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Abstract

A graph G is said to be Ex-Cordial if there is an edge labeling
f: E(G) :— {0,1,---,k — 1} such that, at each vertex v, the sum
modulo &k of the labels on the edges incident with v is f(v) and it
satisfies the inequalities | v7(2) — vs(j) I< 1 and | €4 (3) — es(j) |< 1,
where vy (s) and eg(t) are, respectively, the number of vertices labeled
with s and the number of edges labeled with ¢. The map f is then
called an Ej-cordial labeling of G.

This paper investigates E3-cordiality of snakes, one point unions,
path unions and coronas involving complete graphs.

A graph G is said to be Ex-Cordial if there is an edge labeling f :
E(G) :— {0,1,---,k—1} such that, at each vertex v, the sum modulo k& of
the labels on the edges incident with v is f(v) and it satisfies the inequalities
| v7(2) —vs(5) I< 1 and | ef(i) — ef(j) |< 1, where vy(s) and ef(t) are,
respectively, the number of vertices labeled with s and the number of edges
labeled with . The map f is then called an Ej-cordial labeling of G. This
concept was introduced by Cahit and Yilmaz. They proved that the following
graphs are Es-cordial: P, (n > 3); stars S, if and only if n # 1 (mod 3);
K, (n 2 3); Cn (n > 3); friendship graphs; and fans F,, (n > 3). They also
prove that S, (n > 2) is Eg-cordial if and only if n # 1 mod & when k is odd
or n Z 1 mod 2k when k is even and k # 2.

Complete Graphs

One can easily see that K is not E3-cordial. Cahit and Yilmaz proved

that K, is E3-cordial for all n > 3. We give here E3-cordial labelings different
from those given by them and later develope some more labelings and use all
of them in path unions as well as one point unions of complete graphs.
Theorem: For all n > 3, the complete graph K,, is E3-cordial.
Proof: If we have an Es-labeling of a complete graph K, we can develope an
Ej3-labeling of K, +3 first taking K3 on three new vertices and assigning the
labels 0, 1,2 to the edges of this K3. The vertices automatically get the labels
0,1,2, that is, K3 is Es-cordial with label numbers v((0,1,2) = (1,1,1) =
es(0,1,2).

Join all the edges from the vertex of K3 with the label i to vertices of K,,
and assign the label ¢ to them. The resulting labeling of the copy of Ky, 13
is E3-cordial.

For K4 we assign the labels 0,1,2 to the edges of K4, as shown in the
following figure. For K5 we in fact three E3-cordial labelings.
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After we develope these basic labelings we get E3-cordial labelings of K,
with label numbers shown in the following table. Hence K, is F3-cordial for
alln > 3.

n_ | vs(0) | v(1) | vs(2) es(0) es(1) es(2)

3z T T T 322z 322z 3z
3z+1 z+1 z z 31{ T 3:§ T Sziiz
3z + 2 T +l :L‘+1 T 3::2213:: 3::2;-3:: 3:72;-3:: +1
3z 42 T z+1 z+1 3:22:]:32 +1 3::2;-3:: 3::2213::
3z+2 z+1 T z+1 3::2213:: 3:522j:3z +1 3:22132

Snakes, One Point Unions and Path Unions of Complete Graphs
By the snake S(K,,m) we mean the graph whose cut-vertex-block graph
is a path of length m — 1 and whose blocks are all isomorphic to K,,. By the
one point union K,(,m) we mean the graph obtained by taking vertex disjoint
union of m copies of K, all having precisely one vertex in common. By the
path uniOn P,,(K,) we mean the graph obtained by taking a path of length
m — 1 and attaching a copy of K, at each of its vertices.
Theorem: The snake S(K3,,m), one point union K. §:‘) and the path union
P, (K3;) is Esz-cordial.
Proof: Consider S(Ksz,m). If m = 1, it is just K3, and it has a Es-cordial
labeling A. We now construct two more labelings which are non-FEj3-cordial.
labeling B: First take a copy of K3z with edge labels 2,0,2. Follow the
previous construction to get a labeling B of K3, with the label numbers
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322 -z 322 -z 322 — 2

vg(0,1,2) = (z—1,z,2+1),e5(0,1,2) = T 1, 3 +1

labeling C: First take a copy of K3 with edge labels 1,0,1. Follow the
previous construction to get a labeling C of K3, with the label numbers

2 _ 2 _ 2 _
v(0,1,2) = (z—1,2+1,z),ec(0,1,2) = 3”2 $,3"’2 z o

2

If mn = 2, Take two copies of K3, with the labeling A and join them at a
vertex having the label 0 in each. The vertex-label numbers of the resulting
labeling are vf(0,1,2) = (2z — 1, 2z, 2z). The edges are labeled equitably.

Now let m = 3p+r,r = 0,1,2. If 7 = 0, consider S(K33,3p). From left
to right repeatedly assign the labelings C, B, A to the blocks, such that the
blocks with labelings C' and A are joined to the block B at vertex having
the label 1 in them with a vertex of B having the label 2 in B. Similarly,
a vertex of A having the label 0 is identified with a vertex of C having the
label 1 in it. The edges are labeled equitably. The vertex-label numbers of
the resulting labeling are vf(0,1,2) = (p(3z — 1) + 1, p(3z — 1), p(3z — 1))

If r = 1, Take the previous snake S(K3;,3p) whose last block has the
labeling A. To this attach a copy of K3, with the lableing A at a vertex
having the label 0 in both. The vertex-label numbers are v¢(0, 1, 2) = (p(3z—
1) + z,p(3z — 1) + z,p(3z — 1) + z).

If » = 2, Take the previous snake S(Ks;,3p) whose last block has the
labeling A. To last block of this snake attach a copy of S(K3z,2) with its
Ej3-cordial lableing, at a vertex having the label 0 in the snake of length 3p
and a vertex having the label 1 in S(Kj3,,2. The vertex-label numbers are
v5(0,1,2) = (p(3z — 1) + 2z — 1,p(3z — 1) + 2z, p(3z — 1) + 2z).

Hence S(K3,,m) is Ez-cordial.

Now consider the one point union Ké;"). Write m =3p+7,7=0,1,2. If
r = 0, take 3p copies of K3, with the labeling A. Identify vertex with label
0 in p copies, with the vertex with the label 1 in next p copies. Finally with
the vertex with the label 2 in the remaining p copies. The edges are labeled
equitably and the vertex label numbers are same as thaose of S(K3z,3p).
The central vertex gets the label 0.

If r = 1, take one more copy with the labeling A. attach it to the earlier
copy of K. :gip ), identifying a vertex with the lable 1 with the central vertex
with the label 0. The edges are labeled equitably and the vertex label numbers
are same as thaose of S(K3z,3p + 1). The central vertex gets the label 1.

If r = 2, take one more copy with the labeling A. attach it to the earlier
copy of K. gi”“), identifying a vertex with the lable 2 with the central vertex
with the label 1. The edges are labeled equitably and the vertex label numbers
are same as those of S(Ksz,3p + 2). The central vertex gets the label 0.

