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1 Introduction

In this paper we consider only finite, undirected and simple graphs. Cordial labeling was
introduced by Cahit[2] in the year 1987. Prime labeling behaviour of planter graph, du-
plication of planter graph, fusion of planter graph,switching of planter graph, joining of
two copies of planter graph were studied by A.Edward samuel and S.Kalaivani[4]. Dafik,
Riniatul Nur Wahidah hve been examined the Rainbow Antimagic coloring of special
graphs like volcano, sandat graph, sunflower,octpus, semijahangir [3]. Prihandini,R M.,
at.el have been studied the elegant labeling of shackle graphs and diamond ladder graphs
[16]. Classical meanness of some graphs such as one-side step graph,double-sided step
graph,grid,slanding ladder,diamond ladder,lattitude ladder was studied by Alanazi et. al
[1]. In [17] Yeni Susanti et. al studied the edge odd geaceful labeling behaviour of prism,
antiprism, cartesian product graphs. The notion of pair diference cordial labeling of a
graph was introduced in [7]. The pair difference cordial labeling behaviour of certain
graphs like path, cycle, star, wheel triangular snake,alternate triangular snake, butterfly
etc have been investigated in [8-15]. In this paper we investigate the pair difference cor-
dial labeling behaviour of diamond ladder graph,lattitude ladder, octopus graph,pagoda
graph, planter graph, semi jahangir graph . Terms not defined here are follow from Gal-
lian[6] and Harary[7].

2 Preliminaries

Definition 2.1. [1]. The diamond ladder graph is the graph obtained from ladder L, and
it is denoted by DL,,. Let V(DL,) ={x;: 1 <i<n}U{y;: 1 <i<n}U{z:1<i<2n}
and E(DL,) = {xixip1,yi1 1 1 <i <n—1}U{zy 0 1 < i < n}U{zi20-1, yizoio1
1 <i<n}U{zz9,yiz0; 0 1 < i <n}U{2929i41: 1 <i<n—1}. It is easy to verify that
the DL, has 4n vertices and 6n — 1 edges.

Definition 2.2. [4|. Let F,, = P, + Ky, n > 2 where P, be the path ujusus---u, and
V(Ky) = {u}. Let C, be the cycle vivavs - - - vv1,n > 3. The planter graph R,, n > 3 is
obtained from F,, and C,, by identifying the vertices u and vy. That is V(R,) = {u;,v; :
1 <i<n}and E(R,) = {uuir1,vvi41 0 1 <i<n—1}U{vy; : 1 <i <n}U{vu,}.
The planter graph has 2n vertices and 3n — 1 edges.

Definition 2.3. [3]. The octopus graph O, is the graph whose vertex set V(0O,) =
{u,ujv; : 1 <1 < n,1 <j<n—1} and the edge set E(O,) = {wuipq : 1 < i <
n— 1} U {uu;, uv; - 1 < i < n}. The octopus graph has 2n + 1 vertices and 3n — 1 edges.

Definition 2.4. [1|. Let n be an even integer . The lattitude ladder graph LL,,n > 4 is
the graph with vertex set V(LL,) = {z; : 1 < i < n} and edge set E(LL,) = {x;z;y1 :
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1<i<n—1}U{zizne,:2<i< 5}

Definition 2.5. [6]. The pagoda graph PG, ,n > 3 is the vertex set V(PG,) = {u, u;, v; :
1 < i < n} and edge set E(PG,) = {uwuir1,vv41 0 1 <i<n—1}U{uw 1 1 <i <
n} U{uju,viu}. The pagoda graph has 2n + 1 vertices and 3n edges.

Definition 2.6. [6]. D} is the graph with the vertex set V(D) = {x;: 1 <i<n}U{y;:
1 <i<ntU{z:1<1i<2n} and the edge set E(D}) = {zixiy1,yiYir1 = 1 <@ <
n—1}U{ziz0i-1, Yizei—1 : 1 <0 < nfU{mi20, iz 0 1 <0 <nfU{2i29i41 0 1 <0 <n—1}.
The Dy graph has 4n vertices and Tn — 3 edges.

Definition 2.7. [6]. The volcano graph V,, is the graph with the vertex set is V(V,) =
{z,y,2} U{z; : 1 <i < n} and the edge set is E(V,,) = {zy,yz,xz} U{zz; : 1 <i < n}.
V., has n + 3 vertices and n + 3 edges.

3 Pair difference cordial labeling

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

el ifpis odd

{g, if p is even

P=19 -

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

Consider a mapping f : V — L by assigning different labels in L to the different ele-
ments 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 — Ase| < 1, where Ay, and Aje 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.

