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Abstract. Let G be a (p,q) graph. Let f be a map from V(G) to the set {1,2,...,k}
where k is an integer 2 < k < |V(G)|. For each edge uv assign the label » where r is the
remainder when f(u) is divided by f(v) (or) f(v) is divided by f(u) according as f(u) > f(v) or
f(v) > f(u). The function f is called a k-remainder cordial labeling of G if |vs(i) — v;(j)] < 1,
i,j € {l,...,k} where vs(x) denote the number of vertices labelled with x and |1, — n.| < 1
where 7). and 7, respectively denote the number of edges labeled with even integers and number
of edges labelled with odd integers. A graph with a k-remainder cordial labeling is called a k-
remainder cordial graph. In this paper we investigate the 4—remainder cordial labeling behavior
of parachute,twig and kayak paddale graph.

1 Introduction

In this paper we consider only finite, undirected and simple graphs.The notion of k—Remainder
cordial labeling of a graph was introduced and studied some properties of k-Remainder cordial
labeling in [3].The 4-Remainder cordial labeling behavior of several graphs like path, cycle, star,
complete graph, wheel etc have been investigated in [3].In this paper we investigate the 4- Re-
mainder cordial labeling behavior of parachute, twig and kayak paddale graph.Terms not in here
followed from [1,2]

2 4- Remainder cordial labeling

Definition 2.1. Let G be a (p,q) graph. Let f be a map from V(G) to the set {1,2,... k}
where k is an integer 2 < k < |V(G)]|. For each edge uv assign the label r where r is the re-
mainder when f(u) is divided by f(v) (or) f(v) is divided by f(u) according as f(u) > f(v) or
f(v) > f(u). The function f is called a k-remainder cordial labeling of G if |vs(i) — vf(j)] < 1,
i,j € {1,...,k} where vs(z) denote the number of vertices labelled with « and |, —n,| < 1
where 7, and 7, respectively denote the number of edges labeled with even integers and number
of edges labelled with odd integers. A graph with a k-remainder cordial labeling is called a
k-remainder cordial graph.

3 Preliminaries

Definition 3.1. [1] A graph obtained from the wheel W,,+,, m > 3 by deleting n consecutive
spokes is said to be parachute and it is denoted by P, , .

Definition 3.2. [1] A twig TW (P,),n > 3 is a graph obtained from a path by attaching exactly
two pendant edges to each internal vertex of the path.

Definition 3.3. [1] A Kayak Paddale K P (m,n,!) is the graph obtained by joining C,, and C,
by a path of length [. Let C,, be the cycle z x5 - - - x,,x1 and C,, be the cycle z;2; - - - 2,21 and
let P, be the path y1y> - - - yi. E(KP (m,n,l)) = E(P,)UE(Cy,)UE (C,), identifying x; with
y1 and y,, with z;.
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4 Main results

Theorem 4.1. The Parachute Py, ,, is 4—remainder cordial for all m > 3,n > 1.

Proof. Let V(P ,,) = {z,zi,y;: 1 <i<m,1 <j<n}and E(P,,,)={zz;: 1 <i<m}U
{zizip1 1 1 <i <m =1} U{yy41 0 1 <j <n— 13 U{z1y1, 2myn }-

First assign the label the label 3 to the vertex x.Next assign the labels to the remaining ver-
tices.There are 4 cases arises.

Case(i). m =0 (mod 4)
There are four cases arises.

Subcase(i). n =0 (mod 4)

First assign the labels 1,2, 3,4 to the vertices 1, x,, x3, x4 and then assign the labels 1,2,3,4
to the vertices x4, z¢, 7, xg.Proceed this process until we reach x,,.Secondly assign the la-
bels 1,2,3,4 to the vertices yi,¥»,¥3,ys and then assign the labels 1,2,3,4 to the vertices
Y4, Ys, Y7, ys.Proceed this process until we reach y,.

Subcase(ii). n =1 (mod 4)

Now we assign the labels 1,2, 3, 4 to the vertices 1, x5, 3, x4 and then assign the labels 1,2, 3, 4

to the vertices x4, ¢, 27, vs.Proceeding like this until we reach x,,,.Also assign the labels 1,2, 3, 4

to the vertices y1, ¥2, y3, ¥4 and then assign the labels 1,2, 3, 4 to the vertices y4, ys, y7, ys.Proceeding
like this until we reach y,,_.Lastly assign the label 1 to the vertex y,,.

Subcase(iii). n =2 (mod 4)

Assign the labels 1,2, 3, 4 to the vertices x1, x5, 3, 4 and then assign the labels 1,2, 3,4 to the
vertices x4, ¢, 27, vg.continuing like this until we reach z,,_4.Next assign the labels 1,2,4,2 to
the vertices x,,_3, Tm_2, Tm—1, Tm-Also assign the labels 1,2,3,4 to the vertices yi, y2, Y3, Y4
and then assign the labels 1, 2, 3,4 to the vertices y4, ¥, y7, ys.continuing like this until we reach
yn—o2.Lastly assign the label 4, 3 to the vertices ¥, 1, Yn-

Subcase(iv). n =3 (mod 4)

First assign the labels 1,2, 3,4 to the vertices 1, x;, 3, x4 and then assign the labels 1,2,3,4
to the vertices x4, ¢, 7, x3.countinuing this process until we reach z,,,_4.Next assign the labels
1,2,4,2 to the vertices x,,—3, Tym—2, Tm—1, Tm. Secondly assign the labels 1,2,3,4 to the ver-
tices y1, ¥2, Y3, y4 and then assign the labels 1,2, 3,4 to the vertices y4, y6, y7, ys. Proceeding like
this until we reach y,,_3.Lastly assign the label 1,4, 3 to the vertices y,,—2, Yn—1, Yn-

Thus the table 1 given below shows that P, ,, is 4-remainder cordial.

