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Abstract
Let G (V, E) be a simple graph with p vertices and q edges. Let ¢: V (G) = Zs — {0} be a function and ¢*: E(G) —» Z4
by (p*(uv):[%](modulo 4) where @(U) = @(v). If Vo(i) — Vo) < 1, 1<, j< 4, i#] and |eq(k) — eo(D)| < 1, 0 <

k,1 <3,k # [ then o is Quotient-4 cordial labeling of G, where v,(x) and e,(y) denote the number of vertices labeled
with x and the number of edges labeled with y. Here some types of ladder graphs are proved to be quotient-4 cordial
graphs.

Keywords: Mobius Ladder, Circular Ladder Pentagonal Ladder, Pentagonal circular Ladder and Hexagonal Ladder.
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1. INTRODUCTION

In graph theory, graph labelling has made tremendous development and has a large number of applications. More
information can be found in Gallian [4]. The cordial labelling concept was first presented by Cohit. [2]. Freeda
Selvanayagam, Robinson, and ChellathuraiR.S pioneered H- and H2-cordial labelling. [3]. The Mean Cordial was
developed by Albert William, Indira Rajasingh, and S Roy [1]. We developed quotient-4 cordial labeling and shown
that several non-trivial, finite, undirected, and simple graphs can be labeled as quotient-4 cordial [5]. Open Ladder,
Closed Ladder, Slanting Ladder, Mobius Ladder, Circular Ladder, Pentagonal Ladder, Pentagonal circular Ladder and
Hexagonal Ladder are proved to be quotient-4 cordial graphs in this paper.

2. DEFINITIONS

Definition: 2.1 Let G (V, E) be a p vertices and g edges simple graph. Let ¢: V(G) — Zs — {0} be a function. For each
edge in E (G), the function ¢*: E (G) — Z4 defined by @*(uv) = [%] (modulo 4) where @(u) = (V). If v, () =V,

M1 < j<4,i#fand ey (K)—e () <1,0<k,l <3,k #1 then ¢ is Quotient-4 cordial labeling of G, where
Vo(X) and ey(y) signify the number of vertices and edges respectively labeled with x and y.

Definition: 2.2[6] An open Ladder graph OL (8), 8 > 3 is obtained from two copies of path Pg.1 with the vertex set V
(OL(B) ={up:1<0<p}ruU{ve:1<6<p}and E(OL (B)) ={ugug+1:1<6<p -1} U{vgvg,,:1 <0 <p -1}
U{U.G'Ug :1<9<B}.

Definition: 2.3[6] A closed Ladder graph CL (8), B> 3 is obtained by combining two copies of path Pp.1 with the
vertex set V (CL (B)) ={ug :1<0 <B}U{vy:1<6 <B}and E (CL (B)) ={ugug41:1<60<B -1} U{vgvg,,: 1
Sefﬁ_l}U{UQvg . 15953}
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Definition: 2.4[6] A slanting Ladder graph SL (B8), 8 > 3 is obtained by combining two copies of path Pg., with the
vertex set V (SL (B) ={ug : 1 <0 <B}U{vg:1 <0 <B}and E (SL (B)) = {ugugs1:1 <0 < —1} U {vgvg4; : 1
56 Sﬁ—l}U{UQU9+1 . 1595ﬁ—1}

Definition: 2.5[6] A Mobius Ladder graph ML (8), 8 > 3 is obtained by combining two copies path Pg.1 with the vertex
set V(ML (B)) ={ug :1<0<B}U{vy:1<0<B}and E (ML (B)) = {ugugs1: 1 <0 <B—1} U {vgvg,,:1<6
<P -1} U{ugvg : 1 <0 <B} U {wvp } U {vjug}.

Definition: 2.6[6] A Circular Ladder graph CRL (), 8 > 3 is obtained by combining two copies of path Pg.; with the
vertex set V (CRL (B)) ={ug :1<6<p}U{vg:1<0 <f}and E (CRL (B)) ={upugs1:1<0 < — 1} U {vgvg,:
1<0<p -1} U{ugvy:1<0 <P} U {uug} v {vyvp}.

Definition: 2.7 Consider the Closed Ladder graph CL (8), 8 > 2, introducing a vertex wy between the vertices vy and
Vg1, fOr 1 <6 <pB —1 resulting a new graph called pentagonal ladder graph denoted by PL(g).

Definition: 2.8 Consider the Pentagonal Ladder graph PL (f), B > 3, by connecting the vertices v; and vz by a new
vertex wg and connecting u; and ugby an edge resulting a new graph called pentagonal circular ladder graph denoted
by PCL (B).

Definition: 2.9 Consider the Closed Ladder graph CL (8), § > 2, by adding a new vertices t, between the vertices ug
and ug,,, for 1 <6 <p —1 and wy between the vertices vy and vy, for 1 <6 <p —1 resulting a new graph called
hexagonal ladder graph denoted by HL (B).

3. MAIN RESULT
Theorem: 3.1. Any open ladder OL(B) is quotient-4 cordial if § > 3.

Proof: Consider G is an open ladder graph OL (B). Let V (G) ={ug :1<0 <B}U{vy:1<6 <pB}and E (G) =
{UQ'U,Q+1 :1<86 S,B - 1}U {U9U9+1: 1<6 S,B —l} U {U.QUQ 1< 6 <,8} Here |V(G)| = 2‘8, |E(G)| = 3'8 —4,

Define ¢: V (G) = {1, 2, 3, 4}.

