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ABSTRACT

ARTICLE INFO

Let G be a (p,q) graph and A be a group. We denote the
order of an element a € A by o(a). Let f : V(G) — A
be a function. For each edge wv assign the label 1
if (o(f(u)),o(f(v))) = lor O otherwise. f is called a
group A Cordial labeling if |vs(a) — vp(b)] < 1 and
ler(0) —ef(1)] < 1, where vg(x) and ef(n) respectively
denote the number of vertices labelled with an element
x and number of edges labelled with n(n = 0,1). A
graph which admits a group A Cordial labeling is called
a group A Cordial graph. In this paper we define group
{1, —1,4, —i} Cordial graphs and characterize the graphs
Cyn + K, (2 < m < 5) that are group {1, —1,4, —i} Cor-
dial.
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1 Introduction

Graphs considered here are finite, undirected and simple. Let A be a group. The order
of a € A is the least positive integer n such that a" = e. We denote the order of a by
o(a). Cahit [3] introduced the concept of Cordial labeling. Motivated by this, we defined
group A cordial labeling and investigated some of its properties. We also defined group
{1,—1,4,—i} cordial labeling and discussed that labeling for some standard graphs [1]
In this paper we characterize C,, + Ky, C,, + K3,C,, + K4 and C,, + K5 that are group
{1,—1,4,—i} Cordial. Terms not defined here are used in the sense of Harary[5] and
Gallian [4].

The greatest common divisor of two integers m and n is denoted by (m,n) and
m and n are said to be relatively prime if (m,n) = 1. For any real number x, we denote
by |z ], the greatest integer smaller than or equal to x and by [z], we mean the smallest
integer greater than or equal to x.

Given two graphs G and H, G + H is the graph with vertex set V(G) UV (H)
and edge set E(G)U E(H) U {uv/u € V(G),v € V(H)}. We need the following theorem.
Theorem 1.1 [1]

The Complete graph K, is group {1, —1,i,—i} Cordial iff n € {1,2,3,4,7,14,21}.
Theorem 1.2 [2]
The Wheel W, is group {1, —1,4, —i} Cordial iff 3 < n < 6.

2 Group {1,—1,i,—i} Cordial labeling of sum of C,
and K,

Definition 1. Let G be a (p,q)graph and consider the group

A ={1,-1,i,—i} with multiplication. Let f: V(G) — A be a funtion. For each edge uv
assign the label 1 if (o(f(u)),o(f(v))) = lor 0 otherwise. f is called a group {1, —1,4, —i}
Cordial labeling if |vs(a) — vs(b)] < 1 and |ef(0) — ef(1)] < 1, where vs(x) and ef(n)
respectively denote the number of vertices labelled with an element z and number of
edges labelled with n(n = 0,1). A graph which admits a group {1,—1,7,—i} Cordial
labeling is called a group {1, —1,4, —i} Cordial graph.

Example 2. A simple example of a group {1, —1,4, —i} Cordial graph is given in Fig. 2.1.
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We now investigate the group {1, —1,4, —i} Cordial labeling of C,, + K, for 1 <m <5.
C,+K; is the Wheel and theorem 1.2 characterizes the Wheels that are group {1, —1,4, —i}
cordial.

Theorem 3. C, + K, is group {1,—1,i,—i} cordial iff n # 3,9.

Proof. Let the vertices of (), be labelled as wuq,us,...,u, and let the vertices of Ky be
labelled as vy, vy . Number of vertices of C,, + K5 is n + 2 and number of edges is 3n + 1.
If n=3 , C3 + Ky =~ K5 and by Theorem 1.1, K5 is not group {1,—1,i, —i} Cordial. If
n=9 , Cy + K5 has 11 vertices and 28 edges. There is no choice of 2 or 3 vertices so that
14 edges get label 1. So, Cy + K3 is not group {1,—1,i, —i} Cordial. Thus, n # 3,9.
Conversely, suppose that n # 3,9.

Case(1): n+2=0(mod 4).

Let n+ 2 = 4k(k € Z,k > 2). Now each vertex label should appear k times. As number
of edges is 12k — 5, one edge label appears 6k — 3 times and another 6k — 2 times. Label
the vertices vy,u1,us,....,ux_1 by 1. Label the remaining vertices arbitrarily so that k of
them get label —1, k£ of them get label ¢ and k of them get label —i.

Case(2): n+ 2= 1(mod 4).

