite, undi-
rected and simple. For all other terminology and notations we follow Harary
[2].
Let G be a (p, q)-graph. Let the vertex set and the edge set of a graph
G are denoted by V (G) and E(G) respectively. A graph labeling is an
assignment of integers to vertices or edges, or both subject to certain con-
dition. The concept of graph labeling was introduced by Rosa in the late
of 1960,s [5].The concept of an even vertex odd mean labeling of the graph
was introduced by R.Vasuki, A. Nagarajan and S. Arockiaraj [7]. Also
they investigated the even vertex odd mean labeling behaviour of some
standard graphs. Labeled graphs serve as useful models for a broad rang
of applications such as coding theory, mathematical modeling, x-ray, crys-
tallography, radar, Astronomy, circuit design and communication network
addressing [1]. We will give brief summery of definitions which are useful
for this paper.

Definition 1.1. [7] A function f is called an even vertex odd mean
labeling of a graph G = (V,E) if f : V → {0, 2, 4, ..., 2q} is injective and
the induced function f∗ : E → {1, 3, 5, ..., 2q − 1} defined as f∗(e = uv) =
f(u)+f(v)

2 is bijective, ∀e = uv ∈ E.

A graph G , which admits an even vertex odd mean labeling is called
an even vertex odd mean graph. For more studies see[3,4].

Definition 1.2. [6] Let m,n ≥ 3. Let Cm be a cycle on m vertices. A
calendula graph, denoted by Clm,n is a graph constructed from Cm and m
copies of Cn which are Cn1 ,Cn2 ,...,Cnm and attaching the i-th edge of Cm

to an edge of Cni for each i ∈ {1, 2, 3, ...,m}.
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Illustration 1.1. In the following Figure 1 we can see Cl4,5.

Figure 1.1: A calendula graph Cl4,5

2. Calendula graphs and its even vertex odd mean labeling.

In this section, we show that calendula graph Clm,n form is an even positive
integer and n ≡ 0 (mod 4) is an even vertex odd mean graph.

Theorem 2.1. Let m and n be two integers with m is an even positive
integer and n ≡ 0 (mod 4). Let Clm,n be a calendula graph, then Clm,n is
an even vertex odd mean graph.

Proof. Let Cm be a cycle of lengthm, wherem is an even positive integer
with vertices u1, u2, ..., um. Let Cni , 1 ≤ i ≤ m be m copies of a cycle of
length n, where n ≡ 0 (mod 4). Let vij , 1 ≤ i ≤ m, 1 ≤ j ≤ n be the vertices
of m copies of Cn. Let ei = uiu(i+1) denote to the edges of the cycle Cm

for 1 ≤ i ≤ m− 1 and em = umu1. Let eij = vijvi(j+1) denote to the edges
of m copies of the cycle Cn for 1 ≤ i ≤ m, 1 ≤ j ≤ n− 1 and eij = vinvi1
for 1 ≤ i ≤ m . The calendula graphs Clm,n obtained by attaching each
edge of ei of Cm to an edge eij of Cni for each 1 ≤ i ≤ m,1 ≤ j ≤ n. Then
it obvious that the order of Clm,n is m(n− 1) and the size of Clm,n is mn.
Define f : V (Clm,n)→ {0, 2, 4, ..., 2q − 2, 2q = 2mn} as follows:
Case (I): When m ≡ 0 (mod 4) and n = 4.
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fa1




1518 M. Basher

f(ui) =

⎧⎪⎪⎪⎨⎪⎪⎪⎩
2ni− 2, 1 ≤ i ≤ m

2 and i is odd
2ni− 8, 2 ≤ i ≤ m

2 and i is even
2ni+ 2, m

2 + 1 ≤ i ≤ m and i is odd
2ni, m

2 + 1 ≤ i ≤ m and i is even.
For 1 ≤ i ≤ m

2 − 1, i is odd.

f(vij) =

⎧⎪⎪⎪⎨⎪⎪⎪⎩
2ni+ 2j − 4, 1 ≤ j ≤ n

2 and j is odd
2ni+ 2j − 8, 1 ≤ j ≤ n

2 and j is even
2ni+ 2j, n

2 + 1 ≤ j ≤ n and j is odd
2ni+ 2j − 8, n

2 + 1 ≤ j ≤ n and j is even.
For 1 ≤ i ≤ m

2 − 1, i is even.

f(vij) =

⎧⎪⎪⎪⎨⎪⎪⎪⎩
2ni+ 2j − 10, 1 ≤ j ≤ n

2 and j is odd
2ni+ 2j − 2, 1 ≤ j ≤ n

2 and j is even
2ni+ 2j − 6, n

2 + 1 ≤ j ≤ n and j is odd
2ni+ 2j − 2, n

2 + 1 ≤ j ≤ n and j is even.

