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Abstract

A function f:V - NuU{0} is said to be even hamming distance labeling if there exist an induced
function f*:E — {2,4,6,..n}such that for every uv € E,f*(uv) = hd([f(w)l,, [f(v)],) satisfies the
following conditions: (i) For every vertex v e V, the set of all edges incident with v receive distinct even
numbers as labels. (ii) For every edge e = uv, the adjacent vertices u and v receive distinct labels. The
even hamming distance number of a graph G is defined as the least positive integer n such that 2™ — 1 > k,
where k = max{f (v)/v € V}and is denoted by n;,;(G). In this paper we obtain the even hamming distance
number of Triangular Snake graph, Alternate Triangular Snake, Quadrilateral Snake and Alternate
Quadrilateral Snake.

Keywords: Even Hamming Distance Labeling, Even Hamming Distance Number, Triangular Snake Graph,
Alternate Triangular Snake, Quadrilateral Snake and Alternate Quadrilateral Snake.

1. INTRODUCTION

A vertex labeling of a graph G is an assignment f of labels to the vertices of G that induces
a label for every edge uv depending on the vertex labels f(u) and f(v)[1]. we introduced
the concept of hamming distance labeling, odd hamming distance labeling and even
hamming distance labeling. It has been proved that some Path related graphs admit
hamming distance [2] and odd hamming distance labeling [3] and some cycle related
graphs admit even hamming distance labeling [4]. In this paper, we show that some
Snake related graphs admit even hamming distance labeling and their even hamming
distance number were obtained. Here the Triangular Snake T,, is obtained from the Path
P, by replacing each edge of a Path by a Triangle C5[6]. An Alternate Triangular Snake
A(T,,) is obtained from a Path B, in which every alternate edge is replaced by C; A
Quadrilateral Snake Q,, is obtained from a Path P, by replacing each edge of B,, by a
Cycle C, and Alternate Quadrilateral Snake A(Q,,) is obtained from a Path B, in which
each alternate edge of B, is replaced by a Cycle [5].
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2. EVEN HAMMING DISTANCE LABELLING OF SOME SNAKE GRAPHS

Theorem 2.1.The Triangular Snake graph T, m 2 2, is an even hamming distance
labeled graph and the even hamming distance number is n,;(T;,, ) = 8.

Proof: Let us consider the Triangular Snake graph T, with vertex setV =

{v;/0<i< 2m} and edge setE = {{v;v;;, /0< i< 2m—1}U{yyv,} U

(Vi V242 /1<iI < m— 1}}. Define a function f:V — N U {0} to label the vertices of
T,, in such a way that f(u) # f(v) for any two adjacent vertices and the procedure for
vertex labeling are explained in the following algorithm.

Procedure: Vertex labeling of Triangular Snake graph T,,,.
Input: Triangular Snake graph.
Ve{v,/0<i< 2m}
vy « 1,1, « 62;
fori =1tomdo
(13 if i =1(mod 4)

o 242 if i = 2(mod 4)
Vai 2 if i =3(mod 4)
253 if i = 0(mod 4)

end for
fori=1tom—1do

50 if i =1(mod 4)
Vo <13 1 if i =2,00mod4)
61  ifi=3(mod4)

end for
end procedure
Output: The labeled vertices of T,, graph.

The induced function f* : E — {2,4,6, ...n} for the given function f is defined by
f*(uv) = hd([f (W], [f (1)],) , whereuv € E. Now the induced edge labels are as
follows:

f*(ovz) = hd([f (o)l [f (v2)12) = 2;f*(vov1) = hd([f (Wo)l2, [f (v1)]2) = 6.
fr(v1v2) = hd([f (v ]2, [f (v2)]2) = 4.

For2<i<Z2m-1

Case (i): If i = 0(mod2);f* (vivi+1) = hd([f (W)l2, [f (vi41)]2) =6.

