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Abstract 

For any graph  ,, EVG   the semi-total block graph   ,HGTb   whose set of vertices is 

the union of the set of vertices and blocks of G and in which two vertices are adjacent if and only 

if the corresponding vertices of G are adjacent or the corresponding members are incident in G. 

A dominating set S of G is said to be weak dominating set, if every vertex SVu   is adjacent 

to a vertex ,Sv   such that    .degdeg uv   A dominating set D of a graph H is a weak 

dominating set of H, if every vertex in   DHV   is weakly dominated by at least one vertex in 

D. A weak semi-total block domination number  Gwtb  of G is the minimum cardinality of a 

weak semi-total block dominating set of G. In this paper, we obtained some sharp bounds for 

 .Gwtb  Also some upper and lower bounds on  ,Gwtb  in terms of elements of G and other 

dominating parameters of G were obtained. 

1. Introduction 

All the graphs considered here are finite, without loops and multiple 

edges, undirected and connected. Graph terminology not found here can be 
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found in [6]. Specifically, let  EVG ,  be a graph with vertex set V and 

edge set E, such that pV   and .qE   Degree of an edge uv  of a 

graph G is defined as     2degdeg  vu  and is denoted as  .G  In general 

we use X  to denote the sub graph induced by the set of vertex  vNX.  and 

 vN  denote the open and closed neighborhood of a vertex v, respectively. The 

minimum (maximum) degree among the vertices of G is denoted by 

    .GG   Also     GG 10 ,   is the minimum number of vertices (edges) in 

a maximal independent set of vertices (edge) of G. A vertex cover in a graph 

G is a set of vertices that covers all the edges of G. The vertex covering 

number  G0  is the minimum cardinality of a vertex cover in G. An edge 

cover of a graph G without isolated vertices is a set of edges of G that covers 

all the vertices of G. An edge covering number  G1  is the minimum 

cardinality of an edge cover in G. 

The minimum number of colors in any coloring of a graph G such that no 

two adjacent vertices have the same color is called the chromatic number of G 

and is denoted by  .G   

A set  GVD   is a dominating set, if for every vertex   DGVv   is 

adjacent to at least one vertex .Du   The domination number  G  is the 

minimum cardinality of a dominating set of G. A thorough study of 

domination appears in [8, 9]. 

We begin by recalling some standard definitions from domination theory. 

A set  2GVS   is a dominating set, if each vertex in   SGV 2  has 

one neighbor in S. The square domination number of G is denoted by  2G  is 

the minimum cardinality of square dominating set of .2G  This concept was 

introduced by [18]. 

A dominating set  GVD   is a connected dominating set, if the induced 

sub graph D  has one component. The connected domination number  Gc  

is the minimum cardinality of a connected dominating set of G. 

Further, a set  GEF   is called an edge dominating set, if for every 

edge   FGEe   is adjacent to at least one edge .Ff   An edge 
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domination number  G  is the minimum cardinality of an edge dominating 

set of G, see [1]. 

An edge dominating set  GEF   is said to be connected edge 

dominating set, if the induced sub graph F  is connected. An edge connected 

domination number  Gc  is the minimum cardinality of an edge connected 

dominating set of G, for details see [2]. 

A dominating set  GVS   is called an end dominating set, if S contains 

all the end vertices of G. An end domination number  Ge  is the minimum 

cardinality of an end dominating set of G. Domination related parameters 

were now studied in graph theory [8, 9, 15]. 

The concept of perfect domination was introduced and studied in [4]. A 

dominating set  GVD   is said to be perfect dominating set, if for every 

elements   DGVv   is dominated by exactly one element .Dv   The 

perfect domination number  Gp  is the minimum cardinality of a perfect 

dominating set of G. 

A dominating set  GVS   is called a double dominating set, if every 

vertex of  GV  is dominated by at least two vertices in S. The double 

domination number  Gdd  is the minimum cardinality of double dominating 

set of G. The concept of double domination was introduced in [7]. 

In [3], the author showed that a roman domination function of graph 

 EVG ,  is a function  2,1,0: Vf  satisfying the condition that every 

vertex u for which   0uf  is adjacent to at least one vertex v for which 

  .2vf  The weight of Roman domination function in G is the value 

   .ufvf vu  The Roman domination number of G is denoted by  ,GR  

equals the smallest weight of a Roman dominating function on G. 

