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Abstract
Let graph G = (V(G), E(G)) be a non trivial connected graph. A graph G with edge coloring
is called a rainbow connection, if for every pair of vertices u,v € G on a path has a different
color. The rainbow connection number denoted by rc(G) is the minimum color needed to
make graph G rainbow connection. In this study, we will determine the rainbow connection
number of double quadrilateral snake graph and alternate double quadrilateral snake graph. The

research results show that rc(D(Qn)) =n+1 while rc(AD(Q3)) =3, if n=3, and
rc(AD(Q,)) =n+1,ifnevenand n = 2 and if n odd and n > 3.

Keywords: Rainbow Connection Number, Double Quadrilateral Snake Graph,
Alternate  Double Quadrilateral Snake Graph.

1. INTRODUCTION AND PRELIMINARIES

Graph theory was discovered by a Swiss mathematician named Euler in 1736, which includes
the efforts to solve the famous Konigsberg bridge problem in Europe. In general, a graph is a
mathematical model that is used to analyze many concrete problems related to the real world [1].

Graph coloring is one of the studies of graphs. One of the developments of graph coloring is
the rainbow connection, which was first introduced by Chartrand et al. [3] Rainbow connection is
an edge coloring on a non-trivial connected graph with the property that every two vertices can be
connected through a rainbow path. Rainbow path is a path from one vertex to another whose
edges have different colors. The edge coloring of graph G is called rainbow coloring. If k colors
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have been used, it is said to be rainbow k coloring. If k is the smallest positive integer of the
color needed to make the graph a rainbow connection, then k is called the rainbow connection
number denoted by rc(G).

There are several previous studies that have examined rainbow connection numbers,
including in 2013, Syafrizal et al. [11] discuss about rainbow connection numbers of fan graph
and sun graph. In 2014, Syafrizal et al. [12] discuss about the rainbow connection numbers of the
gear graph and circular chain graph. In 2019, Surbakti, N.M., and Sugeng K.A [9] discuss about
the rainbow connection number of a watermill graph. In 2019, Maulani et al. [6] discuss about
rainbow connection numbers on Graph C,, © B, and Graph C,, © C,. In 2019, Parmar et al. [7]
discuss about rainbow connection number on graph H and graph H © mk,. In 2020, Parmar et
al. [8] discuss about rainbow connection number of graphs related to triangular snake graph.
Furthermore, in 2021, Suthar et al. [10] discuss about the rainbow connection number of graph
P, + N, graph P, + N,,_; and quadrilateral snake graph. This research will discuss about the
rainbow connection number of double quadrilateral shake graph and alternate double
guadrilateral snake graph.

Following are the definitions and theorems used in this research.

Definition 1.1. [2]. Suppose u and v are any distinct vertices on graph G. Then graph G is said to
be a connected graph, if there is a path from point u to v.

Definition 1.2. [5]. The distance from u to v in G, denoted by d(u, v) is the length of the shortest
pathu,vinG.

Definition 1.3. [4]. Graph G is said to be the eccentricity of a pointu € V(G), denoted by e(u) is
the farthest distance (maximum shortest path) from u to every point in G, in other words:

e(u) = max{d(u,v)|ueV(G)}

Definition 1.4. [4]. The diameter of a graph G denoted by diam (G) is the maximum distance
between two points in G, namely:

diam (G) = max{e(u)|ueV(G)}

Definition 1.5. [10]. A quadrilateral snake graph is a graph obtained from a path graph
Uyq, Uy, ..., Uy, DY connecting u; to vertex v; and u;,, to vertex v;’, as well as connecting vertex
v; to vertex v;’, for 1 < i < n. Quadrilateral snake graph is denoted by Q,,, where n > 2.

Definition 1.6. [10]. An alternate quadrilateral snake graph is a graph obtained from a path graph
Uy, Uy, ..., Uy, Dy connecting u; to vertex v; and Uj4q to vertex v]-’, as well as connecting vertex v

to vertex vj’, j=2i—1,i= 12|§| Alternate quadrilateral snake graph is denoted by
(A(Q,)), where n = 2.

