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Abstract—All graphs in this paper are simple, connected and undirected. Let r, k& be natural numbers. By a proper
k-coloring of a graph G, we mean amap c : V(G) — S, where |S| = k, such that any two adjacent vertices receive different
colors. A total r-dynamic coloring is a proper k-coloring ¢ of G, such that Vv € V(G), |¢(N(v))| > min[r,d(v) + |N(v)|] and
Yuv € E(G), |¢(N(uwv))| > min|r,d(u) + d(v)]. The total r-dynamic chromatic number, written as x; (G), is the minimum &
such that G has an r-dynamic k-coloring. Finding the total r-dynamic chromatic number is considered to be a NP-Hard
problems for any graph. Thus, in this paper, we initiate to study x//(G) of several classes of graphs and and their related

operations.

Keywords—Total »-Dynamic Chromatic Number, Several Slasses of Graphs, Graph Operations.

INTRODUCTION

Graph G is a couple of (V(G), E(G)) with V(G) is
finite set not empty of elements called vertex, and E(G)
is a set (maybe empty) of a pair not ordered (u, v) called
edge [1]. A graph G possible not having edge, but must be
having vertex at least one. A graph who do not have edges
but having a vertex only called by trivial graph. [2]. The
number of vertices on a graph called vertex cardinality and
denoted by | V| while the number of edges on a graph called
edge cardinality with denoted by |E| [3].

One study in graph theory is graph coloring. Graph
coloring be a function that maps elements elements to any
set of. If the domain set was a edge called edge coloring. If
the domain set was vertex hence called vertex coloring. If
the domain set vertex and edge called total coloring. Total
coloring is a function ¢ that maps (V(G), E(G)) to the
set of color so much for any two vertices neighbors, and
every two edges neighbors and any vertex of which is one
side with random edge has of different colors. Minimum
number of colors called to the chromatic number, and
always based alleged 1 as follows:

Conjecture 1 According to behzad and vizing the
chromatic number of total for each graph G must satisfy
A(G)+1< "(G) < AG) +2 [

One study in graph theory is a total r-dynamic coloring
developed from the vertex and edge r-dynamic coloring.
Total coloring k-color r-dynamic is total coloring for every
v € V(G) so |e(N(v))| > min|r,d(v) + |N(v)|], and
every edge e = uv € E(G) so much |[¢(N(e))| >
man[r,d(v) + d(u)] where N(v) is neighbor v dan
¢(N (v)) is color that used by vertex neighbors v and N (e)
is neighbors edge e and ¢(N (e)) is color that used by edge
neighbors edge e. Minimum number k so graph G satisfy
total coloring k-color r-dynamic called chromatic number
total r-dynamic denoted by x”'(G). The following are
several definition operation graph used in this article.

Definition 1. Shackle graph H denoted by G =
shack(H,v,n) is graph G generate of non trivial graph
Hy{,Hs,....Hy, so forall 1 < s,;t < n, Hs; and H; not
having a vertex liaison where |s — t| > 2 and for all 1 <
i < n—1, H; and H; 1 have exactly one vertex fellowship
v, called with a vertex liaison and k — 1 connecting the
vertex was different. If G = shack(H, v, n) liaison vertex
replaced by subgraph K C H called by generalized
shackle, dan denoted by G = gshack(H, K C H, n)

/5].
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THE RESULTS

The results from the study is the definition and a new
theorem related a total r-dynamic coloring. Definition of
total r-dynamic coloring can be seen in definition 2.

The theorem about a total r-dynamic coloring on
graph of path, shackle book graph (shack(Ba,v,n)
dan graph operation generalized shackle graph friendship
gshack(Fy, e, n).

Definition 2. Let D = {1,2,3,... k} is set of color by
k colors dan c is function maps all vertices and edges G
to set of colors. Total r-dynamic coloring of graph G is
defined as mapping c from (V(G)U E(QG)) to D so satisfy
a condition the following :

1. Yv € V(G), [e(N(v))] > min[r,d(v) + |N(v)|] dan
2. Ye =uv € E(Q), |e(N(e))| > min[r,d(v) + d(u)]

Observation 1. Let A(G) is maximum degree of graph G
50 X"(G) < X4(G) £ XU(G) < -+ < X (@)

¢ Theorem 1. Let G is a path P,,. For n > 3, chromatic
number total r-dynamic of graph G is

3,forl1 <r <2
4, forr =3

5, forr >4

Proof. Set of vertices and set of edges of path forn > 3
is V(P,)={z;;1 < i < n}and E(P,)= {zizit1;1 <
i <n-—1}s0|V(P,)| = nand |[E(P,) =n—1and
A(G) = 2.

