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Abstract 

A 2-minbow dominating function (2RDF) on a graph G = (V, E) 
is a function f from the vertex set V to the set of all subsets of the 
set {1, 2} such that for any vertex v E V with f(v) = 0 the condition 
UuEN(v)!(u) = {1, 2} is fulfilled. The weight of a 2RDF f is the value 
w(f) = L:vEV(G) lf(v)l. The 2-minbow domination number, denoted 
by /'r2(G), is the minimum weight of a 2RDF on G. The rainbow 
bondage number br2(G) of a graph G with maximum degree at least 
two, is the minimum cardinality of all sets E' E( G) for which 
/'r2(G- E') > /'r2(G). Dehgardi, Sheikholeslami and Volkmann, 
[Discrete Appl. Math. 174 (2014), 133-139] proved that the rainbow 
bondage number of a planar graph does not exceed 15. In this paper 
we improve this result. 
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1 Introduction 
In this paper, G is a simple graph with vertex set V = V(G) and edge 
set E = E(G). The order lVI and size lEI of G are denoted by n = 
n(G) and m = m(G), respectively. For every vertex v E V(G), the open 
neighborhood N 0 (v) = N(v) is the set {u E V(G) I uv E E(G)} and the 
closed neighborhood of v is the set N c [v] = N[v] = N ( v) U { v}. The degree of 
a vertex v E Vis degc(v) = deg(v) = IN(v)l. The minimum and maximum 
degree of a graph G are denoted by 8 = 8(G) and 6. = 6.(G), respectively. 
The open neighborhood of a set S V is the set N ( S) = UvE 8 N ( v), and the 
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closed neighborhood of Sis the set N[S] = N(S) US. By d0 (x, y) = d(x, y) 
we denote the distance of the vertices x and y in the graph G. The girth 
g( G) of G is the length of a shortest cycle in G, and g( G) = oo when G is 
a forest. For the notation and terminology not defined here, we refer the 
reader to [12, 18]. 

A subset S of vertices of G is a dominating set if N[S] = V. The 
domination number 'Y( G) is the minimum cardinality of a dominating set 
of G. To measure the vulnerability or the stability of the domination in 
an interconnection network under edge failure, Fink et al. [10] proposed 
the concept of the bondage number in 1990. The bondage number of G, 
denoted by b(G), is the minimum number of edges whose removal from G 
results in a graph with larger domination number. For more information 
on this topic we refer the reader to the survey article by Xu [20]. 

For a positive integer k, a k-rainbow dominating function (kRDF) of a 
graph G is a function f from the vertex set V (G) to the set of all subsets 
of the set {1, 2, ... , k} such that for any vertex v E V(G) with f( v) = 0 the 
condition UuEN(v)f(u) = {1, 2, ... , k} is fulfilled. The weight of a kRDF f 
is the value w(f) = l:vEV(G) lf(v)l. The k-rainbow domination number of 
a graph G, denoted by 'Yrk(G), is the minimum weight of a kRDF of G. 
A 'Yrk(G)-function is a k-rainbow dominating function of G with weight 
'Yrk(G). Note that 'Yrl(G) is the classical domination number 'Y(G). The 
k-rainbow domination number was introduced by Bresar, Henning, and 
Rall [3] and has been studied by several authors [4-8, 14-16, 19]. 

Let G be a graph with maximum degree at least two. The k-rainbow 
bondage number brk (G) of G is the minimum cardinality of all sets E' <;;; E 
for which 'Yrk(G- E') > 'Yrk(G). Since in the study of k-rainbow bondage 
number the assumption ll(G) 2: 2 is necessary, we always assume that 
when we discuss brk(G), all graphs involved satisfy ll(G) 2: 2. The k-
rainbow bondage number was introduced by Dehgardi, Sheikholeslami, and 
Volkmann in [7]. In their paper, they proved that: 

Proposition A. If G is a planar graph with maximum degree at least two, 
then br2(G):::; 15. 

In this paper, we improve the stated bound in Proposition A. We make 
use of the following results in this paper. 

Proposition B. ( [4, 17]) If G is a planar graph with minimum degree 5, 
then G contains an edge xy with deg(x) = 5 and deg(y) E {5, 6}. 

Proposition C. ( [11]) Let G be a planar graph of girth g < oo and c be 
the number of cut-edges in G, then 

m(G):::; g(n(G)- 2)- c. 
g-2 
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Corollary 1. Let G be a planar graph of girth g(G) < oo. Then (i) 
J(G):::; 5, (ii) if g(G) 4, then J(G):::; 3, (iii) if g(G) 6, then J(G):::; 2. 

