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Abstract. Let G be an arbitrary non-trivial connected graph. An 

edge-colored graph G is called a rainbow connected if any two 

vertices are connected by a path whose edges have distinct 
colors, such path is called a rainbow path. The smallest number 

of colors required to make G rainbow connected is called the 

rainbow connection number of G, denoted by rc(G). A 

snowflake graph is a graph obtained by resembling one of the 
snowflake shapes into vertices and edges so that it forms a 

simple graph. Let Snow(n, a, b, c) be a generalized snowflake 

graph, i.e., a graph with n paths of the stem, a pair of outer 

leaves, b middle circles, and c pairs of inner leaves. In this paper 
we determine the rainbow connection number for generalized 

snowflake graph Snow(n, a, b, c).  
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1. Introduction 
The concept of rainbow connection was introduced by Chartrand et al. [1-3] For an arbitrary nontrivial 

connected graph G = (V, E)  and some positive integer k , define α: E(G) → {1,2, . . . , k}  as an edge-

coloring of G, where the adjacent edges can be colored the same. Let u and v be two vertices in G. A 

(u, v)-path in G is called a rainbow (u, v)-path if all edges are colored differently. Graph G is rainbow 

connected if for every two vertices u, v ∈ V(G), there exists a rainbow (u, v)-path. In this case, the 
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coloring α is a rainbow coloring. If α is a rainbow coloring with k colors, then α is a rainbow k-

coloring. The rainbow connection number rc(G)  is the smallest k  such that G  has a rainbow k -

coloring. Next, graph G is strongly rainbow connected if for every two vertices u, v ∈ V(G), there exists 

a rainbow (u, v)-geodesic path. In this case, the coloring β is a strong rainbow coloring. If β is a strong 

rainbow coloring with k colors, then β is a strong rainbow k-coloring. The strong rainbow connection 

number 𝑠rc(G) is the smallest k such that G has a strong rainbow k-coloring. 

Some previous results related to the strong rainbow and rainbow connection numbers of graph 
are listed as follows. Chartrand et.al. determined the rainbow connection number of some classes of 

graphs, such as complete graph, tree, cycle, and wheels. Futhermore, some result of rainbow 
connection numbers for certain classes of graphs have been obtained, such as triangle-net graph, fan 

and sun, forest, Cm o Pn and Cm o Cn, triangular snake graph, comb product of graph [4-9]. There are 
several development obtained such as strong rainbow connection number for some certain graphs [10-
11], the rainbow vertex connection [12-14], rainbow disconnection number [15],  rainbow vertex-

disconnection [16], rainbow k-connectivity [17-18], rainbow antistrong connection [19], rainbow 
antimagic [20-26], rainbow for spanning tree [27-29], k-rainbow cycle [30], rainbow path in graph[31-

32], and 3-Rainbow index [33-34].  
A communication network’s security measures make use of the rainbow connection number in 

significant ways. One method for ensuring that any two users of a communication network can 
communicate securely is to assign unique passwords to each path that connects them (which may 

involve other users acting as intermediaries) to prevent password repetition. Naturally, it was believed 
that we would use the fewest feasible passwords. The rainbow connection number represents the bare 

minimum of these passwords [9,35]. Other applications for rainbow connection numbers are displayed 
across nine Toronto neighborhoods, analysis of student metacognition skills, and complexity of 

rainbow coloring problem [36-38]. 

 Constructed the snowflake graph and the generalized snowflake graph, denoted by Snow and 

Snow(n, a, b, c), respectively [39]. Generalized snow graph is a snow graph with n paths of steam, a 
pair of outer leaves, b middle circle, and c pair of inner leaves. In this paper we determine the rainbow 

connection number for generalized snowflake graph Snow(n, a, b, c). 
 

2. Preliminary Notes 
As for alternative lower bounds instead of those involving the diameter, Lin Chen et al. [8] note that 

for any total rainbow connected colouring of G, the colours of the bridges must be pairwise distinct. 

Similar observations hold for rainbow connected and rainbow vertex-connected colourings, where the 
colours of the bridges must be pairwise distinct. Hence, the following result holds.   

 

Proposition 2.1. [1], [8] Let G be a connected graph. Suppose that B is the set of all bridges. Then  
|B| ≤ rc(G) ≤ src(G). 

