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1 Abstract continued

where Ay and Ajye respectively denote the number of edges labeled with 1 and number of
edges not labeled with 1.A graph G for which there exists a pair difference cordial labeling
is called a pair difference cordial graph. In this paper we investigate pair difference cordial
labeling behaviour of planar grid and mangolian tent graphs.

2 Introduction

In this paper we consider only finite, undirected and simple graphs. The concept of
graceful labeling was introduced by Rosa in [11] and harmonious labeling by Graham and
Sloane [3] . Similar line Cachit introduced the weaker version of graceful and harmo-
nious labeling called cordial labeling in [1]. Motivated by these labeling technique, the
pair difference cordial labeling of a graph was introduced in [5]. Also pair difference cor-
dial labeling behavior of several graphs like path, cycle, star,ladder,wheel, helm,web,fan,
umberalla,(n,t)-kite, mobius ladder, slanting ladder triangular ladder have been inves-
tigated in [5,6,7,8,9,10].In this paper we investigate the pair difference cordial labeling
behaviour of planar grid and mangolian tent graphs.

3 Preliminaries

Definition 1. [4]. For any graph G1 = G1(V1, E1) and Gy = Go(Va, Es) their product
G1x Gy is defined as the graph with vertex set Vi x Va and two vertices (uy,v1) and (ug, vs)
in G1 X Gy are adjacent if uy = uy and vy is adjacent to vy (or) if vi = vy and uy is
adjacent to us.

Definition 2. [2|. The graph P, X P,,,m,n > 2 is called the planar grid graph.
Let a;j be the vertex in the it row and j™ column.

Definition 3. [2]. The Mangolian tent graph M,, ,, is obtained from the grid P,, x P,, n
1s odd by joinging one extra vertex above the grid and joining the vertex a with the vertices

11,012,013, , Ain-

4 Pair difference cordial labeling
Definition 4. [4]. Let G = (V, E) be a (p,q) graph.

Define
|

and L = {£+1,42,43,--- ,+p} called the set of labels.

if p is even
L ifpis odd

"T N3

M|
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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 uwv of G there exists a labeling | f(u) — f(v)]
such that }Afl — Age| < 1, where Ay and Age respectively denote the number of edges
labeled with 1 and number of edges not labeled with 1.A graph G for which there exists a
pair difference cordial labeling is called a pair difference cordial graph.

5 Main Results

Theorem 5. The plannar grid P, x P, is pair difference cordial for all values of n > 2.

Proof. Take the vertex set and edge set from the definition 2.2 There are two cses arises.
Case 1. n is even.

Assign the labels 1,2,3,--- ,n respectively to the vertices a1, a2, a13, -+ , a1, and as-
sign the labels n + 1,n + 2,n + 3,--- ,2n to the vertices as, ass, ass, - -+ ,as, respec-
tively. Next assign the labels 2n 4+ 1,2n 4+ 2,2n 4 3, - - - , 3n respectively to the vertices
asi, 32, A33, - - - , a3,. Proceeding like this until we reach the vertex azy. Note that in this

. 2
process the vertex az, receive the label %-.

Now we assign the labels —1, —2, —3, - - - , —n respectively to the vertices Ang2y, Ani2y, Ant2g,

+,ansz, and assign the labels —(n+1),—(n+2),—(n+3),---,—2n to the vertices
(Ungay, Qngig, Gngig, -+ 5 Qngd, respectively. Next assign the labels —(2n + 1), —(2n +
2),—(2n + 3),--- , —3n respectively to the vertices Anisy, Ang6y, Qnsbg, - - Gnis,,. Pro-

ceeding like this until we reach the vertex a,,. Clearly the vertex a,, receive the label

n2

-~
Case 2. n is odd.