Finally we consider P, (K3;). If m = 1, we just have Kj3,, which is E3-
cordial.
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If m = 2, take one copy of K3, with the labeling A. Join, by an edge, a
vertex of this copy with the label 1 to a vertex with the label 2 of a copy
of K3; having the labeling B. Assign the label 2 to the joining edge. As a
result the vertex of A will change its label from 1 to 0 and the vertex of B
will change its label from 2 to 1. The label numbers of the resulting labeling
are v¢(0, 1,2) = (2z, 27, 2z), (0, 1,2) = (322 — 2,322 — 7,322 — z + 1).

If m = 3p, take a path on 3p points with the edge labels 1,2,0,1,2,0,-- -,
1,2. As a result the vertices on this path get the labels 1,0,2,---,1.0,2. We
attach the copy of K3, with the Ej3-cordial labeling A at each points such
that, the vertices of K3, where they are attached have0,0,1,0,0,1,---,0,0,1
as their original labels in K3,. These labels change to 1,0,0,---,1,0,0. The
label numbers of the resulting labeling are

v7(0,1,2) = p{(z-1,z+1,2)+(z,z,2) + (z+ 1,z - 1,2)}
(8pz, 3pz, 3pzx)

p(e,a,0) + (p—1,p,p)

= (pa+p-1,pa+p,pa+p)

er(0,1,2)

72 —

where o =
If m = 3p + 1, attach one more edge with the label 0 and join a copy of
K3, with the labeling A at a vertex with label 0. The label numbers are
vr(0,1,2) = p{(z-1,z+1,2)+ (z,z,2) +(z+ 1,z - 1,2)} + (z,2,2)
= (3pz+z,3pz+z,3pz +2)
(o + 1)(a, o, @) + (P, p, P)
= (p+la+p,(p+1a+p(p+1l)a+p)

If m = 3p+2, take the labeled copy of Ps,(K3z. Attach, by an adge with
the label 0, the labeled copy of P;(K3;). The label numbers are

ef(O, 1, 2)

v5(0,1,1) = p{(z—-1,z+1,z) + (z,z,2) + (z+ 1,z — 1,x)} + (22, 2z, 2x)
= (3pz + 2z,3px + 2z, 3pz + 2%)

ef(o’ L2) = ((p+2)(yo, @) + (p,p,p+ 1)
((p+2)a+p,(@+2)a+p,(@+2)a+p+1)
Hence P, (K3.) is E3-cordial for all z,m € N. °

Remark: We have a Ej3-cordial labeling A of K3z+ 2‘)avith the label numbers
2 2

va(0,1,2) = (= +1,7,0),e4(0,1,2) = (EEZ, 2 T AZY gy

assign same labeling to all the m copies of Kaz41, taking care that they are

attached only at a vertex with the label 0, then we get a F3-cordial labeling

of S(K3z.+1,m) as well as Ké:'ll.
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For the path union P, (K3z+1),m # 2 mod 3, we take a path of length
m — 1 with edge labels 1,2,0,1,2,0, - - and attach a copy of K3z with its
E3-cordial labeling such that the vertx where it is attached has original label
0 in K3;41. One can easily check that this gives a E3-cordial labeling.

For m = 3p + 2, take a labeled copy of P3p;1(K3z+1). Attach to this one
more edge with the label 1. To the last vertex, which has the label 1 on this
elongated path, attach a copy of K3z+1 at a vertex having the label 1 in
K3z41. The resulting labeling clearly labels the edges equitably. The vertex
numbers of this labeling are

vr(0,1,2) = (z,z+1,2)+ (z+1,z,2)+ (z,z,2+ 1)+ - - (p times )
+@z,zc+L,z)+(z+1L,z~1,z+1)
{pBz+1)+2z+1,p(3z + 1) + 2z,p(3z + 1) + 2z + 1}

Hence Py (K3g41) is Es-cordial for all m,z € N. .
Theorem: The snake S(K3z+2,m), one point union Ké;"_,),z and path union

Prn(Ksg42) are all Es-cordial for all z,m € N.
Proof: We already know that there is an E3-cordial labeling A of K3, with
label numbers

v4(0,1,2) = (z+1,z,z+1),
322+ 3z 3z2+ 3z 3z% + 3z
ea(0,1,2) = ( 5 5 +1, 2 .
There is also an Ej3-cordial labeling B of K3,42 with label numbers
vg(0,1,2) = (z+1,z+1,z),
2 3 3 2 3 2
e5(0,1,2) = (3:1:;— :c’ :c;- a;,Sx ;-3:1:+1).

We construct another labeling which is not E3-cordial as follows:

If we start with the labeling given by the figure above and follow the
construction of previous section, we get a Non-E3-cordial labeling C of K342
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with label numbers v4(0,1,2) = (z + 2,2, z),
2 2 2
ec(0,1,2) = 3z ;—3:1: +1, 3z ;—3:1:, 3z ;-3:1:

When we attach copies of K3;12, we attach them only at a vertex with
the label 0. The labeling A + B produces a labeling with label numbers
v£(0,1,2) = (2z+1,2z+1,2z+1),e4(0,1,2) = (322 + 37,322+ 37+ 1,372+
3z + 1), which is clearly a E3-cordial labeling of S(K3z+2,2).

The labeling A+B+C produces a labeling with label numbers v;(0,1,2) =
3(3z?% + 3z)
- +1.

(3z + 2,3z + 1,3z + 1),¢4(0,1,2) = (o, @, x), where a =
Clearly this is a E3-cordial labeling of S(K3z4.2,3).

Now write m = 3¢+ r,7 = 0,1,2. If r = 0, use the sequence A+ B+ C
repeatedly g times. If » = 1, assign the labeling A to the remaining block.
If » = 2, use labeling A + B to the remaining two blocks. Following table
shows the label numbers of the resulting labeling:

m vs(0) vs(1) vs(2) es(0) es(1) es(2)
3q g8z +1)+1 | q(3z+1) | g(3z+1) qa qa qo
3¢+1 q(3z +1) q(3z+1) | g8z +1) gqo+ qo+ qo+
+z+ 1 +z +z+ 1 3::22132 3::3;-3:: + 1 3::’2:(;32
3g+2 q(3z + 1) g3z +1) | ¢(3z+1) ga+ ga+ qa+
+2z +1 +2z+1 | +2z+1 | 322 +3z | 32°+3z | 32+ 32

Hence S(K3z42,m) is Es-cordial for all z,m € N.

Now consider the one point union K. :(,‘22 If m = 3p, assign the labelings
A, B,C to p copies each such that the point where they are joined has the
label 0 in each copy. If m = 3p + 1, assign the labeling A to the additonal
copy, again joining it at a vertex with the label 0. Finally, if m = 3p + 2,
assign the labeling B to the additonal copy, again joining it at a vertex with
the label 0. The label numbers of the resulting labeling is same as given by
the previous table.

