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Abstract

In 1996, Reed proved that the domination number ( )Gγ  of every

n-vertex graph G with minimum degree at least 3 is at most .83n  Also,

he conjectured that ( ) 



≥γ
3
nH  for every connected 3-regular (cubic)

n-vertex graph H. Reed’s conjecture is obviously true for Hamiltonian

cubic graphs. In this note, we present a sequence of Hamiltonian cubic

graphs whose domination numbers are sharp. The connected domination

number, independent domination number, and total domination number

for these graphs are presented.

1. Introduction

Let G be a graph, with n vertices and e edges. Let ( )vN  be the set of

neighbors of a vertex v and [ ] ( ) { }.vvNvN ∪=  Let ( ) ( )vNvd =  be the

degree of v. G is r-regular if ( ) rvd =  for all v; if ,3=r  then G is cubic. A

vertex in a graph G dominates itself and its neighbors. A set of vertices S

in a graph G is a dominating set, if each vertex of G is dominated by some

vertex of S. The domination number ( )Gγ  of G is the minimum
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cardinality of a dominating set of G. A dominating set S is called a

connected dominating set if the subgraph [ ]SG  induced by S is connected.

The connected domination number of G denoted by ( )Gcγ  is the minimum

cardinality of a connected dominating set of G. A dominating set S is

called an independent dominating set if S is an independent set. The

independent domination number of G denoted by ( )Gi  is the minimum

cardinality of an independent dominating set of G. A dominating set S is

a total dominating set of G if [ ]SG  has no isolated vertex and the total

domination number of G, denoted by ( ),Gtγ  is the minimum cardinality

of a total dominating set of G, (see [1, 2, 5, 6, 7]).

The problem of finding the domination number of a graph is NP-hard,
even when restricted to cubic graphs. One simple heuristic is the greedy
algorithm, (see [10]). Let gd  be the size of the dominating set returned by

the greedy algorithm. In 1991, Parekh [8] showed that .121 +−+≤ endg

Also, some bounds have been discovered on ( )Gγ  for cubic graphs. Reed

[9] proved that ( ) .
8
3 nG ≤γ  He conjectured that ( ) 



≥γ
3
nH  for every

connected 3-regular (cubic) n-vertex graph H. Reed’s conjecture is
obviously true for Hamiltonian cubic graphs. Fisher et al. [3, 4] repeated

this result and showed that if G has girth at least 5, then ( ) .
14
5 nG ≤γ  In

the light of these bounds on γ, in 2004, Seager considered bounds on gd

for cubic graphs and showed that:

Theorem A [10, Theorem 1]. For a cubic graph G, .
9
4 ndg ≤

Theorem B [10, Theorem 2]. For an r-regular graph G with ,3≥r

( )
.

12

14
2

2
n

r

rrdg
+

++≤

The aim of this paper is to study of the domination number ( ),Gγ

connected domination number ( ),Gcγ  independent domination number

( ),Gi  and total domination number ( )Gtγ  for Hamiltonian cubic graphs

and it is given a sharp value for the domination numbers of these graphs.
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The following will be useful.

Theorem C [4, Theorem 2.11]. For any graph of order n, 





∆+ G
n

1
( ).Gγ≤

2. Domination Number

In this section we show a sharp value of domination number of some

cubic graph.

Let ( )EVG ,=  be a graph denoted in Figure 1, { }nvvvV ...,,, 21=

( )rn 2=  and { 1=−|= jivvE ji  or }.r  So G has two vertices 1v  and

nv  of degree two and 2−n  vertices of degree three. By the graph, G is

the graph described in Figure 1.

For the following we put [ ] { zzxN p |=  is only dominated by } { }.xx ∪

Figure 1

Lemma 1. ( )
( )









+





≡+





=γ
.1

4
2

4mod32
4

2

otherwiser

rifr

G

Proof. Suppose that ( ),4mod3≡r  say 34 += kr  for some positive

integer k. It is easy to verify that the set of vertices { ...,,,, 9510 vvvS =

}rrrrr vvvvv 2732 ...,,,,, ++−  is a dominating set for G. Therefore ( ) ≤γ G

.222
4

2 +=+



 kr  On the other hand, Theorem A implies that ( ) ≥γ G

,22
31

+=





+
kn  so ( ) .22 +=γ kG  Now we suppose ( )4modtr ≡  such
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that 1,0=t  and 2. Obviously the graph G dominated by the set =0S

{ },...,,,,,...,,,, 28421062 trrrrtr vvvvvvvv −++−−  so necessarily ( ) 0SG ≤γ

.121
4

2 +=+



= kr  Furthermore, Theorem A shows ( ) .

