JOURNAL OF PHYSICS:

CONFERENCE SERIES

1OP Publishing



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

Journal of Physics: Conference Series

PAPER « OPEN ACCESS Related content

- The Committees of The First International

The 1St Internatlonal Conference Of Conference on Combinatorics, Graph
. . Theory and Network Topology (ICCGANT)
Combinatorics, Graph Theory, and Network omtmaton o echeduing cvetem fo

T I plant watering using electric cars in agro
OpO Ogy techno park
Nelly Oktavia Adiwijaya, Yudha
Herlambang and Slamin

To cite this article: 2018 J. Phys.: Conf. Ser. 1008 011001
- Some Pictures of The 2015 International
Conference on Mathematics, its
Applications, and Mathematics Education
Sudi Mungkasi

View the article online for updates and enhancements.

Bringing you innovative digital publishing with leading voices

to create your essential collection of books in STEM research.

This content was downloaded from IP address 180.247.73.208 on 18/01/2020 at 12:24


https://doi.org/10.1088/1742-6596/1008/1/011001
http://iopscience.iop.org/article/10.1088/1742-6596/1008/1/011002
http://iopscience.iop.org/article/10.1088/1742-6596/1008/1/011002
http://iopscience.iop.org/article/10.1088/1742-6596/1008/1/011002
http://iopscience.iop.org/article/10.1088/1742-6596/1008/1/012030
http://iopscience.iop.org/article/10.1088/1742-6596/1008/1/012030
http://iopscience.iop.org/article/10.1088/1742-6596/1008/1/012030
http://iopscience.iop.org/article/10.1088/1742-6596/693/1/011003
http://iopscience.iop.org/article/10.1088/1742-6596/693/1/011003
http://iopscience.iop.org/article/10.1088/1742-6596/693/1/011003
http://googleads.g.doubleclick.net/pcs/click?xai=AKAOjsuxedb-Id6pIVA45jye7w18nN7_9TanyzCRfQV9LtrY__RFRcCtCF-YSc7cDj3mt7vO7PTtPr51PasE7uMeg-CdDOEbIZL-zw-2--DCZL1-x15SXsCasSlNplQJNSPC9Rruns_afRt-vGeE_nlRN7_5yZGo7EjGhGesyhEmOmk-tqw76ZpJtKM8FoWrDIa0UB0X-w-aw_gCtpZZlwwCK6mRFyf2gwfXCmFfuDr9-VZ0MK3R1K9o&sig=Cg0ArKJSzPbfybkat-VR&adurl=http://iopscience.org/books
http://repository.unej.ac.id/
http://repository.unej.ac.id/

ICCGANT IOP Publishing
IOP Conlf. Series: Journal of Physics: Conf. Series 1008 (2018) 011001  doi:10.1088/1742-6596/1008/1/011001

The First International Conference on
Combinatorics, Graph Theory and Network
Topology (ICCGANT)

Dafik
Editor in Chief of ICCGANTSs Publication, University of Jember, Jember, Indonesia

E-mail: d.dafikQunej.ac.id

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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Abstract. In this paper we will study the r-dynamic chromatic number of the coronation
by complete graph. A proper k-coloring of graph G such that the neighbors of any vertex v
receive at least min{r, d(v)} different colors. The r-dynamic chromatic number, x,(G) is the
minimum k such that graph G has an r-dynamic k-coloring. We will obtain lower bound of the
r-dynamic chromatic number of x,(K, ® H), and x,(H ® K,,) We also study the exact value
of the r-dynamic chromatic number of x-(Kn ® Sm), Xr(Kn © Fn), Xr(Sn © Km), Xr(Frn @ Km)
and xr(Kn © Kp) for m,n > 3.

1. Introduction

Let G be graph. Graphs in this paper are simple and finite. We denote the vertex set of G by
V(G) and the number of vertices of G is called the order of G. Thus for graph G, A(G) and
0(G) denote the maximum degree and minimum degree. For every v € V(G), d(v), N(v), c(v)
denote the degree of v, the neighbor set of v and the color of v. A proper vertex coloring of
G by k colors is a function ¢ : V(G) — {1,2,---,k} with this property: if u,v € V(G) are
adjancent, then c(u) and ¢(v) are different. The r-dynamic coloring of a graph G, introduced by
Montgomery [8] defined a proper k-coloring of graph G such that the neighbors of any vertex
v receive at least min{r, d(v)} different colors. The r-dynamic chromatic number, x,(G) is the
minimum k such that graph G has an r-dynamic k-coloring. The r-dynamic chromatic number
has been studied by several authors, for instance in [1}, [2], [3], [4], [6], [7], [9], [10], [11] and [12].
The following observations are useful for our study, proposed by Montgomery [8].

Observation 1.1 Let A(G) be the mazimum degree of graph G. It holds x,(G) >
min{A(G),r} + 1.

Observation 1.2 Let G = K, then x,(G) = n.

Observation 1.3 Let G = G ® Gy be corona graph, then we have 6(G) = §(G2) + 1 and
A(G) = A(G1) + |V(G2)|, where A(G) is mazimum degree of G and §(G) is minimum degree
of G.

Furmanczyk [5], denoted by G ® H, is a connected graph obtained by taking a number of
vertices |V (G)| copy of H, and making the i*" of V(G) adjacent to every vertex of the i*" copy
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of V(H). There have been many results already found, Pathinathan, et.al. in [11] find the
b-chromatic number on corona graph of subdivision vertex path with path, corona graph of any
graph with path, cycle, and complete graph. Ramya in [12] discuss about the acyclic coloring
of corona of C;,, ® K1 3, P, ® K3 and star coloring of corona of P, ® K.

The Results

We will obtain lower bound of the r-dynamic chromatic number of x, (K, ® H), and x,(H ® K,).
We alsa find the exact value of the r-dynamic chromatic number of ., (K, ® Sy), xr(K, ®
Fn), xr(Sn © Ky Xr(Fr © Koy and . (K, © Ky,) for m, n > 3.There are seven theorems found
in this study. We will show the complete results in the followings theorem.

