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Abstract

A balanced rank distribution of a simple graph G of order n is defined with the
following constraints; (i) For a given & > n, there exist an injective function
f:V(G) —{1,2,..., k} that gives the vertex labeling of G. (ii) There exists an onto
: . — [ f) | f() fw) | f(v)
function ¢ : E(G) — B C N defined by ¢(uv) = {Wz) + d(z)-‘ or LWZ) d(z)J
on the minimum bounded set B = er(G) of edge labelings, called the edge ranks.

Then G is said to have a balanced rank distribution labeling if (i) the cardinality of
er(@) is less than or equal to the minimum degree of G and (ii) a weakly balanced
rank distribution labeling if er(G) lies between minimum and maximum degrees
of G. Further, the balanced rank distribution number of G denoted by brd(G) is the
minimum k > n for which the defined rank distribution labelings exist. In this paper,
we proved that the crown graph C,, ® K1 admits a weakly balanced rank distribution
labeling for n > 3 and the wheel graph W,, admits a balanced rank distribution
labeling for 4 < n < 10 and weakly balanced rank distribution labeling for n > 11.
Further the balanced rank distribution number of the graphs C,, ® K7 and W,, have
also been obtained for the given positive integer n.
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1. INTRODUCTION

In this paper, we consider the graph G as finite, simple and undirected. The number
of vertices adjacent to a vertex u of G is called degree of a vertex and is denoted by
d(u). The maximum and minimum degree of a graph G are denoted by 6(G) and A(G)
respectively. For a real value a, |a], [a] and [a| respectively denotes the floor function,
the greatest integer function and the ceiling function associated with a. For standard
terminology and notations we follow J.A.Bondy and U.S.R.Murthy [1]. Graph labeling
techniques have many applications in interconnection and communication networks. In
wireless communication networks and interconnection network problems, cycles and
wheels are important structures. In most of the graph labeling techniques, the labeling
of crown and wheel graphs were investigated (Refer [4,5,6,7,8]). For a dynamic survey
on various graph labeling problems along with an extensive bibliography we refer to
Gallian [2].

The corona product G'; © G of two graphs G; and (5 is defined to be the graph obtained
by taking one copy of G of order p; and p; copies of G5 and joining i vertex of G,
with an edge to every vertex in the i" copy of G». The crown C,, ® K is a planar graph
with 2n vertices and 2n edges. It is obtained from a cycle (), by attaching a pendant
edge at each vertex of the n-cycle. For a positive integer n, IV, denotes the wheel graph
of n vertices formed by connecting a single universal vertex to the n — 1 vertices of a
cycle C,,_1.

Any interconnection network can be modeled and analyzed like a graph structure in
which the processors are the nodes and the connection between the processors are the
links. Though we have studied many types of graph labeling techniques in literature,
some of the network topologies in interconnection networks may require a new type of
labeling to explain their network flow. For example, if we give different input values to
the nodes due to certain constraints but we want to maintain a constant output produced
by any two linked nodes in the network then the following graph labeling technique
called balanced rank distribution [3] will be useful. The node weights(labels) may
be the time taken by the individual processors to complete the task assigned(of course
processors with varying capacity) and the edge weights(labels) may be the time taken to
produce the combined output produced by the two linked nodes. In parallel processors,
usually, we want to get the output at the same time from different processing units of
different capacities so that we can minimize the time required for the final output. A
threshold value (k) in the network for the maximum time utilized by the processors
may also be fixed. Is it possible to define a graph labeling that satisfies all these
constraints in a network? The affirmative answer to this question is achieved by the
definition of balanced rank distribution labeling of graphs given by the authors in [3].



Balanced Rank Distribution Labeling of Crown and Wheel Graphs 257

For simple undirected connected graph G of order n and a given positive integer k£ > n,
we can define an injective function f : V(G) — {1,2,...,k} and an onto function

¢: E(G) — B C N by ¢(uw) = {d((zg + fg”ﬂ {% + fE”gJ and for any two edges

wv and wzx of G, ¢p(uv) = ¢(wx) only if ’ (f(“ + fE@g) (% + %)‘ < 1. Here,

B = {i| min ¢(F) < i <max ¢(E)}, we have many B’s for a given graph G and we

choose the one with minimum cardinality. Such a set B is denoted by er(G) and the
elements of er(G) are called the edge ranks of GG and f is known as the balanced rank
distribution labeling of G. Note that |er(G)| < §(G) < A(G) and if

(i) |er(G)| = 1, then G is said to be a Strongly balanced rank distribution graph

(i) 6(Q) < ler(G)| < A(G), then G is said to be a Weakly balanced rank distribution
graph

(iii) ler(G)| > A(G), then G is said to be a non-balanced rank distribution graph.

