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Abstract: A proper total coloring of a graph G is called smarandachely adjacent vertex
total coloring of graph if for any two adjacent and distinct vertices u and v in G, the
set of colors assigned to the vertices and the edges incident to « doesn’t contain the set
of colors assigned to the vertices and the edges incident to v, vice versa. The minimal
number of colors required for a smarandachely adjacent vertex total coloring of graph
is called the smarandachely adjacent vertex total chromatic number of graph. In this
paper,we define a kind of 3-regular Multilayer Cycle Re(n, m) and obtain the Smaran-
dechely adjacent vertex total chromatic number of it.
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1. Introduction

A series of new coloring educed by computer science, information science, light trans-
mission and so on, which are very difficult problem, such as the vertex distinguish-
ing edge ooloringlli, the adjacent vertex distinguishing edge coloringl23:4), the adja-
cent vertex distinguishing total coloringl6—8l, D(8)-vertex-distinguishing total color-
ings of graphs!®l, The adjacent-vertex-strongly-distinguishing total coloring of graphs(10l,
Vertex-distinguishing total coloring of graphs!?!l and the relation of total chromatic num-
ber with adjacent strong edge chromatic number of regular graph(12. The counter adja-
cent vertex-distinguishing edge coloring of graphs is educed by light transmission.Basing
on those, Zhang et-al.further proposed The Smarandachely Adjacent Vertex Total Col-
oring of graphs!!l]. In this paper, we define three special subgraphs and a kind of
Generalized three-regular ring graph, using the three special subgraphs we obtain the
Smarandachely-adjacent-vertex total chromatic number of the kinds Generalized three-
regular ring graph.

Definition 1.1.11% A proper k — total — coloring of G is a mapping from V(G) U
E(G) to {1,2,:-- ,k} such that any two adjacent or incident elements of V(G) U E(G)
are assigned different colors.If Yuv € E(G), then C(u) # C(v),we say that f is a
adjacent — vertex — distinguishing total coloring of G, or a k — AVDTC of G for
short. The minimum number such that G has k — AVDTC is denoted by xa:(G),
and it is called adjacent — vertex — distinguishing total chromatic number of G,where
Clu) = {f(v)} U{f(uv)yw € E(G)}.

Conjecture 1.1.[1% For a simple graph G then Xat(G) < A(G) + 3.
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Deflnition 1.2.114] A Smarandachely-adjacent-vertex total coloring of graph G(V,E)
is a proper k—total—coloring of G and satisfying: for uv € E(G), we have |C(u)\C(v)| >
1 and |C(v)\C(u)| > 1, it is denoted simply by k—SAVTC. The minimum number such
that G has k—SAVTC is denoted by xsat(G) and is called smarandachely total chromatic
number of G .Where C'(u) {Ff(u)}U{f(uv)luwv € E(G)}.

Conjecture 1.2.1141 * For connected simple graph G with order at least 2 then

A(G) + 2 £ Xsa:(G) € A(G) + 3. Where A(G) is the maximum degree of graph G.
Conjecture 1.3.024] For a r—regular graph, then xsa:(G) = A(G) +2, where graph

G is not odd complete graph.
Deflnition 1.8. Let G(V, E) be a simple graph, IfV (G) = {V(C}), V(C3,), V(C3,),

-, V(CHT1), V(CT)), whereV(CR) = {vl,x,v1,z,~—- 01} V(C3,) = {vi1, 042,
* Vi Vind1, Vind 2, Vi 2n}:1 =2,83,---,m—1, V(Cv'-;n = {”m.l.‘”m.?; . y‘"m,n}
E(G) = {{v,, J”t.J+I}U{Wm”i 1}li=1, m'J =12, ,n. J'*‘l(m"d")}U{{”t,J”t.JH}
U{v. 20, 1}1— 3,---,m=1j3=12--,2n j+1 mod 2n)} U{v1,5v2, k'k— j -
1,;j=12,--- ,n}U{v.,,v,H,,lz—S 5, ,m=2(m=0(mod2))ori=23,5,--- ,;m—
3 (m— 1 (mod2)),1 =1,3,5,: 2n—1}U{v.,v,+1,,|t-— 2,4,6,- -,m—3(m§
0(mod2)) ori=2,4,6,--- ,m—2(m =1 (mod?2)),j = 2,4,6,- 2n}U{um_1'jum_k|j =
1,3,5,- 2n-1(m...0(mod2))orz—246 2n(m 1 (mod 2)),k =
1,2,3,--- ,n}, The graph is called a 3-regular multx—cycle, denoted by Re(m,n).
For other terminologies and notations we can refer to [15-17].

