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CARTESIAN PRODUCT BETWEEN BALANCED BIPARTITE
GRAPH AND PATH

SUMONTA GHOSH AND ANITA PAL

ABSTRACT. Cordial labeling is one of the useful labeling in the realm of graph
labeling. For the graph G = (V, E) vertex set V is label by {0,1}, where
labeling of edge set E calculated by absolute difference between the end vertices
labeling with the restriction that number of vertices label by 0 and number
of vertices label by 1, their absolute difference not exceeding 1. If similar
restriction will follow for edge also then the labeling technique is known as
cordial labeling and the graph which admits cordial labeling is known as cordial
graph. In this paper we want to apply cordial labeling on a complex graph
structure which we obtained by Cartesian product between complete bipartite
graph(Balanced bipartite graph) Kp,, and path P.. We also propose three
algorithm to label the above said graph by cordial labeling. We have analyse
the time complexity of each algorithm and which is super-linear.

1. INTRODUCTION

We are aware about graph labeling as it has acquired by many technology in real
world. Josef Gallian [I] provide a survey paper on graph labeling which help us to
investigate the research direction of graph labeling. Hegde [2] simplify the idea of
graph labeling, where Beineke and Hegde [3] together state that graph labeling is
a combination between number theory and graphs structure.

Tbrahim Cahit [4], Bl 6], [7, 8, @) 10, 11} 12} 13| 14] worked on graceful [16] and
harmonious [I5] labelings. Cahit [5] paid his attention on some simple graph like

tree, Ky, K, n, friendship graph, fans (with some limitation) and he proves that
these graphs are cordial.
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Definition 1. Let G = (V, E) be a graph with vertex set V and edge set E and
the vertex set is label by {0, 1}, where edge labeling calculated by absolute difference
between the end vertices labeling with the restriction that number of vertices label
by 0 and number of vertices label by 1, their absolute difference not exceeding 1.
If similar restriction will follow for edge also then the labeling technique is known
as cordial labeling and the graph which admits cordial labeling is known as cordial
graph.

Ficure 1. Cordial labeling.

The idea of cordial language and cordial numbers presented by Babujee and
Shobana [I7]. There also exists some other types of labeling like product cordial
labeling, total signed product cordial labeling and signed product cordial labeling.
The concept of signed product cordial labeling was introduced by J. Baskar Babujee
[I7] and he proved that many graphs admit signed product cordial labeling. This
idea is investigated by numerous researcher like P.P. Ulaganathanet [I8], Santhi.
M [20] and Saanthi. M et. al [I9]. The vast majority of the analysts give careful
consideration of cordial labeling on straightforward system and additionally com-
plex system. We give a brief of the definitions and other data which are valuable
for the present examination.

Definition 2. Cartesian product of two graphs G = (V,E) and H = (V' E’) is
the Cartesian product between two arrangement of vertices V(G) x V'(H) denoted
by G x H, where (u,u’) and (v,v") are the order pair of the Cartesian product will
be adjoining in G x H if and just assuming either

(1) w=wv and v is adjacent with v’ in H, or

(2) v =" and u is adjacent with v in G.

The Cartesian product of two graphs are commutative.

As time goes usage of frameworks turn out to be high, which experienced more
extensive and complex system structure. Association of various kinds of system
demonstrate assumes indispensable part, all things considered, so result of two
existing system display gives a complex system structure with the advantage of
single coordinated system. Such kind of complex system may prompt high cost
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FI1GURE 2. Cartesian product of two graphs

factor in correspondence yet it encountered a high dependability moreover. In this
paper, we mainly concentrate on Cartesian product between K, ,, x P;.

Whatever is left of the paper is composed is as per the following. Section
contains some preliminaries and definitions, Section [3| presents algorithms to label
Cartesian product between K, ,, X P, analysis of algorithm followed by conclusion.