The concept of restrained domination in graph was introduced by Domke 

et al. (1999) see [5]. A set  GVS   is a restrained dominating set of G, if 

every vertex   SGV   is adjacent to a vertex in S and another vertex in 

  .SGV   The restrained domination number of a graph G is denoted by 

 GsRe  is the minimum cardinality of a restrained dominating set of G. 
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Analogously, a set D  of elements of G is an entire dominating set, if 

every element not in D  is either adjacent or incident to at least one element 

in .D  The entire domination number of G is denoted by  G  of G is the 

minimum cardinality of an entire dominating set of G, see [11]. 

The concept of split domination number introduced by [10]. A dominating 

set  GVD   is a split dominating set, if the induced sub graph DV   has 

more than one component. The split domination number of G is denoted by 

 Gs  of G is the minimum cardinality of a split dominating set of G. 

A dominating set  GVS   is called non split dominating set, if the 

induced sub graph SV   is connected. The non split domination number 

 Gns  is the minimum cardinality of non split dominating set of G. For 

details see, [10]. 

A dominating set  GVD   is a strong non split dominating set, if the 

induced sub graph DV   is complete. The strong domination number of a 

graph G is denoted by  Gsns  is the minimum cardinality of a strong non-

split dominating set of G, see [10]. 

In [18], Sampathkumar and L. Pushpa Latha have shown weak 

domination number. A dominating set S is a weak dominating set of G, if for 

every vertex   SGVu   there is a vertex Sv   with    uv degdeg   and 

u is adjacent to v. A weak domination number  Gw  is the minimum 

cardinality of a weak dominating set of G. 

A weak dominating set D is a weak dominating set of  ,GL  if for every 

vertex    DGLVu   there is a vertex Dv   with    uv degdeg   and u is 

adjacent to v. A weak domination number  Gwl  is the minimum cardinality 

of a weak line dominating set of G, see [12]. 

A weak dominating set S is a weak dominating set of  ,GB  if for every 

vertex    SGBVu   there is a vertex Sv   with    uv degdeg   and u is 

adjacent to v. The weak block domination number  Gwb  of G is the 

minimum cardinality of a weak block dominating set of  .GB  This concept is 
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discussed in [13]. 

The purpose of this paper is to introduce the concept of weak domination 

in semi-total block graph and study its properties. 

A dominating set D of a graph  GTb  is a weak semi-total block 

dominating set of G. If every vertex    DGTVu b   is weakly dominated by 

at least one vertex Dv   with    uv degdeg   and u is adjacent to v. The 

weak semi-total block domination number of G is denoted by  Gwtb  is the 

minimum cardinality of a weak semi-total block dominating of G. 

Further domination related graph valued functions has been studied in 

[14, 16]. 

2. Main Results 

We develop the following results for some standard graphs. 

Proposition 2.1. For any cycle pC  with 3p  vertices, then 

 
 0 mod 3

3

3

wtb p

p
if p

C
p

otherwise

 


  
   

  
    

 

Proposition 2.2. For any star ,1,,1 nK n  then    .,1 GK nwtb   

Proposition 2.3. For any complete graph pK  with 2p  vertices, then 

  .1 pwtb K   

Proposition 2.4. For any path pP  with 2p  vertices, then  pwtb P   

 .Gdiam  

The following results give bounds and equalities on wtb  of tress. 

Theorem 2.5. For any nontrivial tree T, then   .qTwtb    

Proof. For any nontrivial tree T, since each edge is a block, then in 

 TTb  these are the block vertices. Also these block vertices of  TTb  are the 

elements of a weak dominating set of  .TTb  Hence   .qTwtb   
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Theorem 2.6. For any nontrivial tree T, with l end vertices and s support 

vertices, then   1 lsTwtb  if and only if all the non end vertices of a tree 

T is adjacent to at least one end vertex of T. 