Case (ii): If i = 1(mod2);f"(vivi+1) = hd([f W)l2, [f (Vis1)]2) = 2.
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Fori<i<m-1
Case (i): Ifi = 1(mod2);f" (v2iv2q)+2) = hd([f ()]s, [f(vz(i)+2)]2) =8.
Case (ii): Ifi = 0(mod2),f™ (v2iV2()+2) = hd([f (v)]2, [f(vz(i)+2)]2) =4,

From all the above cases, all the adjacent edges receive distinct even numbers as
labels. Hence the Triangular Snake graph T,,, admits even hamming distance labeling
and the even hamming distance number is n,,;,( T, ) = 8,m > 2.

62 50 1 61 1

Figure 1. Even Hamming Distance Labeled T graph

Theorem 2.2.The Alternate Triangular Snake graphA(T,,), m = 2, is an even hamming
distance labeled graph and the even hamming distance number is n;,; (A(T,,)) = 8, where
m is a positive odd integer and the triangle starts from the first vertex.

Proof: Let us consider the Alternate Triangular Snake graph A(T,,) with vertex set

V={{ui/0Sis m}u{vi/OSiS [%J}} and edge setE={{uiui+1/0SiS m-—1}U

{uzivz_i/o <i< [%J} U {Ui Upiz1 /0P < [%J}}. Define a function f:V — N U {0} to label

the vertices of A(T,,) in such a way that f(u) # f(v) for any two adjacent vertices and
the procedure for vertex labeling are explained in the following algorithm.

Procedure: Vertex labeling of Alternate Triangular Snake graphA(T,,).
Input: Alternate Triangular Snake graph.

Ve{{ui/OSiS m}U{vi/OSiS lgl}}

Uy < 1,vy « 62;

fori=1tomdo
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( 13 if i = 1(mod4)

o 4 242 if i = 2(mod4)
¢ 2 if i =3(mod4)
253  if i = 0(mod4)

end for

fori = 1to |7 do

v, «1

end for

end procedure

Output: The labeled vertices of A(T,,) graph.
Now the induced edge labels are as follows:

f*(wour) = hd([f (uo)lz, [f (1)]2) = 2if *(wowr) = hd ([f (vo)l2, [f (u1)]2) = 4.

For =010 71/ () = hd([f ezl [ (va)| ) =6.

Fori=1to [%J do;f*(viuzis1) = hd([f ()2, [f (Uzi+1)]2) =2.

Fori=1tom-1

Case (i): If i = 1(mod2);f"(ustti+1) = hd([f W]z, [f (uir1)]2) = 8.
Case (ii): If i = 0(mod2);f" (wui+1) = hd([f (u)lz [f (wir1)]2) = 4.

From all the above cases, all the adjacent edges receive distinct even numbers as labels.
Hence the Alternate Triangular Snake graph A(T,,), admits even hamming distance
labeling and the even hamming distance number is n},;(A(T,) ) = 8,m = 2.

62 1

1

1 2 913 242 4 2

253 4 13

Figure 2: Even Hamming Distance Labeled A(T5) graph

Theorem 2.3. The Alternate Triangular Snake graph A(T,,), m > 2, is an even hamming
distance labeled graph and the even hamming distance number is 1}, ; (A(T,,)) = 8, where
m is a positive even integer and the Triangle starts from the first vertex.
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Proof: Let us consider the Alternate Triangular Snake graph A(T,,) with vertex set V =

{{ui/OSiS m}U{vi/OSiS %—1}} and edge seth{{ul-um/OSis m—1} U

{uzivz_i/o <i< %— 1} U {vi Upiz1 /0< i < %— 1}} Define a function f:V — N uU{0} to
2

label the vertices of A(T,,) in such a way that f(u) # f(v) for any two adjacent vertices
and the procedure for labeling the vertices are explained in the following algorithm.
Procedure: Vertex labeling of Alternate Triangular Snake graph A(T,).