Proposition D. (Euler's formula) If G is a connected planar graph, then 

IV(G)I-1 E(G)I + IF(G)I = 2, 

where F(G) is the face set of G. 

Proposition E. ( [13]) Let v be a vertex of a planar graph G with d( v) 3, 
and let Ev = {xy I x, y E N(v) and xy E(G)}. Then there exists a subset 
S Ev such that H = G + S is still a planar graph and H[N(v)] is 2-
connected. 

Proposition F. ( [7]) If G is a graph, and xyz a path of length 2 in G, 
then 

br2(G) :=:; d(x) + d(y) + d(z)- 3. 

Proposition G. ( [7]) If G is a connected graph of order n 3, then 

br2(G):::; J(G) + 3. 

Proposition H. ( [7]) If G is a connected graph of order n > 3 and 
edge-connectivity >.(G), then 

br2(G):::; >.(G)+ 3. 

Proposition I. ( [7]) Let xyz be a path of length 2 in graph G. If xz rJ_ 

E(G), then 

hr2(G):::; d(x) + d(y) + d(z)- 2 -IN(x) n N(y)l-1 N(x) n N(z)l; 

otherwise, 

br2(G):::; d(x) + d(y) + d(z)- 3 -IN(x) n N(y)l-1 N(x) n N(z)l. 

Proposition J. ( [7]) If T is a tree of order n 3, then br2 (T) :::; 2. 

The next result is an immediate consequence of Propositions A, G and 
Corollary 1. 

Corollary 2. If G is a connected planar graph with maximum degree at 
least two, then 

br2(G):::; max{15, + 2}. 
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2 Bounds on the 2-rainbow bondage number 
In this section, we will improve the bound of Corollary 2 for connected 
planar graph. 

Theorem 3. If G is a connected planar graph of order n 2 3, then br2(G) ::; 
max{15, 

Proof. By Proposition A, we only need to prove that br2(G)::; 
7. If .A( G)::; 3, then the result follows, by Proposition H. Now on, 2 
b(G) 2 >.(G) 2 4. Assume, to the contrary, that br2(G) 2 1. For each 
edge e = xy in E(G), we assign two variables Ve = 1/ deg(x) + 1/ deg(y) 
and fe = 1/ax + 1/ay, where ax and ay are the number of edges comprising 
the faces which e borders. Obviously LeEE Ve = n and LeEE fe = IF( G) I· 
By Proposition D, we have 

2)ve + fe- 1) = n -IE(G)I + IF(G)I = 2. (1) 
eEE 

Now we show that for every edge e = xy, Ve + fe - 1 ::; 0 which leads to 
a contradiction by (1). Assume that e = xy E E and deg(x) ::; deg(y). 
First let deg(x) = 4. It follows from Proposition I and our assumption 
br2(G) 2 + 1 that 

+ 1::; br2(G)::; 4 + deg(y) + 3 -IN(x) n N(y)l::; + 1, 

and hence deg(y) = 2 4 and x and y can have no common neighbor. So 
ax and ay are both at least 4 that implies Ve + fe - 1 ::; 0. 

Now let deg(x) = 5. Then by Proposition I we have 

+ 1 :S: br2(G) 
::; 5 + deg(y) + 3- IN(x) n N(y)l (2) 
::; deg(y) + - IN(x) n N(y)l 

and hence deg(y) 2 1. If deg(y) = 1, then x and y can have no 
common neighbor and deg(y) 2 5 by assumption, and the result follows as 
above. Let deg(y) = 2 5. Then (2) shows that x andy have at most one 
common neighbor and hence at most one of ax and ay is equal to 3. This 
leads to Ve + fe - 1 ::; 0. Finally if deg(x) 2 6, then ax, ay 2 3 implying 
that Ve + fe - 1 ::; 0. This completes the proof. D 

Theorem 4. Let G be a connected planar graph of order at least three 
with no vertex of degree five. Then br2(G)::; max{12, 5}. 

Proof. First we show that br2 ( G) ::; 12. By Corollary 1 and our assumption, 
we have b(G) ::; 4. Let X= {v E V(G) I deg(v)::; 4} andY= V(G)- X. 
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First suppose that there exists a vertex v E Y which has three neighbors 
w1, w2, W3 in X. Let F be the set of all edges incident to w1, w2 or W3. 