Assign the labels 1,2,3,--- ,n respectively to the vertices a1, a2, a3, -+ ,a, and as-
sign the labels n + 1,n + 2,n + 3,---,2n to the vertices as, as, ass, -+ , a9, respec-
tively. Next assign the labels 2n 4+ 1,2n 4+ 2,2n 4 3,--- | 3n respectively to the vertices
asy, 32, 433, - - , a3,. Proceeding like this until we reach the vertex a oty In this process

TL2—7L

2

is the label of the vertex Unt,.

Secondly assign the labels —1, -2, —3,--- | —n respectively to the vertices Ang1y,

Augly, Qngig, < Qngl, and assign the labels —(n + 1), —(n +2),—(n + 3), -+ ,—2n to
the vertices Angsy, Angsy, Angsg, -+ 5 Angs,, respectively. Next assign the labels —(2n +
1), —(2n+2), —(2n+3), - - - , —3n respectively to the vertices (ngs ), Qngsy, Angsg, * * 5 Angs,.

Proceeding like this until we reach the vertex a,_1,. Clearly the vertex a,_1, receive the

label — ”22’” )
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n?—n+2 _n?-n+d _ n?-nt6 . n?—1

Next assign the labels — to the vertices a,n, ann-1),

2 2 2 T
: n?—n+2 n?>-n+4 n%>-nt6 n2-1 :
On(n—2); """ 5 Qpntl and assign the labels ===, =—== === ... === to the vertices
: : n?-3
Oy noty Qpynes s Qpyns s == . Finally assign the label "= to the vertex a,;.

]

Theorem 6. The grid P, x P,, is pair difference cordial for all values of n > 2 and
m > 2.

Proof. There are four cases arises.

Case 1. n =0 (mod 4).

First we assign the labels 1,2,3,--- ,m respectively to the vertices a1, ais, a1z, - , aim
and assign the labels 2m,2m —1,2m —2,--- | (m+1) to the vertices ag, ase, ass, -+ , asm
respectively. Next assign the labels 2m 4 1,2m + 2,2m + 3,--- , 3m respectively to the
vertices asi, aza, ass, -+ ,az, and assign the labels 4m,4m — 1,4m — 2,--- ,(3m + 1) to
the vertices a4, @42, a4s3, - - - , a4y, respectively. Proceeding like this until we reach the %th
row. Next assign the labels 4m + 1,4m + 2,4m + 3, - - - , 5m respectively to the vertices
as1, G52, 53, - - - , A5y and assign the labels 5m + 1, 5m + 2, 5m + 3, - - - , 6m respectively to
the vertices ag1, ag2, ags, - - - , Ggm - Proceed this process until we reach the 2% row. Next

2
assign the remaining vertices.

Next assign the labels —1, —2, —3, - - - | —m respectively to the vertices Ang2y, Ani2g, Ant2g,

+, ang2,, and assign the labels —(m + 1), —(m +2), =(m +3), -+, —2m to the vertices
gy, Qnsig, Gugig, <+ 5 Qngd respectively. Next assign the labels —(2m + 1), —(2m +
2),—(2m + 3),--- , —3m respectively to the vertices Anisy, Ant6y, Anibg, - Anis,. Pro-
ceeding this process upto the (n — 1) row.

Subcase 1. m =0,1,3 (mod 4).
Now we assign the labels —(T220) — ], — (A2 _ 3 (M0-2m) _ 9 _ (IR_2Mm) _ 4 re-
spectively to the vertices a,1, an2, @n3, ans and assign the labels —(W) -5, —(W) —

6, —(Mn2m) — 7, =™ t0 the vertices ans, Gng, An7, - -+, Qo TeSPectively.

Subcase 2. m =2 (mod 4).

In this case we now assign the labels —™" —”"“2_2, —"”;_4, cee —@

5 — 1 respectively
to the vertices a,1, @n2, Gn3, -, Ay
The Table 1 given below establish that this vertex labeling f is a pair difference cordial
of Grid graph for the values of n =0 (mod 4).