The values of ug are labeled the following.

Case (i): When 8 =0, 1, 6 (modulo 8).

Fori<é < p.

¢ (ug)=1 if6 =2, 4 (modulo 8).

o (ug) =2 if 9 =6, 7 (modulo 8).

o(ug)=4 if6=0,1,3,5(modulo 8).

Case (ii): When g = 2, 3, 5 (modulo 8).

For1 < 6 < B — 1, the labeling of ug values are same as case (i).
¢ (ug) = 2.

Case (iii): When g = 4, 7 (modulo 8).

For1 <6 <pB -1, the labeling of u,4 values are same as case (i).
¢ (ug) =3.

The values of vy are labeled the following.
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Case (i): When g =0, 1, 2 (modulo 8).

For1<6<p.

o (vg) =1 if & = 1,3 (modulo 8).

¢ (vg) =2 if 0 =6, 7 (modulo 8).

0 (vg)=3 ife =0, 2,4,5 (modulo 8).

Case (ii): When g = 3 (modulo 8).

For1 < 6 < B — 1, the labeling of v, values are same as case (i).
¢ (vg) =3.

Case (iii): When 8 = 4 (modulo 8).

For 1 <6 < -5, the labeling of v, values are same as case (i).
O () =0 (vg_2) =3, 0 (Vg_1) = 1, 0 (Vp_3) = ¢ (Vp_4) = 2.
Case (iv): When § =5 (modulo 8).

For 1 <6 <p -3, the labeling of vg values are same as case (i).
0 () =2,0 (vg_1) =@ (vp_3) = 3.

Case (v): When g = 6(modulo 8).

For 1 <6 < — 4, the labeling of vg values are same as case (i).
0 () =0 (vg-1) =2, 9 (vg_2) = ¢ (vg—3) = 3.

Case (vi): When 8 = 7(modulo 8).

For 1 <6 <p -5, the labeling of vy values are same as case (i).

O (W) =0 (Vg_1) =2,0 (vg_2)= 1,0 (Vp_3) = @ (Vg_4) =3

Table 1
Nature of Vo(1) Vo(2) Vo(3) Vo(4)
B =0,2, 4,6 (modulo B B B B
8) 2 2 2 2
B =1(modulo 8) B;1 B;1—1 ﬂg—l—l 3;1
B = 3,5, 7 (modulo 8) % %—1 ﬁ;1 ﬁ;_l—
Table 2
Nature of B e4(0) eo(1) eo(2) ee(3)
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B = 0,4(modulo 8) 3—4 38—4 3p—-4 3—-4
4 4 4 4
B = 1(modulo 8) 36-3 3 -3 3 -3 363
4 4 4 4
B = 2 (modulo 8) 36-2 3[3—2_1 3—2 36—-2
4 4 4 4
B = 3 (modulo 8) 3ﬁ—1_ 3[3—1_1 3[3—1_1 36-1
4 4 4 4
B =5 (modulo 8) 36-3 3[)’—3_1 36-3 36—-3
4 4 4 4
B = 6 (modulo 8) 36-2 3[)’—2_1 38 -2 36-2
4 4 4 4
B =7 (modulo 8) 36—-1 3/3—1_1 33—1_1 36-1
4 4 4 4

The above tables 1 and 2 shows that |V4(i) — Ve(j)| < 1 and |eg(K) — eo(1)] < 1. Hence the open ladder graph OL () is
quotient-4 cordial labeling.

Theorem: 3.2. Any closed ladder CL (B) is quotient-4 cordial if 8 > 3.

Proof: Let G be a closed ladder graph CL (B). Let V(G) ={ug : 1 <60 <B}U{ve:1<6 <B}and E(G) = {ugugsq,:1
<O<B -1} U{wgvgsi 1l <O<B -1} U{ugvg :1<0 <} Here |V(G)| =28, |E(G)| =3B —2.

Define ¢: V (G) = {1, 2, 3, 4}.
The values of u, are labeled the following.

Case (i): When 8 =0, 1 (modulo 8).

Forl1<6< B.

o(ug)=1 if & =1, 3 (modulo 8).
o(ug)=2 if & =6 (modulo 8).

o (ug)=3 if6 =4,5(modulo 8).
o(ug)=4 if6 =0,2,7 (modulo 8).

Case (ii): When B = 2 (modulo 8).
For1 < 6 < B — 5, the labeling of ug values are same as case (i).

0 (ug) = ¢ (up—1) = ¢ (Up_2) = @ (Up_3) =2, 0 (ug_4) = 4.
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Case (iii): When g = 3, 5 (modulo 8).

For1 <6 < -1, the labeling of uy values are same as case (i).

¢ (ug) = 2.

Case (iv): When g = 4 (modulo 8).

For1<6 <p-2,the labeling of uy values are same as case (i).
¢ (up) =2, ¢ (up—1) = 4.

Case (v): When 8 = 6 (modulo 8).

For1 < 6 < B — 4, the labeling of ugy values are same as case (i).
0 (up) =2,0 (Up_1) =0 (ug_3) =4, 9 (up_y) = 1.

Case (vi): When g = 7 (modulo 8).