Then IFI :5 12 and the vertices w1, w2, w3 are isolated in G- F. Iff is a 
"Yr2(G- F)-function, then clearly lf(w1)1 = lf(w2)1 = lf(w3)1 = 1 and the 
function g defined on V(G) by g(v) = {1,2},g(wl) = g(w2) = g(w3) = 0 
and g(w) = f(w) otherwise, is a 2RDF of G with weight less than w(f) 
and hence br2(G) :5 12. Thus we may assume that each vertex in Y has at 
most two neighbors in X. 

Assume that G[Y] is the subgraph induced by Y. If there exists a vertex 
u E Y of degree at most 7 in G[Y], and u has exactly two neighbors w1, w2 
in X, then consider the path w 1uw2 • It follows from Proposition F that 
br2(G) :5 12. Thus we may assume that each vertex of degree at most 7 in 
G[Y] has at most one neighbor in X. 

Since the subgraph G[Y] is a planar graph, we deduce from Corollary 
1 that J(G[Y]) :5 5. If 8(G[Y]) :5 4 and v is a vertex of G[Y] of degree 
8(G[Y]), then we obtain deg0 (v) :5 4 since v has at most one neighbor 
in X and G has no vertex of degree 5, contradicting the definition of X. 
Therefore, J(G[Y]) = 5. It follows from Proposition B that there is an edge 
xy in G[Y] such that degG[YJ(x) = 5 and degG[Yj(Y) E {5, 6}. Since G has 
no vertex of degree 5, we conclude that x has exactly one neighbor in X and 
y has at most one neighbor in X. Hence deg0 (x) = 6 and deg0 (y) E {6, 7}. 
Let z be the neighbor of x in X and consider the path zxy. Proposition F 
implies that br2(G) :5 12 as desired. 

Now we show that br2(G) :5 + 5. Since br2(G) :5 12, we may 
assume that :5 7. As above, we have J(G) :5 4. Let X = {v E 
V(G) I deg(v) :54}= {v1,v2, ... ,vk}· Suppose on the contrary that 
br2(G) 2:: + 6. Since br2(G) :5 12, we have :5 6. By Proposition 
F, we deduce that for any two distinct vertices u, v E X, d(u, v) 2:: 3. 
Define Ho = G and Hi = Hi-1 + Si for 1 :5 i :5 k, where Si is a subset 
of Ev, = {xy I x,y E N(vi),xy (j. E(Hi-1)} such that Hi-1 +Si is still 
a planar graph and Hi[N(vi)] is 2-connected when deg0 (vi) 2:: 3. Now let 
vEX andy E Na(v). Since br2(G) 2:: + 6, we deduce from Proposition 
F that dega(v) 2:: 3. If deg0 (v) = 3, then by Proposition F, we obtain 

The inequality chain and the fact :56, leads to deg(y) = 6 and thus 
degH k (y) 2:: 8. Assume next that deg( v) = 4. By Proposition F and the 
fact :56, we obtain 

This implies that dega(y) 2:: 5. Since G has no vertex of degree 5, we obtain 
deg0 (y) = 6 and so degHk (y) 2:: 8. Obviously, Hk is planar. Since 
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d(u, v) 2:: 3 for any two distinct vertices u, vEX, we see that Hk- X is a 
planar graph with minimum degree at least 6 which contradicts Corollary 
1. This complete the proof. D 

Theorem 5. For any connected planar graph G of order n 2:: 3, br2(G) :::; 
{15, 6}. 

Proof. By Proposition A, we need only to show that br2(G) :::; 6. 
Let x<3 = {v E V(G) I deg(v) ::::: 3}, xi = {v E V(G) I deg(v) = i} for 
i = 4, 5. If X 5 = 0, then the result is immediate by Theorem 4. Henceforth, 
we assume that X 5 i- 0. Assume, to the contrary, that br2(G) 2:: + 7. 
Since br2(G) :::; 15, we have 8. Proposition F implies that d(x, y) 2:: 
3, if either x, y E x3 u x4 or X E x3 u x4 and y E x5. Moreover, if 
X E x<3 and y E Nc(x), then deg(y) 2:: 7. Suppose that I x5 is 
an independent set such that III is maximum. Then X 5 I u N(I) and 
N(X4) n N(I) = 0. Now let x4 u I = {VI, V2, 0 0 0 'vk} and H = G- X:::;s. 
Define H0 = H and Hi = Hi-l + S; for 1 :::; i :::; k, where Si is a subset 
of Ev, = {xy I x,y E N(v;), xy tf. E(Hi_I)} such that Hi-1 + Si is still 
a planar graph and Hi[N(vi)] is 2-connected. We consider the following 
facts. 