Nature of n vy(1) vr(2) | vr(3) | vp(4) Ne Mo
n=0 (mod 4) min %"“ min min 2mz+n 2m2+n
n=1 (mod 4) m*f“ m+f_1 M+1L+3 m+f—1 2m+2n+1 2m+2n—1

=2 (mod 4) mt?_z m+11,+2 erZLJrZ m+f+2 2m2+n 2m2+n
3 (mod 4) | mipil [ minil [Tmindl | mindl | 2minil | 2minl
Table 1.

Case(ii). m = 1 (mod 4)
There are four cases arises.

Subcase(i). n =0 (mod 4)

First assign the labels 1,2, 3, 4 to the vertices x1, z3, z3, r4 and then assign the labels 1,2,3,4 to
the vertices x4, ¢, 27, zg.Proceed this process until we reach z,,_;.Next assign the label 2 to the
vertex x,,. Also assign the labels 1,2, 3,4 to the vertices yi, ¥2, y3, ¥4 and then assign the labels
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1,2, 3,4 to the vertices y4, ¥s, 7, ys.Proceed this process until we reach y,,.

Subcase(ii). n =1 (mod 4).

Assign the labels 1,2, 3, 4 to the vertices x1, x5, x3, 4 and then assign the labels 1,2, 3,4 to the
vertices x4, ¢, 27, rg.Proceeding like this until we reach z,,,.Next assign the label 2 to the vertex
. Secondly assign the labels 1,2, 3,4 to the vertices yi,y2, y3,ys4 and then assign the labels
1,2,3,4 to the vertices yu, ys, y7, yg.Proceeding like this until we reach y,,_;.Lastly assign the
label 1 to the vertex y,,.

Subcase(iii). n =2 (mod 4).

We assign the labels 1,2, 3,4 to the vertices x|, z2, x3, z4 and then assign the labels 1,2,3,4 to
the vertices x4, x¢, 7, zg.In similar manner assign the labels until we reach z,,,_s.Next assign
the label 2 to the vertices x,,—4, T3, T;m—2 then assign the label 4 to the vertices x,,—1, Zsm,-
Secondly assign the labels 1,2, 3, 4 to the vertices y1, 42, y3, ¥4 and then assign the labels 1,2, 3, 4
to the vertices y4, Y6, y7, yg.In similar way proceed this until we reach y,,_¢.Lastly Next assign
the label 1 to the vertices y,,—5, Yn—4, yn—3, and assign the label 4 to the vertex y,,_; then assign
the label 3 to the vertices y,,_2, Yn.

Subcase(iv). n =3 (mod 4).

Now assign the labels 1,2,3,4 to the vertices x1, x5, 3, 4 and then assign the labels 1,2,3,4
to the vertices x4, x4, 7, vg.Proceed this process until we reach z,,_s.Next assign the labels
1,2,2,4,4 to the vertices T,,_4, Tin—3, Lm—2, Tm—1, Tm- Secondly assign the labels 1,2, 3,4 to
the vertices y1, y2, ¥3, y4 and then assign the labels 1, 2, 3, 4 to the vertices y4, Y6, y7, ys.Proceeding
this process until we reach y,,_3. Lastly assign the label 1,2, 3 to the vertices y,_2, Yn—1, Yn-

Thus the table 2 given below shows that P, ,, is 4—remainder cordial.

Nature of n vy(1) vr(2) vy (3) vr(4) Ne Mo
n= (IllOd 4) m+£zfl m+£z+3 m+£1+3 mt:zfl 2m2+n 2m2+n
(mod 4) m+f+2 m+iz+2 m+£1+2 m+£172 2m+2n+l 2m+2n71
=2 (mod 4) mJZ;,Jrl m+lz+l m,Jrf,Jrl mJZI,Jrl 2m2+n 27712+n
=3 (mod4) | myn | miprd [ min [ omgn [ 2mintl [ 2minl
Table 2.

Case(iii). m =2 (mod 4).
There are four cases arises.

Subcase(i). n =0 (mod 4).

First assign the labels 1,2,3,4 to the vertices x|, x;, x3, x4 and then assign the labels 1,2,3,4
to the vertices x4, x¢, 7, x3.In similar manner assign the labels to the vertices upto x,,,_,.Next
assign the label 4,2 to the vertex x,,_1, x,,.Secondly assign the labels 1,2, 3,4 to the vertices
Y1, Y2, Y3, y4 and then assign the labels 1,2, 3, 4 to the vertices y4, Y, y7, yg-continue like this until
we reach y,,.

Subcase(ii). n = 1 (mod 4)

Now assign the labels 1, 2, 3,4 to the vertices 1, x;, x3, x4 and then assign the labels 1,2,3,4 to
the vertices x4, z¢, 7, xg.Proceeding like this until we reach z,,,.Next assign the label 4, 2 to the
vertex x,,—1, Tn,. Secondly assign the labels 1,2, 3, 4 to the vertices yi, ¥2, y3, ¥4 and then assign
the labels 1,2,3,4 to the vertices ya, y6, y7, ys-Proceeding like this until we reach y,,_;.Lastly
assign the label 1 to the vertex y,,.