2. PRELIMINARIES

Definition 3. A graph G = (V, E) is called a complete bipartite graph if its vertices
can be clustered into two subsets V1 and Vs, where there exist no edges in the same
subset, and each vertex of V1(Va) is connected with all vertices of Va(Vi). Here
Vi ={X11, X192, ..., Xim} contains m wvertices and Vo = {Y11, Y19, ..., Y1} contains
n vertices.

A complete bipartite graph with |Vi| = m and |Va| = n is denoted by K, . When
[Vi| = |Va| then complete bipartite graph is known as balanced bipartite graph and
which is denoted by Ky, .

¥in

Yil Y12 Y13

FI1GURE 3. Complete bipartite graph K, ,

The Cartesian product K, , x P, can be visualized in a simple way. For this
product, we draw r copies of K, ,,. Let X; = {x;1,2i2, i3, ..., Zip, ..., Tin} and
Y; = {yj1,Yj2,Yj35 s Yjqs ---» Yjn } be the set of vertices of the ith copy of the graph
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FI1GURE 4. The graph K, , x P,

K, n. The vertices of ith copy of K, ,, are connected with (i + 1)th copy of K, ,,
only as per following rule:

(1) zi,p, and z4,,, will be connected if p; = pe and |i; —is| =1
(2) Yj,q0 and yj,q, will be connected if g1 = g2 and [j1 — j2| =1

Note that the set of vertices of G = (V,E) = Ky, x P is U1 X; U Y.
It is clear that (z,yj4) € E, i.e d(zip,yjq) = 1 for i, =1,2,3,...,7 and p,q =
1,2,3,...,n. Again d(xip, 2(i11)p) = 1 for i = 1,2,3,...,r, p = 1,2,3,...,n and
d(Yjq:Y(j+1)q) = L for j =1,2,3,..,7, ¢ =1,2,3,...,n.

To obtained the graph G = K,, ,, x C., graph K, , has to copy r times. Here
each K, , has two set of vertices X,Y where |X| = n and |Y| = n. Each set of
vertices of K, ,, for r copies represented by (X1,Y7), (X2,Y2),(X3,Y3),...,(X,, ¥2),
where each Xi = {Zliil,ajig,mlg, ,.T“.L} and }/z = {yil,yig,yig, ,ym}

Consider the graph G = (K, , x C,.), where V = U v; and v; = (X;,Y;), where

i=1
Xi = {zi1, zi2, 3, -, Tin } and Yy = {yi1, Yi2, Yi3, -, Yin} for each i = 1,2,3,...,7.
Two vertices connected by the following way.

(1) zi,; and x4, will be connected if j =k and |i1 —ia2| =1 or (r — 1)
(2) Yip and yi,q will be connected if p =g and |91 —ia| =1 or (r—1)

and it is clear that (zi;,vip) € E, ie d(zij,yip) = 1 for i = 1,2,3,...,r, j =
1,2,3,..,n and p = 1,2,3,...,n. Again d(zs,x41);) = 1 for i = 1,2,3,...,r,
J=1,2,3,...,n and d(yip, Yit1)p) = 1 for i =1,2,3,...,r, p=1,2,3,...,n.
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3. LABELING SCHEME OF CARTESIAN PRODUCT BETWEEN BALANCED
BIPARTITE GRAPH AND PATH

3.1. Algorithm. Now we are going to label the graph G = K, , x F,, let us take
a balanced bipartite graph K, ,,. As we know that each K, ,, having two set of ver-
tices X; and Y; for i = 1,2,3,...,r and | X;| = |Y;| = n where the vertices connected
according to the rule of complete bipartite graph. So, X; and Y; both has n vertices
where X; = {21, Ti2, Ti3, ...Tij, ..., Tin } similarly Y = {1, vi2, Vi3, -, Yijs -r Yin }-