Now consider P,,(K3;4+2). If m = 1, we have E3-cordial labeling A of
K3zp2. If m = 2, Take an edge with the label 0. Attach the copy of K312
with the labeling A at one end and a copy with the labeling B at the other
end. The resulting labeling has the label numbers

v7(0,1,2) = (2x+2,2z+1,2x+1),
es(0,1,2) = (3z%2+3z+1,32% +3z+1,32% + 3z + 1).
If m = 3p, Take a path on 3p — 1 edges. Label the edges from left as
2,1,0,2,1,0,---,2,1. From left attach repeatedly the copies of K3,4+2 with

the labelings A, B,C such that the copy with the labeling A is attached at
a vertex with the label 0 in it, one with the labeling B is attached at a

152



vertex with the label 2 in it and one with the labeling C is attached at a
vertex with the label 0 in it. In each copy the edge labels remain same.
However, the vertex labels change to v4(0,1,2) = (z,z,z + 2),vB(0,1,2) =
(z+1,z+1,2),vc(0,1,2) = (z+1,z+1, z). The resulting labeling has label
numbers

v(0,1,2) = (p(3z+2),p(3z + 2),p(3z + 2))

2 2 2
(Qx ;—9:1: +1, 9z ;—9:1: +1,9:z: ;—91: +1) +o-1,0,p)

If m = 3p+ 1, attach one additional edge with the label 0 and attach the
copy of K342 with the labeling A, at a vertex having the label 0 in it. The
label numbers are '

es(0,1,2)

v6(0,1,2) = (p(3z+2,p(3z+2),p(3z+2))+(z+1,z,2+1)
2 9 2 2
e(0,1,2) = p 9z +9x+1’ T +9x+1,9z +9x+1 +
2 2 2
+(P,P,P) + (aaa + 1,0)
3z2 + 3z
where 0 = ———.

Finally, let mn = 3p + 2. If p = 0, we already have a Ej3-cordial labeling of
Py(K3z42)- Now if p > 0, first take a labeled copy of Psp(K3z42). Attach to
this a copy of P»(K3z+2) by an edge having the label 0. The label numbers
of the resulting labeling are

v5(0,1,2) = (p(3z+2),p(3x+2),p(3z+2)) + (2 + 2,2z + 1,2z + 1)
2 2 2
es(0,1,2) = p(gx ;-9x+1’9:z ;—9:1:_*_1,9.1: ;—93:_'_1)

+(p+1+2a,p+20+1,p+2a+1)

Hence P, (K3z+2) is Es-cordial for all z,m € N. °
Corona Graphs involving complete graphs

Let G, G2 be two finite graphs. The corona graph G; o G is defined
as follows: Let V(G)) = {u1,- -+, un}. Take n copies of the graph G2. Denote
them as Hy, -, H,. Now

V(G10G2) = V(G)|JV(H)

i=1

EG1) | EH:) | J{giz | z€ V(H)}

=1 i=1

E(G10Gy)

The graphs G; and G2 are called the component graphs of the corona
graph. Clearly, G, o G is not isomorphic to G2 o G.
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Theorm: The corona graph Kj; o K, is E3-cordial for all natural numbers
zand n > 3.
Proof: Case 1: n = 3y,y > 1. Clearly the number of vertices is 3z + 9zy

2 _ 2 3
and the number of edges is 9z — 3z + 3z(9y y)

+ 9zy. From the results
of previous section K3, has a F3-cordial labeling g with

v4(0,1,2) = (z,z,%),
(33:2—:1: 32—z 3:1:2~—:z:)

eg(oa 1:2) 2 y 2 y 2

Each copy H of K3, has a similar labeling h.
Create the labeling f of the edges of K3 o K3, as follows:

f(e)

gle) ife € Kay
= h(e) ifecH

The edges joining the vertices of K3, to the vertices of H are labeled as
follows: All the edges joining a vertex of K3; having the label 0 to vertices
of a copy of K3, are labeled 0. All the edges joining a vertex of K3, having
the label 1 to vertices of a copy of K3, are labeled 1. All the edges joining a
vertex of K3; having the label 2 to vertices of a copy of K3, are labeled 2.
Since the original vertex of K3, receives 3y edges with same label its label
does not change. In each copy of H joined to a vertex with label 0, labels of
all the vertices remain unchanged. In each copy of H joined to a vertex with
label 1, vertex label 0 becomes 1. vertex label 1 becomes 2 and vertex label
2 becomes 0. In each copy of H joined to a vertex with label 2, vertex label
0 becomes 2. vertex label 1 becomes 0 and vertex label 2 becomes 1.

Hence the label numbers of the resulting labeling f are

v5(0,1,2) = (z+ 3zy,z+ 3zy,z + 3zy)
es(0,1,2) = (o,a,a)

3z — z + 9zy? — 3zy

where a = + 3zy. Hence K3, o K3, is E3-cordial.

2
Case 2: n =3y+1,y 22 1. Clearly the2 number of vertices is 6z + 9zy and the
S — 3z + 32(%y” + 3y) + 3z(3y + 1). From the results
of previous section K3, has a E3-cordial labeling g with

number of edges is

v4(0,1,2) = (z,z,%),
(3:1:2—:1: 22—z 3:::2—:1:)

eg(o, 172) 2 ’ 2 ’ 2
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Each copy H of K3y has a similar labeling A with label numbers

'Uh(o,l,2) = (y+17y’y)’

3 +y 3 +y 3+
en(0,1,2) = (y2 y y2 y y2 y)

Create the labeling f of the edges of K3, o K341 as follows:

fle) = gle) ife€Ks:
h(e) ifeeH

The edges joining the vertices of K3, to the vertices of H are labeled as
follows: All the edges joining a vertex of K3, having the label 0 to vertices of
a copy of K3,+1 are labeled 0. All the edges joining a vertex of K3, having
the label 1 to vertices of a copy of K3, are labeled 1. All the edges joining
a vertex of K3, having the label 2 to vertices of a copy of K3, are labeled
2. Since the original vertices of K3, receives 3y+ 1 edges with the same label,
the vertex label 0 in K3, does not change but the vertex labels 1 and 2 are
interchanged. In each copy of H joined to a vertex with label 0, labels of all
the vertices remain unchanged. In each copy of H joined to a vertex with
label 1, vertex label 0 becomes 1. vertex label 1 becomes 2 and vertex label
2 becomes 0. In each copy of H joined to a vertex with label 2, vertex label
0 becomes 2. vertex label 1 becomes 0 and vertex label 2 becomes 1.

Hence the label numbers of the resulting labeling f are

v7(0,1,2) = (z+z(3y+1),z+z@By+1),z+z(3y+1)
ef(0,1,2) = (a,o,Q)

322 — 2 4+ 9zy? + 3zy
2

where a = + z(3y + 1). Hence K3, 0 K3,y is E3-
cordial.
Case 3: n = 3y+2. Clearly the number of vertices in K, 0 K,, is 3z+3z(3y+
9z2 -3z 3z(3y+2)By+1)

3 T 2 +

2) = 9z + 9zy and the number of edges is
3z(3y + 2).