2
2

4 



+=



≥γ tknG

Now, if 1=t  or 2, then ( ) ,12 +≥γ kG  so ( ) 12 +=γ kG  in this case.

Finally, assume ,0=t  so .4kn =  We assume that S is an arbitrary

dominating set for G. If { } ,,1 ∅≠Svv n ∩  then ( ) .2kG >γ  So we suppose

that { } .,1 ∅=Svv n ∩  But { } ∅≠+ Svv r ∩12,  and { } ., 12 ∅≠− Svv rr ∩

Thus we consider four cases:

Case 1. { } ., 1 Svv rr ⊂+  Since [ ] [ ] ,1 ∅≠+rr vNvN ∩  so ( ) .2kG >γ

Case 2. { } ., 122 Svv r ⊂−  If ,Svr ∈  then ( ) ,2kG >γ  since [ ] ∩rvN

[ ] .12 ∅≠−rvN  Now we suppose that ,Svr ∉  so Svr ∈−1  or Svr ∈+1  for

example ,1 Svr ∈−  since [ ] [ ] ,121 ∅≠−− rr vNvN ∩  so ( ) .2kG >γ

Case 3. { } .,2 Svv r ⊂  But { } ,, 54 ∅=+ Svv r ∩  so .6 Sv ∈  By the same

description we have { } Svvv r ⊂−21410 ...,,,  and this is impossible,

because [ ] [ ] ,2 ∅≠−rr vNvN ∩  so ( ) .2kG >γ

Case 4. { } ., 121 Svv rr ⊂−+  The same argument which described in

Case 3 can be used this case.

Suppose that the graphs G′  and G ′′  are two induced subgraphs of G

such that ( ) ( ) { }nvvGVGV ,1−=′  and ( ) ( ) { }1vGVGV −=′′  (or ( ) =′′GV

( ) { }).2rvGV −

Lemma 2. If 2≡r  or ( ),4mod3  then ( ) ( ).GG γ=′γ

Proof. First, we suppose ( ),4mod2≡r  so 24 += kr  for some

positive integer k.

By Theorem A, ( ) ( )
( ) .12

1
+=





′∆+
′

≥′γ k
G

GnG

Now we attend to 0S  (Lemma 1, in the case ( )).4mod2≡r  It is a

dominating set for ,G′  so ( ) .12 +=′γ kG
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Suppose that ( ).4mod3≡r  If ( ) ( ) ,1
4

21 +



=−γ=′γ rGG  then we

suppose that S is a dominating set for ,G′  such that ,1
4

2 +



= rS  so

for each ,Sv ∈  [ ] .4=vN p  By this description we have { }21, +− rr vv

,S⊂  obviously the vertex 3v  does not dominate by 3+rv  or ,2v  so

.4 Sv ∈  Similarly Svr ∈+6  and finally the vertices ,3−rv  ,4−rv  22 −rv

and 32 −rv  must be dominate by one vertex and this is impossible. So

( ) ( ).2
4

2 GrG γ=+



=′γ

Lemma 3. If ( ),4mod0≡r  then ( ) ( ) .1−γ=′′γ GG

Proof. We suppose ,4kr =  where .Nk ∈  It is easy to verify that

{ }226262412840 ,...,,,,,...,,,, −−++−=′ rrrrrr vvvvvvvvvS  is a dominating

set for ,G′  consequently ( ) .20 kSG =≤′γ  But by Theorem A, ( ) ≥′γ G

,2
4

28 kk =



 −  so ( ) ( ) .1−γ=′γ GG

Lemma 4. If ( ),4mod1≡r  then ( ) ( ) .1−γ=′γ GG

Proof. We suppose ,14 += kr  where ,Nk ∈  by Theorem A, ( ) ≥′γ G

.2k  On the other hand, the set { }32621840 ...,,,,...,,, −++−= rrrr vvvvvvS

is a dominating set for G, so ( ) .20 kSG =≤′γ  Therefore ( ) ==′γ kG 2

( ) .1−γ G

Let 0G  be a graph of order ( ),2rnmn =  ( ) { ,...,,, 112110 nvvvGV =

}mnmmn vvvvvv ...,,,...,,...,,, 2122221  and {{ } }nljvvE ilij or1, =−|=

{{ ( ) } } { }.,1...,,2,1, 1111 mniin vvmivv ∪∪ −=|+  By this definition of 0G

the graph 0G  is 3-regular graph. Suppose that the graph iG′  is an

induced subgraph of 0G  with the vertices ....,,, 21 inii vvv
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Figure 2