Subcase(iii). n =2 (mod 4).
Assign the labels 1,2, 3, 4 to the vertices x1, x5, x3, 4 and then assign the labels 1,2, 3,4 to the
vertices x4, T, 27, xg.Proceed this process until we reach z,,_,.Next assign the labels 1,4 to
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the vertices x,, 2, T.n—1, Tm.Secondly assign the labels 1,2, 3,4 to the vertices ¥, y2, ¥3, y4 and
then assign the labels 1,2, 3, 4 to the vertices 4, y¢, Y7, - continuing this process until we reach
yn—2.Lastly assign the label 2,3 to the vertices y,—1, Yn.-

Subcase(iv). n = 3 (mod 4)

We assign the labels 1,2, 3,4 to the vertices x|, z2, x3, z4 and then assign the labels 1,2,3,4 to
the vertices x4, z¢, 27, xg.Proceed like this until we reach x,,_,.Next assign the labels 4, 2 to the
vertices T,,—1, L. Secondly assign the labels 1,2, 3,4 to the vertices yi, y2, ¥3, y4 and then as-
sign the labels 1,2, 3, 4 to the vertices y4, ys, Y7, ys.Proceeding this process until we reach y,,_3.
Lastly assign the label 3,2, 1 to the vertices y,,—2, Yn—1, Yn-

Thus the table 3 given below shows that P, ,, is 4—remainder cordial.

Nature of n vr(l) | vp(2) | vr(3) | vs(4) Ne Mo
n=>0 (mod 4) m+4n—2 m+4n+2 TYLJrZLJrZ erlLJFZ 2m2+n 2m2+n
n=1 (mod 4) T’HZH-] m+£z+1 m+f+1 m+£1+1 2m-§n+l 2m+2n—1
n=2 (mod 4) mz-n mz—n m+£t+4 mzn 2m2+n 2m2+n
n= (mod 4) mt?fl m+£t+3 m+£L+3 m+izfl 2m+2nfll 2m+2n+l

Table 3.

Case(iv). m =3 (mod 4).
There are four cases arises.

Subcase(i). n =0 (mod 4).

First assign the labels 1,2, 3,4 to the vertices x1, z3, z3, x4 and then assign the labels 1,2,3,4 to
the vertices x4, ¢, x7, x3.Proceeding like this until we reach x,,_3.Next assign the labels 2,2, 4
to the vertices x,,_2, Tm_1, Tm.Secondly assign the labels 1,2, 3,4 to the vertices y1, y2, Y3, Y4
and then assign the labels 1,2,3,4 to the vertices y4, ¥, y7,ys. Proceeding like this until we
reach y,,_4.Finally assign the labels to 3,4, 1, 1 to the vertices ¥, 3, Yn—2, Yn—1, Yn-

Subcase(ii).n = 1 (mod 4).

Now assign the labels 1,2, 3,4 to the vertices 1, x5, 3, x4 and then assign the labels 1,2,3,4 to
the vertices x4, ¢, x7, x3.Proceed this pattern until we reach x,,_3.Next assign the labels 2,2, 4
to the vertices x,,_2, Tm—_1, Tm.Secondly assign the labels 1,2,3,4 to the vertices y1, y2, Y3, Y4
and then assign the labels 1,2,3,4 to the vertices y4, ys, y7, ys.Proceeding this until we reach
yn—1.Lastly assign the label 1 to the vertex y,.

Subcase(iii). n =2 (mod 4).

Assign the labels 1, 2,3, 4 to the vertices x|, x7, x3, x4 and then assign the labels 1,2, 3,4 to the
vertices x4, g, 27, rg.In similar pattern assign the labels until we reach z,,_3..Next assign the
labels 2, 2,4 to the vertices z.,,—2, Tm—1, Tm. Secondly assign the labels 1,2, 3,4 to the vertices
Y1, Y2, Y3, y4 and then assign the labels 1,2, 3,4 to the vertices y4, ys, y7, yg.This similar pattern
is repeated until we reach y,,_». Lastly assign the label 3, 1 to the vertices y,,—1, Y-

Subcase(iv). n = 3 (mod 4).

We assign the labels 1,2, 3,4 to the vertices z1, x2, 3, x4 and then assign the labels 1,2,3,4 to
the vertices x4, z¢, 7, x3.Continuing like this until we reach x,, _3.Next assign the labels 1,2, 4,
to the vertices x,,,_2, T —1, Ty Secondly assign the labels 1,2,3, 4 to the vertices yi1, y2, Y3, Y4
and then assign the labels 1,2,3,4 to the vertices ya, y6, y7, ys- Continue this process until we
reach y,,_s.Lastly assign the label 1,2, 3 to the vertices ¥, 2, Yn—1, Yn-

Thus the table 4 given below shows that P, ,, is 4—remainder cordial.
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Nature of n vr(l) | vp(2) | ve(3) | vp(4) e Mo
n=>0 (mod 4) m+£1+1 m+£l+1 m-&;{t-&-l m+£z+1 2m2+n 27n2+n
n= (mod 4) mirn m+f+4 mirn mzn 2m+2n+1 2m+2n71

=2 (mod 4) m+£1—l m+11+3 m+£1+3 m+£z—l 2m2+n 2m2+n
n= (mod 4) m+f+2 m+11,+2 m+f,+2 7n+£1,—2 2m+2n+1 2m+2n—1

Table 4.

Theorem 4.2. The Twig TW (P,,) is 4-remainder cordial for all n > 3.

Proof. LetV(TW (P,)) = {uj,vj,wj: 1 <i<n,1 <j<n-—2}and E(TW(P,)) = {uui + 1, v;u;t, w;,
There are four cases arises.