Proof. For the necessity, suppose T has at least one nonendvertex v 

which is not adjacent to an end vertex. Then by Theorem 2, 

  .1 lsTwtb   

For the sufficiency, for any tree T with 2p  vertices with s number of 

support vertices and l number of end vertices the total number of block 

vertices in   .1 lissTTb  Since for any tree T with 2p  vertices each 

edge is a block and the weak domination in  TTb  is .1 ls  Hence 

  .1 lsTwtb   

Theorem 2.7. For any tree T, with 4p  vertices, then    TTs Re  

 Twtb1  and .,1 nKT    

Proof. Suppose .1KT   Then       .1Re  TTT swtb  Let 

   TVvvvC n  ,,, 21   be the set of all cut vertices in T. Suppose 

,1 CC   such that    .1 TVCN   Then 1C  forms a minimal dominating set 

of T. Let  mvvD ,,1   be the set of all end vertices in T. Further, if 

   1CDTvj   is adjacent to least one vertex of  1CDvi   and at 

least one vertex of    .1CDTV   Then 1CDS   forms a res -set of T. 

Let     TTVuuuuR bp  ,,,, 321   be the set of vertices with 

  .,2deg Rui   Further, let   ,,,,, 3211 RuuuuR q    such that 

    .1 TTRN b  Then 1R  forms a minimal dominating set of  .TTb   

Suppose,    1RTTu bj   is adjacent to at least one vertex of 1Rui   

with    ji uu degdeg   and ju  is adjacent to .iu  Hence 1R  forms                    

a minimal wtb -set of T. Thus ,111  CSR  gives    Twtb  

    .1Re  TTs  

Theorem 2.8. For any nontrivial tree T,      .31 TTT wtbwb    

Proof. Let    TEeeE n  ,,1   be the set of all end edges in T and 
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  ETEE 1  be the set of all non end edges which are not adjacent to the 

end edges of E, further, consider the subset .11 EE   Then  1EE   be the 

minimal set of edges which covers all the vertices of T, such that 

 TEE 11   Since the chromatic number of a tree   ,2, TxT  then 

we now show that        .11 TTxTT wtbwb   For any tree T, let 

 meeeeA ,,,, 321   be the set of edges in T. Let  kvvvvK ,,,, 321   

  TBV  be the set of vertices corresponding to the edges of A. Let Kj   

be the set of vertices, such that     TBVjN   and jvif i ,  has degree at 

least two and    JTBVvj   with    ji vv degdeg   and   .JvN i   

 jv  Then J forms a setwb   of T. Let  nvvvvH ,,,, 321   be the set 

of all non end block vertices in  TTb  with   Hvv ii  ,2deg  and let 

 mvvvH ,,, 211   be the set of all end block vertices in  ,Tb  such that 

    .1 TTVHHN b  Then  1HHD   forms a minimal -set of T. 

Further, let  pvvvvH ,,,, 3212   be the set of all end vertices of T 

adjacent to end block vertices of 1H  in  ,TTb  then   TTVv bj    

 2HH   is adjacent to at least one vertex of  2HHvi   with 

   ji vv degdeg   and jv  is adjacent to .iv  Then  2HH   forms a minimal 

weak semi-total block dominating set of T. Therefore JHH 2  

  ,11  TxEE   gives       .31  TTT wbwtb   

Theorem 2.9. For any nontrivial tree      TTTT wtbRw  4,  

 .T  

Proof. Let    TVvvvvD n  ,,,, 321   be the set of end vertices in T. 

Let   DTVD 1  be the set of minimum degree vertices in T and ,11 DD    

such that    .1 TVDDN   Furthermore,    1DDTVvp    is 

adjacent to at least one vertex  1DDvq    such that    pq vv degdeg   

and      .1 qp vDDvN   Hence 1DD   forms a minimal w -set of T. 

Let    TEeeeE n  ,,, 21   be the set of edges and EH   be the 

minimal set of edges which covers all the edges of  .T  Then H forms a  -set 
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of T. Further, let a function    2,1,0: TVf  and partition the vertex set 

 TV  into  210 ,, VVV  induced by f with ,niVi   for .2,1,0  Suppose the set 

2V  dominates .0V  Then 21 VVR   forms a minimal Roman dominating set 

of T. For any tree T, each edge is a block. Let  nBBBA ,,, 21   be the 

blocks of T. Let  mvvvS ,,, 21   be the block vertices in  TTb  

corresponding to the blocks of A, such that wtbS  -set of T. Further, 

suppose SS 1  be the end bock vertices adjacent to D, in  .TTb  Then 

     DSSTTVv bj  1  is adjacent to at least one vertex of 

  ,1 DSSvi   such that    ji vv degdeg   and jv  is adjacent to .iv    

Thus   DSS 1  forms a wtb -set of T. Hence   HDSS  1  

,41  RDD   gives         .4 TTTT Rwwtb  

Theorem 2.10. For any nontrivial tree T, then     ,3 TCT wtb  

where C is the cut vertices of T. 