Definitions not given here may be found in [10,11,12,13].
2. Main result
Lemma 2.1.[141 Let G be a simple graph, then xsat(G) > A + 2.
Theorem 2.1. For a 3-regular graph Re(n, 2)(n > 3), then xsat(Re(n, 2)) = 5.

Proof. xsat(Re(n,m)) = xsat(P2 X Cn) =
Theorem 2.2. For a kind of 3-regular graph Re(n,m)(n > 3,m > 3), then

Xsat(Re(n,m)) = 5.
Proof. Case 1. When n = 0( mod 2),
I e ¥ J_l(madZ),
f(u1,,)—{ 2, j=0( mod 2). =12 ,n
3, j=1(mod 2);
fluy,jurj41) = { 4 z = 0% ::zd 2;
Case 1.1. When m = 1( mod 2),

i=12.- ,n(ifj+1>n,j+1( modn))

{ 1 j=3( mod 4);
f(ui,j)= 2, j=1(mod4); i=2,4,---,m-1,j=1,2,--- ,2n.
3, j=0(mod4) or j=2(mod4).
{ y 3 =0(mod 4);
fluij) =4 2, j=2(mod4); i=3,5-,m=2,j=12---,2n.
3, j=1(mod 4) or j = 3( mod 4).
1, j =0(mod4);
f(“(,jui,j+1) = 2, j=2(mod4); i=24,- m-1j=
4, j=1(mod4)orj=3(mod4).
1,2,--,2n.(if 41> 2n, j+ 1( mod 2n))
1, j=1( mod 4);
f(ui.jui,j+1) = 2, J Ea( mod 4); i=35:,m—23j=
4, j=0(mod 4) or j =2( mod 4).

N =



1,2,---,2n.(if j+ 1> 2n,5 + 1( mod 2n))
V[ 1, j=0(mod?2);

f(um,;) = { 2, j=1(mod2).

3, j=0(mod2);

f(ut',jum.j+1) = { 4: ;’E 12 mod 2%-

All other edges are colored by 5, where

i=142,:--|m,

J=12,--+ ,n.(if j4+1 > n,j+1( mod n))

1,3,4,5}, j=1(mod 2); .
C(ul-i)=c(“m,j)={ §2,3’4,5i ;EOE mod 23. J=12,-+-,n.
{1,3,4,5}, j=0(mod4);
C(ui,,-)-:{ {2,3,4,5}, j=2(mod4); i=24,-. ,m-1,j=
{1,2,4,5}, j=1(mod4) or j = 3( mod 4).

1,2,---,2n.
5}, j=1( mod4);

{1,3,4,
C(u,-,j)={ {2,3,4,5}, 7 =3(mod4); i=3,5,---,m~2,j=
1,2,4,

5}, 3 =0(mod 4) or j = 2( mod 4).
1,2,--+,2n.
Case 1.2. When m = 0( mod 2).
y, J=38(mod4);
fluij) =

7 =0( mod 4) or §j = 2( mod 4).
7 =0( mod 4);

Flus3) =

WO = W

J = 1( mod 4) or j = 3( mod 4).
1, j=0(mod 4);
flug juij41) = { 2, j=2(mod4);

4, j=1(mod 4) or j = 3( mod 4).
i=24,.--,m=-1,7=12,--,2n.(if j+ 1> 2n,j + 1( mod 2r))
1, j=1(mod4);

fluijuie) = { 2, j=3(mod4);