Input: Alternate Triangular Snake graph.
m
Ve{{ui/OSiS m}U{vi/OSiS 7—1}}

Uy < 1,vy « 62;

fori = 1tomdo

13 if i =1(mod4)
{242 if i =2(mod4)
b 2 ifi =3(mod4)
k253 if i =0(mod4)
end for

fori=1to %—1do

v, «1

end for

end procedure

output: The labeled vertices of A(T,,) graph.

Now the induced edge labels are as follows:

fr(uous) = hd([f (uodlz [f (wa)lz) = 2if " (wous) = hd([f (o)l [f (w)]2) = 4.
Fori=1t0 == L;f (vittais1) = A([f W]z, [f (uzi41)]2) =2.

Fori=0t0 2~ 1; f* (uxvan) = hd([f (w)las |f (var) | ) =6.
Fori=1tom-1

Case (i): If i = 1(mod2);f"(usuti+1) = hd([f W]z, [f (uir1)]2) = 8.
Case (ii): If i = 0(mod2);f"(wus41) = hd([f (w2, [f (wir1)]2) = 4.
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From all the above cases, all the adjacent edges receive distinct even numbers as labels.
Hence the Alternate Triangular Snake graph A(T,,), admits even hamming distance
labeling and the even hamming distance number is n},;,(A(T,,) ) = 8,m > 2.

62 1 1

1 2 13 242 4 2 253 4 13 242

Figure 3: Even Hamming Distance Labeled A(T¢) graph

Theorem 2.4.The Alternate Triangular Snake graphA(T,,), m > 2, is an even hamming
distance labeled graph and the even hamming distance number is n;,;(A(T;,)) = 8,where
m is a positive integer and the triangle starts from the second vertex.

Proof: Let us consider the Alternate Triangular Snake graph A(T,,) with vertex set

V= {{ui /0<i< m}u {vi /0<i< [%J — 1}} and edgeset E= {{ui U1 /0T < m—

1} U {u2i+1vl2(i)+1j/0 <i< [%J - 1} U {Vi Upiyr [0S < [%J - 1}} Define a function
2

f:V — N U {0} to label the vertices of A(T,,) in such a way that f(u) # f(v) for any two
adjacent vertices and the procedure for vertex labeling are explained in the following
algorithm.

Procedure: Vertex labeling of Alternate Triangular Snake graph A(T,,).
Input: Alternate Triangular Snake graph.

V<—{{ui/0SiS mpu{v, /0 <i< [%J —1}}

Uy, < 1,
fori = 1tomdo

13 if i =1(mod4)

J242 if i =2(mod4)

Y T 2 ifi =3(mod4)
k253 if i =0(mod4)

end for
fori=0to [%J -1

o {50 if i =0(mod2)
Vi Tl61  if i = 1(mod2)
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end for

end procedure

Output: The labeled vertices of A(T,,) graph.

Now the induced edge labels are as follows:

f(uouy) = hd([f (up)lo, [f (up)]2) = 2.
Fori=0to |3] — Lf (aiyeavzom,) = hd ([f (u2q)+1)],» [f (Ulza;_ﬂj)] )=6.

2
[T (Wi uzivz ) = hA([f ()], [f (uzis2)]2) = 2.
Fori=1tom-1
Case (i): If i = 1(mod2);f" (wiui41) = hd([f (wpl2, [f (wir1)]2) = 8.
Case (ii): If i = 0(mod2);f" (wiuir1) = hd([f (w)l2, [f (wir1)]2) = 4.

From all the above cases, all the adjacent edges receive distinct even numbers as labels.
Hence the Alternate Triangular Snake graph A(T,,), admits even hamming distance
labeling and the even hamming distance number is 0}, (A(T,,) ) = 8,m = 2.

50 61 50

1 13 8 242 2 8 253 13 8 242

Figure 4: Even Hamming Distance Labeled A(T¢) graph

Theorem 2.5. The Quadrilateral Snake graph Q,,,m = 2 is an even hamming distance
labeled graph and the even hamming distance number is n},;( Q,, ) = 8.