Case 1. Based on Conjecture 1 that A(G)+1 < x//(GQ) <

A(G)+2,s0x"(P,) > 3. To prove that chromatic number
of total 1, 2-dynamic coloring of path (P,,) is 3, needs to be
proven x”(P,) > 3 and x"P,) < 3. Then indicated that
the number of chromatic x”(P,) < 3 to coloring function
c1. Let D = {1,2,3,...,k} is set of colors by k colors

[ 132...132,
1<1<n,
i = 0(mod 3)

132...1321,
1<1<n,
i = 1(mod 3)

01(1'171'2, e ,:Ei)

I
——

v 132...13213,
1 1<i<n,
| @ =2(mod3)
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( 213...213,

, 1<i<n,

, 4 =0(mod3)

' 913...2132,
61(1'1.%2, . ..xi$i+1) = { 1 < 1 < n,

i = 1(mod 3)

1

v 213...213 21,

v 1<i<n,

( %= 2(mod 3)

From coloring function of ¢; it can be seen that the

number of chromatic total in graph the is x”/(P,) < 3.
Since x”(P,,) < 3and x”(P,) > 3 than x”(P,) = 3, for
n > 3.
Case 2. Base of Observation [I] that x5 (G) > x4 (G), then
X4 (Pn) > x4(P,) = 3. Let x4(P,) = 3 as on coloring
function ¢, So does not meet the definition of the total
r-dynamic coloring. Leading to the need for additional
colors become 4-coloring, x4 (P,) > 4.

To proven chromatic number of total 3-dynamic
coloring of path (P,,) is 4, needs to be proven x4 (P,) > 4
and x4(P,) < 4. Then indicated that the number of
chromatic x4(P,) < 4 by coloring function cy. Let
D = {1,2,3,...,k} is set of colors by k color and ¢
is function who pairs every vertic es and edges to set D,
ca: (V(P,)UE(P,)) = D. Forn > 3, coloring function
¢ 1s as follows:

( 13...13,
1<i<n,
n even

02($1,$2, e ,l‘i)

I
——

13...131,
1<1<n,
| nodd

24 ...24,
1<1<n,
n even
02(.%'13?2, . ..$i$i+1) =
24...242,
v 1 <1 <n,
| modd

From c5 it can be seen that the number of chromatic
total 3-dynamic is x4 (P,) < 4. Since x5(P,) < 4 and
x4(Pp) > 4 than x5(P,) = 4 s0 x45(P,) = 4 forn > 3.
as illustration, served figure 2 that is the total 3-dynamic
coloring of path (P,).

o ‘e0—0 > 019’0
£ &Ia Iy Zr

I Tg

Fig 1. Total 3-Dynamic Coloring of Path (P,,)

Case 3. Based on Observation |l that x| (G) > x5(G),
than X7 (P,) > x4(P,) = 4. Let x4(P,) = 4 as on
coloring function ¢, so does no satisfy definition of total
r-dynamic coloring. So that required the addition of colors
become 5-coloring, X’ (Py,) > 5.

To prove the chromatic number from the total
4-dynamic coloring of path (P,) is 5, needs to be proven
x4 (Pn) > 5and xJ(P,) < 5. Then indicated that the
chromatic number x4 (P,) < 5 by coloring function cs.
Let D = {1,2,3,...,k} is set of colors with & colors and
cs is function pairing any vertex and edge to the set of color
D, c3 : (V(P,)UE(P,)) — D. Forn > 3, coloring
function cj3 is as follows:

Mathematics
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r 13524 ...13524,

1<i<n,
' {=0(mod3)

]

v 13524...13524 1,
v 1<i<n,

1 i =1(mod 3)

13524 ...13524 13,
1<i<n,
i = 2(mod 3)

03(1‘1,.732, e ,xi)

Il
—N—

v 13524...13524 135,
, 1<i<n,
i = 3(mod 3)