4, j=0(mod4)orj=2(mod4).
i=35-,m—-1j7=12--,2n(ifj+ 1> 2n,j + 1( mod 2n))
1, j=0(mod 2);

f(“""f)={ 2, j=1(mod2). I=b2m

jEl(m0d4); i=24,--- ,m-2,j=1,2,--.

jEz(mOd4); i=3|5;"')m_1vj=1)2)"

,2n,

«,2n.

f(um,jum,j-i-l) = 3' I= 1( mod 2), j = 1: 2)‘ . )n'( if-""l > n,J+l(modn))

{ 4, j=0(mod?2). 7%
All other edges are colored by 5, where,

_f {1,3,4,5}, i=1(mod?2); ._
C("I,J')_{ {2,3,4,5}, j=0(mod?2). =12 ,n
{1x39495}) JEO( m°d4);
C(ui.j)= {213'4’5}1 .752( mad4); i=2,4,'--,m—2,j=
{1,2,4,5}, j=1(mod4) or j = 3( mod 4).
1,2,---,2n.
{1,3,4,5}, j=1(mod4);
C(ui.j)= {2,3,4,5}, j=3(mod4); 1=3,5,-.» ,m=1,j=
{1,2,4,5}, 7 =0(mod4)orj=2( mod 4).
1,2,---,2n.

Clum,;) = {1,3,4,5}, j=0(mod2);
Umi) =\ {2,3,4,5}, j=1(mod 2).
Case 2. When n = 1( mod 2). Case 2.1 When n = 0( mod 3).

i=12-,n

1, j = 1( mod 3);
f(ul,j)= 2, JE2(m°d3); i=12--,n
3, j=0(mod3).
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3, j=1(mod 3);
flujuge) =4 4, j=2(mod3); j=1,2,- ,n(if j+1>n,j+1(modn))
8, j=0( mod3).
1, j=2(mod3);
.f(u'l,ju2,k)= 2) ]EO(mOda); k=2j—l,j=l,2,"‘,11
4, j=1(mod3).
, j=5(mod6);
J = 4( mod 6);
, 7= 2( mod 6) or j = 0( mod 6);
, 7 =1(mod 6) or j = 3( mod 6).
1, j=1(mod 6);
T — 3, j=4(mod 6);
fluz,juz,j41) = 2, j =2( mod 6) or j = 0( mod 6);
4, j=3(mod6) or j = 5( mod 6).
j=1,2,--+,20.(if j + 1> 2n,j + 1( mod 2n))
Case 2.1.1. When m = 0( mod 2).
y_f 1 §i=0(mod2); . _ .
f(u-,;)—{ 2, J'=1(mod2) i=3,5,.-+ ,m-=3,=1,2,--- ,2n.
3, =1 mod2;
f(ui,.‘iui-j+1) = { 4, ; = og mod 2;'
i=3,5,- ,m—2,3=1,2,++,2n0.(if j+1> 2n,j + 1( mod 2n))
3, J_D( mod 2);

f(u2,j)= j=1,2," 2n

[« X7 S

fluijuiie1) = { 4, j=1(mod2).
i=4,6,-- ,m—=2,j=1,2,--+,2nif j+1>2n,j + 1( mod 2n))
1, _1._.4( mod6),
y_ ) 4 7=5(mod86);
flume1,j) = 3 = a(med6) orJ—-O(modG), =1,2-.-,2n.
5, j = 1( mod 6) or j = 3( mod 6).
3, j=4( mod 6);
f(u iU i+1) = 4, j=3(mod6);
m—1,j¥m—-1,j+1 1, j = 1( mod 6) or j = 5( mod 6);

