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Abstract

Let G be a (p,q) graph. Let V be an inner product space with basis S. We denote the inner product
of the vectors x and y by < x,y >. Let ¢ : V(G) — S be a function. For edge uv assign the
label < ¢(u),¢(v) >. Then ¢ is called a vector basis S-cordial labeling of G if |y — ¢,| < 1 and
|7i — 7jl < 1 where ¢, denotes the number of vertices labeled with the vector x and ; denotes the
number of edges labeled with the scalar i. A graph which admits a vector basis S-cordial labeling
is called a vector basis S-cordial graph. In this paper, we prove that the graphs D(T,) ® mK; and
D(Qy) ® mKy admit a vector basis {(1,1,1,1),(1,1,1,0),(1,1,0,0),(1,0,0,0)}-cordial.

Keywords: triangular snake; quadrilateral snake; double triangular snake; double quadrilateral
snake; star graph.
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1. Introduction

In this paper, the graph G(V, E) mean a finite, simple and undirected. The paper written by Euler on
the seven bridges of Konigsberg and published in 1736 is regarded as the first paper in the history of
graph theory. Graph labeling problems was first introduced by Rosa in 1967 [15]. The progress and
uses of graph labeling are significant when compared other fields of mathematics. Graph labeling is a
dynamic field of study within graph theory that has primarily developed due to its various
applications in mobile telecommunications systems, optimal circuit designs, graph decomposition
problems, coding theory and communication networks. Gowri and Jayapriya [4] have explored the
HMC labeling behavior of triangular snake, alternate triangular snake, double triangular snake and
alternate double triangular snake. Moreover the quotient labeling number of quadrilateral snake,
double quadrilateral snake, alternate triangular snake, alternate double triangular snake, subdivision
of triangular snake and subdivision of quadrilateral snake have been investigated by Sumathi and

Rathi [17]. The concept of heronian mean labeling was introduced by santhiya et al. and moreover
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studied the heronian mean labeling of triangular snake, double triangular snake, quadrilateral snake
and double quadrilateral snake in [16].

The innovative concept of cordial labeling was introduced by Cahit [1]. Pair mean cordial labeling of
triangular snake, alternate triangular snake, quadrilateral snake and alternate quadrilateral snake,
hexagonal snake, irregular quadrilateral snake and triple triangular snake was discussed in [10,11].
The innovative idea of group mean cordial labeling was introduced by Rajalekshmi and Kala and they
have computed that the triangular snake, alternate triangular snake, double triangular snake,
alternate double triangular snake, quadrilateral snake, alternate quadrilateral snake, double
quadrilateral snake and alternate double quadrilateral snake are group mean graphs [13,14].
Hy-cordial labeling of triangular snake, double triangular snake, triple triangular snake, alternate
triangular snake, irregular triangular snake, quadrilateral snake, double quadrilateral snake, alternate
quadrilateral snake, irregular quadrilateral snake have been studied in [2]. Ponraj et al. [12] computed
that the prism, Mongolian tent, book, young tableau, K,, x P,, torus grids, n-cube graphs are
difference cordial. Prime cordial and 3-equitable prime cordial graphs was discussed in [18]. The
standard terminology and notations that we follow by Harary [5] and Hertein [6].

Various types of graph labeling have been studied in an excellent survey of graph labeling by Gallian
[3]. Ponraj and Jeya [7] have introduced the vector basis S-cordial labeling of graphs and the vector
basis {(1,1,1,1),(1,1,1,0),(1,1,0,0),(1,0,0,0) }-cordial labeling of behavior of the path, cycle, star,
comb, complete graph, generalized friendship graph, tadpole graph and gear graph and thorn related
graphs have been investigated in [7-9]. In this paper, we show that the graphs D(T,) ® mK; and
D(Q;) ® mKj are a vector basis {(1,1,1,1),(1,1,1,0),(1,1,0,0), (1,0,0,0) }-cordial.

2. Preliminaries

In this section, we state a few definitions which are relevant for proving the main results.

Definition 2.1 ([16]). The triangular snake T, is obtained from a path P, : ujuy ... u, by joining u; and u; 4

to a new vertex v; for 1 < i < n — 1. That is every edge of a path is replaced by a triangle.

Definition 2.2 ([16]). The double triangular snake D(T,) is obtained from a path Py, : uquy . . . u, by joining u;
and u;yq to a new vertices v; and w; for 1 < i < n — 1. That is it consists of two triangular snakes that have a

common path.

Definition 2.3 ([16]). The quadrilateral snake Q, is obtained from a path P, : ujus ... u, by joining u; and
Ui to a new vertices v; and w; respectively and adding edges v;w; for 1 < i < n — 1. That is every edge of a

path is replaced by a cycle Cy.

Definition 2.4 ([16]). The double quadrilateral snake D(Qy,) is obtained from two quadrilateral snakes that have

a common path.
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Definition 2.5 ([3]). The corona graph Gy © Gy is the graph obtained by taking one copy of G1 and n copies of

G, and joining i*" vertex of Gy with an edge to every vertex in the i copy of Gy, where Gy is graph of order n.

In this paper, we consider the inner product space R" and the standard inner product (x,y) = x1y1 +

XoY2 + -+ + XnYn where x = (x1,%2,...,%u),y = (Y1,¥2,---,Yn) , Xi, Yi € R.