Case 2. n=1 (mod 4).
There are four cases arises.
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Nature of m Ajge Ay
m=0 (mod 4) 2mn—m—n 2mn—2m—n
m=1 (IIlOd 4) 2mn772nfn71 ZmnfrznfnJrl
m =2 (rnod 4) 2mn—m—n 2mn—m—n
m=3 (mod 4) 2mn—7;1—n—1 2mn—72n—n+1

Table 1:

Subcase 1. m =0 (mod 4).
We know that P, x P,, & P,, x P,, then assign the labels as in Subcase 2 of case 1.

Now Consider the remaining cases.

Subcase 2. m = 1,3 (mod 4).

First we assign the labels 1,2,3,--- ,m respectively to the vertices aii, a2, a13, - , a1,
and assign the labels 2m,2m —1,2m —2,---  (m+1) to the vertices as, ass, ass, -+ , agn
respectively. Next assign the labels 2m + 1,2m + 2,2m + 3, --- ,3m respectively to the

vertices asy, ass, ass, - , Az and assign the labels 4m, 4m —1,4m—2,---  (3m+1) to the
vertices ag1, 42,043, - - , A4y Tespectively. Proceeding like this until we reach the "T’lth

row. Next assign the labels 4m + 1,4m + 2,4m + 3, - - - , 5m respectively to the vertices

as1, 52, 453, - - - , A5y and assign the labels 5m + 1, 5m + 2, 5m + 3, - - - , 6m respectively to
n—1th

the vertices ag1, agz, aes, - -+ , agm - Proceed this process until we reach the “7=" row.

Now assign the labels —1, -2, —3,--- , —m respectively to the vertices Angly, Gnly, Antig,
+, anpry, and assign the labels —(m +1), —(m +2), —(m +3),- -, —2m to the vertices
(Ungsy, Angsy, Angsg, -+, Angs,, respectively. Next assign the labels —(2m + 1), —(2m +

2),—(2m + 3),--- , —3m respectively to the vertices Ungsy, Gngsy, ngsg, <, Qngsp,. Pro-
1th

ceeding this process util we reach the n — row . Now assign the labels (™5 +

1), (B 2), (M 4 3), - -, P22 regpectively to the vertices a1, ang, ans, - - - ) Gyt

and assign the labels — (™5™ + 1), —(*%™ + 3) to the vertices a,ms1,a,mss and assign

the labels — (™% 4 2), —(™%-" 4 4) to the vertices @y mgs, @, mer respectively . Next

assign the labels — (™" 45), — (™™ 4-7) to the vertices (,ms0, @, min1 Tespectively and

mn—m
2

. Proceeding like this until reach the vertex a,(,—1). Clearly —%‘1 is the label of the
vertex a,,_1.Now assign the label %‘3 to the vertex a,,.

assign the labels —( + 6), —(™55"" + 8) respectively to the vertices (pymi13 , Ay mpis

Subcase 3. m =2 (mod 4).
As in subcase 2 of case 2, assign the labels to the vertices a;;,1 <i¢<n—-1,1<j<m.

Now assign the labels — (™% 4 1), — (™% + 2), — (™5™ +3), - - - , — " respectively to

the vertices ap1, an2, an3, - -+, apm and assign the labels (P 1), (PR 4 2), (M A
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mn—4 : . .
3), -, 5— to the vertices Qpymet2, Qpy ety Ayt A —2) respectively. Next assign

the labels %", %‘2 to the vertices a,(m—1), anm respectively.
The Table 2 given below establish that this vertex labeling f is a pair difference cordial
of Grid graph for the values of n =1 (mod 4).

Case 3. n =2 (mod 4).

Nature of m Age Ay
m=0 (mod 4) 2mn772nfn71 anfgnfnJrl
m=1 (HlOd 4) 2mn—m—n 2mn—2m—n
m=2 (HlOd 4) 2mn—m—n—1 2mn—m—n+1
m=3 (mod 4) 2mn—2m—n 2mn—2m—n

Table 2:

Subcase 1. m =1 (mod 4).