In this case the previous technique does not work since each copy of K342
has one extra edge with the label 2. We note that K3 o K- 3y+2 can be looked
upon as the graph obtained by attaching a copy of K3,3 to each vertex of
K3.. As before take a F3-cordial labeling g of K3, and a E3-cordial labeling
h of each copy of K3,43 with its label numbers

Uh(0,1,2) = (y+1’y+1$y+1)
2 3 2 2
en(0,1,2) = (Sy +25y+2’ y +25y+2’3y +25y+2)
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For 0 < i < 2, identify a vertex with label 7 of K3, with a vertex with label
i of a copy of K3,,3. The labels 0 in the vertices of K3, remain unchanged,
the labels 1 become 2 and the labels 2 become 1. The edge labels of course
remain same. The label numbers of the resulting labeling f are

v7(0,1,2) = (3z + 3zy,3z + 3zy, 3z + 3zy)
es(0,1,2) = (yo,0)

2 _ 2
where a = 3z —z + 3z(3y* + 5y + 2)

. Hence K3; o K3y42 is E3-cordial. e

We now consider K, o K3,. The case K3 o K3, has been covered by the
previous theorem.
Theorem: The corona graph K, o K3, is Ez-cordial for all n > 3.
Proof: Case 1: n = 3z + 1. Clearly the number of vertices in K, o K3, is

2 2 _

(3z +1)(3y + 1) and the number of edges is w + (3z + 1)9y2_3y
(3z + 1)(3y).

Take a copy of K3,41 with its E3- cordial labeling g with the label num-

bers

+

14(0,1,2) = (z+1,z,%),
322 4+z 3224z 32242
69(0’1?2) - ( 2 ] 2 ) 2 ) .

Take 3z + 1 copies of H = K3, with its E3- cordial labeling h with label
numbers

vh(0,1’2) = (y1y1y)7
32—y 3y —y 3’ -y
2 '~ 2 ' 2 )¢

I

eh(07 1)2)

Define the labeling f of Kaz4+1 0 Kay as follows: f(e) = g(e) if e € Kaz41,
f(e) = h(e) if e is an edge in some copy of H. First keep aside one extra
vertex w of K3z+1 with label 0. For the remaining 3z vertices of K3z41,
the edges joining a vertex a (say) to the vertices of K3, are assigned label
g(a). The label g(a) of a remains in tact. On the other hand in the copy of
K3, attached to this vertex the vertex labels undergo transformation h(b) —
h(b) + g(a) mod 3. Clearly this labels the vertices of that copy equitably.
Now the extra vertex w of K3, is remaining from which the 3y edges going
to the copy of K3, are yet to be labeled. For a vertex v of K3, we define
flwv) =1if h(v) =0, f(wv) = 2, if h(v) =1 and f(wv) = 0, if A(v) = 2.
Clearly f(w) = g(w) and this creates exactly y vertices with label 1,0 < i <2
each with the transformation

hv)=0 — f(v)=1
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h(v)=1 — f(v)=0
h(v)=2 — f(v)=2

One can see that this labeling f has label numbers

v5(0,1,2) (z+1+y@Bz+ 1),z +y(3z+1),z+y(3z +1)),
es(0,1,2) = (a,0,0)

z2 +z
2

3y -y
2

where o = 3 +(3z+1) + 3yz + y. Hence K3,41 0 K3y is E3-

cordial.
Case 2: n = 3z + 2. Clearly, the number of vertices in K3;42 0 K3, is

2
S 9 43+

(3z + 2) + (3z + 2)3y and the number of edges is 5

9y% -3
2)"’—2—3 + (3z +2)3y.
Take a copy of K3z4+2 with its E3- cordial labeling g with the label num-
bers

vg(O, L2) = (z+Ll,z+1,3),
2 2 2
e,(0,1,2) = (Sw ;—3:1:,3:1: ;31:’330 ;—33:_'_1).

Take 3z 4 2 copies of H = K3, with its E3- cordial labeling h with label
numbers

Un (0) 11 2) = (y) Y, y)’

32_ 32_ 32_
eh(oaliz) = (yz y, yy yv y2 y)-

Define the labeling f of K3z+20 K3y as follows: f(e) = g(e) if e € Kaz4a,
f(e) = h(e) if e is an edge in some copy of H. Now keep aside the extra
vertices wy,ws of K342 with label 0,1 respectively. For the remaining 3z
vertices of K311, the edges joining a vertex a (say) to the vertices of K3,
are assigned label g(a). The label g(a) of a remains in tact. On the other
hand in the copy of K3, attached to this vertex the vertex labels undergo
transformation h(b) — h(b) + g(a). Clearly this labels the vertices of that
copy equitably. Now the extra two vertices w;,wp of K3, are remaining
from which the 3y edges going to the copy of K3, are yet to be labeled.

For a vertex v of K3, we define f(w;v) = 1 if h(v) =0, f(wv) = 2, if

h(v) =1 and f(wv) = 0, if h(v) = 2. Clearly labels of w;,w; are unchanged
and this creates exactly 2y vertices with label i,0 < i < 2 each with the
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transformation

h(v) =0 — f(v)=1
h(v)=1 — f(v)=0
h(v)=2 — f(v)=2

One can see that this labeling f has label numbers

v7(0,1,2) = (z+y(Bz+2)+1,z+y(3z+2)+1,z+y(3z+2)),
es(0,1,2) = (a+1l,a,0)
2 2 _
where o = ﬁgﬁ +(3:z:+2)3y y + 3yz + 2y.
Hence K3.41 0 K3, is Es-cordial. .

These two theorems can be consolidated into one as follows:
Theorem: The corona graph K, o K,, is E3-cordial if nm is divisible
by 3.

Now only four cases remain, that is, K, o Ky, where n,m = 1,2( mod 3).
Theorem: The corona graph K, o K, is E3-cordial whenever n = m mod 3.
Proof: We have already covered the case n,m = 0 mod 3.

Case 1: n,m = 1 mod 3. The number of vertices in KoK, is (3z+1)(3y+2)
2 2
and the number of edges is 91;—_32 + 3z + 1)M +(3z+1)(3y +1).

Let n = 3z + 1,m = 3y + 1. Take a copy of K3z4+1 with its E3-cordial
labeling g with label numbers

v4(0,1,2) = (z+1,z,2)
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322 +z 322 +2 322 +x
G012 = (2t i)

Take 3z + 1 copies of H = K3, with its F3-cordial labeling » with similar
label numbers. Define an edge labeling f of K3;4+1 0 K3y41 as follows:

The label f(e) of an old edge e € K3z, is same as g(e), the label f(e)
of an old edge e in a copy of K3;+1 is same as h(e). Keep aside a vertex of
K341 with the label 0. From each of the 3z vertices 3y + 1 edges go to a
copy of H. These edges are labeled as follows:

All the edges joining z vertices having label 0 are labeled 0. This creates
z(3y + 1) new edges with label 0. In the x copies of H this creates z(y + 1)
vertices with label 0 and zy vertices with labels 1 and 2 each.