Lemma 1.1 Let G = K,, ® H be a corona graph of K,, and graph H # Cp,, Wy, for n > 4, the
lower bound of the r-dynamic chromatic number is:

xr(Kn), 1<r<n-id
Xr(G) = {4 T+1, n<r<n+|V(H) -1
R A . .- RS ) |

Proof. Based defined of corona graph, V(K, ® H) = V(K,)UU;-, V(H;) and the maximum
degree of G = K, O H is A(K, © H) = A(Kyp) + |V(H)|=(n=1)+|V(H)|. For 1 <r <m-1,
based Observation 1.1 and chosen r = n — 1, we get x,(G = K,, ® H) > min{ r,A(G)} +1 =
min{ n —1,n -1+ |V(H)[}+1 = (n—-1)+1 = n. From Observation 1.2, x(K,) = n
so proven x,(G = K, ® H) > x,(Ky) for 1 < r < m. For r > n + |V(H)|, based
Observation 1.1 and chosen r = n + |V (H)|, we get x»(G = K, © H) > min{ r,A(G)} + 1 =
min{ n+ |[V(H),n+ |V(H)| =1} +1=(n+|V(H)|-1)+1=n+|V(H)|. It concludes the
proof. a

Theorem 1.1 Let G = K, ® Sy, be a corona graph of K, and S, for n > 4,m > 3, the
r-dynamic chromatic number is:

n, 1<r<n-1
Xl G) = =T il n<r<m-+n
m+n+1, r> m+n+1

Proof. The graph G = K, ® S,, is a connected graph with vertex set V (K, ® Sp) =
{zi;1 < i < npU{yl <i<npU{y;;1 <i < nyl <j < m}. The order of this graph
is p = |V(K, ® Spn)| = mn + 2n. Thus the maximum degree of graph G = K,, ® S, is
A(K, ® Sp) = m+ n and the minimum degree of graph G = K,, ® S, is 0(K, ©® S),) = 2.
To find the exact value of r-dynamic chromatic number of G = K,, ® S,,,, we define two cases,
namely for XlSTSn—l(Kn © Sm) and Xr2m+n+1(Kn © Sm)

Case 1. For 1 < r < n — 1, based on Lemma 1.1 and Observation 1.2, x,(K,) = n
then we have the lower bound of the r—dynamic chromatic number of G = K, ® S, is
Xi<r<n—1(Kn © Spm) > xr(K,) = n. We will show that the upper bound of the r—dynamic
chromatic number of G = K, ® Sy, i Xi1<r<n—1(Kn © Sm) < xr(K,), define a map of the
r-dynamic coloring of G = K, ©® Sy, is ¢1 : V(K, ® Sp) — {1,2,...,k} where n > 4,m > 3, by
the following:

c(zi) =1, 1<i<n

er(ys) = 1, fori=mn
W)= i4+1, for1<i<n-—1


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

ICCGANT IOP Publishing
IOP Conlf. Series: Journal of Physics: Conf. Series 1008 (2018) 012033  doi:10.1088/1742-6596/1008/1/012033

i+2, forj=1(mod3),1<i<n-—2
(yij) =4 1, for j =1(mod 3), i=n—1
2, for j = 1(mod 3), i =n
i+ 3, forjEQ(modB),lgign—B
(i) = 1, for j = 2(mod 3),i = 2
AlWis) =3 2, for j = 2(mod 3),i =
3, for j = 2(mod 3),i =

(yi;) = i=1, for j = 0(mod 3),2 g <n
Yii) =\ n, for j = 0(mod 3),1 =

7

It easy to see that ¢; is a map ¢; : V(K,, ©®S;,) — {1,2,---n}. It is clearly that ¢; gives the
upper bound of the r—dynamic chromatic number of G = K, ® Sy, is x1<r<n—1(Kn © Sp) < n.
It concludes that r—dynamic chromatic number of G = K, ® Sy, 18 X1<r<n—1(Kp © Sp) =n
Case 2. For r > m + n + 1, based on Lemma 1.1 with |V (S,,)] = m + 1 then we have the
lower bound of the r—dynamic chromatic number of G = K, ® Sy, 1S Xp>mtn+1 (K, © Sp) >
n+|V(Sm) =n+ (m+1) =m+n+ 1. We will show that the upper bound of the r—dynamic
chromatic number of G = K;, ® Si, 1S Xr>m+n+1(Kn © Sp) < m+n + 1, define a map of the
r-dynamic coloring of G = K, ® S, is o : V(K, ® S,) — {1,2,...,k} where n > 4, m > 3, by
the following:

co(z N S < 7
co(y))=n+i,1<i<n
) = -+ R U<, 1K o

It easy to see that cg is a map ¢ : V(K, ©® Sp) — {1,2,---n 4+ m + 1}. It is clearly
that cy gives the upper bound of the r—dynamic chromatic number of G = K, ® 5, is
Xr>m4n+1(Kn®Sm) < m+n+1. It concludes that r—dynamic chromatic number of G = K,,®Sy,
is Xr>mtn+1(Kn © Sp) = m + n + 1. It concludes the proof. ad

Theorem 1.2 Let G = K,, ® F,;, be a corona graph of K, and F,,, for n > 4,m > 3, the
r-dynamic chromatic number is:

n, forl1 <r<n-1
Xa(Gill= { 8 form<r<m+n
m+n+1, forr> m+n+1

Proof. The graph G = K, ® F,, is a connected graph with vertex set V (K, ® F,) =
{zi;1 < i <n}U{y;1 <i < n}pU{zy;l <i<n;l <j < m}. The order of this graph
is p = |V(K, ® F,)| = mn + 2n. Thus the maximum degree of graph G = K, ® F,, is
A(K, ® F,,) = m + n and the minimum degree of graph G = K, ® F,,, is §(K,, © F};,) = 3.
To find the exact value of r-dynamic chromatic number of G = K,, ® F};,, we define two cases,
namely for XlSTSn—l(Kn © Fm) and Xv"Zm—l—n—I—l(Kn © Fm)

Case 1. For 1 < r < n — 1, based on Lemma 1.1 and Observation 1.2, x,(K,) = n
then we have the lower bound of the r—dynamic chromatic number of G = K, ® F,, is
Xi<r<n—1(Kn © Fp) > xr(Ky) = n. We will show that the upper bound of the r—dynamic
chromatic number of G = K,, ® Fp, is Xi<r<n—1(Kn © Fpn) < xr(K,,), define a map of the
r-dynamic coloring of G = K,, ® Fy,, is ¢3 : V(K, ©® Fp,) — {1,2,...,k} where n > 4,m > 3, by
the following:

es(x;)=1i,1<i<n
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ca(ys) = 1, fori=n
3Wi) = 1+1, forl<i<n-—1