 

Since every coloring that assigns distinct colors to the edges of a connected graph is both a 
rainbow coloring and a strong rainbow coloring, every connected graph is rainbow-connected and 

strongly rainbow-connected with respect to some coloring of the edges of G . Thus the rainbow 

connection numbers rc(G) and src(G) are defined for every connected graph G.   

 

Proposition 2.2. [1], [33] If G is a nontrivial connected graph of size m whose diameter (the largest 

distance between two vertices of G) denoted by diam(G). Then,  

diam(G) ≤ rc(G) ≤ src(G) ≤ m. 
 

The definition of a snowflake graph is taken from [10]. a graph obtained by resembling one of 
the snowflake shapes into vertices and edges so that it forms a simple graph. The generalized snowflake 
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graph is defined and the theorem related to the rainbow connected number of the snowflake graph is 

given.  Stem is a path whose n-2 vertices have degrees greater than two. Inner leaves are pair of vertices 
have degrees one and adjacent to a vertex that is on the outside of the circle. Middle circle is a cycle 

subgraph on middle snow graph. Outer leaves are pair of vertices have degrees one and adjacent to a 
vertex that is on the inside of the circle. 

 

Definition 2.3. [33] A generalized snowflake graph, denoted by Snow(n, a, b, c), is a graph with n 

paths of the stem, a pair of inner leaves, b middle circle, and c pairs of outer leaves as shown in Figure 

1. The sets of vertices and edges of Snow(n, a, b, c) are defined as follows. 

V(Snow) = {v0} ∪ {vi,j, xi,k, yi,r, zi,s|i ∈ [1, n], j ∈ [1, a + b + 1], k ∈ [1, b], r ∈ [1,2c], s ∈ [1,2a]} 

E(Snow) = {v0, vi,1|i ∈ [1, n]} ∪ {vi,jvi,j+1|i ∈ [1, n]; j ∈ [1, a + b + c]} ∪ {vi,jzi,2j−1, vi,jzi,2j|i ∈ [1, n];      

      j ∈ [1, a]} ∪ {vi,jxi,j−a, v(i+1)(mod n),jxi,j−a|i ∈ [1, n]; j ∈ [a + 1, b]}  ∪ {vi,jzi,2j−2(a+b)−1  

         vi,jzi,2j−2(a+b)|i ∈ [1, n]; j ∈ [a + b + 1, a + b + c]} 

 
Figure  1. Snow(n, a, b, c) graph 
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3. Results and Discussion 
In this section we determine the rainbow connection number of generalized snowflake graph for 

Snow(n, a, b, c),.  To determine such rainbow connected number, we obtain a lemma related to the 

lower bounds of the rainbow connected number on a graph that contains bridge.  
 

Lemma 3.1. Let Snow(n, a, b, c) be a graph in Definition 2.3, B(Snow(n, a, b, c)) is the set of all bridges 
in Snow(n, a,b,c). Then  

|B(Snow(n, a, b, c))| = n(2a + 3c + 1). 
 

Proof. Let B = B(Snow(n, a, b, c)). We can check easily that the set B = {vi,jvi,2j−1, vi,jvi,2j|i [1, n]; j ∈

[1, a]} ∪ {vi,jvi,2(j−a+b)−1, vi,jvi,2(j−a+b)|i ∈ [1, n]; j ∈ [a + b + 1, a + b + c]} ∪ {vi,jvi,j+1|i ∈ [1,6]; j ∈

[a + b, a + b + c]} are bridges. Therefore, |B| = n(2a + 3c + 1).      

(Q.E.D) 

 

Theorem 3.2.  Let Snow(n, a, b, c) be a graph in Definition 2.3. Let n, a, b, c ∈ ℕ and n ≥ 3. If b ≤
(3c − 1)(n − 1) + a, then  

rc(Snow(n, a, b, c)) = n(2a + 3c + 1). 
 

Proof.  From Proposition 2.1 and Lemma 3.1, we have that: 

 rc(Snow) ≥ |B(Snow(n, a, b, c))| = n(2a + 3c + 1). 

Next, define an edge-coloring α: E(Snow(n, a, b, c)) → [1, n(2a + 3c + 1)] as follows. 

 

α(v0, vi,1)     =    2c((i + 1)(mod n) − 1) + 1        ;   i ∈ [1, n] 

α(vi,j, vi,j+1)    =

{
 
 
 
 

 
 
 
 
2c((i + 1)(mod n) − 1) + 2j + 1 ;   i ∈ [1, n], j ∈ [1, a − 1].