For1l < 6 < B — 2, the labeling of uy values are same as case (i).
o (up) =4, 0 (ug_,) =3.

The values of vy are labeled the following.

Case (i): When g =0, 1 (modulo 8).

Forl<6< p.

¢ (vg)=1 if6e =2,4 (modulo 8).

¢ (vg)=2 if6=0,6,7 (modulo 8).

¢ (vg)=3 if6 =3,5 (modulo 8).

¢ (vg)=4 if6 =1 (modulo 8).

Case (ii): When g = 2 (modulo 8).

For1 < 6 < B — 5, the labeling of vy values are same as case (i).
O (W) =2,0(Wp-1)=3,0 (Vp_2) =@ (Vg_3) =4, ¢ (vp_4) = 1.
Case (iii): When g = 3 (modulo 8).

For1< 6 <pB -3, the labeling of vy values are same as case (i).
0 (Wg)=2,0(vg—1) =1, 0 (vg_3) =3.

Case (iv): When 8 = 4 (modulo 8).

For1<6 <p —4,the labeling of vy values are same as case (i).

¢ (UB) =2,0 (UB—1) =0 (V,B—3) =3,¢ (Vﬁ—z) =1

Case (v): When 8 =5 (modulo 8).

For 1 <6 <p — 4, the labeling of vg values are same as case (i).
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0 (W) =2,0(Vg-1) =1, 0 (vg_3) =3, ¢ (Vg_3) = 4.

Case (vi): When g = 6 (modulo 8).

For1<6 <p -6, the labeling of v, values are same as case (i).

O (W) =0 (Vg_1) =2, 0 (vg_2) = @ (Vp_3) = ¢ (Vg—5) =3, ¢ (Vg_4) = 1.
Case (vii): When g = 7 (modulo 8).

For 1< 6 <pB -3, the labeling of vg values are same as case (i).

¢ (vg) =9 (vg_1) = ¢ (Vg—2) = 2.

Table 3
Nature of S Vo(1) Vo(2) Vo(3) Vo(4)
B =0 2 4 6 B B B B
(modulo 8) 2 2 2 2
_ B+1 B+1 B+1 B+1
B = 1,5(modulo 8) — — "~ 1 — - 1 5
— p+1 B+1 L+1 g+1
f =3(modulo8) — —~ | V| !
_ B+1 B+1 B+1 B+1
B =7(modulo 8) — — 1 — — - 1
Table 4
Nature of p e4(0) eo(1) eo(2) eo(3)
£ = 0(modulo 8) 38 1 3B 38 1 38
4 4 4 4
B = 1(modulo 8) 36 +1 38+1 3+1 38+1
4 4 4 4
B = 2,6(modulo 8) 36 -2 3—-2 3-2 3 -2
4 4 4 4
B = 3,7(modulo 8) 36 —1 381 . 36— 1 36— 1
4 4 4 4
B = 4 (modulo 8) 36 38 3p 3k
4 4 4 4
B = 5(modulo 8) 36 -3 3p -3 38 -3 3ﬂ—3+1
4 4 4 4
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The above tables 3 and 4 shows that |[ve(i) — Vo()| < 1 and |ee(K) — eo(1)|] < 1. Hence the closed ladder graph CL (B) is
quotient-4 cordial labeling.

Theorem: 3.3. Any slanting ladder graph SL () is quotient-4 cordial if 8 > 3.

Proof: Let G be a slanting ladder graph SL (B). Let V(G) ={ugy : 1 <0 <B} U {vy:1<6 <B}and E(G) = {ugugys:
1§9§B—1}U{179179+1: 1 SGSB—l}U{u5v5+1:l§9 < B—l}

Here |V (G)|=2B, |E(G)]|= 38 —3.

Define ¢: V (G) = {1, 2, 3, 4}.

The values of uy are labeled the following.

Case (i): When g =0,1,6,7 (modulo 8).

For1<6 <p.

o(ug)=1 if & =0, 2 (modulo 8).

o (ug)=2 if 6 = 4,5, 6 (modulo 8).

o(ug)=3 if 6 = 7 (modulo 8).

o(ug)=4 if & =1, 3 (modulo 8).

Case (ii): When g = 2 (modulo 8).

For1 < 6 < B —1,the labeling of u, values are same as case (i).
¢ (ug) = 2.

Case (iii): When g = 3 (modulo 8).

For1 <6 <p -2, the labeling of u, values are same as case (i).
¢ (ug) =1, ¢ (ug_1) = 4.

Case (iv): When g = 4 (modulo 8).

For 1 <6 <p -3, the labeling of u, values are same as case (i).
¢ (up) =0 (ug_1) =2, ¢ (ug_p) = 3.

Case (v): When 8 =5 (modulo 8).

For1 < 6 < B — 3, the labeling of ug values are same as case (i).
¢ (up) =0 (ug-1) =2, ¢ (ug_p) = 1.

The values of vy are labeled the following.

Case (i): When g =0, 1, 2, 7(modulo 8).

Forl< 6<§p.

¢ (vg)=1 if6 =2,4 (modulo 8).

¢ (vg) =2 if & =7 (modulo 8).
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¢ (vg)=3 ife =0,1, 3 (modulo 8).

¢ (vg)=4 if6 =5,6 (modulo 8).

Case (ii): When g = 3 (modulo 8).

