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Keywords Abstract — Let G = (V, E) be a (p, q) graph. Define
Path, »
5, if p is even
Cycle, p= 2_1
wheel -, ifpisodd
Gear graph,
Ladder and L = {+1,+2,43,---,+p} called the set of labels. Consider a mapping f : V — L by assigning

different labels in L to the different elements of V when p is even and different labels in L to p-1
elements of V and repeating a label for the remaining one vertex when p is odd.The labeling as
defined above is said to be a pair difference cordial labeling if for each edge uv of G there exists a
labeling | f(w) — f(v)| such that |Af1 —Age
of edges labeled with 1 and number of edges not labeled with 1. A graph G for which there exists a

=1,where A and A e respectively denote the number

pair difference cordial labeling is called a pair difference cordial graph. In this paper we investigate
the pair difference cordial labeling behavior of P, ® K1,P;, © K2,Cy, © K1,Py, ©2K3,L,, © K1,G; © K7,

where Gy, is a gear graph and etc.

Subject Classification (2020): 05C78.

1.Introduction

In this paper we consider only finite, undirected and simple graphs. Cordial labeling was introduced in [1]
and more cordial related labeling was studied in [2, 3]. Corona product operations used in several areas of
graph theory [4-6]. In [7] the notion of pair difference cordial labeling of a graph was introduced and also in
the same article pair difference cordial labeling behaviour of path, cycle, star, ladder have been studied. The
pair difference cordial labeling behavior of snake related graph and butterfly graph have been investigated
in [8]. In this paper we have study about the pair difference cordiality of some graphs using corona product

operations like P, © K;,P, © K»,C, @ Ky,P;, © 2K3,L,, © K1,G,, © K7, where Gy, is a gear graph.
2. Preliminaries

Definition 2.1. [9] Let G, = (V1, E1) and G; = (V», E») be two graphs. The join G; + G2 as G; UG together with

all the edges joining vertices of V; to the vertices of V5.
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Definition 2.2. [9] The corona graph G; © G is the graph obtained by taking one copy of G; and 7 copies of
G, and joining the i*" vertex of G; with an edge to every vertex in the i’" copy G,, where G; is graph of order

n.
Definition 2.3. [10] The graph W,, = C,, + K] is called the wheel graph.

Definition 2.4. [10] The ladder L, is the product graph P, XK, with 2n vertices and 3n—2 edges.Let V(L,) =

{a;,b;:1<i<nland E(L,) ={a;b;:1<i<n}uia;aj;1,b;ibjs1:1<i<n}

Definition 2.5. [5] The gear graph G,, is obtained from the wheel W}, by adding a vertex between every pair
of adjacent vertices of the cycle C,,.Let V(G,) = {x,x;,yi: 1<i<n}and E(G,) ={xx;:1<i<nluix;y;:1<

i=snfulyixisi:lsisn-1}U{y,xl.

3. Main Results

P, 6 Kj is pair difference cordial for all values of n [7]. Now we investigate the pair difference cordiality of
P,0K;.

Theorem 3.1. P, ® K; is pair difference cordial for all values of n.

Proof.
Let V(P, o0 Ky) =1{x;,yi,zi:1<i<nland E(P, 0 Kp) = {x;xj1:1 =i <n-1Uulyiz;,x;yi, xizi : 1 <1 <

n}.Clearly P, © K; has 3n vertices and 4n — 1 edges. There are two cases arises.

Case 1.7 is even.

First assign the labels 37", 3"—2‘2, 3"2—‘4,--- ,n+1 to the vertices x1, X, x3,--- )X and assign the labels —37",
—%, —3”2—_4, --+,—(n+1) to the vertices Xns2, Xut, Xut6, -+, Xp. Next assign the labels 1,3,5,---,n—1 to the
vertices y1,y2,y3,--, Yz and assign the labels —1,-3,-5,---,=(n - 1) to the vertices Yus2,Yust, Yuss, o, Y.
Now assign the labels 2,4,6,---, n to the vertices zy, 2,23, )21 and assign the labels —2,—-4,-6,---,—n to
the vertices ZnTﬂ,Zn?H,ZnT%,“‘ , Zn-

Case 2.7 is odd.