All the edges joining x vertices having label 1 are labeled 1. This creates
z(3y + 1) new edges with label 1. In the z copies of H this creates z(y + 1)
vertices with label 1 and =y vertices with labels 0 and 2 each.

All the edges joining x vertices having label 2 are labeled 2. This creates
z(3y + 1) new edges with label 2. In the z copies of H this creates z(y + 1)
vertices with label 2 and zy vertices with labels 0 and 1 each.

Now one vertex w (say) of K3z+1 with the label 0 is remaining. We have
to join K3,41 to this vertex. This is same as one point union of K3,,o with
the previous graph, with the point of identification being w.

Take a copy of K342 with its Ez-cordial labeling with the label numbers

’Uh(o, 1,2) = (y1y+ l’y + l)
(3y2+3y

en(0,1,2) = >

2 2
+1’3y +3y 3y +3y)

2 72
Identify one vertex with the label 0 in this with the vertex w. The resulting
labeling f has the label numbers

v7(0,1,2) = (Bz+2z+y),Bz+2z+y+1),3z+2zx+y+1))
€f(0,1,2) = (ﬂ)ﬁaﬁ)

2 2 2
Where 8 = °Z ;”” +35Y +;y+

2
1) 3y* + 5y + 2.

Case 2: n,m = 2 mod 3. Clearly, the numzber of vertices in K, ;) K, is
(3z+2)(3y+3) and the number of edges is w+ 1+(3.z:+2)(9y—;-9y-+

2 2
1
1)+(3z+2)(3y+2)=3_(§f_+?ﬁ)+(3m+2)%—+5y_"'6.+1,

Let n = 3z+2 and m = 3y +2. This corona graph is the same as obtained
by attaching a copy of K3, 3 at each vertex of K32 by way of one point

32+3y 3z°+z

) 7 + 3z +

+y+1+
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union. Take a copy of K3zy2 with its Es-cordial labeling g with the label
numbers

vg(0,1,2) (z+1,z+1,2)
322+ 3z 32%+ 3z 322 +3z +1
2’ 2 2
Take 3z + 2 copies of Kg3,3 with the E3-cordial labeling h with each copy
having label numbers

vg(0:1:2) = (y+17y+11y+1)

32 +5y+2 3y*+5y+2 3y® +5y+2
69(07112) = ( 2y ’ 2 ’ 3

While labeling the edges, all the edge labels assigned by g and h are
retained. At each vertex with the label {,0 < i < 2 of K3;42 identify a
vertex with the label ¢ from a copy of Kay43. This will change the label 7 of
that vertex to 2i modulo 3, that is 0 remains unchanged, the label 1 becomes
2 and the label 2 becomes 1. One can see that this creates a labeling f of
K349 0 K3y 2 with label numbers

v1(0,1,2) = ((y+1)(3z+2),(y +1)(3z +2), (y + 1)(3z +2))
€;(0,1,2) = (o,a,a+1)

69(07 1’ 2)

2 2
Where a = 32:—;_33 + (3z + 2)33/_-@_-!-_2.
Hence K,, o K, is E3-cordial whenever n = m mod 3. °
Finally, we clear the remaining two cases in the following Theorem:
Theorem: The corona graph K,0K,, is E3-cordial whenever n = 3z+4+1,m =
Jy+2orn=3x+2,m=3y+ 1.
Proof: Case 1: n=3z+1,m =3y + 2.
The number of vertices in K3zt1 0 Kayy2 is (3z 4+ 1)(3y + 3) and the number
of edges is

2 9y + 9y +2
?E—;ﬁ+(3z+l)Liy+—-+(3x+ 1)(3y + 2)

2 2 1
_ 3(3z +x)+(3$+1)9y +25y+6'

| E(K3z+1 0 Kayt2) |

2

We view this as the graph obtained by attaching a copy of K3,43 at each
vertex of K3;4+1 by the way of one point union.

Take a copy of K3z+1 with its Es-cordial labeling g having label numbers

14(0,1,2) = (z+1,z,2)
322 +z 3224z 3224z
69(0,1,2) - ( 2 ’ 2 1 2 )

160



Take 3z copies of H = K3,43 with its E3-cordial labeling h having label
numbers

v9(0’112) = (y+1’y+1’y+l)

(3y2+5y+2 32 +5y+2 3y +5y+2
2 ’ 2 ! 2

)

While labeling the edges the values assigned by g and h are retained.
Keep aside a vertex w of K341 having the label 0. For the remaining 3z
vertices attach a copy of H each to them, taking care of identifying a vertex
with a label ¢ in K3, with a vertex with the label ¢ in H. We note that in
K3:41 the label 0 remains unchanged, the label 1 changes to 2 and the label
2 changes to 1. So far we have created 3z(y + 1) vertices of each label. and
the edges have been labeled equitably.

ey(o, 1’ 2)

Now consider w, the vertex of K3, that we had kept aside. We Take a
copy K of Kgy2 with its Es-cordial labeling h with its label numbers

05(071:2) = (y +lLy+ l,y)

(3y2+3y 3y2+3y 3y%+3y 4 1)

€ (Oa 1, 2) 9 ) 9 ) 9

We keep in mind that in this labeling there is one extra edge with the label
2. Assign the label 0 to all the edges joining w to the y + 1 vertices of K310
having label 0, assign the label 1 to all the edges joining w to the y+1 vertices
of K3y12 having the label 1 and assign the label 2 to all the edges joining w
to the y vertices of K3,.2 having the label 2. In H the vertices having the
label 1 now get the label 2 and the vertices having the label 2 now have the
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label 1. The label of the vertex w has now become 1. The resulting labeling
f has the label numbers

v5(0,1,2) = ((Bz+1)(y+1),3z+1)(y+1),(3z+1)(y+1))

es(0,1,2) = (8,5,5)
Where 8 = 3”22+z 43 Y+ fy+1+ SszH)’y
_ 3z% + + @z + 1)3y2 +5y+2
Case 2: n = 3z+2,m = 3y+ 1. The number of vertices in K3,420K3y,) are
(3z+2)(3y+2) and the number of edges is 92% +95+2 + (3:1:+2)gy22—+3y +
Bz+2)3y+1)= M + 3z + 2)93’2—+9y +3(z +1).

Take a copy of K3,4+2 with its E3-cordial labeling g with its label numbers

v(0,1,2) = (z+1,z+1,z)
(3:L'2+3w 322 4+ 3z 3:v2+3a:+1)

60,12 = (=5 5= =

Take 3z + 2 copies of K3, with its E3-cordial labeling h with the label
numbers

'l)h(O, 112) (y+ laysy)

3 +y ¥ +y 3y’ +
en(0,1,2) = (y2 LY y)

While labeling the edges, the labels assigned by g and h are retained. Keep
aside two vertices wy,wy of K342 having the labels 0 and 1 respectively. For
each of the remaining 3z vertices, the edges joining that vertex v (say) to the
vertices of the copy of K3,.1 are assigned the label g(v). This means that a
vertices with the label 0 produce z(3y+1) edges with the label 0, the vertices
with the label 1 produce z(3y + 1) edges with the label 1. However in the
respective copies of K3,41 the vertex label numbers change to (y,y + 1,%).
Finally , the vertices with the label 2 produce z(3y + 1) edges with the label
2. However in the respective copies of K31 the vertex label numbers change
to (y,9,y+1).

