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Preface

It is with my great pleasure and honor to organize the First International Conference on
Combinatorics, Graph Theory and Network Topology which is held from 25-26 November 2017
in the University of Jember, East Java, Indonesia and present a conference proceeding index by
Scopus. It is the first international conference organized by CGANT Research Group University
of Jember in cooperation with Indonesian Combinatorics Society (INACOBMS). The conference
is held to welcome participants from many countries, with broad and diverse research interests of
mathematics especially combinatorical study. The mission is to become an annual international
forum in the future, where, civil society organization and representative, research students,
academics and researchers, scholars, scientist, teachers and practitioners from all over the world
could meet in and exchange an idea to share and to discuss theoretical and practical knowledge
about mathematics and its applications. The aim of the first conference is to present and
discuss the latest research that contributes to the sharing of new theoretical, methodological
and empirical knowledge and a better understanding in the area mathematics, application of
mathematics as well as mathematics education.

The themes of this conference are as follows: (1) Connection of distance to other graph
properties, (2) Degree/diameter problem, (3) Distance-transitive and distance-regular graphs,
(4) Metric dimension and related parameters, (5) Cages and eccentric graphs, (6) Cycles and
factors in graphs, (7) Large graphs and digraphs, (8) Spectral Techniques in graph theory,
(9) Ramsey numbers, (10) Dimensions of graphs, (11) Communication networks, (12) Coding
theory, (13) Cryptography, (14) Rainbow connection, (15) Graph labelings and coloring, (16).
Applications of graph theory

The topics are not limited to the above themes but they also include the mathematical
application research of interest in general including mathematics education, such as:(1)
Applied Mathematics and Modelling, (2) Applied Physics: Mathematical Physics, Biological
Physics, Chemistry Physics,(3) Applied Engineering: Mathematical Engineering, Mechanical
engineering, Informatics Engineering, Civil Engineering,(4) Statistics and Its Application,(5)
Pure Mathematics (Analysis, Algebra and Geometry),(6) Mathematics Education, (7) Literacy
of Mathematics,(8) The Use of ICT Based Media In Mathematics Teaching and Learning,(9)
Technological, Pedagogical, Content Knowledge for Teaching Mathematics, (10) Students Higher
Order Thinking Skill of Mathematics, (11) Contextual Teaching and Realistic Mathematics,
(12) Science, Technology, Engineering, and Mathematics Approach, (13) Local Wisdom Based
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Education: Ethnomathematics, (14) Showcase of Teaching and Learning of Mathematics, (16)
The 21st Century Skills: The Integration of 4C Skill in Teaching Math.

The participants of this ICCGANT 2017 conference were 200 people consisting research
students, academics and researchers, scholars, scientist, teachers and practitioners from many
countries. The selected papers to be publish of Journal of Physics: Conference Series are 80
papers. On behalf of the organizing committee, finally we gratefully acknowledge the support
from the University of Jember of this conference. We would also like to extend our thanks to
all lovely participants who are joining this unforgettable and valuable event.

Prof. Drs. Dafik, M.Sc., Ph.D.
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On the total rainbow connection of the wheel related

graphs

M. S. Hasan!?, Slamin'3, Dafik'4, I. H. Agustin'? and R. Alfarisil?®

LCGANT Research Group, University of Jember, Indonesia

?Department of Mathematics, University of Jember, Indonesia

3Department of Informatics, University of Jember, Indonesia

4Department of Mathematics Education, University of Jember, Indonesia

®Department of Elementary School Teacher Education, University of Jember, Indonesia

E-mail: saifulhasanmtk@gmail.com; slamin@unej.ac.id; d.dafik@unej.ac.id;
hestyarin@gmail.com; alfarisi.fkip@unej.ac.id

Abstract. Let G = (V(G), E(G)) be a nontrivial connected graph with an edge coloring
c: E(G) = {1,2,...,1},l € N, with the condition that the adjacent edges may be colored by
the same colors. A path P in G is called rainbow path if no two edges of P are colored the
same. The smallest number of colors that are needed to make G rainbow edge-connected is
called the rainbow edge-connection of G, denoted by rc(G). A vertex-colored graph is rainbow
vertex-connected if any two vertices are connected by a path whose internal vertices have dis-
tinct colors. The smallest number of colors that are needed to make G rainbow vertex-connected
is called the rainbow vertex-connection of G, denoted by rvc(G). A total-colored path is total-
rainbow if edges and internal vertices have distinct colours. The minimum number of colour
required to color the edges and vertices of G is called the total rainbow connection number of G,
denoted by tre(G). In this paper, we determine the total rainbow connection number of some
wheel related graphs such as gear graph, antiweb-gear graph, infinite class of convex polytopes,
sunflower graph, and closed-sunflower graph.