13524 ...13524 1352,
1<i<nmn,
l i=4(mod3)

( 24135...
24135,
1<1<n,

i = 1(mod 3)

24135...
24135 2,
1<1<n,

i = 2(mod 3)

24135. ..
24135 24,
1<1<n,

i = 3(mod 3)

03(3«"1@, cee 7$i$z‘+1)

Il
—_—

24135. ..
24135 241,
1<t <n,

i = 4(mod 3)

24135. ..
24135 2413,

, 1<1<n,

| @ = 0(mod 3)

Of coloring function on c3 It is evident that the
chromatic number of total 4-dynamic coloring is
X1 (P,) < 5. Since x4 (P,) < 5and x4 (P,) > 5. So
can be concluded x/ (P,,) = 5. So chromatic number total
Xi(FPn) =5.

On path P,, If reviewed from the vertices, number
of min{r, max{d(z1) + |(N(z;))|}} = max{d(z1) +
[(N(z;))]} = 4. If in terms of coloring the edge of
on path P,, number of min{r, max{d(u) + d(v)}} =
max{d(u) + d(v)} = 4. Resulting in X'~ ,(P,)) = 5. As
illustration, served Figure 2 which is 4-dynamic coloring of
path (P,,). Based on the description above, then Theorem
1] proved. O

@ 2 . 4 @ 1 /2\ 3 . C @

Iy Ty Z3 Ty Zs Tg

Fig 2. Total r-Dynamic Coloring of Path (P,,)

¢ Theorem 2. Let graph G is operation graph shackle of
book graph By. For n > 2, chromatic number of total
r-dynamic shackle of book graph Shack(Ba, v, n) is
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(5 forl<r<3

} B 6, forr =4
X (Shack(Ba,v,n)) = { 9, forr =5
( 10,forr >6

Proof. Set of vertices of graph V' (Shack(Bsz,v,n)) =

and set of edges E(Bs,v,n)) = {z;jy;;1 <i < n,j=
1} U{ziyivsl <4 < nyj = 2} U{zzij4131 <
) S n,j = 1} U {zij+1zij;1 S ) S n,j = 1} ]
{yizi;1 < i < n,j = 1} U {yiq1zinl < 0 <
n,j = 2} U{z;;2ij41;1 < i < n,j = 1} so cardinality
vertex and edges is |V (Shack(Bz,v,n)| = 5n + 1 and
|E(Shack(Bz,v,n))| = Tn and A(G) = 4.
Case 1. Based on Conjecture 1 that A(G) + 1 <
XI(G) < A(G) + 2, so x"(Shack(Bgz,v,n)) > 5. To
prove the chromatic number total 1,2,3-dynamic coloring
of graph (Shack(Bz,v,n)) is 5, needs to be proven
X" (Shack(Baz,v,n)) > 5 and x”(Shack(Bz,v,n)) <
5. Then indicated that the chromatic number
X" (Shack(Ba,v,n)) < 5 by coloring function ¢4. Let
D = {1,2,3,...,k} is the set of color with k colors
and c4 is function who pairing every vertex and edge
to The set of color D, ¢4 (V(Shack(Ba,v,n)) U
E(Shack(Bz2,v,n))) — D. Coloring function ¢4 is as
follows:

cos(xijyi) =3,1<i<n,j=1
ca(wijyier) =3,1<i<n,j=2;
ca(yizij) =5,1<i<n,j=1
ca(Yir12ij) =4,1<i<n,j=2
ca(xijzije1) =2,1<i<n,j=1
04(mij+1zij) = 37 1 S 7 S n,j = 1;
ca(zijzij41) =1,1<i<n,j=1
Of coloring function on ¢4 It is evident that
the chromatic number Total ofshackle book graph
(Shack(Ba,v,n)) is x”(Shack(Bz,v,n)) < 5. Since
chromatic number x”(Shack(Bg,v,n))

< 5 and
X" (Shack(Bz,v,n)) > 5 So it can be concluded
x"(Shack(Ba,v,n)) = 5. So that graph G =
Shack(Bz,v,n) have chromatic numbers x”(G) =
X4(G) = x5(G) =5.
Case 2. Based on Observation [I| that x(G)
X5(G), Can be concluded x}(Shack(Bz,v,n)) >
x4 (Shack(Bz,v,n)). Let xj (Shack(Bz,v,n)) = 5 As
on coloring function ¢4, So does not meet the definition
total r-dynamic coloring. So that required the addition of
color be 6-coloring, x} (Shack(Bz,v,n)) > 6.