3. Vector Basis S-Cordial Labeling

Let G be a (p,q) graph. Let V be an inner product space with basis S. We denote the inner product of
the vectors x and y by (x,y). Let ¢ : V(G) — S be a function. For edge uv assign the label (¢(u), p(v)).
Then ¢ is called a vector basis S-cordial labeling of G if ¢, — ¢,| < 1and |y; — ;| < 1 where ¢, denotes
the number of vertices labeled with the vector x and 7; denotes the number of edges labeled with the
scalar i. A graph which admits a vector basis S-cordial labeling is called a vector basis S-cordial graph.
An illustration for the vector basis {(1,1,1,1),(1,1,1,0),(1,1,0,0), (1,0,0,0) }-cordial labeling of graph
is shown in Figure 1.

(111/111)

(1’1’1’0) (111/1/1)

(1,1,0,0) (1,0,0,0)

Figure 1. A vector basis {(1,1,1,1),(1,1,1,0),(1,1,0,0), (1,0,0,0) }-cordial graph

4. Main Results

In this section, we discuss the existence of the vector basis {(1,1,1,1),(1,1,1,0),(1,1,0,0),(1,0,0,0) }-
cordial labeling of D(T,) ® mK; and D(Q,,) ® mKj.

Theorem 41. Every  graph is a  subgraph  of a connected ~ vector  basis

{(1,1,1,1),(1,1,1,0),(1,1,0,0),(1,0,0,0) }-cordial graph.

Proof. Let G be a (p,q) graph. Consider the four copies of the complete graph K,. Denote the i copy
of K, by Ki i=1,2,34. Let V(K;) = {ui,ué,. . .,u;}. We construct the new graph which is a super
graph G* as follows: Let V(G*) = V(K},) U V(Kf,) U V(Kg) U V(K;L,) and E(G*) = E(K},) U E(Kf,) U
E(K3) U E(Ky) U {uqu, uju3, ujui }. Now we assign the labels to the vertices of V(G*) as follows: First
assign the vector (1,0,0,0) to all the vertices of K}g and assign the vector (1,1,0,0) to all the vertices
of K%,. Then assign the vector (1,1,1,0) to all the vertices of K“;’, and finally assign the vector (1,1,1,1)
to all the vertices of K‘;,. Clearly ¢1000) = P, Pa,100 = Pr P10 = P and ¢q1,1,1) = p- Hence
=0 +L1rn=>0+1L=(¢) +1and 74 = (}). Clearly this vertex labeling is a vector basis
{(1,1,1,1),(1,1,1,0), (1,1,0,0), (1,0,0,0) }-cordial. O
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Example 4.2. We know that Cy4 is not vector basis {(1,1,1,1),(1,1,1,0),(1,1,0,0), (1,0,0,0) }-cordial graph
[7].  But it is a subgraph of following graph (figure 2) which is a wvector basis {(1,1,1,1),(1,1,1,0),
(1,1,0,0)(1,0,0,0)}-cordial graph.  Here ¢p(1000) = P00 = Pa110 = Paiiiy = 4 Hence
M=T2=73= ()+1—7and'y4 ():6.

(1,0,0,0) (1,1,0,0) (1,1,1,0) (1,1,1,1)

Figure 2. A vector basis {(1,1,1,1), (1,1,1,0), (1,1,0,0), (1,0,0,0)}-cordial graph

Theorem 4.3. The graph D(T,) ® mKj is a vector basis {(1,1,1,1),(1,1,1,0),(1,1,0,0), (1,0,0,0) }-cordial

forall n,m > 2.

Proof. Denote by V(D(T,) ©®mKy) = {u;,u; | 1 <i<nand1 <j<m}U{v;,w;,vw;|1<i<n—1
and1 < j < m} and E(D(T,) © mKy) = {utti11, iv;, 104, wiw;, Ui w;, 005, wiwg; | 1 < i < n—
landl < j < m}U{uu; | 1 < i < nand1 < j < m} respectively the vertex and edge sets of
D(T,) ® mKj. Clearly

p=1|V(D(T,) ©mK;y)| = (3n —2)(m+1)

and q = |E(D(T,) ®©mK;)| = (3n —2)(m+ 1) +2n — 3. Assign the vectors to the vertices in the
following order uy, uy, v1, wy, U3, V2, Wo, Ug, V3, W3, ..., Up—1, Un, Uy—1, Wy—1 and uqy, U1z, ..., Uiy, O11,
V12, « oy Ulm, W11, W12, « -+ Wi, U21, U22, « .o, Udm, V21, V22, « -« ) V2m, W21, W22, « o) Wony -+« Un—11, Un—12,
s On—1,ms Wn—11, Wn—12, - -+, Wn—1,m, Un1, Un2, - - ., Unm. We have consider the following four cases:

Case (): 2n —2 =0 (mod 4)

Let2n —2=4s1,51 >0. Wegetn =2s1+1, p=(6s1+1)(m+1),and g = (6s; +1)(m+1) +4s; — 1.
If 51 is even, assign the vector (1,1,1,1) to the first gﬂ + 1 vertices. Then assign the vector (1,1,1,0) to
the next %! vertices and assign the vector (1,1,0,0) to the next %! vertices. Finally assign the vector
(1,0, 0,0) to the next 51 vertices. From these vertex labeling, we get 5%, 5%, 5%, 5% edges with edge
label 4,3,2,1 respectively.

When s, is odd, assign the vector (1,1,1,1) to the first (51“)

(51+1)

vertices. Then assign the vector (1,1,1,0)

(Sl 1)

to the next — 2 vertices and assign the vector (1,1,0,0) to the next

(51 1)

+ 2 vertices. Finally
assign the vector (1,0,0,0) to the next + 1 vertices. From these vertex labeling, we obtain
5(51 U3, (s] Uy, (s] U3, (s] DI edges with edge label 4, 3,2, 1 respectively.

