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ABSTRACT 

Article History: 
Rainbow vertex-connection number is the minimum colors assignment to the vertices of 

the graph, such that each vertex is connected by a path whose edges have distinct colors 

and is denoted by 𝑟𝑣𝑐(𝐺). The rainbow vertex connection number can be applied to 

graphs resulting from operations. One of the methods to create a new graph is to perform 

operations between two graphs. Thus, this research uses comb product operation to 

determine rainbow-vertex connection number resulting from comb product operation of 

cycle graph and complete bipartite graph (𝐶4 ⊳ 𝐾3,𝑛) & (𝐾3,𝑛 ⊳ 𝐶4). The research 

finding obtains the theorem of rainbow vertex-connection number at the graph of 

(𝐶4 ⊳ 𝐾3,𝑛) 𝑖𝑠 5 for 2 ≤ 𝑛 ≤ 7 while the theorem of rainbow vertex-connection number 

at the graph of (𝐾3,𝑛 ⊳ 𝐶4) = 3𝑛 − 1 for 𝑛 = 2 ∧ 𝑛 + 3 for 3 ≤ 𝑛 ≤ 7. 
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1. INTRODUCTION 

One of the subjects in the field of combinatorial mathematics is graph theory, which has been widely 

used to solve a problem. The use of graphs is to present discrete objects and the relationships between them 

[1]. Graph theory gets a lot of attention because the models used can be applied in everyday life. Among them 

such as scheduling transportation departures, scheduling courses, determining the shortest trajectory, and 

many more. Some theories support this, graphs theory solving and analysis of automated electric networks 

[2], and applications of graphs theory for solving electrical circuits [3]. 

Graph labeling is one of the topics in graph theory. Graph labeling is presented by vertex and edge 

along with a set of natural number members called labels. There are three types of labeling on a graph (𝐺), 

namely point labeling, side labeling, and total labeling [4]. 

Graph coloring is a special case in graph labeling. Giving color to the vertex or edge of a graph is the 

definition of graph coloring. Three types of coloring are obtained in graphs, namely vertex coloring, edge 

coloring, and field coloring. Vertex coloring gives color to a vertex, where each of the two adjacent vertex 

acquires a different color. Edge coloring gives color to the edge, where each of the two adjacent edges obtains 

a different color. Field coloring gives color to the field, where each of the two adjacent fields obtains a 

different color [5][6]. The rainbow connection is a development of graph coloring. A rainbow connection is 

the coloring of the edge of the graph, where each vertex on the graph is connected by a trajectory that has a 

different edge color. Rainbow connection number of a graph (𝐺), symbolized by 𝑟𝑐(𝐺) is a number that 

states the number of minimum coloring in a graph (𝐺) [7] [8]. 

Krivelevich and Yuster began introducing the rainbow vertex connection in 2009, that was a 

development of the rainbow connection concept [9]. Rainbow vertex connection is the coloring of the vertex 

of a graph, so that each vertex on the graph is connected by a trajectory that has an interior vertex with 

different colors. Rainbow vertex connection number symbolized by 𝑟𝑣𝑐(𝐺) is a number that expresses the 

number of minimum coloring in a graph (𝐺).  Numbers connected to rainbow vertex can also be applied to 

graphs that are the result of operations. One method for obtaining a new graph form is to perform an operation 

between two graphs. There are various types of operations in the graph, such as join (⨁), combined (∪), 

cartesian (×), corona (⨀), and comb (⊳) operations. 

In recent studies, we have studied and developed rainbow-connected numbers as a result of surgery. 

The rainbow connection numbers of the sum and multiplication operations of graphs [10] [11]. The 

determination of rainbow connection numbers in the results of cartesian product operations against circle 

graphs and bipartite graphs complete with track graphs [12]. The total rainbow connected numbers resulting 

from comb operations on graph cycles and graph paths [13]. Rainbow connection number of comb product 

of graphs. This research give sharp lower and upper bounds for the rainbow connection number of comb 

product between two connected graphs [14]. The numbers connected to strong rainbow vertex on the graph 

resulting from edge comb operations [15]. 

Based on the background description above, this study discusses the number of connected rainbow 

vertex by using vertex comb operation, where the graph to be operated is the cycle graph (𝐶4) and the 

complete bipartite graph (𝐾3,𝑛). 

 

 

2. RESEARCH METHODS 

This research uses literature study research methods (library research). In this study, a study of books, 

textbooks, journals, and scientific articles on the number of rainbow vertex connected to the results of comb 

𝒓𝒗𝒄(𝑮)  operations with the aim of obtaining information and methods used in the completion of this study. 

 

 

3. RESULTS AND DISCUSSION 

In this section, we determine rainbow-vertex connection number resulting from comb product operation of 

cycle graph and complete bipartite graph (𝑪𝟒 ⊳ 𝑲𝟑,𝒏) & (𝑲𝟑,𝒏 ⊳ 𝑪𝟒).  
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3.1. Comb Cycle Graph and Complete Bipartite Graph (𝐶4 ⊳ 𝐾3,𝑛) 

In this section we discuss Comb Cycle Graphs and Complete Bipartite Graphs (𝐶4 ⊳ 𝐾3,𝑛).  

Definition 1: Suppose 𝑛 ≥ 2. The 𝐶4 graph is a cycle graph with 4 vertices. The 𝐾3,𝑛 graph is a complete 

bipartite graph with a size of 3, 𝑛.  Thus, the comb operation for the Cycle graph and the Complete Bipartite 

graph is denoted with (𝐶4 ⊳ 𝐾3,𝑛). Suppose (𝐶4 ⊳ 𝐾3,𝑛) is the graph 𝐺, then graph 𝐺 is formed by the set of 

vertex and edge defined as follows. 
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Graph image of comb operation 𝐶4 ⊳ 𝐾3,2 is shown in Figure 1. 

 
Figure 1. Graph of comb operation 𝑪𝟒 ⊳ 𝑲𝟑,𝟐 

 

3.2. Rainbow Vertex-Connection Number on Comb Product Operation of Cycle Graph and 

Complete Bipartite Graph (𝐶4 ⊳ 𝐾3,𝑛) 

In this section, we describe Rainbow Vertex-Connection Number on Comb Product Operation of Cycle 

Graph and Complete Bipartite. 