Fact 1. If X4 #- 0, then degHk (y) 2:: 7 for each vertex y E Nc(X4). 
Let X E x4 andy E Nc(x). By Proposition F, we have 

implying that deg0 (y) 2:: 6, and so degHk (y) 2:: 7. 

Fact 2. For each vertex y E Nc(I), degHk (y) 2:: 7. 
Let x E I andy E N0 (x). It follows from Proposition F that 

+ 7 :S: br2(G) :S: degc(x) + deg0 (y) + 3 = deg0 (y) + . 

This implies that deg0 (y) 2:: 5, and so degHk (y) 2:: 7. 
By Facts 1 and 2, we see that G* = Hk- X 4 is a planar graph such that 

(i) the minimum degree of G* is 5, (ii) I= { v E V(G*) I de· ( v) = 5} is an 
independent set in G* and (iii) deg0 • ( v) 2:: 7 for each vertex v E N c• (I) = 
Nc(I). Let B be the bipartite graph with partite sets I and N(I) and the 
edge set {uv E E(G*) I u E I, v E N(I)}. Then B is a bipartite planar 
graph with exactly 5III edges. Using Proposition C and the fact g(B) 2:: 4, 
we obtain 5III :::; 2III + 2IN(I)I - 4 (note that this bound remains valid 
if g = oo that means that B is a forest) and therefore IN (I) I 2:: I I + 2. 
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Therefore 

IE(G*)I 
1 
2 L dc.(v) 

vEV(G•) 

> + 7IN(I)I + 6(IV(G*)I -1 II -I N(I)i)) 

3IV(G*)I + 

> 3IV(G*)I 1 > 3IV(G*)I- 6, 

a contradiction with Proposition C, and the proof is complete. D 

For a graph G, let ni (G) = ni be the number of vertices of degree i and 
Ti (G) = Ti be the number of vertices of degree at least i for i = 1, 2, ... , .6.. 

Theorem 6. Let G be a connected planar graph of order n 2: 3. If g(G) 2: 
4, then br2(G)::; max{15, .6. + 4}. 

Proof. By Proposition A, we need only to show that br2(G) ::; .6. + 4. 
If G is a tree or .6. ::; 4, then the result follows from Proposition J and 
Theorem 3. Assume that 4 ::; g( G) < oo and .6. 2: 5. Since g( G) 2: 4, 
Corollary 1 implies that 5 ::; 3. Since n( G) = n 1 + n2 + ... + nc, and 
2m( G) = n 1 + 2n2 + ... + .6-nc,, we conclude from Proposition C that 

2m= n1 + 2n2 + ... + .6-nc. ::; 4n- 8 = 4nl + 4(n2 + n3 + ... + nc.)- 8, 

and thus 

We consider the following cases. 
Case 1. .6. = 5. 
If 5 ::; 2, then the results follows from Proposition G. If 5 = 3 and there 
exist a vertex u of degree 3 and a vertex v with d( u, v) ::; 2 and deg( v) ::; 4, 
then Proposition F leads to br2 (G) ::; .6. + 4. Assume that 5 = 3 and that 
all neighbors of each vertex of degree 3 has degree 5. Then n 5 2: 3n3 , a 
contradiction with (3). 

Case 2. = 6. 
If 5 = 1, then the result is immediate by Proposition G. If there exists a 
vertex u of degree r and a vertex v with d( u, v) ::; 2 and deg( v) ::; 7 - r 
for r = 2, 3, then it follows from Proposition F that br2 (G) ::; .6. + 4. In 
the remaining cases, we observe that r5 2: 2n2 + 3n3 . Now (3) leads to the 
following contradiction 
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Case 3. 7. 
If there exists a vertex u of degree r and a vertex v with d(u, v) :::; 2 and 
deg( v) :::; 7 - r for r = 1, 2, 3, then it follows from Proposition F that 
br2(G) :::; + 4. In the remaining cases, we observe that 75 ;::: 2n2 + 3n3 
and 77 ;::: n1. Now (3) leads to the following contradiction 

This completes the proof. D 

Theorem 7. Let G be a connected planar graph of order n;::: 3. If g(G) ;::: 
5, then br2(G):::; {15, + 3}. 