The balanced rank distribution number of a graph G denoted by brd(G) is the minimum
ksuchthat f : V(G) — {1,2,...,k} is a balanced or weakly balanced rank distribution
labeling of G where the induced edge label set B has minimum cardinality.

In [3], the authors studied the existence of balanced rank distribution labeling in ladder
graphs, complete graphs and complete bipartite graphs. In this paper, the balanced rank
distribution labeling of crown and wheel graphs have been investigated.

2. BALANCED RANK DISTRIBUTION LABELING OF CROWN GRAPHS

In this section, we have studied the balanced rank distribution labeling of the crown
graphs C,, ® K for the given positive integer n > 3.

Notation:

Let G = C,, ® K; be a crown graph of order 2n and k& > 2n be the given positive
integer. In (G, a pendant edge is joined to each vertex of a cycle C,,. Let the vertices of
the cycle C,, in G be vy, v9, ..., v, and its respective pendant vertices be wuy, ug, ..., Uy,.

i.e., V(G) = {v1,v2, ey Up, U, U, ooy Up }

E(G) ={vvit1,1 <i<n—1} U{nuv,} U{vu;, 1 <i<n}

Here |V (G)| = 2n, |E(G)| = 2n, A(G) = 3 and 6(G) =

In order to find the balanced rank distribution number of crown graphs C,, ® K, we need
to find the minimum value of k such that the vertex labeling f : V(G) — {1,2,..., k}
induces an edge labeling with minimum number of edge ranks.

Lemma 2.1. The crown graph C,, ©® Ky has a weakly balanced rank distribution
labeling for the given odd positive integer n and for the positive integer k > 2n.

Further, the balanced rank distribution number obtained for various values of n is as
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follows:

(i) brd(Cs ® K;) = 6.

(ii) brd(Cs ® Ky) = 13,

(iii) brd(Cy ® K,) = 22.

(iv) brd(Cy ©® K;) = 32.

(v) brd(C, ® Ky) = 2251, forn > 11.

Proof. Let G = C,, ® K;. Now, we will analyze the balanced rank distribution of G
according to the given values of n and k.

(i)n=3and k > 6.

Define the labeling f : V(C3 ® K;) — {1,2,...,k} by

fv)=k—-3+i,1<i<n
fluj))=m+3—i,1<i<n

k=3—j
5
This definition of f induces an edge labeling with edge rank set er(C3 © K;) =

(B0 250 for all k > 6. Here, |er(Cy @ Ki)| = 2 < A(C3 © K)).
Hence, C5 ® K is a weakly balanced rank distribution graph and brd(C3 ® K;) = 6.
Define the labeling f(u;) of pendant vertices by

where £k = 7 (mod 3), j =0,1,2,and m =

m+n—1i, 1=13,5

; — Y Y ) Y 1
f(w) {m—l—i—l, i=24,. .n—1 M
(i) n = 5 and for any value of £ > 10, vertex labeling f does not induce an edge
labeling with single edge rank and so |er(G)| = 11is not possible. Hereafter, the labeling
f(u;) of the pendent vertices of G can be obtained by defining a suitable value for m in

Eq. (1). One can verify that the minimum £ such that f induces 2 edge ranks is 13 and
defined as

k—104+2, i=1,3,5
2 — Y ) Y 2
f(vi) {k+2—2i, i—2.4 @
k—9—j

5
The definition of f given in Egs.(1) and (2) induces an edge labeling with edge rank set

where k = j (mod 3), j = 0,1,2,and m =

{Qk 9 2’“ 61 for k= 0(mod 3)
er(Cs © Ky) = ¢ {28, Zk 51 for k= 1(mod 3)
{2k310,2k37}, for k = 2(mod 3)
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Therfore, C; © K has a weakly balanced rank distribution with three edge ranks for the
values of k£ from 10 to 12 and it has weakly balanced rank distribution with two edge
ranks for k > 13. Thus brd(Cs ® K;) = 13.

(iii)n = 7and k > 14.

Consider the vertex labeling of pendant vertices as given in Eq. (1).