Keywords: rainbow edge-connected, rainbow vertex-connected, total rainbow connection,
wheel related graphs.

1. Introduction

Let G be a nontrivial connected graph on which an edge-coloring ¢ : E(G) — {1,2,...,n},n €
N is defined, where the adjacent edges may be colored by the same color. A path is called a
rainbow path if no two edges of the path have the same color. An edge-colored graph G is
rainbow connected if any two vertices are connected by a rainbow path [2]. Chartrand et al.
[1] defined the rainbow connection number of a connected graph G, denoted by rc¢(G), as the
smallest number of colors that are needed in order to make G rainbow connected.

A vertex-colored graph is rainbow vertex-connected if any two vertices are connected by a
path whose internal vertices have distinct colors. The rainbow vertex-connection of a connected
graph G, denoted by rvc(G), is the smallest number of colors that are needed in order to
make G rainbow vertex-connected. An easy observation is that if G is of order n, we always
have rve(G) < n — 2, and rve(G) = 0 if and only if G is a complete graph. Notice that
rve(G) = diam(G) — 1 with equality if the diameter is 1 or 2 [4]. For rainbow connection and
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rainbow vertex-connection, some examples are given to show that there is no upper bound for
one of parameters in terms of the other in [4].

A total-coloured path is total-rainbow if its edges and internal vertices have distinct colours.
A total colouring of a k-connected graph G, not necessarily proper, is total-rainbow k-connected
if any two vertices of G are connected by k disjoint total-rainbow paths. The total rainbow
k-connection number of G, denoted by trc(G), is the minimum integer ¢ such that, there exists a
total-rainbow k-connected colouring of G using ¢ colours. We have trc,(G) is well-defined if and
only if G is k-connected. We write trc(G) for trei(G), and similarly for re(G) and rve(G) [7].
Li et al. [6] proved that for any fixed £ > 1 it is NP-complete to decide whether trc,(G) = 3.
The following theorem due to Liu et al. [7].

Theorem 1.1 [7] Let G be a nontrivial connected graph, the total rainbow connection number

of G is tre(G) > 2diam(G) — 1.

In this paper, we investigate the total rainbow connection number trcg(G) of some wheel
related graphs such as gear graph [10], antiweb-gear graph [9], infinite class of convex polytopes
[9], sunflower graph [8], and closed-sunflower graph.

2. Main Results
We start this section with the total rainbow connection of a gear graph as follows.

Theorem 2.1 If J, is a gear graph with n > 3, then the total rainbow connection of J, is

3  forn=2
5 forn=3
7  forn>4 andn even
8 fornm>5 and n odd.

TR =

Proof. Let J,, for n > 3, be a gear graph. Then J, is a connected graph with vertex set
V(Jn) = {2, 9i,2i;1 <i <n}and E(J,) = {zy;; 1 <i <npU{yizi; 1 < i <nfU{ziyit1, 209151 <
i < n —1}. The cardinality of vertex set and edge set, respectively are |V (J,)| = 2n + 1 and
|E(Jpn)| = 3n, and diam(J,) is

2 forn=2
diam(J,) =< 3 forn=3
4  otherwise.

For n = 2, based on Theorem 1.1 that tre(J2) > 2diam(J2) — 1 = 2(2) — 1 = 3. However,
we can attain the lower bound. Furthermore, we prove that trc(Jz) < 3, by defining the edge
coloring fi(e) with

f (e)—{ 1 foree{yz|l<i<n}U{zy}
! 2 for e € {z1y2, 2201, 2y2}
and by defining the vertex coloring fi(v) with
fi(w) =3 for v € {z} U{yi[l <i<n}uU{z[l <i<n}

Hence, it can be seen that it tre(J2) < 3. Thus, the total rainbow connection of Jj is tre(Jz) = 3.