For1 < 6 < B — 1, the labeling of vy values are same as case (i).
¢ (vg) =2.

Case (iii): When 8 = 4 (modulo 8).

For1<6 <p -2, the labeling of v, values are same as case (i).
o (p)=4,¢(Wp_4)=1

Case (iv): When § =5 (modulo 8).

For1<6 <p - 2,the labeling of vy values are same as case (i).
¢ (vg) =0 (vg_1) =4

Case (v): When § = 6 (modulo 8).

For 1 <6 < -3, the labeling of vg values are same as case (i).

0 (Wg)=3,0 (vg-1) = 1,0 (vg_3) = 4.

Table 5
Nature of g Vo(1) Vo(2) Vo(3) Vo(4)
B =0 2 4, 6 E E E E
(modulo 8) 2 2 2 2
_ p+1 B+1 p+1 B+1
p =t (modulo) = ' | 2T Y| 7
_ p+1 B+1 B+1 B+1
B =3,5 (modulo 8) — — - 1 — - 1 —
— B+1 B+1 L+1 g+1
p =7 (modulo) = ' = | '
Table 6
Nature of ey(0) eo(1) e0(2) eo(3)
B = 0,4 (modulo 8) %_1 ﬁ—l 38 ﬁ—l
4 4 4 4
B = 1,5 (modulo 8) 36-3 36—-3 36-3 38—-3
4 4 4 4
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B = 2,6 (modulo 8) 3-2 3 -2 3—-2 3B -2

B = 3,7 (modulo 8) 36-1 3ﬁ—1_ 36—-1 3/3—1_

The above tables 5 and 6 shows that [v,(i) — Vo(j)| < 1 and |eg(K) — e4(1)| < 1. Hence the slanting ladder graph SL (B) is
quotient-4 cordial labeling.

Theorem: 3.4. Any Mobius ladder graph ML () is quotient-4 cordial if 8 > 5.

Proof: Let G be a Mobius ladder graph ML (8). Let V (G) ={ug:1<60 <} U {vg:1 <6 <B}and E (G) = {ugugsq:
1<0 <B—-1}U{vgvgs1:1 <0 <B -1} U{ugvy:1<60 <p } U{uvp} U {vug} Here |V(G)|=2p, |E(G)|=3B.

Define ¢: V (G) - {1, 2, 3, 4}.

The values of uy are labeled the following.

Case (i): When g =0, 3 (modulo 8).

Forl1<6< B.

o(ug)=1 if & =1, 3 (modulo 8).

o (ug)=2 if & =6, 7 (modulo 8).

¢ (ug)=3 if6 =5 (modulo 8).

o(ug)=4 if 6 =0, 2,4 (modulo 8).

Case (ii): When = 1(modulo 8).

For1 < 6 < pB — 2, the labeling of uy values are same as case (i).
¢ (Uﬁ) =30 (uﬁ—l) =1

Case (iii): When g = 2(modulo 8).

For1 <6 <p -3, the labeling of ug values are same as case (i).
o (ug) =1, 0 (ug_1) =3, 9 (ug_p) = 2.

Case (iv): When 8 = 4(modulo 8).

For1 <6 <p —4,the labeling of ug values are same as case (i).
¢ (ug) = ¢ (up_2) = 1,o (up_1) = ¢ (up_3) = 4.

Case (v): When 8 =5 (modulo 8).

For1 < 6 < — 3, the labeling of ug values are same as case (i).
¢ (ug) =3, ¢ (ug-1) = L, (ug_5) = 4.

Case (vi): When B = 6 (modulo 8).
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For1 < 6 < B —5, the labeling of u, values are same as case (i).
O (up) =0 (ug—3) = 1,0 (ug_1) = ¢ (ug_2) =4, ¢ (ug_4) = 3.
Case (vii): When 8 = 7 (modulo 8).

For1 < 6 < B — 3, the labeling of ug values are same as case (i).
0 (ug) =3, (ug_1) = 9 (ug_,) = 4.

The values of vy are labeled the following.

Case (i): When g = 0 (modulo 8).

Forl< o <§p

o (vg)=1 if6 =2,4 (modulo 8).

¢ (vg)=2 if6 =6,7 (modulo 8).

0 (vg)=3 ife =1,3,5 (modulo 8).

¢ (vg) =4 if6 =0 (modulo 8).

Case (ii): When B = 1 (modulo 8).

For1 < 6 < B — 1, the labeling of vy values are same as case (i).
¢ (vp) =4

Case (iii): When g = 2 (modulo 8).

For 1 <6 <p -2, the labeling of vy values are same as case (i).

¢ (vg) =0 (vg-1) = 4.

Case (iv): When g = 3 (modulo 8).

For1 <6 <p —4,the labeling of vgvalues are same as case (i).

O (W) =3,0(Vp-1) =4, 0 (Vp_2) = ¢ (Vg_3) = 2.

Case (v): When g = 4 (modulo 8).

For1<6 <p -5, the labeling of vy values are same as case (i).

O (W) =0 (Vg_1) =3, 0 (vg_2) =4, 0 (Vg_3) = ¢ (Vp_4) = 2.

Case (vi): When 8 =5 (modulo 8).

For1<6 <p - 3, the labeling of vy values are same as case (i).

O (W) =0 (vg-1) =2, (vp_p) =4

Case (vii): When 8 = 6 (modulo 8).