To label the graph G = K, ,, x P, we have design four algorithms. Algorithm
E| is for cordial labeling of G = K, , where proposed Algorithm |§| design for the
graph G = K, ,, X Ps, Algorithm@ and Algorithm@ are for G = K,, ,, x P, where
n is odd and » > 3 and G = K,,,, X P. where n is even. To obtained the graph
G = K, X P, we need to draw r copies of K, ,. As Algorithm [§]is working for
path length r > 3 so for the graph G = K,, ,, x P, after labeling up to multiple
of 4 copies of K,, , remaining copies of K, , will follow Algorithm @ Through
out this paper we denote V(G) and V1 (G) are the set of vertices label by 0 and 1
respectively, similarly denote Eo(G) and E;(G) are the set of edges label by 0 and
1 respectively

Labeling of the vertex v; is denoted by f(v;) for each algorithm. According to
the pattern of Cartesian product between K, , and P, we have r copies of K, ;.
We have to label each copy of K, ,, by 0 or 1.

3.2. Algorithm.

Algorithm 4. Cordial labeling of K, ,, (CLBB)
Input: G =K, .
Output: Labelled graph G = K, .
Step 1 loop j=1ton
Step 2
(1) Assign label f(xz1;) =0 if (14 j) divisible by 2.
(2) Assign label f(y1;) =1 if (1 + j) divisible by 2.

Step 3
(1) Assign label f(z1;) =1
(2) Assign label f(y1;) =0
end of loop j.
Stop.

(14 7) not divisible by 2.
(14 j) not divisible by 2.

=S

3.2.1. The proof of correctness of the algorithm [4

Theorem 5. Algorithm proof that the graph K, , is a cordial graph.
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Proof. Let us consider the graph G = K, ,, where V(G) has has the cardinality
2n and E(G) has the cardinality n?. From algorithm [4] we can investigate that
[Vo(@)| = n and |V1(G)| = n. So [|[W(G)| — [Vi(G)|] = |n —n| =0 < 1. Now for
satisfying edge labeling condition we consider two cases.

Case 1: When n is even. , ,

When n is even it is clear that |Ey(G)| = % and |E1(G)| = 5. So ||Eo(G)| —
BAG)l = |5 — %] =0<1.

Case 2: When n is odd.

When n is odd it is clear that |Ey(G)| = =1 and |E1(G)| = LZH) So ||Eo(G)|—

2

(G = |5 - e =1 <

The graph G = K,, ;, follow the property of cordial labeling, so the graph G = K, ,,
is cordial graph. (|

3.2.2. Analysis of Algorithm[{ As an example let us consider a balanced bipar-
tite graph G = Kj 5 with the set of vertices X = {11,212, %13,%14, 215} and
Y = {y11, y12, Y13, Y14, Y15 }- Now we can assign the value to the vertices for the value
of j =1,2,3,4,5. We can check that (14 1) is divisible by 2, so put f(z11) = 0 and
f(y11) =1 and (14 2) is not divisible by 2, so put f(z12) =1 and f(y12) = 0 simi-
larly f(213) = 0, f(v13) = 1, f(214) = 1, f(v14) = 0, f(215) = 0 and f(z15) = 1. So,
[Vo(G)| =5 and |V1(G)| = 5 which is differ by 0 and |Ey(G)| = 12 and |E1(G)| = 13
which is differ by 1.

We also analyze the time complexity of the above algorithm which is linear and

O(n).
TABLE 1. Vertex label and Edge label matrix of K5 5

0
1
0
1
0

O = O =
[ e R S R Y
— O = O
O = O =
[ e N S RN
_ O = O
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3.3. Algorithm. This algorithm is design for maximum path length 3 but by re-
stricting the loop we are able to consider path length 2 also.

Algorithm 6 (h). Cordial labeling of cartesian product between K, , and Ps
(CLBBP3) Input: G = (K, , X P3), where n is odd.
Output: Labelled graph G = (K,, ,, X P3).