We know that P, x P,, = P,, x P,, then assign the labels assign in Subcase 3 of case 2.
Now Consider the remaining cases.

We assign the labels 1,2,3,--- ,m respectively to the vertices ai1, a2, a13,- -+ ,a, and
assign the labels 2m,2m — 1,2m — 2,---  (m + 1) to the vertices asy, ase, ass, - , agm
respectively. Next assign the labels 2m + 1,2m + 2,2m + 3,--- ,3m respectively to the
vertices asy, aga, ass, -« - , Az, and assign the labels 4m,4m—1,4m—2,---  (3m+1) to the
vertices agi, (49,43, - - , A4y respectively. Proceeding like this until we reach the ”T_2th
row. Next assign the labels 4m + 1,4m + 2,4m + 3, - - - , 5m respectively to the vertices
as1, Gs2, 453, - - , A5y and assign the labels 5m + 1, 5m + 2, 5m + 3, - - - , 6m respectively to
the vertices ag1, ag2, ag3, - - - , agm . Proceed this process until we reach the %th row.

Now assign the labels —1, —2, —3,--- , —m respectively to the vertices Antly, Gngly,
ngrg, -+ Gnga,, and assign the labels —(m+1), —(m+2), —(m+3),- -+, —2m to the ver-
tices (Ungsy, Qnssg, Qugsg, <+ 5 Qngspy respectively. Next assign the labels —(2m+1), —(2m+
2),—(2m + 3),--- , —3m respectively to the vertices Untsy, Angsy,

1th

@nisg, -+ ,anss,, . Proceeding this process util we reach the n — rOwW .
2 2

Subcase 2. m =0 (mod 4).

Next we assign the labels —*7, —"”;_2, _an—4’ —m”Q_G, e _m”+22m_10 to the vertices
(nts Gn2, Ap3, - ** , Gn(m—1) Tespectively and assign the labels =2nt2m=8 —mnt2m-1 —mnim-_

—mn+2m—2

5 to the vertices an(m-3), n(m—2), Gn(m-1)s Gnm-

Subcase 3. m =2 (mod 4).
Next assign the labels to the last row vertices. We assign the labels —(@—1—1), —(%—i—

mn—2m mn—m : : :
2), —(M5FRA3), - - — " to the vertices a1, Gng, @3, -, anm respectively. Now assign
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the labels — (™% + 1), —(™5"™ + 3) respectively to the vertices Uy, mi2, G, mes and assign

the labels — (™" + 2), —(™5™ +4) to the vertices (,ms0, Gy mes Tespectively. Next as-

sign the labels — (™% +5), —(™%-™ 4 7) respectively to the vertices (pmt10, Ay myr2 and

2
assign the labels — (™% 4 6), — (™™ + 8) to the vertices Uy 413 5 (16 respectively
. Proceeding like this until reach the vertex a,(,-3). Clearly the vertex a,(,—3) receive
the label —W‘_Tm_‘l. Now we assign the labels —mr=m=6 _mn-m _mn-m-2 pegnectively

2 2 2
to the vertices apn(m—2), Gn(m—1), Gnm-

Subcase 4. m =3 (mod 4).

Next we assign the labels —(@ +1), —(W +2), _(% +3), -,
— —m”_Qm_l to the vertices a1, an2, ans, - - - s Ayt respectively. Now we assign the la-

bels —(mA2m 4 1) —(mn2m 4 3) to the vertices a,mi1,a,m+s and assign the labels
2 2 n 3

—(mBoEm 4 9), — (B2 4 4) to the vertices (p,ms, @, myr Tespectively. Proceeding like this
until we reach the vertex a,m,—1) . Clearly the vertex a,(,—1) receive the label —’”"’Tm’l.
Now we assign the label W’T”H to the vertex a,,,.