Theorem 5. ( )
( )

( )







≡




 +





≡





=γ
.4mod31

4

4mod2
4

0
rifnm

rifnm
G

Proof. We suppose that ( ).4mod2≡r  We consider { ...,,, 62 iii vvS =

( ) ( ) ( )}....,,,, 2244 −+− ririirri vvvv  The set ∪
m

i
iSS

1
0

=
=  is a dominating set for

,0G  so ( ) .
4

1
4

200 



=





 +



=≤γ nmrmSG  If S is a dominating set of G

and ,1
4

2 




 +



< rmS  then there is { },...,,1 mi ∈  such that ( )iGVS ′∩

.
4

2 



≤ r  This contradicts Lemma 2, so ( ) 





 +



=γ 1
4

20
rmG  .

4 



= nm  For

case ( ),4mod3≡r  a same argument in case ( ),4mod2≡r  shows

( ) .1
40 





 +



=γ nmG
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Theorem 6. If ( ),4mod1≡r  then ( ) .
340 



−



=γ mnmG

Proof. Suppose that 14 += kr  and iS  is a dominating set for .iG  If

{ } ,2,1 =Svv ini ∩  then .12 +> kSi  Because if ,12 += kS  and

{ } ,,1 iini Svv ⊂  then for each vertex { },,\ 1 inii vvSv ∈  ( ) 4=vN p  and

{ ( )} { ( ) ( ) ( )} ....,,,...,,, 2232143 −++− = ririririii vvvvvv  This is impossible, so

.12 +> kSi  We consider

{ ( ) ( ) ( ) ( ) ( )},,...,,,,...,,, 24251273 riririririiii vvvvvvvS −++−=′

{ ( ) ( ) ( ) ( ) ( )},...,,,,,...,,, 32621584 −++−−=′′ riririririiii vvvvvvvS

{ ( ) ( ) ( ) ( )}2273451 ...,,,,,...,,, −++−=′′′ riririirriiii vvvvvvvS

and
.21 ++ ′′′′′′= iiii SSSS ∪∪

Now if ( ),3mod0≡m  then the set 27410 −= mSSSSS ∪"∪∪∪  is

a dominating set for .0G  If ( ),3mod1≡m  then the set ∪∪ 410 SSS =

mm SSS ′− ∪∪"∪ 37  is a dominating set for 0G  and if ( ),3mod2≡m

then the set mmm SSSSSSS ′′= −− ∪∪∪"∪∪∪ 147410  is a dominating

set for .0G  So ( ) 



=



−





 +



=≤γ

43
1

4
200

nmmrmSG  ,
3 



− m  by

Lemma 4, we have ( ) .
340 



−



=γ mnmG

Theorem 7. If ( ),4mod0≡r  then

( )
( )














−





 +





≡−



−





 +





=γ
.

3
21

4
2

3mod21
3

21
4

2

0

otherwisemrm

mifmrm

G

Proof. First we suppose

{ ( ) ( ) ( ) ( ) ( )},...,,,,,...,,, 32951163 −+++−=′ riririririiii vvvvvvvS

{ ( ) ( ) ( ) ( )},,...,,,,...,,,,, 24284210621 ririririiriiiii vvvvvvvvvS −++−=′′
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{ ( ) ( ) ( )}....,,,,...,,, 226284 −++=′′′ riririiriii vvvvvvS

We also suppose .21 ++ ′′′′′′= iiii SSSS ∪∪  If ( ),3mod0≡m  then the set

27410 −= mSSSSS ∪"∪∪∪  is a dominating set for .0G  If

( ),3mod1≡m  then the set mm SSSSSS ′= − ∪∪"∪∪∪ 27410  is a

dominating set for .0G  So if 0≡m  or ( ),3mod1  then ( ) =≤γ 00 SG

.
3

21
4

2 



−





 +



 mrm  Now if ( ),3mod2≡m  then the set ∪∪ 410 SSS =

mmm SSSS ′′′′′ −− ∪∪∪"∪ 147  is a dominating set for .0G  So ( ) ≤γ 0G

,1
3

21
4

20 −



−





 +



= mrmS  but by Lemma 3, ( ) .