Subcase (A): m =0 (mod 4)

Let m = 4sy, 55 > 0. We get p = 245157 + 651 + 452 + 1, and g = 245152 + 1051 + 4s,. If 51 is even, assign
the vector (1,1,1,1) to the first 6s1s; + s» pendent vertices. Then assign the vector (1,1,1,0) to the next

6s1tp + s, pendent vertices and assign the vector (1,1,0,0) to the next 6s1s; + s, pendent vertices. Finally
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assign the vector (1,0,0,0) to the next 6s1s; + s, pendent vertices. We get P1111) = 6515 + 5o + 3% +1,

P1,11,0) = P1,1,00) = P1,000) = 65152 + 52 + 3% Clearly y1 =72 =73 =74 = 6s152 + 52 + 551

When s; is odd. Then assign the vector (1,1,1,1) to the first 65152 + s, — 1 pendent vertices and assign
the vector (1,1,1,0) to the next 6s1s52 + s, + 1 pendent vertices. Thereafter assign the vector (1,1,0,0)

to the next 6515, + s, pendent vertices and assign the vector (1,0,0,0) to the next 6s1s, + s, pendent

sl+1) s1 1)

— 1, ¢@,100 = 65152+ 52 + 3ol 4o

(51 5(s1—1)

vertices. We have ¢(1111) = P,1,1,0) = 65152+ 52 + S(etl)

and ¢(10,00) = 65152 + 52 + (sl 31-1)
6515, + 55 + 201 13,

Subcase (B): m =1 (mod 4)

+ 1. Clearly 71 = 74 = 65152 + 57 + +2and 7, = 93 =

Let m = 4s, +1, 50 > 0. We get p = 245155 + 1251 +4s, + 2, and q = 24s15p + 1651 +4s, + 1. If

s1 is even, assign the vector (1,1,1,1) to the first 6s1sp + s2 + 351

pendent vertices. Then assign the
vector (1,1,1,0) to the next 6s1s, + sp + 3’% pendent vertices and assign the vector (1,1,0,0) to the
next 6s18, + S + 32& pendent vertices. Finally assign the vector (1,0,0,0) to the next 6s1s, + 52 + 3% +1
pendent vertices. We get ¢(1111) = P1,000) = 65152+ 52+ 351+ 1, ¢(1,1,1,0) = P(1,1,00) = 65152 + 52 + 351.
Clearly 2 = y3 = 4 = 65152 + 52 + 451 and 1 = 65152 + 52 + 451 + 1.

When s; is odd. Then assign the vector (1,1,1,1) to the first 6s1s, + 52 + (51 1)

(51 1)

+ 1 pendent vertices
and assign the vector (1,1,1,0) to the next 6s152 + 52 + + 2 pendent vertices. Thereafter assign
the vector (1,1,0,0) to the next 6s15p + sp + (51“) — 2 pendent vertices and assign the vector (1,0,0,0)

to the next 6s1s, + s, + (51+1)

pendent vertices. We have ¢(11,1,1) = ¢(1,000) = 65152 + 52 +3s1 + 1 and
P1,11,0) = P,100 = 65152 + 52 4 3s1. Clearly 74 = 3 = 72 = 65152 + 52 + 451 and 1 = 65152 + 52 +
451 + 1.

Subcase (C): m =2 (mod 4)

Let m = 4s, +2, 50 > 0. We get p = 245155 + 1851 +4s, + 3, and q = 24s15p + 2251 +4sp + 2. If
s1 is even, assign the vector (1,1,1,1) to the first 6s1s, + s» + 3s; pendent vertices. Then assign the
vector (1,1,1,0) to the next 6s1s, + s2 + 3s; pendent vertices and assign the vector (1,1,0,0) to the next
65152 + 2 + 3s1 + 1 pendent vertices. Finally assign the vector (1,0,0,0) to the next 6s15p + 52 + 3s1 + 1
pendent vertices. We get ¢(1111) = ¢(1,1,00) = P(1,000) = 65152+ 52 + 5 %14 1and P(1,1,1,0) = 65152 + 52 +
951 . Clearly y4 = 73 = 6515 + 52 + 1151 and 7, = 71 = 68152 + 85 + Hsl +1.

When s; is odd. Then assign the vector (1,1,1,1) to the first 6sis, + s» + 3s1 pendent vertices and
assign the vector (1,1,1,0) to the next 6sis, + s, + 3s1 + 1 pendent vertices. Thereafter assign the
vector (1,1,0,0) to the next 6s1s, + s2 + 3s1 pendent vertices and assign the vector (1,0,0,0) to the next

65152 + 52 + 3s1 + 1 pendent vertices. We have ¢ 111) = 65152 + 52 + M and ¢(11,1,0) = 91,100 =

1151+1 1151 1

$1,000) = 65152 + 52 + 951%1. Clearly y4 = 72 = 71 = 65152 + 52 + and 3 = 65152 + 52 +

Subcase (D): m = 3 (mod 4)
Let m = 4s, +3, s > 0. We get p = 24s155 + 2451 +4s, +4, and q = 24515, + 2851 +4s, + 3. If 54

95]

is even, assign the vector (1,1,1,1) to the first 6s1sy + s + pendent vertices. Then assign the vector

(1,1,1,0) to the next 6515y + 57 + % 7+ + 1 pendent vertices and assign the vector (1,1,0,0) to the next
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65152 + 52 + % ECIR | pendent vertices. Finally assign the vector (1,0,0,0) to the next 65152 452 + 5 ECTR |
pendent vertices. We get ¢(1,1,1,1) = P(1,1,1,00 = P1,100 = P,000 = 65152+ 52 + 651 + 1. Clearly
Y4 = 6515 + Sp + 751 and y3 = yp = y1 = 65152 + 5o + 751 + 1.