Definition 1.7. [10]. A double quadrilateral snake graph is a graph that consists of two
quadrilateral snake graphs that have the same path. Double quadrilateral snake graph is denoted
by D(Q,), wheren = 2.

Definition 1.8. [10]. An alternate double quadrilateral snake graph is a graph that consists of two
alternate snake graphs that have the same path. Alternate double quadrilateral snake graph is
denoted by AD(Q,), where n > 2.
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Theorem 1.1. [3]. Let G be a non-trivial connected graph, then rc(G) = diam(G).
2. MAIN RESULTS
2.1 Rainbow Connection Number of Double Quadrilateral Snake Graph

Before discussing the theorem of rc(D(Qn)), we will first determine the pattern of the
rainbow connection number presented in Table 2.1.
Table 2.1. Common Patterns of Rainbow Connection Number of Double Quadrilateral Snake

Graph

n Graph Rainbow Connection Number
2 D(Q2) re(D(Q2) =3

3 D(Q3) TC(D(Q3)) =4

4 D(Q4) re(D(Qs)) =5

5 D(@Qs) re(D(Qs)) = 6

6 D(Qe) re(D(Qe)) =7

n D(Qn) re(D@Qy) =n+1

Based on table 2.1, then theorem 2.1 is obtained.

Theorem 2.1. If D(Q,,) is a double quadrilateral snake graph, then rainbow connection number
of D(Q,),wheren>2 is rc(D(Q,)) =n+1.

Proof. Let D(Q,,), with set of vertices and set of edges, as follows:

VDY) ={wlie {12 .. n}}u{vlie {12, ... n—1}u{v]|€i{1,2,..,.n—1}}Uu{w] €
i{1,2,.,n—13u{w/| €if1,2,..n—1}}, and  E(D(Q)) = {wui1|i € {1,2,..,n}}U
{uvilie{1,2,..,n =1} u{ugvili € {1,2,..,.n =1} u{vwlie {1,2,..n - 1}} U
{uwilie{1,2,..,n =1} Uy wili€{1,2,...,.n— 1} u{wwli € {1,2,..,n—1}}

Firstly, we will show that the lower bound of D(Q,,), we know that diam(D(Q,)) = n + 1,
therefore, based on Theorem 1.1 then rc(D(Q,)) = n + 1.

Secondly, we will show that the upper bound of D(Q,), with edge coloring function
fE (D(Qy) - {1,2,...,n + 1} as follows:

i, e=Q@yu1);  fori<i<n-1
L, e=,v); for1<i<n-1
i, e=w,w); for1<i<n-1
n, e=(u,v); forl1<i<n-1
n+1, e=Uj,,v'); forl<i<n-1
f(e) =+ _ _ -
n+1, e=(u,w;); fori=1
i, e=(u;,w); fori=n-1
2410, e = (Ujyq,Wiyq); forlsisn-—1
1, e=(u,,w;) forl<i<n-1
L e=Cumw) fori=n—1
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It will be shown that for every two vertices u and v in D(Q,,), there is some rainbow path u, v
,which can be seen in Table 2.2:

Table 2.2. Rainbow path u, v of D(Q,,)

Case
1

10

11

Vertex u
U;

Vertex v

Uuj

Condition
1<i<n,
1<j<n
1<i<n-1,
1<j<n-1
1<is<n-—1,
1<j<n-1
1<i<n,
1<j<n-1

1<i<n,
1<j<n-1

1<i<n-1,
1<j<n-1

1<i<n-1,
1<j<n-1
1<is<n-—-2,
1<j<n-2
1<i<n-2
j=n-—-1
i=n-—-1
1<j<n-2
1<i<n,
1<j<n-1

i=1,
1<j<n-2
2<i<n-—1,
j=
i=1j=n-1
2<i<n-—1,
j=n-—-1

Rainbow Path
Ui, Ujy1, ...,uj, [ <]
Ui, Uj_1q, ...,u]’,i >]

