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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 (U),
cartesian (x), 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 (C,) and the
complete bipartite graph (K3 ,,).

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 ,,) & (K3, & Cy).
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3.1. Comb Cycle Graph and Complete Bipartite Graph (C, &> K3 ;)
In this section we discuss Comb Cycle Graphs and Complete Bipartite Graphs (C, = K3 ,,).

Definition 1: Suppose n > 2. The C, graph is a cycle graph with 4 vertices. The K3 ,, 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 (C, = K3 ,,). Suppose (C4 & K3 ,,) is the graph G, then graph G is formed by the set of
vertex and edge defined as follows.

V(©G)={iefaflulicla] jefniulu,liclalk 2]}
EG)={ieL4ju, +1=utuli=1je,n]ju
i=2,jeLnffuli=3jeln]iu
fi=4jefnlolu, v U,y lielldk=1jefLn]}

Graph image of comb operation C, & K3 , is shown in Figure 1.
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Figure 1. Graph of comb operation C4 &= K3,

3.2. Rainbow Vertex-Connection Number on Comb Product Operation of Cycle Graph and
Complete Bipartite Graph (C, &= K3 ,,)

In this section, we describe Rainbow Vertex-Connection Number on Comb Product Operation of Cycle
Graph and Complete Bipartite.

Theorem 1: Suppose C, is a cycle graph with four vertices and K3 ,, is a bipartite graph complete with 2 <
n<7.1fG = (Cy > K3,), 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(u) = c(ui,k ,ui,k+1) =imod 5, fori e [14]Ak=1
C(V2,1) = C(Vi,j) =1, fori =3 Aj €[2,n]
C(U4,1) = C(Ui,j) = 2, fori=1Aj €[2,n]
c(v31) = ¢(vy;) = 5mod 2i — 2, fori=4Aj € [2,n]
c(vi;) = 4, fori=1Aj=1

c(vij) =i+ 1mod 2i, fori =2Aj €[2,n]



676 Yahya, et al.

RAINBOW VERTEX-CONNECTION NUMBER ON COMB PRODUCT OPERATION...

Figure 2. Rainbow vertex-connection number of graph €, = K3,

It will then be shown that for each x and y in V(C, & K3 ,,) there is an x — y rainbow vertex-connection.

Table 1. Rainbow vertex trajectory (€, = K3,,)

Case «x y  Condition Rainbow Trajectory
1 u oy, i=1k=3 U, U,, U,
i=2k=4 U;,Ug, U,
2w w; je [1,4],k € [1,4], je [1,2] U, Vg, Uy
3w wg i=1k={24}1<c12] Uy, Uy, Vi 1, Uy,
i=2,k={3}1e12] Ui, U, Vi1 Uy
. u,u.,v, ,u
i=3k={24}1e[12] bk e Tk
Ui, Uy s Vi s Uy
i=4,k={3}1e12]
4 U Uy 1€[L2]k=i+2,me[12] Uiy Upygs Uppy Uy 1o Uy
i = {3,4},k = l - Z,m € [1,2] u|1u|_11u|_2|vk11uk m
5 ui’]‘ uk'l i= {1,2,3,4’},j = 1, ul J’VI j’uk|
k={1,234}1=2 TR
6 U Ugm i=1j€[1,2],k=2me€[12] ui,j’Vi,lfui'uk’vk,Z’uk,m
i=1j€[12,k=4me[1,2
jelizl [1.2] Ui s Vi Uis Ugs Vi 2 Uy iy
i=2j€e[1,2,k=3me[12
g 1.2} Ui s Vig Uis Ugs Vi o Uy
i=3j€12]k=4me[12]
Ui j5 Vg Uis Us Vi 25 Uy
7wy W [=1jE[L2Lk=30€[12] Ui i Vi Ui Ui U Vi Uy
i = 2,] E [1,2],k = 4,0 E [1,2] ui’jjvi’lyui,ui+11ukyvkyi1uk’0
8 u vy =1Lk=2,j€[ln] ui’uk’vk,j
i=2k={13},j€[1l,n
k i il E 1 et
i=3k=1{24},j€[ln
[ =4k = {13}, € [1,n] et
L= » = ) ’] ln
ui1uk’Vk,j
9 u v, i=1Lk=3,1€[1,n] U, U ., U,V
i=2k=41€[1,n
[L.n] Ui, Uz, Uy, V|
i=3k=11€([1,n
(1] Ui, Uz, Uy, Vi
i=4k=21€[1n]