1+2, forjodd,1<j<m,1<i<n—2

1, forjodd,1<j<m,i=n-—1

c3(yij) =S 2, for jodd,1<j<m,i=n
1—1, forjeven,1<j7<m,2<:1<n
n, for jeven, 1 <j<m,i=1

It easy to see that c3 is a map cg : V(K,, © Fy,,) — {1,2,---n}. It is clearly that c3 gives the
upper bound of the r—dynamic chromatic number of G = K, ® F};, is X1<r<n—1(K, © Fpp) < n.
It concludes that r—dynamic chromatic number of G = K,, ® Fp, i X1<r<n—1(K, © Fp) = n.
Case 2. For r > m +n + 1, based on Lemma 1.1 with |V (F,,)| = m + 1 then we have the
lower bound of the r—dynamic chromatic number of G = K,, © Fy, iS Xy>mant1(Kn © Fp,) >
n+ |V(Fn)| = n+ (m+1). We will show that the upper bound of the r—dynamic chromatic
number of G = K, ©® Fy, 1S Xr>man+1(Kn © Frp) < m+n + 1, define a map of the r-dynamic
coloring of G = K, ® F, is ¢4 : V(K, © F,,) — {1,2,...,k} where n > 4,m > 3, by the
following;:

ca(z;)) = Ml <n
caay)=n+m+1,1<i<n
G(r)) = BT =0 £<h,1 < < g8

It easy to see that ¢4 is a map ¢4 : V(K, © F,) — {1,2,---m + n + 1}. It is clearly

that ¢4 gives the upper bound of the r—dynamic chromatic number of G = K, ® F,, is
Xr>mant+1(Kn©Fy) < n+m+1. It concludes that r—dynamic chromatic number of G = K, ©F,,
is Xr>man+1(Kn © Fy) = m+n+ 1. It concludes the proof. m|

Lemma 1.2 Let G = H® K,, be a corona graph of H # Cy, Wy, and graph K,,, for m > 4, the
lower bound of the r-dynamic chromatic number is:

Xr(Km) + 1, 1<r<m
xr(G) 2R, m+1<r<m+A(H)
A Fm+1.0 Tr>mtxEH) + 1

Proof. Based defined of corona graph, V(H © K,,) = V(H) U UL, V((Ky);) and the

maximum degree of G = H O K, is A(H © K,,,) = A(H) + |[V(K,,)| = A(H)

1 < r < m, based Observation 1.1 and choosen r = m, we get x,.(G =

min{ 7, A(G)} +1 = min{ m,A(H) + m} +1 = m + 1. From Observation 1.2, x(K,,) = m
)

so proven x,(G = H® Kp,) > xr(Kpm) + 1 for 1 <r < m. For r > m + A(H) + 1, based
Observation 1.1 and choosen r = m+A(H)+1, we get x,(G = HO Ky,) > min{ r,A(G)}+1 =
min{ m+ A(H)+ 1,A(H)+m} +1=m+ A(H) + 1. It concludes the proof. O

Theorem 1.3 Let G = S, © K, be a corona graph of S, and K,,, for n > 3,m > 4, the
r-dynamic chromatic number is:

X(G):{r—i—l, n<r<m-+n
" m+n+1l, r> m+n+1
Proof. The graph g = S,,® K, is a connected graph with vertex set V (S, ©K,) = {x}U{z;;1 <
i < npU{y;l <@ < mpU{zy;1 < i < nyl < j < m}. The order of this graph is
p = |V(S, © Kin)| = mn+m +n+ 1. Thus the maximum degree of graph G = S, ® K,
is A(S, ® K;) = m + n and the minimum degree of graph G = S, ©® K, is (S, ©® K;,) = m.
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To find the exact value of r-dynamic chromatic number of G = §,, ® K,,, we define two cases,
namely for XlSTSm(Sn © Km) and Xr>m+n+1 (Sn © Km)

Case 1. For 1 < r < n — 1, based on Lemma 1.2 and Observation 1.2, x,(K,) = m
then we have the lower bound of the r—dynamic chromatic number of G = S, ® K,, is
X1<r<m(Sn © Kpm) > Xxr(Km)+1 =m+1. We will show that the upper bound of the r—dynamic
chromatic number of G = S, ® K, 18 X1<r<m (Sn © Kpp,) < m~+1, define a map of the r-dynamic
coloring of G = S, ® K, is ¢5 : V(Sp, © Ky) — {1,2,...,k} where n > 3,m > 4, by the
following;:

Coletr)m=s 1
cs(ri) =2,1<i<n

) = 1, fa = 1 demg i < n
GWi) =\ 144, for2<j<m,l1<i<n

e 2 for j =1
G =1 1+5, for2<j<m

It easy to see that cs isamap ¢ : V(S,0K,,) — {1,2,---m+1}. It is clearly that c5 gives the
upper bound of the r—dynamic chromatic number of G = S, ® K, is X1<r<m(Sn @ Kn) < m+1.
It concludes that r—dynamic chromatic number of G = S,, © Ky, is X1<r<m(Sn © Kp) = m+ 1.
Case 2. For r > r > n+ m + 1, based on Lemma 1.2 with A(S,,) = n then we have the
lower bound of the r—dynamic chromatic number of G = S, ® Ky, i8 Xr>ntm+1(Sn © Kip) >
A(Sp) +m+1=n+m+ 1. We will show that the upper bound of the r—dynamic chromatic
number of G = S, ® K, 18 Xr>r>ntm+1(Sn © Ki) < m+n+ 1, define a map of the r-dynamic
coloring of G = S, ® K, is ¢ = V(Sp © Ki) — {1,2,...,k} where n > 3,m > 4, by the
following:

co (RS
el =" T = <l
celmy;) = LeFmslizei"="ny1 < j <'m
c6(y;) =1+n+j1<j<m
It easy to see that c¢g is a map ¢ : V(S, © K;n) — {1,2,---m +n + 1}. It is clearly
that cg gives the upper bound of the r—dynamic chromatic number of G = S, ® K,, is