Theorem 1: Suppose 𝐶4 is a cycle graph with four vertices and 𝐾3,𝑛 is a bipartite graph complete with 2 ≤

𝑛 ≤ 7. If 𝐺 ≅ (𝐶4 ⊳ 𝐾3,𝑛), then 

𝑟𝑣𝑐(𝐺) = 5 

Proof. Known 𝑟𝑣𝑐(𝐺) ≥ 𝑑𝑖𝑎𝑚 − 1, so to prove Theorem 1 is enough to show that 𝑟𝑣𝑐(𝐺) ≤ 𝑑𝑖𝑎𝑚 − 1. 

For this reason, the coloring of 𝑐: 𝑉(𝐺) → {1,2,3,4,5} is defined as follows: 

𝑐(𝑢𝑖) = 𝑐(𝑢𝑖,𝑘  , 𝑢𝑖,𝑘+1) = 𝑖 𝑚𝑜𝑑 5,   for 𝑖 ∈ [1,4] ∧ 𝑘 = 1 

𝑐(𝑣2,1) = 𝑐(𝑣𝑖,𝑗) = 1,    for 𝑖 = 3 ∧ 𝑗 ∈ [2, 𝑛] 

𝑐(𝑣4,1) = 𝑐(𝑣𝑖,𝑗) = 2𝑖,    for 𝑖 = 1 ∧ 𝑗 ∈ [2, 𝑛] 

𝑐(𝑣3,1) = 𝑐(𝑣𝑖,𝑗) = 5 𝑚𝑜𝑑 2𝑖 − 2,  for 𝑖 = 4 ∧ 𝑗 ∈ [2, 𝑛] 

𝑐(𝑣𝑖,𝑗) = 4𝑖,           for 𝑖 = 1 ∧ 𝑗 = 1   

𝑐(𝑣𝑖,𝑗) = 𝑖 + 1 𝑚𝑜𝑑 2𝑖,    for 𝑖 = 2 ∧ 𝑗 ∈ [2, 𝑛] 
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Figure 2. Rainbow vertex-connection number of graph 𝑪𝟒 ⊳ 𝑲𝟑,𝟐 

It will then be shown that for each 𝑥 and 𝑦 in 𝑉(𝐶4 ⊳ 𝐾3,𝑛) there is an 𝑥 − 𝑦 rainbow vertex-connection. 

Table 1. Rainbow vertex trajectory (𝑪𝟒 ⊳ 𝑲𝟑,𝒏) 

Case 𝑥 𝑦 Condition Rainbow Trajectory 

1 𝑢𝑖  𝑢𝑘 𝑖 = 1, 𝑘 = 3 
ki uuu ,, 2  

   𝑖 = 2, 𝑘 = 4 
ki uuu ,, 3  

2 𝑢𝑖  𝑢𝑘,𝑗       2,1,4,1,4,1  jki  jkii uvu ,1, ,,  

3 𝑢𝑖  𝑢𝑘,𝑙     2,1,4,2,1 == lki  

   2,1,3,1,2 == lki  

   2,1,4,2,3 == lki  

   2,1,3,1,4 == lki  

lkkki uvuu ,1, ,,,  

lkkki uvuu ,1, ,,,  

lkkki uvuu ,1, ,,,  

lkkki uvuu ,1, ,,,  

4 𝑢𝑖  𝑢𝑘,𝑚 𝑖 ∈ [1,2], 𝑘 = 𝑖 + 2, 𝑚 ∈ [1,2] 

𝑖 = {3,4}, 𝑘 = 𝑖 − 2, 𝑚 ∈ [1,2] 
mkkiii uuuuu ,1,21 ,,,, ++  

mkkiii uvuuu ,1,21 ,,,, −−  

5 𝑢𝑖,𝑗  𝑢𝑘,𝑙  𝑖 = {1,2,3,4}, 𝑗 = 1, 
𝑘 = {1,2,3,4}, 𝑙 = 2 

lkjiji uvu ,,, ,,  

6 𝑢𝑖,𝑗  𝑢𝑘,𝑚 𝑖 = 1, 𝑗 ∈ [1,2], 𝑘 = 2, 𝑚 ∈ [1,2] 

𝑖 = 1, 𝑗 ∈ [1,2], 𝑘 = 4, 𝑚 ∈ [1,2] 

𝑖 = 2, 𝑗 ∈ [1,2], 𝑘 = 3, 𝑚 ∈ [1,2] 

𝑖 = 3, 𝑗 ∈ [1,2], 𝑘 = 4, 𝑚 ∈ [1,2] 

mkkkiiji uvuuvu ,2,1,, ,,,,,  

mkkkiiji uvuuvu ,2,1,, ,,,,,  

mkkkiiji uvuuvu ,2,1,, ,,,,,  

mkkkiiji uvuuvu ,2,1,, ,,,,,  

7 𝑢𝑖,𝑗  𝑢𝑘,𝑜 𝑖 = 1, 𝑗 ∈ [1,2], 𝑘 = 3, 𝑜 ∈ [1,2] 

𝑖 = 2, 𝑗 ∈ [1,2], 𝑘 = 4, 𝑜 ∈ [1,2] 
okikkiiiji uvuuuvu ,,11,, ,,,,,, +

okikkiiiji uvuuuvu ,,11,, ,,,,,, +  

8 𝑢𝑖  𝑣𝑘,𝑗  𝑖 = 1, 𝑘 = 2, 𝑗 ∈ [1, 𝑛] 

𝑖 = 1, 𝑘 = 4, 𝑗 ∈ [1, 𝑛] 

𝑖 = 2, 𝑘 = {1,3}, 𝑗 ∈ [1, 𝑛] 

𝑖 = 3, 𝑘 = {2,4}, 𝑗 ∈ [1, 𝑛] 

𝑖 = 4, 𝑘 = {1,3}, 𝑗 ∈ [1, 𝑛] 

jkki vuu ,,,  

jkki vuu ,,,  

jkki vuu ,,,  

jkki vuu ,,,  

jkki vuu ,,,  

9 𝑢𝑖  𝑣𝑘,𝑙 𝑖 = 1, 𝑘 = 3, 𝑙 ∈ [1, 𝑛] 

𝑖 = 2, 𝑘 = 4, 𝑙 ∈ [1, 𝑛] 

𝑖 = 3, 𝑘 = 1, 𝑙 ∈ [1, 𝑛] 

𝑖 = 4, 𝑘 = 2, 𝑙 ∈ [1, 𝑛] 

lkkii vuuu ,1 ,,, +  

lkki vuuu ,3 ,,,  

lkki vuuu ,2 ,,,  

lkki vuuu ,1 ,,,  
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Case 𝑥 𝑦 Condition Rainbow Trajectory 