To prove the chromatic number from the total
4-dynamic on graph (Shack(Bg,v,n)) is 6, need
to be proven that x//(Shack(Bz,v,n)) > 6 and
X4 (Shack(Bz,v,n)) < 6. Then indicated that the
chromatic number X’/ (Shack(Bsz,v,n)) < 6 by coloring
function ¢5. Let D = {1,2,3,...,k} is the set of color
with k colors and c5 is function who pairing every vertex
and edges to set of colors D, ¢5 : V(Shack(Bz,v,n)) U
E(Shack(Bz,v,n)) — D. Coloring function c5 is as

ALY
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follows:
[ 6,1<i<n,j=1
65(%)_{ 3,1<i<mn, j=2
. 4,1<i<n,j=1
CS(Zij)_{ 5,1<i<n, j=2
es(yi) =1,1<i<n+1; )
624(l‘ijyi) = 2, 1 S 7 S n,j =1 (2)
cs5(xijyiv1) = 6,1 <i<n,j=2; (3)
s (Yit12ij) =4,1<i<n,j=2; )
cs(a:ijzin) = 3, 1 S 7 S n,j =1 (6)
C5(l’ij+12ij) = 2, 1 S 7 S n,j = 1; (7)
C5(ZijZ7;j+1) = 6, 1 < ) < TL7j =1 (8)

Of coloring function on c5 It is evident that the
chromatic number total of shackle book graph, G =
(Shack(Ba,v,n)) is x4 (G) < 6. Since x4 (G) < 6
dan x4 (G) > 6 then x/(G) = 6 so chromatic number
X4 (G) = 6. As illustration, served Picture 4.24 Which is
coloring 4-dynamic of shackle book graph Bs.

Fig 3. Total 4-dynamic Coloring of Book Graph
Shack(Bz,v,n)

Case 3. Based on Observation] that xZ(G) >
X1(G), Can be concluded x¥(Shack(Bg,v,n)) >
X¥ (Shack(Ba,v,n)). Let x¢(Shack(Ba,v,n)) = 6 As
on coloring function c¢5, So does not meet definition of total
r-dynamic coloring so that required the addition of colors
become 7-coloring, then x¥ (Shack(Bz,v,n)) > 7. But
with 7 coloring still not meet Total 5-dynamic coloring So
that plus to 8 coloring. For § coloring there are the number
of edge that do not meet the definition of total r-dynamic
coloring so plus to 9 coloring so xt (Shack(Bz,v,n)) >
9.

To prove chromatic numbers of the total 5-dynamic
coloring on graph Shack(Ba, v, n) is 9, needs to be proven
X% (Shack(Bg,v,n)) > 9 and x¥(Shack(Bz,v,n)) <
9. Then indicated that the chromatic number
X% (Shack(Ba,v,n)) < 9 by coloring function cg. Let
D =1{1,2,3,...,k} is set of colors with k colors and cg is
function who pairing every vertex and edges to set of color
D, c¢ : (V(Shack(Bs,v,n)) U E(Shack(Ba,v,n))) —
D. For n > 2, coloring function cg Is as follows:

[ 4 1<i<n j=1
celx::) = ) >t x>
6(2is) { 3,1<i<n,j=2

6 1<i<n j=1
co(2ij) = 2,1<i<n, j=2

ce(yi) = 1,1 < i < n+ Licg(wiy) = 8,1 < i <
n,j = leg(ijyiv1) = 9,1 <i<n,j=2; c6(yizij) =
1 <i<n,j=leg(yivr12i5) = 5,1 <i < nj =

2’
2; cG(xijzin) = 3,1 S 7 S 'fl,j = lcﬁ(xij—&-lzij) =
4,1§Z§7’L,j:1, CG(ZijZij+1):77]- SZSH,]:].