Let n+ 2 = 4k + 1(k € Z,k > 2). Now one vertex label should appear k + 1 times
and each of the other three labels should appear k times. Number of edges = 3n + 1 =
3(4k — 1) + 1 = 12k — 2 and so each edge label appears 6k — 1 times . Label the vertices
V1,U1,Us,....,uk_1 Dy 1. Label the remaining vertices arbitrarily so that k of them get label
—1, k of them get label 7 and k + 1 of them get label —i.

Case(3): n+ 2 =2(mod 4).

Let n+2 =4k +2(k € Z,k > 1). When k=1, a group {1, —1,7,—:} Cordial labeling of
Cy + K5 is given in Table 1. Suppose k > 2. Now 2 vertex labels appear k + 1 times and
2 vertex labels appear k£ times. Number of edges = 12k 4 1. So one edge label appears 6k
times and another 6k + 1 times (k > 2). Label the vertices vy, uy, us, ..., ux_1 by 1. Label
the remaining vertices arbitrarily so that k vertices get label 1, k + 1 vertices get label ¢
and k + 1 vertices get label —i.

Case (4): n+2 = 3(mod 4).
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Let n+2 = 4k + 3. If £k = 1, a group {1,—1,4,—i} Cordial labeling of C5 + K, is
given in Table 1. k = 2, is impossible by assumption. Suppose & > 3. In this case, 3

n | v V2 U1l U2 us Uy Us
414 | =1 | 1 1 | -1]-1
5|t | —t| 1 | =1| 1 | =113

Table 1

vertex labels appear k£ + 1 times and 1 vertex label appears k times. Number of edges
=3(4k 4+ 1) + 1 = 12k + 4 and so each edge label should appear 6k + 2 times. Label the

vertices vy,uq,us,Uy,.....,ux(k > 3) with label 1. Label the other vertices arbitrarily so that

k+ 1 vertices get label —1, £+ 1 vertices get label 2 and k + 1 vertices get label —i. That

C,, + Ky is group {1, —1,i,—i} Cordial forn # 3,9 follows from Table 2. ]
Nature of o | vp(1) | vp(—=1) | ve(d) | ve(—i) | ep(1) | ef(0)
n+2=0mod4) | k k k k 6k —2 | 6k —3
n+2=1(mod 4) | k k k E+1 |6k—1|6k—1
n+2=2(mod4)| k k k+1] k+1 6k | 6k+1
n+2=3(mod4)| k E+1 |k+1| k+1 |6k+2|6k+2

Table 2

Theorem 4. C, + K3 is group {1,—1,i,—i} Cordial iff n # 3.

Proof. Let the vertices of C,, be labelled as uq,us, ..., u, and let the vertices of K3 be
labelled as vy, v, v3 . Number of vertices of C),, + K3 is n + 3 and number of edges is
4dn + 3.

If n = 3, C3 + K3 =~ K¢ which is not group {1, —1,4, —i} Cordial by Theorem
1.1. Conversely , assume n # 3. We need to prove that C,, + K3 is group {1,—1,i,—i}
Cordial.
Case(1): n+ 3 = 0(mod 4).
Let n+ 3 = 4k(k € Z,k > 2). Now each vertex label should appear k times. Number of
edges = 4(4k — 3) + 3 = 16k — 9 and so one edge label appears 8k — 4 times and another
8k — 5 times. Label the vertices vi,uq,us,us,....,usr_3 by 1. Label the remaining vertices
arbitrarily so that k of them get label —1, k of them get label ¢ and k of them get label
—i. Number of edges with label 1 =n +2+ (k —1)4 = 8k — 5.
Case(2): n+ 3 = 1(mod 4).
Let n+3 =4k + 1(k € Z,k > 2). If k = 2, a group {1,—1,4, —i} Cordial labeling of
Cs+ K3 is given in Table 3. Suppose & > 3. Now one vertex label should appear k+1 times
and each of the other three labels should appear k& times. Number of edges is 16k — 5
. Label the vertices vy,uy,us,....,Usk—_5, Ugg—s, Usk—3(k > 3) by 1. Label the remaining
vertices arbitrarily so that k of them get label —1, k of them get label ¢ and k of them
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get label —i. Number of edges with label 1 =n+2+4 (k—2)4+2 x 3 =8k — 2.
Case(3): n+ 3 =2(mod 4).