Xr>mAnt+1(Sn© Ky, ) < m+n+1. It concludes that r—dynamic chromatic number of G = S, 0 K,
is Xr>m+nt+1(Sn © Ki) = m 4+ n + 1. It concludes the proof. O

Theorem 1.4 Let G = F,, ® K, be a corona graph of F, and K,,, forn > 3,m > 4, the
r-dynamic chromatic number is:

m+ 1, l<rs<m
xr(G)=1< r+1, n<r<m-+n
m+n+1, r>m+n-+1

Proof. The graph G = F, ® K,, is a connected graph with vertex set V (S, ©® K,,) =
{}U{zi1 <i <npU{y;l <i <mpU{zy;l <6 <n;l < j < m}. The order of this
graph is p = |V(F, ® K,,)| = mn+m+n+1. Thus the maximum degree of graph G = F,, ©® K,
is A(F, ® K,,) = m + n and the minimum degree of graph G = F,, ® K, is §(F,, ® K;;,) = m.
To find the exact value of r-dynamic chromatic number of G = F,, ® K,,, we define two cases,
namely for Xlgrgm(Fn O] Km) and Xr2m+n+1(Fn © Km)

Case 1. For 1 < r <m, based on Lemma 1.2 with x,(K,,) = m then we have the lower bound
of the r—dynamic chromatic number of F,, ® K, is Xi<r<m(Fn © Kin) > xr(Km) + 1 =m + 1.
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We will show that the upper bound of the r—dynamic chromatic number of G = F,, ® K,
is Xi<r<m(Fn © Kp) < m + 1, define a map of the r-dynamic coloring of G = F,, ® K, is
cr:V(F, ® Ky) — {1,2,...,k} where n > 3,m > 4, by the following;:

cr(z) =1

er(z;) = 2, foriodd,1<i<n
W)= 3, forieven,1<i<n

1, forj=1,1<i<n

2 for j=2,ieven, 1 <i<n
3, for j=2,i0dd,1<i<n
144, for3<j<m,1<i<n

cr(w;) =

cr(yip=j 1,2 <G m

It easy to see that ¢y isamap ¢y : V(F,0Ky) — {1,2,---m+1}. It is clearly that c7 gives the
upper bound of the r—dynamic chromatic number of G = F,, ® Ky, is X1<r<m (Frn© Kp) < m+1.
It concludes that r—dynamic chromatic number of G = F,, ® K, is X1<r<m (Frn © Kpp) = m+ 1.
Case 2. For r > m + n + 1, based on Lemma 1.2 with A(F,) = n + 1 then we have the
lower bound of the r—dynamic chromatic number of G = F,, ©® Ky, iS Xr>mant+1(Fn © Ki) >
A(Fp) +m+1=mn+m+ 2. We will show that the upper bound of the r—dynamic chromatic
number of G = F,, © Ky 18 Xr>man+1(Frn © Ki) < m +n + 1, define a map of the r-dynamic
coloring of G = F,, ©® Ky, is ¢g : V(F, © K;,) — {1,2,...,k} where n > 3,m > 4, by the
following;:

Calli A=l
c (T Rk L g < n
Cg(mij)zl—l—n—i-j,lﬁiﬁn,l§j§m
cs(yj) =14+n+51<j<m
It easy to see that cg is a map cg : V(F, © K;,) — {1,2,---m +n + 1}. It is clearly
that cg gives the upper bound of the r—dynamic chromatic number of G = F,, ® K,, is

Xr>mAnt+1(Fn©Ky) < m+n+1. It concludes that r—dynamic chromatic number of G = F,,0 K,
is Xr>mant+1(Fn © Kp) = m +n+ 1. It concludes the proof. O

Theorem 1.5 Let G = K, ® K,, be a corona graph of K,, and K, for m,n > 4, the r-dynamic
chromatic number is:

1. Forn<m

m + 1, 1 <§es8m
XT(G)—{r+1, m+l1<r<m+n-—1
m+n, r> m+n
. Forn >m
n, 1<r<n-1
XT(G):{T-FL n<r<m+n-1
m—+n, r>m-+n

Proof. The graph G = K,, ® K, is a connected graph with vertex set V (K, ® K,,) = {x;;1 <
i <n}U{z;1 <i<nl<j<m} The order of this graph is p = |V (K, © Ky,)| = n(m +1).
Thus the maximum degree of graph G = K,, ® K, is A(K,, ® K;;,) = m +n — 1 and the
minimum degree of graph G = K, ® K,, is §(K, ® K,;) = m. To find the exact value of
r-dynamic chromatic number of K, ® K,,, we define two cases, namely for x1<,<m (K © Kp,)
and Xr>mn(Kn © Kp,).
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Case 1. We take for n < m. For 1 < r < m, based on Lemma 1.2 and Observation 1.2,
Xr(Km) = m then we have the lower bound of the r—dynamic chromatic number of G = K,,0 K,
is Xi<r<m(Kn © Kip) > xr(Km) +1 = m + 1. We will show that the upper bound of the
r—dynamic chromatic number of G = K, ©® Ky, is X1<r<m(Kn © Kp,) < m+ 1, define a map of
the r-dynamic coloring of G = K,, ® K, is ¢g : V(K,, © K;,) — {1,2,...,k} where m,n > 4, by
the following:

co(zi) =1i,1<i<n

L forj=1,i=n

i+1, forj=11<:i<n-1
c1(wij) =
j4+1, forl<i<n2<j<m

It easy to see that cg is amap cg : V(K,0K,,) — {1,2,---m+1}. Tt is clearly that cg gives the
upper bound of the r—dynamic chromatic number of G = K,,0 Ky, is X1<r<m (KO Ky,) < m+1.
It concludes that r—dynamic chromatic number of G = K, ©® Ky, is X1<r<m (Kn© Kp,) = m+1.
Case 2. For r > m+n, based on Lemma 1.1 with A(K,,) = n—1 then we have the lower bound
of the r—dynamic chromatic number of G = K, © Ky, 18 Xr>m+n(Kn @ Kin) > A(K,)+m+1 =
(n—1)4+m+1=m+n. We will show that the upper bound of the r—dynamic chromatic
number of G = K,, ® Ky, is Xr>m+n(Kn © Ki,) < m+n, define a map of the r-dynamic coloring
of G=K, ® Ky isci: V(K,® Kp) — {1,2,...,k} where m,n > 4, by the following;:

Clo(wi) - i,l S 7 S n
CTOM ) = 7+ 0L S nyl < idSr

It easy to see that cip is a map cio : V(K, © Kp,) — {1,2,---n + m}. It is clearly

that c1g gives the upper bound of the r—dynamic chromatic number of G = K,, ® K,, is

Xr>m+n(Kn © Kpy,) < m+n. It concludes that r—dynamic chromatic number of G = K,, ©® Ky,
is Xr>man(Kn © Kp) = m + n. It concludes the proof. a

Conclusion

We have found the lower bound of x,(K, ® H) and x,(H © K,,) where H # Cy,, W,,. We
also find the exact value some r-dynamic chromatic number of corronation by complete graphs,
namely X, (K, © Sm), Xr(Kn © Fin), Xr(Sn © Kn), Xr(Frn © Ky,) and x, (K, © K;,). We got
Xr(Kn © Sp) = xr(Kp © Fy,) and x,(Sp, © Kp,) = xr(F, © Kp,). For the characterization of the
lower bound of x,(G ® H) for any connected graphs G and H, we have not found any result
yet, thus we propose the following open problem.

Open Problem 1.1 Given the any connected graphs G and H. Determine the sharp lower
bound of xr(G ® H).
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Abstract. In this paper we will study the r-dynamic chromatic number of the coronation
by complete graph. A proper k-coloring of graph ' such that the neighbors of any vertex v
receive at least min{r,d(v)} different colors. The r-dynamiec chromatic number, x,(G) is the
minimum k such that graph G has an r-dynamic k-coloring. We will obtain lower bound of the
r-dynamic chromatic number of y» (K» @ H), and x(H @ Km) We also study the exact value
of the r-dynamie chromatic number of x,(Ky @ S ), X+ (K @ Fin ). xo(Sn @ K ), xr(Fn @ K
and y,(Kn @ Ky,) for m,n > 3.

1. Introduction

Let G be graph. Graphs in this paper are simple and finite. We gienote the vertex set of G by
V(G) and the number of vertices of G is called the order of G. Thus for graph G, A(() and
5(@) denote the maximum degree and minimum degree. For every v € V(@G), d(v),N(v), c(v)
denote the degree of v, the neighbor set of v and the color of v. A proper vertex coloring of
G by k colors is a function ¢ : V(G) — {1,2,---,k} with this property: if u,v € V(@) are
adjancent, then c(u) an(lnv) are different. The r-dynamic coloring of a graph G, introduced by
Montgomery [8] defined a proper k-coloring of graph (G such that the neighbors of any vertex
v receive at least min{r,d(v)} different colors. The r-dynamig§chromatic number, x,(G) is the
minimum £ such that graph G has an r-dynamic k-coloring. The r-dynamic chromatic number
has been studied by several anthors, for instance in [1], [2], [3], 4], [6], [7], [9], [10], [11] and [12].
The following observations are useful for our study, proposed by Montgomery [8].

Observation 1.1 Let A(G) be the mazrimum degree of graph G. It holds x,.(G) =
min{A(G),r} + 1.

gbservation 1.2 Let G = K,, then x,.(G) = n.

2

Observation 1.3 Let G = Gy & G be corona graph, then we have §(G) = §(G2) + 1 and
A(G) = A(G1) + [V(G2)|, where A(G) is mazimum degree of G and 6(G) is minimum degree
of G.

Furmanczyk [5], denoted by G @ H, is a connected graph obtained by taking a number of
vertices |V (G)| copy of H, and making the i*" of V(G) adjacent to every vertex of the i'* copy
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of V(H). There have been many results already found, Pathinathan, et.al. in [11] find the
b-chromatic number on corona graph of subdivision vertex path with path, corona graph of any
graph with path, cycle, and complete graph. Ramya in [12] discuss about the acyclic coloring
of corona of C), ® K3, F, @ Ky and star coloring of corona of F,, @ K.

The Results

We will obtain lower bound of the r-dynamie chromatic number of v, (K, ©H), and x,(H @ Ky).
We alsa find the exact value of the r-dynamic chromatic number of y, (K, @ Su), x (K, ©
Fin) xr (S, @ Ky, xo(FL© Ky) and x, (K, © K,,) for m,n > 3. There are seven theorems found
in this study. We will show the complete results in the followings theorem.

Lemma 1.1 Let G = K, ©® H be a eorona graph of K,, and graph H # Cy,,, Wy, for n > 4, the
lower bound of the r-dynamic chromatic number is:

XT(K‘H)! ]-STS n—1 2
xf(G)Z{r+l, n<r<n+|V(H)]-1
n+|V(H)|, r>n+|V(H)

Proof. Based defined of corona graph, V(K, & H) = V(K,,) UL, V(H;) and the maximum
degree of G = Kn OH is A(Kn O H) = A(Kn) +|V(H)| = (n-1)+ |V(H)|. For 1 <r <n-1,
based Observation 1.1 and chosen r = n — 1, we get x,(G = K, ® H) > min{ r, A(G)} +1 =
min{ n—1,n -1+ |V(H)|} +1 = (n —1)+1 = n. From Observation 1.Jx(K,) = n
so proven x,(G = K, @ H) 2 y(K,) for 1 < r < m. Forr > n+ |[V(H)|, based
Observaticgl.l and chosen r = n + |V(H)|, we get x,(G = K, © H)gr min{ r, A(G)} +1 =
min{ n+ [V(H)|,n +|V(H)| -1} +1=(n+|V(H)| = 1)+ 1= n+ |[V(H)]. It concludes the
proof. a