N

, 7 = 2( mod 6) or j = 0( mod 6).
j=1,2,---,2n.(if j + 1> 2n,j + 1( mod 2n))
1, j=1( mod 3);
f(um,j)"—" 2, 152(m°d3); j=11213|"'y"
3, j=0(mod 3).
3, j=1(mod 3);
f(um,jum,j+1) =9 4 F=2(mod3); j=12,--,n.(if j+1 > n,j+1(modn))
5, j =0( mod 3).
1, j=2(mod3);
flum jum_1k) =4 2, J= 0(mod3); k=2j—-1,=1,2,.---,2n.
4, j=1(mod 3).
All other edges are colored by 5, where,
{1,3,4,5), j=1( mod 3);
C(ul.j)= {1’2l3’4}? 352( mOds); j=102,""n-
,5}, 3 =0(mod 3).
5}, j=2( mod86);
4}, j=5( mod 6);
5}, j = 1( mod 6) or j = 3( mod 6);
5}, j=4( mod 6) or j = 0( mod 6)

{
C(uz,j) = % i=1,2,---,2n.
{



L) = {1,3,4,5}, j=1(mod2); . _ .
C(“'")'{ (2.3,4,5}), j=0(mod2). ‘=% m=3j=12-,2n
cw={ Gobe JZNmdd =4t mozi=12
{1|3v4,5}, jE4( 'm.od6);
Clum_1.s) =4 {1234}, j=5(modé6);
m=13) =1 {1,2,4,5}, j=1(mod 6) or j = 3( mod 6);
{1,2,3,5}, j=2(mod 6) or j = 0 mod 6)
J=1:2|' 12"'
{1,3,4,5}, j=1(mod 3);
Clum,j) =4 {1,2,3,4}, j=2(mod3); §=1,2,---,n.
{213?4y5}y on( mod3).

Case 2.1.2. When m = 1( mod 2).
1, j=0(mod?2); . ,
f('“i,j)={ 2, ;Elg;nwd2gj i=3,5,-+ ym—-2,j=12,--.,2n
1, j=1(mod2); . .
_f(u‘-‘,-)={ 2 ;'sog:odzg. i=4,6,--,m~3,5=1,2,..,2n.
3, 7= 1(mod 2);
Fluijuig+1) = { 4 ; = Og mod 23.
i=3,5-,m—2,j=12--,2n.(if j + 1> 2n,j+1( mod 2n))
o y_f 3, i=0(mod2);
f(ut,Ju'l,J-l-l) = { 4, j= l( mod 2)’
i=4,6,.-- , m—3,7=1,2,-.-,2n(if 4+ 1> 2n,j+ 1( mod 2n))
5, j=0(mod 6);
f(um-1,)=1{ 2 3= 2(mod6)or j = 4( mod 6);
1, j=1(mod 6) or j = 3( mod 6) or j = 5( mod 6).
j=1,2-,2n.
1, j=0(mod 3);
f(um,a)= 3, jEl(mOd3); j=112!"’1"’-
4, j=2(mod 3).
2, j=5(mod 6);
. _ ) 4, j=3(mod6) orj=1( mod 6);
f(um-1,5%m-1,5+1) = 3, j=2(mod6)orj=4(mod6)
or j = 0( mod 6).
i=1,2,,2n.(if j + 1> 2n,j + 1( mod 2n))
1, j=1(mod3);
2, j=0(mod3); i=1,2,--- ,n.(if j+1 > n,j+1( modn))
3, j=2(mod3).

_f 4 i=0(mod3) P
f“"“v’“’”"‘)“{ 5, j=1(mod3)orj=2(mod3). *=2i=12",n.
All other edges are colored by 5, where,

{1,3,4,5}, j=1(mod 3);

Cluy,5) =

f(tm, jum,j+1) =

{1,2,3,4}, j=2(mod3); j=1,2,---,n.

2,3,4,5}, j=0( mod 3).

12,3,5}, j=2(mod6);

4}, j =5( mod 6); .

2,4,5}, j=1(mod6)orj=3(mod6); J= L2 ,2n
,3,4,5}, J = 4( mod 6) or § = 0( mod 6)

{1,3,4,5}, j=1(mod?2); . __ .
{2,3’4,5}, jEO(mod2). "—3,5,“‘,m-2,.7—1,2,“',2n.
{1,3,4,5}, j=0( mod 2);

{2,3,4,5}, j=1(mod 2).