Now consider w; with g(w;) = 0. For a vertex v € K3y the edge wyv is
assigned the label h(v). As a result we have created y+ 1 edges with the label
0 and y edges with the labels 1 and 2 each. However, in the copy of K341
vertex labels 1 and 2 are interchanged. The label of w; remains unchanged.

Finally, consider we with g(wz) = 1. For a vertex v € K3,41, the edge
wov is assigned the label h(v)+1. As a result we have created y+1 edges with
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the label 1 and y edges with the labels 0 and 2 each. However, in the copy of
K3y41 vertex labels 0 and 1 are interchanged. The label of wo changes to 2.

In this way we have created a labeling f of K3z42 0 K3y41 with the label
numbers

Uf(07 172) = (a+ lsaa a)y
€s(0,1,2) = (B,8,8)
2
where a = z+z(y+1)+2zy+2y+1 = 3zy+2z+2y+land 8 = 32" + 3z
3y? 3z2 43 3y +3
x(3y+1)+(3z+2)—y—;-—y+2y+1 = ﬁ¥+(3m+2)—yﬂ+(:x+1).
This shows that in both the cases K, o K,, is Es-cordial. °

Corona Graphs of Complete graphs with Cycles

Now we consider the corona K, o Cy, of the complete graph K,,, with the
cycle Cy,. This graph is same as the one obtained by attaching a copy of the
wheel W, at each vertex of K,,, identifying the hub of W,, with the vertex of
K. We will first develope suitable labelings of the wheel W, and use them
while constructing a labeling of K, o Cy,. In the final construction, the label
of the hub of W,, might change. However, the vertex-label numbers of the
corona are just the sum of the corresponding numbers of those copies of W,,.
Lemmma: For every triple (a, b, ¢) of positive integers such that n = a+b+c,
there exists a labeling of W,, and for suitable choice of a, b, ¢ it is Es-cordial.
Proof: Consider a cycle C,,. Assign the label 0 to a number of consecutive
edges, the label 1 to next b number of edges and the label 2 to the remaining
¢ number of edges. The vertex-numbers at this stage are (a, ¢, b). However,
they are not consecutime on the cycle. Let w be the hub. For a spoke wv,
assign the label i, if the label of v in Cy, is i. The edge-label numbers of the
resulting labeling f are ef(0,1,2) = (2a,b+ ¢, b+ c). On the cycle, the label
0 is assigned to a number of vertices, the label 1 is assigned to b number of
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vertices and the label 2 is assigned to ¢ number of vertices. The label of the
hub is (¢ + 2b) modulo 3.

If n = 3z, let (a,b,¢) = (z,z,z). We then get a labeling A which as-
signs the label 0 to the hub and it has the label numbers v4(0,1,2) =
(z+1,z,z),e4(0,1,2) = (2z,2z,2z). Hence it is a E3-cordial labeling.

Ifn=3z41,let (a,b,¢c) = (z,z + 1,z). We then get a labeling A which
assigns the label 2 to the hub and it has the label numbers v4(0,1,2) =
(z,z + 1,z + 1),ea(0,1,2) = (22,22 + 1,2z + 1). Hence it is a E3-cordial
labeling.

If n=3z+2,let (a,b,¢c) = (z + 1,z,z + 1). We then get a labeling A
which assigns the label 1 to the hub and it has the label numbers v4(0,1,2) =
(z+1,z+1,24+1),e4(0,1,2) = (2z+2,2z+1,2z+1). Hence it is a E3-cordial
labeling.

Hence W, is E3-cordial for all n > 3. °
Theorem: The corona K, o C, is E3-cordial for all n,m € N ,n>3.

Proof: If m = 1, we just have W,, which is shown to be Ej3-cordial in the
previous lemma. Let m > 2.

Case 1: n = 3z. We first develpe four more labelings as follows:

Labeling B: Take (a,b,c) = (z—1,z+1, z). The resulting labeling B assigns
the label 2 to the hub and has the label numbers v5(0,1,2) = (z — 1,z +
L,z +1),e5(0,1,2) = (2z — 2,2z + 1,2z + 1). Clearly it is not a E3-cordial
labeling.

Labeling C: Take (a,b,c) = (z—1,z,z+1). The resulting labeling C assigns
the label 1 to the hub and has the label numbers vc(0,1,2) = (z — 1,z +
L,z +1),ec(0,1,2) = (22 — 2,2z + 1,2z + 1). Clearly it is not a E3-cordial
labeling.

Labeling D: Take (a,b,c) = (z + 2,z — 1,z — 1). The resulting labeling
D assigns the label 0 to the hub and has the label numbers vp(0,1,2) =
(z+3,z—1,z-1),ep(0,1,2) = (2z + 4,2z — 2,2z — 2). Clearly it is not a
Ej3-cordial labeling.

Labeling E: Take (a, b, ¢) = (z, z,z). In this labeling the spokes are labeled
differently. Leave three vertices on the cycle Cy,, with the labels 0,1, 2 each.
For the remaining vertices, a spoke wv is labeled 4 if the label of the vertex v
on the cycle is i. Now, suppose the vertices kept aside are vg, v1, v2 such that
label if v; = 7,0 < i < 2, then assign the label 0 to all three. The hub get
the label 0. The label numbers of the resulting labeling E are vg(0,1,2) =
(z+1,z,2z),e£(0,1,2) = (22+2,2z — 1,2z — 1). Clearly it is not a E3-cordial
labeling,.

If m = 2, take an edge with the label 0 and attach a copy of W3, with the
labeling C at one end and a copy with the labeling E at the other end. The
attachment is done at the hubs. The label numbers of the resulting labeling
f are v5(0,1,2) = (2z,2z + 1,2z + 1),¢4(0,1,2) = (4z + 1,4z,4z) Hence
K3 0 C3; is E3-cordial.
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If m = 3p, we have a Ej3-cordial labeling _g (say) of K3, wigh the label
2

numbers v(0,1,2) = (p, p,p), €4(0,1,2) = 3 2—p’ 3p 2—p’ 3p 2—p . We
do not have to worry about the edges of K3,. Now attach a copy of W, with
the labeling D to each vertex with the label 0. The hub does not change the
label. Attach a copy of W3, with the labeling C to each vertex with the label
1. The hub will change its label to 2. Finally, attach a copy of W3, with the
labeling B to each vertex with the label 2. The hub will change the label
to 1. The resulting labeling f will have vertex-label numbers v5(0,1,2) =
p{vC(03 1, 2) +‘UB(0, 1, 2) +vD(O, 1, 2)} = (p(3m+ 1)) p(3$+ 1): p(32+ 1)) The
additional edge-label numbers are Aey(0,1,2) = p(ec(0,1,2) + e5(0,1,2) +
ep(0,1,2)) = (6pz, 6pz, 6pz). Hence K3, 0 Cs, is E3-cordial.