Step 1 loopi=1 to3
Step 2 if © divisible by 2 then continue
Step 3 loop j=1ton
(1) Assign label f(x;5) =0 if (¢ + j) divisible by 2.
(2) Assign label f(yi;) =1 if (i + j) divisible by 2.
and
(1) Assign label f(x;j) =1 if (i + j) not divisible by 2.
(2) Assign label f(yij) =0 if (¢ + j) not divisible by 2.
end of loop j.
Step 4 if i divisible by 2 then continue
Step 5 loop j=1to (n—1)
(1) Assign label f(x;;) =1 if (i + j) divisible by 2.
(2) Assign label f(yi;) =1 if (i + j) divisible by 2.
and
(1) Assign label f(z;;) =0 if (i + j) not divisible by 2.
(2) Assign label f(yi;) =0 if (i + j) not divisible by 2.
end of loop j.
Step 6 Assign label f(zin) =0 and f(yin) = 1 (labeling of n'™ vertices)
end of loop i.
Stop.

3.3.1. The proof of correctness of the algorithm [
Theorem 7. Algorithm@ proof the graph the graph K, , x Ps is cordial graph.

Proof. Algorithm [6] work for the graph G = K, ,, x P3 when n is odd, where V(G)
has cardinality 6n and E(G) has the cardinality 3n%+4n. By following the algorithm
[6] we get [Vo(G)| = 3n and |Vi(G)| = 3n. 2So IVo(G)| — Vi (GB)]] = |§m —3n| =
0 < 1. We get edge label as |Ey(G)| = W and |E(G)| = W, ie
1Eo(G)|— | By (G)|| = | @ritin=b) _ Grltdntl)) 4 < | The graph G = K., x Py
follow the property of cordial labeling, so the graph G = K, , x Ps is cordial
graph. O

3.3.2. Analysis of Algorithm CLBBPS3. For example of the Algorithm [6]we consider
the graph G = K5 5 x Ps, for each copies of K5 5 we have X; = {xi1, Zi2, ..., Tij, ..., Tis }
and Y; = {yi1, Yi2, .-, Yij, -, Yis } for i = 1,2,3. As we have three K5 5, for i = 1 and



ALGORITHMIC APPROACH OF CORDIAL LABELING 2071

1 is not divisible by 2, for each values of j = 1,2,3,4,5 assign f(x11) =0, f(y11) =1
as (14 1) is divisible by 2 and f(z12) = 1, f(y12) = 0 as (14 2) is not divisible by
2 similarly f(z13) = 0, f(y13) = 1,f(214) = 1, f(y14) = 0,f(z15) = 0, f(y15) = 1.
Now for ¢ = 2 checked and clear that ¢ is divisible by 2, for each valuesof j = 1,2,3,4
assign f(x21) = 0, f(y21) = 0 as (2 + 1) is not divisible by 2 and f(z22) = 1,
f(y22) =1 as (2 + 2) is divisible by 2, similarly f(z23) =0, f(y23) = 0,f(z24) = 1,
f(y24) = 1 and for the pair of vertices f(x25) =0, f(y25) = 1. For i = 3, as ¢ is not
divisible by 2 it will follow the same procedure as i = 1.

We can check [V5(G)| = 15 and |V1(G)| = 15, which differ by 0. Edge labeling
|Eo(G)| = 48 and |E1(G)| = 47, which is differ by 1, so imposed rule of cordial
labeling is worked successfully. We also analyze the time complexity of the above
algorithm which is linear and (O(3n).

TABLE 2. Vertex label matrix of K55 X P3

0 1 0 0 0 1
1 0 1 1 1 0
0 1 0 0 0 1
1 0 1 1 1 0

1 0 1 0 1

TABLE 3. Edge label matrix of K55 x P3

1P 6010 1 01 01 01 1 0 1 1 0 1 0 1
01010011 01 0O0O0OT1O0T1T 010
i1 6010 1 01 01 01 1 0 1 1 0 1 0 1
01010011 01 0O0O01 01 01 0
1P 6010 1 00 O0O1 0 1 1 0 0 1 0 1 0 1
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3.4. Algorithm.

