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ABSTRACT. Let G = (V, E) be a (p, q) graph.
Define
5, if p is even

P= et if p is odd
and L = {£1,42,£3, .-, £p} called the set of labels.
Consider a mapping f : V — L by assigning different labels in L to the dif-
ferent 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 label-
ing as defined above is said to be a pair difference cordial labeling if for each
edge uv of G there exists a labeling |f(u) — f(v)| such that )Afl —Ape| <1,

where Ay, and Aff 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 behavior of planar grid
and mangolian tent graphs.

1. INTRODUCTION

In this paper we consider only finite, undirected and simple graphs. The con-
cept of graceful labeling was introduced by Rosa in [9] and harmonious labeling
by Graham and Sloane [3] . Similar line Cachit introduced the weaker version of
graceful and harmonious 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 cordial 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 investigated in [5,6,7,8].In this paper we investi-
gate the pair difference cordial labeling behavior of planar grid and mangolian tent
graphs.

2. PRELIMINARIES

Definition 2.1. [4]. For any graph G; = G1(V1, E1) and Go = G2(Va, E3) their
product Gy * Gy is defined as the graph with verter set Vi x Vo and two vertices
(u1,v1) and (ug,v9) in G1 X Gy are adjacent if u; = ug and vy is adjacent to vy
(or) if v1 = vy and u; is adjacent to us.

Key words and phrases. Path, Laddar, Planar grid, Mangolian tent.
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Definition 2.2. [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 2.3. [2]. The Mangolian tent graph M, . is obtained from the grid
Py, X Py, nis odd by joinging one extra vertex above the grid and joining the vertex
a with the vertices ai1,a12,a13, -+ ,A1n.

3. PAIR DIFFERENCE CORDIAL LABELING

Definition 3.1. [4]. Let G = (V, E) be a (p,q) graph.
Define

ET if p is even
P= %, if p is odd
and L = {£1,4+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(u) — f(v)| such that |Ay, — Aye| < 1, where Ay, and Age re-
spectively 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.

4. MAIN RESULTS

Theorem 4.1. The plannar grid P, X P, is pair difference cordial for all values
ofn > 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 ai1,a12,a13, - ,a1n
and assign the labels n+1,n4+2,n+3,--- ,2n to the vertices as1, ase, a23, - ,a2p
respectively. Next assign the labels 2n+1,2n+2,2n+3, - - - , 3n respectively to the
vertices asi, asz, ass, - ,as,. Proceeding like this until we reach the vertex az.

Note that in this process the vertex az, receive the label "72

Now we assign the labels —1, -2, —3,--- , —n respectively to the vertices ant2,
Gng2y,Angag, -+, Angz, and assign the labels —(n+1),—(n+2),—(n+3),---,—2n
to the vertices Ungay, Gngdg, Gntag, =", Gnga, respectively. Next assign the labels
—(2n+1),—(2n+2),—(2n+3), - - , —3n respectively to the vertices Gngoy, Angosy,
Anteg, ", Ange,,. Proceeding like this until we reach the vertex a,,. Clearly the

n?

vertex a,, receive the label —%-.
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Case 2. n is odd.

Assign the labels 1,2,3,--- ,n respectively to the vertices ai1,a12,0a13,*+ ,a1n
and assign the labels n+1,n+2,n+3,--- ,2n to the vertices as1, ass, ass, - , a2,
respectively. Next assign the labels 2n+1,2n+2,2n+3, -+ , 3n respectively to the
vertices ag1, g2, ass, -« ,a3,. Proceeding like this until we reach the vertex Unst,.

n’—n
2

In this process is the label of the vertex a no1

-

Secondly assign the labels —1, —2, —3, - - - | —n respectively to the vertices Antiy,
Ungly, Gnyig, -, Gnga, and assign the labels —(n+1),—(n+2),—(n+3), -+, —2n
to the vertices Untsy,Antsy,Antsg, ", Angs, respectively. Next assign the labels
—(2n+1),—(2n+2),—(2n+3), - - , —3n respectively to the vertices Ungsy, Gnysy,
Unisg,  ,Qngs,,. Proceeding like this until we reach the vertex a,_1,_1. Clearly
the vertex a,_1,—1 receive the label —"22_".