f(vm
2
j) =

⎧⎪⎪⎪⎨⎪⎪⎪⎩
nm+ 2j − 10, 1 ≤ j ≤ n

2 and j is odd
nm+ 2, j = 2
nm+ 2j + 2, 4 ≤ j ≤ n and j is even
nm+ 2j − 2, n

2 + 1 ≤ j ≤ n and j is odd.
For m

2 + 1 ≤ i ≤ m, i is odd.

f(vij) =

⎧⎪⎨⎪⎩
2ni+ 2j, 1 ≤ j ≤ n

2 and j is odd
2ni+ 2j − 4, 1 ≤ j ≤ n

2 and j is even
2ni+ 2j, n

2 + 1 ≤ j ≤ n.
For m

2 + 1 ≤ i ≤ m, i is even.

f(vij) =

⎧⎪⎨⎪⎩
2ni+ 2j − 2, 1 ≤ j ≤ n

2
2ni+ 2j − 2, n

2 + 1 ≤ j ≤ n and j is odd
2ni+ 2j + 2, n

2 + 1 ≤ j ≤ n and j is even.

f(vmj) =

⎧⎪⎨⎪⎩
2nm j = 1
2j − 6, 3 ≤ j ≤ n and i is odd
2j − 2, 2 ≤ j ≤ n and i is even.

The edge labels of Clm,n are given as follows:

f∗(ui u(i+1)) =

⎧⎪⎨⎪⎩
2ni+ n− 5, 1 ≤ i ≤ m

2
nm+ n− 3, i = m

2
2ni+ n+ 1, m

2 + 1 ≤ i ≤ m− 1.
f∗(um u1) = nm+ n− 1.
For 1 ≤ i ≤ m

2 − 1.

f∗(vij vi(j+1)) =

⎧⎪⎨⎪⎩
2ni+ 2j − 5, 1 ≤ j ≤ n

2
2ni+ n− 3, j = n

2
2ni+ 2j − 3, n

2 + 1 ≤ j ≤ n− 1.
f∗(vim ui1) = 2ni+ n− 5.



On even vertex odd mean labeling of the calendula graphs 1519
f∗(vm

2
j vm

2
(j+1)) =

⎧⎪⎪⎪⎨⎪⎪⎪⎩
nm− 3, j = 1
nm− 1, j = 2
nm+ 2j − 3, 3 ≤ j ≤ n

2 − 1
nm+ 2j + 1, n

2 ≤ j ≤ n− 1.
f∗(vm

2
n vm

2
1) = nm+ n− 3.

For m
2 + 1 ≤ i ≤ m.

f∗(vij vi(j+1)) =

(
2ni+ 2j − 1, 1 ≤ j ≤ n

2
2ni+ 2j + 1, n

2 + 1 ≤ j ≤ n− 1.
f∗(vin vi1) = 2ni+ n+ 1.

f∗(vmjvm(j+1)) =

(
nm+ 1 j = 1
2j − 3, 2 ≤ j ≤ n− 1.

f∗(vmn vm1) = nm+ n− 1.

Case (II): When m ≡ 0 (mod 4) and n = 4, we define f as follows:

f(ui) =

⎧⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎩

8i− 2, 1 ≤ i ≤ m
2 and i is odd

8i− 8, 2 ≤ i ≤ m
2 and i is even

4m+ 6, i = m
2 + 1

8i+ 2, m
2 + 2 ≤ i ≤ m and i is odd

8i, m
2 + 2 ≤ i ≤ m and i is even.

The labels of vertices vij for 1 ≤ i ≤ m
2 − 1, 1 ≤ j ≤ 4 are given as in

the pervious case. Now the labels of remaining vertices vij for
m
2 ≤ i ≤ m,

1 ≤ j ≤ 4 are given as follows:

f(v(m
2
)j) =

⎧⎪⎪⎪⎨⎪⎪⎪⎩
4m− 8, j = 1
4m+ 2, j = 2
4m+ 8, j = 3
4m+ 6, j = 4.

f(v(m
2
+1)j) =

⎧⎪⎪⎪⎨⎪⎪⎪⎩
4m+ 6, j = 1
4m+ 12, j = 2
4m+ 14, j = 3
4m+ 16, j = 4.

For m
2 + 2 ≤ i ≤ m− 1, i is even.

f(vij) =

⎧⎪⎪⎪⎨⎪⎪⎪⎩
8i, j = 1
8i+ 2, j = 2
8i+ 4, j = 3
8i+ 10, j = 4.

For m
2 + 2 ≤ i ≤ m− 1, i is odd.
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f(vij) =

⎧⎪⎪⎪⎨⎪⎪⎪⎩
8i+ 2, j = 1
8i, j = 2
8i+ 6, j = 3
8i+ 8, j = 4.

f(vmj) =

⎧⎪⎪⎪⎨⎪⎪⎪⎩
2nm, j = 1
2, j = 2
0, j = 3
6, j = 4.