For n = 3, based on Theorem 1.1 that tre(Js) > 2diam(J3) — 1 = 2(3) — 1 = 5. However,
we can attain the lower bound. Furthermore, we prove that trc(Js) < 5, by defining the edge
coloring fa(e) with


http://repository.unej.ac.id/
http://repository.unej.ac.id/

ICCGANT IOP Publishing
IOP Conlf. Series: Journal of Physics: Conf. Series 1008 (2018) 012054  doi:10.1088/1742-6596/1008/1/012054

1 for e € {zy;|1 <i<n}
1 for e € {y121, 2293}
fae) = 2 for e € {z1y2,y323}
3 for e € {y229, 2311}

and by defining the vertex coloring fa(v) with

folv) = 4 forve {z}
27U s forve{yl <i<n}U{z|l<i<n}

Hence, it can be seen that it trc(J3) < 5. Thus, the total rainbow connection of J3 is tre(J3) = 5.

For n > 4 and n even, based on Theorem 1.1 that tre(Jy,) > 2diam(J,) —1=2(4) —1=17.
However, we can attain the lower bound. Furthermore, we prove that tre(J,) < 7, by defining
the edge coloring f3(e) with

1 foree {zy|l <i<nandiisodd}
2 foree€ {zy|l <i<nandiiseven}
3 foree{yz|l <i<nandiisodd} U
{#ziyi+1]1 <i<n—1and i is even} U {z,y1 }
4 for e € {yizi|l <i<mnandiiseven} U
{ziyi+1|1 <i<n—1and 7 is odd}

fa(e) =

and by defining the vertex coloring f3(v) with

fa(v) =

6 forve {y]l <i<nandiiseven}

{5 for v € {y;|1 <i<nandiis odd}
7 forve {z}U{z|l <i<n}.

Hence, it can be seen that it tre(J,) < 7. Thus, the total rainbow connection of J,, is tre(J,) = 7.

Now, for n > 5 and n is odd, we get f(e) and f(v) above such that it show tre(J,) < 7. But
if n is odd, there is a path that has the same color. A path y; to z, (i odd) has two choices of path
that can be passed, that is y;—x—y1— 2, (1 0dd) or y;—x—y,— 2y, (i odd), but of the two options the
path has the same color, so that when n odd f(e) is not enough if only colored with four colors.
Then there is a color change on the edge = — vy, colored with 5. So that tre(J,) > 8, when n is
odd. a

Figure 1 shows the example of the total rainbow connection of the gear graph Jg with
tre(Js) = 1.

Figure 1. The total rainbow connection
of the gear graph Jg with tre(Jg) = 7.

The following theorem presents the total rainbow connection of an antiweb-gear graph.


http://repository.unej.ac.id/
http://repository.unej.ac.id/

ICCGANT IOP Publishing
IOP Conlf. Series: Journal of Physics: Conf. Series 1008 (2018) 012054  doi:10.1088/1742-6596/1008/1/012054

Theorem 2.2 If AW J, for n > 3 is an antiweb-gear graph, then the total rainbow connection
of AW J,, is

3 for3<n<d4
tre(AWJ,) =49 5  for5<n<6
7 forn>7

Proof. Let AW J, for n > 3 be an antiweb-gear graph. Then AW J,, is a connected graph with
vertex set V(AW J,) = {z,vi,2;1 <i <n} and E(AWJ,) = {zy;;1 <i<n}U{yz;1 <i<
n}U{zivi+1, 2ny1;1 <@ <n—1 U{yiyit1, yny1;1 < i <n—1}U{zzi11,2n21;1 <i <n—1}. The
cardinality of vertex set and edge set, respectively are |V (AW J,,)| = 2n+1 and |E(AW J,,)| = 5n,
and diam(AW J,,) is

2 for3<n<4
diam(AW J,) =< 3 for5<n<7
4 otherwise.