Vi, V), Uiy e W, U, 1 <
Vi, Ujy Uj_q, ...,uj+1,v]f,vj,i > j
V], Uis1, ...,uj,vj,vj',i <j
Ui,’vi’ui’ui—l’ "'uj+1'vj,!i >j
U Uiy 1 o Wy V), L < ]
Ui, Ui+, ...,uj,vj,i >]
ui,vj,i :j
Uy Ui, oy Wi, V), V), 1 <
U, uj_1, ...,uj+1,vj',i >]
uw&ﬁjzj
Vi, Vi, Uigq, ey W) V), V), 1 <
Vi Ujy Ujmq, oy Ujign, Vj, 1>
I@ﬁsz
Wi, Ui, Uiy, ...,Uj,Wj,i <]
Wi, Ui, Uj_q, e, Uj, W), L > ]
W, Uis1, ...,uj,wj,wj’,i <j
W, Wi, Ui, Ui_q, ...,uj+1,wj’,i > j
W, Ujs1, ...,uj,wj’,i <j

I A .
w;, Ui, Uj—q, ...,uj+1,Wj,l >]

Ui, Ujt1, ...,uj,Wj,i <]
Ui, ui_1, ...,uj,Wj,i >]
ui,wj,i =]

r . .
Ui, Ujt1, ...,uj,Wj,Wj,l <]
’ . .
Ui, Uj_1, ...,uj+1,Wj , L >]
s .
ui,Wj,Wj,l =]
7. .
Ui, Ujt1, ...,u]-,u]-+1,wj,l <]
1. .
ui,wj , L >]
! .
ui,u]'+1,Wj,l =]
I .
Wi, Ui, Uiy, ...,Uj,Wj,Wj , L <]
I . .
wywj,i=j=1
!/ - .
Wi, Ui, Uj—q, ...,Uj+1,Wj,l >]

;. .
Wi, Ui, Ujyq, ...,u]'+1,Wj , L <]

1 I .
Wi, Wi, Uiy, ...,u]'+1,Wj , L <]




272

JURNAL MATEMATIKA, STATISTIKA DAN KOMPUTASI
Ervie Yuniarti Astika Mustafaputri , Budi Nurwahyu , Jusmawati Massalesse

2<i<n-—1,
2<j<n-—-2

wywj,i=j=n-1
Wi,Wl-,,ui+1, ...,u]‘,Wj,Wj,,i <]
Wi, Ui, Uj—q, ...,Uj+1,Wj’,i >]
wy, wj,i = j

12 v; wj 1<i<n-1, Vi, U, Uy g, -ons Uy Wy, 1<
l1<jsn-1 Vi, Ujy Ui q, oy Ui, Wy, § >
vi,ui,wj,i =j
13 v; w;’ 1<i<n-—-1, Vi, Ui Uit oo Uy Wy, W), 1 <
l1<j<sn-2 Vi Ujy Ui gy ooy Wi, Wi, 1>
vy, U Wy, Wy, i =j =1
Vi, Vi, Uy, Wi, 1 = =2
1<i<n-1, Vi, U, Uity oy Ui, Wi, 1 < j
j=n-1 VL VLU, Wi = =0+ 1
14 v’ w;j 1<i<n-1, Vi, Upgq, oons Uy Wy 1<
2<jsn—=1 v, v,u,Ui_q, ., Uy, W, Wy, i > j
Ui,,ul'+1,W',,Wj,i =j > 2
1<i<n-1, Vi Uiy g, oees Uy Wy, 1<
j=1 Vi, Vg, Uiy Uj—q, oony Ujy W, 1>
v, v u,wyi=j=1
15 v’ w;’ 1<i<n-1, Vi Uity oo U, W), 1 <
1<j<sn-1 Vi, Vi, Uy Ui, eeny Uy W, 1>
Vi, Uipr, Wi, i =

Because, every two vertices u and v in D(Q,), there exists some rainbow path u,v, then
rc(D(Q,)) < n+ 1. Therefore, based on the lower bound and upper bound of D(Q,,), it is

proven that rc(D(Q,)) = n + 1.

Figure 2.1 is an example double quadrilateral snake graph, where n = 6. It can be seen

that if n = 6, then rc(D(Qq)) = 7.

U1 1 V1 ' Uy 2 3 4 Uy Vs 5 Vg
6 7 6 7
5
” 1 2 3 4y Ug
7 1/ \s 6
Wl 1 2 Wz ! W3 3 W3 ! W4 4’ W4 ! WS 5 WS !