When s; is odd. Then assign the vector (1,1,1,1) to the first 65152 + s2 + y pendent vertices and
assign the vector (1,1,1,0) to the next 6515, + s, + 9512—“ pendent vertices. Thereafter assign the vector
(1,1,0,0) to the next 6s1sy + sy + % pendent vertices and assign the vector (1,0,0,0) to the next
65152 + 5 + % pendent vertices. We have ¢(11,1,1) = ¢(1,1,1,0) = $(1,1,00) = P(1,000) = 65152 + 52 +
6s1 + 1. Clearly y4 = 65152 + 52 +7s1 and y3 = 72 = y1 = 65152 + 52 + 751 + 1.

Case (ii): 2n —2 =1 (mod 4)

Let2n —2 =4s1+1,51 > 0. Wegetn =2s1+2,p = (6s1+4)(m+1),and g = (6s1 +4)(m+1) + 4s1 +
1. If 51 is even, assign the vector (1,1,1,1) to the first 351 + 3 vertices. Then assign the vector (1,1,1,0)
to the next 351 + 1 vertices and assign the vector (1,1,0,0) to the next %! vertices. Finally assign the
vector (1,0,0,0) to the next Sl vertices. From these vertex labeling, we get 5143, 5% + 2, 5%, 5% edges
with edge label 4, 3,2, 1 respectively.

S1+1)

When s; is odd, assign the vector (1,1,1,1) to the first 3141 | 1 vertices. Then assign the vector

(1,1,1,0) to the next 3(s 1+1) vertices and assign the vector (1,1,0,0) to the next (5171)

(51 1)

+ 2 vertices.
Finally assign the vector (1,0,0,0) to the next
obtain 5(512”), 5(51;1), 5(512_1) +3, (51 U 4o edges with edge label 4, 3,2, 1 respectively.
Subcase (A): m =0 (mod 4)

Let m = 4sp, s, > 0. We get p = 24515, + 651 + 165, +4, and q = 24s1s, + 10s1 + 165, + 5. If

+ 1 vertices. From these vertex labeling, we

s1 is even, assign the vector (1,1,1,1) to the first 6s1s, + 45y — 2 pendent vertices. Then assign the
vector (1,1,1,0) to the next 6s1s, + 4s, pendent vertices and assign the vector (1,1,0,0) to the next
65152 +4s, + 1 pendent vertices. Finally assign the vector (1,0,0,0) to the next 6s1s2 + 4s, + 1 pendent
vertices. We get ¢(1,1,1,1) = P1,1,1,00 = P1,1,000 = P1,000) = 65152 + 4s2 + 3% + 1. Clearly 71 = 72 =
Y4 = 6515y + 45y + 5—51 4+ 1 and y3 = 65157 + 455 + 5% + 2.

When s; is odd. Then assign the vector (1,1,1,1) to the first 65152 +4s2 — 1 pendent vertices and assign
the vector (1,1,1,0) to the next 6s1s +4s, — 1 pendent vertices. Thereafter assign the vector (1,1,0,0)
to the next 6s1s, + 4s, + 1 pendent vertices and assign the vector (1,0,0,0) to the next 6s3s, + 4s, + 1

pendent vertices. We have ¢(111,1) = ¢(1,1,00) = 65152 + 452 + (51+3)

(51+3)

and ¢(1,100) = P(1,000) = 65152 +

(51+1) (51"!‘1)

Sy +
Subcase (B): m =1 (mod 4)

+ 2. Clearly y4 = 3 = 72 = 65152 + 452 + and y1; = 65157 + s2 +

Let m = 4s; +1, s > 0. We get p = 24515, 4 1251 + 1652 + 8, and g = 24s15y + 1651 + 165, + 9. If 51 is

even, assign the vector (1,1,1,1) to the first 6sys, +4s5 4 = el

— 1 pendent vertices. Then assign the vector
(1,1,1,0) to the next 6515, + 45, + % + 1 pendent vertices and assign the vector (1,1,0,0) to the next
65152 +4sy + ?’Zﬂ + 2 pendent vertices. Finally assign the vector (1,0,0,0) to the next 6s1s, +4s, + 3—;1 42
pendent vertices. We get ¢(1111) = P1,1,10) = P1,1,00 = P1000) = 65152 + 452 + 351 + 2. Clearly

Y4 = Y2 = Y1 = 65152 + 452 + 451 + 2 and y3 = 65152 + 45y + 451 + 3.
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When s; is odd. Then assign the vector (1,1,1,1) to the first 6s15p + s» + (sl 311

(51 1)

+ 1 pendent vertices

and assign the vector (1,1,1,0) to the next 6s1s, + sp +
(S1+1)

+ 2 pendent vertices. Thereafter assign

the vector (1,1,0,0) to the next 6s1s + s, +
(51+1)

pendent vertices and assign the vector (1,0,0,0) to
the next 6s1sy + 52 + + 1 pendent vertices. We have ¢(1111) = ¢1,1,10) = $1,1,00) = P(1,000) =
65152 + 4sy + 3s1 + 2. Clearly y4 = 72 = 71 = 65152 + 452 + 451 + 2 and y3 = 65152 + s + 451 + 3.
Subcase (C): m =2 (mod 4)