Let n+3 =4k + 2(k € Z,k > 2). Now 2 vertex labels appear k + 1 times and 2 vertex
labels appear k times. Number of edges = 16k — 1. So one edge label appears 8k times
and another 8k — 1 times . Label the vertices vy, uy,us,....,Usk_5, Usp_3, Usp_o by 1. Label
the remaining vertices arbitrarily so that k& + 1 vertices get label —1, k vertices get label
i and k vertices get label —i. Number of edges with label 1 = n+ 2+ (2k —2)2 + 3 = 8k.
Case (4): n+ 3 = 3(mod 4).

Let n+3=4k+3(k>1). If k =1, n=4. A group {1,—1,i,—i} Cordial labeling of
Cy+ K3 is given in Table 3. Suppose k > 2. In this case, 3 vertex labels appear k+1 times
and 1 vertex label appears k times. Label the vertices vy,uq,us,us,.....,us,_1 with label 1.
Label the other vertices arbitrarily so that k + 1 vertices get label —1, k + 1 vertices get
label 7 and k vertices get label —i. Number of edges with label 1 = 8k + 2.

That C,, + K5 is group {1, —1,4, —i} Cordial for n # 3 follows from Table 4.

n U1 (%) V3 | Uy | U2 | U3 Uy Us Ug
4| —=1]1-=1|4¢ | 1] 1 1| —
6| —-1]—-1|q¢ | 1] 1 1 | —1| —2

Table 3
Nature of n vr(1) | vp(=1) | ve(d) | v(—1i) | ep(1) | er(0)
n+3=0(mod4)| k k k k 8k —4|8k—5
nt3=1(modd) | k11| & k k| 8k—3|8k—2
n+3=2(mod4) | k+1]| k+1 k k 8k—11| 8k
n+3=3(mod4) | k+1| k+1 | k+1 k 8k+1|8k+2

Table 4

Theorem 5. C, + K, is group {1,—1,i,—i} Cordial iff
n € {3,4,5,6,7,9,10,11,13, 17}.

Proof. Let the vertices of C,, be labelled as uy,us,...,u, and let the vertices of K, be
labelled as vy, v, v3, v4. Number of vertices of C,, + K, is n + 4.

Number of edges is 5n + 6.

Case(1): n+4 = 0(mod 4).

Let n 44 = 4k(k > 2). If 3 v;’s are given label 1, we get (n +3)+ (n+2)+ (n+1) =
3n 4+ 6 = 12k — 6 edges with label 1. But we need only 10k — 7 edges with label 1. So at
most 2 v;’s are given label 1.

Subcase(i): 2 v;’s are given label 1.

If k=2, a group {1, —1,4, —i} Cordial labeling of Cy + K} is given in Table 5.

Suppose k > 3. Minimum number of edges that can get label 1 using k vertices is (8k —
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3)+ 4+ (k—3)3 =11k — 8. So , the necessary condition is , 10k —7 > 11k — 8 and so
k <1 which is a contradiction.

Subcase(ii): One v; is given label 1.

Maximum number of edges that can get label 1 now is (4k — 1) 4+ (k — 1)5 = 9k — 6. To
get a group {1, —1,4, —i} Cordial labeling we need to have 9k — 6 > 10k — 7 i.e. k <1,
which is impossible.

Subcase(iii): No v; is given label 1.

We need to have k.6 > 10k — 7 => 4k < 7 which is a contradiction. Thus in case 1 , we
get n = 4.

Case(2): n+4 = 1(mod 4).

Let n+4 =4k + 1(k > 2). If 3 v;’s are given label 1, we get (n+3)+ (n+2)+(n+1) =
3n + 6 = 12k — 3 edges with label 1. But we need only at most 10k — 4 edges with label
1. So at most 2 v;’s are given label 1.

Subcase(i): 2 v;’s are given label 1.

If k=2, a group {1, —1,4, —i} Cordial labeling of C5 + K} is given in Table 5.

Suppose k£ > 3. Minimum number of edges that can get label 1 using k + 1 vertices is
(8k — 1)+ 4+ (k —2)3 = 11k — 3. So the necessary condition is, 10k —4 > 11k — 3 or
10k =5 > 11k —3ie k< —1or k< -2, both not possible. Minimum number of edges
that can get label 1 using k vertices is, (8k —1)+4+ (k—3)3 =11k —1+4—-9 =11k —6.
So the necessary condition is , 10k —4 > 11k —6 or 10k —5 > 11k —61ie. k<2or k < 1.
Subcase(ii): One v; is given label 1.