10 𝑢𝑖,𝑗  𝑣𝑘,𝑙 𝑖 = 1, 𝑗 ∈ [1,2], 𝑘 = 2, 𝑙 ∈ [1, 𝑛] 

𝑖 = 1, 𝑗 ∈ [1,2], 𝑘 = 4, 𝑙 ∈ [1, 𝑛] 

𝑖 = 2, 𝑗 ∈ [1,2], 𝑘 = 1, 𝑙 ∈ [1, 𝑛] 

𝑖 = 2, 𝑗 ∈ [1,2], 𝑘 = 3, 𝑙 ∈ [1, 𝑛] 

𝑖 = 3, 𝑗 ∈ [1,2], 𝑘 = 2, 𝑙 ∈ [1, 𝑛] 

𝑖 = 3, 𝑗 ∈ [1,2], 𝑘 = 4, 𝑙 ∈ [1, 𝑛] 

𝑖 = 4, 𝑗 ∈ [1,2], 𝑘 = 1, 𝑙 ∈ [1, 𝑛] 

𝑖 = 4, 𝑗 ∈ [1,2], 𝑘 = 3, 𝑙 ∈ [1, 𝑛] 

lkkiiji vuuvu ,1,, ,,,,  

lkkiiji vuuvu ,2,, ,,,,  

lkkiiji vuuvu ,2,, ,,,,  

lkkiiji vuuvu ,1,, ,,,,  

lkkiiji vuuvu ,1,, ,,,,  

lkkiiji vuuvu ,1,, ,,,,  

lkkiiji vuuvu ,1,, ,,,,  

lkkiiji vuuvu ,1,, ,,,,  

11 𝑢𝑖,𝑗  𝑣𝑘,𝑚 𝑖 = 1, 𝑗 ∈ [1,2], 𝑘 = 3, 𝑚 ∈ [1, 𝑛] 

𝑖 = 2, 𝑗 ∈ [1,2], 𝑘 = 4, 𝑚 ∈ [1, 𝑛] 

𝑖 = 3, 𝑗 ∈ [1,2], 𝑘 = 1, 𝑚 ∈ [1, 𝑛] 

𝑖 = 4, 𝑗 ∈ [1,2], 𝑘 = 2, 𝑚 ∈ [1, 𝑛] 

mkkiiji vuuvu ,11,, ,,,, +
 

mkkiiji vuuvu ,11,, ,,,, +
 

mkkiiji vuuvu ,11,, ,,,, +  

mkkiiji vuuvu ,2,, ,,,,  

12 𝑣𝑖,𝑗  𝑣𝑘,𝑙 For 𝑛 = 2 

𝑖 = {1,2,3,4}, 𝑗 = 1, 𝑘 = {1,2,3,4}, 𝑙 = 2 
 

lkiji vuv ,, ,,  

   For 𝑛 = 3 

𝑖 = {1,2,3,4}, 𝑗 = 1, 𝑘 = {1,2,3,4}, 𝑙 = 2 

𝑖 = {1,2,3,4}, 𝑗 = 1, 𝑘 = {1,2,3,4}, 𝑙 = 3 

𝑖 = {1,2,3,4}, 𝑗 = 2, 𝑘 = {1,2,3,4}, 𝑙 = 3 

 

lkiji vuv ,, ,,  

lkiji vuv ,, ,,  

lkiji vuv ,, ,,  

   For 𝑛 = 4  

   𝑖 = {1,2,3,4}, 𝑗 = 1, 𝑘 = {1,2,3,4}, 𝑙 = 2 
lkiji vuv ,, ,,  

   𝑖 = {1,2,3,4}, 𝑗 = 1, 𝑘 = {1,2,3,4}, 𝑙 = 3 
lkiji vuv ,, ,,  

   𝑖 = {1,2,3,4}, 𝑗 = 2, 𝑘 = {1,2,3,4}, 𝑙 = 3 

𝑖 = 1, 𝑗 = {1,2,3}, 𝑘 = 1, 𝑙 = 4 

𝑖 = 2, 𝑗 = {1,2,3}, 𝑘 = 2, 𝑙 = 4 

𝑖 = 3, 𝑗 = {1,2,3}, 𝑘 = 3, 𝑙 = 4 

𝑖 = 4, 𝑗 = {1,2,3}, 𝑘 = 4, 𝑙 = 4 

lkiji vuv ,, ,,  

lkiji vuv ,, ,,  

lkiji vuv ,, ,,  

lkiji vuv ,, ,,  

lkiji vuv ,, ,,  

   For 𝑛 = 5 

𝑖 = {1,2,3,4}, 𝑗 = 1, 𝑘 = {1,2,3,4}, 𝑙 = 2 

𝑖 = {1,2,3,4}, 𝑗 = 1, 𝑘 = {1,2,3,4}, 𝑙 = 3 

𝑖 = {1,2,3,4}, 𝑗 = 2, 𝑘 = {1,2,3,4}, 𝑙 = 3 

𝑖 = 1, 𝑗 = {1,2,3}, 𝑘 = 1, 𝑙 = 4 

𝑖 = 2, 𝑗 = {1,2,3}, 𝑘 = 2, 𝑙 = 4 

𝑖 = 3, 𝑗 = {1,2,3}, 𝑘 = 3, 𝑙 = {4,5} 

𝑖 = 4, 𝑗 = {1,2,3}, 𝑘 = 4, 𝑙 = {4,5} 

𝑖 = 1, 𝑗 = {1,2,3,4}, 𝑘 = 1, 𝑙 = 5 

𝑖 = 2, 𝑗 = {1,2,3,4}, 𝑘 = 2, 𝑙 = 5 

𝑖 = {3,4}, 𝑗 = 4, 𝑘 = {3,4}, 𝑙 = 5 

 

lkiji vuv ,, ,,  

lkiji vuv ,, ,,  

lkiji vuv ,, ,,  

lkiji vuv ,, ,,  

lkiji vuv ,, ,,  

lkiji vuv ,, ,,  

lkiji vuv ,, ,,  

lkiji vuv ,, ,,  

lkiji vuv ,, ,,  

lkiji vuv ,, ,,  
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Case 𝑥 𝑦 Condition Rainbow Trajectory 