2c((i − 2)(mod n)) + 2j  ;   i ∈ [1, n]; i ≠ 2, j ∈ [a, 2a − 1].
2j  ;   i = 2, j ∈ [a, 2a − 1].

2an + 2c((i + k)(mod n) − 1)  ;   k ∈ [1, n − 1]; i ∈ [1, n],
     +j − 2a + 3      j ∈ [2a + (2c − 2)(k − 1),2a + (2c − 2)(k) − 1].

2n(a + c) + (c + 1)((i + 1) ;   k ∈ [1, n − 1]; i ∈ [1, n]; s = 2a + (2c − 2)(n − 1),
     (mod n) − 1) + j − s + 1      j ∈ [s + (c + 1)(k − 1), s + (c + 1)(k) − 1 < a + b],

2n(a + c) + (c + 1)(i − 1) + ;   i ∈ [1, n], j ∈ [a + b, a + b + c].

      j − (a + b) + 1

 

α(xi,j, vk,j+a) = {
2an + 2c(i − 1) + 1                      ;   i ∈ [1, n], j ∈ [1, b], k = i.

2an + 2c(i − 1) + 2                      ;   i ∈ [1, n], j ∈ [1, b], k = i + 1. 

α(yi,j, vi,s)     =     2an + 2c(i − 1) + j                      ;   i ∈ [1, n], j ∈ [1,2c], s = ⌊
2(a + b) + j

2
⌋. 

α(zi,j, vi,⌊ j
2
⌋
)   =     2a(i − 1) + j                                   ;   i ∈ [1, n], j ∈ [1,2a]. 

 

Next, we will show that there is a rainbow (u,v)-path for every two vertices u and v in Snow(n, a, b, c). 
Consider the following cases.  

1. If  u is adjacent to v, then the rainbow (u,v)-path is the edge uv.  

2. If  d(u, v) = 2, then the rainbow (u,v)-path is the path with length 2.  

3. Let u = v0. 

a) If v = vi,j , for i ∈ [1, n]  and j ∈ [1, a + b + 1] , then the rainbow (u,v)-path is 

u, vi,1, vi,2, . . . , v.  
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b) If v = zi,j , for i ∈ [1, n]  and j ∈ {2,4, . . . ,2a} , then the rainbow (u,v)-path is 

u, vi,1, vi,2, . . . , vi, j
2

, v.  

c) If v = zi,j , for i ∈ [1, n]  and j ∈ {1,3, . . . ,2a − 1} , then the rainbow (u,v)-path is 

u, v(i+1)(modn),1, v(i+1)(modn),2, . . . , v(i+1)(modn),a+1, xi,1, vi,a+1, vi,a, . . . , vi,j+1
2

, v.  

d) if v = xi,j, for i ∈ [1, n] and j ∈ [1, b], then the rainbow (u,v)-path is u, vi,1, vi,2, . . . , vi,a+j, v.  

e) If v = yI,j, for i ∈ [1, n] and j ∈ [1,2c], then the rainbow (u,v)-path is u, vI,1, vI,2, …, 

v
I,a+b+⌊

j+1

2
⌋
, v. 

4. Let u = vi,j.  

a) If v = vi,k, for i ∈ [1, n], j, k ∈ [1, a + b + c + 1], and j ≤ k, then the rainbow (u,v)-path is 

u, vi,j+1, vi,j+2, . . . , v.  

b) If v = vi,k, for i ∈ [1, n], j, k ∈ [1, a + b + c + 1], and j > k, then the rainbow (u,v)-path is 

u, vi,j−1, vi,j−2, . . . , v.  

c) If v = vk,l, for I, k ∈ [1, n], j, l ∈ [1, a + b + c + 1] , then the rainbow (u,v)-path is u, vI,j−1, 

vi,j−2, . . . , v0, vk,1, vk,2, v.  

d) If v = zi,l, for i ∈ [1, n], j ∈ [1, a], j ≤ ⌊
l+1

2
⌋, and l ∈ [1,2a] , then the rainbow (u,v)-path is 

u, vi,j+1, vi,j+2, . . . , v⌊l+1
2
⌋
, v.  

e) If v = zI,l, for i ∈ [1, n], j ∈ [1, a], j ⌊
l+1

2
⌋, and l ∈ [1,2a], then the rainbow (u,v)-path is  u, 

vi,j−1, vi,j−2, . . . , v⌊l+1
2
⌋
, v.  