_n27n+2 _n27n+4 _n27n+6 .
2 ) 2 ’ 2 ’

Next assign the labels : ,—# to the vertices

Ann,y An(n—1)»

. 2_ 2_ 2_ 2_
An(n—2), "+ >, ns1 and assign the labels =42 n—ptd n—nt6 ... 1~ 46 the
2 2
. . . n _3
vertices Aty Qs Qyns, =, Ana. Finally assign the label #—= to the vertex
anl-

(]

Theorem 4.2. The grid P, x P,, s 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 ai1, a2, a13,

- ,a1m and assign the labels 2m,2m — 1,2m — 2,---  (m + 1) to the vertices
Q21,Q29, 23, - -+ , Q2m respectively. Next assign the labels 2m + 1,2m + 2,2m +
3,---,3m respectively to the vertices as1, ass,ass, - , a3, and assign the labels
dm,dm —1,4m —2,--- ,(3m+1) to the vertices aq1, 42, @43, -+ , Agpm, respectively.
Proceeding like this until we reach the %th row az;, < i < m. Next assign the labels
dm 4+ 1,4m + 2,4m + 3,--- ,5m respectively to the vertices asi,as2,a53, - , asm
and assign the labels 5m + 1,5m + 2,5m + 3,--- ,6m respectively to the vertices
ag1, 62,063, "+ ,Aem - Proceed this process until we reach the row 7. Next assign
the remaining vertices.There are four subcases arises.

Subcase 1. m =0 (mod 4).

Next assign the labels —1, -2, —3,--- , —m respectively to the vertices Ang2y,
Gng2y,Qngag, - Gng2,, and assign the labels —(m+1), —(m+2), —(m+3),--- ,—2m
to the vertices Ungay,Gnfag, Gntag, =, Angd respectively. Next assign the labels
—(2m+1), —(2m+2), —(2m+3), - - - , —3m respectively to the vertices Ungoy, Gnsey,
Angeg, = 5 Angs,,. Proceeding this process upto the row a(,_1),. Now we assign
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the labels —(mno2m) ] —(mo—2m)_3 _(mn_2m)_o _(mn-2m)_ 4 respectively

to the vertices a1, an2, an3, ang and assign the labels —(%Qm) -5, —(%‘27”) —

6, —(W) — 7, , =" to the vertices ans, @ng, an7, - , Gnm Tespectively.
Subcase 2. m =1 (mod 4).

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

Assign the labels as in subcase 1 to the vertices a;;,1 <i <n—1,1<j < m.

Now we assign the labels —"3*, —""‘2_2,—"7"2_4, e ,—W — 1 respectively to
the vertices an1, an2,an3, ** , Gnm-

Subcase 4. m =3 (mod 4).

Assign the labels as in subcase 1, to the vertices a;;,1 <4 <n,1 <j <m.
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).

Nature of m Age Ay,
m=0 (mod 4) 2mn—2m—n 2mn—2m—n
m=1 (mod 4) 2mn—72n—n—1 2mn—72n—n+1
m=2 (mod 4) angmfn anamfn
m = 3 (mod 4) 2mn—1’2n—n—1 2mn—72n—n+1

TABLE 1

Case 2. n=1 (mod 4).
There are four cases arises.
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.

Subcase 2. m =1 (mod 4).

First we assign the labels 1,23, --- , m respectively to the vertices ai1, a2, a13,
- ,a1m and assign the labels 2m,2m — 1,2m — 2,--- ,(m + 1) to the vertices
Q21,Q29,A23, - - - , Q2m respectively. Next assign the labels 2m + 1,2m + 2,2m +
3,---,3m respectively to the vertices as1, ass,ass, - , a3, and assign the labels
dm,dm —1,4m —2,--- ,(3m+1) to the vertices aq1, a42, @43, -+ , Agp, respectively.

Proceeding like this until we reach the ”thh TOW @n_1;, < i < m. Next assign the

labels 4m+1,4m+2,4m+3, - - - , bm respectively to the vertices as1, as2, ass, - - , a5m
and assign the labels 5m + 1,5m + 2,5m + 3,--- ,6m respectively to the vertices
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ag1, a2, 063, ,em - Proceed this process until we reach the row %’1

Now assign the labels —1,—2,—3,--- , —m respectively to the vertices Antiy,
Unglg, Gugig, , Gngy, and assign the labels —(m+1), —(m+2), —(m+3),--- ,—2m
to the vertices Angsy,Antsy, Antsg, ,Angs respectively. Next assign the labels
—(2m+1), —(2m+2), —(2m+3), - - - , —3m respectively to the vertices Ungsy, Gnygsy,
Anisg, s Angs . Proceeding this process util we reach the row a,_1y;, 1 < i < m.

