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Abstract:

Hamming distance is a metric used to compare two binary data strings of equal length, where binary string
is a sequence of bytes which is used to store data in computers. It isthe number of bit positions in which
the two binary strings differ. The hamming distance between two binary strings of equal length m and n is
denoted by hd(m, n). The concept of hamming distance labeling was introduced by us and it has been
proved that some path related graphs are hamming distance labeled graphs. Hamming distance
labelingis used for transmitting secret messages in cryptography. In this paper, the existence of hamming
distance labeling of twig, star, bistar and m- corona of path graph are verified and their hamming distance
number are obtained.

Keywords: Hamming Distance, Hamming Distance Labeling, Hamming distancenumber, Path related
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1 Introduction

Let G be a simple, connected, undirected graph with vertex set V(G) and edge set
E(G).Over the last few years, many graph labeling techniques were introduced. A
detailed survey of such techniques was given by (Gallian, 2019). Adding to that we have
introduced a new labeling called hamming distance labeling and is defined as follows:
A function ff: V — N U {0} is said to be hamming distance labeling if there exist an
induced  function  ff*: E — {1,2,..,n} such that for every wuv €
E,

ff*(uv) = hd([ff(u)]2, [ff(v)]2) satisfies the following conditions:

(i) forevery vertex v eec V, the set of all edges incident with v receive distinct labels.

(ii) for every edge e €€ uv, the adjacent vertices u and v receive distinct labels.

The hamming distance number of a graph G is the least positive integer n such
that 2n -1 > k, where k = max{ff(v)/v € V} and is denoted by nxq(G). Here the notation [x]2
denotes the binary number of x. In this paper, we have shown that the twig graph, star
graph, bistar graph and m-corona of path graph are hamming distance labeled graphs
and obtained their hamming distance numbers. Here a Twig graph TW(Py), m = 2
is a graph obtained from a path graph Py, by attaching exactly two pendant vertices to
each internal vertices of the path graph (Durai Baskar & Manivannan, 2017, pp.55).
where a path graph Py, of length m has m+1 vertices and m edges. A star graph S;m, m
> 2 is the complete bipartite graph of the form K1 -1 with m vertices (Esakkiammal,
Thirusangu & Seethalakshmi, 2017, pp.94). The graph constructed by joining the apex
vertices of two stars K1 r and K1 s forr>1 and s > 1
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with disjoint vertex sets is known as the bistar By s graph( Ganesh & Revathi, 2018,
pp.408) and the m-corona of Path graph Py, is obtained by joining the apex vertex of

the star graph K1 r to each of the m+1 vertices of the Path graph P (Nikitha Prakash &
Supriya Rajendran, 2018, pp.1897)

2 Main Results

Theorem 2.1.The Twig graph (Pn,) is @ hamming distance labeled graph and thehamming
distance number is nupa(TTT(Pm)) = 4, forany m = 2.

Proof:.Let us consider the twig graph (P ) with vertex set V= 0{}v'i 0<ism
ii{v iiv M<i<m-1}f and” "edge setE =#Hvjvj+1/0<i<m-1 U 1<
m = 1} U {vji v”. /1 < ii < m - 1. Define a function ff:V — N U {0} to label the vertices
of TTT(Pm) in such a way that ff(u) # ff(v) for any two adjacent vertices and the
procedure for labeling is given in the algorithm.

Procedure; Vertex Iabellng of (Pm . )
Input: Vertices of (Py,) graph —> Wi /0 <ismiU{v v ii” iis i<m-1H

v0 (1. fforii = 1(mod4)
0; 14, ffor ii = 2(mod4)
Um < { fr—
6, ffor ii = 3(mod4)

19, ffor ii = 0(mod4)

forii=1tom-1do
1, ffor ii = 1(mod4)

14,4 or ii £ 2(mod4)

6, ffor ii = 3(mod4)
19, ffor ii = 0(mod4)

2, fforii =
[ 1(mod4)
. 2, ffor ii = 2(mod4)
Vil <—{ 0, ffor ii = 3(mod4)
10, ffor ii = 0(mod4)
6, fforii =

1(mod4)
’ {0, ffor ii = 2(mod4)
120 o -
ii 1, ffor ii = 3(mod4)
12, ffor ii = 0(mod4)
end for

end procedure
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Output: The labeled vertices of twig graph (P, ).The
induced edge labels are as follows:
ff*(vov1) = hd([ff(v0)12, [ff(v1)I2) = hd(00000000 ,00000001) = 1.

S 5 Sl oo, 1w 12) = 2w ) = ha(la, Bo) i) = 3
Case (i):if = 1(mod2), ff*(viivi+1) = hd([ff(vi)]2, [ff(vi+1)]2) =

Case (i): if

1(mod?2), ff*(viivii+1) = hd([ff(vi)]2, [ff(vii+1)]2) =

Case (ii): if i = 0(mod2), ff*(vivii+1) = hd([ff(vi)]2, [ff(vi+1)]2) = 1.
From all the above cases, all the adjacent edges receive distinct labels. Hence the twig
graph TTT(Pm) admits hamming distance labeling and the hamming distance number is

mh(TTT(Pm)) = 4, where m = 2.