For 3 <n <4, based on Theorem 1.1 that trc(AW J,) > 2diam(AW J,) —1=2(2) — 1 = 3.
However, we can attain the lower bound. Furthermore, we prove that trc(AW.J,) < 3, by
defining the edge coloring f4(e) with

fale) = { 1 for e € {xy1, my2, Y1y2, yay1, 21Y2, 2293, Y323, Yaza} U {zizit1|1 < i < n and i is odd}
2 for e € {ays3, Ty4, 23Y4, 24Y1, Y2Y3, Y3Y4, 2223, 2421, Y121, Y222 }

and the vertex coloring f4(v) with
fa(w)=3forve {z} U{y|l <i<n}U{z|l <i<n}

Hence, it can be seen that it trc(AWJ,) < 3. Thus, the total rainbow connection of AW J, is
tre(AW J,) = 3.

For 5 <n < 6, based on Theorem 1.1 that trc(AW J,,) > 2diam(AW J,) — 1 =2(3) — 1 =5.
However, we can attain the lower bound. Furthermore, we prove that trc(AWJ,) < 5, by
defining the edge coloring f5(e) with

for e € {xy1, xy2, xY3}
for e € {xy4, xys, xYs }
for e € {yizi|ll <i<n}U{ziyir1|]l <i<n-—-1}U{z,y1}
for e € {y1y2, y2u3, Y3y4, 2122, 2223, 2324}
-3 forece{yyit1[d<i<n-1}U{zz11[4<i<n-1}
—3 for e € {yny1,2n21}

f5(e) =

T N JUR O

and the vertex coloring f5(v) with

fs5(v) =

Hence, it can be seen that it trc(AWJ,) < 5. Thus, the total rainbow connection of AW J, is
tre(AW J,) = 5.

Now, we prove the lower bound for n = 7. For n = 7 when diam(AW J7) = 3, based on
Theorem 1.1 that trc(AW J7) > 5. But AW J; have a path z; — z0 — 23 — - - - — z,,, when a path
is cycle graph with n = 7. By [7] trc(C7) > 6. So that trc(AW J7) > 6.

For n > 8, based on Theorem 1.1 that tre(AWJ,) > 2diam(AW J,) —1 =2(4) -1 =T.
However, we can attain the lower bound. Furthermore, we prove that trc(AWJ,) < 7, by
defining the edge coloring fs(e) with

4 forve{y|l <i<n}U{zll <i<nandiisodd}
5 forve{z}U{z|l <i<nandiiseven}.
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1 foree {zy|l <i<nandiisodd}

for e € {zy;|1 <i<n and i is even}

for e € {yiyi_i_l]l <i<n-— 1} U {ynyl} U {Zizi+1|1 <i<n-— 1} U {znyl} U
{yizit1]1 <i<n—1and iis odd} U{zyi+1]1 <i<n—1andiis even}

4 foree {yiz|l <i<mnandiiseven}U{zyit1|l <i<n-—-1}U{z,y1}

W N

fo(e) =

and the vertex coloring fs(v) with

fo(v) =

6 forve {y;l <i<nandiiseven}

5 forwve {y]l <i<nandiisodd}
7 forve{z}U{z;1<i<n}

Hence, it can be seen that it tre(AW J,) < 7. Thus, the total rainbow connection of AW J, is
tre(AW J,) =7 forn > 7. 0

Figure 2 shows the example of the total rainbow connection of the antiweb-gear graph AW J5
with tre(AW Js) = 5.

Figure 2. The total rainbow connection of the
antiweb-gear graph AW Js with trc(AW Js) =5

The total rainbow connection of an infinite class of convex polytopes is presented below.

Theorem 2.3 If Q,, for n > 3 is an infinite class of convex polytopes, then the total rainbow
connection of Q,, is tre(Q,,) = 5.

Proof. Let Q,, for n > 3 be an infinite class of convex polytopes. Then Q,, is a connected
graph with vertex set V(Q,,) = {P,z,vi,2:;1 < i < n} and E(Q,) = {zy;;1 < i < n} U
{yivir1, uny1;1 <P <n—1}U{yi2i;1 <@ <npU{zyir1, 20y151 <8 <n—1}U{zi2i41, 2n21;1 <
i <n—1}U{Pz;1 < i < n}. The cardinality of vertex set and edge set, respectively are
V(Q,)| = 2n + 1 and |E(Q,,)| = 5n, and diam(Q,,) = 3. Based on Theorem 1.1 that
tre(Q,,) > 2diam(Q,,)—1 = 2(3)—1 = 5. However, we can attain the lower bound. Furthermore,
we prove that tre(Q,,) < 5, by defining the edge coloring f7(e) with