Case(i). n =0 (mod 4)

First assign the labels 1,2,3,4 to the vertices up, up, us, us and assign the labels 1,2,3.4 to

the vertices us, ug, u7, ug.Proceeding this manner until we reach w,,.Secondly assign the labels

1,2,3,4 to the vertices vy, vz, v3,v4 and assign the labels 1,2,3,4 to the vertices vs, vg, v7, vg.

Proceed this pattern until we reach v,, 4 then assign the labels 1, 2 to the vertices v,,_3, v,,_».Lastly

assign the labels 1,2, 3,4 to the vertices w;, wy, w3, ws and assign the labels 1,2, 3,4 to the ver-

tices ws, we, w7, ws. Proceeding like this until we reach w,,_4 then assign the labels 4, 3 to the

vertices wy,_3, Wy_>.

Case(ii). n =1 (mod 4).

Now assign the labels 1,2, 3,4 to the vertices u, up, us, us and assign the labels 1,2,3,4 to the
vertices us, ug, U7, ug.In similar manner assign the labels until we reach u,,_; then assign the
label 4 to the vertex u,,.Secondly assign the labels 1,2,3,4 to the vertices vy, vy, v3,v4 and as-
sign the labels 1, 2, 3,4 to the vertices vs, vg, v7, vg.Continuing like this until we reach v,,_s then
assign the labels 1,2,3 to the vertices v,,_4, v,_3, v,_p.Lastly assign the labels 1,2,3,4 to the
vertices wy, wy, w3, ws and assign the labels 1, 2, 3, 4 to the vertices ws, we, w7, wg.Repeating like
this until we reach w,, s then assign the labels 2,4, 1 to the vertices w,,_4, W,_3, Wy _3.

Case(iii). n =2 (mod 4).

We assign the labels 1,2, 3.4 to the vertices u, uy, u3, uq and assign the labels 1,2, 3,4 to the
vertices us, ug, U7, ug.Proceed this pattern until we reach u,,_, then assign the label 4,2 to the
vertex u,_1, uy.Secondly assign the labels 1,2,3,4 to the vertices vy, vy, v3, v4 and assign the
labels 1,2, 3,4 to the vertices vs, vg, v7, vg.Repeat this pattern until we reach v,,_,.Lastly assign
the labels 1,2,3,4 to the vertices wy, w;, w3, ws and assign the labels 1,2,3,4 to the vertices
ws, wg, w7, wg.Proceed like this until we reach w,,_¢ then assign the labels 2,4, 1,3 to the ver-
tices Wy, _5, Wy —d, Wyn_3, Wyp_2.

Case(iv). n =3 (mod 4).

Assign the labels 1,2, 3,4 to the vertices uy, up, u3, uq and assign the labels 1,2, 3,4 to the ver-
tices us, ug, w7, ug.In similar manner assign the labels until we reach u,,_3 then assign the label
4,2, 3 to the vertex u,_p, U, —_1, uy.Secondly assign the labels 1,2, 3, 4 to the vertices vy, v2, v3, v4
and assign the labels 1,2,3,4 to the vertices vs, vg, v7,vg. Continuing like this until we reach
vy,—3 then assign the label 1 to the vertex v, _j.Lastly assign the labels 1,2, 3,4 to the vertices
wy, wy, ws, ws and assign the labels 1,2, 3,4 to the vertices ws, we, w7, wg.Continue this proces
until we reach w,,_7 then assign the labels 2, 4, 3, 1, 3 to the vertices w,, ¢, Wy, _5, Wyp_4, Wy _3, Wp_2.

Thus the table 5 given below shows that TW (P,,),n > 3 is 4—remainder cordial.

Theorem 4.3. The Kayak Paddale K P (n,n,n) is 4—remainder cordial for all n > 3.

Proof. Now describe the vertex labeling as follows.There are four cases arises.
Case(i). n =0 (mod 4)
First assign the labels 4, 3,2, 1 to the vertices x, 22, x3, x4 and then assign the labels 4,3,2, 1 to
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Nature of n vp(l) [ vp(2) | vp(3) | ve(4) | 7e Mo
n=0 (mod4) | &-% | 3u=d | 3ad | 3n—d | 3u—t | 3n-6
n=1 (modd) | 23 | =3 [ 3T | 33 | 35 | 33
n=2 (modd) | 26 | 302 | =6 | 32 | 3ud | 306
n=3 (mod4) | &5 | =5 | -l | 35 | 3n-5 [ 303

Table 5.

the vertices xs, g, 7, xg.In similar manner assign the labels 4, 3,2, 1 to the vertices x,,_3, Tr,—2, Tr—1, Ty .S€COI
assign the labels to the vertices z;(1 < ¢ < n) as in z;(1 < ¢ < n).Finally assign the la-
bels 1,2,3,4 to the vertices y»,y3, ¥4, ys and then assign the labels 1,2,3,4 to the vertices
Y6, Y7, Ys, Yo.Repeat this process until we reach y,,_4, then assign the labels 2,4,3 to the ver-

tices Yn—3, Yn—2, Yn—1-

Case(ii). n =1 (mod 4).

Now assign the labels 4, 3,2, 1 to the vertices 1, x;, 3, x4 and then assign the labels 4, 3,2, 1 to

the vertices xs, x6, 7, xg.In similar pattern assign the labels 4, 3, 2, 1 to the vertices x,,—4, T3, Tp—2, Tp—1.5€C
assign the labels to the vertices z;(1 < i < n — 1) asin z;(1 < ¢ < n — 1).Next assign the

labels 1,2,3,4 to the vertices y»,y3, ¥4, ys and then assign the labels 1,2,3,4 to the vertices

Y6, Y7, Ys, yo.Proceeding like this until we reach y,,_s, then assign the labels 2,4, 3,1 to the ver-

tices Yn—4, Yn—3, Yn—2, Yn—1.Finally assign the label 3 to the vertex z,, and assign the label 1 to

the vertex z,,.