4 main results

Theorem 4.1. The pagoda graph PG, is pair difference cordial for all values of n > 3.

Proof. Let us consider the vertex set and edge set from definition 2.1.
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Assign the label 1,2,3,--- ,n to the vertices uq, us,us, -+ ,u, respectively. Assign the
labels —1, —2 respectively to the vertices v, vy and assign the labels —4, —3 respectively
to the vertices vz, vy . Next assign the labels —5, —6 to the vertices vs, vg respectively
and assign the labels —8, —7 respectively to the vertices v7, vs. Proceeding like this until
reach v,. Finally assign the label 2 to the vertex wu.

Note that the vertices v,_1, v, to the vertex —n, —n+1 whenn =0 (mod 4). The vertices
Un—1, Uy to the vertex —n + 2, —n when n =1 (mod 4).

The verticesv,_1, v, to the vertex —n + 1, —n when n = 2 (mod 4). The vertices
Un—1, Uy to the vertex —n + 1, —n when n = 3 (mod 4).

The Table 1 given below establish that this vertex labeling is a pair difference cordial
labeling of PG, for all values of n > 3.

Nature of n Ay | Age
n=0 (mod4) | & S
n=1 (mod4) | 3t | 321
n=2 (mod4) | % Sn
n =3 (mod 4) | 3t | 3

Table 1:

Theorem 4.2. O, is pair diffference codial if and only if 2 < n < 4.

Proof. Case 1. 2 <n < 4.
The pair difference cordial labeling of O,, , 2 < n < 4 is shown in the following figure 1
Case 2. n > 5.

The maximum possible number of edges with the label 1 is

Afy = u + \2/_/ . Therefore Af; = n+ 1. Since |E(O,)| =3n —1, Afi° =
for the pathP,  for the star

(Bn—1)—(n+1)=2n—2. Hence |[Afi —Afi| =2n—-2—-n—1=n—3> 1, which is

a contradiction.

Hence the octopus graph O, is not pair difference cordial for all values of n > 5.

Theorem 4.3. The volcano graph V,, is pair difference cordial if and only if 1 <n < 4.

Proof. Let us consider the vertex set and edge set from definition 2.7.

There are two cases arises.

Case 1. 1 <n <4,

The pair difference cordial labeling of V,, , 1 < n < 4 is shown in the following figure 2
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Figure 1: case 1

Case 2. n > 5.

The maximum possible number of edges with the label 1 is A f; = 3. Since|E(V,,)| = n+3,
Afi©=(n+3)—3=n. Hence |Af; — Af;“| =n —3> 1 when n > 5, which is a contra-
diction.

Hence the volcano graph V,, is not pair difference cordial for all values of n > 5.

Theorem 4.4. The Planter graph R, is pair difference cordial for all values of n > 3.

Proof.
Let us consider the vertex set and edge set from definition 2.2.

Assign the label 1,2,3,--- ,n to the vertices uq,us,us, -+ ,u, respectively. Assign the
labels —1, —2 respectively to the vertices v, vy and assign the labels —3, —5 respectively
to the vertices vz, vy . Next assign the labels —4, —6 to the vertices vs, vg respectively
and assign the labels —7, —9 respectively to the vertices vy, vg. Proceeding like this until
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Figure 2: case 2

reach v,.

Note that the vertices v,_1, v, to the vertex —n+1, —n whenn = 0 (mod 4). The vertices
Un—1, Uy to the vertex —n, —n + 1 when n =1 (mod 4).

The verticesv,_1, v, to the vertex —n + 2, —n when n = 2 (mod 4). The vertices
Un_1, Uy to the vertex —n + 1, —n when n = 3 (mod 4).

The Table 2 given below establish that this vertex labeling is a pair difference cordial
labeling of R,, for all values of n > 3.

Nature of n Ap | Age
n=0 (mod4) | & |==
n=1 (mod 4) | -1 | 3
n =2 (mod 4) 2”2:? 337:
n =3 (mod4) | == | *—

Theorem 4.5. The diamond ladder graph DL, is pair difference cordial for all values of
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n > 2.

Proof.

Let us consider the vertex set and edge set from definition 2.1.
There are two cases arises.

Case 1. n is even.