Let m = 4s; + 2,55 > 0. We get p = 24515 + 1851 + 165, + 12, and q = 24515y 42251 + 165, 4 13. If 51 is
even, assign the vector (1,1,1,1) to the first 6515, + 4s, + 3s1 pendent vertices. Then assign the vector
(1,1,1,0) to the next 6s1s2 + 4s2 + 3s1 + 2 pendent vertices and assign the vector (1,1,0,0) to the next
65152 + 452 + 3s1 + 3 pendent vertices. Finally assign the vector (1,0,0,0) to the next 6s1s +4sp + 351 + 3
pendent vertices. We get ¢1,1,1,1) = P(1,1,1,0) = P(1,1,00) = P(1,000) = 65152 + 452 + 9% + 3. Clearly
Y4 = Y2 =71 = 65152 + 45y + 11% + 3 and y3 = 65157 + 45 + 11% + 4.

When s; is odd. Then assign the vector (1,1,1,1) to the first 6515, + 4s + 3s1 + 1 pendent vertices
and assign the vector (1,1,1,0) to the next 6s1sp + 4sp + 3s; + 1 pendent vertices. Thereafter assign
the vector (1,1,0,0) to the next 6s1sy + 4s, + 3s; + 2 pendent vertices and assign the vector (1,0,0,0)
to the next 6s15, +4s2 + 3s1 + 4 pendent vertices. We have ¢(1111) = ¢(1,000) = 65152 + 452 + 951+7
and P1110 = P00 = 65152 + 452 + 9512—+5. Clearly 74 = 73 = 71 = 65152 + 45, + W and
Y2 = 65187 + 4sy + 1151+5

Subcase (D): m = 3 (mod 4)

Let m = 4s5 + 3,55 > 0. We get p = 245155 + 2451 + 165, + 16, and q = 24515y 4 2851 + 165, - 17. If 51 is
even, assign the vector (1,1,1,1) to the first 6515, + 4s» + 5L 4+ 1 pendent vertices. Then assign the vector
(1,1,1,0) to the next 6515, + 45> + %! + 3 pendent vertices and assign the vector (1,1,0,0) to the next
6515y + 45y + 9% + 4 pendent vertices. Finally assign the vector (1,0,0,0) to the next 6s15, + 4sy + 9—;1 +4
pendent vertices. We get ¢(1111) = P10 = P1,1,000 = P,000 = 65152 + 452 + 651 + 4. Clearly
Y4 = Yo = Y1 = 65152 + 45y + 751 +4 and y3 = 6515y + 4sp + 751 + 5.

When s; is odd. Then assign the vector (1,1,1,1) to the first 6sis, + 4s2 + 9512—+3 pendent vertices
and assign the vector (1,1,1,0) to the next 6s1s, + 4s, + 9512—+5 pendent vertices. Thereafter assign the
vector (1,1,0,0) to the next 6s1s, + 4sp + w pendent vertices and assign the vector (1,0,0,0) to
the next 6s1s, + 45, + w pendent vertices. We have ¢1111) = d1,1,100 = 1,100 = P1,000) =
65152 + 4sy + 651 + 4. Clearly y4 = 72 = 71 = 65152 + 452 + 751 + 4 and y3 = 65152 + 452 + 751 + 5.
Hence the vertex labeling ¢ is a vector basis {(1,1,1,1),(1,1,1,0),(1,1,0,0), (1,0,0,0) }-cordial labeling
of D(T,) ® mKj for all n,m > 2. O

Example 4.4. An illustration for the vector basis {(1,1,1,1),(1,1,1,0),(1,1,0,0), (1,0,0,0) }-cordial labeling
of D(Tg) ® 4Ky for the case when n =2 (mod 4) and m = 0 (mod 4) is shown in Figure 3.
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Figure 3. A vector basis {(1,1,1,1),(1,1,1,0),(1,1,0,0),(1,0,0,0)}-cordial labeling of D(Ts) ® 4Ky

Theorem 4.5. The graph D(Q, ) ® mK; is a vector basis {(1,1,1,1),(1,1,1,0),(1,1,0,0), (1,0,0,0) }-cordial
forall n,m > 2.

i < mandl < | < m}

IN

Proof. Denote by V(D(Q,) ® mKy) = A{wu,u; | 1
< n—1lad 1 < j < m} and E(D(Q,) ® mKy)

U{o, wi, vij, wij, Xi, Y, Xijp Yy |1 < <
= {uitiy1, W05, WiX;, 07, XiYi, Ui 10, Ui 1Y, 005, Wi, XX, Yy | 1 < i < n—Tland1l < j <

m}U{uu;; |1 <i<mnand1 <j < m} respectively the vertex and edge sets of D(Q,) ® mK;. Clearly
p=|V(D(Qu) ®mKy)| = (5n —4)(m +1) and g =|E(D(Q,) ®©mKy)| = (5bn—4)(m+1)+2n—3

Assign the vectors to the vertices in the following order: uy, up, wy, v1, X1, y1, U3, W2, V2, X2, Y2, Us, W3,

03, X3, Y3, -+« Un—1, Un, Wn—1, On—1, Xn—1, Yn—-1 and Ui, Y12, -« -y Wim, 911, 912, -+ - O1my W11, W12, -+« +y Wimy
X11, X125 - - -5 X1ms Y11, Y12, - -+ Y1m, Y21, U22, - - -, U2m, U21, V22, - .., U2m, W21, W22, - .., W2m, X21, X22, - - -,