Proof. Let    TVcccC p  ,,, 21   be the set of all cut vertices of.  

Then CC 1  forms a -set of T. Let  TEF   be the edge dominating set of 

T. Further, we consider 11 CC   and ,FF   such that each element of T is 

adjacent or incident to at least one element of  .1 FC    Then  FC  1  

forms an entire dominating set of T. In  ,TTb  let  mvvvvB ,,,, 321   be 

the set of block vertices which are at a distance 2, such that     .TTVBN b  

Then  .TB tb  Suppose, let  nvvvvA ,,,, 321   be the set of end 

block vertices in  TTb  and  pvvvvA ,,,, 3211   be the set of end vertices 

adjacent to A, with   .,2deg 1Avv ii   Then   TTVv bj   

  1AAB   is adjacent to at least one vertex of   ,, 1AABvv kk   

such that    jk vv degdeg   and jv  is adjacent to .kv  Then   1AAB   

forms a wtb  set of T. Clearly     ,3 11 CFCAAB    gives 

    .3 CTTwtb     

Theorem 2.11. For any nontrivial tree T, then    TTc 1  

 Twtb1   and .8,  pPT p   
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Proof. Suppose pPT   with .8P  Then    pcpwtb PP   

  .11  pP  Let    TEeeeF n  ,,, 21   be the set of all end edges and 

 meeeF ,,, 211   be the set of edges adjacent to the end edges of 

   ., 12 FFTEFF   Suppose .22 FF   Then for every element 

   21 FFTEe j    is adjacent to at least one element  .21 FFei    

Hence  21 FFS    forms a  -set of T. 

Further, if the induced sub graph S  has one component then S is a 

minimal c -set of T. Let  TEA   be the maximal independent set with 

 .1 TA   Suppose  nvvvH ,,, 21   be the block vertices in  TTb  

corresponding to the blocks,  nBBBB ,,, 21   of T. Since in semi total 

block graph  ,TTb  each block is ,3K  then     .TTVHN b  Then H is a 

tb -set of. If H satisfies all the conditions of weak dominating set of T, then H 

is a wtb -set of T. Hence ,1 ASH  gives    TT cwtb   

  .11  T  It is also possible to satisfies the inequality of the theorem by 

considering. Suppose   HvvvH m  ,,, 211   be the set of end block 

vertices and  TVC   be the end vertices of T. Then   TTVv bi   

  CHH 1  is adjacent to at least one vertex of   CHHvk 1  with 

   .deg lk vv   Hence   CHH 1  is wtb -set of T. Thus 

  ,11  ASCHH    which gives       .11  TTT cwtb  

To envisage the results on trees, different graph parameters of some 3-

ary trees tabulated below. 

Graph: Tree   

(T) 

  

(T) 

  

(T) 

c  

(T) 

t  

(T) 

i  

(T)  

Diam 

(T)  
s  

(T) 

ss  

(T) 

ns  

(T) 

res  

(T) 

w  

(T) 

wtb  

(T) 

  8: TTG b  

 

3 4 3 4 6 3 4 2 3 5 5 5 8 

  10: TTG b  

 

4 5 3 4 6 3 5 3 4 7 7 7 9 
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  13: TTG b  

 

4 5 3 4 4 3 5 3 4 10 2 10 12 

 

PSG m 1: 
 i   

(G) 

  

(G) 

t  

(G) 

s  

(G) 

ss  

(G) 

sns  

(G) 

en  

(G) 

w  

(G) 

dd  

(G) 

ns  

(G) 

res  

(G) 

p  

(G) 

wtb  

(G) 

c  

(G) 

3m  

  :GTb  

 

4 2 2 2 5 6 5 3 4 4 2 4 3 2 

4m  

  :GTb  

  

5 2 2 2 5 8 6 4 4 5 2 5 4 2 

The following results depict bounds on wtb  of general graph. 