2,j=12,---,2n.
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1,2,3,5}, j=1(mod 3);
Clumj)={ {1,3,4,5}, j=2(mod3); j=1,2,-,n
1,2,3,4}, j = 0(mod 3).
Case 2.2. When n = 1( med 2).
Nv_f 1, i=1(mod2);
f(“ld)'{ 2, j=0( mod 2).
3, j=1(mod?2); .
f(uz.j)={ 4 ;_og :;12; i=1,2--,2n-2
flunur) =5, f(uz,1) = 5, f(u2,2n) = 2;
3, j=1(mod2); .
flurjurie) =9 4 ; = OE mod 2; i=12--,n—1L
1, j=1(mod 2);
fungvasi)={ 3 20 med )
fuz,2mun,1) = 3, fu1,1u2,1) = 4, fur,nu2,20-1) =2
Case 2.2.1. When m = 1( mod 2)
3, j=1(mod?2); . .
f(ui.j)={ 4 ;EOE mod 2;- i=4,6,---,m—-1j7=12..-,2n
1, j=1(mod 2);
fuiguige) = { 2 T2t mad )
i=34,...,m—=1,j=1,2--,2n(if j+1> 2n,j + 1( mod 2n))
1, j=1(mod?2); .
f(um.j) = { 2, ;EOE mod 23 i=12,--- ,n— l.f(u,,,‘,,) =3.
3, j=1( mod2);
f(um,jtim 1) = { 2 IS0 e,
j= 1,2,..-,n— 2. f(um,n—lum,n) = 2‘f(umvﬂu"".1) =4;
All other edges are colored by 5, where,
~_ f {2,3,4,5}, j=0(mod 2); .
Cluri) =1 {1,3,4,5}, j=1(mod2). =23 n=1l
C(“lul) = {192a 31 4}! C(ul,ﬂ) = {lv 21 4, 5};
N f {1,2,4,5}, i=0(mod?2); . _
Cluz;) = { {(12,3,5), j=1(mod2). =23 -2
C(uz,1) = {1,3,4,5},C(u2,2n-1) = {1,2,3,4},C(u2,2n) = {2,3,4,5};

{1
Clom-1)={ (345
’ or 4( mod 6) or j = 0( mod 6).
{
{
{

j=1,2--,n—-1

j=1,2,--+,2n-3.

v2a3i5}’ .7—5( mod 6)1

3,4,5}, j=1( mod 6) or j = 3( mod 6); ji=1,2
3,4,5}, J-2(mod6) T har
J

,2n.

{1,2,4,5}, j=1(mod2); i=3,5---,m=23j=12---,2n

Clw1,5) =9 {1,2,3,5}, j=0(mod?2).

[ {1,2,3,5}, j=1(mod?2);
Cluss) = { {1,2,4,5}, j=0( mod 2).

i=4,6,,m—1j=1,2-,2n.
y= [ {1345}, j=1(mod2) .

Com) ={ B5te J20imedn, I=12"
C(um,m-1) = {1,2,3,5}, C(um,n) = {2,3,4,5};
Case 2.2.2. When m = 0( mod 2).

can—2,

y_J 3 Fi=1(mod?2);
f(“w)"{ 4, j=0(mod?2).
R A2 i =0( mod 2);
f(m,,)—{ 4, j=1( mod 2).