Ui Ug, Uy, Vi
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Case «x y  Condition Rainbow Trajectory
10 u; v L=1j€ [1,2),k =2l €[1,n] u; lell’ui'uk’vk,l
i=1,j€[12],k=41€[1,
! J [ ] [ n] ulj’ |21u uk’Vk,I
i=2j€[12],k=11€[1,n]
J [ ]k I [ ] ulj’ |21u uk’Vk,I
i=2,j€|12,k=31€]1,
. i ulj’ |1’u|’uk1vk,l
i=3,j€e[1,2],k=2,1€[1,n]
. . ul J'Vl,liui'uk’vk,l
i=3,j€e[1,2],k=41€[1,n]

u .,v..,u,u.,V,
i=4,j€e[12)k=11¢€[1n] R
i=4,j€e[1,2),k=31€[1,n] Ui j» Vi Ui U Viey

ul lell’ui'uk’vk,l

11 Uj Vrm i=1,j€[1,2],k=3me[1,n] uI i |l1u|+11uk’vk 0
i =2,j€[1,2],k=4,m €[],
l J [ ] mn [ n] ul ]’V|17u|+1’uk’vk,m
i=3,j€e[1,2,k=1me[Ln]
J ul ]’Vll’u|+1’uk’vk,m
i=4,j€[12],k=2me[1,n]
U ,v,z,u Uk,Vk’m
12 vi,]' vk‘l Forn = 2
i={1234}j=1k={12341=2 v ,u,v,,
Forn =3
i={1234}j=1Lk={1234}1=2 v ,u,v,
i = {1,2,3,4},j = 1,k = {1,2,3,4},1 = 3 VI J,ul’vk’l
i=1{1,234},j=2,k={1234}1=3 Vi U,V
Forn =4
i={1,234},j=1k={1,234}1=2 Vi ULV
[ e ,
i={1234},j=1k={1234}L1=3 y V|
I,J’ 1 ,
i={1,234},j=2,k={1,234}1=3 V. ULV
I,]’ 1 ,
i=1j={123Lk=11=4 VAT
i=2j={123Lk=21=4
, . Vi Ui Vi
i=3,j={123Lk=31=4

V. ., U,V
i=4j={123}Lk=41=4 Ly Tl

V. U,V

i,jri VKl
Forn =5
i={1234}j=1k={123441=2 VYijUiV
i={1234}j=1k={1,234}1=3 VU,V
i = {1’2’3’4}'j = Z'k = {1,2,3,4},1 =3 Vi j!ui 1Vk |
i=1,j={123}k=11=4 V. ULV
I,J’ 1 ,
S e
l= ) = ) ) ) = ) = )
! Vi Ui Vi
i=4,j={123}k=41={45} ’ '

V. ., U,V
i=1,j={1234Lk=11=5 LTk
i=2j={1234k=21=5 Vi Ui Vi
i={34},j=4k={34}L1=5 Vi’j,Ui 1Vk,|

V.

