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Abstract:

A graph G(V,E) is called a Contra
Harmonic mean graph with p vertices and q edges, if
it is possible to label the vertices xeV with distinct
element f(x) from 0,1,...,q in such a way that when
each edge e = uv is labeled with

- fW?+f(@)? ORIIOH N
fe=w) = Sanero Fa+ 1) [ with
distinct edge labels. Here f is called a Contra
Harmonic mean labeling of G.
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1. INTRODUCTION

All graph in this paper are simple, finite, undirected.
Let G be a graph with p vertices and q edges. For a
detail survey of graph labeling we refer to Gallian
[1]. For all other standard terminology and notation
we follow Harary [2]. S. Somasundaram and
R.Ponraj introduced mean labeling for some standard
graphs in 2013 [3]. S. Somasundaram and S.S.
Sandhya introduced Harmonic mean labeling of
graph [4]. We have introduced Contra Harmonic
mean labeling in [5].The Contra Harmonic mean
labeling of disconnected graphs are introduced in [6].
In this paper we investigate the Contra Harmonic
mean labeling behaviour of some more disconnected
graphs. The following definition are useful for our
present study.

Definition 1.1

A graph G (V,E) is called a Contra
Harmonic mean graph with p vertices and g edges, if

it is possible to label the vertices xeV with distinct
elements f(x) from 0,1,...,q in such a way that when
each edge e = uv is labeled with
f(u)2+f(v)2] FW)2+f ()2
f)+fw) F)+f ()
edge labels. Here f is called a Contra Harmonic
mean labeling of G.

Definition 1.2: The union of two graphs G; = (V1E/)
and G, = (V,, Ey) is a graph G = G;UG, with vertex
set V=V,;UV, and edge set E = E;UE,.

f(e=uv) =

Jwith distinct

Definition 1.3: The corona of two graphs G; and G,
is the graph G = G, G, formed by taking one copy
of G; and |V(G,)| copies of G, where the i" vertex of
G, is adjacent to every vertex in the i"copy of G,.

Definition 1.4: A graph G is called a (nxm) -flower
graph if it has n vertices which form a n —cycle and n
sets of m-2 vertices which form m-cycles around the
n-cycle on a single edge. This graph is denoted by

1:nx3 .

Theorem 1.5: Any Path is a Contra Harmonic mean

graph.

Theorem 1.6: Any Cycle is a Contra Harmonic mean
graph.

Theorem 1.7: Any Comb is a Contra Harmonic
mean graph.

Theorem 1.8: Any Crown is a Contra Harmonic
mean graph.

2. Main Results
Theorem: 2.1 (C,n®© K3)UP, is a Contra Harmonic

mean graph for m> 3.
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Proof: Let uju,....uy, be the cycle C,,. Let v;,w; be the
vertices of K3 that are joined to the vertex u; of C,
1<i<m.

Let P, be a path with vertices z;....z,.

Let G = (Cn©OK3) UP,,.
Define f: V(G) — {0,1,...,q} by
f(u;) = 4i-3, 1<i<m-1 |, f(uy) = 4m-2
f(vy) = 2, f(v;) = 4i-4, 2<i<m

f(w;) = 4i-1, 1<i<m-1, f(wy) = 4m
f(z,) = 0, f(z;) = 4m+i-1, 2<i<n
Then the distinct edge labels are

f(uilli1) = 4, 1<i<m-1, f(unuy) = 4m-2
f(uivi) = 4i-3, 1<i<m

f(uws) = 4i-1, 1<i<m-1, f(UnWm) = 4m

fviw)) = 4i-2, 1<i<m-1, f(vi,wy,) = 4m-1

f(z; zi+1) = 4m+i, 1<i<n-1
Clearly, (C,y®OK3)UP, is a Contra Harmonic mean
graph.

The Contra Harmonic mean labeling of
(CsOK3) UPs is

Figure: 1
Theorem 2:2
(Cn®OKj) U (P,OK,) is a Contra Harmonic mean
graph, for m> 3..

Proof: Letu...... up, be the cycle C,,. Let v;,w; be
the vertices of K; that are joined to the vertex u; of
Co. The resultant graph is (C, ©OKj).

Let P, be a path with vertices t;....t, and let
s; be the vertex that are joined to the vertex t;, 1<i<n
of P,.. The resultant graph is (P,®OKy).
Let G = (C OK3) U(P,OKy).