Case(iii). n =2 (mod 4).

we assign the labels 4,3,2,1 to the vertices z1, z,, 3,4 and then assign the labels 4,3,2, 1
to the vertices xs, zg, 7, xg.In similar pattern way assign the labels 4,3,2,1 to the vertices
Tp—5, Tn—4, Tn—3, Tn_2.Secondly assign the labels to the vertices z;(1 < 7 < n — 2) as in
z;(1 <4 < n—2). Next assign the labels 1,2, 3,4 to the vertices y», y3,y4,ys and then as-
sign the labels 4, 3,2, 1 to the vertices ys, Y7, ys, y9.Proceed this pattern until we reach y,,_¢, then
assign the labels 3,2,4, 1, 3 to the vertices y,,—5, Yn—a, Yn—3, Yn—2, Yn—1.Finally assign the label
4,3 to the vertices x,,_1, , and assign the label 1,2 to the vertices z,_1, 2.

Case(iv). n =3 (mod 4).

Assign the labels 4, 3,2, 1 to the vertices x1, x5, 3, 4 and then assign the labels 4,3,2, 1 to the

vertices x5, x¢, £7, x3.In similar way assign the labels 4, 3, 2, 1 to the vertices z,, ¢, T,—5, Tp,—4, Tn,—3.Secondly
assign the labels to the vertices z;(1 < i < n — 3) asin z;(1 < ¢ < n — 3).Next assign the

labels 1,2,3,4 to the vertices y»,y3, ¥4, ys and then assign the labels 1,2,3,4 to the vertices

Y6, Y7, Ys, yo.Proceeding like this until we reach y,,_3. Finally assign the label 1,2, 3 to the ver-

tices =, _2,Tn_1, T, and assign the label 4, 1,4 to the vertices z,_», 2,1, 2n, then assign the

label 3,2 to the vertex v, 2, Yn_1.

Thus the table 6 given below shows that K P (n,n,n) is 4—remainder cordial.

Nature of n vp(l) [ vp(2) | vr(3) | ve(4) | 7e No
n=0 (mod4) | =4 | & 2|2
n=1 (mod4) | &l | 3n=3 [ Znil | 3n-3 | Znil | 3n-l
n=2 (modd) | 22 | =2 | i [ 2 | i
n=3 (mod4) | &l | -l | 3ol | 3n—T | 3ntl | 3ul

Table 6.

O

Theorem 4.4. The Kayak Paddale K P (m,n,l) is 4— remainder cordial if m > 3,n > 3,1 > 1
and among any of them are congruent modulo 4 while the other may assume any values other
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than those of the other two.

Proof. Now we describe the vertex labeling as follows.There are 12 cases arises.

Case(i). m =0 (mod 4),n =0 (mod 4).

First assign the labels 4, 3,2, 1 to the vertices x1, x3, z3, x4 and assign the labels 4,3,2, 1 to the
vertices x5, g, 7, rg.Proceed this process until we reach x,,.Next assign the labels to the ver-
tices y;(2 <4 <1 —1) and #;(1 < i < n).There are three cases arises.

Subcase(i). I = 1 (mod 4).

Now we assign the labels 1,2, 3,4 to the vertices y,, y3, Y4, ys and assign the labels 1,2,3,4 to
the vertices ys, y7, ys, yo.Proceeding like this until we reach y;_.Finally assign the labels to the
vertices z;(1 < i <n)asinz;(1 <i<m).

Subcase(ii). [ =2 (mod 4).

Now assign the labels 1,2,3,4 to the vertices y», y3, Y4, ys and assign the labels 1,2, 3,4 to the
vertices ye, Y7, U3, yo-Continuing this process until we reach y;_, and assign the label 3 to the
vertex ;1 .Finally assign the labels to the vertices z;(5 < i < n) as in z;(5 <14 < m) and assign
the labels 2,4, 3, 1 to the vertices z1, 23, 23, 24.

Subcase(iii). =3 (mod 4).

We assign the labels 1,2,3,4 to the vertices ¥, y3, ¥4, ys and assign the labels 1,2,3,4 to the
vertices s, Y7, Y3, yo-Continue this pattern until we reach y;_3 and assign the label 2,3 to the
vertex y;_», y;—1.Finally assign the labels to the vertices z;(1 < i < n)asin z;(1 <i < m).

Thus the table 7 given below shows that K P (m,n, ) is 4—remainder cordial.

Nature of { vy(1) v (2) vy (3) vr(4) Ne Mo

— m+4n+l—1 m+4n+l—1 m+4n+l—1 m4n+l—1 m4n+l—1 m+n+i+1
=1 (mod 4) 4 4 4 4 2 2

— m4n+l-—2 m+4n+l-—2 m4n+142 m4n+l-—2 m+n+l m+n+l
=2 (mod 4) 4 4 4 4 2 2

— m+n+I1—3 m+4n+Il+1 m+4n+Ii+1 m+n+1—3 m+4n+i—1 m+4n+Il+1
=3 (mod 4) . 7 7 7 2 )

Table 7.

Case(ii). m =0 (mod 4),1 =0 (mod 4).