i Ui Vi
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Case «x y  Condition Rainbow Trajectory
Forn=6 V. ..U.V
i={1234},j=1k={1234}1=2 7Kl
i=1{1234},j=1k=1{1,234},1=3 Vioj Ui Vi
i=1{1234}j=2k={123451=3 VijUiVi
i=1j={123}Lk=11=4 Vi Ui Vi
i=2j={123Lk=21=4 Vi o U Vi
R Tl
i=1,j={1234}L,k=1,1=
i=1,j={12345Lk=11=6 Yt
) ) Vi, jr Ui Vi
i=2j={1234Lk=21=5
i=2j={12345Lk=21=6 Vi Ui Vicy
i=3j={1234k=31=5 Vi Uis Vi
i=3,j={12345Lk=31=6 Vi, Uis Vi
i=4,j=1{123}k=41€ [46] Vi Uiy
i=4,j=4k=41={56} Vi Ui Vi
i=4,j=5k=41=6 Vi Ui,V
Vi,j’ui’Vk,I
Forn=7
i=1{1234},j=1k=1{1234},1=2 ViU,V
i=1{1234},j=1k=1{1234},1=3 ViUV
i=1{1234},j=2k=1{1234},1=3 ViUV
i=1,j={123Lk=11=4 ViUV
i=2j={123Lk=21=4 ViUV
i=1,j={1234Lk=11=5 ViUV
i=1,j={12345Lk=11=6 ViUV
i=2j={1234Lk=21=5 ViU Vi
i=2j={12345Lk=21=6 ViUV
i=3,j={1234Lk=31=5 ViUV
i=3,j={12345Lk=31=6 ViU Vi
i=4,j={123}k=41€[47] ViU,V
i=4,j=4k=41€]57] ViUV
i=4,j=5k=41€[67] ViUV
i=4,j=6k=41=7 Vi Ui Vi
i=1j€e[16,k=11l=7 Vi,j’uka,l
i=2j€e[L6Lk=21=7 ViUV
i=3,j€[1,6],k=3,1l=7 Vi,j’ui’vk,l
i=3,j={123),,k=31=4 ViUV
13 v vem i=1jelLnlk={24,melLn] ViU U Vi
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Case «x y  Condition Rainbow Trajectory
i:2,je[l,n],k=3,me[1,n] Vi o Ui U,V
i=3,je[1,n],k=4,me[1,n] Vi o Ui U,V

14 l71:,]' vk,o i =11 j € [l1n]!k :3,0€[l,n] Vi'jiuilui+]_luk’vk’0

i=2jeflnlk=40e[Ln] Vo U U

i, jr i M+l

uk’vk,o

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

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

In this section, we describe comb complete bipartite graph and cycle graph and constructing figure
Rainbow Vertex-Connection Number of Graph K3 , & C,.

Definition 2: Suppose n > 2. The K3 ,, graph is a complete bipartite graph with a size of 3,n. The C, 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 ,, = C4). Suppose (K3, & C,) is the graph G, then graph G is formed by the set of
vertex and edge defined as follows.

VG)={ieln+3ljufie[Ln+3]je[L2]luiw |ieLn+3]
EG)={ie[dn+3]ulic[dn+3]jeL2flufie[4n+3]lu
fieln+3)j=ttolwy, Wy, .. lielLn+3]j=1
Graph image of comb operation K3, = C, is shown in Figure 3.

~ Yur Y “

vy

Figure 3. Rainbow Vertex-Connection Number of Graph K3, & C,

3.4. Rainbow Vertex-Connection Number on Comb Product Operation of Complete Bipartite Graph
and Cycle Graph (K3, & C4)

In this section, we describe Rainbow Vertex-Connection Number on Comb Product Operation of
Complete Bipartite Graph and Cycle Graph (K3, & Cy)

Theorem 2. Suppose K3 ,, is a complete bipartite graph with 2 < n < 7 and C, is a cycle graph with four
vertices. If ¢ = (C, = K3 ), then

3n-1, for n=2
n+3, for 3<n<7

rvc(G) :{

Proof. Known rvc(G) = diam(G)—1, so to prove Theorem 2 is enough to show that
rvc(G) < diam(G) — 1,ifrvc(G) # diam(G) — 1 orrvc(G) < diam(G) — 1 itwill be proven as the case
below:

Casel:rvc(G) =3n—1,forn =2
Known diam(Ks , & C,) = 6, then rvc > 5, for which it is defined coloring c: V(G) - {1,2,3,4,5}
as follows:
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1 icfL2n] j=1i even
uJ=s bl o
5, in]j=2
clvi;)=cVi ) =1, i=n+1Aj=1
C(Vi,j+1):C(Vi+2n,j):n+1’ inj=1

Rainbow Vertex-Connection Number on Comb Product Operation of Complete Bipartite Graph and
Cycle Graph (K3, = C,) can be seen in Figure 4.