For 𝑛 = 6 

𝑖 = {1,2,3,4}, 𝑗 = 1, 𝑘 = {1,2,3,4}, 𝑙 = 2 

𝑖 = {1,2,3,4}, 𝑗 = 1, 𝑘 = {1,2,3,4}, 𝑙 = 3 

𝑖 = {1,2,3,4}, 𝑗 = 2, 𝑘 = {1,2,3,4}, 𝑙 = 3 

𝑖 = 1, 𝑗 = {1,2,3}, 𝑘 = 1, 𝑙 = 4 

𝑖 = 2, 𝑗 = {1,2,3}, 𝑘 = 2, 𝑙 = 4 

𝑖 = 3, 𝑗 = {1,2,3}, 𝑘 = 3, 𝑙 = 4 

𝑖 = 1, 𝑗 = {1,2,3,4}, 𝑘 = 1, 𝑙 = 5 

𝑖 = 1, 𝑗 = {1,2,3,4,5}, 𝑘 = 1, 𝑙 = 6 

𝑖 = 2, 𝑗 = {1,2,3,4}, 𝑘 = 2, 𝑙 = 5 

𝑖 = 2, 𝑗 = {1,2,3,4,5}, 𝑘 = 2, 𝑙 = 6 

𝑖 = 3, 𝑗 = {1,2,3,4}, 𝑘 = 3, 𝑙 = 5 

𝑖 = 3, 𝑗 = {1,2,3,4,5}, 𝑘 = 3, 𝑙 = 6 

𝑖 = 4, 𝑗 = {1,2,3}, 𝑘 = 4, 𝑙 ∈ [4,6] 

𝑖 = 4, 𝑗 = 4, 𝑘 = 4, 𝑙 = {5,6} 

𝑖 = 4, 𝑗 = 5, 𝑘 = 4, 𝑙 = 6 

lkiji vuv ,, ,,  

lkiji vuv ,, ,,  

lkiji vuv ,, ,,  

lkiji vuv ,, ,,  

lkiji vuv ,, ,,  

lkiji vuv ,, ,,  

lkiji vuv ,, ,,  

lkiji vuv ,, ,,  

lkiji vuv ,, ,,  

lkiji vuv ,, ,,  

lkiji vuv ,, ,,  

lkiji vuv ,, ,,  

lkiji vuv ,, ,,  

lkiji vuv ,, ,,  

lkiji vuv ,, ,,  

   For 𝑛 = 7  

   𝑖 = {1,2,3,4}, 𝑗 = 1, 𝑘 = {1,2,3,4}, 𝑙 = 2 
lkiji vuv ,, ,,  

   𝑖 = {1,2,3,4}, 𝑗 = 1, 𝑘 = {1,2,3,4}, 𝑙 = 3 
lkiji vuv ,, ,,  

   𝑖 = {1,2,3,4}, 𝑗 = 2, 𝑘 = {1,2,3,4}, 𝑙 = 3 
lkiji vuv ,, ,,  

   𝑖 = 1, 𝑗 = {1,2,3}, 𝑘 = 1, 𝑙 = 4 
lkiji vuv ,, ,,  

   𝑖 = 2, 𝑗 = {1,2,3}, 𝑘 = 2, 𝑙 = 4 
lkiji vuv ,, ,,  

   𝑖 = 1, 𝑗 = {1,2,3,4}, 𝑘 = 1, 𝑙 = 5 
lkiji vuv ,, ,,  

   𝑖 = 1, 𝑗 = {1,2,3,4,5}, 𝑘 = 1, 𝑙 = 6 
lkiji vuv ,, ,,  

   𝑖 = 2, 𝑗 = {1,2,3,4}, 𝑘 = 2, 𝑙 = 5 
lkiji vuv ,, ,,  

   𝑖 = 2, 𝑗 = {1,2,3,4,5}, 𝑘 = 2, 𝑙 = 6 
lkiji vuv ,, ,,  

   𝑖 = 3, 𝑗 = {1,2,3,4}, 𝑘 = 3, 𝑙 = 5 
lkiji vuv ,, ,,  

   𝑖 = 3, 𝑗 = {1,2,3,4,5}, 𝑘 = 3, 𝑙 = 6 
lkiji vuv ,, ,,  

   𝑖 = 4, 𝑗 = {1,2,3}, 𝑘 = 4, 𝑙 ∈ [4,7] 
lkiji vuv ,, ,,  

   𝑖 = 4, 𝑗 = 4, 𝑘 = 4, 𝑙 ∈ [5,7] 
lkiji vuv ,, ,,  

   𝑖 = 4, 𝑗 = 5, 𝑘 = 4, 𝑙 ∈ [6,7] 
lkiji vuv ,, ,,  

   𝑖 = 4, 𝑗 = 6, 𝑘 = 4, 𝑙 = 7 
lkiji vuv ,, ,,  

   𝑖 = 1, 𝑗 ∈ [1,6], 𝑘 = 1, 𝑙 = 7 
lkiji vuv ,, ,,  

   𝑖 = 2, 𝑗 ∈ [1,6], 𝑘 = 2, 𝑙 = 7 
lkiji vuv ,, ,,  

   𝑖 = 3, 𝑗 ∈ [1,6], 𝑘 = 3, 𝑙 = 7 
lkiji vuv ,, ,,  

   𝑖 = 3, 𝑗 = {1,2,3}, , 𝑘 = 3, 𝑙 = 4 
lkiji vuv ,, ,,  

13 𝑣𝑖,𝑗  𝑣𝑘,𝑚      nmknji ,1,4,2,,1,1 ==  
mkkiji vuuv ,, ,,,  
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      nmknji ,1,3,,1,2 ==  
mkkiji vuuv ,, ,,,  

      nmknji ,1,4,,1,3 ==  
mkkiji vuuv ,, ,,,  

14 𝑣𝑖,𝑗  𝑣𝑘,𝑜     noknji ,1,3,,1,1 ==  

   noknji ,1,4,,1,2 ==  
okkiiji vuuuv ,1, ,,,, +  

okkiiji vuuuv ,1, ,,,, +  

Based on the trajectory of the vertex rainbow in Table 1, the theorem 𝑟𝑣𝑐(𝐶4 ⊳ 𝐾3,𝑛) = 5  is proven. 

 

3.3. Comb Complete Bipartite Graph and Cycle Graph (𝐾3,𝑛 ⊳ 𝐶4) 

In this section, we describe comb complete bipartite graph and cycle graph and constructing figure 

Rainbow Vertex-Connection Number of Graph 𝐾3,2 ⊳ 𝐶4. 

Definition 2: Suppose 𝑛 ≥ 2. The 𝐾3,𝑛 graph is a complete bipartite graph with a size of 3, 𝑛. The 𝐶4 graph 

is a cycle graph with 4 vertices.  Thus, the comb operation for the Complete Bipartite graph and the Cycle 

graph is denoted with (𝐾3,𝑛 ⊳ 𝐶4). Suppose (𝐾3,𝑛 ⊳ 𝐶4) is the graph 𝐺, then graph 𝐺 is formed by the set of 

vertex and edge defined as follows. 
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Graph image of comb operation 𝐾3,2 ⊳ 𝐶4 is shown in Figure 3. 