Assign the labels 3”2—_3, 3%_5,3%_7, ---, n to the vertices x, x2, X3, -+ )Xt and assign the labels —%,—3%_5,
—3”2_7,- --,—n to the vertices Xnsly Xnis, Xnts, =+ Xp-1. Now assign the labels 1,3,5,--,n — 2 to the vertices
Y1 Y2, Y30t Yt and assign the labels —1,-3, -5, ,—(n —2) to the vertices Yusl, Yuss, Yuss,ooo, Yool Next
assign the labels 2,4,6, -, n—1 to the vertices z, zp, 23, -, zn74 and assign the labels -2,-4,-6, ---,—(n—1)
to the vertices Znsl, Znss, Znss ey Znols Finally assign the labels 3”2_1, —(3”2_1 ), 3”2_3 to the vertices x,, yn, Zn.

The Table 1 given below establish that this vertex labeling f is a pair difference cordial of P,, © K>.
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Nature of n A e Af,
nis odd 2n—-1 2n
nis even 2n 2n—-1

Table 1

C, @ K; is pair difference cordial for all values of n = 3 [7]. We now investigate the pair difference cordiality
of C, 0Ky, n=3.

Theorem 3.2. C, © Kj, is pair difference cordial for all values of n = 3.

Proof.

Let V(Cr,o Ky) = {xi,¥i,zi: 1 <i<sn}and E(C, 0 Ky) = {xjx;s1:1 =i <n-1ulxx, Ulyizi, xiyi, xizi :
1 < i < n}. Obviously C, © K, has 3n vertices and 4n edges. As in theorem 3.2, Assign the labels to the

vertices x;, i, zi(1 < i < n) of C,, ® Kp. This vertex labeling f yields that Ay = A fe=2n.

Theorem 3.3. P, © 2K is pair difference cordial for all values of n.

Proof.
Let V(P, ©2K;) = {x;,¥i,zi: 1 <i<n}and E(P,02K)) = {xjxj+1: 1 <i<n-1}uixy;,xizi:1<i<nj

Note that P,, ® K, has 3n vertices and 37 — 1 edges.There are two cases arises.

Case 1.7 is even.

Assign thelabels 2,5,8,---, 3"2‘2 respectively to the vertices X1, X2, X3, -+, X2 and assign the labels -1, -4, -7, -,

-3n-4; to the vertices Xnsz) Xz, Xnt6, o, Xn respectively. Next we assign the labels 1,4,7,--- ,3”2—_4 to the
3n-2
2

vertices y1, V2, Y3, yn respectively and assign the labels —2,-5,-8,---, - respectively to the vertices
Yns2, Vs, Yo, oo, Y. We now assign the labels 3,6,9,---, 37” respectively to the vertices z, 2, 23, - - »2n and

assign the labels —3,-6,-9,-- ,—37" to the vertices z%u,z%,z%s, -+, Z, Tespectively.

Case 2.n is odd.

2
=7,-++,-3n-75 to the vertices Xn+1,Xns3, Xnss,- -+, X1 respectively. Next assign the labels 1,4,7,---, # to
2 2 2

the vertices y1, 2,3, Yn1 respectively and assign the labels —2,-5,-8,--- ,—3”2_5 respectively to the

3n-3
2

z3+++,2zn-1 and assign the labels -3, -6, -9, - - ,—% to the vertices zn+1, Zns3, Znss,- -+, Zp—1 respectively. Fi-
2 2 2 2

nally assign the labels 3"2_1 ,— 3”2_1, 3”2_3 to the vertices Xy, Y, Zn.

Assign the labels 2,5,8, -+, 323 respectively to the vertices X, xp, X3, - )Xt and assign the labels —1, -4,

vertices Yn«i, Ynss,Ynss, -+, ¥Ynp—1. Now assign the labels 3,6,9,:--, respectively to the vertices zj, 2,
2 2 2

The Table 2 given below establish that this vertex labeling f is a pair difference cordial of P,, ® 2Kj .

Natureofn | A e Ap

1
nis odd 3‘”2—_1
3n-2
2

w)
SE8
i

nis even

Table 2



R. Ponrajetal. / IKIM / 3(2) (2021) 17-26 20

Theorem 3.4. C,, ® 2K is pair difference cordial for all values of n = 3.

Proof.

Let V(C, 02Ky) = {x;,yi,zi : 1 s i< n}and E(P, 02K)) = {x;jXj41: 1 i< n-1}U{xx,} U{xiyi, xizi: 1<
i < n}. Clearly C,, © 2K has 3n vertices and 3n edges. As in theorem 3.4, Assign the labels to the vertices
Xi, Vi, zi(l<i<n)of C, o2Kj.

The Table 3 given below establish that this vertex labeling f is a pair difference cordial of C,, ® 2Kj .

Nature of n | Age A
3 fll 3 {11
: n— n
nisodd |y 1T
n is even 2 2
Table 3

Theorem 3.5. L, © K] is pair difference cordial for all values of n.

Proof.