Xom, Y21, Y22, -« Yoms -« -7 On—1,1, On—1,2s -+ -7 On—1,mr Wn—-1,1, Wn—12, -+ +» Wn—1,ms Xn—1,1r Xn—1,2s « - - » Xn—1,m,

Yn—11, Yn—-12, - - - » Yn—1,m, Unl, Un2, - - ., Unm. We have consider the following four cases:

Case (i): 2n —2 =0 (mod 4)
Let2n —2 =4s1,51 > 0. Wegetn =2s1+1, p = (10s1+1)(m+1),and g = (10s; +1)(m +1) +4s; — 1.
If 51 is even, assign the vector (1,1,1,1) to the first 5% + 1 vertices. Then assign the vector (1,1,1,0) to

the next 5% vertices and assign the vector (1,1,0,0) to the next 5% vertices. Finally assign the vector

(1,0,0,0) to the next 5% vertices. From these vertex labeling, we get %, 7—31, %, iy edges with edge
label 4, 3,2, 1 respectively.

When s; is odd, assign the vector (1,1,1,1) to the first w + 4 vertices. Then assign the vector
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(1,1,1,0) to the next M + 2 vertices and assign the vector (1,1,0,0) to the next M

(51 1)

-+ 3 vertices.

Finally assign the vector (1,0,0,0) to the next + 2 vertices. From these vertex labeling, we obtain

7(51 U 14, (S] U3, (S] U4y, (sl U3 edges with edge label 4, 3,2, 1 respectively.

Subcase (A): m =0 (mod 4)

Let m = 4s5, s > 0. We get p = 40s15p + 10s; +4s, + 1, and g = 40sy52 + 1451 +4s5. If 51 is
even, assign the vector (1,1,1,1) to the first 10s;s, + s, pendent vertices. Then assign the vector
(1,1,1,0) to the next 10s3s, + s» pendent vertices and assign the vector (1,1,0,0) to the next 10s15, + s»
pendent vertices. Finally assign the vector (1,0,0,0) to the next 10s15, + s, pendent vertices. We get
$a111) = 105182+ 52+ 5+ 1, d100 = 1100 = P1,000) = 108182 + 52 + %5t Clearly 91 = 72 =
Y3 =74 = 108152+ 52 + 5 751

When s; is odd. Then assign the vector (1,1,1,1) to the first 10s1s2 + s — 1 pendent vertices and assign
the vector (1,1,1,0) to the next 10s1s, + s» pendent vertices. Thereafter assign the vector (1,1,0,0) to
the next 10s;s, + s» pendent vertices and assign the vector (1,0,0,0) to the next 10s;s, + 52 + 1 pendent

vertices. We have ¢1111) = ¢(1,1,00) = P1,000) = 105152 +52 + (Sl )

5(51 1)

+3and ¢q1,10) = 105152 + 52 +
+ 2. Clearly 74 = 73 = 105155 + 52 + (51 U 4 3and 9, = 91 = 108185 + 55 + % +4.
Subcase (B): m =1 (mod 4)

Let m = 4s, +1, s > 0. We get p = 40s15, + 2051 +4s2 + 2, and g = 40s1s + 2451 +4s, + 1. If 51 is
even, assign the vector (1,1,1,1) to the first 10s1s + 52 + 551 pendent vertices. Then assign the vector
(1,1,1,0) to the next 10s152 + s, + %! pendent vertices and assign the vector (1,1,0,0) to the next
10s1s2 + 57 + 5% pendent vertices. Finally assign the vector (1,0,0,0) to the next 10s1s, + sp + 5% +1
pendent vertices. We get 4)(1,1,1,1) = ¢1,000) = 108152 +s2 + 551 + 1 and ¢(1,1,1,0) = P(1,1,00) = 108152 +
sp + 5s1. Clearly v4 = 3 = 2 = 105152 + 52 + 651 and y; = 10s152 + s + 651 + 1.

When s; is odd. Then assign the vector (1,1,1,1) to the first 10s15, + s2 + (51 5(1-1)

Sl 1)

+ 2 pendent vertices

and assign the vector (1,1,1,0) to the next 10s1s, + s2 + Se-1)
S] 1)

+ 3 pendent vertices. Thereafter assign
the vector (1,1,0,0) to the next 10s15; + 55 + 221 4 2 pendent vertices and assign the vector (1,0,0,0)
to the next 105152 + 52 + (sl Uty pendent vertices. We have ¢(1111) = P(1,000) = 105152 +52+ 551 +1
and P1,1,1,00 = P00 = 10s152 + 2 + 5s1. Clearly v4 = 93 = 72 = 10s150 + 52 + 651 and 71 =
10s1sp + sp + 651 + 1.

Subcase (C): m =2 (mod 4)

Let m = 4sp +2, 50 > 0. We get p = 405152 + 3051 + 452 + 3, and g = 40s15p + 3451 + 45y + 2. If
s1 is even, assign the vector (1,1,1,1) to the first 10s1s2 + s» + 5s; pendent vertices. Then assign the
vector (1,1,1,0) to the next 10s1s2 + 52 + 551 pendent vertices and assign the vector (1,1,0,0) to the next
10s15, 4 s2 + 551 + 1 pendent vertices. Finally assign the vector (1,0,0,0) to the next 10s15p + 52 +5s1 + 1
pendent vertices. We get ¢111,1) = P11 oo) = $1,000) = 10s152 + 52 + 15% +1and ¢(1,10) = 10s152 +
sy + 1551 . Clearly y4 = 73 = 10s152 + 52 + 1751 and 9, = 91 = 108152 + s2 + 17% +1.