Proof By Proposition A, we need only to show that br2 (G):::; + 3. If G 
is a tree or :::; 3, then the result follows from Proposition J and Theorem 
3. Assume that 4 :::; g(G) < oo and ;::: 5. By Corollary 1 and the 
assumption g(G) ;::: 5, we have 8(G) :::; 3. Using Proposition C and an 
argument similar to that described in the proof of Theorem 6, we obtain 

6m = 3n1 + 6n2 + 9n3 + ... + 10(n- 2) 

and hence 

7nl + 4n2 + n3;::: 2n4 + 5ns + 8n6 + ... + + 20. (4) 

First let = 4. If 8( G) :::; 2, then the result is immediate by Proposition 
G. If 8 (G) = 3 and there exist a vertex u of degree 3 and a vertex v with 
d( u, v) :::; 2 and deg( v) :::; 3, then Proposition F leads to br2 (G) :::; (G)+ 3. 
In the remaining case, we have n 4 ;::: 3n3, a contradiction to ( 4). 

Now let = 5. If 8 = 1, then the result follows from Proposition 
G. Suppose that 2 :::; 8 :::; 3. If there exist a vertex u of degree r and a 
vertex v with d(u, v) :::; 2 and deg(v) :::; 6- r for r = 2, 3, then Proposition 
F yields to the desired bound. In the remaining cases, we observe that 
74;::: 2n2 + 3n3, a contradiction to (4). 

Finally 6. Proposition F yields br2 (G) :::; when there exist 
a vertex u of degree r and a vertex v with d( u, v) :::; 2 and deg( v) :::; 6 - r 
for r = 1, 2, 3. In the remaining cases, we observe that 74 ;::: n1 + 2n2 + 3n3 
and 76 ;::: n 1. Applying this inequality and ( 4), we obtain the contradiction 
7nl + 4n2 + n3 ;::: 274 + 676 + 20 ;::: 8n1 + 4n2 + 6n3 + 20. D 

Theorem 8. Let G be a connected planar graph of order n ;::: 3 with 
g(G);::: 6. Then br2(G):::; + 2}. 

Proof. By Proposition A, we need only to show that br2(G) :::; + 2. If G 
is a tree, then by Proposition J we have br2 ( G) :::; 2 as desired. It follows 
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from Corollary 1 and the assumption g( G) 2: 6 that 8 :::; 2. If :::; 3, then 
Proposition G leads to br2 (G) :::; 8 + - 3 :::; + 2. Thus we may assume 
that 6 :::; g( G) < oo and 2: 4. Using Proposition C and an argument 
similar to that described in the proof of Theorem 6, we obtain 

2nl + n2 2: n4 + 2n5 + 3na + ... + - + 6. (5) 

First let = 4. If 8 = 1, then the result follows from Proposition G. If 
8 = 2 and there exist a vertex u of degree 2 and a vertex v with d(u, v) :::; 2 
and deg(v) :::; 3, then Proposition F leads to br2 (G) :::; + 2. In the 
remaining case, we have n 4 2: 2n2 , a contradiction to (5). Now let 2: 5. 
Theorem F yields br2 (G) :::; + 2, if there exist a vertex u of degree r and a 
vertex v with d(u, v) :::; 2 and deg(v) :::; 5- r for r = 1, 2. In the remaining 
cases, we observe that 74 2: n1 +2n2 and 75 2: n1. Using this inequality and 
(5), we obtain the contradiction 2n1 +n2 2: 74+75+6 2: 2n1 +2n2+6. D 

Theorem 9. Let G be a connected planar graph of order n 2: 3. If g( G) 2: 
8, then br2(G):::; {15, + 1}. 

Proof. By Proposition A, we need only to show that br2 (G) :::; + 1. If 
G be a tree, then result is immediate by Proposition J. Since g(G) 2: 8, 
Proposition 1 implies that 8 :::; 2. If :::; 2, then Proposition G leads to 
br2(G) :::; 8 + 3:::; + 1. Thus we may assume that 8:::; g(G) < oo 
and 2: 3. By Proposition C, 

where cis the number of cut-edges in the graph G. Since c 2: n 1 , we have 
4nl + 2n2 2: 5nl + 2n2 - c implying that 

4nl + 2n2 2: n3 + 4n4 + 7n5 + ... + - + 16. (6) 