00 GSG =γ

3. Connected, Independent and Total Domination Number

In this section we study ( ),0Gcγ  ( )0Gi  and ( ).0Gtγ

Lemma 8. ( ) .1−=γ rGc

Proof. Obviously { }rvvvS ...,,, 320 =  is a connected dominating set

for G, so ( ) .1−≤γ rGc  Now we suppose S is an arbitrary connected

dominating set for G. If S  is a path of length l where at most ,2−r

then for the first and last vertices of this path, we have [ ] [ ]yNxN pp =

3=  and for other vertices of this path [ ] ,2=zN p  so [ ] 32 ×≤∈ xNSx∪

( ) ,22224 −=−=×−+ nrr  so S cannot dominate all vertices.

Lemma 9. ( ) ( ).GGi γ=

Proof. Since the set 0S  introduced in Lemma 1, is independent

dominating set for G, so ( ) ( ),GGi γ≤  and therefore ( ) ( ).GGi γ=

Lemma 10. ( )

( )

( )















+





≡+





≡





=γ

.2
3

2

3mod11
3

2

3mod0
3

2

otherwiser

evenisrandrifr

rifr

Gt
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Proof. First we assume ( ),3mod0≡r  so .3lr =  It is easy to verify

that the set { }12155220 ,...,,,,, −−++= rrrr vvvvvvS  is a total dominating

set for G. This implies that ( ) .20 lSGt =≤γ  Now we suppose that S is

an arbitrary total dominating set for G. For each vertex ,Svx ∈

[ ] ,3≤xN p  so ( ),
3

Gn
tγ≤



  this implies that ( ) ,2

3
32 llGt =



 ×≥γ

therefore ( ) .
3

22 



==γ rlGt

If ( ),3mod2≡r  then 23 += lr  and the set { ,,,, 55221 ++= rr vvvvS

}rrrr vvvv 2323 ,,,..., −−  is a total dominating set for G, so ( ) 0SGt ≤γ

.22 += l  In this case, we have ( ) ( ) .22
3

232 +=



 +≥γ llGt  So ( ) =γ Gt

.22 +l

Now we suppose 13 += lr  and S is an arbitrary total dominating set

for G, obviously .12 +≥ lS  If r is even, then the set

{ ,,,,,...,,,,, 45611121110542 −−−−−= rrrrr vvvvvvvvvS

},,...,,,,, 12228721 −−++++ rrrrrr vvvvvv

therefore ( ) .1
3

212 +



=+=γ rlGt

Now we suppose r is odd and S is a total dominating set for G, such

that .12 += lS  If { } ,, 21 ∅≠Svv r ∩  for example ,1 Sv ∈  then

{ } ,, 12 ∅≠+ Svv r ∩  (for example ).2 Sv ∈  Since { } =++ rrr vvv 243 ...,,,

{ } ,1...,,, 54 +rvvv  so there is a vertex { }1\ vSvi ∈  such that [ ]ip vN

,3<  and this is contradiction, because for each vertex { },\ 1vSvi ∈

[ ] .3=ip vN

So { } ∅=Svv r ∩21,  and there are vertices ,xv  ,yv  zv  such that

,1=− yx  1=− yz  and .zyx <<

Now there are four cases:

Case 1. ,1−= rx  ry =  and .1+= rz
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In this case { } { } ,4\...,,,\...,,, 22121 −== ++ rAvvvAvvv rrrr

where [ ] [ ] [ ].zNyNxNA ∪∪=  But r is odd, so the vertices ,3−rv  ,4−rv

,5−rv  ,42 −rv  32 −rv  and 22 −rv  must be dominated by two adjacent vertices

and it is a contradiction.

Case 2. ,rx =  1+= ry  and ,2+= rz  the proof is similar to the

proof of Case 1.