When s; is odd. Then assign the vector (1, 1,1,1) to the first 10s1s; + s» + 551 pendent vertices and
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assign the vector (1,1,1,0) to the next 10s1sy + s2 + 5s1 + 1 pendent vertices. Thereafter assign the

vector (1,1,0,0) to the next 10s3s, + s» + 5s1 pendent vertices and assign the vector (1,0,0,0) to the

1551+3

next 10s1s2 + s2 + 51 + 1 pendent vertices. We have ¢(q1,,) = 10s152 + 52 + and ¢(1,1,1,0) =

17s1+1

(1,100 = 1000 = 10s152+ 52 + 1551+1. Clearly 74 = 72 = 71 = 10s152 + 52 + and 3 =

10s1s2 + 52 + 1751 L

Subcase (D): m = 3 (mod 4)
Let m = 4s, +3, s > 0. We get p = 40s15, +40s1 +4s2 + 4, and g = 40sys; + 4451 +4s; + 3. If 51 is

151

even, assign the vector (1,1,1,1) to the first 10s1sy + 52 + pendent vertices. Then assign the vector

(1,1,1,0) to the next 10s1sp + s + 15% + 1 pendent vertices and assign the vector (1,1,0,0) to the next
10s182 + 5o + 155 =1 + 1 pendent vertices. Finally assign the vector (1,0,0,0) to the next 10s3s, + s» +
15% + 1 pendent vertices. We get ¢(111,1) = ¢1,1,1,0) = P(1,1,00) = P1,000) = 10182 + 52 + 1081 + 1.
Clearly 4 = 105152 + 52 + 1151 and y3 = 72 = 1 = 10s152 + s + 1151 4 1.

When s; is odd. Then assign the vector (1,1,1,1) to the first 10s152 + sp + M pendent vertices
and assign the vector (1,1,1,0) to the next 10s1s2 + sp + 1551+3 pendent vertices. Thereafter assign

the vector (1,1,0,0) to the next 10s1sy + s + M endent vertices and assign the vector (1,0,0,0
p g

1551+3

to the next 10s1s, + s + pendent vertices. We have ¢(11,1,1) = P(1,1,1,0) = P(1,1,00) = P1,000) =

10s15p + 52 4 10s1 + 1. Clearly 4 = 105153 + 52 + 1151 and 3 = y2 = 1 = 10s152 + 52 + 1157 + 1.

Case (ii): 2n —2 =1 (mod 4)

Let2n —2=4s1+1,51 > 0. Wegetn =2s1+2, p=(10s;+6)(m+1),and g = (10s1 +6)(m +1) +
4s1 + 1. If s1 is even, assign the vector (1,1,1,1) to the first 551 + 4 vertices. Then assign the vector

1,1,1,0) to the next 5ﬂ + 2 vertices and assign the vector (1, 1,0, 0) to the next ﬂ vertices. Finally assi
& y assign

the vector (1,0,0,0) to the next 551 vertices. From these vertex labeling, we get 5 144 751 +3, 751, 75

edges with edge label 4, 3,2, 1 respectively.

51+1)

When s; is odd, assign the vector (1,1,1,1) to the first 5181 4 1 vertices. Then assign the vector

(1,1,1,0) to the next S(s141) 1“) vertices and assign the vector (1,1,0,0) to the next M

(51 1)

+ 3 vertices.
Finally assign the vector (1,0,0,0) to the next
obtain 7(512+1), 7(512+1), 7(512_1) +4, (Sl U3 edges with edge label 4, 3,2, 1 respectively.

Subcase (A): m =0 (mod 4)

+ 2 vertices. From these vertex labeling, we

Let m = 4s5, 55 > 0. We get p = 40515, 4 10s1 + 245, + 6 and g = 40s152 + 1451 + 245, + 7. If 51 is even,
assign the vector (1,1,1,1) to the first 10s1s, + 65, — 2 pendent vertices. Then assign the vector (1,1,1,0)
to the next 10s1s, + 652 — 1 pendent vertices and assign the vector (1,1,0,0) to the next 10s1sp + 652 + 1
pendent vertices. Finally assign the vector (1,0,0,0) to the next 10s1s, + 652 + 2 pendent vertices. We
get P1111) = P1000) = 105152 + 652 + 31 +2 and P1110) = P1100) = 105152 + 652 + %t + 1. Clearly
Y1 =2 =Yg = 105152+652+7—§1 +1and 3 = 105152+6sz+72ﬂ + 2.

When s; is odd. Then assign the vector (1,1,1,1) to the first 10s1s; + 65, — 2 pendent vertices and
assign the vector (1,1,1,0) to the next 10s1s, + 6s, — 1 pendent vertices. Thereafter assign the vector

(1,1,0,0) to the next 10s152 + 652 + 1 pendent vertices and assign the vector (1,0,0,0) to the next
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10s18; + 652 + 2 pendent vertices. We have ¢(1111) = ¢(1,1,1,0) = 105152 + 652 + (51“) —1and ¢1,00) =
$1,000) = 10157 + 655 + (51 D4y Clearly 74 = 73 = 10s18; + 63, + (SIH) —2and 7, = 71 =
108187 + 687 + (S] U 45

Subcase (B): m =1 (mod 4)

Let m = 450+ 1, s > 0. We get p = 40s152 + 2051 + 245, + 12 and q = 40s;s2 + 2051 + 245, + 13.