First let = 3. If 8 = 1, then the result is immediate by Proposition 
G. If 8 = 2 and there exist a vertex u of degree 2 and a vertex v with 
d(u, v) :::; 2 and deg(v) :::; 2, then Proposition F leads to br2(G) :::; + 1. 
In the remaining case, we have n3 2: 2n2, a contradiction to (6). Assume 
now that 2: 4. Proposition F yields br2(G) :::; + 1, when there exist 
a vertex u of degree r and a vertex v with d( u, v) :::; 2 and deg( v) :::; 
4- r for r = 1, 2. In the remaining cases, we observe that 73 2: n1 + 2n2 
and 7 4 2: n 1 . Using this inequality with (7), we obtain the contradiction 
4nl + 2n2 2: 73 + 374 + 16 2: 4nl + 2n2 + 16. D 

Acknowledgment This work has been supported by Research Office 
of Azarbaijan Shahid Madani University. 

403 



References 

[1] D. Bauer, F. Harary, J. Nieminen and C.L. Suffel, Domination alter-
ation sets in graphs, Discrete Math. 47 (1983), 153-161. 

[2] O.V. Borodin and D.P. Sanders, On light edges and triangles in planar 
graphs of minimum degree five, Math. Nachr. 170 (1994), 19-24. 

[3] B. Bresar, M.A. Henning, and D.F. Rall, Rainbow domination in 
graphs, Taiwanese J. Math. 12 (2008), 213-225. 

[4] B. Bresar, and T.K. Sumenjak, On the 2-rainbow domination in 
graphs, Discrete Appl. Math. 155 (2007), 2394-2400. 

[5] G.J. Chang, J. Wu and X. Zhu, Rainbow domination on trees, Discrete 
Appl. Math. 158 (2010), 8-12. 

[6] T. Chunling, L. Xiaohui, Y. Yuansheng and L. Meiqin, 2-rainbow dom-
ination of generalized Petersen graphs P(n, 2), Discrete Appl. Math. 
157 (2009), 1932-1937. 

[7] N. Dehgardi, S.M. Sheikholeslami and L. Volkmann, The k-rainbow 
bondage number of a graph, Discrete Appl. Math. 174 (2014), 133-
139. 

[8] N. Dehgardi, S.M. Sheikholeslami and L. Volkmann, The rainbow dom-
ination subdivision number of a graph, Mat. Vesnik 67 (2015), 102-114. 

[9] J.E. Dunbar, T.W. Haynes, U. Teschner and L. Volkmann, Bondage, 
insensitivity and reinforcement, in: T. W. Haynes, S.T. Hedetniemi, 
P.J. Slater (Eds.), Domination in Graphs: Advanced Topics (Marcel 
Dekker, New York, 1998) pp. 471-489. 

[10] J. F. Fink, M.S. Jacobson, L.F. Kinch and J. Roberts, The bondage 
number of a graph, Discrete Math. 86 (1990), 47-57. 

[11] M. Fischermann, D. Rautenbach and L. Volkmann, Remarks on the 
bondage number of planar grahs, Discrete Math. 260 (2003), 57-67. 

[12] T.W. Haynes, S.T. Hedetniemi and P.J. Slater, Fundamentals of Dom-
ination in graphs, Marcel Dekker, Inc., New York, 1998. 

[13] L. Kang and J. Yuan, Bondage number of planar graphs, Discrete 
Math. 222 (2000), 191-198. 

[14] D. Meierling, S.M. Sheikholeslami and L. Volkmann, Nordhaus-
Gaddum bounds on the k-rainbow domatic number of a graph, Appl. 
Math. Lett. 24 (2011), 1758-1761. 

404 



[15] S.M. Sheikholeslami and L. Volkmann, The k-rainbow domatic number 
of a graph, Discuss. Math. Graph Theory 32 (2012), 129-140. 

[16] Y.L. Wang and K.H. Wu, A tight upper bound for 2-rainbow domina-
tion in generalized Petersen graphs, Discrete Appl. Math. 161 (2013), 
2178-2188. 

[17] P. Wernicke, Uber den kartographischen Vierfarbensatz, Math. Ann. 
58 (1904), 413-426. 

[18] D.B. West, Introduction to Graph Theory, Prentice-Hall, Inc, 2000. 

[19] Y. Wu and N. Jafari Rad, Bounds on the 2-rainbow domination number 
of graphs, Graphs Combin. 29 (2013), 1125-1133. 

[20] J.-M. Xu, On bondage numbers of graphs: a survey with some com-
ments, International Journal of Combinatorics (2013), Article ID 
595210, 34 pages. 

405 