Proof: Let us consider the Quadrilateral Snake graph Q,,, with vertex set
V= {{ui/OSiS myu{v,w; /0 <i< m—l}} and edge set

E={{ulul+1/0SlS m—l}U{uivi/OSiS m—l}U{uiwi_l/lﬁiS m}U{viwi/
0<i<m-— 1}}. Define a function f:V — N U {0} to label the vertices of Q,, in such a

way that f(u) # f(v) for any two adjacent vertices and the procedure for labeling the
vertices are explained in the following algorithm.

Procedure: Vertex labeling of Quadrilateral Snake graph Q,,,.
Input: Quadrilateral Snake graph.

Ve{{ui/osl's m}u{vw; /0<i< m—1}}
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Uy < 0;vy « 15; wy, « 48;

fori =1tomdo
( 3 ifi=1(mod4)
60 ifi =2(mod4)
b (_4 12 if i = 3(mod 4)
51 ifi =0(mod4)
end for

fori=1tom—1do

252 if i =1(mod 4) 195 if i = 1(mod 4)
v « 0 ifi =02(mod4) ;w; «1{ 63 ifi =0,2(mod4)

243 if i =3(mod4) 204 if i = 3(mod 4)
end for

end procedure

Output: The labeled vertices of Q,, graph.

Now the induced edge labels are as follows:

For0 <i<m-—1f"(vyw;) = hd([f(v)]z [f(W)]2) = 6

Case (i): If i = 0(mod2)

fr(uitien) = hd ([f olz, [f (wir)]2) = 25" (wivy) = hd([f (u)la, [f (v)]2) = 4
Case (ii): If i = 1(mod2)

fr(uitiier) = hd ([f olz, [f (wir)]2) = 6 5f " (wivy) = hd([f (w2, [f (v)]2) =
For1<i<m

Case (i): If i = 1(mod2);f"(ww;—1) = hd([f W]z, [f Wi-1)]2) = 4

Case (ii): If i = 0(mod2);f" (uw;-1) = hd([f )]z [f Wi-1)]2) = 8

From all the above cases, all the adjacent edges receive distinct even numbers as labels.
Hence the Quadrilateral Snake graph Q,,, admits even hamming distance labeling and
the even hamming distance number is 1,;,(Q,, ) = 8, m = 2.

48 252 195 0 63 243 204 0 63 252 195
6 6 6
4\ [8 8\ /4 4\ /8 8
12 6 51 2 3 6 60

Figure 5: Even Hamming Distance Labeled A(T¢) graph
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Theorem 2.6.The Alternate Quadrilateral Snake graph A(Q,,),m =2, is an even
hamming distance labeled graph and the even hamming distance number is
Nha(A(Q,)) = 6, where Q,, starts from the first vertex.

Proof: Let us consider the Alternate Quadrilateral Snake graph A(Q,,) with vertex set
V= {{ui/o <i< m}u {vi/O <i< [mT_lj}U {wi/O <i< [mT_lj}} and edge setE =

{{ui U /0<Si< m—13u {uzl- Va0 < i < [’”T‘lj} Ufviw /0 <i < P21} o {wingin /
2

0<i< [mT_lj}}. Define a function f:V - N uU{0} to label the vertices of A(Q,;,) in

such a way that f(u) # f(v) for any two adjacent vertices and the procedure for labeling
the vertices are explained in the following algorithm

Procedure: Vertex labeling of Alternate Quadrilateral Snake graph A(Q,,).
Input: Alternate Quadrilateral Snake graph.