Case 3. { } { },...,,,,, 21 rzyx vvvvvv ⊂  we consider { }....,,, 221 −= xvvvB

If ( ),6mod0≡B  then the vertices ,1−rv  ,rv  ,1+rv  ,2rv  12 −rv  and

22 −rv  must be dominated by two adjacent vertices and this is impossible.

If ( ),6mod1≡B  then the vertices ,rv  ,1+rv  ,2+rv  ,1v  12 −rv  and

rv2  must be dominated by two adjacent vertices and this is impossible.

If ( ),6mod2≡B  then the vertices ,1+rv  ,2+rv  ,3+rv  ,1v  2v  and

rv2  must be dominated by two adjacent vertices and this is impossible.

If ( ),6mod3≡B  then the vertices ,2−rv  ,1−rv  ,rv  ,1v  rv2  and

12 −rv  must be dominated by two adjacent vertices and this is impossible.

If ( ),6mod4≡B  then the vertices ,1−rv  ,rv  ,1+rv  ,1v  2v  and rv2

must be dominated by two adjacent vertices and this is impossible.

If ( ),6mod5≡B  then the vertices ,2−rv  ,1−rv  ,rv  ,1v  2v  and 3v

must be dominated by two adjacent vertices and this is impossible.

Case 4. { } { },...,,,,, 221 rrrzyx vvvvvv ++⊂  a same argument described

in Case 3 settles this case.

So ,12 +> lS  but the set { ,,...,,,,, 22255223 −−++= rrrr vvvvvvS

}121, −− rr vv  is a total dominating set for G. This implies ( ) +≤γ lGt 2

,2
3

22 +



= r  so ( ) .2

3
222 +



=+=γ rlGt

Lemma 11. ( ) ( ).GG cc γ=′γ

Proof. Obviously ( ) ,2−>′γ rGc  but the set 0S  in Lemma 1 is a
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connected dominating set for ,G′  so ( ) ,1−≤′γ rGc  therefore ( ) =′γ Gc

.1−r

Lemma 12. ( )
( ) ( )

( )





γ

≡−γ
=′γ

.

3mod12

otherwiseG

oddisrandrifG
G

t

t
t

Proof. If ( ),3mod0≡r  then .3lr =  Since the set 0S  introduced in

Lemma 10 is a total dominating set for ,G′  so ( ) .2lGt ≤′γ  On the other

hand, ( ) ( ) .2
3

26
3

llGnGt =



 −=



 ′

≥′γ  Therefore ( ) .2lGt =′γ

If ( ),3mod2≡r  then .23 += lr  In this case we suppose that S′  is

an arbitrary total dominating set for .G′  It is simple to see .2lS >′

If ,12 +=′ lS  then there are three cases:

Case 1. rv  and 1+rv  belong to .S′  But [ ] [ ] ,41 =+rr vNvN ∪  so

26 −l  other vertices dominate by 12 −l  vertices of ,S′  but this is

impossible, (because at most 36 −l  vertices are dominated by 12 −l

vertices).

Case 2. { } ,1, 1 =′+ Svv rr ∩  without loss of generality we suppose

that Svr ′∈  so Svr ′∈−1  and for each vertex { },\ 2vSvi ′∈  ( ) .3=ip vN

This implies { } ,, 22 ∅≠′+ Svv r ∩  so { } Svv r ′⊂+33,  and this is

impossible, because { } { } .1...,,,...,,, 3652265 += −−++ rrrr vvvvvv

Case 3. { } ,, 1 ∅=′+ Svv rr ∩  so { } Svv rr ′⊂+− 21,  and also we have

{ } ∅≠′−− Svv rr ∩122,  and { } ., 32 ∅≠′+ Svv r ∩  For example { } ⊂−22, rvv

,S′  this is impossible, since { } { } .1...,,,...,,, 4543254 += −−++ rrrr vvvvvv

So ,22 +≥′ lS  but the set { ,,...,,,,, 22266330 −−++=′ rrrr vvvvvvS

}1, +rr vv  is a total dominating set for ,G′  so ( ) .220 +=′≤′γ lSGt

Combining the two inequalities, we obtain ( ) .22 +=′γ lGt

Now we suppose ( ),3mod1≡r  so .13 += lr  If r is odd, then the set

{ }42529832121211650 ,...,,,,,,,...,,,,, −−++++−−= rrrrrrrr vvvvvvvvvvvvS  is
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a total dominating set for ,G′  so .20 lSSt =≤  But ( )