Then, the edge labels of Clm,4 are given as follows:

f∗(uiu(i+1)) =

⎧⎪⎪⎪⎨⎪⎪⎪⎩
8i− 5, 1 ≤ i ≤ m

2 − 1
4m− 1, i = m

2
4m+ 11, i = m

2 + 1
8i+ 5, m

2 + 2 ≤ i ≤ m− 1.
f∗(um u1) = 4m+ 3.
The labels of edges vijvi(j+1) for 1 ≤ i ≤ m

2 − 1, 1 ≤ j ≤ 3 and vi3vi1
for 1 ≤ i ≤ m

2 − 1 are given as in pervious case. Otherwise, the labels
of remaining edges vijvi(j+1) for

m
2 ≤ i ≤ m, 1 ≤ j ≤ 3 and vi4vi1 for

m
2 ≤ i ≤ m are given as follows:

f∗(v(m
2
)j v(m

2
)(j+1)) =

⎧⎪⎨⎪⎩
4m− 3, j = 1
4m+ 5, j = 2
4m+ 7, j = 3.

f∗(v(m
2
)4 v(m

2
)1) = 4m− 1.

f∗(v(m
2
+1)j v(m

2
+1)(j+1)) =

⎧⎪⎨⎪⎩
4m+ 9, j = 1
4m+ 13, j = 2
4m+ 15, j = 3.

f∗(v(m
2
+1)4 v(m

2
+1)1) = 4m+ 11.

For m
2 + 2 ≤ i ≤ m− 1.

f∗(vij vi(j+1)) =

⎧⎪⎨⎪⎩
8i+ 1, j = 1
8i+ 3, j = 2
8i+ 7, j = 3.

f∗(vi4 vi1) = 8i+ 5.

f∗(vmj vm(j+1)) =

⎧⎪⎨⎪⎩
4m+ 1, j = 1
1, j = 2
3, j = 3.

f∗(vm4 vm1) = 4m+ 3.
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Case (III): When m = 2k and k is odd, we define f as follows:

f(ui) =

⎧⎪⎪⎪⎨⎪⎪⎪⎩
2ni− 2, 1 ≤ i ≤ m

2 − 1 and i is odd
2ni− 8, 2 ≤ i ≤ m

2 − 1 and i is even
2ni+ 2, m

2 ≤ i ≤ m and i is odd
2ni, m

2 ≤ i ≤ m and i is even.

The labels of vertices vij for 1 ≤ i ≤ m
2 − 2, 1 ≤ j ≤ n and vmj for

1 ≤ j ≤ n are given as in Case(I). Now the labels of remaining vertices vij
for m

2 − 1 ≤ i ≤ m− 1, 1 ≤ j ≤ n are given as follows:

f(v(m
2
−1)j) =

⎧⎪⎨⎪⎩
nm− 2n+ 2j − 10, 1 ≤ j ≤ n and j is odd
nm− 2n+ 2j − 2, 1 ≤ j ≤ n

2 and j is even
nm− 2n+ 2j + 2, n

2 + 2 ≤ j ≤ n and j is even.

f(vm
2
j) =

⎧⎪⎪⎪⎨⎪⎪⎪⎩
nm+ 2j, 1 ≤ j ≤ n

2 and j is odd
nm− 8, j=2
nm+ 2j − 8, 4 ≤ j ≤ n

2 and j is even
nm+ 2j, n

2 + 1 ≤ j ≤ n.
For m

2 + 1 ≤ i ≤ m− 1, i is even.

f(vij) =

⎧⎪⎨⎪⎩
2ni+ 2j − 2, 1 ≤ j ≤ n

2
2ni+ 2j − 2, n

2 + 1 ≤ j ≤ n and j is odd
2ni+ 2j + 2, n

2 + 1 ≤ j ≤ n and j is even.

For m
2 + 1 ≤ i ≤ m− 1, i is odd.

f(vij) =

⎧⎪⎨⎪⎩
2ni+ 2j, 1 ≤ j ≤ n

2 and j is odd
2ni+ 2j − 4, 1 ≤ j ≤ n

2 and j is even
2ni+ 2j, n

2 + 1 ≤ j ≤ n.

Hence, the edge labels of Clmn are given as follows:

f∗(ui u(i+1)) =

⎧⎪⎨⎪⎩
2ni− 5, 1 ≤ i ≤ m

2 − 2
2ni− 3, i = m

2 − 1
2ni+ 1, m

2 ≤ i ≤ m− 1.
f∗(um u1) = nm− n− 1.

