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Abstract. A graph labeling is an assignment of integers eowértices or edges or both

subject to certain conditions. In this paper, wevp the existence of product cordial

labeling for the Jahangir graph and also we shavetkistence of even and odd mean
labeling for the extended duplicate graph of Jaliaargph.
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1. Introduction
The concept of Jahangir graph was introduced byeBom and Javaid which has been
studied from its metric dimension [1]. Jahangmr J s appears on Jahangirtomb in
his mausoleum. It is situated in 5 km northwdstahore, Pakisthan, across the River
Ravi.

Ulaganadhan el at. [2] have introduced an Exteridigglicate graph of G(V,E).
Let G(V,E) be a simple graph. A duplicate graphGois DG(Vy,E;)where the vertex set
Vi=VU V' and \W'=p and f : \bV' is bijective (for €V, we write f(v) =v for
conveience) and the edge sebfEDG is defined as follows; the edge ab is in Enfl
only if ab and &b are edges in E Clearly the duplicate graph of the path graph is
disconnected. To make it as connected by add g leetween any one vertex from V to
any other vertex in V We call this new graph as the Extended dupligateh of the
path R.

Let G=G(V,E) be a finite, simple and undirectedph with p vertices and q
edges. By a labeling we mean a one to one mappatgarries a set of graph elements
onto a set of numbers called labels. In this pagedeal with the labeling with domain
either the set of all vertices or set of all edgethe set of all vertices and edges. We call
those labels as the vertex labeling or the edgelitapor the total labeling respectively.
Somasundaram and Ponraj have introduced the notiorean labelings of graph [3]. A
graph G with p vertices and q edges is called annggaph, if there is an injective
function f from the vertices of G to {0,1,2,...q} du¢hat each edge uv is labeled with
(f(u)+f(v))/2 if f(u)+f(v) is even and (f(u)+f(v)+Lif f(u)+f(v) is odd, then the resulting
edge labels are distinct. The notion of even addi mean labeling was introduced by
Nirmala. A function f is called an even mean labglof a (p,q) graph , if f is an injection
from the vertices of G to the set {2,4,6.....2q} subht when each edge uv is assigned
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the label (f(u)+f(v))/2, then the resulting edgééls are distinct. A graph which admits
a even mean labeling is called an even mean grépfunction f is called an odd mean

labeling of a (p,q) graph, if f is an injection finathe vertices of G to the set{1,3,5.....20-
1} such that when each edge uv is assigned thé (#bg+f(v))/2, then the resulting edge

labels are distinct. A graph which admits an odehmlabeling is called an odd mean
graph.

Sundaram et al. have introduced the notion of mbdordial labeling [4]. A
Product Cordial labeling of a graph G with vertex ¥ is a function from V(G) to {0,1}
such that if each edge uv is assigned the labg{\¥juthe number of vertices labele®
and the number of vertices labeldd differ by atmost 1 and number of edges labeled ‘1’
and the number of edges labeled differ by atmost 1. A graph that admits protu
cordial labeling is called product cordial graph.

2. Preliminaries

Definition 2.1. Jahangir graph.g for m>3 and n=2 is a graph on nm+1 vertices. That is
a graph consisting of a cycle;{Cwith one additional vertex which is adjacent to m
vertices of Gpat distance n to each other op,C

Algorithm 2.2.

Procedure (Structure of Extended Duplicate grapyabfngir Graph.4)
Ve{viVa........ Momen, Vi V2 seen s, Vomet }
E< {ene&,...... Bm &8 . ,&m }
ViVi'e& &
for i=2 to m+1
Vi'Vie i
ViV e g
end for
fori=2tom
ViVm+il<_ € 2is5
ViVm+i+1|<_ €2i+4
Vi'Vinsi € 2is5
Vi'Vineis1¢= € 244
end for
Vim+1Vome? € €3m-1
Vin+1Vms2 € €3m
Vm+1|V2m+l<_ €3m-1
Vm+1 Voms1¢ €3m
end procedure

3. Main result

In this section, we present an algorithm to getipob cordial labeling for Jahangir graph
and also odd and even mean labeling for Extendpticdte graph of Jahangir graph and
prove the existence of product cordial for Jahaagid the existence of odd and even
mean for Extended duplicate of Jahangir Graph.
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Algorithm3.1.
Procedure (Product cordial labeling for Jahangapbrd )
Ve{vi,Va.o...... Nome 1t

E« {ene,...... ,&mt
If m=1(mod 2)

1,
f(vi) = 2
0, 2 <i<m+1
1, m+3<i<

0, 3";+5Si32m+1

f(vi) =

f(Vvms2) =0
end if
end procedure

Algorithm 3.2.
Procedure (odd mean labeling for extended dupligetph of Jahangir GraphJwith p
vertices and g edges)

Ve{viVa,........ R VA Vomet }

E< {ener®,...... O T - N ,&m }
flv)=1
f(vi)=20-1
fori=2 to m+1
f(vi)= 2g-2i+1
f(vi")=2i-1
end for
fori=m+2 to 2m