- . 5 )
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Figure 4. Rainbow Vertex-Connection Number of Graph K3, & C,

It will then be shown that for each x and y in V (K3, & C,) there is an x — y rainbow vertex-connection.

Table 2. Rainbow vertex trajectory (Ks, & C,)

Case x y  Condition Rainbow Trajectory

1 u uw, i=1k=n Uy, U5, U,
lE[l,n],k—n+1 ui!ui+31uk
i=2nk=2n+1 U, U, U,

2 w; w, i={l,n+1}Lk=2n Wi, Vg 2, Uy, Ug, Vi 20 Wi
i€e[l,n,k=n+3 Wi, Vg1, Uy, Ug, Vi, W
i=nk=2n Wi, Vj 2, Uy, Uy Vg 1, W
i=n+1,k=n+3 Wi, V; 1, U, U, Vg 2, W

3 wi w i=1l=n Wi, Vi 2, Wi, Uit 3, U1, Vig1,2, Wi
i=1l=n+1 Wy, V; 1, Uy, Us, U, V1, Wy
i=2nl=2n+1 Wi, Uy 1, Uy, U, Uy, V1, Wy
i=nl=n+1 Wi, Vj 2, Uj, Uy, Uy, Vg 5, Wy

4 u  w, (€[L,n+3]ke[l,n+3] Uy, Vi1, W

5 w, w i€[lL,n+1],l={2n2n+1} U, Uy, Vg, Wy
i={2n,2n+1},l€e[1,n+1] Uy, Uy, Uy 2, Wy

6 U Wy, i=2nm=2n+1 Uy, Uz, Uy Vi 2o Win
i=1lm={nn+1} Uy, Uy, Uy, Uiy 1) Wiy
i=2n+1,m=2n Uy, Up, Uy, Vi 1) Wiy
i=nm={l,n+1} Uy, Ugy Uy Vi 20 Win
i=n+1m={1,n} Uy, Ugy Uy Vi 20 Win

7 u v LE[Ln+1lj€e[Lnlk={2n2n+1} w;,u,vy;
i={2n2n+1},j€[Lnlk€[L,n+1] w;u, vy

8 w v i={13}j€e[Ln]l=n Uj, Ug, Uy, Uy f
i={12}je[lLn],l=n+1 Uj, Ug, Uy, Uy f
i={23},je[1,n],l=1 Ujy Uy, Uy, Uy
i=2nje[l,n],l=2n+1 Uj, U, Uy, Uy

i=2n+1,j€[l,n],l=2n Ui, Up, Uy, Uy
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Case x y  Condition Rainbow Trajectory

9 w; v i=1j€[ln]k={2n2n+1} Wi, Vj 2, Ujy Ug, Vi j
i={nn+1}je[lLnlk={2n2n+1} w;,v;,u; Uk, Uy
i=2nj€e[l,nk={nn+1} Wi, Vj 1, Ujy Ug, Vi j
i=2n+1,j€[1,n],ke[l,n] Wi, Vj 1, Ujy Ug, Vi j
i={2n2n+1},j€[LnLk={,n+1} w;,v,u;uU,

10 w; v i={Ln+1}j€[ln]l=n Wi, Vi, Ugy Upg, Uy, Uy
i=nje([ln]l={1,n+1} Wi, Ui 2, Ui, Ug, Uy, Uy
i=1je[,n],l=n+1 Wi, Vj 1, Usy Us, Uy, Uy f
i=n+1,je[l,n]l=1 Wi, V1, Wi, Ug, Uy, U
i=2nje[l,n],l=2n+1 Wi, Vj 1, Upy U, Uy, Uy
i=2n+1,j€[1,n],l=2n Wi, Vg1, Ug, Uz, Uy, V)