 ′

≥
3
GnSt

,2l=  therefore ( ) ( ) .2−γ=′γ GG tt  If r is even, then the set 2S  introduced

in Lemma 10 is a total dominating set for ,G′  so ( ) .12 +≤′γ lG  If

( ) lG 2=′γ  and S′  is a total dominating set for G′  such that ,2lS =′

then for each vertex ,Svi ′∈  [ ] .3=ip vN  So { } ,,,, 1221 ∅=′−+ Svvvv rrr ∩

this implies that { } .,,, 3221 Svvvv rrrr ′⊂++−−  So { } ∅=′+ Svvv r ∩443 ,,  and

{ } ., 65 Svv ′⊂  Since r is even we can assume .46 +′= lr  Therefore the

vertices ,4−rv  ,5−rv  ,6−rv  ,32 −rv  42 −rv  and 52 −rv  must be dominated by

two adjacent vertices of ,S′  and this is impossible. So

( ) ( ).12 GlGt γ=+=′γ

Theorem 13. ( ) ( ).10 −=γ rmGc

Proof. It is an immediate consequence by Lemmas 8 and 11.

Theorem 14. ( ) ( ).00 GGi γ=

Proof. Since the set 0S  in Theorems 5, 6 and 7 is an independent

dominating set for ,0G  so ( ) ( ).00 GGi γ=

Theorem 15. If ( ),3mod0≡r  then ( ) .
3

20 



=γ rmGt

Proof. The set ∪
m

i
iSS

1
0

=
=  with { ( ) ( ) ...,,,,, 5522 ++= riiriii vvvvS

( ) ( )}121 , −− riri vv  is a total dominating set for ,0G  so ( ) =≤γ 00 SGt

.
3

2 



rm  On the other hand by Lemma 12, we have ( ) 



=′γ
3

2 rGit  for each

.1 mi ≤≤  Therefore ( ) .
3

20 



=γ rmGt

Theorem 16. If ( ),3mod2≡r  then ( ) .
3

20 



=γ rmGt

Proof. A same argument described in Theorem 15 can be used in this
theorem.
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Theorem 17. If ( ),3mod1≡r  then

( )














−










 +





=γ
.

2
2

3
2

1
3

2

0

otherwisemrm

evenisrrm

Gt

Proof. First we suppose r is even. The set ∪
m

i
iSS

1
0

=
=  with

{ ( ) ( ) ( ) ( ) ( ) ( ),,,,,,...,,,,, 14561112111054 +−−−−−= ririririririiiiii vvvvvvvvvvS

 ( ) ( ) ( ) ( ) ( ) ( ) ( )}12228292872 ,,,...,,,, −−−−+++ ririririririri vvvvvvv

is a total dominating set for ,0G  so ( ) .1
3

200 




 +



=≤γ rmSGt  If

( ) ,1
3

20 




 +



<γ rmGt  then there is { }mi ...,,2,1∈  such that ( ) <′γ it G

1
3

2 +



r  and this contradicts Lemma 12.

Next, we suppose r is odd. We consider

{ ( ) ( ) ( ) ( ),,,,...,,,,,,, 5434161510921 ++−−=′ ririririiiiiiii vvvvvvvvvvS

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )}riririririririri vvvvvvvv 2121817131276 ,...,,,,,,, −++++++

and

{ ( ) ( ) ( ) ( ) ( ),,,,,...,,,,, 83212121165 +++−−=′′ riririririiiiii vvvvvvvvvS

( ) ( ) ( )}.,...,, 42529 −−+ ririri vvv

If m is even, then the set mm SSSSSSS ′′′′′′′′′= − ∪∪"∪∪∪∪ 143210  is a

total dominating set for .0G  If m is odd number, then the set =0S

mmm SSSSSSS ′′′′′′′′′′ −− ∪∪∪"∪∪∪∪ 124321  is a total dominating set for

.0G  So ( ) .
2

2
3

200 



−



=′≤γ mrmSGt  If ( ) ,

2
2

3
20 



−



<γ mrmGt  then

there is { }mi ...,,2,1∈  such that ( ) 



<′γ
3

2 rGit  and this contradicts

Lemma 12.
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Problem. What are the domination numbers of the Hamiltonian
4-regular graphs?
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