 
Figure 3. Rainbow Vertex-Connection Number of Graph 𝑲𝟑,𝟐 ⊳ 𝑪𝟒 

 

3.4. Rainbow Vertex-Connection Number on Comb Product Operation of Complete Bipartite Graph 

and Cycle Graph (𝐾3,𝑛 ⊳ 𝐶4) 

In this section, we describe Rainbow Vertex-Connection Number on Comb Product Operation of 

Complete Bipartite Graph and Cycle Graph (𝐾3,𝑛 ⊳ 𝐶4) 

Theorem 2. Suppose 𝐾3,𝑛 is a complete bipartite graph with 2 ≤ 𝑛 ≤ 7 and 𝐶4 is a cycle graph with four 

vertices. If 𝐺 ≅ (𝐶4 ⊳ 𝐾3,𝑛), then 





+

=−
=

73,3

2,13
)(

nforn

nforn
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Proof. Known 𝑟𝑣𝑐(𝐺) ≥ 𝑑𝑖𝑎𝑚(𝐺) − 1, so to prove Theorem 2 is enough to show that                             

𝑟𝑣𝑐(𝐺) ≤ 𝑑𝑖𝑎𝑚(𝐺) − 1, if 𝑟𝑣𝑐(𝐺) ≠ 𝑑𝑖𝑎𝑚(𝐺) − 1  or 𝑟𝑣𝑐(𝐺) < 𝑑𝑖𝑎𝑚(𝐺) − 1 it will be proven as the case 

below: 

 

Case 1: 𝑟𝑣𝑐(𝐺) = 3𝑛 − 1, for 𝑛 = 2 

 Known 𝑑𝑖𝑎𝑚(𝐾3,𝑛 ⊳ 𝐶4) = 6, then 𝑟𝑣𝑐 ≥ 5, for which it is defined coloring 𝑐: 𝑉(𝐺) → {1,2,3,4,5} 

as follows: 
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Rainbow Vertex-Connection Number on Comb Product Operation of Complete Bipartite Graph and 

Cycle Graph (𝐾3,𝑛 ⊳ 𝐶4) can be seen in Figure 4. 

 

 
Figure 4. Rainbow Vertex-Connection Number of Graph 𝐾3,2 ⊳ 𝐶4 

It will then be shown that for each 𝑥 and 𝑦 in 𝑉(𝐾3,𝑛 ⊳ 𝐶4) there is an 𝑥 − 𝑦 rainbow vertex-connection. 

 
Table 2. Rainbow vertex trajectory (𝐾3,2 ⊳ 𝐶4) 

Case 𝑥 𝑦 Condition Rainbow Trajectory 

1 𝑢𝑖  𝑢𝑘 𝑖 = 1, 𝑘 = 𝑛 
kii uuu ,, 3+  

   𝑖 ∈ [1, 𝑛], 𝑘 = 𝑛 + 1 
kii uuu ,, 3+  

   𝑖 = 2𝑛, 𝑘 = 2𝑛 + 1 
kii uuu ,, 2−  

2 𝑤𝑖  𝑤𝑘  𝑖 = {1, 𝑛 + 1}, 𝑘 = 2𝑛 𝑤𝑖 , 𝑣𝑖,2, 𝑢𝑖 , 𝑢𝑘 , 𝑣𝑘,2, 𝑤𝑘  
   𝑖 ∈ [1, 𝑛], 𝑘 = 𝑛 + 3 𝑤𝑖 , 𝑣𝑖,1, 𝑢𝑖 , 𝑢𝑘 , 𝑣𝑘,1, 𝑤𝑘  
   𝑖 = 𝑛, 𝑘 = 2𝑛 𝑤𝑖 , 𝑣𝑖,2, 𝑢𝑖 , 𝑢𝑘 , 𝑣𝑘,1, 𝑤𝑘  
   𝑖 = 𝑛 + 1, 𝑘 = 𝑛 + 3 𝑤𝑖 , 𝑣𝑖,1, 𝑢𝑖 , 𝑢𝑘 , 𝑣𝑘,2, 𝑤𝑘  
3 𝑤𝑖  𝑤𝑙  𝑖 = 1, 𝑙 = 𝑛 𝑤𝑖 , 𝑣𝑖,2, 𝑢𝑖 , 𝑢𝑖+3, 𝑢𝑖+1, 𝑣𝑖+1,2, 𝑤𝑙  
   𝑖 = 1, 𝑙 = 𝑛 + 1 𝑤𝑖 , 𝑣𝑖,1, 𝑢𝑖 , 𝑢5, 𝑢𝑙 , 𝑣𝑙,1, 𝑤𝑙  
   𝑖 = 2𝑛, 𝑙 = 2𝑛 + 1 𝑤𝑖 , 𝑣𝑖,1, 𝑢𝑖 , 𝑢2, 𝑢𝑙 , 𝑣𝑙,1, 𝑤𝑙  
   𝑖 = 𝑛, 𝑙 = 𝑛 + 1 𝑤𝑖 , 𝑣𝑖,2, 𝑢𝑖 , 𝑢4, 𝑢𝑙 , 𝑣𝑙,2, 𝑤𝑙  
4 𝑢𝑖  𝑤𝑘  𝑖 ∈ [1, 𝑛 + 3], 𝑘 ∈ [1, 𝑛 + 3] 𝑢𝑖 , 𝑣𝑖,1, 𝑤𝑘  
5 𝑢𝑖  𝑤𝑙  𝑖 ∈ [1, 𝑛 + 1], 𝑙 = {2𝑛, 2𝑛 + 1} 𝑢𝑖 , 𝑢𝑙 , 𝑣𝑙,1, 𝑤𝑙  
   𝑖 = {2𝑛, 2𝑛 + 1}, 𝑙 ∈ [1, 𝑛 + 1] 𝑢𝑖 , 𝑢𝑙 , 𝑣𝑙,2, 𝑤𝑙  
6 𝑢𝑖  𝑤𝑚 𝑖 = 2𝑛, 𝑚 = 2𝑛 + 1 𝑢𝑖 , 𝑢2, 𝑢𝑚, 𝑣𝑚,2, 𝑤𝑚 
   𝑖 = 1, 𝑚 = {𝑛, 𝑛 + 1} 𝑢𝑖 , 𝑢4, 𝑢𝑚, 𝑣𝑚,1, 𝑤𝑚 
   𝑖 = 2𝑛 + 1, 𝑚 = 2𝑛 𝑢𝑖 , 𝑢2, 𝑢𝑚, 𝑣𝑚,1, 𝑤𝑚 
   𝑖 = 𝑛, 𝑚 = {1, 𝑛 + 1} 𝑢𝑖 , 𝑢4, 𝑢𝑚, 𝑣𝑚,2, 𝑤𝑚 
   𝑖 = 𝑛 + 1, 𝑚 = {1, 𝑛} 𝑢𝑖 , 𝑢4, 𝑢𝑚, 𝑣𝑚,2, 𝑤𝑚 
7 𝑢𝑖  𝑣𝑘,𝑗 𝑖 ∈ [1, 𝑛 + 1], 𝑗 ∈ [1, 𝑛], 𝑘 = {2𝑛, 2𝑛 + 1} 𝑢𝑖 , 𝑢𝑘, 𝑣𝑘,𝑗  