Now , maximum number of edges that can get label 1 using k+1 vertices is, (n+3)+k.5 =
4k + 5k = 9k. So the necessary condition to get a group {1, —1,4, —i} Cordial labeling is
9k > 10k — 4 or 9k > 10k — 5 ie. k < 5. 1f 3 < k <5, a group {1,—1,4, —i} Cordial
labeling of Cj + Kj is given in Tables 5 and 6.

n |V | V2 | U3 | Vg | UL | U | U3 | Ug | Us | Us | U7 | U | Ug | U10

4 11 1 | —1]-1] ¢ 1 —1 | —1

5 1 1 | —-1|-11] 1 1 ) —1 | —1

9|1 |-1|-1]-1]1 1 1 1 1 1| —1 | —1 | —1

3|1 |-1|-1|-1|1]-1]1 1 1 1 ) ) —1

7|1 |-1|—-1|-1|1|-1]1 |-1]1 1 1 1 1 1
Table 5

n | Uyp | U2 | 413 | U14 | U15 | U16 | U7
13| —2 | —1 | —¢
17 1 7 —3 | =2 | =1 | =t | —2

Table 6
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Subcase(iii): No v; is given label 1.
We need to have 6(k + 1) > 10k — 5 => 4k < 11 => k < 1741. Thus in Case 2,we have
n € {5,9,13,17}.

Case(3): n+4 = 2(mod 4).

Let n +4 = 4k + 2(k > 2). If 3 v;’s are given label 1, we get 3n + 6 = 12k edges with
label 1. But we need only at most 10k — 2 edges with label 1. So at most 2 v;’s are given
label 1. Subcase(i): 2 v;’s are given label 1.

Thus at least 2n + 5 = 8k + 1 edges will have label 1. So k < % which is impossible.
Subcase(ii): One v; is given label 1.

Maximum number of edges that can get label 1 using k + 1 vertices is (n + 3) + k.5 =
(4k —2+3) + 5k = 9k + 1. So the necessary condition to get a group {1, —1,, —i} Cordial
labeling is 9k +1 > 10k —2 =>k < 3. If k =2,n =06 and if K = 3, n = 10. A group
{1,—1,4, —i} Cordial labeling of Cg + K4 and Cyo + K4 are given in Table 7.

n | v | V2 U3 Vg [ UL | U2 | U3 | Ug | Us | Ug | U7 | U | U9 | Ul0
6 1| —-1|-1|-11]1 1 7 T | —1 | —1
001 |-1{—-1|-1|1]-1]1 7 1 ) Tl =1 =1 | —

Table 7

Subcase(iii): No v; is given label 1.

We need to have 6(k + 1) > 10k — 2 => 4k < 8 => k < 2. Thus in Case 3 , we have
n € {6,10}.

Case(4): n+4 = 3(mod 4).

Let n+4 = 4k + 3(k > 1). Number of edges = 5(4k — 1) + 6 = 20k + 1. If 3 v;’s are given
label 1, we get 3n 4+ 6 = 12k + 3 edges with label 1. But we need only at most 10k 4 1
edges with label 1. So at most 2 v;’s are given label 1. Subcase(i): 2 v;’s are given label
1.

Minimum number of edges that can get label 1 using k vertices is (n +3) + (n+2) +4 +
(k—3)3 = 11k — 2 and minimum number of edges that can get label 1 using k+ 1 vertices
is 11k + 1. Thus 10k +1 > 11k —2 =>k <3 or 10k+1 > 11k+1 => k <0, both
impossible. If £ =1, a group {1, —1,i, —i} Cordial labeling of C3 + K is given in Table
8.

If £ =2, and if v; and vy are labelled with 1 then 19 edges get label 1. Thus , there is no
choice of 2 or 3 vertices so that 20 or 21 edges get label 1.

If k = 3, a group {1, —1,i,—i} Cordial labeling of Cy; + K, is given in Table 8.
Subcase(ii): One v; is given label 1.