2@q+2m—-3i)—1 m=0(mod 4)
2(@q+3m—4i)+3 m=1(mod 4)
2@q+2m—-3i)+1 m=2(mod4)
2(g+2m—-3i)—3 m=3(mod 4)

f(v)=
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2q —2m—5 m = 0(mod 4)
2q —2m—3 m = 1(mod 4)
2q —2m—3 m = 2(mod 4)
2q —2m—9 m = 3(mod 4)

f(Voms)=

end for
for i=m+2 to 2m+1

(2(q+3m—4i)+9 m=0(mod 4)
f(v_,):iZ(q+m—2i) —3 m=1(mod 4)

"7 12(q+2m—3i)+5 m=2(mod 4)

2(@g+2m—-3i)+1 m=3(nod4)

end for
end procedure

Algorithm 3.3.
Procedure (even mean labeling for extended dupligatph of Jahangirgraphwith p
vertices and g edges)

Ve{vi Voo Mome, V1 V2 s een s, Vomet }
E< {e01e11621 """ &3my ell !ezl yereans :eme'}
For i=1 to m+1
f(v)= 2g-2i+2
f(vi'")=2i

end for

for i=m+2 to 2m
2(q + 2m — 3i)m = 0(mod 4)
f(V_):iZ(q +3m—4i)+4 m=1(mod4)
Yl 2(g+2m—=3i)+2 m=2(mod4)
2(@g+2m—-3i)—4 m=3(mod4)

2(q —m—2) m=0(mod 4)
2(q—m—1) m=1(mod 4)
2(q—m—1) m = 2(mod 4)
2(q—m—4) m = 3(mod 4)

f(V2m+1):

end for

for i=m+2 to 2m+1
(Z(q +3m—4i)+10 m=0(nod 4)
f(V'j)zi 2(@g+m—=2i)—2 m=1(mod4)
' 2(g+2m—3i)+6 m=2(mod4)
2(q+2m—=3i)+2 m=3(mod4)
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end for
end procedure

Theorem 3.4.Jahangir graphy4, admits product cordial labeling.
Proof: We know that Jahangir graphwhas 2m+1 vertices and 3m edges.
Consider the arbitrary vertexeW. To label the vertices, using algorithm 3.1,idefa
map f : V- {0,1}. From this definition of the labeling furiohs, we have the total
number of vertices labele®' is m and the number of verticds is m+1.

Hence the number of vertices label@dand the number of vertices labeldd
differ by atmost 1.

In order to get the labels for the edges, detieeinduced map f E~{0,1} such
that f (viv;) = {f(vi) X f(v;) | viv;€ E}. Now for all wv,€E.

_ ) 1, 2<i<™2
(I) f (VlVi) +5 i
0, T <i<m+1
3< m_+3
(i) f*(vivmﬂ) 2
S m+1
2<i<t
iy (v, vm+.+1)— " 2
—<i<m

’ 2
(lV) f (V2vm+2):f (Vm+1Vm+2):O

341 and the number of

Under this map, the number of edges labeteds

edges labeled!’ is 22—

Thus the number of edges labeled ‘0’ and the nurabedges labeledl' differ
by atmost 1. Hence Jahangir graph admits produdiaidabeling for all odd m.

Theorem 3.5. Extended duplicate graph of Jahangir graph ddmits odd mean
labeling.
Proof: Clearly Extended Duplicate graph of Jahangir Glapits (3 ) has 4m+2 vertices
and 6m+1 edges for all m.

To label the vertices, using algorithm3.2, definmap f: V- {1,3,5.....29-1}
such that for any,vi€ E, f(viv;) = (f(v)+f(v;))/2. Now the edge labels are as follows:

f(vi'vy) = g
® fori=2to m+1

f (vl Vi) = 20-i.

f'(vavi') =i

(i) fori=2tom

147



Labelings on Jahangir Graph and EDG}{J
2q — (5i + m — 5)m = 0(mod 4)
F (Vi) = JZq —@Bi+m+ 1)m = 1(mod 4)
HmA T 2q — (46 +m — 3)m = 2(mod 4)
2q — (4i+ m—1)m = 3(mod 4)

(29 — (5i + m — 3)m = 0(mod 4)

F (WVoeiy) = iZq — Bi+m+3)m = 1(mod 4)
e 2q — (4i + m)m = 2(mod 4)

2q — (4i+ m+ 2)m = 3(mod 4)

2q — 6mm = 0(mod 4)
F (Vs Vamed) = 2qg — (4m+4)m = 1(mod 4)
m+12ame 2q — (5m+ 1)m = 2(mod 4)
2q — (4m + 6)m = 3(mod 4)

2q — (2m+4)m = 0(mod 2)

f (Vm+1Vm+2') = {Zq _ (Zm + 6)m = 1(mod 2)

(i) fori=2tom-1
q— Qi+m+1)m = 0(mod 4)
q— @Bi+m—1)m=1(mod 4)

q— i+ m)m = 2(mod 4)
q— i+ m+2)m = 3(mod 4)