Of coloring function on cg It is evident that the
chromatic number total of shackle book graph, G =
(Shack(Ba,v,n)) is xt(G) < 9. Since x?(G) < 9
and x5 (G) > 9 then x§(G) = 9 so chromatic number
X5(G) =9.
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Case 4. Based on Observationll] that y4(G) >
X?(G), Can be concluded x¢(Shack(Ba,v,n)) >
X# (Shack(Ba,v,n)). Let x¥(Shack(Ba,v,n)) = 9 As
on coloring function cg, So does not meet definition of total
r-dynamic coloring so that required the addition of colors
become 10-coloring, then x¢ (Shack(Bsz,v,n)) > 10.

To prove chromatic numbers of the total 6-dynamic
coloring on graph Shack(Ba,v,n) is 10, needs
to be proven x¢(Shack(Ba,v,n)) > 10 and
X4 (Shack(Ba,v,n)) < 10. Then indicated that the
chromatic number x{ (Shack(Bz,v,n)) < 10 by coloring
function ¢7. Let D = {1,2,3, ..., k} is set of colors with
k colors and c¢; is function who pairing every vertex and
edges to set of color D, c7: (V (Shack(Bs, v, n)) U
E(Shack(Bz2,v,n))) — D. Coloring function c¢7 is as
follows:

4,1<i<n, j=1

07(%3‘): 3, 1<i<mn, j—=2

C7<$¢jyi+1) = 10, 1 S 7 S n,j =2

cr(yizij) =2,1<i<n,j=1
c71(Yiv12ij) =5,1<i<n,j=2

—_

cr(@ijzijr1) =3,1<i<n,j=
cr(Tijp12i5) =4,1<i<n,j=1
C7(Zijzij+1) = 7,]. S ) S Tl,j =1

Of coloring function on c¢7; It is evident that the
chromatic number total of shackle book graph, G =
(Shack(Bg,v,n)) is x¢(G) < 10. Since x4 (G) < 10
and x¢ (G) > 10 then x¢(G) = 10 so chromatic number
X5 (G) = 10.

On graph operating shackle book graph Bs, if in terms
of coloring the vertex is, number of min{r, max{d(v) +
(N)} = max{d(zij) + [(N(zi;)]} = 8. In the
the edge of on operation graph shackle book graph B,
number of min{r, max{d(u) + d(v)}} = max{d(u) +
d(v)} = 7, resulting in x!'s(Shack(Ba,v,n)) = 10.
This is because when r > 6 number min{r, max{d(v) +
[(N@)[}} = max{d(z;) + |(N(z;))|} = 6 and number
min{r, max{d(u) + d(v)}} = max{d(u) + d(v)} = 7.
From the above description, so Theorem 2 proven. (]

Fig 4. Total r-dynamic Coloring on Graph
Shack(Bz,v,n)

O Theorem 3. Let graph G is operation graph shackle of
graph cocktail party Hs 5. For n > 2, chromatic number
total r-dynamic graph Shack(Hz 2,v,n) is

( Suntuk1<r<3
., ) T,untuk4 <r <5
X! (shack(Ha2,v,n)) = { 10, untuk 6 < r < 7
(

11, untuk r > 8

Proof. Setof vertices of graph V' (Shack(Hs 2, v, 1)) =
{z;;1 <i<n+1}U{y;, 2;1 < i < n}andsetof edges

Mathematics ‘

E(H272,'U,n)) = {xixﬂ_l; 1 S ) S Tl} U {ZCZZZ, 1 § ) §
n} U{yizit1;1 < i < n}U{yz;1 < i < n} So
cardinality vertex and edges is |V (Shack(Haz2,v,n)| =
3n+1and |E(Shack(Hz2,v,n))| = 4n,and A(G) =4
Case 1. Based on Conjecture 1 that A(G) + 1 <
X/(G) < A(G) + 2, so x"(Shack(Hz2,v,n)) > b.
To prove the chromatic number total 1,2,3-dynamic
coloring of graph (Shack(Hzz,v,n)) is 5, needs
to be proven x"(Shack(Hsz2,v,m)) > 5 and
X" (Shack(Hz 2,v,n)) < 5. Then indicated that the
chromatic number x”(Shack(Hzz2,v,n)) < 5 by
coloring function c1g9. Let D = {1,2,3,...,k} is the
set of color with & colors and ¢y is function who pairing
every vertices and edges to the set of color D, cig
(V(Shack(Hz,2,v,n)) U E(Shack(Hz,2,v,n))) — D.
Coloring function ¢y is as follows:

[(1,1<i<n+1,
i = 1(mod 3)