Assign the labels 2,6,10,--- ,2n — 2 to the vertices x1, 3, x5, -+ ,x,_1 respectively and
assign the labels —2, —6, —10, - - - | —(2n—2) respectively to the vertices z, x4, g, - , Tp.
Next assign the labels 4,8,12,--- ,2n to the vertices y1,y3, ys5, - - - ,

Yn_1 respectively and assign the labels —4, —8, —12,--- , —2n respectively to the vertices

Y2, Y4, Yss " 5 Yn-

Assign the labels 1,5,9, -+ ,2n — 3 to the vertices z1, z5, 29, - - - , 22,3 respectively and as-
sign the labels —1, —5, —9,--- | —(2n — 3) respectively to the vertices z3, 27, 211, * * , Zon_1-
Now assign the labels 3,7,11,--- ,2n — 1 to the vertices 29, 25, 210, * - * , Z2n_2 respectively
and assign the labels —3, =7, —11,--- | —(2n—1) to the vertices 24, zs, 212, - - , 22, T€SpPEC-
tively.

Case 2. n is odd.

Assign the labels 2, 6, 10, - - - , 2n—4 to the vertices x1, r3, x5, - - , T,_o respectively and as-
sign the labels —2, —6, —10, - - - , —(2n —4) respectively to the vertices s, x4, Tg, "+ , Tp_1-
Next assign the labels4, 8,12, - - - | 2n—2 to the vertices y1, Y3, Y5, - - - , Yn_2 respectively and
assign the labels —4, —8, —12, - - - , —(2n—2) respectively to the vertices yo, Y4, Y6, - * * , Yn—1-
Assign the labels 1,5,9,--- ,2n —5 to the vertices z1, zs, 29, - - - , 22,5 respectively and as-
sign the labels —1, —5, =9, --- | —(2n —5) respectively to the vertices z3, 27, 211, * * , Zon_3-
Now assign the labels 3,7,11,--- ,2n — 3 to the vertices 2o, 24, 210, * - * , Z2n_4 respectively
and assign the labels —3, =7, —11,--- , —(2n — 3) to the vertices zy, 23, 212, * * , Zop_2 Te-
spectively.

Finally assign the labels 2n—1,2n, —(2n — 1), —2n to the vertices x,,, 22,1, Zon, Yn TESPEC-
tively.

The Table 3 given below establish that this vertex labeling is a pair difference cordial
labeling of DL, for all values of n > 2.

Nature of n Ay Age
n=0,2 (mod 4) 3n | 3n—1
n=1,3 (mod4) |[3n—1| 3n

Table 3:



120 R. Ponraj/ JAC 56, issue 2, December 2024, PP 113-122

Theorem 4.6. The lattitude ladder graph LL, is pair difference cordial for all even val-
ues of n > 4.

Proof. Let us consider the vertex set and edge set from definition 2.4.

Assign the labels 1,2,3,---,% to the vertices z, 29,23, - ,xz and assign the labels
n—4

—1,-2,-3,---, %5~ respectively to the vertices Tt Tnt oty Tpg. Finally assign

the labels %7%2 to the vertices x,_1, T,,.
The Table 4 given below establish that this vertex labeling is a pair difference cordial
labeling of LL, for all even values of n > 4.

Nature of n Ap | Age
n=0 (mod 4) | =8 | 320

n =2 (mod 4) —3"2_4 3”7_4

Table 4:

Theorem 4.7. The graph D} is pair difference cordial for all values of n > 3.

Proof.

Let us consider the vertex set and edge set from definition 2.6.
There are two cases arises.

Case 1. n is even.

Assign the labels 2,6,10,--- ,2n — 2 to the vertices x1, 3, x5, -+ ,x,_1 respectively and
assign the labels —2, —6, —10, - - - | —(2n—2) respectively to the vertices z, x4, g, - , Tp.
Next assign the labels 4,8,12,--- | 2n to the vertices y1,y3, ys5, - - ,

Yn—1 respectively and assign the labels —4, —8, —12,--- | —2n respectively to the vertices

Y2,Y4, Y6, " s Yn-

Assign the labels 1,5,9,- -+ ,2n — 3 to the vertices z1, 25, 29, - - - , 20,3 respectively and as-
sign the labels —1, -5, =9, -+ | —(2n — 3) respectively to the vertices z3, 27, 211, , Zan_1-
Now assign the labels 3,7,11,--- ,2n — 1 to the vertices 29, 25, 210, * - * , Z2n_2 respectively
and assign the labels —3, =7, —11,--- | —(2n —1) to the vertices zy4, 25, 212, - - , 22, T€SpPEC-
tively.

Case 2. n is odd.