Now assign the labels (™5 4 1), (%57 + 2), (M52 4 3), - - ,mrjl respec-

tively to the vertices ani,an2,0n3, - ,a,m-1 and assign the labels —("1”27"” +
2

1), = (™%~ + 3) to the vertices Oy mi1, Gy mis and assign the labels — (™7™ 4

2), — (™5™ +4) to the vertices a,, mes Oy mit respectively . Next assign the labels

— (M 4 5), — (™™ 4+ 7) to the vertices @y mt9, Gy mtn1 respectively and assign

the labels — (™%~ 4+ 6), — (™5™ + 8) respectively to the vertices a,, m1s , Oy, mias

. Proceeding like this until reach the vertex a,(,—1). Clearly —mn{l is the label

of the vertex a.,,,—1.Now assign the label %*3 to the vertex a,m,.

Subcase 3. m =2 (mod 4).

As in subcase 2 of case 2, assign the labels to the vertices a;5,1 <i<n—-1,1<
J < m. Now assign the labels — (™% 4 1), —(#4-" 4-2), — (™02 4-3),- -, — 5
respectively to the vertices an1,an2,an3, -+ ,a,m and assign the labels (™5™ +
1), (mesm o9y, (mesm g 3) ... il g the vertices Qpm2, Gy, Gy mts -

p(m—2) Tespectively. Next assign the labels “5*, %‘2 to the vertices ay(m—1); Gnm

respectively.

Subcase 4. m =3 (mod 4).

As in subcase 2 of case 2, assign the labels to the vertices a;;,1 <7 <n,1 <j <
m.
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).

Nature of m Age Ay,
m = 0 (I’IlOd 4) 2mn77;17n71 2mn772nfn+1
m=1 (mod 4) 2mn—2m—n 2mn—2m—n
m = 2 (mod 4) anfglfnfl anfgmfn+1
m=3 (HlOd 4) anfszn Zmnfszn
TABLE 2

Case 3. n =2 (mod 4).

Subcase 1. m =0 (mod 4).
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First we assign the labels 1,2, 3, --- ,m respectively to the vertices ai1, a2, a13,
- ,a1m and assign the labels 2m,2m — 1,2m — 2,--- ,(m + 1) to the vertices
Q21,Q22,A23, - - - , Q2 Tespectively. Next assign the labels 2m + 1,2m + 2,2m +
3,---,3m respectively to the vertices asi,ass,ass,- - , a3, and assign the labels
dm,dm —1,4m —2,--- ,(3m + 1) to the vertices aq1, @42, aq3," - , Gam respectively.
Proceeding like this until we reach the ”T_ch TOW @ n_2;, < i < m. Next assign the
labels 4m+1,4m+2,4m+3, - - - , bm respectively to the vertices as1, as2, ass, - , Asm
and assign the labels 5m + 1,5m + 2,5m + 3,--- ,6m respectively to the vertices
n

ag1, 62,063, "+ ,Aem - Proceed this process until we reach the row 3.

Now assign the labels —1, —2, —3, - - - , —m respectively to the vertices Antiy, Gntly,
Ungig, 5 Qngip, and assign the labels —(m 4+ 1),—(m + 2),—(m + 3),--- , —2m
to the vertices Angsy,Angsy, Antsg, ", Angs respectively. Next assign the labels
—(2m+1), —(2m+2), —(2m+3), - - - , —3m respectively to the vertices Ungsy, Gngsy,
Untsg,  ,Angs . Proceeding this process util we reach the row a1y, 1 <7 < m.

Next we assign the labels — 2% — m”2’2 ,— m”2’4, — "”;’6, e ’m”+22m’10 to the ver-

2
tices an1, Gn2, an3, "+ , An(m—a) Tespectively and assign the labels %Qm_s,

—mn+2m—4 —mn4+2m—6 —mn42m-—2
2 ’ 2 ) 2

to the vertices ay(m—3), Gn(m—2), n(m—1)s Cnm-
Subcase 2. m =1 (mod 4).

We know that P, x P,, &£ P,, x P,, then assign the labels assign in Subcase 3
of case 2.

Subcase 3. m =2 (mod 4).