Algorithm 8. Cordial labeling of cartesian product between K, ,, and P, CLBBP(0)
We design this algorithm for the graph G = K,, , X P, where n is odd and r > 3.
For shake of our algorithm we calculate r = g(mod 4) and t = (r —q). Input: The
graph G = (K, X P,).
Output: Labelled graph G = (K, X Py).
Step 1 loopi=1tot
Step 2 if i is not divisible by 2 then
Step 3 loop j =1 to (n—1)
(1) Assign label f(x;5) =0 if (¢ + j) divisible by 2.
(2) Assign label f(yi;) =1 if (i + j) divisible by 2.
and
(1) Assign label f(z;;) =1 if (i + j) not divisible by 2.
(2) Assign label f(yi;) =0 if (i + j) not divisible by 2.
end of loop j.
Step 4 Assign label f(xi,) =0 and f(yin) = 1.
Step 5 else if i is divisible by 4 then
Step 6 loop j =1 ton
(1) Assign label f(x;;) =1 if (i + j) divisible by 2.
(2) Assign label f(y;;) =1 if (i + j) divisible by 2.
and
(1) Assign label f(x;;) =0 if (¢ + j) not divisible by 2.
(2) Assign label f(yi;) =0 if (¢ + j) not divisible by 2.
end of loop j.
Step 7 else
Step 8 loop j =1 ton
(1) Assign label f(x;;) =0 if (i + j) divisible by 2.
(2) Assign label f(y;;) =0 if (i + j) divisible by 2.
and
(1) Assign label f(x;;) =1 if (i + j) not divisible by 2.
(2) Assign label f(yij) =1 if (¢ + j) not divisible by 2.
end of loop j.
end of loop 1.
Step 9 For remaining K, ,,, we follow algom'thn@
Stop.

3.4.1. The proof of correctness of the algorithm [

Theorem 9. Algom'thm@ proof that the graph G = K, p, X P, (where n is odd) is
cordial graph.
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Proof. To prove Algorithm@ we consider the graph G = K, ,, X P, when n is odd,
where V(G) has the cardinality 2nr and E(G) has the cardinality n’r + 2nr — 2n.
According to Algorithm [8| we get |Vo(G)| = nr and |Vi(G)| = nr, so ||W(G)| —
Vi(@)|] = |[nr —nr] = 0 < 1. Now for satisfying edge labelling condition we
consider two cases. ,

Case 1: When 7 is odd When 7 is odd, we have |Eo(G)| = {rt2nr=2n=1) 4,9

2
2 —zn
‘El(G)|:(n7’+2nQ—TZ+1)7
2r+2nr —2n—1 2r +2nr — 2n 41
I1E6(@)| ~ By(@)| = |22 R R D <

Case 2: When 7 is even When r is even, |Ey(G)| = (”2T+2+2") and |E1(G)| =

(n%r+2nr—2n)
2

i.e.

, 1.e.

(n%r 4 2nr —2n)  (nr + 2nr — 2n)

1Bo(@)] - |B())| = | S SIS g <,
The graph G = K, ,, x P, follow the property of cordial labeling, so the graph
G = K, x P, is cordial graph. O

3.4.2. Analysis of Algorithm [§ For analysis of the Algorithm [§] we consider the
graph G = K5 5 x Py, for each copies of K55 we have X; = {x;1, Zi2, ..., Tij, ..., Tis }
and Y; = {yi1,Yi2s -, Yij, - Yis } for i =1,2,3,4,5,6,7. Now we have seven copies
of K5 5 as the path length is 7 = 7, so calculate 7 = g(mod 4) and the value of ¢ = 3
and ¢ = (7 — 3) = 4 so we can label up to 4 copies of ks 5, for the rest 3 copies of
K5 5 we call the Algorithm @ According to above algorithm loop of 4 will run up
to 4 and for ¢ = 1 as 4 is odd, for each values of j = 1,2,3,4,5 assign f(x11) = 0,
f(y11) =1 as (1 + 1) is divisible by 2 and f(x12) =1, f(y12) = 0 as (1 + 2) is not
divisible by 2. similarly f($13) = 0, f(ylg) = 1,f($14) = 1, f(y14) = 0,f(l‘15) = 0,
f(y15) = 1. Now for i = 2 as i is divisible by 2, for each values of j = 1,2, 3,4 assign
f(z21) =1, f(y21) =1 as (24 1) is not divisible by 2 and f(z22) =0, f(y22) =0 as
as (2 +2) is divisible by 2, similarly f(z23) =1, f(y23) = 1,f(224) =0, f(y21) =0
and for the last pair of vertices f(xo5) = 0, f(y25) = 1. For i = 3 as i is odd, it
will follow the same procedure as i = 1. When the value of i+ = 4 as ¢ is divisible
by 4, for each values of j = 1,2,3,4,5 assign f(z41) =0, f(y41) = 0, f(z42) = 1,
f(yaz) = 1,f(2a3) = 0, f(yaz) = 0,f(zaa) = 1, f(yaa) = 1,f(245) = 0, f(yas) = 0.
For the last three copies of K5 5 we call Algorithm

