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Abstract 

In this paper, we initiate the results on geodetic parameters of some special graphs such as 

helm graph ,nH  dutch windmill graph ,k
nD  tadpole graph ., knT  

1. Introduction 

Throughout this paper all graphs consider here are simple, undirected 

connected graph. We define  vuI ,  to the set of all vertices lying on some 

vu   geodesic of G and for a nonempty subset S of  ,GV   

   .,, vuISI Svu    A set S of vertices of G is called a geodetic set in G if 

   GVSI   and a geodetic set of minimum cardinality is its geodetic number 

of G and denoted it by  .Gg  A vertex v is an extreme vertex of a graph G if 

the subgraph induced by its neighbours is complete. A vertex v of a graph G is 

said to be an antipodal vertex of u in G if    ., Gdiamvud   The wheel nW  is 

defined to be the join 11 KCn   where .3n  The vertex corresponding to 

1K  is known as the apex vertex and the vertices corresponding to cycle are 

known as the rim vertex. In this paper we find the split geodetic number of a 
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graph was studied by in [11]. A geodetic set S of graph G is a split geodetic 

set, if the induced subgraph   SGV   is disconnected. The split geodetic 

number  Ggs  of G is the minimum cardinality of a split geodetic set. A 

strong split geodetic number of a graph was studied in [4]. A geodetic set 

 GVS   is a strong split geodetic set of G, if S is a geodetic set and induced 

subgraph SV   is totally disconnected. The strong split geodetic number of 

G, is denoted by  ,Ggss  is the minimum cardinality of a strong split geodetic 

set of G. The non-split geodetic was introduced by Tejaswini and 

Venkanagouda M Gowda in [9]. A set  GVS   is a non-split geodetic set in 

G, if S is a geodetic set and SV   is connected, non-split geodetic number 

 Ggns  of G is the minimum cardinality of a non-split geodetic set of G. A set 

 GVS   is said to be doubly connected geodetic set, if S is a geodetic set 

and both induced subgraphs S  and SV   are connected. The minimum 

order of a doubly connected geodetic set dcg -set of G is called doubly 

connected geodetic number of a graph G and it is denoted by  ,Ggdc  and it 

was studied in [5]. A geodetic set S of vertices of G is an independent geodetic 

set if S is an independent set and   ,VSI   is denoted by  ,Gig  it was 

introduced in [2]. A set  GVS   is a total geodetic set in G, if the subgraph 

 SG  induced by S has no isolated vertices. The minimum cardinality of a 

total geodetic set is the total geodetic number  ,Ggt  is discussed in [1]. A 

geodetic set  GVS   of a graph G is a restrained geodetic set, if the 

subgraph  SVG \  has no isolated vertex. The minimum cardinality of a 

restrained geodetic set, denoted  .Ggr  A  Ggr -set is a restrained geodetic 

set of cardinality  ,Ggr  and it was formalized by Abdollahadeh Ahangar, 

Samodivkin, Sheikholeslami and Abdollah Khodkar in [3]. A geodetic set 

 GVS   is said to be total outer-independent geodetic set if S  has no 

isolated vertex and SV   is an independent set. The minimum order of a 

total outer-independent geodetic set toig -set of G is called the total outer-

independent geodetic number of G and it is denoted by  ,Ggtoi  it was 

introduced in [10] of some special graph respectively. 

We follow the notations, standard terminology and undefined terms 

related to the graph theory we refer [6], [7] and [8]. 
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Definition 1.1. The helm graph is the graph obtained from an wheel 

graph by adjoining a pendant edge at each vertex of the cycle and it is 

denoted by nH  is as shown in figure. 

Definition 1.2. The tadpole graph, also called a dragon graph, is the 

graph obtained by joining a cycle graph nC  to a path nP  with a bridge and it 

is denoted by ., knT  

Definition 1.3. The dutch windmill graph is the graph obtained by 

taking k copies of the cycle nC  with a vertex in common and it is denoted by 

.k
nD  

Lemma 1.4. Every geodetic set of a graph contains its extreme vertices. 

2. Geodetic Parameters on Helm Graph 

Theorem 2.1. For any helm graph nH  of order   .,3 nHgn n   

Proof. It is easy to verify that the pendant vertices of nH  forms a 

geodetic set. Hence,   .nHg n   

Illustration 2.2. Consider the helm graph 6H  as shown in figure 1. The 

empty vertices is its geodetic set. 

 

Figure 1. .6H  

Let    ,,,,,,, 6,,216216 xvvvvvvHV    the geodetic set 

 .,,, 621 vvvS    Thus,   .66 Hg  

Corollary 2.3. For helm graph nH  of order   .,3 nHgn nns   

Corollary 2.4. For helm graph nH  of order   .,3 nHgn nr   
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Theorem 2.5. If nH  is the helm graph of order ,3n  then 

    ,1 dHHg nns   where d is the diameter. 