From k = 14 to 17, C'; ® K; has a non balanced rank distribution and from k = 18 to
21, it has a weakly balanced rank distribution with three edge ranks. Thus, from £ =14
to 21, there is no vertex labeling f that induces an edge labeling with |er(G)| = 2. So,
take k£ > 22 and define f(v;) that induces an edge labeling to produce two edge ranks.
According to k& = 0, 1,2 (mod 3), the vertex labelings of the cycle in G, i.e., f(v;),
values of m which is the index used in the labeling of u;’s and the respective elements
of er(G) are given in Table 2.1.

k> 22 f(v) m er(G)

=0(mod3) | {k— 13,k —2,k—8,k— 7,k —4,k—11,k} | 5515 | {215, 212

=1(mod3) | {k—13,k—2,k—9,k—T7,k—4,k— 11k} | 510 | {214 260

=2(mod3) | {k—13,k—1,k—8,k—6,k—3,k—11,k} | 2514 | {213 200

Table 2.1: Vertex labelings of C7 and edge rankings of C'; ® K,

Therefore, C7;® K is a weakly balanced rank distribution graph and brd(C;© K;) = 22.
(iv)n=9and k£ > 18.

Consider the vertex labeling of pendant vertices as given in Eq. (1).

From k£ = 18 to 25, Cy ® K, has a non balanced rank distribution and from k& =26 to
31, it has a weakly balanced rank distribution with three edge ranks. Thus, from £ =18
to 31, any vertex labeling f doesn’t induce an edge labeling with |er(G)| = 2. So,
take £ > 32 and define the weakly balanced rank distribution labeling. According to
k = 0,1,2 (mod 3), the vertex labeling f(v;), the value of m to be used to find the
labeling f(u;) from Eq. (1) and the elements of er(G) are given in Table 2.2.

k> 32 f(vi) m er(G)
= 0 (mod 3) {k—19,k -2,k — 14,k — 7, k—21 {2/&5217 ngIS}
k—10,k — 11,k — 5,k — 16, k}
=1 (mod 3) {k; —20,k—2,k—15k—7, k—22 {2/&5207 2kg17}
k—10,k—12,k -5k — 17k}
=2(mod3)| {k—19,k—1,k— 14,k —6, k20 {2’“519, %glﬁ}
k—9k—11,k—4,k— 16, k}

Table 2.2: Vertex labelings of Cy and edge rankings of Cy ® K,
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Therefore, Co® K is a weakly balanced rank distribution graph and brd(Co® K;) = 32.
(v)n>11and k > 22.

For any k£ > 22, no vertex labeling induces an edge labeling that produces |er(G)| = 1
or 2. We seek the minimum value of %k for which the vertex labeling induces an edge
labeling with |er(G)| = 3.

Consider f(u;) as given in Eq. (1) and define the vertex labeling f(v;) as

kE—3n+7 fori=1
k—3n+3, fori=357 ..,n—2

flu) = b Jor 3)
k+5—3i, fori=2,4,6,...n—1

k, fori=n

Using the Egs. (1) and (3), the vertex labeling of C,, ® K, for n > 11 is shown in Fig.
2.1.

m+n-4 m+4 m+n-6

Figure 2.1: Vertex labeling of C,, ® K1, n > 11

From Fig. 2.1, we get

Maz{|p(vivis1) =P (vjvi1)], [@(vivier) =P (vivn)|, [d(vivigr) —d(vus)l, [@(viui) —d(vjuy)|} < 3,

foralli,j € {1,2,...,n — 1}. Therefore, the vertex labeling defined in Egs. (1) and (3)
induces an edge labeling with |er(G)| = 3.

In order to find the balanced rank distribution number, the value of m according to
different values of £ has to be evaluted. We have the following results from Fig. 2.1.
For k = 0(mod 3), ¢(v,u,) = ¢(v1v2)

For k = 1(mod 3), ¢(vivy,) = ¢(vaus)
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For k = 2(mod 3), ¢(v,uy,) = ¢(vp_10,_2)
Thus, for all n > 11, we can generalize the values of m as follows:
For k = j (mod 3),

_k=3n+6—

m Y
3 J

~=0,1,2. 4)

If k£ is minimum then f(v;) = f(u1) + 1. By substituting the minimum value of m
obtained from Eq. (4), we get k = (9n — 17)/2. Forall k > (9n — 17)/2 and n > 11,
the edge rank set is generalized as

2% —3(n—1)+j 2k—3(n—2)+j 2k—3(n—3)+j} )

3 ’ 3 ’ 3

where £ = j(mod 3), j = 0,1, 2.