Ve{{ui/osl's m}U{vi/OSiS [mz_lj}U{Wi/OSiS [mz_lJ}}

Uy < 0;vy « 15, w, « 48;

fori =1tomdo

3 ifi=1(mod4)

60 ifi =2(mod4)
12 if i =3(mod 4)
51 ifi =0(mod4)
end for

Uu; <

fori=1to lmT_ljdo
v; < 0; w; < 63;
end for
end procedure
output: The labeled vertices of A(Q,,) graph.
Now the induced edge labels are as follows:
Fori=0tom—1
Case (i): If i = 0(mod2);f" (uitti41) = hd([f (W)l [f (Uis1)]2) =2 .
Case (ii): If i = 1(mod2);f" (wiui+1) = hd([f (]2, [f (uir1)]2) =6.

Fori=0to [mT_lj;f*(uzl- vaw) = hd ([f (uzi)],, [f (U@)] ) =4
2 2 2
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fr(wiwy) = hd([f (]2, [f W)]2) =6, (Witzie1) = hd([f (W)lo, [f (Uzi1)]2) =4

From all the above cases, all the adjacent edges receive distinct labels. Hence the
alternate quadrilateral snake graph A(Q,,), admits even hamming distance labeling and
the even hamming distance number is 1}, (A(Q,,) ) = 6,m = 2.

15 48 0 63 0 63
2 b ™ g .
: " 4 4
o 2 3 60 2 12 51 2 3

Figure 6: Even Hamming Distance Labeled A(Ts) graph

Theorem 2.7.The Alternate Quadrilateral Snake graph A(Q,,), m = 2 is an even hamming
distance labeled graph and the even hamming distance number is n;,; (A(Q,,)) = 6, where
Q,,, starts from the second vertex.

Proof: Let us consider the Alternate Quadrilateral Snake graph A(Q,,,) with vertex set

V={{ui/0Sis m}u{vi/OSiS [%J—l}U{Wi/OSiS [%J—l}} and edge set

E={{uiui+1/0SiS m =1} Ufuzvi/0<i< 21— 1fu{vw /0<i< Z-1}u

{Wi Upipr /[0S I < [%J - 1}} Define a function f:V — N U {0} to label the vertices of

A(Q,) in such a way that f(u) # f(v) for any two adjacent vertices and the procedure
for labeling the vertices are explained in the following algorithm

Procedure: Vertex labeling of Alternate Quadrilateral Snake graph A(Q,,).
Input: Alternate Quadrilateral Snake graph.

Ve{{ui/osl's m}U{vi/OSiS [%J—l}u{wi/OSiS [%1—1}}

uy < 0;
fori =1tomdo

3 if i =1(mod 4)

J6O if i =2(mod 4)

b 12 if i = 3(mod 4)
k51 if i =0(mod 4)

end for

fori = 0to |7] - 1do
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w; < 0;

12 if i = 0(mod 2)
vi ‘_{3 if i = 1(mod 2)

end for

end procedure

output: The labeled vertices of A(Q,,) graph.
Now the induced edge labels are as follows:

Fori=0tom—1

Case (i): If i = 0(mod2);f" (uiti41) = hd([f (w)lz [f (Uis1)]2) =2 .

Case (ii): If i = 1(mod2); f*(ustti+1) = hd([f W]z, [f (Wir1)]2) =6.

Fori =0 to |7] = 1if* (a1 v0) = hd ([f (uzis )]z, [f (v)]2) =4

fr(wiwy) = hd([f (w)lz [f W2) =2, (Witzis2) = hd([f (W], [f (Uzis2)]2) =4 .

From all the above cases, all the adjacent edges receive distinct even numbers as labels.

Hence the Alternate Quadrilateral Snake graph A(Q,,), admits even hamming distance
labeling and the even hamming distance number is n},;(4(Q,,) ) = 6,m = 2.

12 0 3 12 0
Z 2 2
4 4 4 4 4
& Z 6 2 6 2 6
0 3 60 12 51 3 60
Figure 7: Even Hamming Distance Labeled A(Tg) graph
CONCLUSION

In this paper, we proved the existence of the even hamming distance labeling of some
snake related graphs and their even hamming distance number were obtained.
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