The labels of edges vijvi(j+1) for 1 ≤ i ≤ m
2 − 2, 1 ≤ j ≤ n − 1 ,

vinvi1 for 1 ≤ i ≤ m
2 − 2, vmjvm(j+1) for 1 ≤ j ≤ n − 1 and vmnvm1 are

given as in Case(I). Otherwise, the labels of remaining edges vijvi(j+1) for
m
2 − 1 ≤ i ≤ m − 1, 1 ≤ j ≤ n − 1 and vinvi1 for

m
2 − 1 ≤ i ≤ m − 1 are

given as follows:

f∗(v(m
2
−1)j v(m

2
−1)(j+1)) =

(
nm− 2n+ 2j − 5, 1 ≤ j ≤ n

2
nm− 2n+ 2j − 3, n

2 + 1 ≤ j ≤ n− 1.
f∗(v(m

2
−1)n v(m

2
−1)1) = nm− n− 3.
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f∗(vm
2
j vm

2
(j+1)) =

⎧⎪⎪⎪⎨⎪⎪⎪⎩
nm− 3, j = 1
nm− 5, j = 2
nm+ 2j − 3, 3 ≤ j ≤ n

2
nm+ 2j + 1, n

2 + 1 ≤ j ≤ n− 1.
f∗(vm

2
n vm

2
1) = nm+ n+ 1.

For m
2 + 1 ≤ i ≤ m− 1.

f∗(vij vi(j+1)) =

⎧⎪⎨⎪⎩
2ni+ 2j − 1, 1 ≤ j ≤ n

2
2ni+ n− 1, j = n

2
2ni+ 2j + 1, n

2 + 1 ≤ j ≤ n− 1.
f∗(vin vi1) = 2ni+ n+ 1. 2

Illustration 2.1. In the following Figure 2, Figure 3 and Figure 4 we show
an even vertex odd mean labeling on calendula graphs Cl8,8, Cl8,4 and Cl6,8
respectively.

Figure 2.1: An even vertex odd mean graph of Cl8,8
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fa7
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Figure 2.2: An even vertex odd mean graph of Cl8,4

Figure 2.3: An even vertex odd mean graph of Cl6,8
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3. Arbitrary calendula graphs and its even vertex odd mean
labeling.

In this section, we introduce the definition of arbitrary calendula graph and
prove that the arbitrary calendula graph is an even vertex odd mean graph.

Definition 3.1. A calendula graph is said to be arbitrary calendula
graph, denoted by ACl(m;n1,n2,...,nm) if every edge from Cm is attached by
an edge from arbitrary Cni where ni may vary for each 1 ≤ i ≤ m.

Illustration 3.1. In the following Figure 5 the arbitrary calendula graph
ACl(6;6,5,4,3,4,5) is shown where m = 6, n1 = 6, n2 = 5, n3 = 4, n4 = 3, n5 =
4 and n6 = 5.

Figure 3.1: Arbitrary calendula graph ACl(6;6,5,4,3,4,5)

pc
fa2
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Theorem 3.2. Let m and ni, 1 ≤ i ≤ m be m+1 integers with m is an

even positive integer and ni ≡ 0 (mod 4),1 ≤ i ≤ m such that nm
2
= nm

and

m
2P

i=1
ni =

mP
i=m

2
+1

ni, then the arbitrary calendula graph ACl(m;n1,n2,...,nm)

is an even vertex odd mean graph.

Proof. Let Cm : u1u2...umu1 be the cycle of length m, where m is an
even positive integer. Let Cni , 1 ≤ i ≤ m be m arbitrary cycles such that

nm
2
= nm and

m
2P

i=1
ni =

mP
i=m

2
+1

ni, where ni may vary for each 1 ≤ i ≤ m and

ni ≡ 0 (mod 4). Let ei = uiu(i+1) denote to the edges of the cycle Cm for
1 ≤ i ≤ m− 1 and em = umu1. Let eij = vijvi(j+1) denote to the edges of
m arbitrary cycles Cni for 1 ≤ i ≤ m,1 ≤ j ≤ ni − 1 and eij = vinivi1
for 1 ≤ i ≤ m. The arbitrary calendula graphs ACl(m;n1,n2,...,nm) ob-
tained by attaching each edge of ei of Cm to an edge eij of Cni for each
1 ≤ i ≤ m,1 ≤ j ≤ n. Then it is clear that the number of vertices of

the graph ACl(m;n1,n2,...,nm) is
mP
i=1

ni −m and the number of edges of the

graph ACl(m;n1,n2,...,nm) is
mP
i=1

ni. We define f : V (ACl(m;n1,n2,...,nm)) →

{0, 2, 4, ..., 2q − 2, 2q = 2
mP
i=1

ni} as follows:

Case (I): When m ≡ 0 (mod 4) and nm = nm
2
= 4.

f(ui) =

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

2nm − 2, i = 1

2nm + 2
i−1P
k=1

nk − 2, 2 ≤ i ≤ m
2 and i is odd

2nm + 2
i−1P
k=1

nk − 8, 2 ≤ i ≤ m
2 and i is even

2nm + 2
i−1P
k=1

nk + 2,
m
2 + 1 ≤ i ≤ m− 1 and i is odd

2nm + 2
i−1P
k=1

nk − 4, m
2 + 1 ≤ i ≤ m− 1 and i is even

2
mP
k=1

nk, i = m

f(v1j) =

⎧⎪⎨⎪⎩
2nm + 2j − 4, 1 ≤ j ≤ n1

2 and j is odd
2nm + 2j − 8, 1 ≤ j ≤ n1 and j is even
2nm + 2j,

n1
2 + 1 ≤ j ≤ n1 and j is odd.