{ 3,1<i1<n+1,

C1o($i) = i = 2(mod 3)

Lo 1<i<n+l,
| @ = 0(mod 3)

((1,1<i<n,

2,1<i<n,

i = 0(mod 3)

3,1<i<mn,
i = 1(mod 3)

ClO(zi) =

1,1<i<n,
c10(Yiiy1) = { i = 2(mod 3)
C 3 1<i<n,
| = 0(mod 3)

4,1<i<n,todd
5,1 <4< n, ieven

cro(ziziqr) = {

4,1 <i<mn, iodd

cro(yizi) = {

5, 1 <1< n, ieven

Of coloring function on ¢y tt is evident that the
chromatic number total shackle graph cocktail party
H2,27
G = Shack(Hz2,v,n) is X" (G) < 5. Since x"(G) < 5

On Total r-Dynamic Coloring of Several Classes of Graphs and Their Related Operations
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illustration, served Figure 7 who is 1,2,3-dynamic coloring
shackle graph cocktail party Hs 5.

2

Fig 5. Total 1,2,3-dynamic Coloring on Graph
Shack(Hs 2,v,n)

Case 2. Based on Observation |l that x7(G)
x5(G), Can be concluded x}(Shack(Haz,v,n))
x4 (Shack(Hz 2,v,n)).Let x4 (Shack(Hz2,v,n)) = 5
As on coloring function ¢, So does not meet the definition
total r-dynamic coloring. So that required the addition
of color become 6-coloring, X/ (Shack(Hs 2,v,n)) > 6.
But with 6-coloring still not meet total -dynamic coloring,
so that plus to 7 coloring, then X/ (Shack(Hz2,v,n)) >
7.

>
>

To prove chromatic numbers of the total 4-dynamic
coloring on graph Shack(Hzz2,v,n) is 7, needs
to be proven x4 (Shack(Hsz2,v,n)) > 7 and
X4 (Shack(Hz2,v,n)) < 7. Then indicated that the
chromatic number x7(Shack(Hz2,v,n)) < 7 by
coloring function ¢1;. Let D = {1,2,3,...,k} is
set of colors with k£ colors and c¢;; is function who
pairing every vertex and edges to set of color D, c1; :
(V(Shack(Hz2,v,n)) U E(Shack(Ss,v,n))) — D.
Coloring function c1; is as follows:

' 2, 2<i<n+1,
| 4= 1(mod 3)
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([(2,i=1
" 3,2<i<n,
i = 2(mod 3)
cr(wizi) = {
2, 2<i<n,
' {=0(mod 3)

<i<mn, iodd
<13 < n, ieven

Cll(yi) = {

1<i<mn,iodd

4
1
6,
c11(ziTiq) = 7.1<1<mn, 1even

7,1
6,1 <i<n,ieven

—

c11(yizi) =

1, 1<i¢<n,iodd
4,1 <i<n, ieven

Cll(yﬂiﬂ) = {

Of coloring function on c¢y; It is evident that

the chromatic number total shackle graph cocktail
party Hyo is x"(Shack(Hz2,v,n)) < 7. Since
chromatic number x”(Shack(Hsz2,v,n)) < 7 and
X" (Shack(Hz2,v,m)) > 7 Can be concluded
X" (Shack(Hz,2,v,n)) = 7 so xj(Shack(Hzz2,v,n)) =
X% (Shack(Hz 2,v,n)) =T.
Case 3. Based on Observation [l that x¢(G) >
X5(G), can be concluded xg¢(Shack(Hz2,v,n)) >
X5 (Shack(Hg 2,v,n)). Let xg(Shack(Hz2,v,n)) =7
as on coloring function c¢11, so does not meet definition
of total r-dynamic coloring. so that required the addition
of colors become 8-coloring, x¢ (Shack(Hz2,v,n)) >
8. But with 78 coloring still not meet total r-dynamic
coloring, so that plus to 9 coloring, then chromatic number
x4 (Shack(Hg 2,v,n)) > 9.