LetV(L,oKy)=V({LyUix;,yi:l1<isntand E(L,© Ky) = E(Ly) U{a;x;,b;y; :1<i<n}. Notethat L, © Ky
has 4n vertices and 4n — 2 edges. Assign the labels 1,2,3,-- -, n to the vertices a, ap, as, - - - , a, and assign the
labels —1,-2,-3,---,—nto the vertices by, b», bs, - -+, by,. Next assign thelabels 2n,2n-1,2n-2,---,n+1to the
vertices x1, X2, X3, -+, X, and assign the labels —-2n,-2n+1,-2n+2,---,—n—1to the vertices y1, y2, ¥3,***, ¥n-

This vertex labeling gives that, Ay =2n,Afc =2n-1.

Theorem 3.6. L,, © 2K is pair difference cordial for all values of n.

Proof.

Let V(L, ©2Ky) = V(L) Uix;, yi,ui,vi: 1 <i <n},E(L,02Ky) = E(Ly) U{aix;,a;u;,bivi, b;y; 11 <i < n}.
Obviously L, @ 2K; has 6n vertices and 7n — 2 edges.

Case 1.nis even.

Define themap f:V(L,©2K;) — {*1,£2,---,+3n} by

fla) =2, fh) =-2,
fx) =1, f)=-1,
fluw) =3, fv1)=-3,
flan = fai-)+3, 2=is7,
fbi) = f(bi-1) -3, 2<isn-1,
£ = F(xi) +3, 2<is g
fui) =f(uj-1) +3, 2<i<n,
fyi)=f(yi-1) -3, 2<i<n-1,

fw) = f(vi-1) -3, 2<i<n-1,
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flanz)=flan) +2,

fen2) = flxn) +4,

\S}
I\
I\

flansz) = flanz) +3i -3,

f(u%zi)zf(u%znsi—s,

A}
IA
IA

[\]

IA

IA
NIINIIN]S

f(x%m)=f(an+2)+3i—3,
f(bn) = _f(an)»
f(Vn) = _f(un))
fen)==f(yn).

Case 2.7 is odd.
Define themap f:V(L,©2K;) — {*1,£2,---,+3n} by

fla) =2, fb) =-2,
flx) =1, fy)=-1,
fu) =3, flv1)=-3,
flai) = f(ai-1) +3, 2<is< nTH
fxi) = f(xi-1)+3, Zsisngl,
fui) = f(uj-1) +3, l<i<n,

f(d%s) = f(anTH) +2,

f(anH) = f(x%ﬂ) +4,

(@) = f(@us) +30 -3, 2<is< "2 L
[ @) = ftn) +31 -3, 2<is n;I,
[ (aszinn) = () +3i =3, 2<is< "2 L
fb) =—-f(ap), l<i<n,
fwi) =—f(uy), l<i<n,
f&x)=—=f), l<i<n.

The Table 3 given below establish that this vertex labeling f is a pair difference cordial of L,, © 2K;.

Natureofn | A e Af,

1
nisodd | 73 [ 21

: n-2 -2
n1s even S | Y5

Table 4

21
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Theorem 3.7. W,, © 2K is pair difference cordial for all values of n = 3.

Proof.

Let VIW,02K;) =1{xj,yi,zi : 1 <i < njufx, w;, wy} and E(W,,02K7) ={x;xj4+1:1 <i<n-1}u{xx;, X;yi, Xiz;i :

1 <i=<njuix;x, xw;,xw-}. Note that W, ©2Kj has 3n + 3 vertices and 4n + 2 edges.

Case 1.7 is even.

Define the map f : V(W, ©2K)) — {1, +2,---,+ 2} by
fl) =2,
fz1) =3,
Flws) = _3n2+2,
fxi) = fxi-1) +3,
Fd=Fyi-)+3,
f(zi) = fzi—1) +3,
fensa) = = f(x),
Fug) ==y,
f(Z%Zi) =-f(zi),
Case 2.1 is odd.
Define the map f: V(W, ©2K;) — {+1,+2,---, 3%} by
fla) =2,
f(z1) =3,
flwn =2,
rom =",
Flx) = _3n2 1’

fx) =flxi-1) +3,
fod=fyi-)+3,
fz) = f(zi-1) +3,

f(Xn+22i—1) = —f(xl-),

f(y%—l) =—fy),

f(Zn+22i—1) =—f(z),

fon=1,

3 2
flw) = ny

\

&)

I
15

Do
IA
IA

[\
IA
IA

\S}
I\
IA

—
IA
IA

—
IA
IA

[
IA
IA

NI INV[Iv[INISINV]S

2<i<

2

2<i< ,

2<i<

1<i<

1<is<

1<is<

In both cases Ap = A fe=2n+1. Therefore W,, ® 2K is pair difference cordial for all values of n = 3.