11 vy Vg LE [1,2n+1],j =1, Vij Wi Vpge
le[12n+1]k =2

12 vij Um LE[Ln+1]j€[1n] Vi o Uy Up, Uy
l={2n,2n+1},m € [1,n]

13 vij v, (=1j€[L,n]l={nn+1}0€[ln] Uy jy Upy Ug, U, Uy
i=nje([ln],l=n+10€][ln] Vyjy Upy Ugy Up, Uy
i=2nj€[l,n],l=2n+10¢€[1,n] Vi j, Ui, Up, U, Vg

Based on the trajectory of the vertex rainbow in Table 2, the theorem rvc(K3, & C,) = 3n — 1 proven.

Case 2:rvc(G)=n+3,for3<n<7
Forn =3

Known diam(G) = 6 for n = 3, then rvc = 6. Will be shownrvc(G) = n+ 3 = 6. Assuming
rvc(G) <n+2=25, 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

u; = i,i €[1,6].

Noticed the vertex uq cannot be colored 1. If ug is given color 1, then there will be a trajectory that is
not rainbow, namely the v; 1,u,, ug, v6 1. Furthermore, the ug vertex cannot be colored 2. If given color 2,
then there will be a track that is not rainbow, namely the track v, q,u,, ug, vg ;. Furthermore, the u, vertex
cannot be colored 3. If given color 3, then there will be a trajectory that is not rainbow, namely the track
V31, Uz, Ug, Ve 1. FUrthermore, the ug vertex cannot be colored 4. If given color 4, then there will be a track
that is not rainbow, namely the v, 1, u4, u,, ug, v 1. Furthermore, the ug vertex cannot be coloredn + 2 = 5.
If given the color n + 2 =5, then there will be a path that is not rainbow, namely the vs 1, us, u,, ug, Vg 1.

Because the graph (Kg,3 = C4) forn = 3 isnotacoloring—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 ¢": V(G) - {1,2, ...,n + 3} as follows.

c(u;) = c(w;) = imod 3n — 2, i €[1,2n]
C(vi,j) = C(vi+1,j+1) =n-—1, i=nAj=1
C(Ui,j) = C(Vi+4,j—1) = C(vi+5,]-) =n, i=1Aj=2
1, ic[L2n] j=1i even
1, ie[32n]j=2i odd

C(Vi,j):

, inj=1

(SRR N

, inj=2
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Figure 5. Rainbow vertex-connection number of graph K; 3 = C,

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

Table 3. Rainbow vertex trajectory (K; 3 & C,)

Case X y Condition Rainbow Trajectory

1 U, w, i=Lk={n-1n} Ui Una Uk
i=n+Lk={2n-12n} U:-U,: U,
i=n-1Lk=n U U, U
i=2n-1k=2n Ui'U, U,

2 w; wy, i:{Ln},k:n+1 W, Vi2 Ui Ui Vi 2 W
i={LZ},k=2n-1 Wir Vi Ui U Vi W
i=2,k=n+1 W, Vi Ui Uk Vierr Wi
i ={12},k =2n W Vi Ui Uk Vi 20 Wi
i=nk=2n-1 W, Via Ui U Vi Wi
i=nk=2n Wi Vi Ui U Vierr Wk

3 W, w,  1=2n-11=2n WiV Ui Uy Uy Vi oo WG
i=11=2 Wi Vi Ui Uis Ui

Vi W,
i=Ll=n W, Vi UirUs U Vi W
i=21=n Wi Vizr Ui Usr U Vi W
i=n+ll1=2n-1 Wi Vi Ui Uz Ui Vi Wy
i=n+11=2n Wi Vi Ui Uz U Vi W