The Table 3 given below establish that this vertex labeling f is a pair difference cordial
of Grid graph for the values of n =2 (mod 4).

Case 4. n =3 (mod 4).

Nature of m Ay Age
m=0 (rnod 4) 2mn72mfn 2mn72mfn
m=1 (HlOd 4) 2mn—m—n+1 2mn—m—n—1
m=2 (mod 4) 2mn—2m—n Zmn—zm—n
m=3 (mod 4) 2mn—’;1—n—1 2mn—g’b—n+1

Table 3:

Subcase 1. m =0 (mod 4).

Since P, x P, = P,, x P,, assign the labels assign in Subcase 4 of case 1.

Subcase 2. m =1 (mod 4).

Clearly P, x P,, = P,, x P,. We now assign the labels assign in Subcase 4 of case 2.
Subcase 3. m =2 (mod 4).

We know that P, x P,, = P,, X P,. The vertex labeling in Subcase 4 of case 3 is also pair
difference cordial labeling for this case also.
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Subcase 4. m =3 (mod 4).

First we assign the labels 1,2,3,--- ,m respectively to the vertices aq1, ais, a3, , a1
and assign the labels 2m,2m —1,2m —2,---  (m+1) to the vertices as, ass, ass, -+ , agm
respectively. Next assign the labels 2m + 1,2m + 2,2m + 3,--- , 3m respectively to the
vertices asy, ass, g3, * - , Az and assign the labels 4m, 4m —1,4m—2,--- (3m+1) to the
vertices aq1, 42,43, - - , A4y respectively. Proceeding like this until we reach the ”T’zgth
TOW Gn3;, < ¢ < m. Next assign the labels 4m + 1,4m + 2,4m + 3, - - - , 5m respectively
to the vertices asy, ass, ass, - - - , as,, and assign the labels 5m +1,5m +2,5m +3,--- ,6m

respectively to the vertices agy, ag2, ag3, - - - , agm - Proceed this process until we reach the
n—1th

3 Trow.

Now assign the labels —1, -2, —3,--- | —m respectively to the vertices Antiy, Gnly,
(ngig, -, ani1,, and assign the labels —(m+1),—(m+2),—(m+3),---,—2m to the ver-
tices Angsy, Qngsg, Qngsg, <+ 5 Qngspy, respectively. Next assign the labels —(2m+1), —(2m+
2),—(2m + 3),- -+, —3m respectively to the vertices Unisy, Angsy,

(Ungsg, -, Angs,,. Proceeding this process util we reach the n — 1""row . Now as-
sign the labels (222 + 1), (M2 4 2), (M2 4 3), -+, 221 respectively to the ver-

2 2 2

tices a1, Ana, Ap3, * - - ) Gyt and assign the labels —(™%"" 4 1), (™™ + 3) to the

vertices @, ms1,a,mes and assign the labels — (™55 4 2), —("™47" + 4) to the vertices

2
(pms, A, mer Tespectively . Next assign the labels — (™5 +5), (™ 4+ 7) to the

vertices a,mto, @, men respectively and assign the labels — (™5 + 6), — ("™ + 8) re-

spectively to the vertices Uy, mt13 5 Ay 15 Proceeding like this until reach the vertex

An(m—1)-In this process %’1 is the label of the vertex a,,—1). Now assign the labe

to the vertex ay,,. Note that the vertex a,(,—1) receive the label %’1
The Table 4 given below establish that this vertex labeling f is a pair difference cordial

of Grid graph for the values of n =3 (mod 4).

mn—1
1 2

L]
Nature of m Age Ay
m = (mod 4) 2mn—72n—n—1 2mn—72n—n+1
m=1 (IIlOd 4) 2mn72mfn 2mnf2m7n
m =2 (I’HOd 4) 2mn—m—n+1 2mn—m—n—1
m=3 (HlOd 4) 2mn—2m—n 2mn—2m—n
Table 4:

Theorem 7. The mangolian tent M, ,, is pair difference cordial for all m and odd values
of n > 3.