Define f: V(G) — {0,1....,q} by
f(u;) = 4i-3, 1<i<m-1 ,f(u,) = 4m-2
f(vy) =2, f(v;) = 4i-4, 2<i<m
f(w;) = 4i-1, 1<i<m-1, f(wy,) = 4m
f(ty) = 0, f(t;) = 4m+2i-2, 2<i<n
f(s) =4m+2i-1, 1<i<n

Then the distinct edge labels are
f(uiv;) = 4i-3, 1<i<m
f(viw;) = 4i-2, 1<i<m-1
(VW) = 4m-1,
f(uw;) = 4i-1, 1<i<m-1, f(upwy,) = 4m
f(u; ui+1) = 4i, 1<i<m-1, f(u,uy) = 4m-2
f(t; tiy1) = 4m+2i, 1<i<n-1
f(tis) = 4m+2i-1, 1<i<n

Clearly, f is a Contra Harmonic mean graph of G.
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The Contra Harmonic mean labeling of

(Cs OK3)U(PsOKy)

L] 22 24 26 28 30
- - - -
2-1 1.3 25 2;’ 29 31
Figure: 2
Theorem 2.3

(Cn©OK3) U(P,OKs) is a Contra Harmonic mean
graph, for m> 3..
Proof:

Let uy....uy be the cycle Cy,. Let, v;, w;, be
the vertices of K; that are joined to the vertex u; of
Cm. The resultant graph is (C, ©OK3).

Let P, be a path and let s;, x; be the vertices

of K3 that are joined with the vertices t; of P, 1<i<n.

The resultant graph is (P, ®OKo).

Let G= (C, ©OK3) U (P,OK3)

Define a function f: V(G) —»{0,1,...,q} by
f(uy) =0, f(u;) = 4i-3, 2<i<m-1, f(u,) = 4m-2
f(vy) = 1, f(vj) = 4i-4, 2<i<m
f(w;) = 4i-1, 1<i<m-1, f(w,,) = 4m
f(t) = 4m+4i-3, 1<i<n
f(si) = 4m+4i-2, 1<i<n
f(x;) = 4m+4i-1, 1<i<n

Then the distinct edge labels are
f(upvy) = 1, fupv,) = 4, f(uivy) = 4i-3, 3<i<m
f(viw;) = 4i-2, 1<i<m-1 and f(v,Wp) = 4m-1,
f(uw;) = 4i-1, 1<i<m-1, f(Upy, Wy) = 4m
f(U1U2) =5, f(UiUi+1)=4i, ZSiSm'l,
f(umuy) = 4m-2
f(titir1) = 4m+4i, 1<i<n-1
f(tisi) = 4m+4i-3, 1<i<n
f(tiXi) =4m+4i-1, 1<i<n
f(six;) = 4m+4i-2, 1<i<n

Clearly, fis a Contra Harmonic mean graph of G.

The Contra Harmonic mean labeling of

(C5®K3) U (P4®K3) is

ISSN: 2231-5373

http://www.ijmttjournal.org

Page 257




International Journal of Mathematics Trends and Technology (IJMTT) — Volume 46 Number 4 June 2017

21‘ 1_3 1.6 2‘? ?vl] 3-1 _3-4 ?5
li 1-5 29 9:3
Figure: 3
Theorem2.4: ((C,®K,) © K;3) U P,is a Contra
Harmonic mean graph, for m> 3. .
Proof:

Let ujUs....uy, be the cycle C,.. Let v; be the
vertex which is adjacent to u;, 1<i<m. The resultant
graph is C,®OK;. Let x; y; be the vertices of Kj
which are attached to each of the vertex v; The
resultant graph is ( (Cr, ©OK;) © K3).

Let P, path with vertices t;..t,.
Let G = ((Cn©K,y) © Kz) LUP,
Define f: V(G) —»{0, 1,...,q} by
f(uy) = 1, f(u;) = 5i-1, 2<i<m-1,f(u,,) = 5m
f(vy) = 2, f(v;) = 5i-2, 2<i<m
f(xy) = 3, f(x;) = 5i-5, 2<i<m
f(y) = 4, f(y;) = 5i-4, 2<i<m
f(t;)) = 0, f(t;) = 5m+i-1, 2<i<n
Then the distinct edge labels are
f(uiup) = 9, f(ujUjey) = 5i+2, 2<i<m-2
f(Um-2 Umt) = 5(M-1)+3,
f(Um1 Uy) =5m-1
f(uyvy) =1, f(vov,) = 8, f(u;v;) = 5i-1, 3<i<m-1,
f(unvm) =5m

f(vixy) = 2, f(vix;) = 5i-4, 2<i<m.
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f(viyr) = 4, f(vay,) = 7, f(viy;) = 5i-2, 3<i<m-1
f(VmYm) = 5m-3,

f(x1y1) =3, f(X;y;) = 5i-5, 2<i<m

f(titi+1) = 5m+i, 1<i<n-1
Clearly, f is a Contra Harmonic mean graph of G.
The Contra Harmonic mean labeling of

(C5 @ Kl) ®K3)UP7 is

o

Figure 4
Theorem 2.5: ((C,©®K;) OK3) U (P,OKy)isa
Contra Harmonic mean graph, for m> 3..
Proof:
Let uUy....uy be the cycle Cy,. Let v; be the vertex
which is adjacent to u;, 1<i<m. The resultant graph is
Cn©K,. Let x;, y; be the vertices of K; which are
attached to each of the vertex v;. The resultant graph
is (CnOK,y) OKy).