For1<6 <p -5, the labeling of vy values are same as case (i).

0 (Wg) =4, 0 (Vg_1) =9 (V3_2) = ¢ (Vg—3) =2, ¢ (Vg_4) = 3.
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Case (viii): When 8 =7 (modulo 8).

For1 <6 < B — 3, the labeling of vy values are same as case (i).

0 () =0 (vg_1) =@ (vp_2) = 2.

Table 7

Table 8

The above tables 7 and 8 shows that |v,(i) — Ve(j)| < 1 and |ee(K) — e¢(1)] < 1. Hence the Mobius ladder graph ML (B) is

Nature of V(1) Vo(2) Vo(3) Vo(4)
- B B B B
B =0,2,4,6 (modulo 8) > > > >
_ B+1 B+1 B+1 B+1
A =1 (madulo &) —~ | | 7 | 7!
_ B+1 g+1 B+1 B+1
p =3 (modulod) = = | =z | =7t
_ B+1 B+1 B+1 B+1
B =5,7 (modulo 8) — — - 1 — - 1 —
Nature of B ey(0) ee(1) ee(2) e+(3)
B = 0,4(modulo 8) 3B 3B 38 38
4 4 4 4
B =1 (modulo 8) 38+1 38+1 3B+1_1 38+1
4 4 4 4
B = 2 (modulo 8) 36+2 38 +2 3B+2_1 38 +2
4 4 4 4
B = 3 (modulo 8) 3 —1 36—1 36— 1 3/;—1Jrl
4 4 4 4
B =5 (modulo 8) 38+1 38+1 38+1 3/?+1_1
4 4 4 4
B =6 (modulo 8) 38+2 36 +2 36 +2 3ﬁ+2_1
4 4 4 4
B =7 (modulo 8) 36—-1 36—-1 3,8—1_|_1 36—-1
4 4 4 4

quotient-4 cordial labeling.

Theorem: 3.5. Any Circular ladder CRL () is quotient-4 cordial if >3 and B #4.
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Proof: Let G be a Circular ladder graph CRL (8). Let V(G) ={ug: 1 <0 < B} U {vp:1 <0 <} and E(G) = {ugug,:
1<0<p—1}yU{vgvgs1:1 <0< -1} U{ugvg :1<6 <p }U{uug} U {vvg}. Here [V(G)|=2p, |[E(G)|=3B.

Define ¢: V (G) = {1, 2, 3, 4}.

The values of uy are labeled the following.

Case (i): When g =0, 1, 2, 7 (modulo 8).

Forl<6 < p.

o(ug)=1 if6 =1, 3 (modulo 8).

o (ug)=2 if6 =6,7 (modulo 8).

o (ug) =3 if 6 =0, 2, 4,5 (modulo 8).

Case (ii): When g = 3 (modulo 8).

For1l < 6 < B — 2, the labeling of u, values are same as case (i).
¢ (up) =0 (up_1) = 3.

Case (iii): When 8 = 4 (modulo 8).

For1<6 <p -1, the labeling of u, values are same as case (i).

¢ (ug) =4

Case (iv): When 8 =5 (modulo 8).

For1 <6 <p -3, the labeling of uy values are same as case (i).
¢ (Uﬁ) =30 (uﬁ—l) =l (uﬁ—z) =4.

Case (v): When 8 = 6 (modulo 8).

For1 < 6 < B — 4, the labeling of ug values are same as case (i).
0 (ug) = ¢ (up_1) = ¢ (up_2) =2, ¢ (up_3) = 4.

The values of v, are labeled the following.

Case (i): When g =0, 3, 7 (modulo 8).

For1<6 < g.

o (vg)=1 if6 =2,4 (modulo 8).

¢ (vg)=2 if6 =6,7 (modulo 8).

o (vg)=4 ife =0,1,3,5(modulo 8).

Case (ii): When § =1 (modulo 8).

Forl < 6 < —2,the labeling of vy values are same as case (i).

¢ (vg) =4, ¢ (vg—q) =1.
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Case (iii): When g = 2 (modulo 8).

For1< 8 < B -2, the labeling of vy values are same as case (i).
¢ (vg)=4,¢ (Vg_q)=2.

Case (iv): When 8 = 4 (modulo 8).

For1<6 <p -5, the labeling of v, values are same as case (i).
O (W) =0 (p—2) =4, 90 (p_1) =1, 0 (Vg—3) =@ (Vp_4) = 2.
Case (v): When g =5 (modulo 8).

For1< 6 <pB -3, the labeling of vg values are same as case (i).
0 (vg) =9 (vg_1) =2, 9 (vp_p) = 4.

Case (vi): When § = 6 (modulo 8).

For1< 6 <p —4,the labeling of vg values are same as case (i).

O ()= (vg_1) =3, 0 (vp_z) = 1,9 (vp_3) = 4.