Proof. Let the vertex set and edge set taken from the definition 2.3 .
Case 1. m is even.
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Assign the labels 1,2,3,--- ,n respectively to the vertices a1, a2, a3, -+ ,a, and as-
sign the labels 2n,2n — 1,2n — 2,--- ., n + 1 to the vertices as, ago, ass3, - - - , as, respec-
tively. Next assign the labels 2n + 1,2n 4+ 2,2n + 3,--- ,3n respectively to the vertices
asy, 32, 33, - - , a3, and assign the labels 4n,4n —1,4n—2,--- ,3n+ 1 respectively to the

vertices @y, Q42, 43, - - , A4pn. Proceeding like this untll we reach the mth TrOwW.

Now we assign the labels —1,—2,—3,--- , —n respectively to the vertices Umt2y, Gmi2y,

Amyzg, -, amg2, and assign the labels —(n+1), —(n+2), =(n +3), -+ , —2n to the ver-
tices Amyay, Gmgiy, midg, -, Gmiay, respectively. Next assign the labels —(2n+1), —(2n+
2),—(2n+3),- -+, —3n respectively to the vertices Umi6y, Amisy, Amitg, -, Gmic, and as-

sign the labels —(3n + 1), —(3n + 2),—(3n + 3),--- , —4n respectively to the vertices
Umis ), Amisy, Amisy, <, Amts,,. Proceeding like this until we reach the m — 1** row.

Next assign the labels —*%, mr;z’ —”””;’4, cee —%’2’”

amn-Next assign the label *2* to the vertex a.

to the vertices a1, m2, Ams, - - -

Case 2. m is odd.

Assign the labels 1,2,3,--- ,n respectively to the vertices aq1, a2, a13, -+ , a1, and as-
sign the labels 2n,2n — 1,2n — 2,--- ;n + 1 to the vertices as, ase, ass3, - -+ , as, respec-
tively. Next assign the labels 2n 4+ 1,2n 4+ 2,2n 4+ 3, - -- ,3n respectively to the vertices
asy, 32, a3z, - - - , a3, and assign the labels 4n,4n —1,4n—2,--- ,3n+ 1 respectively to the

m—1th

vertices Gy, A4z, 43, - -+ , A4pn. Proceeding like this until we reach the ®="" row.

We now assign the labels —1, —2, —3,--- , —n respectively to the vertices Ami1y, Gmtly,

@myig, - amp1, and assign the labels —(n+1),—(n+2),—(n+3), -+, —2n to the ver-
tices am+31,am2+32,am+33,- +, @mys, Tespectively. Next assign the labels —(2n+1), —(2n+
2),—(2n+3),---,—3n respectlvely to the vertices amssy, misy, Gmesg, -+ Ames, and as-

sign the labels —4n, —(4n — 1), —(4n — 2),- (3n + 1) respectlvely to the vertices
Ami7y, QmiTy, ATy, < 5 AmdT,,. Proceeding like thls until we reach the (m — 2)™ row.

Next assign the labels —™5=" — =0 2" 2 _mn— o 4. ,—%‘3” to the vertices a(,—1)1,

A(m—1)2; A(m—1)3, " " * > A(m—1)n and assign the labels —(W + 1), —(W + 2), —(W +
3), -+, =2 0 the vertices a1, Gma, Gms, - - - , Gy o1 Finally assign the labels — ("
1), — (2= 4-2), —(22=2 4 3), -+, 2221 to the vertices O, Qs s Qs <+ Ay, AN

assign the label %ﬂ to the vertex a.

The Table 5 given below establish that this vertex labeling f is a pair difference cordial
of the mangolian tent for all m and odd values of n.
[
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Nature of m Age Ay
m iS Odd 2mn—m-+1 2mn—m—1
. 2mn—m 2mn—m
m is even 5 5
Table 5:
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