Theorem 2.12. For any connected  qp,  graph G, with 2p  vertices, 

then       .3 GGG ddwtb   

Proof. Let    GVvvvvD n  ,,,, 321   be the set of non end vertices 

with   ,1,,2deg niDvv ii   such that    ,GVDN   then D forms a 

minimal dominating set of G. Let   DGVV 1  and 

  ,,,,, 13211 VvvvvD m    then 1DD   forms a double dominating set of 

G. For any graph G, there exists at least one vertex  GVv   with 

   .deg Gv   Let  pvvA ,,1   be the block vertices in  .GTb  Suppose 

 qvvB ,,1    be the set of all end vertices in G and  lvvvB ,,, 211   be 

the set of vertices adjacent to the end vertices of B in  .GTb   

In        BBAGTVvGT bjb 1,   is adjacent at least one vertex of 

  ,, 1 BBAvv kk   such that    .degdeg jk vv   Hence  1BAS   

forms a minimal - of G. Thus   ,3deg1  vDDS   gives 

      .3 GGG ddwtb   
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In the following theorem we obtained lower bound for  Gwtb  in terms of 

weak line domination number and minimum edge degree of G. 

Theorem 2.13. For any connected  qp,  graph G, with 3p  vertices, 

then      .2 GGG wtbwl    

Proof. Let     GLVvvvvH n  ,,,, 321   be the set of vertices with 

  ,1,,1deg niHvv ii   such that     .GLVHN   Then H forms a 

minimal dominating set of  .GL  Suppose there exists a set    ,1 HGLH   

such that     1,degdeg, HvvvHv ijij   and iv  is adjacent to .jv  

Then  1HH   forms a minimal wl -set of G. Let  GEe   with 

   .deg Ge    

Assume M be the set of end vertices. Now we consider the following cases: 

Case 1. Suppose .M  Let  KBB ,,1   be the number of blocks in G. 

In  ,GTb  let  nvvA ,,1    be the set of block vertices corresponding to the 

blocks of G. Suppose   .,,, 211 AvvvA m    Further let    AGTvB b   

be the set of vertices with minimum degree, such that   GTvv bj   

 BA 1  is adjacent to at least one vertex of  BAvi 1  with 

   ji vv degdeg   and jv  is adjacent to .iv  Then  BAD 1  forms a wtb  

set of G. Hence     2deg 1  HHeD   gives the result. 

Case 2. Suppose .M  Let  pvvC ,,1   be the set of all end vertices 

in G and  qvvC ,,11   be the set of vertices adjacent to the end vertices of 

C in  .GTb  Then     1CDGTvv bj   is adjacent to at least one vertex 

of  1, CDvv kk    such that    lk vv degdeg   and lv  is adjacent to .kv  

Then 1CD   forms a minimal wtb -set of G. Clearly 

    ,2deg 11  HHeCD    gives       .2 GGG wlwtb   

Theorem 2.14. For any connected graph  qp,  graph G, with 2p  

vertices, then     .1 GG snswtb   

Proof. Let    GVvvR n  ,,1   be the set of all end vertices in G and 
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   GVvVS m  ,,1   be the set of all non end vertices which are adjacent 

to the end vertices of G. Further, let  GS 1  be the set of non end vertices 

which are not adjacent to end vertices of R and 11 SS   be the set of vertices 

of G, such that    .1 GVSRN   Hence  1SR   form a minimal -set of 

G. Further if the induced sub graph    1SRGV    is complete, then 

 1SR   itself is a sns -set of G. Otherwise, if ,R  then  1S  is a -set of 

G and if   1SGV   is complete sub graph, then  1S  is also a sns -set of G. 

If not then select the   ,1 jvSB   gives     .1 GG snswtb   

Theorem 2.15. For any connected  qp,  graph G, with 2p  vertices, 

then       .10  GGG snwtb   

Proof. Let  pvvB ,,1   be the vertex set of G. Suppose 

  BvvvvD q  ,,,, 321   be a minimal dominating set of G. Further, if the 

induced sub graph DV   is connected then D itself is a ns -set of G. 

Otherwise, there exists a vertex   DGVw   with   ,0deg w  then 

 wD   forms a non split dominating set of G. 