1 foree{zy|l <i<nandiisodd}U{Pz|l <i<nandiisodd}

Fale) = 2 foree {zy|l <i<nandiiseven}U{Pz|l <i<nandiiseven}

T 3 foree{yyir|l <i<n—-1}U{yppi} U{ziyin1|l1 <i<n-—-1} U
{ziziz1|]1 <i<n—1}U{zpzit1]l <i<n—1} U{yzi|l <i<n}

and the vertex coloring f7(v) with
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Frv) = 4 forve{y|l<i<njUP
=5 for v e {x} U{z|1l <i<n}.

Hence, it can be seen that it trc(Q,,) < 5. Thus, the total rainbow connection of Q,, is tre(Q,,) =
5. O

Figure 3 shows the example of the total rainbow connection of the infinite class of convex
polytopes Qs with trc(Qs) = 5.

Figure 3. The total rainbow connection of the infinite
class of convex polytopes Q5 with tre(Qs) =5

The following theorem provide the total rainbow connection of a sunflower graph.

Theorem 2.4 If SF, for n > 3 is a sunflower graph, then the total rainbow connection of SF,
18

3 forn=3
tre(SFp,)=4 5 forn=4
7  forn>5.

Proof: Let SF,, for n > 3 be a sunflower graph. Then SF), is a connected graph with vertex
set V(SF,) = {z,yi,2i;1 < i < n}and E(SE,) = {zyi;1 < i < n}U{yiyit1,yny1;51 < 1 <
n— 1} U{yizi; 1 <i<n}U{zi¥i+1,2ny1;1 <i <n—1}. The cardinality of vertex set and edge
set, respectively are |V(SF,)| =2n+ 1 and |E(SF,)| = 4n, and diam(SF,,) is

2 forn=3
diam(SF,) =< 3 ford<n<5
4  otherwise.

For n = 3, based on Theorem 1.1 that trc(SF3) > 2diam(SF3) —1 = 2(2) — 1 = 3. However,
we can attain the lower bound. Furthermore, we prove that tre(SF;) < 3, by defining the edge
coloring fg(e) with

f(e)—{ 1 foree {zy|l <i<n}U{yzll <i<n}
8 2 fore€ {yyit1/l <i<n—1}U{ynpn} U{ziyiq1|l <i<n—1}U{zoy1}
and the vertex coloring fg(v) with

fs(v) =3 forve {a} Ufpll <i<n}u{z|l <i<nl}.
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Hence, it can be seen that it trc(SF3) < 3. Thus, the total rainbow connection of SF3 is
tre(SF3) = 3.

For n = 4, based on Theorem 1.1 that trc(SFy) > 2diam(SFy) —1 = 2(3) — 1 = 5. However,
we can attain the lower bound. Furthermore, we prove that tre(SFy) < 5, by defining the edge
coloring fy(e) with

fo(e) =

2 foree{zyit1]l <i<n—-1}U{zpz1}

{ 1 foree {zy|l <i<2}U{yz|l <i<n}
3 foree{zy|3 <i<A4}U{yny1}U{yiyit1|1 <i<n-—1}

and the vertex coloring fo(v) with

Folv) = 4  forve {x}U{y|l <i<nandiisodd}
o= 5 for v € {y;|1 <i<mnandiiseven} U{z|l <i<n}.

Hence, it can be seen that it trc(SFy) < 5. Thus, the total rainbow connection of SFy is
trc(SFy) = 5.

Now, we prove the lower bound for n = 5. For n = 5 when diam(SF5) = 3, based on Theorem
1.1 that tre(SF5) > 5. But SF5 have a path y1 — yo — y3s — ya — Y5 — y1, when a path is cycle
graph with n = 5. By [7] trc(Cs) > 3. Then, by adding colors to the other vertices and other
edges, we have tre(SFs) > 7.