Maximum number of edges that can get label 1 using k vertices is (n +3) + (k — 1)5 =
(4k — 1+ 3) 4+ 5k — 5 = 9k — 3. Maximum number of edges that can get label 1 using
k + 1 vertices is (n +3) + k.5 = (4k — 1) + 3+ 5k = 9k + 2. Thus 9k +2 > 10k + 1 or
9k +2 > 10k so that £ < 1 or k < 2. Also 9k — 3 > 10k + 1 => k < —4 which is a
contradiction. When k = 2, a group {1, —1,7, —i} Cordial labeling of C; 4+ K} is given in
table 8.
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Subcase(iii): No v; is given label 1.

n v | U2 U3 Vg | U | U2 | U3 | Ug | U5 | Us | U7 | U | U9 | U0 | ULl

3 1 1 -1 =111 /) —1

7 1| -1|-1|-111 1 1 1 1| —1| —

111 1 1 —1|-1/1/|—-1|-11| 2 7 ) 1 — | =2 | —1 | —1
Table &

We need to have 6(k+1) > 10k+1 or 6(k+1) > 10k so that 4k < 5 or 4k < 6. Otherwise
we have, 6k > 10k 4+ 1 or 6k > 10k, both impossible. Thus in this Case , n € {3,7,11}.
The labelings given for n € {3,4,5,6,7,9,10,11,13,17} are group {1,—1,4, —i} Cordial
is clear from Table 9.

n | vp(1) | vp(=1) | v(@) | vp(=9) | er(0) | ef(1)
3 2 2 2 1 10 11
4 2 2 2 2 13 13
5) 2 2 3 2 16 15
6 3 3 2 2 18 18
7 3 3 3 2 21 20
9 4 3 3 3 25 26
10 4 4 3 3 28 28
11 3 4 4 4 30 31
13 5} 4 4 4 35 36
17 6 ) ) ) 46 45
Table 9

]

Theorem 6. C, + K5 is group {1,—1,i,—i} Cordial iff n satisfies one of the following:
(i) n+ 5= 0(mod 4) where n > 7.

(i) n + 5 = 1(mod 4) where n > 8.

(#i) n 4+ 5 = 2(mod 4) where n > 17.

(iv) n+ 5 = 3(mod 4) where n > 22.

Proof. Let the vertices of (), be labelled as wuq,us,...,u, and let the vertices of K5 be
labelled as vq, vo, v3, v4, v5 . Number of vertices of C,, + K5 is n + 5 and number of edges
is 6n + 10.

Case(1): n+ 5= 0(mod 4).

Let n+ 5 = 4k(k € Z,k > 2). Now each vertex label should appear k times. Number of
edges = 6n + 10 = 6(4k — 5) + 10 = 24k — 20 and so each edge label appears 12k — 10
times.

If & = 2, there is no choice of 2 vertices so that 14 edges get label 1. Suppose k£ > 3.
Label the k vertices vy, v9, u1,us2,us,....,ux_o by 1. Label the remaining vertices arbitrarily
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so that k of them get label —1, k£ of them get label ¢ and k of them get label —i. Number
of edges with label 1 = (n+4) + (n+3) + 5+ (k — 3)4 = 12k — 10. That this labeling is
a group {1, —1,i,—i} Cordial labeling of C,, + K5(n > 7) is evident from Table 10.
Case(2): n+ 5= 1(mod 4).

Let n+5 =4k +1(k € Z,k > 2). Number of edges = 6n+ 10 = 6(4k —4) + 10 = 24k — 14
and so each edge label appears 12k — 7 times.

If £ = 2, there is no choice of 2 or 3 vertices so that 17 edges get label 1.For k = 3, a
group {1, —1,4, —i} Cordial labeling of Cs+ K is given in table 10. Suppose k > 4. Label
the k vertices vy, vg, uy,u3,Uq,Us,....,ur_1 by 1. Label the remaining vertices arbitrarily so
that k41 of them get label —1, k of them get label ¢ and £k of them get label —i. Number
of edges with label 1 = (n+4) 4+ (n+3) + 2.5+ (k — 4)4 = 12k — 7. That this labeling is
a group {1, —1,i, —i} Cordial labeling of C,, + K5(n > 8) is evident from Table 10.

n+5 vp(1) [ wp(=1) | ve(@) [ op(=4) | ep(1) er(0)
(k> 3) k k k k| 12k —10 | 12k — 10
Wr1k>3)| & | kel | & K[ 12k—7 | 12k —7
H+2k>5)| k k[ k+1| k+l | 12k—4 | 12k—4
F+3k>6)| k | k+1 |k+1] k+1 | 12k—1 | 12k—1

Table 10

Case(3): n+5=2(mod 4).

Let n+5 =4k +2(k € Z,k > 2). Number of edges is 24k — 8. So each edge label appears
12k — 4 times. If 3 v;’s are given label 1, we get (n+4)+ (n+3)+ (n+2) =3n+9 = 12k
edges with label 1. But we need only 12k — 4 edges with label 1. So at most 2 v;’s are
given label 1.