Figure 2.1. D(Q¢), rainbow 7-coloring

2.2 Rainbow Connection Number of Alternate Double Quadrilateral Snake Graph

Before discussing the theorem of rainbow connection number of AD(Q,), we will first
determine the pattern of the rainbow connection number of (AD(Q,,)) presented in Table 2.3:
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Table 2.3. Common Pattern of Rainbow Connection Number of Alternate Double Quadrilateral

Snake Graph

n Graph Rainbow Connection Number
2 AD(Q,) rc(AD(Q,)) =3

3 AD(Qy) rc(AD(Q3)) =3

4  AD(Q,) rc(AD(Q,)) =5

5 AD(Qs) rc(AD(Qs)) =6

6  AD(Qe) rc(AD(Qq)) =7

7

(3 if n=3
n  AD(Qy) re(AD(Qn)) = {n +1,if nisevenandn = 2 and if nis odd and n > 3

Based on table 2.3, then theorem 2.2 is obtained.

Theorem 2.2. If AD(Q,) is an alternate double quadrilateral snake graph, then rainbow
connection number of AD(Q,,), where n > 2 is defined as

3, ifn=3
rc(AD(Qn)) = {n +1,if nis eien andn = 2 and if nis odd and n > 3
Proof. Let AD(Q,,), for odd numbers of n with a set of vertices and a set of edges as follows:
V((AD(Qn) = {wlie {1,2,..,.n}}u{v|i € {1,3,..,n =2} u{v{| €i{1,3,.,n—2}} U {w;| €
i{13,.,n—-2}u{w/| €i{1,3,..n—2}} and E(AD(Q,)) = {wui1|i € {1,2,..,n}} U
{uvili e {1,3,.,n =23} U {u1vili € {1.3,.,n =23} u {vvi|i € {1,3,..n— 2}} U
{uwi|li € {1,3,..,n = 2} U {uz,wili € {13, ...,n — 2}} U {w;w]]i € {1,3,...,n — 2}}

While AD(Q,,), for even numbers of n with a set of vertices and a set of edges, as follows:

V(AD(Qy) = {wi|i e {1,2,..,.n}}u{v|i € {1.3,..,n— 1} u{v{| €i{1,3,.,n— 1} U {w] €
i{1,3,..,n—1}u{w/|€i{1,3,..n—1}} and  E(AD(Q,)) = {wjuis,|i € {1,2,...,n}} U
{uvili € {1,3,.,n = 1} U {uvili € {1,3,.,n = Blu{vili € {1,3,..n— 1} U

{uwili € {1,3,..,n =1} U {uwili € {1,3,..,n— 1} U {wwili € {1,3,..,n — 1}}.

Case 1l:ifn =3

Firstly, we will show the lower bound of AD(Q3), we know that m(AD(Q3)) = 3,
therefore, based on Theorem 1.1 then rc(AD(Q3)) = 3.

Secondly, we will show the upper bound of AD(Qs), with edge coloring function
f:E (AD(Q3)) — {1,2,3} as follows:
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(i, e =(Upuis1); for1<i<3

1, e=,v"); fori=1

1, e=(w,w;); fori=1

3, e = (u;,v); fori=3
MO =13 e = (upn vy fori=3

3, e = (u,w); fori=3

1, e=(uqpw); fori=1

kl, e = (ui+1'Wi)i fOT'i =1

It will be shown that for every two vertices u and v in AD(Q5), there is some rainbow path u, v
,which can be seen in Table 2.4:

Table 2.4. Rainbow path u, v of AD(Q3)