First assign the labels 4, 3,2, 1 to the vertices x1, x5, z3, 24 and assign the labels 4,3,2, 1 to the
vertices s, g, T7, rg.Proceed this pattern until we reach z,,,Also assign the labels 1,2,3,4 to
the vertices y,, Y3, Y4, ys and assign the labels 1,2, 3,4 to the vertices ¢, y7, ¥s, y9.Proceed this
manner until we reach y;_4 and assign the label 1,2, 3 to the vertex y;_3, y;—2, y;—1.Next assign
the labels to the vertices z;(1 < ¢ < n).There are three cases arises.

Subcase(i). n = 1 (mod 4).
Finally assign the labels to the vertices z;(1 < i < n — 1) as in ;(1 < i < m) and assign the
label 4 to the vertex z,.

Subcase(ii). n =2 (mod 4).
Next assign the labels to the vertices z;(1 <7 <n —2)asin z;(1 < i < m) and assign the label
3,4 to the vertex z,,_1, zn.

Subcase(iii). n = 3 (mod 4).
Next assign the labels to the vertices z;(1 <i <mn —3)asin z;(1 < i < m) and assign the label

1,4,3 to the vertex z,_», zp_1, Zn.

Thus the table 8 given below shows that K P (m,n,!) is 4—remainder cordial.
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Nature of n vy(l) vy (2) vr(3) vy (4) e No
n=1 (mod 4) m+n4+l71 m+n4+lfl m+n4+lfl m+n4+lfl m+n2+l+1 m+n2+l71

— m+n+1—2 m+n+1—2 m+4n+142 m+n+1—2 m4n+l m+n+l
n=2 (mod 4) ) 7 7 i 2 2

— m4nti41 m+4n+1-3 m4nti+1 m+n+1-3 m4ntl—1 mA4n+i+4+1
n= 3 (mOd 4) 4 4 4 4 2 2

Table 8.

Case(iii). m =1 (mod 4),n =0 (mod 4),I =0 (mod 4).

First as in case(ii), assign the labels to the vertices x;(1 < ¢ < m) like as z;(1 < i < n) and
zi(1 <4 < n) like as z;(1 < ¢ < m). Finally assign the labels to the vertices y;(1 < <1 —1)
as in case(ii).

Thus the table 8 given below shows that K P (m,n,!) is 4—remainder cordial.

Case(iv). m =1 (mod 4),n =1 (mod 4).

First assign the labels 4, 3,2, 1 to the vertices x1, x3, z3, 24 and assign the labels 4,3,2, 1 to the
vertices s, ¢, 27, rg.Proceed this process until we reach z,,_;.Secondly assign the labels to the
vertices z;(1 < i < n —1)asin z;(1 < i < m — 1).Next assign the labels to the vertices
yi(2 <i <1—1). There are three cases arises.

Subcase(i). [ =0 (mod 4).

Now we assign the labels 1,2, 3,4 to the vertices y», y3, ¥4, ys and assign the labels 1,2,3,4 to
the vertices y¢, y7, ys, y9.Proceeding like this until we reach y;_4.Finally assign the labels 1,2, 3
to the vertices y;_3, y;—2, y;—1 and then assign the label 3 to the vertex x,,, and 4 to the vertex z,.

Subcase(ii). [ =2 (mod 4).

We assign the labels 1,2,3,4 to the vertices ¥, y3, ¥4, ys and assign the labels 1,2,3,4 to the
vertices ¥, 7, Y3, Yo-continuously assign this labels until we reach y;_, and assign the label 3 to
the vertex y;_;.Finally assign the label 2 to the vertex z,,, and 4 to the vertex z,,.

Subcase(iii). =3 (mod 4).

Now assign the labels 1,2, 3,4 to the vertices y», y3, Y4, ys and assign the labels 1,2, 3,4 to the
vertices ys, 47, Y3, yo.Continue this process until we reach y;_3 and assign the label 4,3 to the
vertex y;—», y;—1.Finally and then assign the label 2 to the vertex z,, and 1 to the vertex z,,.

Thus the table 9 given below shows that K P (m,n, ) is 4—remainder cordial.

Nature of | vr(l) vr(2) vr(3) vy (4) Ne Mo
1=0 (mod 4) m+n4+l—2 m+n4+l—2 m+n4+l+2 m+n4+l—2 m+2n+l m+2n+l
1=2 (mod 4) m+n4+l—4 m+4n+l m+4n+l m+4n+l m+2n+l m+2n+l
1=3 (mod 4) m+n4+l71 m+n4+l71 m+n4+l71 m+n4+l71 m+n2+l71 m+n2+l+1

Table 9.

Case(v). m =1 (mod 4),/ =1 (mod 4).

First assign the labels 4,3,2, 1 to the vertices x1, x3, z3, z4 and assign the labels 4,3,2, 1 to the
vertices x5, x¢, £7, 3. This pattern is repeated until we reach z,,,_;.Also assign the labels 1,2, 3, 4
to the vertices 2, y3, Y4, ys and assign the labels 1,2, 3,4 to the vertices ys, y7, ¥s, yo.In similar
manner assign the labels to the vetices upto y;_; then assign the label 4 to the vertex x,,.Next
assign the labels to the vertices z;(1 < ¢ < n).There are three cases arises.

Subcase(i). n =0 (mod 4).
Finally assign the labels to the vertices z;(1 <i <n)asinz;(1 <i<m—1).



34 R. Ponraj, A. Gayathri and S.Somasundaram

Subcase(ii). n =2 (mod 4).
Next assign the labels to the vertices z;(1 < ¢ <n —2) asin z;(1 <i < m — 1) and assign the
label 2, 3 to the vertex z,,_1, zp.