1, j=1(mod2);

flussuiger) = { 2 7= oE mod 23.
i=34,-- ,m=1,j=12---,2n(if j+1> 2n,j+ 1( mod 2n))

i=4,6,.-- ym=-2,j=12,---,2n

i=3,5,--- m—-1j=12,---,2n
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A_J 1, i=1(mod?2);
f(m.j) = { 2, j=0(mod 2).
j = ll 2! e ,2n'f(um,n) = 5’ f(um—l,zﬂ—lum,n) =3.
Fltm it 1) = 3, j=1(mod 2);
JUmI+1) =1 4, j=0( mod 2).
f("m.n-lumn) =2, f(um,n’um,l) =4.
All other edges are colored by 5, where,
N - {2,3,4,5}, s=0(mod 2); . __
C(‘Ul,J) = { {1,3’4’5}’ : = 1( mod 2). 7=2,8,4,--- ,n—1.
C(u11) = {11 2,3, 4}10('“1.") ={1,2,4,5};
N {1,3,4,5}, j=0(mod?2); .
Cluz;) = { {1,2,3,5}, j=1(mod2). =23 .22
C(u2,1) ={1,3,4,5}, C(uz,2n-1) = {1, 2, 3,4}, C(uz,2x) = {2,3,4, 5};
4= {1,2,3,5}, j=0(mod2).
1=3,5---,m—-1,7=1,2,--- ,2n.
v J {1,2,3,8}, j=1(mod2);
Cluig) = { {1,2,4,5}, j=0(mod?2).
i=4,6,-+ ,m=2,j=1,2,+-+,2n.
C(um,1) = {1,2,3,5};
Clum ) = { (1345} 5= 1(mod2);
mi) =1 {2,3,4,5}, 7=0(mod?2).
Case 2.3. When n = 2( mod 2).
y_J 1, 5=1(mod 2);
fn,5) = { 2, j=0( mod 2).
flur,n) =3, f(ur,nu11) =2, f(u1,nt2,2n-1) = 15
3, ij=1 d 2); .
f(u2'1)= 4, ;EOE:::dZ;. =12, ,2n-1.
1, j=1( mod?2);
fluzju,1) = { 2 j= og mod 2;.'
f(uz,2nu2,1) = 4, f(u2,2n-1u2,2n-1) = 2, f(¥2,2n-2u2,2n—1) = 3,
fluz2n-3u2,2n-2) =1, f(uz,2n-1) = 5, f(ug,2n) = ;
Case 2.3.1. When m = 0( mod 2).
v J 3, i=0(mod?2);
flwig) = { 4, j=1(mod 2).
3 =1 d 2); . .
f(u"") = { 4’ jEOE ::d 2;. t=4,6.-.. ,m—2,J = 1,2’... ’2'1.
1, j=1( mod 2);
flussuige) = { 2 1200 med 2;.
i=3,4,---,m=2,7=1,2,---,2n.(if j+ 1> 2n,j + 1( mod 2n))
3 j=0 d 2); |
f(“m-l.j)= 4, ; lg :zd2;' i=12...,2n-2
N J L i=1l(med?2);
Fum,5) = { 2, j=0( mod 2).
1, j=1 d 2);
f(“m—l.jum-l.j+1) = { 2, ‘:7,- = og :zd 23.
f(um=-1,2n-1m-1,2n) = 4, f(Um-12ntm-1,1) = 2;
1, j=1(mod2); .
f(um.i) ={ 2, ;EOEZ;?; Jj=12,--- ,n—1.
3, j=1(mod 2); .
f(%.j%.j-&-l) = { 4, ;Eoé ::Od 2; =42+ ,n—-1.

F(um=1,2n-18m,n) = 1, f(umntm,1) = 2;

i=12,---,2n.

i=2,3,--,n.

i=12,-,n-1

i=12,-.-,2n-4

i=3,5,---,m—-3,5=1,2,---,2n.

um

i=12... ,n—-1,

J=12,---,2n-2.
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All other edges are colored by 5, where,
L _ | {2,3,4,8}, j=0(mod 2); . _
Clu3) = { {1.3,4,5), j=1(mod2). I~
C(u1,1) = {1,2,3,5},C(u,n) = {1,2,3,4};
_f {1,2,4,5}, j=0(mod2); . _
Cluz,5) = { (12,35}, j=1(mod2). =23 2n=3
C(uz,l) = {19 3,4, 5}) C(u2.2n—2) = {1, 3,4, 5},
C(u2,2n—1) = {1, 2,3, 5}v C(uz.ﬂ) = {1: 2,4, 5};