Case  Vertex u Vertex v Condition Rainbow Path
1 Uu; uj 1S1S3,1S]S3 ui,ui+1,...,uj,i<j
ui,ui_l,...,uj,l >]
2 u; v; i=j=1 u, v, =j
2<i<3,j= Ui Ui—q, Vj, 1>
3 Uu; Uj, i =] =1 ui,uj+1,v]{,i =]
i=2,j= u,vj,i > j
P P
i=3,j=1 Ui, Ujq, Vj, 1> ]
. . ! - .
4 v; v}’ i=j=1 vy, vj,1 = ]
5 u; w; 1 S i <3, Ujy Uj_q, Uj, Wy, 1 > ]
j=1 u;, wj,t = j
! . r I s
Uu; W] L=)] = ui,Wj,Wj,l—]
. . 2 .
i=2 j=1 Uy, Wi, 1> j
. . I .
i=3,j=1 Up Ujyp, W), 1> ]
! — — I .
7 w; w; i = 1 Wi, Wi, 1 =]
8 v; Wj L= 1 Uy U Wi, L =]
i . [
9 v; w; i=j=1 Vi, Uy W), W), L=
! ! s
10 v; w; i=j=1 v,V U, Wi, L=
11 ‘Ul', Wj’ l ] 1 Ui,ui+1,W]',,i =j

Because, every two vertices u and v in AD(Q3), there exists some rainbow path u,v, then

rc(AD(Q3)) < 3. Therefore, based on the lower bound and upper bound of AD(Q5), it is proven
that rc(AD(Q3)) = 3.

Figure 2.2 is an example alternate double quadrilateral snake graph, where n = 3. It can
be seen that if n = 3, then rc(AD(Q3)) = 3.
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171 1 vl

Figure 2.2. AD(Q5), rainbow 3-coloring
Case2.if nisevenandn = 2 and if nis odd and n > 3
In proving case 2 it will consist of 2 subcases, as follows:

Subcase 2.1. If nisevenand n > 2

Firstly, we will show that the lower bound of AD(Q,), if n is even, we know that
diam(AD(Q,,)) = n + 1, therefore, based on Theorem 1.1, then rc(AD(Q,,)) = n + 1.

Secondly, we will show the upper bound of AD(Q,), with edge coloring function
fE (AD(Qy)) - {1,2,...,n + 1} as follows:

p
i, e=(,v"); forie{1,35,..n—1}
i, e = (w,w); forie{1,35,..n—1}
n, e=(u;,v); fori€{13,5,..n—1}
Fle) = | n+1, e=(u4,v'); forie{l35,..n—1}
n+1, e=(u,w); fori=1
i, e=u,w); fori=n-1
i+1, e=(u;,w); forie{1,35,..n—1}
1, e=(uy,w'); fori€e{135,..n—1}
i, e=(uq4,w); fori=n-—1

i, e=uu41); forl<i<n-—1
i

It will be shown that for every two vertices u and v in AD(Q,,), there is some rainbow path u, v
,which can be seen in Table 2.5:

Table 2.5. Rainbow path u, v of AD(Q,,)

Case Vertexu Vertex v Condition Rainbow Path
1 u; Uj 1<i<n,1<j<n Uy Ujpq, e Wiy L <
Ujy Uj_q,y sy Uy L >
2 v; v; i=135..,n—1 Vi, Vi, Ujgq, - W, Uj 1 <
j=135..,n-1 Vi Uiy Ujm, oons W1, V), V), L >
3 v’ vy’ i=135,..,n—1 Vi, Uis1, ...,uj,vj,vj’,i <j
j = 1'3'51 = 1 U{,Ui,ui,ui_l, ...u]'+1,17]",i >]
4 u; vj 1<i<n, Upy Ujgq, oo W Vjy L < J
j = 1,3,5, won—1 U, Uj—1, ...,u]','Uj,i >]

ui,vj,i =j
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10

11

12

13

14

1<i<n,
j=135..,n-1

i=135,..,n—1
j=135.,n—1

=135..,n-1
j=135,..,n—-1

l

J
i=135,..,n—3,
j=135,..,n—3,
l

1<i<n,
j=n-—-1

i=1,
j=135,..,n—3
i=35..,n—1,

j=1
i=1j=n-1
i=35..,n—-1
j=n-—-1

i=35..,n—-1
j=35..,n—3

i=135,..,n—1
j=135,..,n—1

i=135,..,n—1
j=135,..,n—3

i=135..,n—-1
j=n-—-1

i=135..,n—1

j=35..,n—-1

Ui, Ujp 1) ...,uj,vj,vj',i <j
WUjy Wiy ooy Ui, U, 10>
ui,vj,vj’,i =j
Vi, Uiy Ujgt, oy W, V), V), 0 <
Vi Ujy Uj—q, oy Ujigq, VU, 1>
v, V), = j
Wi, Ui, Ujyq, ...,uj,Wj,i <]
Wi, Ui, Uj—1, ...,Uj,Wj,i >]
Wl-',ui+1, ...,u]',Wj,WjI,i <]
W{,Wi,ui,ui_l, ...,uj+1,wj',i >]
w{,ui+1,...,uj,wj',i <j