f) If v = z(i+1)(modn),l, for i ∈ [1, n], j ∈ [1, a], and l ∈ [1,2a] , then the rainbow (u,v)-path is 

u, vi,j+1, vi,j+2, . . . , vi,a+1, xi,1, v(i+1)(modn),a+1, v(i+1)(modn),a, . . . , v(i+1)(modn),⌊l+1
2
⌋
, v.  

g) If v = zk,l , for I, k ∈ [1, n] ; i ≠ k ; k ≠ i + 1 , j ∈ [1, a] , and l ∈ [1,2a],  then the rainbow 

(u,v)-path is u, vi,j−1, vi,j−2, . . . , v0, vk,1, vk,2, . . . , vk,⌊l+1
2
⌋
, v.  

h) If v = xk,l, for I, k ∈ [1, n], j ∈ [1, a], and l ∈ [1, b] , then the rainbow (u,v)-path u, vI,j−1, 

vi,j−2, . . . , v0, v(k−1)(modn),1, v(k−1)(modn),2, . . . , v(k−1)(modn),l+a, v.  

i) If v = yI,k, for i ∈ [1, n], j ∈ [1, a], and k ∈ [1,2c] , then the rainbow (u,v)-path is u, vI,j+1, 

vi,j+2, . . . , vi,⌊l+2a+2b+1
2

⌋
, v.  

j) If v = yk,l, for I, k ∈ [1, n], i ≠ k, j ∈ [1, a], and l ∈ [1,2c], then the rainbow (u,v)-path is u, 

vi,j−1, vi,j−2, . . . , v0, vk,1, vk,2, . . . , vk,⌊l+2a+2b+1
2

⌋
, v. 

k) If v = xi,k , for i ∈ [1, n], j ∈ [a + 1, a + b], k ∈ [1, b], j + a ≤ k, then the rainbow (u,v)-

path is u, vi,j+1, vi,j+2, . . . , vi,k, v  

l) If v = xi,k , for i ∈ [1, n], j ∈ [a + 1, a + b], k ∈ [1, b], j + a > k, then the rainbow (u,v)-

path is u, vi,j−1, vi,j−2, . . . , vi,k, v  

m) If v = xk,l, for i, k ∈ [1, n], i ≠ k, j ∈ [a + 1, a + b], l ∈ [1, b], j ≤ k, then the rainbow (u,v)-

path is u, vi,j+1, vi,j+2, . . . , vi,l+a, xi,l, v(i+1)(modn),l+a, x(i+1)(modn),l, . . . , vk,l+a, v  

n) If v = xk,l, for i, k ∈ [1, n], i ≠ k, j ∈ [a + 1, a + b], l ∈ [1, b], j > k, then the rainbow (u,v)-

path is u, vi,j−1, vi,j−2, . . . , vi,l+a, xi,l, v(i+1)(modn),l+a, x(i+1)(modn),l, . . . , vk,l+a, v  

o) If v = yI,k, for i ∈ [1, n], j ∈ [a + 1, a + b], k ∈ [1,2c] , then the rainbow (u,v)-path is u, 
vi,j+1, vi,j+2, . . . , vi,⌊k+2a+2b+1

2
⌋+1
, v  
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p) If v = yk,l, for I, k ∈ [1, n], i ≠ k, j ∈ [a + 1, a + b], k ∈ [1,2c] , then the rainbow (u,v)-path 

is u, vI,j+1, vI,j+2, … , vI,a+b, xI,b+1, v(i+1)(modn),a+b, x(i+1)(modn),b+1, … , vk,a+b, vk,a+b+1 

, … , v
k,⌊

l+2a+2b+1

2
⌋+1
, v. 

q) If v = vk,l, for I, k ∈ [1, n], i ≠ k, j, l ∈ [a + b + 1, a + b + c + 1] , then the rainbow (u,v)-

path is u, vI,j−1, vI,j−2, … , vI,a+b, x(i−1)(modn),b, v(i−1)(modn),a+b, x(i−2)(modn),b,… , vk,a+b, 

vk,a+b+1, . . . , v.  

r) If v = yi,l, for i ∈ [1, n], j ∈ [a + b + 1, a + b + c + 1], l ∈ [1,2c], and j ≤ ⌊
l+2a+2c+1

2
⌋, then 

the rainbow (u,v)-path is u, vi,j+1, vi,j+2, . . . , vi,⌊l+2a+2c+1
2

⌋
, v  

s) If v = yi,l, for i ∈ [1, n], j ∈ [a + b + 1, a + b + c + 1], l ∈ [1,2c], and j > ⌊
l+2a+2c+1