Assign the labels as in subcase 1 of case 3, to the vertices a;;,1 < i < n—1
and 1 < ¢ < m. Next assign the labels to the last row vertices. We assign the

labels —(MIo2Mm 1) —(IMO_2M 4 9) _(MA-2M 4 3) ... MLt the vertices
An1, p2, Gn3, -, Gpz respectively. Now assign the labels — (PR AL, — (R A

3) respectively to the vertices a,, mi2, 0y s and assign the labels —(™5%"" +
2), — (™5™ 4 4) to the vertices Oy mt6 ; Ay mots respectively. Next assign the labels

— (M5 +5), — (™5™ + 7) respectively to the vertices a,, mt10 5 G 1 and assign

the labels — (™% +6), — (™5™ 4 8) to the vertices a,, mf14, Gy, mise Tespectively .
Proceeding like this until reach the vertex a,(,,_3). Clearly the vertex a,,_3) re-
ceive the label —m”%m*‘l. Now we assign the labels — m"’gmfﬁ, — T — mn72m72
respectively to the vertices a,(m—2), Gn(m—1), Gnm-

Subcase 4. m =3 (mod 4).

As in subcase 1 of case 3, assign the labels to the vertices a;;,1 < i < n—1
and 1 < i < m. Next we assign the labels —(™152™ 4 1) —(mn_2m 4 9) — —
(mn=2m oy 3), ..., —mnomel o the vertices ani, an2, ang, - , 0, m—1 Tespectively.
Now we assign the labels — (252 4 1), — (202 4 3) §o the vertices pmi, Gy mts

and assign the labels —(™252m 4 2) — (MR_2Mm 4 () to the vertices Oy, Gy ot

n—-
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respectively. Proceeding like this until we reach the vertex a,(,_1) . Clearly the
vertex a,(m—1) receive the label — . Now we assign the label m”%m’l to
the vertex anm,.

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).

mn—m—1
2

Nature of m Ay Age
m=0 (mod 4) 2mn—2m—n 2mn—2m—n
m = 1 (mod 4) 2mn—m—n-+1 2mn—m-—n—1
m=2 (HlOd 4) 2mn72mfn angmfn
m=3 (mod 4) 2mn—72n—n—1 an—n;—n—&-l

TABLE 3

Case 4. n =3 (mod 4).
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, &2 P,, x P,. The vertex labeling in Subcase 4 of case 3
is also pair difference cordial labeling for this case also.

Subcase 4. m =3 (mod 4).

First we assign the labels 1,2, 3, --- , m respectively to the vertices ai1, a2, a13,

- ,a1m and assign the labels 2m,2m — 1,2m — 2,--- ,(m + 1) to the vertices
Q21,Q29, 23, - - - , Q2m Tespectively. Next assign the labels 2m + 1,2m + 2,2m +
3,---,3m respectively to the vertices asi,ass,ass,- - ,as, and assign the labels
dm,dm —1,4m —2,--- ,(3m+1) to the vertices aq1, 42, @43, -+ , Agm, TEsSpectively.
Proceeding like this until we reach the %th row an-s,, <4 < m. Next assign the
labels 4m+1,4m+2,4m+3, - - - , bm respectively to the vertices as1, as2, ass, - , Asm
and assign the labels 5m + 1,5m + 2,5m + 3,--- ,6m respectively to the vertices
ag1, a6, a63, - - - agm - Proceed this process until we reach the row 25,

Now assign the labels —1, —2, —3, - - - | —m respectively to the vertices Ungiy; Gngiy,
@ntig, -, @nt1,, and assign the labels —(m+1),-(m+2),-(m+3),---,—2m
to the vertices Angsy,Antsy, Gntsg, " ,Angs respectively. Next assign the labels

—(2m+1), —(2m+2), —(2m+3), - - - , —3m respectively to the vertices Gnts g, Antsy,
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Ungsg, w5 Angs,. Proceeding this process util we reach the row a,_1);, 1 <@ < m.

Now assign the labels (2= 4 1), (mnom y 9) (mizm 4 3) ... M=l pegpec-

mo1 and assign the labels —(Z2-" +

1), —=(™%5"™ 4 3) to the vertices @pmi1,a,mes and assign the labels — (4

2), — (M= 4 4) to the vertices Opymts , Gy, mit respectively . Next assign the labels

tively to the vertices an1,an2,an3, - ,a,

2

— (M +5), = (A" +7) to the vertices @, mi0,a, min respectively and assign

the labels — (™% 4 6), — (™5™ + 8) respectively to the vertices a,, mi1s Oy mi1s

Proceeding like this until reach the vertex a,(m,—1).In this process %‘1 is the
label of the vertex a,(,—1). Now assign the label %‘1 to the vertex an,,. 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).

O
Nature of m Age Ay,
m=0 (mod 4) an—gz—n—l an—'rg—n—&-l
m=1 (mod 4) 2mn—2m—n 2mn—2m—n
m = 2 (HlOd 4) 2mnfgbfn+1 2mn77;17n71
m=3 (mod 4) 2mn—m—n 2Zmn—m—n
TABLE 4
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