! ! . .
w;, Ui, Uj—q, ...,Uj+1,Wj,l >]

Ujy Uiy 1y - U Wy, 1< ]
Ui, Ui, ...,uj,wj,i >]
ui,Wj,i =j
U, Uip1s ...,uj,wj,wj’,i <j
Ui, uj_1, ...,uj+1,wj',i >]
ui,Wj,Wj,,i =]

Uy Uit ooes Uy Ujg, W, 1 <
ui,le,i >]
ui,uj+1,wj',i =]
Wi, Ui, Wi g, oens Uy W, Wi 1<
wi,wj',i =j=1
w;, Ui, Ui+, ...,u]'+1,Wj’,i >]

Wi, Ui, Ujg 1) oee) u]'+1, Wj’, i <]
Wi, Wil Uiy 1, o Ui, W, 1<
wl-,wj',i =j=n-1
Wi, Wi, Ujgq, ey U, W, WG 1<
Wi, Wi, Ui, ey U1, Wi, 1 > f
wl-,wj',i =j
Vi, U Uy g, oons Uy Wy 1 <
Vi, Uiy Uj—q, e Ui, Wy, 1>
vi,ui,wj,i =j
Vi, Ui Uit oo Uy Wy, W), 1 <
Vi, Uy Ujmg, oy Uy, W), 1>
vi,ui,wj,wj',i =j=1
v, Vi) Uigq, ...,uj+1,wj’,i <j
vi,v{,uiH,wj',i =j=n+1
Vi Uiga, oees Uy Wy, 1< j

I ’ . .
Ui,Ui,ui,ui_l,,Uj+1,Wj,Wj,l > ]

! li . .
Vi, Uip, W, Wy, =] 23
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i = 1,3,5, v, = 1 'Ul", Vi, Ui, Uj—q, ...,u]‘,Wj,i >]
J:1 vi',vi,ui,wj,izjzl
15 v’ w;’ i=135..,n—1 Vi Uity oy U, W), 0 <
j= 13,5,..,n—1 Ui,, Vi, Ui, Uj—q, ...,‘I,Lj,Wj’,i > j

/A .
Vi Ui+, W, L =

Because, for every pair of vertices u,v € AD(Q,), on a path has a different color, then
rc(AD(Q,)) < n+ 1. Thus, based on the lower bound and upper bound of AD(Q,,), it is proven
that rc(AD(Q,)) = n+ 1.

Figure 2.3 is an example of rainbow connection number of AD(Q,,), where n = 6. It can
be seen that if n = 6, then rc(AD(Qg)) = 7.

Figure 2.3 AD(Qg), rainbow 7-coloring

Subcase 2.2. ifnisoddandn > 3

Firstly, we will show the lower bound of the AD(Q,,), if n is odd, we know that
diam(AD(Q,)) = n, therefore, based on Theorem 1.1 then rc(AD(Q,)) =n. Let AD(Qs),
suppose there is a rainbow coloring on AD(Qs), with a set of colors {1,2,3,4,5}. We define
rainbow 5-coloring function, c:E (AD(Qs)) — {1,2,3,4,5}, as follows:

1, e = {(ulluZ)' (171, U{), (WlﬁW{)' (uZﬁ Wll)}
2, e ={(upu3)}
C(e) = 3! e = {(U3,U4), (UB'Ué)' (WS'Wé)' (uB'WS)}
4' e = {(uli 171), (U3, 173), (u4' Wé)' (U4, us)}
re = {(up,v1"), (Ug, v3"), (ug, wy)}