Lett; ....t, be a path P,
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Let s; be the vertex that is joined to t; of the path P,,,
1<i<n. The resultant graph is (P, ©Kj).
Let G :((CmQKl) ®K3) U(PnGKl)

Define f: V(G) — {0,1,...,q} by
f(uy) = 1, f(u;) = 5i-1, 2<i<m-1, f(uy,) = 5m

f(v1) = 2, f(v;) = 5i-2, 2<i<m.

f(x,) =3, f(x;) = 5i-5, 2<i<m
f(y,) = 4, f(y;) = 5i-4, 2<i<m

f(t)) =0, f(t;) =5m+2i-2, 2<i<n
f(si)) = 5m+2i-1, 1<i<n
Then the distinct edge labels are
f(usu,) = 9, f(Uuisy) = 5i+2, 2<i<m-2

f(um-zum-l) = S(m-l)+31
f(Um-1Um) = 5m-1

f(uyvy) =1, f(uov,) = 8, f(uv;) = 5i-1, 3<i<m-1
f(unvm) =5m

f(vixq) =2, f(vix;) = 5i-4, 2<i<m

f(viys) = 4, f(vay) = 7, f(viy;) = 5i-2, 3<i<m-1
f(Vmym) = 5m-3,

f(xpy1) =3, f(Xjy;) = 5i-5, 2<i<m

f(titir1) = 5BM+2i, 1<i<n-1
f(tis;) = 5m+2i-1, 1<i<n

Clearly, f is a Contra Harmonic mean labeling of G.
The Contra Harmonic mean labeling of

((CsOKY) OK;)uP;OKy)is

-
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Figure 5

Theorem 2.6: ((C©K,) ®K;) U Cpyis a Contra
Harmonic mean graph for m> 3, n> 3.
Proof:
Let uUy....uy be the cycle Cy,. Let v; be the vertex
which is adjacent to u;, 1<i<m. The resultant graph is
Cm®K;. Let x;, y; be the vertices of Kz which are
attached to each of the vertex v;. The resultant graph
is (Cn©OK;) OKy).
Lett;...t, be acycle.
Let G = ((Cn©OK)OK;) U C,
Define f: V(G) {0,1,...,q} by
f(uy) = 1, f(u;) = 5i-1, 2<i<m-1, f(uy,) =5m
f(vy) =2, f(v;) = 5i-2, 2<i<m
f(xy) =3, f(x;) = 5i-5, 2<i<m
f(y1) =4, f(y;) = 5i-4, 2<i<m

f(ty) =0, f(t;) = 5m+i-1, 2<i<n-1, f(t)) = 5m+n
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Then the distinct edge labels are
f(uyuy) = 9, f(u; Ujsy) = 5i+2, 2<i<m-2
f(Um-2 Um-1) = 5(M-1)+3,
f(Um-1Um) = 5m-1
f(uyvy) =1, f(u,v,) = 8, f(uv;) = 5i-1, 3<i<m-1
f(UmVvm) =5m
f(vixy) =2, f(vix;) = 5i-4, 2<i<m
f(viy1) =4 ,f(vay,) = 7, f(viyi) = 5i-2, 3<i<m-1
f(VmYm) = 5m-3,
f(xqy1) = 3, f(xiy;) = 5i-5, 2<i<m
f(titisy) = 5m+i, 1<i<n-1

f(t, t)) =5m+n

Clearly, f is a Contra Harmonic mean labeling of G.

The Contra Harmonic mean labeling of

((C5®K1)® K3) UC6 is
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Theorem 2.7 : ((Cn®K,) OKyu (P,OK,) isa
Contra Harmonic mean graph for m> 3..
Proof: Let uju,....u, be the cycle C,. Let v; be the
vertex which is adjacent to u;, 1<i<m. The resultant
graph is C,, OK;. Let x;, y; be the vertices of K
which are attached to each of the vertex v;. The
resultant graph is (C, ©OK;) ©Kj) .
Letty....... t, be the path P,,. Let s;, w; be the vertex of
K, that are joined with the vertices t; of P, 1<i<n .
The resultant graph is P, OKs.
Let G = ((Crn ©OK; ) OK3)U(P,OKj)
Define f: V(G) — {0,1....,q} by