2
⌋, then 

the rainbow (u,v)-path is u, vi,j−1, vi,j−2, . . . , vi,⌊l+2a+2c+1
2

⌋
, v  

t) If v = yk,l , for I, k ∈ [1, n], i ≠ k, j ∈ [a + b + 1, a + b + c + 1] , and l ∈ [1,2c] , then the 

rainbow (u,v)-path is u, vI,j−1, vI,j−2, … , vI,a+b, x(i−1)(modn),b, v(i−1)(modn),a+b, x(i−2)(modn),b, 

. ..,vk,a+b, vk,a+b+1, . . . , vk,⌊l+2a+2c+1
2

⌋
, v. 

5. Let u = zi,j  

a) If v = vi,l, for i ∈ [1, n], j ∈ [1,2a], and l ∈ {a + 1, a + b + c + 1}, then the rainbow (u,v)-

path is u, v
i,⌊
j+1

2
⌋
, v
i,⌊
j+1

2
⌋+1
, . . . . , v  

b) If v = v(i+1)(modn),l , for i ∈ [1, n] , j ∈ [1,2a] , and l ∈ [a + 3, a + b + c + 1]  , then the 

rainbow (u,v)-path is u, v
I,⌊
j+1

2
⌋
, v
I,⌊
j+1

2
⌋+1
, … . , vI,a+2, xI,2, v(i+1)(modn),a+2, v(i+1)(modn),a+3, 

. . . , v.  

c) If v = v(i+1)(modn),l , for i ∈ [1, n] , j ∈ [1,2a] , and l ∈ [a + 1, a + 2]  , then the rainbow 

(u,v)-path is u, v
i,⌊
j+1

2
⌋
, v
i,⌊
j+1

2
⌋+1
, . . . . , vi,l, xi,l−a, v.  

d) If v = vk,l, for I, k ∈ [1, n], i ≠ k, k ≠ i + 1, j ∈ [1,2a], and l ∈ [a + 1, a + b + c + 1] , then 

the rainbow (u,v)-path is u, v
I,⌊
j+1

2
⌋
, v
I,⌊
j+1

2
⌋+1
, … . , vI,a+1, xI,1, v(i+1)(modn),a+1, x(i+1)(modn),1, 

. . . , vk,a+1,vk,a+2, . . . , v.  

e) If v = xi,l , for i ∈ [1, n] , j ∈ [1,2a] , and l ∈ [1, b]  , then the rainbow (u,v)-path is 

u, v
i,⌊
j+1

2
⌋
, v
i,⌊
j+1

2
⌋+1
, . . . . , vi,l+a, v.  

f) If v = xk,l, for i, k ∈ [1, n],k ≤ i, j ∈ [1,2a], and l ∈ [1, b] , then the rainbow (u,v)-path is 

u, v
i,⌊
j+1

2
⌋
, v
i,⌊
j+1

2
⌋+1
, . . . . , vi,l+a, xi,l, v(i+1)(modn),l+a, x(i+1)(modn),l, . . . , vk,l+a, v.  

g) If v = zi,l , for i ∈ [1, n] , j, l ∈ [1,2a] , and j ≤ l , then the rainbow (u,v)-path is 

u, v
i,⌊
j+1

2
⌋
, v
i,⌊
j+1

2
⌋+1
, . . . . , v

i,⌊
l+1

2
⌋
, v.  

h) If v = zi,l , for i ∈ [1, n] , j, l ∈ [1,2a] , and j > l , then the rainbow (u,v)-path is 

u, v
i,⌊
j+1

2
⌋
, v
i,⌊
j+1

2
⌋−1
, . . . . , v

i,⌊
l+1

2
⌋
, v.  

i) If v = z(i+1)(modn),l, for i ∈ [1, n], l ∈ [1,2a], j ∈ {1,3,2a − 1}, and j ≤ l, then the rainbow 

(u,v)-path is v
i,⌊
j+1

2
⌋+1
, . . . . , vi,a+1, xi,1, v(i+1)(modn),a+1, v(i+1)(modn),a, . . . , vi+1,⌊l+1

2
⌋
, v.  