To prove chromatic numbers of the total 6-dynamic
coloring on graph Shack(Hzz2,v,mn) is 9, needs
to be proven xg(Shack(Hszz2,v,m)) > 9 and
X¢ (Shack(Hz 2,v,n)) < 9. Then indicated that the
chromatic number x¢(Shack(Hzz2,v,n)) < 9 by
coloring function ¢12. Let D = {1,2,3,...,k} is
set of colors with k£ colors and c¢j» is function who
pairing every vertex and edges to set of color D, ci5 :
(V(Shack(Hz,2,v,n)) U E(Shack(Hz,2,v,n))) — D.
Coloring function ¢y is as follows:

erals) = 1,1<i<n+1, iodd
V)7 6, 1<i<n+1, ieven

4,1 <1< n,iodd
5, 1 <1i<n, 7even

cr2(yi) = {

Of coloring function on cj2 It is evident that
the chromatic number total shackle graph cocktail
party Hyo is x¢(Shack(Hsz2,v,m)) < 9. Since
chromatic number x¢(Shack(Hazz2,v,n)) < 9
and x¢(Shack(Hz2,v,n)) > 9 can be concluded
xa (Shack(Hz 2,v,n)) = 9 so x¢(Shack(Hz2,v,n)) =
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X% (Shack(Hz2,v,n)) = 9.

Case 4. Based on Observation [l that xg(G)
x%(G), can be concluded xg(Shack(Hzz,v,n))
X% (Shack(Hz 2,v,n)). Let x§(Shack(Hs2,v,n))
9 as on coloring function cj2, So does not meet
definition of total r-dynamic coloring. So that
required the addition of colors become 10-coloring,
X4 (Shack(Hz2,v,m)) > 10. But with 10-coloring
still not meet total r-dynamic coloring, so that plus to
11-coloring, then x§ (Shack(Hs 2,v,n)) > 11.

To prove chromatic numbers of the total 8-dynamic
coloring on graph G = Shack(Haz,2,v,n) is 11, needs to
be proven x4 (G) > 11 and x§(G) < 11. Then indicated
that the chromatic number x4 (G) < 11 by coloring
function ¢15. Let D = {1,2,3,...,k} is set of colors
with k colors and ¢35 is function who pairing every vertex
and edges to set of color D, c13 : V (Shack(Hz,2,v,n))U
E(Shack(Hz2,v,n)) — D. Coloring function c;3 is sa
follows:

v Iv

((L1<i<n+1,
i = 1(mod 3)

(g G1Sisn+l,
“131%i _{ i = 2(mod 3)
LI, 1<i<n+l,
| @ = 0(mod 3)

cra(yi) = 4,1 <1< n,io0dd
BWI) =\ 5 1<i<mn,ieven

(= { B 1Zi<n iod
c13lzi) = 2,1<4i<mn,ieven
cra(@izs) = 2,1<i<mn,iodd
B8V =1 3, 1<i<mn, ieven

5 1<¢<n,todd
4,1 <1< n, ieven

c13(YiTiy1) = {

([ 7,1<i<n,

1 9
c13(xixip1) = {

' = 3(mod 4)
1

v 10, 1<i<n,
| @ = 0(mod4)

( 8 1<i<nm,
i = 1(mod 4)

10, 1 <i<n,
1 = 2(mod 4)

c13(yizi) = {

v j=3(mod4)
1

v 9, 1<i<n,
| @ =0(mod 4)

Of coloring function on ci3 it is evident that the
chromatic number total shackle graph cocktail party H o

Mathematics
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is x4 (G) < 11. Since x4(G) < 11 and x5(G) > 11
then x§(G) = 11 so x§(G) = XJ(G) = 11. As
illustratio, served Figure 8 who is r-dynamic coloring of
shackle graph cocktail party H» 5.

Fig 6. Total r-dynamic Coloring on Graph
Shack(Hz 2,v,n)

On operation graph shackle graph cocktail party
(Shack(Hz 2,v,n)), if in terms of coloring the vertex is,
number of min{r, max{d(v)+|(N(v))|}} = max{d(x;)+
|(N(z;))|} = 8. In the the edge of on operation graph
shackle graph cocktail party Hs 5. (Shack(Hg 2,v,n))
number of min{r, max{d(u) + d(v)}} = max{d(u) +
d(v)} = 8, resulting in /s (Shack(Ha2,v,n)) = 11.
From the above description, so Theorem @ proven.

]

OPEN PROBLEM

Find the chromatic number of total r-dynamic coloring
of special graph and operation graph shackle and
generalized shackle the other graph.
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