f(uy) =0, f(u;) = 5i-1, 2<i<m-1 ,f(uy,) = 5m

f(vy) =1, f(v;)=5i-2, 2<i<m

f(x1)=2, f(x;) = 5i-5, 2<i<m

f(y.) =4, f(y;) = 5i-4, 2<i<m

f(t;)) = 5m+4i-3, 1<i<n

f(s;) = 5m+4i-2, 1<i<n

f(w;) = 5m+4i-1, 1<i<n

Then the distinct edge labels are
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f(uup) =9, f(uis1) = 5i+2, 2<i<m-2 Theorem?2.8: f,sUP, is a Contra Harmonic mean
f(Um-2 Um1) = 5(M-1)+3, graph for m> 3..
f(Um1 Uy) =5m Proof:
f(uyvy) =1, f(upv,)=8, f(u;v;) =5i-1, 3<i<m Let f.«s be a flower graph. Let P, be the path with
f(vixy) =2, f(vix;) = 5i-4, 2<i<m vertices t;....... th,
f(vays) =4, f(voy2) =7, f(uiyi) = 5i-2, 3<i<m-1 Let G = faUP,y
f(VmYm) = 5m-3, Define f: V(G) — {0,1,...,q} by
f(xey1) =3, f(xiy;) = 5i-5, 2<i<m f(vi) = 2i, for i =1,2, f(v)) = 3i-2, 3<i<m-1,
f(t; tiv1) = 5m+4i, 1<i<n-1 f(vy) =3m
f(tis) = 5m+4i-3, 1<i<n f(uy) = 1, f(uy) = 3i-3, 2<i<m-1, f(uy) =3m-2,
f(tw;) = 5m+4i-1, 1<i<n f(t;) = 0, f(ti) = 3m+i-1, 2<i<n
f(siw;) = 5m+4i-2, 1<i<n Then distinct edge labels are

Then f is a Contra Harmonic mean labeling of G. f(uatp) =3, f(uj Uiwr) = 3i-1, 2<i<m-1

The Contra Harmonic mean labeling of f(Um) = 3m-2

(CsOK) OK3) U (PsOKay) s f(uv;) = 3i-2, 1<i<m-1, f(upVy) = 3m-1

f(uv,) = 2, f(uvisy) = 3i, 2<i<m
f(titi+1) = 3m+i, 1<i<n-1
Clearly, f is a Contra Harmonic mean graph.

The Contra Harmonic mean labeling of fs5,3UP; is

e

27 23 31 32 35 36 3% 40 43 44

-

.. ¥ B . ]

26 20 34 32 42

Figure 7
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Figure 8
Theorem 2.9: fneu (P,OK,) is a Contra Harmonic
mean graph, for m> 3.
Proof:

Let f.«s be a a flower graph. Lett;.....t, be
the path P,, Let s; be the vertex that is joined to t; of
the path P, 1<i<n.

Let G = fau P,OK;
Define f: V(G)— {0,1,...,q} by

f(vi) = 2i,fori=1,2

f(v;) = 3i-2, 3<i<m-1, f(vy,) =3m

f(uy) = 1, f(u)) = 3i-3, 2<i<m-1, f(uy,) = 3m-2

f(ty) = 0, f(t;) = 3m+2i-2, 2<i<n

f(si)) = 3m+2i-1, 1<i<n
Then the distinct edge labels are

f(uyuy) = 3, f(ujuiey) = 3i-1, 2<i<m-1

f(umuy) = 3m-2

f(uiv;) = 3i-2, 1<i<m-1, f(uynvp) = 3m-1

f(uyvy) =2, f(Uvis1) = 3i, 2<i<m

f(titir1) = 3m+2i, 1<i<n-1

f(tisi) = 3m+2i-1, 1<i<n
Clearly, f is a Contra Harmonic mean graph of G.
The Contra Harmonic mean labeling of

f5x3 U(P6®K1) is
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Theorem 2.10: f..sw C, Contra Harmonic mean
graph for m> 3, n> 3.
Proof: Let .. be a flower graph.
Lett;...... t, beacycleC,.
Let G = fxsUC,
Define f: V(G) — {0,1,...,q} by
f(v))=2i,fori=1,2
f(v;) = 3i-2, 3<i<m-1, f(vy,) = 3m
f(uy) = 1, f(u;) = 3i-3, 2<i<m-1, f(u,) = 3m-2
f(ty) = 0, f(t;) = 3m+i-1, 2<i<n-1, f(t,) =3m+n
Then the distinct edge labels are
f(uyup)=3, f(ujujs1) = 3i-1, 2<i<m-1
f(unuy) = 3m-2
f(uv)) = 3i-2, 1<i<m-1

f(unvm) = 3m-1
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f(uyvy) =2, f(uvisg) = 3i, 2<i<m
f(titi+1) = 3m+i, 1<i<n-1

f(t,ty) = 3m+n

Clearly, f is a Contra Harmonic mean graph of G.

The Contra Harmonic mean labeling of fg,gUCq

om Wi

= ]

Figure 10
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