   𝑖 = {2𝑛, 2𝑛 + 1}, 𝑗 ∈ [1, 𝑛], 𝑘 ∈ [1, 𝑛 + 1] 𝑢𝑖 , 𝑢𝑘, 𝑣𝑘,𝑗  

8 𝑢𝑖  𝑣𝑙,𝑗  𝑖 = {1,3}, 𝑗 ∈ [1, 𝑛], 𝑙 = 𝑛 𝑢𝑖 , 𝑢4, 𝑢𝑙 , 𝑣𝑙,𝑗 

   𝑖 = {1,2}, 𝑗 ∈ [1, 𝑛], 𝑙 = 𝑛 + 1 𝑢𝑖 , 𝑢4, 𝑢𝑙 , 𝑣𝑙,𝑗 

   𝑖 = {2,3}, 𝑗 ∈ [1, 𝑛], 𝑙 = 1 𝑢𝑖 , 𝑢4, 𝑢𝑙 , 𝑣𝑙,𝑗 

   𝑖 = 2𝑛, 𝑗 ∈ [1, 𝑛], 𝑙 = 2𝑛 + 1 𝑢𝑖 , 𝑢2, 𝑢𝑙 , 𝑣𝑙,𝑗 

   𝑖 = 2𝑛 + 1, 𝑗 ∈ [1, 𝑛], 𝑙 = 2𝑛 𝑢𝑖 , 𝑢2, 𝑢𝑙 , 𝑣𝑙,𝑗 
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9 𝑤𝑖  𝑣𝑘,𝑗 𝑖 = 1, 𝑗 ∈ [1, 𝑛], 𝑘 = {2𝑛, 2𝑛 + 1} 𝑤𝑖 , 𝑣𝑖,2, 𝑢𝑖 , 𝑢𝑘 , 𝑣𝑘,𝑗  

   𝑖 = {𝑛, 𝑛 + 1}, 𝑗 ∈ [1, 𝑛], 𝑘 = {2𝑛, 2𝑛 + 1} 𝑤𝑖 , 𝑣𝑖,2, 𝑢𝑖 , 𝑢𝑘 , 𝑣𝑘,𝑗  

   𝑖 = 2𝑛, 𝑗 ∈ [1, 𝑛], 𝑘 = {𝑛, 𝑛 + 1} 𝑤𝑖 , 𝑣𝑖,1, 𝑢𝑖 , 𝑢𝑘 , 𝑣𝑘,𝑗  

   𝑖 = 2𝑛 + 1, 𝑗 ∈ [1, 𝑛], 𝑘 ∈ [1, 𝑛] 𝑤𝑖 , 𝑣𝑖,1, 𝑢𝑖 , 𝑢𝑘 , 𝑣𝑘,𝑗  

   𝑖 = {2𝑛, 2𝑛 + 1}, 𝑗 ∈ [1, 𝑛], 𝑘 = {1, 𝑛 + 1} 𝑤𝑖 , 𝑣𝑖,2, 𝑢𝑖 , 𝑢𝑘 , 𝑣𝑘,𝑗  

10 𝑤𝑖  𝑣𝑙,𝑗  𝑖 = {1, 𝑛 + 1}, 𝑗 ∈ [1, 𝑛], 𝑙 = 𝑛 𝑤𝑖 , 𝑣𝑖,𝑙 , 𝑢𝑖, 𝑢2𝑙 , 𝑢𝑙 , 𝑣𝑙,𝑗  

   𝑖 = 𝑛, 𝑗 ∈ [1, 𝑛], 𝑙 = {1, 𝑛 + 1} 𝑤𝑖 , 𝑣𝑖,2, 𝑢𝑖 , 𝑢4, 𝑢𝑙 , 𝑣𝑙,𝑗  

   𝑖 = 1, 𝑗 ∈ [1, 𝑛], 𝑙 = 𝑛 + 1 𝑤𝑖 , 𝑣𝑖,1, 𝑢𝑖 , 𝑢5, 𝑢𝑙 , 𝑣𝑙,𝑗  

   𝑖 = 𝑛 + 1, 𝑗 ∈ [1, 𝑛], 𝑙 = 1 𝑤𝑖 , 𝑣𝑖,𝑙 , 𝑢𝑖, 𝑢4, 𝑢𝑙 , 𝑣𝑙,𝑗  

   𝑖 = 2𝑛, 𝑗 ∈ [1, 𝑛], 𝑙 = 2𝑛 + 1 𝑤𝑖 , 𝑣𝑖,1, 𝑢𝑖 , 𝑢2, 𝑢𝑙 , 𝑣𝑙,𝑗  

   𝑖 = 2𝑛 + 1, 𝑗 ∈ [1, 𝑛], 𝑙 = 2𝑛 𝑤𝑖 , 𝑣𝑖,1, 𝑢𝑖 , 𝑢2, 𝑢𝑙 , 𝑣𝑙,𝑗  

11 𝑣𝑖,𝑗  𝑣𝑙,𝑘 𝑖 ∈ [1,2𝑛 + 1], 𝑗 = 1, 
𝑙 ∈ [1,2𝑛 + 1], 𝑘 = 2 

𝑣𝑖,𝑗 , 𝑢𝑖, 𝑣𝑙,𝑘  

12 𝑣𝑖,𝑗  𝑣𝑙,𝑚 𝑖 ∈ [1, 𝑛 + 1], 𝑗 ∈ [1, 𝑛], 
𝑙 = {2𝑛, 2𝑛 + 1}, 𝑚 ∈ [1, 𝑛] 

