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Abstract:-A graph G with vertex set V consisting of p vertices and edge set E consisting of g edges is said to be
Bicondtional cordial labelling if there exists a function f:V — [0,1] such that the induced edge labeling is

) Lif fw) =f(v)
Fa ={o it ) 7 1)
1.In this paper we construct and studyon the duplicate of Mirror graphs of even Path B,, Even Cycle C,,, Even
Ladder graph L,,, Bi star graph B(m,n), where m and n are even and prove that they are Bioconditonal cordial
labeling graph.

for uv € E(G) satisfying the condtion |vy(1) — v(0)} < 1, |e;(1) — e;(0)| <
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1. Introduction

We consider only simple finite graph with vertex set V consisting of p vertices and edge set E consisting of g
edges. Gallian J.A[2] has given a dynamic survey of graph labelling. In graph theory Alex Rosa[6] introduced
the concept of a, 8, p labelling. The concept of graph labeling is to label vertices, edges or both. Different
graph labelling is being studied by researchers and labeling of graphs as many wide applications in
crystallography, communication networks. Cordial labeling is one important labelling model and in this context
Murali, K.Thirusangu, Madura Meenakshi[5] introduced the concept of Bi Condtional Cordial labelling. Lee
and Liu studied on mirror graphs[4]. E-Cordial labeling of some mirror graphs are studied by S. K. Vaidya and
N.B Vyas[8]. Further mirror graphs of Bi star and ladder graph are studied by P.Sumathi and B.Fathima[7].
Concept of Duplicate graphs was introduced by E.Sampathkumar and many results were obtained on it.
Motivated towards the Mirror graph and duplicate graph we introduce the concept of duplicate of mirror graphs
and in this paper we construct duplicate of mirror graphs Path B,, Cycle C,,, Even Ladder graph L,, Bi star
graph B(m,n) where m and n are even and prove that the graphs so constructed admits Bi Conditional Cordial
Labeling. All preliminary concepts are from F.Harary[3]..

2. Preliminaries

Definition 2.1 : A duplicate graph of G(v,E) denoted by DG(V1,E1) where the vertex set V; =V u V' and V n
V'=¢and f:V - V' is bijective (for v € V, we write f(v) = v') and the edge set E; of DG is defined as a the
edge uv € E if and only if uv’ and u'v are edges in E;.

Definition 2.2 : The ladder graph L,, is a plane undirected graph with 2m vertices and 3m-2 edges.

Definition 2.3 : Bistar graph B(m,n) is obtained by joining m pendant edges to each end of K,.
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Definition 2.4 : A graph is said to be Bi Conditional Cordial Labeling if there exists a function f:V — [0,1]
Lif f(w) = f(v)

such that the induced edge labeling is f*(u”):{o if fw) # f(w)

for \uv € E(G) satisfying the
condtions|v; (1) — v£(0)| < 1,|es(1) — ef(0)| < 1.

Definition 2.5 : A bipartite graph G with partite sets V; and V,. Let G’ be a copy of G and V;" and V,’ be the
copies of V; and V,. The mirror graph denoted by M(G) is obtained from G and G’ by joining each vertex of V,
to the corresponding vertex in V,’ by an edge.

3. Main Results

31 Construction of Duplicate even mirror path graph DG (M (P,,,)) as follows :

Consider the evrn mirror of path graph M(P,,) with vertex set {v;, v,, v, ..., Van, W1, Wy, W3, ..., W, } and the
edge set{eq, ey, €3, . €an_1, f1, for far woos fon1, i, Loy I3, o Iz}, The duplicate mirror graph of path graph
denoted by DG(M(BY)) consists the vertex set
{V1, V3, V3, v Vgppy Wy, W, W, . Wop, U1, Us, U3, . Vi, Wi, Wy, W5, ... Wy, } and the edge set consists of f(e}) =
VW4 fori=1,2,....2n-1, f(e?) = v; ;4 w; fori=1,2,...2n-1, f(e?) = viw;,, ' fori=1,2,...2n-1,

fle)) = viw' for i=1,2,...2n-1, f(e7) = wyv;’ for i =2,4,....2n, f(ef) = w]v; for i=2,4,...,2n. In general
duplicate of even mirror graph DG (M (P,,,)) consists of 4n vertices and 10n-4 edges.