Subcase(iii). n = 3 (mod 4).
Next assign the labels to the vertices z;(1 < ¢ <n — 3) as in z;(1 < i < m — 1) and assign the

label 1,2, 3 to the vertex z,_2, Zn_1, Zn.

Thus the table 10 given below shows that K P (m, n,!) is 4—remainder

cordial.

Nature of n vy(1) vy (2) vy (3) v(4) e Mo

_ m+n+1—2 m+4n+1-2 m4n+1-2 m4n+142 m+n+l m4n+l
n = O (mod 4) i 4 4 4 2 2

— m+n+l—4 m+n+l m4n+l m+4n+l m+4n+l m+n+l
n=2 (mod 4) 4 4 4 4 2 2

— m4nti—1 m4nti—1 m4n+i—1 m+n+l—1 m4n+i+1 m4n+i—1
n =3 (mod 4) o A A . s

Table 10.

Case(vi). m =1 (mod 4),n =1 (mod 4),l =1 (mod 4).

First as in case(v), assign the labels to the vertices z;(1 < i < m) like as z;(1
2i(1 <14 < n) like as z;(1 <4 < m).Finally assign the labels to the vertices y; (1
in case(V).

<1< n)and
<1<l

Thus the table 10 given below shows that K P (m, n, ) is 4—remainder cordial.

Case(vii). m =2 (mod 4),n =2 (mod 4).

First assign the labels 4, 3,2, 1 to the vertices x1,x2, z3, x4 and assign the labels 4,3,2, 1 to the
vertices xs, g, 27, rg.Proceed this manner until we reach z,,, _,.Secondly assign the labels to the
vertices 2z;(1 < ¢ < n—2)asinz;(1 < i < m — 2).And assign the label 4,3 to the vertices
Tm—1, Tm then assign the label 1,2 to the vertices z,_1, z,.Next assign the labels to the vertices
y;(2 <1 <1 —1). There are three cases arises.

Subcase(i). I =0 (mod 4).

Now assign the labels 1,2,3,4 to the vertices y», y3, Y4, ys and assign the labels 1,2, 3,4 to the
vertices s, Y7, Y3, Yo Lhis pattern is repeated until we reach y;_4.Finally assign the labels 1,2, 3
to the vertices y;_3, Yi—2, Yi—1-

Subcase(ii). [ = 1 (mod 4).
Assign the labels 1,2,3,4 to the vertices 2, y3, y4, ys and assign the labels 1,2,3,4 to the ver-
tices yg, Y7, U3, Yo.Proceed this pattern until we reach y;_.

Subcase(iii). =3 (mod 4).

Finally assign the labels 1,2,3,4 to the vertices v, y3, ¥4, ys and assign the labels 1,2,3,4 to
the vertices ye, y7, ¥s, yo.Proceeding like this until we reach y;_3 and assign the label 1,2 to the
vertex yi—2, yi—1.

Thus the table 11 given below shows that K P (m, n, ) is 4—remainder cordial.

Case(viii). m =2 (mod 4),l =2 (mod 4).

First assign the labels 4, 3,2, 1 to the vertices x1,x2, z3, x4 and assign the labels 4,3,2, 1 to the
vertices s, Tg, 7, rg.In similar manner assign the labels until we reach z,,,_, then assign the
labels 4,3 to the vertices z,,_1, z.,.Also assign the labels 1,2,3,4 to the vertices y», y3, Y4, Ys
and assign the labels 1,2, 3, 4 to the vertices ys, y7, s, yo.This pattern is repeated until we reach
y1—> then assign the label 2 to the vertex y;_1.Next assign the labels to the vertices z;(1 < i <
n).There are three cases arises.
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Nature of / vy(1) vy (2) vs(3) vy (4) Ne Mo
1=0 (mod 4) m+4n+l m+4n+l m+f+l m+n4+l74 m+2n+l m+2n+l

— m+4nti—1 m+nti—1 m+nti—1 m4nti—1 mA4n+i41 m+4n+l—1
=1 (mod 4) T g . . 5 5

— m+4n+1-3 m+4n+Il+1 m+4n+l+1 m+n+l—3 m+4n+l—1 m4n+i4+1
=3 (mod 4) 4 y . . 5 5

Table 11.

Subcase(i). n =0 (mod 4).
Finally assign the labels to the vertices z;(1 <i <n)asinz;(1 <i <m —2).

Subcase(ii). n =1 (mod 4).
Next assign the labels to the vertices z;(1 < i < n —2) asin z;(1 <4 < m — 2) and assign the
label 1,2 to the vertex z,,_1, z,.

Subcase(iii). n = 3 (mod 4).
Next assign the labels to the vertices z;(1 < ¢ < n — 3) asin z;(1 < i < m — 2) and assign the

label 1,2, 3 to the verteX z,_2, Zn_1, Zn.

Thus the table 12 given below shows that K P (m, n, 1) is 4—remainder cordial.

Nature of n v(1) vy (2) vy (3) v(4) Te Mo

— m+4n+l—4 m+4n+l m+4n+l m+4n+l m+n+l m4n+l
n = O (mOd 4) 4 4 4 4 2 2

_ m+n+l—1 m4+n+l—1 m+n+l—1 m+n+l—1 m+n+Il+1 m+n+l—1
n=1 (mod 4) o 4 3 ) 2 2

_ m+n+1—3 m+n+i+1 m+n+i+1 m+n+1—3 m+n+i—1 m+n+1+1
n = 3 (mOd 4) i ) A 4 2 2

Table 12.

Case(ix). m =2 (mod 4),n =2 (mod 4),] =2 (mod 4).