Let BC   be the minimal set of vertices which covers all the edges of G 

with  .0 GC   Let     GTVvvvS bn  ,,, 21   be the set of vertices 

with minimum degree and niSvi  1,  is adjacent to at least one vertex 

of    ,SGTVv bj   such that     .GTVSN b  Furthermore, if 

   ji vv degdeg   with    .ij vSvN   Hence S forms minimal  Gwtb  

    .10  GGns  

Theorem 2.16. For any connected  qp,  graph, with 2p  vertices, then 

      12  GGG wtbc  and .5,  pCG p   

Proof. Suppose .5,  pCG p  Then by Theorem 1,  pwtb C   

    .5,1 2  pCC ppc  Let    ,,, 2
21 GVvvvS n    such that 

   .2Gs   Then S forms a minimal -set of .2G  Let  GD   be a minimal 

dominating set of G. Further, if the induced sub graph D  has one 
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component then D itself is a connected dominating set of G. Otherwise, there 

exists a vertex set     ,DGVvi   such that  ivD   is connected. Hence 

 ivD   forms a connected dominating set of G. Let  nBBBB ,,, 21   be 

the blocks in G. Let  mvvvF ,,, 21   be the set of block vertices in  GTb  

corresponding to the blocks of B, such that     .GTSN b  Then be the 

minimal dominating set of  GTb  and if, Fvp   with    ,degdeg qp vv    

   FGTVv bq  ,  and qv  is adjacent to .pv  Then F forms wtb -set of G. 

Thus   .1 SvDF i    Hence      .1 2GGG cwtb   

Otherwise, let    FGTF p   be the set of vertices with minimum degree 

and satisfies the definition of weak dominating set. Then wtbF  -set, gives 

  SvDF j  11   so that      .1 2GGG cwtb   

Theorem 2.17. For any connected  qp,   graph G, with 2p  vertices, 

then       .2 GGG pewtb   

Proof. Suppose A be the vertex set of G and let AA 1  be the set of all 

end vertices in G. Further, if   11 AGVV   and ,11 VA   such that 

   .11 GVAAN   Then  11 AA   forms a minimal e -set of G. Suppose 

 GVS   is a minimal dominating set of G. If each vertex   SGVv   is 

dominated by exactly one vertex of S. Then S forms a perfect dominating set 

of G. Let     GTVvvvD bn  ,,, 21   be the set of vertices with minimum 

degree. Then D forms a tb -set of G, such that    ,DGTv bj   

Dvvv iji  ,deg  with    .ij vDvN   Hence forms minimal weak 

semi-total block dominating set of G. Hence   ,211  SAAD    

gives       .2 GGG pewtb   

Theorem 2.18. For any connected  qp,  graph G, with 3p  vertices, 

then      GGG wtbs  30  and pp CWG ,  with .8p  

Proof. For the graph pp CWG ,  with    GGp swtb  ,8  

  30  G  and hence the result does not holds. Let 

   GVvvvB p  ,,, 21   be the set of all end vertices and 
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    .,,, 21 BGVvvvC q    Further, consider the subset ,1 CC   such 

that        ,11 CBGVuCNBN    then  1CB   is an independent 

set with .01 CB   Suppose  GVD   be the minimal dominating set 

of G. Assume the induced sub graph   DGV   has more than one 

component. Then D is a minimal split dominating set of G. Suppose 

 nBBBR ,,, 21   be the blocks of G. Let  nvvvS ,,, 21   be the block 

vertices in  GTb  corresponding to the blocks of R. Further, let 1S  be the set 

of vertices with minimum degree and ,11 SS   such that  .1SSN   

  GTV b  Then 1SS   forms a -set of  GTb  and if,   GTVv bi    

1SS    is adjacent to at least one vertex of ,1SSvi    such that 

   .degdeg ji vv   Hence 1SS   forms a minimal weak semi-total block 

dominating set of G. Thus ,311  CBDSS   gives 

      .30  GGG swt   

In the following table, we have tabulated all domination parameters and 

other related parameters of some graphs. All the inequalities discussed in 

theorem 2.12 to 2.18 are evident from these values of parameters.  

Graph G i  

(G) 

  

(G) 

t  

(G) 

c  

(G) 

s  

(G) 

ss

 (G) 

sns

 (G) 

en  

(G) 

w  

(G) 

dd

 (G) 

ns  

(G) 

res

 (G) 

p  

(G) 

wtb

 (G) 

nmTG ,:  

,4m  

2n  

 

3 3 5 5 2 3 4 3 3 3 3 3 3 4 

nmTG ,:  

,4m  

2n  

 

3 3 5 4 3 5 6 5 4 5 5 4 4 5 
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