For n > 6, based on Theorem 1.1 that trc(SF,) > 2diam(SF,) —1 = 2(4) — 1 = 7. However,
we can attain the lower bound. Furthermore, we prove that tre(SF,) < 7, by defining the edge
coloring fio(e) with

1 foree {zy|l <i<nandiisodd}

for e € {zy;|1 <i <n and i is even}

3 foree{yiyit1|l <i<n—1}U{yny1} U{yizi|ll <i<mnandiisodd} U
{ziyi+1]1 <i<n—1and i is even} U{zpy1|n even}

4 for e € {zyit1|]l <i<n-—1andiisodd} U{z,y1|n odd} U
{yizi]l <i<mn andiiseven}

[\

fio(e) =

and the vertex coloring fio(v) with

6 forve {y;l <i<nandiiseven}
7 forwv e {z}.

Hence, it can be seen that it tre(SF,) < 7. Thus, the total rainbow connection of SF), is
tre(SF,) = T7forn > 6.

5 forwve {y]l <i<nandiisodd} U{z|l <i<n}
Jro(v) =

Figure 4 shows the example of the total rainbow connection of the sunflower graph SFg with
tre(SFs) = 1.

We close this section with the total rainbow connection of a closed-sunflower graph as
presented in the following theorem.

Theorem 2.5 If CSF, forn > 3 is a closed-sunflower graph, then the total rainbow connection
of CSF, is

3 for3<n<4
tre(CSF,) =< 5 for5<n<6
7 forn>T.
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Figure 4. The total rainbow connection of the
sunflower graph SFs with tre(SFs) =7

Proof: Let CSF, for n > 3 be a closed-sunflower graph. Then C'SF), is a connected graph
with vertex set V(CSF,) = {z,v;,2; 1 <i <n} and E(CSF,) = {zy;;1 < i < n} U{yyit1,
yny1;1 <t <n— 1} U{yizil <@ < n}U{ziyit1, 209151 <3 <n— 1} U{zizip1, 2zn2131 <0 <
n — 1}. The cardinality of vertex set and edge set, respectively are |V(CSF,)| = 2n + 1 and
|(CSF,)E| = 5n, and diam(CSF,) is

2 for3<n<4
diam(CSF,) =4 3 for5<n<7
4  for n > 8.

For 3 < n <4, based on Theorem 1.1 that tre(CSF,) > 2diam(CSF,) — 1 =2(2) — 1 = 3.
However, we can attain the lower bound. Furthermore, we prove that trc(CSF,) < 3, by
defining the edge coloring f11(e) with

1 foree{zy|l <i<nandiiseven} U{yyi+1|1 <i<n—1andiisodd} U
{ziyit1]1 <i<n—1andiis odd} U{y;izi|l <i<nandiisodd} U
{yntn} U{zny1} U {zn21|n odd} U{zizi11|]1 <i<n—1 and i is odd}

for e € {zy;|1 <i<mnandiisodd} U{yyir1|1 <i<n—1andiiseven} U
{ziyix1]1 <i<n—1andiis even} U{y;z|l1 <i<n andiiseven U
{yny1} U {zny1} U {znz1|n even} U{z;zi+1|1 <i<n—1 and i is even}

fule) =1 ,

and the vertex coloring f11(v) with
fu(v) =3forve{ztU{yll <i<n}pu{xnl<i<n}

Hence, it can be seen that it trc(C'SF,) < 3. Thus, the total rainbow connection of C'SF,, is
tre(CSF,) = 3.

For 5 < n < 6, based on Theorem 1.1 that tre(CSF,) > 2diam(CSF,) — 1 =2(3) =1 =5.
However, we can attain the lower bound. Furthermore, we prove that tre(CSF,) < 5, by
defining the edge coloring fi2(e) with

1 foree {zzs} U{zy;|l <i<nandiisodd}

for e € {zy;|1 <i<mnandieven} U{z,z1|n odd} U{zp_12,|n even}

for e € {yivi+1]l <1 <n—1}U{ziyit1]l <i <n—1}U{yny1} U{zpy1 U
{yizi|ll <i<n}U{zpz1|n even}

i foree{zzi1|l <i<3}

w N

fi2(e) =

and by defining the vertex coloring fi2(v) in the following:

Fia(v) = 4 forve{z}U{z|l <i<nandiisodd}
12W)=15 for v e {y;|1 <i<n}U{z|l <i<nandiiseven}
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Hence, it can be seen that it trc(CSF,) < 5. Thus, the total rainbow connection of C'SF,, is
trc(CSF,) =5.