Assign the labels 2, 6, 10, - - - , 2n—4 to the vertices x1, x3, x5, - - - , T,_o respectively and as-
sign the labels —2, —6, —10, - - - , —(2n—4) respectively to the vertices xs, x4, ¢, -+ , Tn_1.
Next assign the labels 4,8, 12, - - - | 2n—2 to the vertices y1, ys, ¥s, - - - , Yn_2 respectively and
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assign the labels —4, —8, —12, - - - |, —(2n—2) respectively to the vertices yo, Y1, Y6, * - * , Yn—1-
Assign the labels 1,5,9,--- ,2n —5 to the vertices z1, 25, 29, - - - , 2on_5 respectively and as-
sign the labels —1, =5, =9, --- | —(2n —5) respectively to the vertices z3, z7, 211, -+ , Zan_3.
Now assign the labels 3,7,11,--- ,2n — 3 to the vertices 2o, 25, 210, * * * , Z2n_4 respectively
and assign the labels —3, =7, —11,--- , —(2n — 3) to the vertices zy4, 23, 212, * * , Zon_2 Te-
spectively.

Finally assign the labels 2n—1,2n, —(2n — 1), —2n to the vertices x,,, 22,1, Zon, Yn TESPEC-
tively.

The Table 5 given below establish that this vertex labeling is a pair difference cordial
labeling of D} for all values of n > 3.

Nature of n | Ay Age
n is even 3n—11|3n—-1
n is odd 3n—11]3n—-1

Table 5:

References

[1] Alanazi.A.M, Muhiuddin.G, Kannan. A.R, Govindan. V, New perspectives on clas-
sical meanness of some ladder graphs, Hindawi- Journal Mathematics., (2021), 14

pages.

[2] Cahit.I, Cordial Graphs : A weaker version of Graceful and Harmonious graphs, Ars
combin.., 23 (1987)., 201-207.

[3] Dafik, Riniatul Nur Wahidah, On the study of Rainbow Antimagic coloring of special
graphs, CAUCHY- Jurnol Matematika Murni dan Aplikasi, 7(4) (2023), 585-596.

[4] Edward Samuel.A, Kalaivani. S, Prime Labeling of some planter related graphs,
Inter.Journal of Math.Reasearch., 8(3) (2016)., 221-231.

[5] Gallian.J.A, A Dynamic survey of graph labeling, The Electronic Journal of Combi-
natorics.., 19., (2016).

[6] Harary.F, Graph theory, Addision wesley, New Delhi, 1969.

[7] Ponraj.R, Gayathri.A, and Somasundaram.S, Pair difference cordial labeling of
graphs, J.Math. Comp.Sci..,Vol.11(3)., (2021)., 2551-2567.

[8] Ponraj.R, Gayathri.A, and Somasundaram.S, Pair difference cordiality of some
graphs derived from ladder graph , J.Math. Comp.Sci., Vol.11 No 5, (2021), 6105—
6124.



122

[9]

[10]

[11]

[12]

R. Ponraj/ JAC 56, issue 2, December 2024, PP 113-122

Ponraj.R, Gayathri.A, and Somasundaram.S, Some pair difference cordial
graphs, [konion Journal of Mathematics., Vol.3(2)., (2021).,17-26.

Ponraj.R, Gayathri.A, and Somasundaram.S, Pair difference cordial labeling of pla-
nar grid and mangolian tent , Journal of Algorithms and Computation, Vol.53(2),
December (2021), 47-56.

Ponraj.R, Gayathri.A, and Somasundaram.S, Pair difference cordiality of some spe-
cial graphs, J. Appl. and Pure Math., Vol.3 No. 5-6., (2021)., pp. 263-274.

Ponraj .R, Gayathri . A, and Soma Sundaram . S, Pair difference cordiality of mir-
ror graph, shadow graph and splitting graph of certain graphs, Maltepe Journal of
Mathematics., Vol.4 issue 1., (2022)., pp. 24-32.

Ponraj .R, Gayathri . A, and Soma Sundaram . S, Pair difference cordial Labeling
of m— copies of path, cycle , star and laddar graphs, Journal of Algorithms and
Computation., Vol.54 issue 2., (2022)., pp. 37-47.

Ponraj .R, Gayathri . A, and Soma Sundaram . S, Pair difference cordial labeling of
some star related graphs, Journal of Mahani Mathematical Research., Vol.12 issue
2., (2023)., pp. 255—266.

Ponraj .R, Gayathri . A, and Soma Sundaram . S, Pair difference cordial labeling
of certain broken wheel graphs, Journal of Universal Mathematics., Vol.6 No 2.,
(2023)., pp. 39-48.

Prihandini.R.M, Dafik, Elegant labeling of some graphs, Journal of Physics: Con-
ference series., 1538., (2020).

Yeni Susanti, iwan Ernanto, Aluysius Sutjijana, Sufyan Sidiq, Some cartesian prod-
ucts of a pathb and prism related graphs that are edge odd graceful, Journal of
Fundamental Mathematics and Applications., Vol 4 No 2 ., (2021).