We can check |V5(G)| = 35 and |V1(G)| = 35, which differ by 0. Edge labeling
|Eo(G)| = 117 and |E1(G)| = 118, which is differ by 1, so imposed rule of cordial
labeling is worked successfully. We also analyze the time complexity of the above
algorithm which is super linear and it is OQ(nr).
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TABLE 4. Vertex label matrix of K55 X P;

011 1 0 1 0 0O O 1T 0 O 0 1
1P 0 0 01 0 1 1 1 0 1 1 1 O
011 1 0 1 0 0 O0O 1T 0 O0 01
1P 0 0 0 1 0 1 1 1 0 1 1 1 O
011 1 0 1 0 0 O0O 1 0 1 01

TABLE 5. Edge label matrix of K55 X Py

1 0 1 0 1 1 0 0 1 0 1 0 1 0

o1 0 1 0 1 0 1 0 1 0 1 1 0

1 0 1 0 1 1 0 0 1 0 1 0 1 0

o1 0 1 0 1 0 1 0 1 0 1 1 O

1 0 1 0 1 1 0 0 1 0 1 0 1 0

1 01 0 1 01 0 1 0 1 0 0 1

o1 01 0 0 1 1 0 1 0 1 01

1 01 0 1 01 0 1 0 1 0 0 1

01 01 0 0 1 1 0 1 0 1 01

1 01 0 1 0 1 0 1 0 1 0 0 1
1P 60101 0101 01 1 0 1 1 0 1 0 1
01010011 01 0O0O0OT1O0T1TO0 10
1P 6101 01 01 01 1 0 1 1 0 1 0 1
010100111 01 0O0O0O1O0T1T 010
1P 6010 1 00 O0O1 01 1 0 0 1 0 1 0 1

3.5. Algorithm. This algorithm we have design for the graph G = (K, , X B,),
for even n.

Algorithm 10. Cordial labeling of cartesian product between K, ,, and P, CLBBP(E)
Input: A Cartesian product between K,, ,, and P, i.e G = (K, , X P.), where n is
even.

Output: Cordial labeling of the graph G = (K, , X P,.).

Step 1 loopi=1tor
Step 2 if i =1 is not divisible by 2.
loop j=1ton
(1) f(ziy; =1) if (i+j) divisible by 2.
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(2) f(zs; =0) if (¢ + j) not divisible by 2.
and
(1) f(yi; =0) if (44 7) divisible by 2.
(2) f(yij =1) if (i 4+ j) not divisible by 2.
end of loop.
Step 3 if © is divisible by 2 then
loop j=1ton
(1) f(zi; =0) if (¢ + j) not divisible by 2.
(2) f(ziy; =1) if (i+j) divisible by 2.
and
(1) f(yi; =0) if (4 + 7) not divisible by 2.
(2) flyi; =1) if (14 4) divisible by 2.
end of loop.
end of loop.
Stop.

3.5.1. The proof of correctness of the algorithm [10 given below.

Theorem 11. Algorithm proof that the graph G = K, ,, X P, (where n is even)
is cordial graph.

Proof. To prove Algorithmwe consider the graph G = K, ,, x P, when n is even,

where V(G) has the cardinality 2nr and E(G) has the cardinality n’r + 2nr — 2n.