Therefore, brd(C,, ® K;) = (9n — 17)/2 for all odd n > 11.

Thus, C,, ® K is a non-balanced rank distribution graph for & < (9n — 17)/2 and a
weakly balanced rank distribution graph for & > (9n — 17)/2 for all odd n > 11.

er(C, © K1) = {

]

Lemma 2.2. The crown graph C,, ©® K, has a weakly balanced distribution labeling
for the given even positive integer n and for the positive integer k > 2n. Further, the
balanced rank distribution number obtained for various values of n is as follows:

(i) brd(Cy © K1) = 9.

(ii) brd(C,, ©® K;) = 2252, forn > 6.

Proof. Let G = C,, ® K, be a crown graph where n is even and £ > 2n be the given
positive integer. Now, we will analyze the balanced rank distribution of G according to
the given values of n and k.

For all even n > 4, the vertex labeling of u;’s are defined according to n = 0 (mod 4)
and n = 2 (mod 4) and it is tabulated below:

n = 0(mod 4) n = 2(mod 4) f(u;)
i=1,3,5,..2—1& i=1,3,5,.,2& m+n-i
i=5+2,5+4,...n i=5+1L5+2,..,n

i=2,4,6,..,5& i=2,4,6,..,5-1& m+i-1
i=5+1,5+3,..,n—1]|i=5+25+4,.,n—1

Table 2.3: Labeling of u;’s in C,, ® K, for allevenn > 4

()n=4and k > 8
If £ = 8, we can define f(v;) as

f(vl) :57 f(UQ) :77 f(US> :67 f(U4) =38
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The induced edge labeling produces three edge ranks, er(Cy, ® K;) = {4,5,6}.
But for all £ > 9, we can define the vertex labeling as

f(vl):k_47f(v2>:k_1af<v3):k_3vf(v4):k

that induces an edge labeling with two edge ranks. The edge ranks and m values are
given below:

E
(=]

, for k =0(mod 3)
, for k=1(mod 3)
for k =2(mod 3)

e

N
-

e
w|| e
St

Y

2k—-6+7 2k—-3+
6T(C4®K1):{ J j}

3 ’ 3

Hence, brd(Cy ® K;) = 9.

(i)n > 6and k > 2n

For any k£ < (9n — 20)/2, there is no vertex labeling which induces an edge labeling
with minimum cardinality of er(C,, ® K7). Thus for £ > (9n — 20)/2, we have two
cases for the vertex labeling which induces the edge labeling with |er(C,, ® K;)| =2
(or) 3.

Case (i): n = 6,8 and 10.

From k =2nto k < (9n — 20)/2, we have the following results:

Cs® K7 1s anon balanced rank distribution graph for £ = 12 to 13 and a weakly balanced
rank distribution graph with three edge ranks for £ = 14 to 16.

Cs® K is anon balanced rank distribution graph for £ = 16 to 21 and a weakly balanced
rank distribution graph with three edge ranks for k£ = 22 to 25.

Cio ® K; is a non balanced rank distribution graph for £ = 20 to 29 and a weakly
balanced rank distribution graph with three edge ranks for £ = 30 to 34.

Now consider k = (9n — 20)/2, m = (k + 4 — 3n)/3 and define the vertex labeling as
below:

n = 6,10 n=_§ f(v;)
1=1 =1 k—3n+8
i=24,6,..,2—1 i=24,..,2 k— 20+ 2
i=3,5..5% i=3,5,..,5—1 kE—=3n+5+2
i=5+2,5+4,...n—-1i=5+1,5+3,...n—1| k+7—n—21
i=241,2 43,0 | i=24+224+4.n | k—2n+2i

Table 2.4: Labeling of v;’s in C,, ©® K7, for n = 6, 8,10 when k = (9n — 20)/2
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From Table 2.3 and Table 2.4 the resulting edge labeling produces 2 edge ranks, namely

2k—3n+5 2k—3n+8
er(G) = { oD 2ot R

Therefore, |er(G)| = 2 for n = 6,8 and 10.
For all & > (9n — 20)/2, the above vertex labeling does not induce the edge labeling
with two edge ranks. Based upon k£ = 0, 1, 2 (mod 3) slight modifications can be made

to acheive two edge ranks.