(V' Vins) =

(q- i+ m+4)m = 0(mod 4)

. _Jg—@Bi+m+3)m = 1(mod 4)
P Vineier) = iq — Qi +m+3)m = 2(mod 4)
q— (2i+m+5)m = 3(mod 4)

g — (Bm+ 1)m = 0(mod 4)
q— (4m —1)m = 1(mod 4)
q — (B3m)m = 2(mod 4)

q — (3m + 2)m = 3(mod 4)

q—3 m=0(mod 4)
q—1 m=1(mod 4)
qg—1 m=2(mod4)
q—5 m=3(mnod 4)

q—2 m = 0(mod 4)
. ' _Jg—1 m=1(mod 4)
f (Vi1 Vomed) = q—1 m=2(mod 4)
q—4 m=3(mod 4)

' (Vi Vom) =

f* (Vm' V2m+1) =
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q—6 m=0(mod 4)
. ' _Jg—6 m=1(mod 4)
f (Vi1 Vineo) = q—5 m=2(mod 4)
q—7 m=3(mod4)

Thus the edges are labeled distinct from 1,2,3..1. &oy-all m.
Hence the Extended Duplicate Graph EQG)Admits odd mean labeling for all m.

Theorem 3.6. Extended Duplicate graph of Jahangir Graph ddmits Even mean
labeling.

Proof: We know that Extended Duplicate graph of Jaha@gaph EDG(d,) has 4m+2
vertices and 6m+1 edges for all m.

To label the vertices for all m, using algorith@3define a map f : \»
{2,4,6.....2q}.

In order to get the labels for the edges for altlefine the induced map fE —
{1,2,3.....2q} such that for anywe E,f(viv;) = (f(v)+f(v)))/2. We get the edge labels
are as follows:
f*(Vj_lV]_) = q+l

® fori=2to m+1
f'(va'v) = 2g-i+1
f(vavi) = i+1
(i) fori=2tom
2q — (5i —m+ 2)m = 0(mod 4)
2q — (i + m)m = 1(mmod 4)
2q—(4i—m+4)m = 2(mod 4)
2q — (3i + m)m = 3(mod 4)

f* (ViVm+i') =

(2q - (5i + m — 2)m = 0(mod 4)

F (VVmsis') = { 2q — (Bi+m+2)m = 1(mod 4)
el 2q — (4i + m — 1)m = 2(mod 4)

2q — (4i+m+ 1)m = 3(mod 4)

(Zq —(5m+2) m=0(mod4)

¢ n _ ] 2g—(4m+ 3)m = 1(mod 4)
(Ve V2m:1) _i 2q — (4m + 5)m = 2(mod 4)
2q — (5m+ 1)m = 3(mod 4)

o ' _{Zq — (2m + 3)m = 0(mod 2)
(Vims1Vime+2 ) = 2q — (2m + 5)m = 1(mod 2)
(i) fori= 2to m-1
q — (2i + m)m = 0(mod 4)
(Vi Vi) = { - Grtm-2)m = 1mod )
q— (2i + m—1)m = 2(mod 4)
q— (2i+m+ 1)m = 3(mod 4)
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q— (2i+m+3)m = 0(mod 4)
F (V' Vi) = {q —@Bi+m+2)m = 1(mod 4)
I T g — (26 +m + 2)m = 2(mod 4)
q— Bi+m+4)m = 3(mod 4)

q— (2m+4)m = 0(mod 4) q—2 m= 0(mod 4)

. _]g—(4m—2)m = 1(mod 4) , _Jg—1 m=1(nod 4)
P (Vin'Vam) = q — (3m —3)m = 2(mod 4) f (V' Vi) = q—1 m=2(mod 4)
q — (3m + 1)m = 3(mod 4) q —4 m = 3(mod 4)

q—1 m=0(mod 4) q—5 m=0(mod 4)

R . _ gm = 1(mod 4) . _)g—5 m=1(mod 4)
F (Ve Vome) = gm = 2(mod 4) (Ve Vinsz) = q—4 m=2(mod 4)
q—3 m=3(mod 4) q—6 m=3(mod 4)

Thus the edges are labeled distinct from 1,2,3.foRgll m.
Hence the Extended Duplicate Graph EQG)Admits Even mean labeling for all m.

Examples 3.7.Product cordial labeling of jahangir graph egdg(jand odd mean and
evenmean labeling oéxtended duplicate graph EDG{Jare given in Figure 1,2 and
3respectively.

Figure 1. Product cordialof EDG£J) Figure 2: Odd mean of EDG{J)
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Figure 3: Even mean of EDG{J)

4. Application

Labeled graphs have been applied, in determimnigjguities in X-Ray Crystallographic
analysis, to Design Communication Network AddregsiBystems, in determining
Optimal Circuit Layouts and Radio-Astronomy, etc.

5. Conclusion

In this paper, we have proved that for all odd m,thahangir Graph J, admits Product
Cordial Labeling. We have shown that, the ExtenbeglicateGraph of Jahangir Graph
J m admits odd mean and even mean labeling.
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