𝑣𝑖,𝑗 , 𝑢𝑖, 𝑢𝑙 , 𝑣𝑙,𝑚 

13 𝑣𝑖,𝑗  𝑣𝑙,𝑜 𝑖 = 1, 𝑗 ∈ [1, 𝑛], 𝑙 = {𝑛, 𝑛 + 1}, 𝑜 ∈ [1, 𝑛] 𝑣𝑖,𝑗 , 𝑢𝑖, 𝑢4, 𝑢𝑙 , 𝑣𝑙,𝑜 

   𝑖 = 𝑛, 𝑗 ∈ [1, 𝑛], 𝑙 = 𝑛 + 1, 𝑜 ∈ [1, 𝑛] 𝑣𝑖,𝑗 , 𝑢𝑖, 𝑢4, 𝑢𝑙 , 𝑣𝑙,𝑜 

   𝑖 = 2𝑛, 𝑗 ∈ [1, 𝑛], 𝑙 = 2𝑛 + 1, 𝑜 ∈ [1, 𝑛] 𝑣𝑖,𝑗 , 𝑢𝑖, 𝑢2, 𝑢𝑙 , 𝑣𝑙,𝑜 

 

Based on the trajectory of the vertex rainbow in Table 2, the theorem 𝑟𝑣𝑐(𝐾3,2 ⊳ 𝐶4) = 3𝑛 − 1 proven. 

Case 2: 𝑟𝑣𝑐(𝐺) = 𝑛 + 3, for 3 ≤ 𝑛 ≤ 7 

For 𝑛 = 3 

Known 𝑑𝑖𝑎𝑚(𝐺) = 6 for 𝑛 = 3, then 𝑟𝑣𝑐 ≥ 6. Will be shown 𝑟𝑣𝑐(𝐺) ≥ 𝑛 + 3 = 6. Assuming 

𝑟𝑣𝑐(𝐺) ≤ 𝑛 + 2 = 5, there is a coloring−𝑛 + 2  rainbow on graph 𝐺 with color definition                      

𝑐′: 𝑉(𝐺) → {1,2, … , 𝑛 + 2}.  Without reducing generality, suppose coloring is defined as follows 

𝑢𝑖 = 𝑖, 𝑖 ∈ [1,6]. 

Noticed the vertex 𝑢6 cannot be colored 1. If 𝑢6 is given color 1, then there will be a trajectory that is 

not rainbow, namely the 𝑣1,1, 𝑢1, 𝑢6, 𝑣6,1. Furthermore, the 𝑢6 vertex cannot be colored 2. If given color 2, 

then there will be a track that is not rainbow, namely the track 𝑣2,1, 𝑢2, 𝑢6, 𝑣6,1. Furthermore, the 𝑢6 vertex 

cannot be colored 3. If given color 3, then there will be a trajectory that is not rainbow, namely the track 

𝑣3,1, 𝑢3, 𝑢6, 𝑣6,1. Furthermore, the 𝑢6 vertex cannot be colored 4. If given color 4, then there will be a track 

that is not rainbow, namely the 𝑣4,1, 𝑢4, 𝑢2, 𝑢6, 𝑣6,1. Furthermore, the 𝑢6 vertex cannot be colored 𝑛 + 2 = 5. 

If given the color 𝑛 + 2 = 5, then there will be a path that is not rainbow, namely the 𝑣5,1, 𝑢5, 𝑢2, 𝑢6, 𝑣6,1. 

Because the graph (𝐾3,3 ⊳ 𝐶4)  for 𝑛 = 3  is not a coloring−𝑛 + 2  rainbow vertex, so the assumption 

is wrong. Then it should be 𝑟𝑣𝑐(𝐺) ≥ 𝑛 + 3 = 6. 

𝑟𝑣𝑐(𝐺) ≤ 𝑛 + 3 will be shown with the color definition 𝑐′: 𝑉(𝐺) → {1,2, … , 𝑛 + 3}  as follows. 

 

𝑐(𝑢𝑖) = 𝑐(𝑤𝑖) = 𝑖 𝑚𝑜𝑑 3𝑛 − 2,                                  𝑖 ∈ [1,2𝑛] 
𝑐(𝑣𝑖,𝑗) = 𝑐(𝑣𝑖+1,𝑗+1) = 𝑛 − 1,                              𝑖 = 𝑛 ∧ 𝑗 = 1 

𝑐(𝑣𝑖,𝑗) = 𝑐(𝑣𝑖+4,𝑗−1) = 𝑐(𝑣𝑖+5,𝑗) = 𝑛,                𝑖 = 1 ∧ 𝑗 = 2 
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Figure 5. Rainbow vertex-connection number of graph 𝐾3,3 ⊳ 𝐶4 

It will then be shown that for each 𝑥 and 𝑦 in 𝑉(𝐾3,3 ⊳ 𝐶4) there is an 𝑥 − 𝑦 rainbow vertex-connection. 

Table 3. Rainbow vertex trajectory (𝐾3,3 ⊳ 𝐶4) 