Theorem.3.2 : Duplicate even mirror graph of path DG (M (P,,)) is biconditional cordial labeling graph.Proof:
Consider Duplicate even mirror graph DG (M(P,,,)). Define a function £:V — {0,1}. Let us label the vertices as
follows

_(0,i =1(mod 2)
fl) = {1,i =0 (mod 2)

~ _ (0,i=1(mod 2)
fli) = {1,1' = 0 (mod 2)

_(0,i = 1(mod 2)
fwi) = {1,1‘ = 0 (mod 2)

, 0, i = 1(mod 2) ) ..
fw) = 1,i = 0 (mod 2)for [=1,2,...,n Then the induced edge labeling is

f*(viw;yq) = 1fori=1,2,...,,n-1
* (w;v;4,) =1 fori=1,2,...,n-1
f*(wjw;4,) = 0fori=1,2,..n-1
f*(wvi,) =0 fori=1,2,...,n-1
frvw)) = 1fori=2,4,....2n

f*(wiw;) =0 for i=2,4,...,2n We find that duplicate mirror graph of path DG (M (P,,)) admits hiconditional
cordial labelling satisfying the condtion|vs(1) —v;(0)| <1 , |ef(1) —ef(0)] < 1. The following table
illustrates the number of vertices and edges labelled with 1’s and 0°s

Number of Vertices Number of Edges

ve(0) = ve(1) = 2n er(0) = es(1) =5n—2
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Fig.3.1 :Duplicate even mirror graph of Path graph DG(M(P,))
3.2 Construction of Duplicate even mirror cycle graph
We construct duplicate even mirror cycle graph C,, denoted by DG (M (C,,,)) as follows:

Consider the even mirror of cycle graph M(C,,,) with vertex set {v,, v,, Vs, ..., Vo, Wy, Wy, W3, ..., Wy, } and the
edge set {es, ey €3, ., €1, f1, f2r f3r -» fon—1, lis Lo, I3, ... l2n }, The duplicate mirror graph of cycle graph
2

denoted by DG (M(C,,)) consists the vertex set {vy, Vy, ... Vap, W1, Wa, woe, Wap, U1, V3, V4, wee U, Wi, WS, .o, Wiy}
and the edge set consists of f(e}) = viw;,; for i=1,2,....2n-1, f(e?) = v;,,w; for i=1,2,...2n-1, f(ed) =
viwiyy ' for i=1,2,..20-1, f(e}) =viw;' for i=1,2,...,2n-1, f(ef) =wv; for I =24,....2n. f(e) =
VopWi.f(€) = vyw 5, f(e'") =vi,w,', f(e'")=wviw,,’. In general duplicate of even mirror graph
DG(M(C,y)) consists of 4n vertices and 10n edges

Theorem.3.4 : Duplicate even mirror cycle DG (M (C,,,)) graph is biconditional cordial labeling graph.

Proof: Consider Duplicate even mirror graph of Cycle DG(M(C,,)). Define a function f:V — {0,1}. Let us
label the vertices as follows
_ (0, i =1(mod 2)
fw) ‘{ 1,i = 0 (mod 2)
~ _ {0, i = 1(mod 2)
f(”i)‘{ 1,i = 0 (mod 2)

_ (0, i =1(mod 2)
fw) = {1,1’ = 0 (mod 2)
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~ _ (0, i=1(mod 2)
f(Wi)_{l,iEO(modZ)

forI=1,2,...n.
Then the induced edge labelling is
f*(wwi;q,) = 1fori=1,2,...,n-1
f*(wvip,) =1 fori=1,2,...,n-1
f*(wwiy,) =0 fori=1,2,...,n-1
f*(wvi,,;) =0 fori=1,2,...n-1

ffoyywi) =1fori=24,....2n

fr(wiw;) =0 fori=24,....2n

fr(wiwy) =0
f*(vnwl) =0

f*(viwy,) = 1f*(v,w;) = 1.We find the duplicate mirror graph of Cycle DG(M(C,,)) admits biconditional
cordial labelling satisfiying the conditions |v(1) — v-(0)| <1 and |ef(1) — e;(0) < 1. The following table

illustrates the number of vertices and edges labelled with 1’s and 0’s

Number of Vertices

Number of Edges

ve(0) = ve(1) = 2n

er(0) = ef(1) =5n

Fig 3.2 : Duplicate Mirror Cycle graph DG(M(C,))

3.5 Construction of duplicate mirror graph of Even Ladder graph denoted by DG (M (L,,,))
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We construct duplicate mirror graph of Even Ladder graph denoted by DG(M(LZn)) as follows:

Consider the Mirror of even ladder graph M(Lyy) with vertex set
{ug, Uy, Uz, oo Upp, V1, Vg, Vs, oo Vg, Wy, Wo, Wa, oo Wop, by, b, o o} and the edge set
{e1, e, €3, .., €201, f1, 2, f30 o0 fan-1, 91, 92, 93 ) Gan-1} U {Ry, ho, B3, oo o1 3 U

{1, 1,15, . lyn_q, My, My, .., Myp_q, Ny, Ny, N3, ..., Nyp_1}. Duplicate even mirror ladder graph denoted by
DG(M(L,,)) consists the vertex set{u,,u,, Us, ..., Usy, V1, Vg, Vs, een, Vg, W, Wo, W3, oo Wop, I, Ly, oo, 1} U
{ul, us, ug, oo, Upy, V1, Vg, Vg, e Vg, Wi, Wo, . Wap, Uy, 15,15, .., 15,3 and  the  edge set  consists  of
{er, €263, .., €201, f1, f2, f3 - fan-1, 91, 92- 93 ) G2n-1} U {hy, Ry, s, o By 1} U

{Li, L s, e o, My, My, Mg oMy, Ny, Ny, N3, e N1 U

{edser) s’ eon i f1, f7, f3 o fan-1,91, 95, 95" ) Gan-1"Y U {hy' o' hs', o ohg 1} U

{1, 5, 15, ., ey, my, my,ms, .. Myp_1 ', My, 5", 03", oy 1} .In general duplicate even mirror ladder graph
DG (M(L,,,)) consists of 8n+8 vertices and 14n+6 edges..

Theorem.3.6: Duplicate Mirror of Even Ladder graph DG (M (L,,)) is biconditional cordial labelling graph.

Proof: Consider Duplicate mirror graph of Even Ladder DG (M(L,)). Define a function f:V — {0,1}. Let us
label the vertices as follows.

_ (0, i = 1(mod 2) a
flu) = {1.i = 0 (mod 2) where i=1,2,...2n

f(v;) =0 if fori=1,2,...,2n

_ (0, i =1(mod 2)
flw) = {1,1’ = 0 (mod 2)

f(;) =0 fori=1,2,...,2n.

where 1 =1,2,....2n

f(uy) =1fori=1,2,...,2n

~ _ (0, i = 1(mod 2) -
fw) = {1,i = 0 (mod 2) where i=1,2,...,2n

f(w)) =1fori=1,2,...,2n

~ _ (0, i = 1(mod 2)
f(li)—{LiEO(modZ)

where i=1,2,...,.2n
Then the induced edge labeling is
fr(u,,) = 0fori=1.2,...2n
fr(uipquy) = 1fori=1,2,..,2n
f*(vvi,) =0 fori=1,2,....2n
frWipq1v)) =1fori=1,2,....2n
f*(w;w;,,) =0fori=1,2,....2n
f*(wipwi) =1 fori=1,2,...,2n
i) =0fori=1,2,...,2n
f*iy1 1)) =1forT=1,2,....2n
f*(wv)) =1 fori=1,2,....2n
f*(wu) = 0for1=1,2,....2n
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frwl})) =1for1=1,2,....2n
f*(yw]) = 0 fori=1,2,...,2n
f*w;l)) =1 fori=1,2,...,.2n
f*w)) =0forI=1,2,...,2n
f*(v;w{) =0forl =1,2,....2n
f*(w;v)) =1forI=1,2,....2n

We find that duplicate even mirror graph of ladder DG(M(L,,)) admits biconditional cordial labelling
satisfying the condtions|vf(1) —vf(0)| <1 and |e(1) —ef(0) <1. The following table illustrates the
number of vertices and edges labelled with 1’s and 0’s .

Number of Vertices Number of Edges

vp(0) =ve(1) =4n + 4 ef(0) =e(1)=7n+3

u(0) 4°(1)  v1(0) (D 1(0)  I(0)

S’

SOREORNEY
() 5O\ 15°0)
ve'(1) W4(}_).,,.v, W' (1) 14(02,.,_._;;;

.\___jz’(l)
w7 us’ (1) V(0 X

w( Ly

»- \,,,‘,.\u;(l) f 0y 4(1)

Fig.3.3: Duplicate even mirror graph of Ladder graph DG(M(L,))

3.7 Construction of duplicate mirror graph of Bi Star graph B(m,n) denoted by DG (M (B (m,n)) where m and n
are even

We construct duplicate mirror graph of Bi Star graph B(m,n) denoted by DG(M(B(m, n)) where m and n are
even as follows:

Construct the Mirror of Bi Star graph B(m,n) denoted by M(B(m,n)) with  vertex set
{u, V, Uy, Up, Uz, oeny U, W,V Uy Uy U] ...,uZn’}.and the edge set