Now, we prove the lower bound for n = 7. For n = 7 when diam(CSF;) = 3, based on
Theorem 1.1 that trc(CSF;) > 5. But CSF; have a path 21 — 29 — 23 — 24 — 25 — 26 — 27 — 21,
when a path is cycle graph with n = 7. By [7] tre(C7) > 6. Then, by adding colors to the other
vertices and other edges, we have trc(CSFy) > 7.

For n > 8, based on Theorem 1.1 that trc(CSF,) > 2diam(CSF,) —1 = 2(4) -1 =T1.
However, we can attain the lower bound. Furthermore, we prove that trc(CSF,) < 7, by
defining the edge coloring fi3(e) with

1 foree {zy|l <i<nandiisodd}
2 foree€ {zy|l <i<nandiiseven}
3 foree{yiyit1|l <i<n—1}U{zizit1|]l <i<n—1} U{ypy1}U

fisle) = {yizi|]l <i<mnandiisodd}U{e=z,21}U{znz1|n even} U
{zivi+1]1 <i<n—1 and i is even}

for e € {yizi|]l <i<mnandiiseven} U{zyit1/]1 <i<n—1andiisodd} U
{zny1|n odd}

o

and the vertex coloring fi3(v) with

6 forve {yi|l <i<nandiiseven}
7 forw e {z}.

Hence, it can be seen that it trc(C'SF,) < 7. Thus, the total rainbow connection of C'SF;, is
tre(CSF,) =7 for n > 8. O

5 forwve {yi|l <i<nandiisodd} U{z|l <i<n}
fi3(v) =

Figure 5 shows the example of the total rainbow connection of the closed-sunflower graph
CSFg with tre(CSFg) = 5.

Figure 5. The total rainbow connection of the
closed-sunflower graph C'SFg with trc(CSFg) =5

3. Conclusion

In this paper we have given an total rainbow connection of some wheel related graphs namely
gear graph, antiweb-gear graph, infinite class of convex polytopes, sunflower graph, and closed-
sunflower graph. We give the following open problem for future work.

Open Problem 3.1 Determine the total rainbow connection number of other wheel related
graphs that have not been discovered.

Acknowledgement
We gratefully acknowledge the support from CGANT Research Group - University of Jember.


http://repository.unej.ac.id/
http://repository.unej.ac.id/

ICCGANT IOP Publishing

IOP Conlf. Series: Journal of Physics: Conf. Series 1008 (2018) 012054  doi:10.1088/1742-6596/1008/1/012054

References

1]
2]

3]

=

N

NS

[9]

Dafik, Agustin I H, Fajariyato A and Alfarisi R 2016 On the rainbow coloring for some graph operations AIP
Conference Proceedings 1707 020004

Sun Y 2015 On rainbow total-coloring of a graph Discrate Applied Mathematics. Department of Mathematics,
PR China: Shaoxing University, Zhejiang 312000

Agustin I H, Dafik, Gembong A W and Alfarisi R 2017 On rainbow k-connection number of special graphs
and it’s sharp lower bound International Conference on Mathematics: Education, Theory and Application.
Journal of Physics: Conf. Series 855 012003

Krivelevich M and Yuster R 2010 The rainbow connection of a graph is (at most) reciprocal to its minimum
degree J. Graph Theory 63 185-191 doi:/10.1002/jgt.20418

Li X and Shi Y 2013 On the rainbow vertex-connection Discussiones Mathematicae Graph Theory 33 307-313

Li W, Li X and Wu D 2017 Hardness result for the totoal rainbow k-connection of graphs Applied Mathematics
and Computation 305 27-31

Liu H, Mestre A and Sousa T 2014 Total rainbow k-connection in graphs Discrate Applied Mathematics.

Jeyanthi P and Sudha A 2016 Total edge irregularity strength of wheel related graphs J. Graph Label 2(1)
45-57

Siddiqui H M A and Imran M 2014 Computing the metric dimension of wheel related graphs Applied
Mathematics and Computation 242 624632

[10] Rahim M T, Farooq M, Ali M and Jan S 2012 Multi-level distance labelings for generalized gear graphs

International Journal of Mathematics and Soft Computing Vol. 2, No. 1 57-63

10


http://repository.unej.ac.id/
http://repository.unej.ac.id/