i f(vi)

n =26,10 n=3~8 k =0, 1(mod 3) k = 2(mod 3)
i=1,3,5,..,2 i=1,3.,2-1 k—3n+6+2 | k—3n+6+2i
i=24,..,0-1 i=24,..,0 k—2 42 k-2 43

i= 042,244, n—1|i=241,243, . n—1| k+8-n—2 | k+8—n+2i
i=241,2 43, =2 | i=242244..n—-2| k—2n4+2 |k+1-2n+2
i=n i=n k k

Table 2.5: Labeling of v;’s in C;, ® K7, for n = 6,8, 10 when k£ > (9n — 20)/2

The values of m and respective edge ranks produced by the vertex labeling defined in
Table 2.3 and Table 2.5 are listed below:

E=3ni6 - for k = 0(mod 3)
E=3nts - for k= 1(mod 3)
%, for k =2(mod 3)

(6)

2k —3(n—2)+j 2k—3(n—3)+j}
3 ’ 3

er(C, ® Ki) = {

Thus, for & > (9n — 20)/2 and for n = 6,8 and 10, we have |er(C, © K;)| = 2.

Case (ii): n > 12

In this case, defining a vertex labeling for any £ > 24 to induce an edge labeling with
ler(G)| = 2 is not possible. In order to find the minimum & to obtain |er(G)| = 3,
first define the vertex labeling in terms of & such that the induced edge labeling must
satisfies the condition |¢(e,) — ¢(e,)| < 3 for every e,, e, € E(G). One such vertex
labeling is defined in Table 2.6.
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i f(vi)
n =0 (mod 4) n = 2 (mod 4) k= 0,1,2(mod 3)
1=1 1=1 k—3n-+8
i=2,4,6,.,5& i=24,6,.,5-1& k+5—3i
s+1,54+3,..,n—=3|5+2,5+4,..,n—3
i=3,5.,5-1& i=3,5.,5& k—3n+2+3
5+2,5+4,...n—-2|5+1,5+3,..,n—-2
i=n-—1 t=n-—1 k—3n+9
i=n 1=n k

Table 2.6: Labeling of v;’s in C}, ® K, for all even n > 12

Clearly this vertex labeling induces an edge labeling with |er(G)| = 3.
From Table 3 and Table 6, the vertex labeling of C,, ® K; for n > 12 is shown in Fig.
2.2.

m+n-6

m+n-4 m+4

Figure 2.2: Vertex labeling of C,, ® K;,n > 12

In order to find the balanced rank distribution number, the value of m according to
different values of & has to be evaluted. We have the following results from Fig. 2.2.
For k£ = 0(mod 3), ¢(v,—1tn—1) = ¢(Vp_10,)

For k = 1(mod 3), ¢(v,uy,) = ¢(vp_10,_2)

For k = 2(mod 3), ¢(v,un,) = ¢(v3v4)

Thus, for all n > 12, the generalized values of m are given in Eq. (4).

To obtain minimum value of &, let f(vy) = f(uy) + 1. Here f(v1) = k — 3n + 8 and
f(u1) = m + n — 1. By substituting the minimum value of m obtained from Eq. (4),
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we get k = (9n — 20)/2.
For all £ > (9n — 20)/2 and n > 12, the edge rank set is generalized in Eq. (5).

Therefore,

—9
brd(C, © Ky) = 22

, forall n > 12

Thus, C,, ® K, is a non-balanced rank distribution graph for £ < (9n — 20)/2 and a
weakly balanced rank distribution graph for k£ > (9n — 20)/2 for alleven n > 12. [

The results obtained from Lemma 2.1 and Lemma 2.2 are summarized in the following
theorem.

Theorem 2.1. A crown graph C,, ©® K, of order 2n and k > 2n is a weakly balanced
rank distribution graph and its balanced rank distribution number is given by

6, forn =3,
brd(C, © Ki) = ¢ 228 forn=5,7,
%, foroddn > 9.
and
9 n=4
brd(C, ® Ky) = ’ ’
rd(Ca © K1) { =20 for evenn > 6.
Example 2.1.

Case (i): n is odd
For n = 11 and k = 41, the balanced rank disribution labeling of C';; ® K is given in
Fig. 2.3.

)25

2

6
18
18 18

13

O
5 20 128
18 19
o
8

2

20
18
1 9

1
1

ane——o W

Figure 2.3: Weakly balanced rank distribution of C'; ® K;

Here |B| =3 = A(G). Hence, C1; ® K is a weakly balanced rank distribution graph.
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Case (ii):n is even

Subcase (i): n =0 (mod 4)

For n = 12 and k = 44, the balanced rank disribution labeling of C'» ® K is given in
Fig. 2.4.