For 2 ≤ i ≤ m
2 − 1, i is odd.
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f(vij) =

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

2nm + 2
i−1P
k=1

nk + 2j − 4, 2 ≤ j ≤ ni
2 and j is odd

2nm + 2
i−1P
k=1

nk + 2j − 8, 2 ≤ j ≤ ni
2 and j is even

2nm + 2
i−1P
k=1

nk + 2j,
ni
2 + 1 ≤ j ≤ ni and j is odd

2nm + 2
i−1P
k=1

nk + 2j − 8, ni
2 + 1 ≤ j ≤ ni and j is even.

For 2 ≤ i ≤ m
2 − 1, i is even.

f(vij) =

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

2nm + 2
i−1P
k=1

nk + 2j − 10, 2 ≤ j ≤ ni
2 and j is odd

2nm + 2
i−1P
k=1

nk + 2j − 2, 2 ≤ j ≤ ni
2 and j is even

2nm − 2ni + 2
iP

k=1
nk + 2j − 6, ni

2 + 1 ≤ j ≤ ni and j is odd

2nm − 2ni + 2
iP

k=1
nk + 2j − 2, ni

2 + 1 ≤ j ≤ ni and j is even.

f(vm
2
j) =

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

2nm + 2

m
2
−1P

k=1
nk + 2j − 10, 1 ≤ j ≤

nm
2
2 and j is odd

2nm + 2

m
2
−1P

k=1
nk + 2, j = 2

2nm +

m
2
−1P

k=1
nk + 2j + 2, 4 ≤ j ≤

nm
2
2 and j is even

2nm + 2

m
2
−1P

k=1
nk + 2j − 2,

nm
2
2 + 1 ≤ j ≤ nm

2
and j is odd

2nm + 2

m
2
−1P

k=1
nk + 2j + 2,

nm
2
2 + 1 ≤ j ≤ nm

2
and j is even.

For m
2 + 1 ≤ i ≤ m− 2, i is odd.

f(vij) =

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

2nm + 2
i−1P
k=1

nk + 2j, 1 ≤ j ≤ ni
2 and j is odd

2nm + 2
i−1P
k=1

nk + 2j − 4, 1 ≤ j ≤ ni
2 and j is even

2nm − 2ni +
iP

k=1
nk + 2j + 4,

ni
2 + 1 ≤ j ≤ ni and j is odd

2nm − 2ni +
iP

k=1
nk + 2j − 4, ni

2 + 1 ≤ j ≤ ni and j is even.

For m
2 + 1 ≤ i ≤ m− 2, i is even.
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f(vij) =

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

2nm + 2
i−1P
k=1

nk + 2j − 6, 1 ≤ j ≤ ni
2 and j is odd

2nm + 2
i−1P
k=1

nk + 2j + 2, 1 ≤ j ≤ ni
2 and j is even

2nm − 2ni +
iP

k=1
nk + 2j − 2, ni

2 + 1 ≤ j ≤ ni and j is odd

2nm − 2ni +
iP

k=1
nk + 2j + 2,

ni
2 + 1 ≤ j ≤ ni and j is even.

f(v(m−1)j) =

⎧⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎩

2nm + 2
m−2P
k=1

nk + 2j, 1 ≤ j ≤ n(m−1) and j is odd

2nm + 2
m−2P
k=1

nk + 2j − 4, 1 ≤ j ≤ n(m−1)
2 and j is even

2nm +
m−2P
k=1

nk + 2j,
n(m−1)
2 + 1 ≤ j ≤ n(m−1) and j is even.

f(vmj) =

⎧⎪⎪⎨⎪⎪⎩
2

mP
k=1

nk j = 1

2j − 6, 3 ≤ j ≤ nm and j is odd
2j − 2, 2 ≤ j ≤ nm and j is even.