If m = 3p+ 1, we have a E3-cordial labeling g (say) of K3, with the label

2 2 2
numbers v(0,1,2) = (p + 1,p,p), (0,1,2) = 3p°+p 3p°+p 3p +P) .

2 7 2 7 2

We do not have to worry about the edges of K3,+1. Now attach a copy of
Was, with the labeling D to all but one vertices with the label 0. The hub
does not change the label. For the additional vertex with the label 0, attach
a copy of W3, with the labeling A. Attach a copy of W3, with the labeling
C to each vertex with the label 1. The hub will change its label to 2. Finally,
attach a copy of W3, with the labeling B to each vertex with the label 2. The
hub will change the label to 1. The resulting labeling f will have vertex-label
numbers v7(0, 1,2) = p{vc(0,1,2) + v5(0,1,2) + vp(0,1,2)} +v4(0,1,2) =
(p(3x+1)+z+1, p(3z+1)+z, p(3z+1)+z). The additional edge-label numbers
are ACf(O, L2)= p{eC(()’ 1,2)+eg5(0,1,2) + ep(0,1, 2)} +€4(0,1,2) =
(6pz + 2z, 6pz + 2z,6pz + 2). Hence K3pyy 0 Cs, is Es-cordial.

If m = 3p + 2, we have a Ej-cordial labeling g (say) of K3p42 with the
label numbers v((z), 1,2) = (2p +1,p,p+ 1)2,
es(0,1,2) = (2 ;3"’, L ;3” +1,2 2+3”
about the edges of K3,,2. Now attach a copy of W3, with the labeling D to
all but one vertices with the label 0. The hub does not change the label. For
the additional vertex with the label 0, attach a copy of W3, with the labeling
A, Attach a copy of W3, with the labeling C to each vertex with the label
1. The hub will change its label to 2. Finally, attach a copy of Ws, with the
labeling B to all but one vertices with the label 2. The hub will change the
label to 1. To the remaining vertex with the label 2 attach a copy of Wa,
with the labeling A. The hub changes its label to 2. The resulting labeling f
will have vertex-label numbers
'Uf(O, 1,2) = p{’UC(O, 1,2)+vp(0,1,2)+vp(0, 1, 2)}+’U_4(0, 1,2)+(z, z, z+l) =
(p(3z + 1) + 2z + 1,p(3z + 1) + 2z,p(3z + 1) + 2z). The additional edge-
label numbers are Ae;(0,1,2) = p{ec(0,1,2) + ep(0,1,2) + ep(0,1,2)} +
2e4(0,1,2) = (6pz + 4z, 6pz + 4z, 6pz +4z). Hence K. 3p+20Caz is Es-cordial.

. We do not have to worry
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Case 2: n =3z + 1.

We already have the Es-cordial labeling A of W3,41. Besides that we con-
struct two more labelings of W3z4.

Labeling B: This F3-cordial labeling is given by the triple (z,z,z+1). The
hub has the label 1 and the label numbers are vg(0,1,2) = (z,z + 1,z +
1),e5(0,1,2) = (2z,2z + 1,2z + 1).

Labeling C: This non-Ej3-cordial labeling is given by the triple (z + 1, z, z).
The hub has the label 0 and the label numbers are vc(0,1,2) = (z +
2,z,7),ec(0,1,2)

= (2z + 2, 2z, 2z).

If m = 2, assign the labeling C to one copy of Wiz41, the labeling A to
the second copy of W3,4+1 and the label 2 to the edge joining the hubs. This
produces a labeling f in which the hubs change their labels to 2 and 1 and the
label numbers are vf(0,1,2) = (2z+1,2z+2,22+1),e5(42+ 2,42+ 1.42+2),
that is K9 o C3.41 is E3-cordial.

If m = 3p, we have a Ej3-cordial labeling g (say) of K3, with the label
3p°—p 3p*—p 3p*-p

2 2 2 ) e
do not have to worry about the edges of K3,. Now attach a copy of Wjz11
with the labeling C to each vertex with the label 0. The hub does not change
the label. Attach a copy of Wjz41 with the labeling B to each vertex with
the label 1. The hub will change its label to 2. Finally, attach a copy of Waz41
with the labeling A to each vertex with the label 2. The hub will charge the la-
bel to 1. The resulting labeling f will have vertex-label numbers v;(0,1,2) =
p{va(0,1,2)+v5(0,1,2) +vc(0,1,2)} = (p(3z+2), p(3z+2), p(3z +2)). The
additional edge-label numbers are Aef(0,1,2) = p(ea(0,1,2) + ep(0,1,2) +
ec(0,1,2)) = (p(6z+2), p(6z+2), p(6z+2)). Hence K3,0C3:.; is E3-cordial.

If m = 3p+1, we have a F3-cordial labeling g (say) of K3,+1 with the label

3p2+p 3p*+0p 3p2+p)

2 72 72 '
We do not have to worry about the edges of K3p+1. Now attach a copy of
Wiz4+1 with the labeling C to all but one vertices with the label 0. The hub
does not change the label. For the additional vertex with the label 0, attach a
copy of W3z41 with the labeling B. Attach a copy of W3, with the labeling
B to each vertex with the label 1. The hub will change its label to 2. Finally,
attach a copy of Wiz with the labeling A to each vertex with the label
2. The hub will change the label to 1. The resulting labeling f will have
vertex-label numbers v¢(0,1,2) = p{vc(0,1,2) + vp(0,1,2) + va(0,1,2)} +
vg(0,1,2) =
(p(3z + 2) + z,p(3z + 2) + z + 1,p(3z + 2) + = + 1). The additional edge-
label numbers are Aes(0,1,2) = p{ec(0,1,2) + ep(0,1,2) + ep(0,1,2)} +
es(0,1,2) = (p(6z + 2) + 2z,p(6z + 2) + 2z + 1,p(6z + 2) + 2z + 1). Hence
K3p i1 0 C3z4 is E3-cordial.

numbers v(0,1,2) = (p,p,p), €4(0,1,2) =

numbers v(0,1,2) = (p + 1,p,p),€4(0,1,2) = (
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If m = 3p + 2, we have a E3-cordial labeling g (say) of K3p+2 with the
label numbers 'uggO, 1,2) = 2(10 +1,p,p+ 12) and
about the edges of K3,,2. Now attach a copy of W3, with the labeling C
to all but one vertices with the label 0. The hub does not change the label.
For the additional vertex with the label 0, attach a copy of W3,,1 with the
labeling B. This vertex changes its label to 1. Attach a copy of Waz4, with
the labeling B to each vertex with the label 1. The hub will change its label to
2. Finally, attach a copy of W3;4+1 with the labeling A to all but one vertices
with the label 2. The hub will change the label to 1. To the remaining vertex
with the label 2 attach a copy of Wag.1 with the labeling C. The hub will
change its label to 2. The resulting labeling f will have vertex-label numbers
v7(0,1,2) = p{vc(0,1,2)+vp(0,1,2)+v4(0,1,2)} +vp(0, 1,2)+vc(0,1,2) =
(p(3z +2) + 2z + 1,p(3z + 2) + 2z + 1,p(3z + 2) + 2z + 2). The additional
edge-label numbers are Aef(0,1,2) = p{ec(0,1,2)+ep(0,1,2)+ea(0,1,2)}+
es(0,1,2)+ec(0,1,2) = (6pr+4z+2p+2,6pz+4z+2p+1,6pz+4z+2p+1).
In the labeling of K3,.2 we had one additional edge with the label 1. But that
balances with the additional edge labels. Hence K3p20C3g41 is Es-cordial.
Case 3: n =3z + 2.