2,3, ,n—1

1,2,4,5}, j=1(mod2); . .
C(u."j)={ ‘{{:1’2‘3,5;, ;Eogz3d2g i=3,5,--+,m—=3,j=1,2,--- ,2n.
1,2,4,5}, j=0(mod?2); . )
C(u"j)={ {{:1,2,3,5}, ﬁle'm"iui i=4,6,,m=-2j=12,2n
1,2,4,5}, j=1(mod2); .
C(""‘“")={ %1,2,3.5; ;EOEmMZ;. j=12:-,2n-1

C(um-1,n) = {2,3,4,5};

L {2,345}, j=0(mod2) . _, 4 ...
C(um,j) = {1,3,4,5}, j=1(mod 9). =23+ ,n-1
C(um,1) = {1,2,3,5},C(um,n) = {1,2,3,4};

Case 2.3.2. When m = 1( mod 2).
3, j=0(mod?2); . .
f(ui-j) = { 4, ;E IE mod 2;. i=3,5,-r,m—2,j= 4,2, ,2n.
y_f 3 j=1(mad2); . _ . s
flues) = { 4, j=0(mod?2). i=4,6,---,m-3,j=12,,2n.
1, j=1(mod2);
f“U%“ﬂ={2,;a&zm2;'=

N_Jf 3 i=l(mod2); ._ _
f(uﬂl—l.J)—{ 4’ JEO(mod2). J—l,2,---,2n 2.
Flum—1,2n-1) =3, f(um—1,2n) = 2;

1, j=1(mod 2);
f(m—tjum=-15+1) =1 o, ; = oE mod 2%.
flum=1,2n~1%m—-1,2n) = L, f(tm-1,2nttm-1,1) = 4;

_ [ 2, j=0(mod?2),;
flumis) =1 3 j=1(mod?2).
f('u'm,n-l) = 31 f(‘um.n) = 5» f(um,n—z) = 1;

e 3 i 2med )
flum jum,i41) = 4 5= 1(mod 3) or j = 0( mod 3
f(um.n—l'“M,ﬂ) =2, f(um,num,l) =1,

f(um—l.Zn‘um.n) =3, (um.n-lum.n) =4;
All other edges are colored by 5, where,

_ [ {2,3,4,5}, j=0(mod?2); ._
Clur) = { {1,3,4,5), j=1(mod2). 7=
C(u1,1) = {1,2,3,8},C(u1,n) = {1,2,3, 4};

N {1,2,4,5}, i=0(mod?2); ._ _

Cluzs) = {1,2,3,5}, j=1{mod2). I =23 2m=3
C(u2.2n—2) = {1: 3’ 4’ 5}, C(u2.2'n-l) = {]w 21 3|5}1 C(uz.n) = {l; 21 47 5};
Clus;) = {1,2,4,5}, i= 1( mod 2);
W) =\ {1,2,3,5}, j=0(mod2).
o f {1,2,4,5}, j=0(mod2);
C(us.5) —{ {12.3,5), j=1(mod2).
N f {1,2,4,8}, j=0(mod2);
Clum-1,3) = { {1.2.3,5), j=1( mod2).
C(um-1,») = {1,2,3, 4},C(um-11) = {1,3,4,5};

314"" ,m—2,j"—"1,2,"‘ ,2‘"..

i=12-,2n-2.
i=12-,n=3.

) i=42,--- ,n-2

2,3,--- ,n—-1.

i=35,m=2j=12--,2n.
i=4,6,--- ,m—3,j=1,2,---,2n.

i=23,---,n—1
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c y_ fJ {1,3,4,5}, j=1(mod?2);
(ums) = {2.3.4,5}, j=0(mod 2).
C(umn-2) = {1,3,4,5},C(um,n~1} = {2,3,4,5}, C(um,n) = {1,2,3, 5}.

j=1,2-.,n-3
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