Thus, the edge labels of ACl(m;n1,n2,...,nm) are given as follows:

f∗(ui u(i+1)) =

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

2nm + n1 − 5, i = 1

2nm + 2
i−1P
k=1

nk + ni − 5, 2 ≤ i ≤ m
2 − 1

2nm + 2

m
2
−1P

k=1
nk + nm

2
− 3, i = m

2

2nm + 2
i−1P
k=1

nk + ni − 1, m
2 + 1 ≤ i ≤ m− 1.

f∗(um u1) = nm + 2
mP
k=1

nk − 1.

f∗(v1j v1(j+1)) =

(
2nm + 2j − 5, 1 ≤ j ≤ n1

2
2nm + 2j − 3, n1

2 + 1 ≤ j ≤ n1 − 1.
f∗(v1n1 v11) = 2nm + n1 − 5.
For 2 ≤ i ≤ m

2 − 1.

f∗(vij vi(j+1)) =

⎧⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎩

2nm + 2
i−1P
k=1

nk + 2j − 5, 1 ≤ j ≤ ni
2 − 1

2nm + 2
i−1P
k=1

nk + ni − 3, j = ni
2

2nm + 2
i−1P
k=1

nk + 2j − 3, ni
2 + 1 ≤ j ≤ ni − 1.

f∗(vini vi1) = 2nm + 2
i−1P
k=1

nk + ni − 5.



1528 M. Basher

f∗(vm
2
j vm

2
(j+1)) =

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

2nm + 2

m
2
−1P

k=1
nk − 3, j = 1

2nm + 2

m
2
−1P

k=1
nk − 1, j = 2

2nm + 2

m
2
−1P

k=1
nk + 2j − 3, 3 ≤ j ≤

nm
2
2 − 1

2nm + 2

m
2
−1P

k=1
nk + 2j + 1,

nm
2
2 ≤ j ≤ nm

2
− 1.

f∗(vm
2
nm
2
vm
2
1) = 2nm + 2

m
2
−1P

k=1
nk + nm

2
− 3.

For m
2 + 1 ≤ i ≤ m− 2.

f∗(vij vi(j+1)) =

⎧⎪⎪⎪⎨⎪⎪⎪⎩
2nm + 2

i−1P
k=1

nk + 2j − 1, 1 ≤ j ≤ ni
2 − 1

2nm + 2
i−1P
k=1

nk + 2j + 1,
ni
2 ≤ j ≤ ni − 1.

f∗(vini vi1) = 2nm − 2ni +
i−1P
k=1

nk + ni − 1.

f∗(v(m−1)j v(m−1)(j+1)) =

⎧⎪⎪⎨⎪⎪⎩
2nm + 2

m−2P
k=1

nk + 2j − 1, 1 ≤ j ≤ n(m−1)
2 ,

2nm + 2
m−2P
k=1

nk + 2j + 1,
n(m−1)
2 + 1 ≤ j ≤ n(m−1) − 1.

f∗(v(m−1)n(m−1) v(m−1)1) = 2nm + 2
m−2P
k=1

nk + n(m−1) + 1.

f∗(vmj vm(j+1)) =

⎧⎨⎩
mP
k=1

nk + 1, j = 1

2j − 3, 2 ≤ j ≤ nm − 1.
f∗(vmnm vm1) =

mP
k=1

nk + nm − 1.

Case (II): When m ≡ 0 (mod 4) and nm = nm
2
= 4, we define f as follows:

f(ui) =

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

6, i = 1

2
i−1P
k=1

nk + 6, 2 ≤ i ≤ m− 1 and i is odd

2
i−1P
k=1

nk, 2 ≤ i ≤ m
2 + 1 and i is even

2
i−1P
k=1

nk + 8,
m
2 + 2 ≤ i ≤ m− 1 and i is even

2
mP
k=1

nk, i = m.



On even vertex odd mean labeling of the calendula graphs 1529
The labels of vertices vij for 1 ≤ i ≤ m

2 − 1, 1 ≤ j ≤ ni are given as in
the pervious case. Now the labels of remaining vertices vij for

m
2 ≤ i ≤ m,

1 ≤ j ≤ ni are given as follows:

f(vm
2
j) =

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

2

m
2
−1P

k=1
nk, j=1

2

m
2
−1P

k=1
nk + 10, j=2

2

m
2
−1P

k=1
nk + 16, j=3

2

m
2
−1P

k=1
nk + 14, j=4.

f(v(m
2
+1)j) =

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎩

2

m
2P

k=1
nk + 2j + 4, 1 ≤ j ≤

n(m2 +1)
2 and j is odd

2

m
2P

k=1
nk + 2j + 8, 1 ≤ j ≤

n(m2 +1)
2 and j is even

2

m
2P

k=1
nk + 2j + 8,

n(m2 +1)
2 + 1 ≤ j ≤ n(m

2
+1).

For m
2 + 2 ≤ i ≤ m− 1, i is even.

f(vij) =

⎧⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎩

2
i−1P
k=1

nk + 2j + 6, 1 ≤ j ≤ ni
2

2
i−1P
k=1

nk + 2j + 10,
ni
2 + 1 ≤ j ≤ ni and j is odd

2
i−1P
k=1

nk + 2j + 6,
ni
2 + 1 ≤ j ≤ ni and j is even.