4 y, w, i €[1,2n],k €[1,2n] Ui Vi W

5 U, w, ie€[Ln]le[n+12n] Ui Ui Viar Wi
ie[n+12n],11n] Uir Ui Vi W

6 u W, i=1m={n-1n} Ui'Us Ui Vi Wh,
i=2m={Ln} UirUs Ut Vinzr We,
i=nm={12} Ui Uz Un» V2 Way

i=n+1m={2n-12n}
i=2n-1m={2n-2,2n}
i=2n,m={2n-2,2n-1}

Ui'Ulem’Vm,z'Wm
ui'U2'um’Vm,1’Wm
ui'U2'um’Vm,1’Wm
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Case x y Condition Rainbow Trajectory
y ice[Ln], je[Ln-1],k={n+12n} Ui U Vi
i={n+12n}, je[L,n-1],k €[L,n] Ui Ui Vi

7 U; Uy,

8 u; vy, i={Ln}je[l,n-1]l=n-1 Ui U Ui Vi
i={Ln-1}, je[Ln-1,1=n Ui U Ui Vi
i={n-1n} jellLn-1]1=1 Ui Usr UiV
i=n+1 je[l,n-1],1 ={2n-1,2n} Ui Uz Uy Vi
i=2n-1jeln-1I={n+12n}  y.u,.u,v,
i=2n,jelLn-1,1={n+1,n+2} U Uz Uy Vi

9 w; vy i=1 je[lLn-1],k e[n+12n] Wi Vi Ui U Vi
i={n-Ln} jelln-1ke[N+12n] W, V..U U Vi,
i=n+1 je[Ln-1,k={n-1n} Wi Vi Ui U Vi
i={n+1n+2} jeln-1],k €[Ln] Wi Voo U Ui Vi
t=2n-Ljellnlk={Ln-1 Wi Vi U Ui Vi
i=2n jefln]k={Ln-1} Wi’Vi,z’Ui'Uk’Vk,j
i=2n,jelLnlk=n Wi: Vi Ui Ui Vi

10 w, v, 1={n}jelln-1l=n-1 Wi Vig Ui U Ui Vi
i=n-1je[Ln-11={Ln} Wi Vi Ui Usir Ui Vi
i=1jeLn-1I=n Wi Vg Ui Ui Ui Vi
i=njelln-1]l=1 Wi Vi Ui Ui Ui Vi
i=n+1 je[l,n-1],1 ={2n-1,2n} Wi Vi Ui UzeUs Vi
i=2n-1 je[Ln-1],I ={n+12n} Wi Vi Ui Uz Uy V|
i=2n, jeLn-1,I={n+1,n+2} Wi Vi Ui Uz Ui Vi

11 vij v, 1€[l2n], j=L1e[L,2n],k =2 Vi Ui Vi

12 vij v, 1€lLn], je[ln-1], Vi o Ui UV
I ={n+12n}, me[ln-1]

13 vy v, 1=Lje[Ln-1], ViU Ug U,V
I ={n-1,n},0e[,n-1]
i=2,je[Ln-1],I=n,0e[L,n-1] Vi 12U Uy, Up Vg
i=n+1 je[ln-1] Vi Uiy Uy, U,V
I={2n-12n},0€[1,n-1]

I=n+2,je[ln-1], Vi Uiy Uy, U,V

l=2n,0€[l,n-1]

Based on the trajectory of the vertex rainbow in Table 3, the theorem rvc(Ks 5 & C,) = n + 3, for
3 <n < 7isproven.

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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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 (C, = K3 ,,) can use theorems:
Suppose C, is a cycle graph with four vertices and K3 ,, is a bipartite graph complete with2 <n < 7. If
G = (Cy > K3p), thenrve(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, = C,) can use theorem:
Suppose K3 ,, is a complete bipartite graph with 2 < n < 7 and C, is a cycle graph with four vertices. If
G = (Cy>Ksp), thenrve(G) =3n—1forn=2 and rvc(G) =n+3 for 3<n<7
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