Table 9
Nature of B Vo(1) Vo(2) Vo(3) Vo(4)
B =0,2 4, 6 (modulo B B B B
8) 2 2 2 2
B =1,3 (modulo 8) B+1 p+1_ B+1 p+1_
2 2 2 2
B = 5 (modulo 8) B+1 ﬁ+1_1 ﬁ+1_1 B+1
2 2 2 2
B = 7(modulo 8) B+1 B+1 p+1_ p+1_
2 2 2 2
Table 10
Nature of g e4(0) eo(1) eo(2) eo(3)
B = 0,4(modulo 8) 38 38 38 3B
4 4 4 4
B =1 (modulo 8) 36+1 3+1 3+1 36+1
4 4 4 4
B =2 (modulo 8) 3[)’+2_1 3B +2 3l>’+2_1 36+2
4 4 4 4
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B = 3 (modulo 8) 36-1 36—-1 3[3—1+1 36—-1
4 4 4 4

B =5 (modulo 8) 38+1 3+1 3+1 3/>’+1_1
4 4 4 4

B =6 (modulo 8) 33+2_1 38 +2 38 +2 3[>’+2_1

4 4 4 4

B =7 (modulo 8) 36-1 36—-1 36—-1 3/3—1+1

4 4 4 4

The above tables 9 and 10 shows that [ve(i) — Ve(j)| < 1 and |ee(K) — e4(1)] < 1. Hence the Circular ladder graph CRL (8)
is quotient-4 cordial labeling.

Theorem: 3.6. Any Pentagonal ladder PL () is quotient-4 cordial if g8 > 2.

Proof: Let G be a Pentagonal ladder graph PL (B). Let V (G) ={ug: 1 <6 <BYU{vg:1<0 <BIU{wy:1<80
ﬁ —1} and E (G) = {UQUQ+1: 1 < 9 < ﬁ - 1} V) {UQUQ . 1 < 9 < ﬁ} U {UgWg: 1 < 9 < ﬁ _1} U{W9U9+1: 1 < 9
B —1}. Here [V(G)|= 3B —1, |[E(G)|= 4B —3.

IN A

Define ¢: V (G) - {1, 2, 3, 4}.
The values of u, are labeled the following.
Case (i): When g =0, 1, 7 (modulo 8).
For1<6<§p.
o(ug)=1 if 6 =2,4,6 (modulo 8).
o (ug)=2 if & =7 (modulo 8).
o(ug)=3 if 6 =0,1,5 (modulo 8).
o(ug)=4 if 6 =3 (modulo 8).
Case (ii): When g =2, 3, 4, 5 (modulo 8).
For1 < 6 < B — 1, the labeling of u, values are same as case (i).
¢ (ug) =2.
Case (iii): When g = 6 (modulo 8).
For1 <6 <pB -1, the labeling of u,4 values are same as case (i).
o (ug) = 4.
The values of v, are labeled the following.
Case (i): When g =0, 1, 2 (modulo 8).
Forl< 6 < §.
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o (wg)=1 ife =1,3,5(modulo 8).
¢ (vg)=2 if6 =0,7 (modulo 8).

0 (vg) =3 if& =4 (modulo 8).

¢ (vg)=4 if6 =2,6 (modulo 8).

Case (ii): When g = 3, 4 (modulo 8).

For1 <6 < B — 1, the labeling of vy values are same as case (i).
o (v) =2.

Case (iii): When g =5, 6 (modulo 8).

For1 <6 <p -2, the labeling of vg values are same as case (i).
¢ (vg) =9 (vg_1) = 2.

Case (iv): When g = 7 (modulo 8).

For1<6 <p -3, the labeling of vg values are same as case (i).
0 (V)= (vg—2) = 2,9 (vg_1) = 4

The values of wg are labeled the following.

Case (i): When 8 =0, 1, 2, 3, 5, 7 (modulo 8).

Forl< 6 <§p.

o (wg)=2 if6 =4,6,7 (modulo 8).
¢ (wg)=3 if6 =2, 3 (modulo 8).

o (wg)=4 if6=0,1,5(modulo 8).

Case (ii): When 8 = 4, 6 (modulo 8).

For1 < 6 < B — 1, the labeling of wy values are same as case (i).

Table 11

Nature of S Vo(1) Vo(2) Vo(3) Vo(4)

B = 0 (modulo 8) 38 38 3B 38,
4 4 4 4

B =1 (modulo 8) 3+1 3B+1 3+1 3p+1_
4 4 4 4

f = 2 (modulo 8) 38 -2 3 —2 3p -2 -2
4 4 4 4

B = 3,7(modulo 8) 36 -1 36—-1 36-1 3-1
4 4 4 4
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B = 4 (modulo 8) 38 38 38, 38
4 4 4 4
B = 5 (modulo 8) 36+1 36+1 3ﬁ+1_1 3B+1_1
4 4 4 4
B = 6 (modulo 8) 3-2 36—-2 33—2+1 3p -2
4 4 4 4
Table 12
Nature of f e4(0) eo(1) eo(2) ee(3)
B = 0,1,6,7(modulo 8)
-1 B—1 B—1 B
B = 2,3 (modulo 8)
g—1 B-1 B B-1
B = 4,5(modulo 8)
B p—1 p—1 -1

The above tables 11 and 12 shows that V(i) — Vo(j)] < 1 and |eo(K) — e4(1)| < 1. Hence the Pentagonal ladder graph PL
(B) is quotient-4 cordial labeling.

Theorem: 3.7. Any Pentagonal Circular ladder PCL (B) is quotient-4 cordial if g > 3.