j) If v = z(i+1)(modn),l, for i ∈ [1, n], l ∈ [1,2a], j ∈ {2,4,6}, and j > l, then the rainbow (u,v)-

path is u, v
i,⌊
j+1

2
⌋
, v
i,⌊
j+1

2
⌋−1
, . . . . , v0, v(i+1)(modn),1, v(i+1)(modn),2, . . . , v(i+1)(modn),⌊l+1

2
⌋
, v.  
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k) If v = z(i−1)(modn),l, for i ∈ [1, n], l ∈ [1,2a], j ∈ {2,4,6}, and j < l, then the rainbow (u,v)-

path is u, v
i,⌊
j+1

2
⌋
, v
i,⌊
j+1

2
⌋−1
, . . . . , v0, v(i−1)(modn),1, v(i−1)(modn),2, . . . , v(i−1)(modn),⌊l+1

2
⌋
, v.  

l) If v = z(i+1)(modn),l, for i ∈ [1, n], l ∈ [1,2a], j ∈ {2,4,6}, and j ≥ l, then the rainbow (u,v)-

path is u, v
i,⌊
j+1

2
⌋
, v
i,⌊
j+1

2
⌋+1
, . . . . , vi,a+1, x(i−1)(modn),1, v(i−1)(modn),a+1, v(i−1)(modn),a, . ..,  

v
(i−1)(modn),⌊

l+1

2
⌋
, v.  

m) If v = z(i−1)(modn),l, for i ∈ [1, n], l ∈ [1,2a], j ∈ {2,4,6}, and j > l, then the rainbow (u,v)-

path is u, v
i,⌊
j+1

2
⌋
, v
i,⌊
j+1

2
⌋−1
, . . . . , v0, v(i−1)(modn),1, v(i−1)(modn),2, . . . , v(i−1)(modn),⌊l+1

2
⌋
, v.  

n) If v = zk,l , for i, k ∈ [1, n] , k ≠ {i − 1(modn), i + 1(modn)} , and i, j ∈ [1,2a]  , then the 

rainbow (u,v)-path is u, v
i,⌊
j+1

2
⌋
, v
i,⌊
j+1

2
⌋−1
, . . . . , v0, vk,1, vk,2, . . . , vk,⌊l+1

2
⌋
, v.  

o) If v = yi,l , for i ∈ [1, n] , j ∈ [1,2a] , and l ∈ [1,2c]  , then the rainbow (u,v)-path is 

u, v
i,⌊
j+1

2
⌋
, v
i,⌊
j+1

2
⌋+1
, . . . , v

i,⌊
l+2a+2b+1

2
⌋+1
, v  

p) If v = yk,l, for i, k ∈ [1, n],k ≠ i, j ∈ [1,2a], and l ∈ [1,2c] , then the rainbow (u,v)-path is 

u, v
i,⌊
j+1

2
⌋
, v
i,⌊
j+1

2
⌋+1
, . . . , vi,a+b, xi,b, v(i+1)(modn),a+b, x(i+1)(modn),b, . . . , vk,a+b, vk,a+b+1, …, 

v
k,⌊

l+2a+2b+1

2
⌋+1
, v.  

6. Let u = xi,j.  

a) If vk,l. for i, k ∈ [1, n], j ∈ [1, b], and l ∈ [a + b + 1, a + b + c], then the rainbow (u,v)-path 

is u, v(i+1)(modn),j+a, x(i+1)(modn),j, v(i+2)(modn),j+a, x(i+2)(modn),j,. . . , vk,j+a, vk,j+a+1, . . . , v.  

b) If v = xk,l, for i, k ∈ [1, n], i ≠ k, j, l ∈ [a + 1, a + b], and j + a ≤ k, then the rainbow (u,v)-

path is u, v(i+1)(modn),j+1+a, v(i+1)(modn),j+2+a, . . . , v(i+1)(modn),l+a, x(i+1)(modn),l, 

v(i+2)(modn),l+a, x(i+2)(modn),l, . . . , vk,l+a, v  

c) If v = xk,l, for i, k ∈ [1, n], i ≠ k, j, l ∈ [a + 1, a + b], and j + a > k, then the rainbow (u,v)-

path is u, v(i+1)(modn),j−1+a, v(i+1)(modn),j−2+a, . . . , v(i+1)(modn),l+a, x(i+1)(modn),l, 

v(i+2)(modn),l+a, x(i+2)(modn),l, . . . , vk,l+a, v  

d) If v = xk,l , for I, k ∈ [1, n] , i ≠ k , j ∈ [a + 1, a + b] , and l ∈ {1,3, … ,2a − 1} , then the 

rainbow (u,v)-path is u, v(i−1)(modn),j+a, x(i−1)(modn),j, v(i−2)(modn),j+a, x(i−2)(modn),j, 