Subcase(i): 2 v;’s are given label 1.

Maximum number of edges that can get label 1 using k vertices is (n+4)+ (n+3) + (k —
2)5 = 2(4k—3)+7+5k—10 = 13k—9. So a necessary condition to get a group {1, —1,7, —i}
Cordial labeling is 13k — 9 > 12k — 4 => k > 5. Maximum number of edges that can get
label 1 using k + 1 vertices is (2n+7)+ (k—1)5 =2(4dk—3)+7+5k—5=13k—4.So a
necessary condition to get a group {1, —1,4, —i} Cordial labeling is 13k —4 > 12k —4 =>
k > 0. For k < 4, it is easy to observe that there is no group {1, —1, 4, —i} Cordial labeling.
For k > 5 | label the k vertices vy, vo, uy,usz,us,ug,Uz,....,u, by 1. Label the remaining
vertices arbitrarily so that k of them get label —1, k£ + 1 of them get label ¢ and k + 1 of
them get label —i. Number of edges with label 1 = (n+4)+(n+3)+15+(k—5)4 = 12k—4.
That this labeling is a group {1, —1,7, —i} Cordial labeling of C,, + K5(n > 8) is evident
from Table 10.

Subcase(ii): One v; is given label 1.

Maximum number of edges that can get label 1 using k vertices is (n +3) + (k — 1)6 =
10k —6. So a necessary condition to get a group {1, —1,4, —i} Cordial labeling is 10k —6 >
12k — 4 => k < —1, which is a contradiction. Maximum number of edges that can get
label 1 using k + 1 vertices is (n + 3) + 6k = 10k. So a necessary condition to get a group
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{1,—1,4,—i} Cordial labeling is 10k > 12k —4 => k < 2. If k = 2,n = 5, and a group
{1,—1,4, —i} Cordial labeling of C5 + K} is given in table 11.

Case(4): n+ 5= 3(mod 4).

Let n+5 = 4k + 3(k € Z,k > 2). Number of edges = 6n + 10 = 6(4k —2) + 10 =
24k — 2. So each edge label appears 12k — 1 times. If 3 v;’s are given label 1, we get
(mn+4)+(n+3)+(n+2) =3n+9 = 12k + 3 edges with label 1. But we need only
12k — 1 edges with label 1. So at most 2 v;’s are given label 1.

Subcase(i): 2 v;’s are given label 1.

Maximum number of edges that can get label 1 using k vertices is (n+4)+ (n+3) + (k —
2)5 = 2(4k—2)+7+5k—10 = 13k—7. So a necessary condition to get a group {1, —1,4, —i}
Cordial labeling is 13k — 7 > 12k — 1 => k > 6. Maximum number of edges that can get
label 1 using k41 vertices is (2n+7)+(k—1)5 = 2(4k—2)+7+5k—5 = 13k—2. So a neces-
sary condition to get a group {1, —1,4, —i} Cordial labeling is 13k—2 > 12k—1 => k > 1.
But for 1 < k < 5, we observe that there is no group {1, —1,4, —i} Cordial labeling . For
k > 6 , label the k vertices vy, vo, uy,us,us,ur,us,ug,....,urr1 by 1. Label the remaining
vertices arbitrarily so that k + 1 of them get label —1, k4 1 of them get label ¢ and k41
of them get label —i. Number of edges with label 1 =2n +7+20+ (k —6)4 = 12k — 1.
That this labeling is a group {1, —1,i, —i} Cordial labeling of C,, + K5(n > 8) is evident
from Table 10.

Subcase(ii): One v; is given label 1.

Maximum number of edges that can get label 1 using k vertices is (n + 3) + (k — 1)6 =
10k —5. So a necessary condition to get a group {1, —1,4, —i} Cordial labeling is 10k —5 >
12k — 1 => k < —2, which is a contradiction. Maximum number of edges that can get
label 1 using k+1 vertices is (n+3)+6k = 10k+1. So a necessary condition to get a group
{1,—1,4,—i} Cordial labeling is 10k + 1 > 12k — 1 => k < 1, which is a contradiction.

n (%1 (%) (O8] V4 Vs | Uy Ug | U3 | Ug | Us Ug Uy us
o|—-1|—-1|—-1| ¢ | ¢ |1 |—c| 1] 1]|—2
8| 1 |—-1|—-1|—-1}{¢ | 1| ¢ |1 |1 | % |—0i|—0]|—t

Table 11
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