We already have the Ej3-cordial labeling A of Wj,,.o. Besides that we con-
struct two more labelings of W3, 2.

Labeling B: This non-Fjs-cordial labeling is given by the triple (z,z +
1,z + 1). The hub has the label 0 and the label numbers are vg(0,1,2) =
(z+1,z+1,z+1),e5(0,1,2) = (2z,2z + 2,2z + 2).

Labeling C: This E3-cordial labeling is given by the triple (z + 1,z + 1, z).
The hub has the label 2 and the label numbers are v¢(0,1,2) = (z + 1,z +
Lz+1),ec(0,1,2) = 2z + 2,2z + 1,2z + 1).

If m = 2, assign the labeling B to one copy of Wa,,2, the labeling A to
the second copy of W3,,2 and the label 0 to the edge joining the hubs. This
produces a labeling f in which the hubs do not change their labels. The
label numbers of the resulting labeling are v£(0,1,2) = (22 + 2,2z + 2,2z +
2),ef(4z + 3,4z + 3,4z + 3), that is, K3 0 Cazyq is E3-cordial.

If m = 3p, we have a Ej3-cordial labeling g (say) of K3, with the label

2 2 2
numbers v(0, 1,2) = (p,p,p), 4(0,1,2) = 3p 2—p, 3p 5 p, 3p 3 p) . We
do not have to worry about the edges of K3p. Now attach a copy of Waz o
with the labeling B to each vertex with the label 0. The hub does not change
the label. Attach a copy of W3, o with the labeling A to each vertex with the
label 1. The hub will change its label to 2. Finally, attach a copy of Waz 42
with the labeling C to each vertex with the label 2. The hub will change the la-
bel to 1. The resulting labeling f will have vertex-label numbers v5(0,1,2) =
p{va(0,1,2)+v5(0,1,2)+vc(0,1,2)} = (p(3z +3), p(3z+3), p(3z +3)). The

. We do not have to worry
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additional edge-label numbers are Aef(0,1,2) = p(ea(0,1,2) + ep(0,1,2) +
ec(0,1,2)) = (p(6z+4), p(6z+4), p(6x+4)). Hence K3,0C3541 is Ez-cordial.

If m = 3p+1, we have a E3-cordial labeling g (sa%r) of K3,,2+1 with the label

2

numbers v(0,1,2) = (p + 1,p,p),€4(0,1,2) = 3p 2+p’ 3 2+p, 3p 2+p) .
Again we do not have to worry about these edges. Now attach a copy of
Waz.+2 with the labeling B to all but one vertices with the label 0. The hub
does not change the label. For the additional vertex with the label 0, attach a
copy of W3, 42 with the labeling A. Attach a copy of Wi, 2 with the labeling
A to each vertex with the label 1. The hub will change its label to 2. Finally,
attach a copy of Ws, 2 with the labeling C to each vertex with the label
2. The hub will change the label to 1. The resulting labeling f will have
vertex-label numbers v£(0,1,2) = p{v4(0,1,2) + v5(0,1,2) + vc(0,1,2)} +
v4(0,1,2) = (p(3z+3)+z+1,p(3z+3)+z+1, p(3z+3)+z+1). The additional
edge-label numbers are Aes(0,1,2) = p{ea(0,1,2)+ep(0,1,2)+ec(0,1,2)} +
ea(0,1,2) = (p(6z+4)+2z+2,p(6z+4)+2z+1,p(6z+4) +2z+1). Hence
K3p41 0 C3z42 is Ez-cordial.

If m = 3p + 2, we have a E3-cordial labeling g (say) of K3pi2 with the

label numbers v((2), 1,2)=(p+1,p,p+ 1)2 and
2
€s(0,1,2) = 3p ;310’ 3p ;-317 +1, 3p ;317
about the edges of K3p 2. For this case we define two more labelings as fol-
lows:
Labeling D: Take (a,b,c) = (z,z + 1,z + 1). The spokes are labeled dif-
ferently. Leave aside one vertex of the label 1,2 each. Now for the other
spokes, assign the label i to a spoke wv if the label of the vertex v on
the cycle is . Assign the label 2 to the spoke joining w to the extra ver-
tex with the label 1 and the label 0 to the spoke joining w to the extra
vertex with the label 2. The hub gets the label 2. The label numbers are
vp(0,1,2) = (z + 1,2,z + 2),ep(0,1,2) = (2z + 1,2z + 1,2z + 2). Clearly
this is not a E3-cordial labeling.
Labeling E: Take (a,b,¢) = (x,z + 1,z + 1). The spokes are labeled dif-
ferently. Leave aside one vertex of the label 1,2 each. Now for the other
spokes, assign the label i to a spoke wv if the label of the vertex v on the
cycle is 7. Assign the label 0 to the spoke joining w to the extra vertices with
the label 1 and the label 0. The hub gets the label 0. The label numbers are
ve(0,1,2) = (z+1,z+1,z+1),eg(0,1,2) = (2z+ 2,22 + 1,2z + 1). Clearly
this is a E3-cordial labeling.

Now attach a copy of W3,+2 with the labeling B to all but one vertices
with the label 0. The hub does not change the label. For the additional
vertex with the label 0, attach a copy of Wjz42 with the labeling E. This
vertex retains its label to 0. Attach a copy of Waz42 with the labeling A
to each vertex with the label 1. The hub will change its label to 2. Finally,

. We do not have to worry
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attach a copy of Waz4y with the labeling C to all but one vertices with
the label 2. The hub will change the label to 1. To the remaining vertex
with the labeling 2 attach a copy of Wag2 with the labeling D. The hub will
change its label to 1. . The resulting labeling f will have vertex-label numbers
'Uf(O, 1, 2) = p{vC(Oa 1, 2)+”B(0, 1, 2)+'UA(0, 1, 2)}+'UE(0a 1, 2)+'UD(O, 1, 2) =
(p(3z + 3) + 2z + 2,p(3z + 3) + 2z + 2,p(3z + 3) + 2z + 2). The additional
edge-label numbers are Ae;(0,1,2) = p(ec(0,1,2)+ep(0,1,2)+ea(0,1,2))+
ep(0,1,2)+eg(0,1,2) = (p(6z+4)+4x+3, p(6z+4)+42+2, p(6z+4)+4z+3).
Hence K3pt2 0 C3z42 is E3-cordial. °
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