Case 𝑥 𝑦 Condition Rainbow Trajectory 

1 𝑢𝑖 𝑢𝑘  nnki ,1,1 −==  uuu kni
,,

1+
 

   }2,12{,1 nnkni −=+=  uuu ki
,,

2
 

   nkni =−= ,1  uuu ki
,,

4
 

   nkni 2,12 =−=  uuu ki
,,

2
 

2 𝑤𝑖 𝑤𝑘 1},,1{ +== nkni  wvuuvw kkkiii
,,,,,

2,2,
 

   12},2,1{ −== nki  wvuuvw kkkiii
,,,,,

1,1,
 

   1,2 +== nki  wvuuvw kkkiii
,,,,,

1,2,
 

   nki 2},2,1{ ==  wvuuvw kkkiii
,,,,,

2,1,
 

   12, −== nkni  wvuuvw kkkiii
,,,,,

2,1,
 

   nkni 2, ==  wvuuvw kkkiii
,,,,,

1,1,
 

3 𝑤𝑖 𝑤𝑙 nlni 2,12 =−=  wvuuuvw llliii
,,,,,,

1,21,
 

   2,1 == li  

wv

uuuvw

lli

iiiii

,

,,,,,

,1

132,

+

++  

   nli == ,1  wvuuuvw llliii
,,,,,,

1,51,
 

   nli == ,2  wvuuuvw llliii
,,,,,,

2,42,
 

   12,1 −=+= nlni  wvuuuvw llliii
,,,,,,

1,21,
 

   nlni 2,1 =+=  wvuuuvw llliii
,,,,,,

2,21,
 

4 𝑢𝑖 𝑤𝑘 ]2,1[],2,1[ nkni   wvu kii
,,

1,
 

5 𝑢𝑖 𝑤𝑙 ]2,1[],,1[ nnlni +  wvuu llli
,,,

1,
 

   ],1[],2,1[ nlnni +  wvuu llli
,,,

2,
 

6 𝑢𝑖 𝑤𝑚 },1{,1 nnmi −==  wvuuu mmmi
,,,,

1,4
 

   },1{,2 nmi ==  wvuuu mmmi
,,,,

2,4
 

   }2,1{, == mni  wvuuu mmmi
,,,,

2,4
 

   }2,12{,1 nnmni −=+=  wvuuu mmmi
,,,,

2,2
 

   }2,22{,12 nnmni −=−=  wvuuu mmmi
,,,,

1,2
 

   }12,22{,2 −−== nnmni  wvuuu mmmi
,,,,

1,2
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Case 𝑥 𝑦 Condition Rainbow Trajectory 

7 𝑢𝑖 𝑣𝑘,𝑗 }2,1{],1,1[],,1[ nnknjni +=−  vuu jkki ,
,,  

   ],1[],1,1[},2,1{ nknjnni −+=  vuu jkki ,
,,  

8 𝑢𝑖 𝑣𝑙,𝑗 𝑖 = {1, 𝑛}, 𝑗 ∈ [1, 𝑛 − 1], 𝑙 = 𝑛 − 1 vuuu jlli ,4
,,,  

   nlnjni =−−= ],1,1[},1,1{  vuuu jlli ,4
,,,  

   1],1,1[},,1{ =−−= lnjnni  vuuu jlli ,4
,,,  

   }2,12{],1,1[,1 nnlnjni −=−+=  vuuu jlli ,2
,,,  

   }2,1{],1,1[,12 nnlnjni +=−−=  vuuu jlli ,2
,,,  

   }2,1{],1,1[,2 ++=−= nnlnjni  vuuu jlli ,2
,,,  

9 𝑤𝑖 𝑣𝑘,𝑗 ]2,1[],1,1[,1 nnknji +−=  vuuvw jkkiii ,2,
,,,,  

   ]2,1[],1,1[},,1{ nnknjnni +−−=  vuuvw jkkiii ,1,
,,,,  

   },1{],1,1[,1 nnknjni −=−+=  vuuvw jkkiii ,1,
,,,,  

   ],1[],1,1[},2,1{ nknjnni −++=  vuuvw jkkiii ,2,
,,,,  

    }1,1{],,1[,12 −=−= nknjni  vuuvw jkkiii ,1,
,,,,  

   }1,1{],,1[,2 −== nknjni  vuuvw jkkiii ,2,
,,,,  

   nknjni == ],,1[,2  vuuvw jkkiii ,1,
,,,,  

10 𝑤𝑖 𝑣𝑙,𝑗 1],1,1[},,1{ −=−= nlnjni  vuuuvw jlllilii ,2,
,,,,,  

   },1{],1,1[,1 nlnjni =−−=  vuuuvw jlliiii ,22,
,,,,,  

   nlnji =−= ],1,1[,1  vuuuvw jllliii ,121,
,,,,,

−
 

   1],1,1[, =−= lnjni  vuuuvw jlliilii ,1,
,,,,,

+
 

   }2,12{],1,1[,1 nnlnjni −=−+=  vuuuvw jlliii ,21,
,,,,,  

   }2,1{],1,1[,12 nnlnjni +=−−=  vuuuvw jlliii ,21,
,,,,,  

   }2,1{],1,1[,2 ++=−= nnlnjni  vuuuvw jlliii ,21,
,,,,,  

11 𝑣𝑖,𝑗 𝑣𝑙,𝑘 2],2,1[,1],2,1[ == knljni  
kliji vuv ,, ,,  

12 𝑣𝑖,𝑗 𝑣𝑙,𝑚 

]1,1[},2,1{

],1,1[],,1[

−+=

−

nmnnl

njni
 olliji vuuv ,, ,,,  

13 𝑣𝑖,𝑗 𝑣𝑙,𝑜 

]1,1[},,1{

],1,1[,1

−−=

−=

nonnl

nji
 olliji vuuuv ,4, ,,,,  

   ]1,1[,],1,1[,2 −=−= nonlnji  
olliji vuuuv ,4, ,,,,  

   

]1,1[},2,12{

],1,1[,1

−−=

−+=

nonnl

njni
 olliji vuuuv ,2, ,,,,  

   

]1,1[,2

],1,1[,2

−=

−+=

nonl

njni
 olliji vuuuv ,2, ,,,,  

 

Based on the trajectory of the vertex rainbow in Table 3, the theorem 𝑟𝑣𝑐(𝐾3,3 ⊳ 𝐶4) = 𝑛 + 3, for 

3 ≤ 𝑛 ≤ 7 is proven. 

Furthermore, for 𝑛 = 4, 𝑛 = 5, 𝑛 = 6, 𝑛 = 7, using the same method as 𝑛 = 3 using proof of 

contradiction, it can be shown that each graph has 𝑟𝑣𝑐(𝐺) = 𝑛 + 3  rainbow coloring. 
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4. CONCLUSIONS 

Based on the results and discussion can be concluded that: 

1. To find out the numbers connected rainbows on the graph the operation of the comb graph cycle and 

complete bipartite graph (𝐶4 ⊳ 𝐾3,𝑛) can use theorems: 

Suppose 𝐶4 is a cycle graph with four vertices and 𝐾3,𝑛 is a bipartite graph complete with 2 ≤ 𝑛 ≤ 7. If 

𝐺 ≅ (𝐶4 ⊳ 𝐾3,𝑛), then 𝑟𝑣𝑐(𝐺) = 5 

2. To find out the numbers connected by the rainbow on the graph resulting from the operation of the 

complete bipartite graph comb and the cycle graph (𝐾3,𝑛 ⊳ 𝐶4) can use theorem: 

Suppose 𝐾3,𝑛 is a complete bipartite graph with 2 ≤ 𝑛 ≤ 7 and 𝐶4 is a cycle graph with four vertices. If 

𝐺 ≅ (𝐶4 ⊳ 𝐾3,𝑛), then 𝑟𝑣𝑐(𝐺) = 3𝑛 − 1 𝑓𝑜𝑟 𝑛 = 2  𝑎𝑛𝑑  𝑟𝑣𝑐(𝐺) = 𝑛 + 3 𝑓𝑜𝑟  3 ≤ 𝑛 ≤ 7  
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