According to Algorithm [I0] we have |Vo(G)| = nr and |V1(G)| = nr, so ||Vo(G)| —

[V1(G)|| = |nr — nr| = 0 < 1. For any value of  we have the edge label |Ey(G)| =
2 —zan n21‘ nr—an TL2T nr—an n27‘ nr—an

(o rf2nr20) and | By (G)| = (rd2armn) oo | nri2ur—2n) _ (nri2ir2n) | _ g < q,

The graph G = K, , x P, follow the property of cordial labeling, so the graph
G = K,, , X P, is cordial graph. O

3.5.2. Analysis of Algorithm . In our example we consider G = K4 4 X P; and
already there is 4 copies of K44 with the vertex set X; and Y; for i = 1,2,3,4.
Now just considering the 1%% and gnd copy where X; = {11,212, %13, 214} and
Xo = {221, T2, Ta3,T24}. As we consider the 1%¢ copy so i = 1 as i is not divisible
by 2, for the values of j = 1,2,3,4 corresponding label is f(x11) = f(z13) = 1 as
(1+1) and (143) both divisible by 2 and f(z12) = f(z14) = 0 and (142) and (1+4)
is not divisible by 2. Now for the 27? copy i = 2 as i is divisible by 2, for the values of
j =1,2,3,4 and the corresponding label is f(x21) = f(x23) = 0 as (2+1) and (2+3)
is not divisible by 2 and f(za22) = f(x24) = 1 as (2+2) and (2 + 4) is divisible by
2. For Y1 = {y11, 12, %13, Y14} and Yz = {yo1, Y22, 23, Y24 }. As we consider the 1%
copy so ¢ = 1 as i is odd and the corresponding label is f(y11) = f(y13) = 0 as
(1+1) and (1+3) is divisible by 2 and f(y12) = f(y14) = 1 and (1+2) and (1+4)
is not divisible by 2. Now for the 2% copy i = 2 as i is even and the correspond-
ing label is f(y21) = f(y23) = 0 as (2+ 1) and (2 + 3) is not divisible by 2 and
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FIGURE 5. The graph K44 x P4

fly22) = f(y24) =1 as (2+2) and (244). Rest of the two copy will follow the same
rule to label by 0 and 1. As we consider K, , for all n is even so we can observe
that difference between the vertices label by 0 and the vertices label by 1 is 0. We
also give the edge label matrix which shows that the difference between edge label
by 0 and the edge label by 1 is 0 also. Which follow the restriction of cordial labeling.

We can check |Vo(G)| = 16 and |V1(G)| = 16, which differ by 0. Edge labeling
|Eo(G)| = 44 and |E1(G)| = 44, which is differ by 1, so imposed rule of cordial
labeling is worked successfully. We also analyze the time complexity of the above
algorithm which is super linear and it is O(nr). The time complexity of this
algorithm is super linear and it is OQ(nr).

TABLE 6. Vertex label matrix of K44 X Py

10 0 0 1 0 0 O
0 1 1 1 0 1 1 1
1 0 0 0 1 0 0 O
0 1 1 1 0 1 1 1

TABLE 7. Edge label matrix of K44 X P4

= o = O
(=3 =
—_ O = O
O = O =
=
o O O o
(=R
_ o = O
O = O =
_= O = O
=
o O O O
= o = O
O = O
—_ o = O
[ =
=
o O O O
O = O =
= o = O
O = O
= o = o
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4. CONCLUSION

This is the first attempt to apply cordial labeling on the graph obtained by

doing Cartesian product between bipartite graph and path. We have designed
four algorithm to label the above said graph and all the above algorithms will work
successfully. We have also analyze time complexity of the above algorithms and time
complexity of the cordial labeling of the graph obtained by the Cartesian product
between K, ,, X P, i.e balanced bipartite and path is O(nr). A wide research area
is open such type of graph structure, researcher can investigate this problem on the
graph obtained by doing Cartesian product between complete bipartite graph with
other simple graph.
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