Theorem 1.1 Let G = K, ® S, be a corona graph of K, and S,,, forn = 4,m = 3, the
r-dynamic chromatic number is:

n, 1<r<n-1
x,(G):{r+1, n<r<m+n

m+n+1, r> m+n+1
Proof. The graph G = K, ©® S, is a connected graph with vertex set V (K, @ Sy) =
{eel <i<n}uU{ysl <i<n}U@i;l <i <nl <5 < m). The order of this graph
is p = |V(K, ® Sy)| = m@+ 2n. us the maximum degree of graph G = K, @ S, is
Q(Kn © Sm) = m + n and the minimum degree of graph G = K,, © S, is 8(K,, © 5,,) = 2.
To find the exact value of r-dynamic chromatic number of (¢ = K,, & 5,,, we define two cases,
namely for X'lErSn—l(I{n @ Sm,) and Xr>m+ntl (I{u @ Sm)-
Caseu. For 1 < r < n — 1, based on Lemma 1.1 and Observation 1.2, x,(K,) = n
then we have the lower bound of the r—dynamic chr tic nmmber of G = K, ® 5, is
X1<r<n—1 Ky @ Spm) 2 xr(Kyn) = n. We will show that the upper bound of the r ~dynamic
chromatic number of G = K, @ S, is X1<r<n—1 (K, © S;@R < x-(K,,), define a map of the
r-dynamic coloring of ¢ = K, @ 8, is ¢1 : l:'(fx’n @ Sy) — {1,2,....kfwhere n > 4, m = 3, by
the following:

afr)=i,1<i<n

(.)_ 11 fori=n
A= i+1, for 1€i<n=1
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1, for j =1(mod 3),i=mn—1

i+2, forj=1(moed3),1<i<n-2
c1(yij) =
2 for j =1(mod3),i=n

i+3, forj=2(mod3),1<i<n-3

) for j =2(mod 3),i =n— 2
c1lyig) = 2 for j Em.od 3),i=n-1
3, for j =2(mod 3),i=n

P i—1, for j=0(med3),2<i<n
c1(yig) = n, for j = 0(mod 3),i =1

geasy to see that c; is a map ¢ : V(K, © S) — {1,2,---n}. It is clearly that ¢ gives gle
upper bound of t#f r—dynamic chromatic number of G = K, & 5y, is X1<r<n—1(Kn © Sm) < n.
gconcludes that r—dynamie chromatic number of G = K,, @ Sp, 1s X1<r<n—1(K,y gS'm) =n.

ase 2. For r > m+ n + 1, based on Lemma 1.1 with |V(S,,)| = m + 1 then we have the
lower bound of the r—dynamic chromatic number of ¢ = K,, ©® Sp, IS Xrzmenf(EKn © Sm) =
n -+ \V(Sm) =n-+(m+1) =m+n+1. We will show that the upper bound of the r—dynaggic
chromatic number of G = K, ® 8, 18 Xr>mint+1(En © Sp) | +tn+l, define a map of the
r-dynamic coloring of G = K, @S, i§ co : V(K, © Sm) — {1,2,...,k} where n > 4, m/'= 3, by
the following:

ca(x;) =i,a§££n
coy) =n glsisn
co(z;) = RFEL, EEER, 1 < i=im

It easy to (5 2 that c; is amap c» : V(K, ® Syn) — {1,2,---n+m+ 1}. It is clearly
thafco gives the upper bound of the r—dyn chromatic number of G = K, @ §,, is
Xrzmantl (Kn®S8y) < m4n+1. It cogudes that r—dynamic chromatic number of G = K,,05,,
i8S Xr>mant1(Kn @ Sm) = m+ n+ 1. It eoncludes the proof. |

Theorem 1.2 Let (¢ = K, ® F,, be a corona graph of K, and F,,, forn > 4,m > 3, the
r-dynamic chromatic number is:

n, forl<r<n-1
X,.(G):{r-f—l, forn<r<m+n

m+n+1, forr= m+4n+1
Proof. The graph G = K, © F,, is a connected graph with vertex set V (K, @ F,) =
{zi;l < i < njuU{y;l <i<n} U@U;l <i<mn;l <j < m}. The order of this graph
is p = |V(Kp,® Fp)| = mg + 2n. Thus the maximum degree of graph G = K, © F,, is
(Ku @ Fy) = m 4+ n and the minimum degree of graph G = K,, © F),, is 6(K,, ® F,,) = 3.
To find the exact value of r-dynamic chromatic number of G = Ky, @ Fy,, we define two cases,
namely for x1<,<n—1(K, © Fy,) and Xozmint1(Kn © F).
Casepll. For 1 < r < n — 1, based on Lemma 1.1 and Observation 1.2, x,.(K,) = n
then we have the lower bound of the r—dynamic chrofftic number of G = K, @ F, is
Xi<r<n—1 I © F,) 2 x(K,) = n. We will show that the upper bound of the r—dynamic
chromatic number of G = K, © F, is X1<r<n—1(Kn © Fm) Xr(K,), define a map of the
r-dynamic coloring of G = K,, ® F,is e3: V(K, @ E,,) — {1,2,..., k} where n > 4,m = 3, by
the following:

ca(wi)=i,1<i<n
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es(ys) = l, fori=n
Y= 941, for1<i<n—1

i+2 forjodd,1<j<m,1<i<n-2

1, forjodd, 1<j<mi=n-—1

cz(yij) = 2, forjodd, 1 <j<m,i=n
i—1, forjeven,1<j<m,2<i<n
1, forjeven,1<j<m,i=1

It easy to see that ¢z is a map ¢z : V(K,, © F,) — {1,2,---n}. It is clearly that c3 gives the
upper bound of t]ar—dynamic chromatic nmumber of G = K,, @ F;, is X1<r<n—1 (K © Fn) < 0.
%concludes that r—dynamic chromatic number of G = K,, ® Fy, is x1<r<n—1(£n ‘aFm) =n.

ase 2. For r > m + n + 1, based on Lemma 1.1 with |V (F,)| = m + 1 then we have the
lower l)ound of the r—dynamic chromatic numb. of G = Ky © Fnills Xeombing1(Kn OFm) >
) | = n + (m+ 1). We will show that the upper bound of the r ~dyna@fic chromatic
n11ml)e1 of G =K, © Fpis Xr>mint1(En @ B,) <m o+ 1, define a map of the r-dynamie
coloring of G = K, @ F, is ¢4 : V(K, @ F,) — {1,2,...,k} where n > 4,m = 3, by the
following:

(.’4(.?8: i,1<iEZn
64(y,-)=n+mﬂ1,1§£§n
a(zi) =j +1i, L < EZIT j <m
It easy to 5 5 that ¢y i8'a map c4 : V(K. @ F,) — {1,2,---m+n+ 1}. It is clearly
that ¢4 gives the upper bound of the r—dyn chromatic number of G = K, © F, is
Xr>mant1 (Kn@F,y,) < ntm+1. It concludes that r—dynamic chromatic number of G = K,0 F,,
18 Xr>mnt1(Kn @ Fi) = m +n + 1. It concludes the proof. |

Lemma 1.2 Let G = H @ K, be a corona graph of H # Cy, W,, and graph K,,, for m = 4, the
lower bound of the r-dynamic chromatic number is:

XT‘(K‘HI)+ 1: 1 =Srs<m
G)>< r+1, m+1§r§m+A(1ﬂ
AH)+m+1, rzm+AH)+1

Proof. Based defined of corona graph, V(H @ K,,) = V(H) U UL, V((K,,);) and the
maximum degree of G = H 0 K,,, s A(H © K,,) = A(H) + |V(K,,) = A(H) +m. For
1 < r < m, based Observation 1.1 and choosen v = m, we get x,.(G = H & K,,) =
min{ r, A(G)} + 1 = min{ m,A(H) + m} +1 = m + 1. From Observation 1. EJx(Kn) = m
so proven x.(G = H© K,) 2 x» Km) —|—1 fOl 1<r<m. Forr > m+ A(H) + 1, based
Observation 1.1 and choosen r = m+A(H ge get x,(G = HO K,,,) > min{ r, A( G)} +1 =
min{ m + A(H) +1,A(H) + m} + 1 =m +A (H) + 1. It concludes the proof. O

Theorem 1.3 Let G = 5, © K, be a corona graph of S, and K,,, for n = 3,m > 4, the
r-dynamic chromatic number is:

ay — r+1, n<r<m+n
i) = m+n+1, r> m+n+1

Proof. The graph g = 5,0 K,y is a connected graph with vertex set (S SO Ky) = {x}{x;;1 <
i < n}U{JJ‘l < i< mpU{xy;l << nil <j < m} The order of this graph is
p= V(5. ® Ky)| = mn+ @+ n+ 1. Thus the maximum degree of graph G = 5, @ K,
is A(S, @ K,;,) = m + n and the minimum degree of graph G = 5, © K, is §(S, @ K,,,) = m.
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?0 find the exact value of r-dynamic chromatic number of G = S, @ K, we define two cases,
namﬁl}' for Xlgrf:rn(sn @ Km,) and Xr211a+1e+l(s1e @ K‘m)-

Caseu. For 1 < r < n — 1, based on Lemma 1.2 and Observation 1.2, v, (K,,) = m
then we have the lower bound of the r—dynamic chrom#fic number of G = 5, @ K, is
X1<r<m(Sn© Kn) = xo(Ky) +1 = m+4 1. We will show that the upper bound of the r —dynamic
chromatic number of G = S, @ Ky, 18 X 1<, <m (S0 @ Kpp) < m+1, define a map of the r-dynamic
coloring of G = S, ©® Ky, is ¢5 : V(S, @ Ky) — {1,2,...,k} where n > 3,m > 4, by the
following:

cslz) =1
es(zs) =2,1<i<n
W B for j=1,1<i<n
os(%ii) W immm © for 2 < j < T < o

i 2 for j =
e (y;) = 1437 for2<j<m

It easy to see that c5is a map ¢s : V(5,0 K,,,) — {1,2,---m+1}. It is clearly that cg givesgle
upper bound of t}r— dynamic chromatic number of G = 5, K,,, 18 X1<r<m (Sn O Kn) < m+ 1.
concludes that r—dynamie chromatic number of G = S, © K, is XIE;{,H(S,,, O] Iwa) =m+ 1L
Case 2. Forr > r > n+ m+ 1, based on Lemma 1.2 with A(S,) = n then we have the
lower bound of the r—dynamic chromatic number of G = S, © K, 8 Xr>ntm+1(Sn © K,) =
A(S,) +m+1=n+m+ 1. We will show that the upper bound of t r_-dynaaic chromatic
mumber of G = S, © K 18 Xr>r>ntms1(Sn © Kpn) < migy n + 1, define a map of the r-dynamic
coloring of G = S, @ K 18 ¢ : V(S, @ Kp) — {1,2,...k} where n = 3,m > 4, by the
following:

cg(r) =1
cﬁ(:ri)=1+£,lﬁign
ce(zij)=1+n+451<i<n l<j<m
cs(y;) =lFm$jl<j<m

It easy to that cg 18 a map ¢ : V(S, @ K;n) — {1,2,---m + n + 1}. It is clearly
thaaca gives the upper bound of the r—dynmac chromatic number of G = 5, & K,, is
Xrzmantl (SnOK ) < m4n41. It cogjudes that r—dynamic chromatic number of G = 5,0 K,
IS Xremant1(Sn @ Kpn) = m + n+ 1. It concludes the proof. O

1

Theorem 1.4 Let G = F, @ K,,, be a corona graph of F,, and K,,, for n = 3,m > 4, the
r-dynamic ehromatic number is:

xr(G) =< T+ 1, n<r<m+n

(6]

m+ 1, 1< s m
{m+n+1, r=m+n+1
Proof. The graph G = F, & K,, is a connected graph with vertex se (Sn © Kpy) =
{r Ul <i<n}ufy;;1<i < m}{a:ij;l < i< n;l <j <m}. The order of this
graph is p = |V (F, 0 K,;,)| = +m+n+1. Thus the maximum degree of graph G = F,, & K,
A(F,® K,;,) =m+n and g; minimum degree of graph G = F,, © K, is §(F,, © Kp,) = m.
To find the exact value of r~-dynamic chromatic number of G = F,, @ K,,,, we define two cases,

mEly for XlSran(Ee @ Km,) and Xr>m+4n+tl (-Fu @ K‘m,)- 4

ase 1. For 1 < r < m, based on Lemma 1.2 with v, (K,,) = m then we have the lower bound
of the r—dynamic chromatic number of F, @ K,, is xi<r<m(Fn © Kin) = o (Km) + 1 =m + L
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We will show that ge upper bound of the r—dynamic chromatic number of G = F, & K,
is X1<rem(Fn @ Ky) < m+ 1, define a map of the r-dynamic coloring of G = F, @ K, is
e V(IF, 0 Ky) —{1,2,..., k} where n = 3,m > 4, by the following:

er(z) =1

() = 2, foriedd,1<i<n
cr(wi) = 3, forieven,1<i<n

for j=1,1<i<n
fol‘j:ZJﬂen,leﬁn
, for j=2,i0dd, 1L <i<n
154, for 3<j <m, I <8< n

e

er (&) =

crly;)) =j+1,2<i<m
It easy to see that c7 is amap c7 : V(F,0Ky,) — {1,2,---m+1}. Itisclearly that ¢7 gives the
upper bonnd of tlar—dyna.mic chromatic number of G = F,, O K, 18 X1<r<m(Fr@Kp) < m+1.
concludes that r—dynamic chromatic number of G = F,, © Ky, is X1<r<m (Fn O}ia) =m+1.
Case 2. For r > m +n + 1, based on Lemma 1.2 with A(F,,) = n + 1 then we have the
lower bound of the r—dynamic chromatic numhﬁof Gl=F, © Ky, isrsmint1(FlOEy) >
A(Fn) +m+1=n+m+2. We will show that the upper bound of the r—dynaggic chromatic
number of G = F,, @ K, 18 Xpomint1(Fn © Ky) <m + 1, define a map of the r-dynamic
coloring of G = F,, © Ky 8 g : V(Fo © Ki) — {1,2,00., k) where @ =88Fm > 4, by the
following:
cs(z) =1
03(:;-:1-)=1-n,1§i§n
cg(zi;) = T+ n+ 3, BEUSh 1 &5 <fm
csy;) = 1% ntg1<j<m
It easy to that cg is a map cg : V(F, @ K) — {1,2,---m +n + 1}. It is clearly
thﬂa’lﬁ gives the upper bound of the r—dynm@ chromatic number of G = F,, & K,, is
Xrzmansl (FrnOK ) < matn+l. It cogudes that r— dynamic chromatic number of G = F,0 K,
IS Xr>mant1(Fn @ Kiy) = m +n + 1. It concludes the proof. O
1

Theorem 1.5 Let G = K, @ K, be a corona graph of K,, and K,,, for m,n = 4, the r-dynamic
chromatic number is:

i. Forn<m

m+ 1, 1 < mim
x,{(?):{r—}-l, m+P<r<m+n-1
m++n, r> m+n
it. Forn>m
T, T<r<m-1
X:—(G)={ r+1, n<r<m+n-1
m -+ n, r>=m-+n

Proof. The graph GG = K,, @ K,, is a:onnected graph with vertex set V (K, ® K,;,) = {x;;1 <
n}U{xi;;1<i<nl<j<m}. Theorder of this graph is p = |V (K, ® K,,)| = n(m
hus the maximum degree of graph ¢ = K, @ K,, is A(K, @ Ie) = m+n — 1 and the
minimum degree of graph G = K, @ K,,, is §(K,, ® K,;,) = m. To find the exact value of
r-dynamic chromatic number of K,, ® K,;,, we define two cases, namely for xi<,<m (K, © Ky)
and x> men (K, © Kp).
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Case 1. We tak@mor n < m. For 1 < r < m, based on Lemma 1.2 and Observation 1.2,
Xr(# ) = m then we have the lower bound of the r —dynamic ch.romaticaumber of G = K, 0K,
is Xi<rem (K @ Kin) 2 x0(Kn) +1 = m+ 1. We will show that the upper bound of the
r—dynamic chromatic number of G = K, © Ky, is x1<r<m(Kn (-Ja'm) < m+ 1, define a map of
the r-dynamic coloring of G = K,,® K,, is ¢g : V(K,, ® K,;,) — {1,2,...,k} where m,n > 4, by
the following:

1, for j = Li=n

i+1, forj=1,1<i<n-—1
@) =
i+1, forl <@gE@n2<j<m

It easy to see that cg is amap cg : V(KnOKn) — {1,2,---m+1}. Itis clearly that cy gives the
upper bound of tlggr —dynamic chromatic number of G = K, 0 K, is X1 <r<m(Kn@ K,,) < m-+1.
concludes that r—dynamic ehromatic mumber of G = K, @ K, is Xlsngm(Kn OKy)=m+1.
Case 2. For r > m+n, based on Lemma 1.1 with A(K,,) = n— 1 then we have the lower bound
of the r—dynamic chromatic nuimber of G = anh’m iS Xrsman(Kn @ Kpn) > A(K,)+m+1 =
(n=1)+m-+1=m+n We will show that the upper bound of the—dynamic chromatic
number of G = K, ® K., is Xy2man(Kn © K] < m+n, define a map of the r-dynamic coloring
of G =K, o Ky is co: V(IE, 0 Ky) — {1,2, ..., k} where m,n > 4, by the following:

Clﬂ(":"}f) ﬁ: 1<i<n
co@ij) =i+j,l<isnl<j<m
It easy to L5 that cip is a map cyp : V(K, ® Kp,) — {1,2,---n + m}. It is clearly
that ¢y gives the upper bound of the r—dylamic chromatic number of G = K, @ K, is
Xrzm4n(Ky © Ky) < m+n. It concludes that r—dynamic chromatic number of G = K, © Ky,
iS Xr>man (K @ Kyy) = m 4+ n. It concludes the proof. |

gonclusion Q
We have found the lower bound of x,. (K, ® H) and y, (H @ K,,) where H # C,,,,W,,. We
also find the exact value some r-dynamic chromatic number of corronation by complete graphs,
namely Xr'(I(n © Sm,)‘ Xr(Kn @ F‘m): XT’(S‘N © K‘m): Xr[Fn @ K‘m d Xr (Kﬂ, @ I{m)- We gOt
Xr (K @ 8n) = x- (K @ Fy) and x: (S, @ K,,,) = x-(Fn @ K,,,). Y0r the characterization of the
lower bound of x, (G @ H) for any connected graphs G and H, we have not found any result
vet, thus we propose the following epen problem.

Open Problem 1.1 Given the any connected graphs G and H. Determine the sharp lower
bound of x.(G@ H).
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