For m
2 + 2 ≤ i ≤ m− 1, i is odd.

f(vij) =

⎧⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎩

2
i−1P
k=1

nk + 2j + 4, 1 ≤ j ≤ ni
2 and j is odd

2
i−1P
k=1

nk + 2j + 8, 1 ≤ j ≤ ni
2 and j is even

2
iP

k=1
nk − 2ni + 2j + 8, ni

2 + 1 ≤ j ≤ ni.

f(vmj) =

⎧⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎩
2

mP
k=1

nk, j = 1

2, j = 2
0, j = 3
6, j = 4.

Thus, the edge labels of ACl(m;n1,n2,...,nm) are given as follows:
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f∗(ui u(i+1)) =

⎧⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎩

n1 + 3, i = 1

2
i−1P
k=1

nk + ni + 3, 2 ≤ i ≤ m
2

2
i−1P
k=1

nk + ni + 7,
m
2 + 1 ≤ i ≤ m− 1.

f∗(um u1) =
mP
k=1

nk + 3.

The labels of edges vijvi(j+1) for 1 ≤ i ≤ m
2 − 1, 1 ≤ j ≤ ni − 1 and

vinivi1 for 1 ≤ i ≤ m
2 − 1 are given as in pervious case. Otherwise, the

labels of remaining edges vijvi(j+1) for
m
2 ≤ i ≤ m, 1 ≤ j ≤ ni − 1 and

vinivi1 for
m
2 ≤ i ≤ m are given as follows:

f∗(vm
2
j vm

2
(j+1)) =

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎩

2

m
2
−1P

k=1
nk + 5, j=1

2

m
2
−1P

k=1
nk + 13, j=2

2

m
2
−1P

k=1
nk + 15, j=3.

f∗(vm
2
4 vm

2
1) = 2

m
2
−1P

k=1
nk + 7.

For m
2 + 1 ≤ i ≤ m− 1.

f∗(v(m
2
+1)j v(m

2
+1)(j+1)) =

⎧⎪⎪⎪⎨⎪⎪⎪⎩
2

m
2P

k=1
nk + 2j + 7, 1 ≤ j ≤

n(m2 +1)

2 − 1

2

m
2P

k=1
nk + 2j + 9,

n(m2 +1)
2 ≤ j ≤ n(m

2
+1) − 1.

f∗(v(m
2
+1)n(m2 +1)

v(m
2
+1)1) = 2

m
2P

k=1
nk + nm

2
+1 + 7.

For m
2 + 2 ≤ i ≤ m− 1.

f∗(vij vi(j+1)) =

⎧⎪⎪⎪⎨⎪⎪⎪⎩
2
i−1P
k=1

nk + 2j − 7, 1 ≤ j ≤ ni
2 − 1

2
i−1P
k=1

nk + 2j + 9,
ni
2 ≤ j ≤ ni − 1.

f∗(vini vi1) = 2
i−1P
k=1

nk + ni + 7.

f∗(vmj vm(j+1)) =

⎧⎪⎪⎨⎪⎪⎩
mP
k=1

nk + 1, j = 1

1, j = 2
3, j = 3.

f∗(vm4 vm1) =
mP
k=1

nk + 3.
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Case (III): When m = 2k and k is odd, we define f as follows:

f(ui) =

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

2nm − 2, i = 1

2nm + 2
i−1P
k=1

nk − 2, 2 ≤ i ≤ m
2 and i is odd

2nm + 2
i−1P
k=1

nk − 8, 2 ≤ i ≤ m
2 and i is even

2

m
2P

k=1
nk + 2, i = m

2

2nm + 2
i−1P
k=1

nk + 2,
m
2 + 1 ≤ i ≤ m and i is odd

2nm + 2
i−1P
k=1

nk,
m
2 + 1 ≤ i ≤ m and i is even.

The labels of vertices vij for 1 ≤ i ≤ m
2 − 2, 1 ≤ j ≤ ni and vmj for

1 ≤ j ≤ ni are given as in Case(I). Now the labels of remaining vertices vij
for m

2 − 1 ≤ i ≤ m− 1, 1 ≤ j ≤ ni are given as follows:

f(v(m
2
−1)j) =

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎩

2nm + 2

m
2
−2P

k=1
nk + 2j − 10, 1 ≤ j ≤ n(m

2
−1) and j is odd

2nm + 2

m
2
−2P

k=1
nk + 2j − 2, 1 ≤ j ≤

n(m2 −1)
2 and j is even

2nm + 2

m
2
−2P

k=1
nk + 2j + 2,

n(m2 −1)
2 + 2 ≤ j ≤ n(m

2
−1) and j is even.

f(vm
2
j) =

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

2

m
2P

k=1
nk + 2j, 1 ≤ j ≤ nm

2
and j is odd

2

m
2P

k=1
nk − 8, j = 2

2

m
2P

k=1
nk + 2j − 8, 4 ≤ j ≤

nm
2
2 and j is even

2

m
2P

k=1
nk + 2j,

nm
2
2 + 2 ≤ j ≤ nm

2
and j is even.