Figure 1.

Hamming distance labeled (P7) graph.
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Theorem 2.2.The Star graph Sy, is a hamming distance labeled graph and the hamming
distance number is mp(Sm) = m — 1, forany m = 2.

Proof: Let us consider the star graph Sy, with vertex set V = {vj; /0 < ii < m - 1} and
edge set E = {vQuj; / 1 <ii < m - 1}. Define a function ff: V — N U {0} to label the
vertices of Sy in such a way that (u) # f(v) for any two adjacent vertices and the
procedure for labeling is given in the following algorithm.

Procedure: Vertex labeling of Sy, m = 2

Input: Vertices of Sy, graph, V — v;i/0 < ii < m - 1}.

vQ « 0;
forii=1tom-1do

vij < 210 = 1;
end for

end procedure

Output: The labeled vertices of star graph .The
induced edge labels are as follows:

For 1 <i <m -1, ff~(vovii) = hd([ff(v0)I2, [ff(vii)]2) = i.

Here all the adjacent edges receive distinct labels. Hence the star graph Sy, admits
hamming distance labeling and the hamming distance number is mu(Sm) = m — 1 for
anym 2 2.

Figure 2.

Hamming distance labeled S; graph.

Theorem 2.3.The Bistar graph By is alpqmmm,d;siagmce labeled %]raph and the
hamming distance number is nm B foranyr 2 Tands 2 1.

hd s+1, fforr<s
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Proof: Let us consider the bistar graph By,r>1 and s>1with vertex set
V=Huj/0<i<sr} U{vij/0<j<sh and edge setE = H{uqu; /1 <ii <r} U {ugvg} U

o /1 < jj < sh. Define a function ff:V — N U {0} to label the vertices of B, insuch a

way that (u) # ff(v) for any two adjacent vertices and the procedure for labeling is given

in the following algorithm.

Procedure: Vertex labeling of By, , v 21,5 2 1.

Input: Vertices of B, graph,V — {ujj/0 <ii<sr} U{vj/0<j<sH

forii=1tordo
ujj 200

end for

forj=1tosdo
vjj 201D - 2;

end for

end procedure

Output: The labeled vertices of Bistar graph By, .The

induced edge labels are as follows:

ff*(uovo) = hd([ff(v0)l2, [[f(v0)]2), = hd(00000000 ,00000001) = 1.

For 1 <ii < rff*(uouwi) = hd([ff(u0)I2, [ff(ui)]2) = i+1.
For 1 <jj <5, ff~(vovjj) = hd([ff(v0)12, ifftvjj #5) = j+1.

i+1) _ 1.

Here all the adjacent edges receive distinct labels. Hence the bistar graph By admits
hamming distqnce labeling and the hamming distance number s
B r+1, f 2s

m forr2
o) Sy fforr < s foranyr >1ands > 1.
d
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Figure 3.

Hamming distance labeled Bg 6 graph.

62

Theorem 2.4.The m-corona of path graph Py, is a hamming distance labeled graph and
the hamming distance number is gip(m — corona off Pm) = 272 - 1.

Proof: Let us consider the m-corona of path graph Py, with vertex set
V=#vj /0<i<m}Uij/0<is<m,1<j<ri and edge setE =Hvjvj+1 /0 <ii <
m=-1}Udjv /0<i<m,1<j<rk Define a function ff:V — N U {0} to label the

vertices of m — corona of f P in such a way that ff(u) # ff(v) for any two adjacent
vertices and the procedure for labeling is given in the algorithm.
Procedure: Vertex labeling of m — corona of f path Py, m 2 1
Input: Vertices of m -corona of path Py, graph,
V=#vj 0<i<m}U/0<is<sm,1<j<ri
vQ <« 0;
forjj =1tordo
v0jj < 25t - 1;
forii=1tom do
if ii = 1(mod4)
vij — 15 vijjj — 20" -2;
elseif ii = 2(mod4)
vij — 2; vijjj — 2" =3;
elseif ii = 3(mod4)
vij — 0; vjjjj — 20" -1,
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else
vii — 3; vijjj «— 27" - 4
end if
end if
end if
end for
end for

end procedure

Output: The labeled vertices of m- corona of path graph Pim.The
induces edge labels are as follows:

ff*(vov1) = hd([ff(v0)]2, [ff(v1)]2) = hd(00000000 ,00000001) = 1.

For 1 < jj < r,*(vov0jj) = hd([ff(v0)]2, ifftvoji# ,) =J+1.

For1<iism-1&1 <jj <r (vivijj) = hd([ff(vii)]2, ¥fftvij; # 2) = j+2.

Case (i): ifi = 1(mod2); f{*(vivii+1) = hd([ff(vi})]2, [[f(vi+1)]2) = 2.

Case (ii): if i = 0(mod2); ff*(vivii+1) = hd([ff(vi)]2, [ff(vi+1)]2) = 1.

from all the above cases, all the adjacent edges receive distinct labels. Hence the

m-corona of path graph Py, admits hamming distance labeling and the hamming
distance number is mp(m — corona of Pyp) = r + 2.

Figure 4.

Hamming distance labeled m - corona of f P3 graph.
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