Theorem 3.8. G,, © 2K is pair difference cordial for all values of n = 3.
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Proof.

23

Let V(Gn(DZKl) = V(Gn)U{di, di/, b,’, bi,S 1<i<n}uia, 61/} and V(GnOZKI) = E(Gn)u{xiai,xiai’,yibl—,yibi’,:
1<i<n}uixa,xa'}. Clearly G, ©2K; has 6n + 3 vertices and 7n + 2 edges. Case 1.n =0 (mod 4).
Define the map f: V(G, ©2K;) — {£1,£2,---, %2} by

f(xl) :2’
fla) =3,
fl@d)=-Bn+1),

fG) = fxi-1) +3,
flai) = fai-1) +3,
fla)=fla;_)+3,
f(xy) = f(x%n) +2,
flas) = flam) +4,
f(ag,,%,) = f(a’%n) +3,

3n+4i—4 ) + 3,
1

f(xanTm) =flx
f(aw) = f(dsm;u%) +3,

f(agrt;‘lt) = f(aISn+4i—4) + 3’
4

4

f) =—f(xp),
fby)=—-f(ap),
f)=-f(a,

Case2.n=1 (mod 4).
Define the map f: V(G, ©2K;) — {+1,+2,---, +

flx) =2,

f(a’l) =3,

fl@d)=-@Bn+1),

fxi) = f(xi-1)+3,

fla) = f(ai-1)+3,

fla)=fla;_)+3,
f(x%) =f(x%) +2,
flasuss) = flasn) +4,

f(dss) = f(@s) +3,

f(al) = 1»
fla)=3n+1,
f(x)=3n,

. n
2<is<—,

3n

2<is—,

. n
2<is—,

6n+3
2

} by
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-3
f(x3n+;1i+l) = f(x3n+;li—3) +3, 2<i< 1’14 ,
. n-3
f(a3n+zi+1) = f(613n+;1i—3) +3, 2<i< T,
-3
f(alfm+4i+1) = f(aISn+4i—3) +3’ 2 = l = nT!
fyi) =—f(x), l<i=n,
f(bi):_f(ai)) 1<i<ny
fB)=-f(a, l<i<n
Case3.n =2 (mod 4).
Define the map f: V(G, ©2K;) — {£1,£2,---, £+ %22} by
flx) =2, fla) =1,
fld) =3, fla)=3n+1,
fl@)=-3Bn+1), f(x) =3n,
3n+2
fxi) = f(xi-1) +3, 2<is< n4+ ,
3n+2
f(ai) = f(ai—l) +3» = l = 4 »
3n+2
fla) = fa,_)+3, 2<is< ”4+ ,
f(xSnT+6) = f(x%) +2,
f(as%e) =f(6l3nT+2)+4,
f(@hnis) = fdhyn) +3,
n-2
f(x3n+;li+2) = f(x:smfi—z) +3, 2<i< 1 ,
-2
f(asminz) = f(a3n+;1i72) +3, 2<i< I’l4 ,
-2
f(ﬂ@):f(d,smufz)‘F?), 2<i< n ,
4 4
f) =-f(ay, l<is<n
Case4.n =3 (mod 4).
Define the map f: V(G, ©2K;) — {+1,+2,--- ,16";3} by
flx1) =2, fla) =1,
fla) =3, fla)=3n+1,
fla)=-Bn+1), f(x)=3n,

24
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3 3

fxi) = f(xi-1)+3, 2<is< n4+ )

3 3

fla) = flai-)+3, 2<is ”4* ,

. 3n+3

fa)=fla;_)+3, 2<is——,
f(xane) = fxanes) +2,
flasn) = flasms) +4,
f(@sz) = f(dl) +3,

4 4

-1

f(X3n+;u+3) = f(X3n+;1i—1) +3, 2<i< I’l4 ,

-1

f(a3n+§i+3) = f(asmzi—l )+ 3, 2<i< n ,

n-1

f(aliin+4i+3) = f(a,3n+4i—l)+3) 2<i< 7

f) =—f(xp), l1<i<n,

fb) =—-f(ap, l<i<n,

fb)=-f(a), l<is<n.

The Table 4 given below establish that this vertex labeling f is a pair difference cordial of G, ® 2K;,n = 3.

Natureofn | A e A
p TAtT | 73
nis odd == | 5

nis even n+2 n+2
2 2
Table 5
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