Proof: Let G be a Pentagonal Circular ladder graph PCL (B). Let V(G) ={ug : 1 <0 <B}IU{ve:1<0 <B}U{wy:1
<0 Sﬁ} and E(G) = {'ngll9+1: 1<6 S,B— 1} U {ugvg 11<86 5,8} V) {'UgWg: 1<6 Sﬁ} U{W9U9+1: 1<6<
B —1}U {usug} U {vywg}. Here [V(G)|= 35, |E(G)|= 48.

Define ¢: V (G) - {1, 2, 3, 4}.

The values of ugy are labeled the following.
Case (i): When g =0, 5, 7 (modulo 8).
For1<6 < p.

o(ug)=1 if 6 =2,4,7 (modulo 8).

o (ug)=3 if 8 =0, 3 (modulo 8).
o(ug)=4 if 6 =1,5, 6 (modulo 8).
Case (ii): When g =1 (modulo 8).

For1 < 6 < B — 1, the labeling of ugy values are same as case (i).
¢ (up) = 1.

Case (iii): When g = 2, 3 (modulo 8).

For1<6 <p -1, the labeling of uy values are same as case (i).
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¢ (ug) =4

Case (iv): When g = 4 (modulo 8).

For1<6 <p -2, the labeling of ug values are same as case (i).
0 (ug) = ¢ (ug_1) = 4.

Case (v): When 8 = 6 (modulo 8).

For1 < 6 < B — 1, the labeling of ug values are same as case (i).
¢ (up) = 2.

The values of v4 are labeled the following.

Case (i): When g = 0, 7 (modulo 8).

Forl<8 < 6.

o (vg)=1 ife=0,1,3(modulo 8).

¢ (vg)=2 if@ =5,6,7 (modulo 8).

¢ (vg) =3 if6 =2,4 (modulo 8).

Case (ii): When B = 1 (modulo 8).

For1 < 6 < B — 1, the labeling of vy values are same as case (i).
¢ (vg) = 4.

Case (iii): When g = 2 (modulo 8).

For1<6 <p -1, the labeling of vy values are same as case (i).
¢ (vg) = 1.

Case (iv): When g = 3 (modulo 8).

For1<6 < B -1, the labeling of vy values are same as case (i).
¢ (vg) = 2.

Case (v): When 8 = 4 (modulo 8).

For1 < 6 < B — 3, the labeling of vy values are same as case (i).
o (p)=1,¢ (Vg_1) =0 (vg_z) = 2.

Case (vi): When 8 =5 (modulo 8).

For1<6 < B -2, the labeling of vy values are same as case (i).
¢ (V) =0 (vg—1) = 2.

Case (vii): When 8 = 6 (modulo 8).

For1 <6 <p -3, the labeling of vy values are same as case (i).
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0 (W) =09 (Vp-1)=2,0 (vp_,) = 1.

The values of wy are labeled the following.

Case (i): When g = 0, 6 (modulo 8).

Forl< 6 <p.

¢ (wg)=2 if6=5,6,7 (modulo 8).

¢ (wg)=3 if6 =2,4 (modulo 8).

o (wg)=4 if6=0,1, 3 (modulo 8).

Case (ii): When 8 =1 (modulo 8).

For1 < 6 < B — 1, the labeling of wy values are same as case (i).
¢ (wg) =2.

Case (iii): When 8 = 2 (modulo 8).

For1 < 6 < B — 2, the labeling of w, values are same as case (i).
o (wg)=2,0(wpg_1)=3.

Case (iv): When g = 3 (modulo 8).

For1 < 6 < p — 3, the labeling of wy values are same as case (i).
O (wWg)=2,0(wWp_1)=1,¢ (Wg_3) =3.

Case (v): When 8 = 4 (modulo 8).

For1 < 6 < B — 4, the labeling of wy values are same as case (i).
O (Wg) =@ Wg_1) =@ (Wg_3) =3, 0 (Wg_p) = 2.

Case (vi): When 8 =5 (modulo 8).

For1l < 6 < B — 2, the labeling of wy values are same as case (i).
¢ (W) =¢ (Wg_1) = 2.

Case (vii): When 8 = 7 (modulo 8).

For1 < 6 < B — 1, the labeling of wy values are same as case (i).
¢ (wp) =3.

Table 13

Nature of p Vo(1) Vo(2) Vo(3)

B = 0,4(modulo 8) 3B 3p 3p
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B =1,5(modulo 8) 36+1 36+1 36+1 1 36+1
4 4 4
B = 2 (modulo 8) 3+2 36+2 3[>’+2_1 38 +2
4 4 4
B = 3 (modulo 8) 35—1_|_1 36—-1 36—-1 36—-1
4 4 4
B =6 (modulo 8) 38 +2 38 +2 3[>’+2_1 33+2_1
4 4 4
B = 7 (modulo 8) 36—-1 36—-1 3ﬁ—1_|_1 36—-1
4 4 4
Table 14
Nature of B e(0) | eo(1) | €p(2) | ey(3)
B = 0,1,2,3,4,5,6,7(modulo 8) B B B B

The above tables 13 and 14 shows that [Ve(i) — Vo(j)| < 1 and |eg(K) — ee(1)] < 1. Hence the Pentagonal Circular ladder

graph PCL (B) is quotient-4 cordial labeling.

Theorem: 3.8. Any Hexagonal ladder HL (B) is quotient-4 cordial if 8 > 2.