Figure 2.4: Weakly balanced rank distribution of C'5 ® K;

Here |B| =3 = A(G). Hence, C12 ® K, is a weakly balanced rank distribution graph.
Subcase (ii): n = 2 (mod 4)

For n = 14 and k£ = 53, the balanced rank disribution labeling of C'5» ® K is given in
Fig. 2.5.

Figure 2.5: Weakly balanced rank distribution labeling of C4 ® K;

Here |B| =3 = A(G). Hence, C14 ® K, is a weakly balanced rank distribution graph.

3. BALANCED RANK DISTRIBUTION LABELING OF WHEEL GRAPHS
Theorem 3.1. The wheel graph W,, of ordern > 4and k > nisa

(i) balanced rank distribution graph from n = 4 to 10 and

(ii) weakly balanced rank distribution graph for all n > 11.
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Further, brd(W,,) = n, for alln > 4.

Proof. Let W,, be a wheel graph with n vertices. It has n — 1 vertices with degree 3
and 1 vertex with degree n — 1. Let vy, v, ..., v,_1 be the vertices of degree 3 and v,, be
the vertex of degree n — 1. Here, V(W,,) = V, UV, where Vy = {v1,vs, ..., v,,_1 } and
Vo = {un}.

Also, E(W,) = X UY, where X = {vv;11} U{viv,_1}, foralli € {1,2,...,n — 2}
and Y = {v;v,}, forall v; € Vj

For any given k& > n, we define the vertex labeling f : V(W,,) — {1,2..., k} to induce
an edge labeling ¢ : E(W,,) — B C N where the edge labeling set B has minimum
cardinality.

Case (i):n =14

Forn = 4, W, = K, the complete graph with 4 vertices. We know that, every complete
graph K, is a balanced rank distribution graph with brd(K,,) = n from [6]. Therefore,
brd(Wy4) = 4 and W, is a balanced rank distribution graph.

Case (ii): n =5

For any k£ > 5, define f(v1) = k — 4, f(ve) = k — 2, f(Ug) =k—3, f(ny) =k—-1
and f(vs) = k. The resulting edge labeling set is ¢(E )) {15557, [22] 1
|p(E)| = 2 implies Wj is a balanced rank distribution graph for k > 5. Therefore,
brd(Ws) =5

Case (iii): n > 6

Let £ > 6. Label the vertex v,, as k.

In order to get B with minimum cardinality, the cardinality of ¢(Y") should be
be labeled with the numbers from

minimum. To minimize |¢(Y)],
k —n+1to k— 1 in a specific order and it satisifies the condition min ¢(Y") < ¢(X) <
max ¢(Y'). Such a vertex labeling of Vj is given in the Table 3.1.

n 1 f(v;)
=0,2(mod 4) 1=1,3,5,...n—1 k—n+1
i=2,4,6,...,n—2 k—i

=1 (mod4) |i=1,3,5,22&22 M n—1|k-n+i
i=2,4,6,., 5t & M5 n 2| ki

=3 (mod4) |i=1,35 22 &2 25 n—1|k—-n+i
i=2,4,6,., 22 &2 M n—2| k—i

Table 3.1: Labeling of the vertex set V}
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From Table 3.1,

e A e R e A PR}
et :anl ) - ()
_ [(”;2)}“: {”‘gl} cn—1=A(W,)

Therefore, 2 < |er(W,,)| < A(W,).

Here, [2H] = 2,forn =6,7. [%] = 3, forn =8,9,10 and [2!] > 3, forn > 11.
ie., |er(W,)| < d(W,) forn =6to 10 & §(W,,) < |er(W,)| < A(W,,) forall n > 11.
Thus, W, is a balanced rank distribution graph from n = 4 to 10 and a weakly balanced
rank distribution graph for all n > 11 & k > n. Hence brd(W,,) = n. O

Example 3.1.
Consider the balanced rank distribution labeling of Wy (See Fig. 3.1).

Figure 3.1: Balanced rank distribution labeling of Wy

Here |B| = 4 < 7 = A(G). Thus, Wy is a balanced rank distribution graph with
b?"d(Wg) = 8.



Balanced Rank Distribution Labeling of Crown and Wheel Graphs 269

4. CONCLUSION

In this paper, the existence and non-existence of balanced rank distribution labeling
of crown and wheel graphs have been investigated and the balanced rank distribution
numbers of these graphs have been obtained. The balanced rank distribution labeling
of other classes of graphs are yet to be investigated.
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