(42

Figure 2.4 AD(Qs), not rainbow 5-coloring
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Based on the definition of the coloring, note that the edges (u,, us) cannot be colored by 1,2,3,4
or 5. Suppose the edges are colored 4, then there will be a path that is not a rainbow path, namely
path (us, u,, wi). Suppose the edges (u4, w3) are colored 5, then there will be a path that is not a
rainbow path, namely path (wy, uq, u,, us, us, usg). Suppose the edges (u4, w3) are colored 1,2 or
3, there will be path that is not a rainbow path, namely path (u,,u,,us, U4, us), because for
AD(Qs) rainbow 5-coloring does not apply, then there is a contradiction with the assumption
above. Therefore, we get rc(AD(Qs)) > 6 or rc(AD(Qs)) = 6.

Secondly, we will show the upper bound of AD(Q,), with edge coloring function
f:E (AD(Qy)) - {1,2,...,n + 1}, as follows:

i, e=(Ujuyyq); forl<i<n-1

i, e=w,v"); forie{13,5,..n—2}

i, e=w,w'); forie{135,..n—2}

n, e = (u,v); forie{135,..n—2}

fle)=<n+1, e=(uj;q1,v'); forie{1,35,..n—2}

n+1, e=(u,w;); fori=1

i+1, e=(u,w); fori€{135,..n—2}
1, e=(uj,w;); forief{135,..n—-2}

i+2, e=(uy4,w); fori=n-—2

It will be shown that for every two vertices u and v in AD(Q,,), there is some rainbow path u, v
,which can be seen in Table 2.6:

Table 2.6. Rainbow path u, v of AD(Q,,)

Case Vertexu Vertex v Condition Rainbow Path
1 u; U; 1<i<n, Uy Ujgqy s Wiy £ <
1<j<n Ui, Ui g, o, Ujp L >
2 v; v; i=135,..,n—2 Vi, Vi, Ui o, W)y U, 1 <
j=135..,n-2 Vi Ugy Uj—q, ooey Ui, U, U, 1>
3 v’ vy’ i=135,..,n—2 Vi, Uit ...,uj,vj,vj’,i <j
Jj=135,..,n-2 Vi, Vi Uy Ui, o Uy, V), 0>
4 u; vj 1<i<n, Uy Ujgqy s W V), 1<
j =13,5,..,n—2 U, Uj—q, ...,'U.j,Uj,i >]
ui,vj,i =]
5 u; v’ 1<i<n, U, Uiy, ...,uj,vj,vj’,i <j
j = 1;3;5; = 2 uj,ui_1, ...,u]'+1,'!7j,,1: >]
ui,vj,v]{,i =]
6 v; vy’ i=135,..,n—2 Vi, Uiy Ujgg, o W) V), V), 1 <
j=135..,n-2 Vi, U, Uj—q, ...,u]-+1,v]f,i > j
vi,vjf,i =j
7 Wi W] i = 1,3,5, e, = 2 Wi, Ui, Ui, ...,u]',Wj,i <]
j=135..,n—-2 Wi, Upy Wimq, ooy Ujy W), >
8 w;' w;’ i=135,..,n—2, W, Ujt1, ...,uj,wj,wj',i <j

LR _ 12 7. .
j=135,..,n-2 Wi, Wi, Ug, Ui, e, Ujyg, W), L > ]
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10

11

12

13

14

15

Ui

Wj

Wj

!

1<i<n,
j=135..,n-2

1<i<n,
j=135..,n—-2

i=1,
j=135..,n-2
i=35..,n—2,
j=1
i=35..,n—2
j=35.,n—-2

i=135,..,n—2
j=135,..,n—2

i=1,35,..,n—2
j=135,..,n—4

i=13,5,..,n—-2
j=n—-2

i=135..,n—-2

j=135,..,n-2

i=1,35,..,n—2
j=135,..,n—2

Ui Ujyq, - U Wy, T < ]
Ui, Uj_1q, ...,U.j,Wj,i >]
ui,Wj,i :]