. . . , vk,j+a,vk,j+a+1, . . . , vk,⌊l+2a+2b+1
2

⌋+1
, v.  

e) If v = xk,l, for i, k ∈ [1, n], i ≠ k, j ∈ [a + 1, a + b], and l ∈ {2,4, . . . ,2a}, then the rainbow 

(u,v)-path is u, v(i+1)(modn),j+a, x(i+1)(modn),j, v(i+2)(modn),j+a, x(i+2)(modn),j, . . . , vk,j+a, 

vk,j+a+1. . . , vk,⌊l+2a+2b+1
2

⌋+1
, v. 

7. Let u = yi,j. 

a) If v = yi,l , for i ∈ [1, n] , j ∈ [a + b + 1, a + b + c + 1] , l ∈ [1,2c] , and j ≤ l.  , then the 

rainbow (u,v)-path is u, v
i,⌊
j+2a+2c+1

2
⌋
, v
i,⌊
j+2a+2c+1

2
⌋−1
, . . . , v

i,⌊
l+2a+2c+1

2
⌋
, v  

b) If v = yi,l , for i ∈ [1, n] , j ∈ [a + b + 1, a + b + c + 1] , l ∈ [1,2c] , and j > l.  , then the 

rainbow (u,v)-path is u, v
i,⌊
j+2a+2c+1

2
⌋
, v
i,⌊
j+2a+2c+1

2
⌋+1
, . . . , v

i,⌊
l+2a+2c+1

2
⌋
, v  

c) If v = yk,l , for i, k ∈ [1, n], i ≠ k, and j, l ∈ [a + b + 1, a + b + c + 1] , then the rainbow 

(u,v)-path is u, v
i,⌊
j+2a+2c+1

2
⌋
, v
i,⌊
j+2a+2c+1

2
⌋+1
, , . . . , vi,a+b, x(i−1)(modn),b, v(i−1)(modn),a+b, 

x(i−2)(modn),b, . . . , vk,a+b, vk,a+b+1, . . . , vk,⌊l+2a+2c+1
2

⌋
, v. 
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Since every vertex from V(Snow(n, a, b, c)) have rainbow-edge path, so we conclude that  

rc(Snow(n, a, b, c)) ≤ n(2a + 3c + 1). 
 

By combining upper bound and lower bound we have  

rc(Snow(n, a, b, c)) = n(2a + 3c + 1). 
(Q.E.D) 

 

Example 3.3.  Snowflake graph, donate by Snow, is a graph with 6 paths of the stem, 1 pair of inner 

leaves, 2 middle circle, and 2 pairs of outer leaves. Such that Snow = Snow(6,1,2,2). Then  

rv(Snow) = 54 

 

Proof. By Theorem 3.2, since b = 2 < (3c − 1)(n − 1) + 1 = (3(2) − 1)(6 − 1) + 1 = 26, then we 

have rv(Snow(6,1,2,2)) = n(2a + 3c + 1) = 6(2(1) + 3(2) + 1) = 54. Therefore,  

rv(Snow) = 54. 
 In Figure 2 we show the edges coloring of the snow graph.  

 
Figure  2. A Rainbow 54-coloring of a snowflake graph 

(Q.E.D) 
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4. Conclusion  

In this paper, we have found rc(Snow(n, a, b, c)) = n(2a + 3c + 1) proved in Theorem 3.2 and gave 

example for rc(snow) = 54 in Example 3.3. However, it is interesting to find other measures of these 

graphs such as edge metric dimension, total metric dimension, partition dimension, strong rainbow 
connection number, rainbow edge connection number, and chromatic locating number of this graph. 

In addition, it is worth considering that there are many other graphs that could be formed based on 
various snowflakes shapes other than the shape we define in this paper.   

On the result obtained in this papes, the generalization of rainbow connection number value is 
based on the assumption of the number of middle circle b, that is determined by the number of outer 

leaves c and the number of path a. We assume that if there are (3c-1)(n-1)+t middle circle, then the 
rainbow connection number value is rc(G)+t. The upper bound of this condition could be proven by 

coloring every 4-degree vertices on t newly added midddle circle. This problem is still an open problem 
since the proof is not found yet. 
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