{er ez €3, €201, f1, 2, f3 - fon-1, 91, 92- 93 -+ Gan-1} U {hy, Ry, B, o Ry 1 3 U
(L, L, L5, o oy, My, My, Mg ... Myp_q1, Ny, Ny, Ny, ... N1} . Duplicate mirror graph of Bi Star graph denoted
by DG(M(L,)) consists the vertex set {uy, uy, U, .., Ugp, V1, Vg, V3, wev, Vagy Wy, W, Wy e Wa, Iy, Lo, Ls ooe, I} U
{u uy ug’ o Uy V1, V5, V5 Vg Wy Wy ws w1 L 1 15, and the edge  set consists  of
{er, €263, -, €201, f1, f2, f3 - fan-1, 91, 92- 93 ) G2n-1} U {Ry, ha, Rs, o Ry 1} U
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{Li, L s, e o, My, My, Mg .My, Ny, Ny, N3, o N1 U

{er er' es’s o eont L f3 f5 o fane1, 91, 92, 95 o Gan-1 '3V {hy' Ry Ry g 13U
{1, 0, 0, ., ey, my, my, ms, . Myp_1 ',y 5" 03", g1}
DG (M(B(m,n)) consists of 14n+2 vertices and 12n+28 edges.

In general duplicate of mirror graph

Theorem.3.8 : Duplicate Mirror Bistar graph DG (M (B (m,n)) where m and n are even is biconditional cordial

labeling graph.

Proof: Consider Duplicate mirror graph of DG(M(B(m, n)) when m and n are even. Define a function f:V —

{0,1}. Let us label the vertices as follows

fu) =0
fu)) =0
fluz) =0
fluz) =1
f) =1
fi)=0
flz) =0
fllz) =1

_(1fori=1(mod?2)
f(my) = {0 for i =0 (mod 2)

n _(1fori=1(mod?2)
f(mi)_{OforiEO(modZ)

_(1fori=1(mod?2)
fn) = {Ofori = 0 (mod 2)

n _(1fori=1(mod?2)
f(ni)_{OforiEO(modZ)

f(a;)) =0 fori=1,2,....2n
f(a;) =1for1=1,2,....2n
f(b;) =0 fori=1,2,....2m
f(bj) =1fori=1,2,....2n

Then the induced edge labeling is as follows

f*(uym;) =0 fori = 1(mod 2)
f*(u'my) =0 fori = 1(mod 2)
f*(uym}) =0 fori = 0 (mod2)
f*(uym,) = 0fori =0 (mod 2)
f*(uyn}) = 0 fori =1 (mod 2)
f*(uiny) = 0fori = 1(mod 2)
f*(uyny) = 0 fori =0 (mod 2)
f*(uin;) = 0 fori =0 (mod 2)
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f*(ha)) =1 fori=1,2,..,2n
f*(ia)) =1fori=1,2,..,2n
f*(lhaz) = 1 fori=1,2,...,2n
b)) =1 fori=1,2,....2n
friby) =1fori =1,2,..,2n
f*iby) =1 fori=1,2,....2n
fr(lp,) = 1fori=1,2,...2n
f*(iby) =1 fori=1,2,....2n
frwuy) =0

frwu,) =0

frlhlz) =0

frhl;) =0

Hence the duplicate mirror of bistar graph DG(M(B(m, n)) where m and n are even is biconditional cordial

labeling graph satisfying the conditions |vf(1) - vf(0)| <1 and |es(1) —ef(0) < 1. The following table
illustrates the number of vertices and edges labelled with 1°s and 0’s

Number of Vertices Number of Edges
ve(0) =ve(1) =7n+1 er(0) = e;(1) = 6n + 14
@
” my (1) a,°(0)
b g™ —m2(1) a2(0) e ﬂ
. m;"(0)-g— = & (l) ~i'11 (0)
, 111(0) 5‘
w(0) ‘— — (1) by & 1:(0)
n,(1)®~_  by0) 2R e 8 Y
A‘ - >
\.,-——“""_-J_‘___M__ . ,
1n2°(0) b2’()®

Fig.3.4: Duplicate mirror graph of Bistar graph DG(M(B(2,2))
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4 Results

In this paper we have constructed and studied on duplicate even mirror of path graph, cycle graph, Ladder graph
and Bi star graph and proved that they are biconditional cordial labelling graphs. We in our future work propose
to identify and study on some more graphs for which duplicate mirror concept can be applied on.
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