If s; is even, assign the vector (1,1,1,1) to the first 10s15; + 652 + 531

— 1 pendent vertices. Then
assign the vector (1,1,1,0) to the next 10s1sp + 652 + 5% + 1 pendent vertices and assign the vector
(1,1,0,0) to the next 10s1sp + 65y + 5% + 3 pendent vertices. Finally assign the vector (1,0,0,0) to
the next 10s1s + 652 + 551 + 3 pendent vertices. We get ¢1111) = P(1,1,1,0) = P1,1,00) = P1,000 =
10s1s + 657 + 5s1 4 3. Clearly v4 = 2 = 71 = 105153 + 652 4- 651 + 3 and y3 = 10515, + 655 + 651 + 3.

When s; is odd. Then assign the vector (1,1,1,1) to the first 10s1s2 + 652 + (sl Uyo pendent vertices
and assign the vector (1,1,1,0) to the next 10s1s, + 652 + (51 1) + 3 pendent vertices. Thereafter assign
the vector (1,1,0,0) to the next 10s1s, + 65, + (sl+ ) pendent vertices and assign the vector (1,0,0,0) to

the next 10s1s, + 652 + (51+1)

+ 1 pendent vertices. We have ¢(1111) = $1,1,1,0) = P(1,1,00) = P(1,000) =
10s152 + 65 + 551 4 3. Clearly 4 = 2 = y1 = 105152 + 652 4 651 + 3 and y3 = 105157 + 655 + 651 + 4.
Subcase (C): m =2 (mod 4)

Let m = 4sp +2, 55 > 0. We get p = 40s152 + 30s1 + 245, 4+ 18, and g = 40s1s, + 34s1 + 245, 4 19.
If s; is even, assign the vector (1,1,1,1) to the first 10s;s, + 65, + 551 + 1 pendent vertices. Then
assign the vector (1,1,1,0) to the next 10s;s, + 6s2 + 551 + 4 pendent vertices and assign the vector
(1,1,0,0) to the next 10s1s2 + 6s2 + 5s1 + 4 pendent vertices. Finally assign the vector (1,0,0,0) to
the next 10s1s, + 65, + 551 + 5 pendent vertices. We get ¢1111) = P(1,000) = 108152 + 652 + 15% +5
and ¢(1110) = P1,1,00) = 108152 + 632 + 15% +4. Clearly y4 = 72 = 71 = 105152 + 655 + 17% +5 and
Y3 = 65152 + 45y + 151 + 4.

When s; is odd. Then assign the vector (1,1,1,1) to the first 10s1s; + 6sp + 551 + 1 pendent vertices
and assign the vector (1,1,1,0) to the next 10s1sy + 652 + 551 + 2 pendent vertices. Thereafter assign
the vector (1,1,0,0) to the next 10s1s, + 652 + 551 + 4 pendent vertices and assign the vector (1,0,0,0)

to the next 10s1s2 + 652 + 551 + 5 pendent vertices. We have ¢(11,1,1) = ¢(1,1,1,0) = P(1,1,00) = P(1,000) =

17sl+9 17s1+11

105155 + 659 + w. Clearly 74 = 3 = 71 = 105152 + 652 +
Subcase (D): m = 3 (mod 4)

and vy, = 10815y + 655 +

Let m = 4sp 4+ 3, sp > 0. We get p = 40s152 + 4051 + 2455 + 24 and g = 40515y + 4451 + 245, + 25. If
s1 is even, assign the vector (1,1,1,1) to the first 10s1sp + 652 + 15% + 2 pendent vertices. Then assign
the vector (1,1,1,0) to the next 10152 + 65> + 131 + 4 pendent vertices and assign the vector (1,1,0,0)
to the next 10s1s; + 6572 + 15% + 6 pendent vertices. Finally assign the vector (1,0,0,0) to the next
105187 + 652 + 15% + 6 pendent vertices. We get ¢1,1,1,1) = P(1,1,1,0) = P(1,1,00) = P(1,000) = 105182 +
65 +10s1 + 6. Clearly y4 == v2 = 1 = 105152 + 652 + 1151 + 6 and 3 = 105152 4 652 + 1151 + 7.

When s; is odd. Then assign the vector (1,1,1,1) to the first 10s1s2 + 652 + % pendent vertices
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and assign the vector (1,1,1,0) to the next 10s1s, + 652 + % pendent vertices. Thereafter assign
the vector (1,1,0,0) to the next 10s1s; + 65, + 155127“1 pendent vertices and assign the vector (1,0,0,0)
to the next 10s1s; + 652 + 9512413 pendent vertices. We have ¢(1111) = ¢1,1,1,00 = P(1,1,00) = P(1,000) =
10s15p 4- 657 4- 1051 +- 6. Clearly y4 = 2 = 71 = 105152 465 4+ 1151 + 6 and y3 = 10515 4 65 + 1151 + 7.
Hence the vertex labeling ¢ is a vector basis {(1,1,1,1),(1,1,1,0),(1,1,0,0), (1,0,0,0) }-cordial labeling
ofD(Q,) ® mKj for all n,m > 2. d

5. Conclusion

In this  paper, we  have investigated the existence of a  vector basis
{(1,1,1,1),(1,1,1,0),(1,1,0,0),(1,0,0,0) }-cordial labeling of D(T,) ® mK; and D(Q,) ® mKj.
Investigating the vector basis {(1,1,1,1),(1,1,1,0),(1,1,0,0), (1,0,0,0) }-cordial labeling behaviour of

corona product of some other family of graphs is our future work.
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