Proof: Let G be a Hexagonal ladder graph HL (B8). Let V (G) ={tp:1<0 <B -1} U{ug :1<0< p}U{vg:1<0<
Pru{wgl<O<p-1}and E(G)={toug:1<0 <P -1} U {tgugs1:1 <0 <f -1} U{ugryg:1<6 <p}

U{UgWg: 1<6 S,B —1} U {'Ug+1W9: 1<6< ,3 —1} Here |V(G)|: 43 -2, |E(G)| = 5‘8 —4.

Define ¢: V (G) = {1, 2, 3, 4}.

The values of t4 are labeled the following.
Case (i): When g =0, 1, 2, 7 (modulo 8).
For1<6 <p.

o (tg) =2 if 6=0,1,2,3,4,5 (modulo 8).
¢ (tg) =4

Case (ii): When g = 3 (modulo 8).

if 6 =6, 7 (modulo 8).

For1 < 6 < f — 1, the labeling of t, values are same as case (i).
¢ (tg) =3.

Case (iii): When 8 = 4 (modulo 8).

For1l < 6 < B — 2, the labeling of t, values are same as case (i).
9 (tg) =2, (tg_1) = 3.

Case (iv): When 8 =5 (modulo 8).
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For1l < 6 < B — 2, the labeling of t, values are same as case (i).
o (tp)=1,0 (tg_1) = 2.

Case (v): When 8 = 6 (modulo 8).

For1 < 6 < B — 2, the labeling of tg values are same as case (i).
o (tg) =4, 0 (tg_1) = 3.

The values of u, are labeled the following.

Case (i): When B =0, 1, 3, 4 (modulo 8).

Forl<8 < 6.

o(ug)=1 if 8 =1,2,4,5 (modulo 8).

o (ug)=2 if 6 =0, 3,7 (modulo 8).

o(ug)=4 if & =6 (modulo 8).

Case (ii): When g = 2 (modulo 8).

For1 < 6 < B — 1, the labeling of ug values are same as case (i).
¢ (ug) =2.

Case (iii): When 8 =5 (modulo 8).

For1 <6 <p -2, the labeling of ug values are same as case (i).

¢ (ug) =3,0 (ug_,) =4

Case (iv): When 8 = 6 (modulo 8).

For1<6 <p - 2,the labeling of ug values are same as case (i).

¢ (Uﬁ) =2,¢ (uﬁ—l) =3.

Case (v): When g = 7 (modulo 8).

For1 < 6 < B — 3, the labeling of ug values are same as case (i).
O (ug)=2,0(ug-1)=1,0(up_) =4

The values of vy are labeled the following.

Case (i): When g =0, 1, 3, 4,5, 7 (modulo 8).

Fori1< 6 <g.

¢ (vg)=1 if 8 =0 (modulo 8).

¢ (vg) =2 if§ =3,7 (modulo 8).

¢ (vg)=3 ife =1,4,5,6 (modulo 8).

¢ (vg) =4 if 6 =2 (modulo 8).
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Case (ii): When g = 2, 6 (modulo 8).

For1 < 6 < B — 1, the labeling of vy values are same as case (i).
¢ (vg) =2.

The values of wy are labeled the following.

Case (i): When g =0, 1, 2,5, 6,7 (modulo 8).

Forl< 6 < p.

o(wg)=1 ife =1,4,5(modulo 8).
¢ (wg)=2 if & =2 (modulo 8).

o (wg)=3 ife =0,3,6,7 (modulo 8).

Case (ii): When g = 3 (modulo 8).

For1 < 6 < B — 2, the labeling of wy values are same as case (i).
¢ (wg)=2,0 (wg_q)=3.

Case (iii): When 8 = 4 (modulo 8).

For1l < 6 < B — 2, the labeling of wy values are same as case (i).

o (W) =2,0 (wWz_,) =4

Table 15
Nature of S Vo(1) Vo(2) Vo(3) Vo(4)
B =0,2,4 (modulo 8)
B B B—1 B—-1
B =1,5,6 (modulo 8)
B B—1 B B-1
B = 3 (modulo 8)
B-1 B B B-1
B =7 (modulo 8)
B B—1 p—1 B
Table 16
Nature of S e4(0) eo(1) eo(2) ee(3)
B = 0,4 (modulo 8) 56—4 56—4 5B —4 Sp—4
4 4 4 4
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The above tables 15 and 16 shows that |[ve(i) — Ve(j)] < 1 and [ee(K) — e4(1)] < 1. Hence the Pentagonal Circular ladder

B =1 (modulo 8) 5-1) 5(8—-1) 58-1) 5-1) ‘1
4 4 4 4
B = 2,6 (modulo 8) 5ﬁ—2_1 5[)’—2_1 58 -2 58 —2
4 4 4 4
B = 3 (modulo 8) 56 -3 58 -3 58 —3 5,6’—3_1
4 4 4 4
B =5 (modulo 8) 5(B-1) 41 5B-1) SB-1) SB-1)
4 4 4 4
B = 7(modulo 8) 56-3 56-3 5[3—3_1 58 -3
4 4 4 4

graph HL (B) is quotient-4 cordial labeling.

4. CONCLUSION

Some ladder graphs which are quotient-4 cordial are studied and works are presented in this paper. Our future work will

be on finding the existence of this labeling on varies families of graphs.
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