First as in case(viii), assign the labels to the vertices z;(1 < ¢ < m) like as z;(1
zi(1 <14 < n) like as z;(1 <4 < m).Finally assign the labels to the vertices y; (1
in case(viii).

< i< n)and
<i<l—1)as

Thus the table 12 given below shows that K P (m, n, ) is 4—remainder cordial.

Case(x). m =3 (mod 4),n =3 (mod 4).

First assign the labels 4, 3,2, 1 to the vertices x1, x3, z3, ¢4 and assign the labels 4,3,2, 1 to the
vertices s, T, 7, 3.Proceeding this pattern until we reach x,,_3.Secondly assign the labels to
the vertices z;(1 < ¢ < n —3) asin z;(1 < i < m — 3).Next assign the labels to the vertices
yi(2 <1 <1 —1). There are three cases arises.

Subcase(i). [ =0 (mod 4).

Now assign the labels 1,2,3,4 to the vertices y», y3, Y4, ys and assign the labels 1,2, 3,4 to the
vertices ys, Y7, Y3, Yo-continuing this manner until we reach y;_4.Finally assign the labels 2,3, 4
to the vertices y;_3, y1—2, ¥i—1-And assign the label 1,4, 3 to the vertices x,,_3, 1, T,y then
assign the label 2, 3, 1 to the vertices z,,—2, 2,1, Zn-

Subcase(ii). [ = 1 (mod 4).

Now we assign the labels 1,2, 3,4 to the vertices y», y3, ¥4, ys and assign the labels 1,2,3,4 to
the vertices ye, y7, ys, yo.Repeat this pattern until we reach y;_;.And assign the label 1,2, 3 to the
vertices Z,,—3, Tm—1, T, then assign the label 2, 3, 4 to the vertices z,—2, 2n,—1, 2n-

Subcase(iii). =2 (mod 4).
Finally assign the labels 1,2,3,4 to the vertices v, y3,y4,ys and assign the labels 1,2,3,4 to
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the vertices v, Y7, ys, yo. This pattern is repeated until we reach y;_, and assign the label 1 to
the vertex y;_.And assign the label 1,2,3 to the vertices x,,_3, Z.,—1, ., then assign the label
2,3,4 to the vertices z,,_2, Zn_1, Zn.

Thus the table 13 given below shows that K P (m, n,l) is 4—remainder cordial.

Nature of / vr(l) vy (2) vy (3) vy (4) e Mo

— m4n+1-2 m+n+l-2 m4n+142 m4n+1-2 m+n+l m4n-+l
I1=0 (mod 4) . 7 1 3 2 2

— m4n+1-3 m+n+i+1 m4n+i41 m+4n+1-3 m4n+l—1 m4n+i41
I=1 (mod 4) o 7 1 3 2 2

— m+n+l m+n+l m+n+l m+n+l—4 m+n+l m+n+l
[ =2 (mod 4) 1 7} 7} ) 2 2

Table 13.

Case(xi). m» =3 (mod 4),!/ =3 (mod 4).

First assign the labels 4, 3,2, 1 to the vertices x1, 3, z3, z4 and assign the labels 4,3,2, 1 to the
vertices s, ¢, 7, rg.Proceed this pattern until we reach x,,,_3.Also assign the labels 1,2,3,4 to
the vertices y,,y3, Y4, ys and assign the labels 1,2, 3,4 to the vertices ¢, y7, ¥s, y9.Proceed this
pattern until we reach y;_3. Next assign the labels to the vertices z;(1 < i < n).There are three
cases arises.

Subcase(i). n =0 (mod 4)
Now assign the labels to the vertices z;(1 < i < n) asin z;(1 <i < m — 3) and assign the label
2,3, 4 to the vertices x,,_3, Tm_1, T, Finally assign the labels 1,3 to the vertices y;_2, y;—1.

Subcase(ii). n = 1 (mod 4)

Next assign the labels to the vertices z;(1 < ¢ <n — 1) as in z;(1 < i < m — 3) and assign the
label 3 to the vertex z,.Finally assign the label 1,2,3 to the vertices x,,_3, Z,,_1, ., and then
assign the labels 2,4 to the vertices y;_2, y;—1.-

Subcase(iii). n =2 (mod 4).

Next assign the labels to the vertices z;(1 < i < n — 2) as in z;(1 < i < m — 3) and assign
the label 4, 3 to the vertex z,,_1, z,,.Finally assign the label 1,2, 3 to the vertices x,,_3, L1, Tm
and then assign the labels 2, 4 to the vertices y;_2, y;—|

Thus the table 14 given below shows that K P (m, n, 1) is 4—remainder cordial.

Nature of n vr(l) vy (2) vr(3) vy (4) e Mo
n=0 (mod 4) m+n4+l72 m+n4+l72 m+n4+l+2 m+n4+lf2 m+2n+l m+2n+l
n=1 (mod 4) m+n4+l73 m+n4+l+l m+n4+l+1 m+n4+lf3 m+n2+l+l m+n2+lfl
n=>2 (mod 4) m+n4+l74 m+4n+l m+iz+l m+f+l m+2n+l m+2n+l

Table 14.

Case(xii). m =3 (mod 4),n =3 (mod 4),l =3 (mod 4).

First as in case(xi), assign the labels to the vertices z;(1 < i < m) like as z;(1 < i < n) and
2i(1 <4 < n) like as z;(1 < i < m). Finally assign the labels to the vertices y;(1 <i <1 —1)
as in case(xi).
Thus the table 14 given below shows that K P (m, n, ) is 4—remainder cordial.
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