For m
2 + 1 ≤ i ≤ m− 1, i is even.

f(vij) =

⎧⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎩

2nm + 2
i−1P
k=1

nk + 2j − 2, 1 ≤ j ≤ ni and j is odd

2nm + 2
i−1P
k=1

nk + 2j − 2, 1 ≤ j ≤ ni
2 and j is even

2nm + 2
i−1P
k=1

nk + 2j + 2,
ni
2 + 1 ≤ j ≤ ni and j is even.

For m
2 + 1 ≤ i ≤ m− 1, i is odd.
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f(vij) =

⎧⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎩

2nm + 2
i−1P
k=1

nk + 2j, 1 ≤ j ≤ ni and j is odd

2nm + 2
i−1P
k=1

nk + 2j − 4, 1 ≤ j ≤ ni
2 and j is even

2nm + 2
i−1P
k=1

nk + 2j,
ni
2 + 1 ≤ j ≤ ni and j is even.

Hence, the edge labels of ACl(m;n1,n2,...,nm) are given as follows:

f∗(ui u(i+1)) =

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

2nm + n1 − 5, i = 1

2nm + 2
i−1P
k=1

nk + ni − 5, 2 ≤ i ≤ m
2 − 2

2nm + 2

m
2
−2P

k=1
nk + nm

2
−1 − 3, i = m

2 − 1

nm + 2

m
2P

k=1
nk + 1, i = m

2

2nm + 2
i−1P
k=1

nk + ni + 1,
m
2 + 1 ≤ i ≤ m− 1.

f∗(um u1) = 2nm +
m−1P
k=1

nk − 1.

The labels of edges vijvi(j+1) for 1 ≤ i ≤ m
2 − 2, 1 ≤ j ≤ ni − 1 ,

vinivi1 for 1 ≤ i ≤ m
2 − 2, vmjvm(j+1) for 1 ≤ j ≤ ni − 1 and vmnmvm1 are

given as in Case(I). Otherwise, the labels of remaining edges vijvi(j+1) for
m
2 − 1 ≤ i ≤ m− 1, 1 ≤ j ≤ ni − 1 and vinivi1 for

m
2 − 1 ≤ i ≤ m− 1 are

given as follows:

f∗(v(m
2
−1)j v(m

2
−1)(j+1)) =

⎧⎪⎪⎪⎨⎪⎪⎪⎩
2nm + 2

m
2
−2P

k=1
nk + 2j − 5, 1 ≤ j ≤

n(m2 −1)
2

2nm + 2

m
2
−2P

k=1
nk + 2j − 3,

n(m2 −1)
2 + 1 ≤ j ≤ n(m

2
−1) − 1.

f∗(v(m
2
−1)n(m2 −1)

v(m
2
−1)1) = 2nm + 2

m
2
−2P

k=1
nk + nm

2
−1 − 3.

f∗(vm
2
j vm

2
(j−1)) =

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

2

m
2P

k=1
nk − 3, j = 1

2

m
2P

k=1
nk − 1, j = 2

2

m
2P

k=1
nk + 2j − 3, 3 ≤ j ≤

nm
2
2

2

m
2P

k=1
nk + 2j + 1,

nm
2
2 + 1 ≤ j ≤ nm

2
− 1.
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f∗(vm

2
nm
2
vm
2
1) = 2

m
2P

k=1
nk + nm

2
+ 1.

For m
2 + 1 ≤ i ≤ m− 1.

f∗(vij vi(j+1)) =

⎧⎪⎪⎪⎨⎪⎪⎪⎩
2nm + 2

i−1P
k=1

nk + 2j − 1, 1 ≤ j ≤ ni
2

2nm + 2
i−1P
k=1

nk + 2j + 1,
ni
2 + 1 ≤ j ≤ ni − 1.

f∗(vini vi1) = 2nm + 2
i−1P
k=1

nk + ni + 1. 2

Illustration 3.2. In the following Figure 6, Figure 7 and Figure 8 we
show an even vertex odd mean labeling on arbitrary calendula graphs
ACl(12;8,12,8,12,16,4,8,16,8,12,12,4), ACl(8;4,12,4,8,4,12,4,8) andACl(10;12,4,8,12,8,12,12,4,8,8)
respectively.

Figure 3.2: An even vertex odd mean graph of ACl(8;4,12,4,8,4,12,4,8)
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Figure 3.3: An even vertex odd mean graph of
ACl(12;8,12,8,12,16,4,8,16,8,12,12,4)

Figure 3.4: An even vertex odd mean graph of ACl(10;12,4,8,12,8,12,12,4,8,8)
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