U, Ujp1, ...,u]-,wj,wj',i <j
Ui, Uj_1, ...,Uj+1,Wj’,i >]
u, Wi, wj, i = j
Wi, Ui, Ui, ...,u]',Wj,Wj,,i <]
Wi,Wj’,i =j=1
Wi, Uj, Uj—q, ...,Uj+1,Wj’,i >]

Wi,Wi',qu, ...,u]',Wj,Wj,,i <]
wi, U, Ui+, ...,uj+1,wj',i >]
wy, Wi, i = j
Vi, U Ui, ooy Wy Wiy 1 < j
Vi, Ui, Uj_1q, ...,uj+1,wj,i >]
vi,ui,wj,i :]

Vi, Uiy Uigns o, Uy Wy, Wi, L <
Vi, Uiy Uimg) ooy U1, W), 1>
vy, Uy, Wy, Wy, 1=
Vi, Vi) Uigq, ...,uj+1,wj’,i <j
Vi, Vi, Uiy, W, =
Vi Uiy g, oees Uy Wi, 1 < j
V], U, Up, Ui—q, ...,uj+1,wj', wj, i > j
vi',vi,ui,wj,i =j =1
U U1, ey Wi, W), L <
Vi,V Uiy Ujmqy ey Wi, Wi, L >
Vi Uip, W), 0=

Because, every two vertices u and v in AD(Q,,), there exists some rainbow path u, v, then
rc(AD(Q,)) < n+ 1. Therefore, based on the lower bound and upper bound of AD(Q,,), it is

proven that rc(AD(Q,)) =n+ 1.

be seen that if n = 7, then rc(AD(Q,)) = 8.

U3 3 v3

Figure 2.5 is an example alternate double quadrilateral snake graph, where n = 7. It can

-9 7
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Figure 2.5. AD(Q-), rainbow 8-coloring

CONCLUSION

Based on the results of this research, we conclude that:

1. Rainbow connection number of double quadrilateral snake graph is given by:
rc(D(Qy)) =n+ 1.
2. Rainbow connection number of alternate double quadrilateral snake graph is given by:
_ 3, ifn=3,
re(AD(Qn)) = {n +1, if niseven,n = 2 and if nis odd,n > 3.

REFERENCES

[1]
[2]
[3]
[4]
g
[7]
[8]
[9]

Balakrishnan, R., & Ranganathan, K., 2012. A Textbook of Graph Theory Second Edition.
New York: Springer.

Chartrand, G., Lesniak, L., 1996. Graphs and Digraphs Third Edition. Chapman and
Hall/CRC, London—New York—Washington, D.C.

Chartrand, G., Johns, G. L., McKeon, K. A., & Zhang, P., 2008. Rainbow
connection in graphs. Mathematica bohemica, 133(1), 85-98.

Gross, J.L, et al., 2019. Graphs and Theory Applications. Taylor & Francis Group, LLC.
Harris, J.M, et al., 2000. Combinatorics and Graph Theory. New York: Springer.

Maulani, A., Pradini, S., Setyorini, D., & Sugeng, K.A., 2019. Rainbow Connection
Number of Cm © Pn and Cm ® Cn. Indonesian Journal of Combinatorics 3,02, 95-108.
Parmar, D, et al., 2019. Rainbow Connection Number of H- Graph. Journal of Applied
Science and Computations.Vol 4, him 1487-1492.

Parmar, D, et al., 2019. Rainbow Connection of Tringular Snake Graph. Journal of
Emerging Technologies and Innovative Research (JETR), vol 6, Issue Il1.

Surbakti, N.M., & Sugeng K.A., 2019 .The Rainbow Connection Number of a Watermill
Graph. Journal of Combinatorics IOP Conf 1211: 01200.

[10] Suthar, et al., 2021. Rainbow Connection Number Of Some Graphs. Journal of Applied

Science and Computation. Vol 18, no 6, him 2836-2875.

[11] Syafrizal, S, et al., 2013. The Rainbow Connection of Fan and Sun. Apllied Mathematical

Sciences, vol 7,no 64. him 3156-3159.

[12] Syafrizal, S, et al., 2014. Rainbow Connection Number of Some Graphs. Apllied

Mathematical Sciences, vol 8,no 94. him 4693-4696.