Proof. Let    xvvvvvvHV nnn ,,,,,,,, 2121    with     nHx n deg  

and diameter .4d  We have by Theorem 2.1,  nvvvS  ,,, 21   be the g-

set such that   SHV n   is connected. Let us consider the set 

 ,,, ji vvxS   where    ji vv deg3deg   and  ,,1 nj HEvv   then 

SSS  1  be the sg -set which makes   1SHV n   disconnected. Clearly, 

1S  is a sg -set. Therefore,     .11  dHSHg nns  

Theorem 2.6. For the helm graph ,4, nHn  

 
 















.,
2

13

,
2

23

oddisnif
n

evenisnif
n

Hg nss  

Proof. Let    ,,,,,,,,, 2121 xvvvvvvHV nnn        3deg,1deg  ii vv  

for all  .,,3,2,1 ni   By Corollary 2.3,  ni vvvS  ,,, 2   be the nsg -set 

and   SHV n   is connected. Let SS   forms a ssg -set, where S  is 

defined by the following cases. 

Case (i). Suppose n is even. Consider    nvvvvxS ,,,, 642   be 

the vertex set containing rim vertex and jv2  be the non-adjacent vertices, 

then SS   which makes   SHV n   totally disconnected. Therefore, 

  .
2

23

2
1




nn
nSSHg nss   

Case (ii). Suppose n is odd. Consider    ,2vxS   

  ,,,, 164 nn vvvv    then SS   which makes   SHV n   totally 

disconnected. Therefore,  
 

.
2

13

2

1
1







nn
nSSHg nss   

Theorem 2.7. If nH  is the helm graph of order ,3n  then  nt Hg  

  ,xNn   where  xN  are the neighborhood vertices of apex vertex x. 

Proof. Let    xvvvvvvHV nnn ,,,,,,,, 2121    and by Theorem 2.1, 

 nvvvS  ,,, 21   be the geodetic set such that S  has isolated vertex. 
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Consider    xNvvvS n  ,,, 21   and    ., nii HEvv   Then SSS  1  

which forms 1S  has no isolated vertex. Clearly, 1S  is a tg -set. Therefore, 

    .1 xNnSSSHg nt   

Corollary 2.8. For any helm graph    .,3, ntncn HgHgnH   

Corollary 2.9. For any helm graph    .,3, ntndcn HgHgnH   

Theorem 2.10. For helm graph nH  of order  nr Hgn ,3  

  .nHg nns   

Proof. We have from Theorem 2.1,  nvvvS  ,,, 21   be the geodetic 

set of nH  and   SHV n   has no isolated vertex, which is connected. 

Hence, the set S itself satisfy the condition of both restrained geodetic set and 

nonsplit geodetic set. Therefore,     .nSHgHg nnsnr   

3. Geodetic Parameters on Tadpole Graph 

Theorem 3.1. For the tadpole graph ,3,, nT kn  

 





.,3

,2
,

oddisnif

evenisnif
Tg kn  

Proof. Let    .,,,,,,, 2121, knkn uuuvvvTV   To prove this result 

we have two cases. 

Case (i). Suppose n is even. Consider  ,, ki uvS   where  ki uvd ,  

    2deg,diam ,  ikn vT  and   .1deg ku  Clearly,    ., knTVSI   Thus, S 

is the g-set. Therefore,   .2,  STg kn  

Case (ii). Suppose n is odd. Consider  ,,, kji uvvS   where 

             knkikknjiji TuvduTEvvvv ,, diam,,1deg,,,deg2deg    

 kj uvd ,  such that    ., knTVSI   Clearly, S is the g-set. Therefore, 

  .3,  STg kn  

Illustration 3.2. The tadpole graph 3,3T  as shown in figure 2 
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Figure 2. .3,3T  

Let    .,,,,, 3213213,3 uuuvvvTV   The geodetic set  321 ,, uvvS   

and if we remove S from  ,3,3TV  then   STV 3,3  will be connected. 

Hence, S itself be the g-set and nsg -set. Therefore,     .33,33,3  TgTg ns  

Corollary 3.3. For the tadpole graph    .,3, ,,, knknnskn TgTgnT   

Corollary 3.4. For the tadpole graph    .,3, ,,, knknrkn TgTgnT   

Theorem 3.5. For the tadpole graph     .1,3, ,,,  knknskn TgTgnT  

Proof. Let      .11, k
k
ii

n
ikn uvTV    By Theorem 3.1, 

 

 




odd is  if,,

even is  if,

nuvv

nuv
S

kji

ki
 

be the g-set and   STV kn ,  is connected. Consider  xS   be any 

arbitrary vertex which is not adjacent to vertex set in S, then the set 

SSS  1  forms a sg -set of knT ,  and   1, STV kn   is disconnected. 

Therefore,     .1,1,  knkns TgSSSTg  

Theorem 3.6. Let knT ,  be the tadpole graph of order ,4n  

  .4, kntr Tg  

Proof. Let    .,,,,,,, 2121, knkn uuuvvvTV   To prove this result 

we have two cases. 

Case (i). If n is even, then  ki uvS ,  be the g-set such that S  has 

isolated vertex. Let  ,, 1 ki uvS  where  knij TEvv ,,   and ,1ku  

 .,knk TEu   Consider .1 SSS    Clearly, 1S  has no isolated vertex. By 

Theorem 3.1, .2S  Therefore,   .41,  STg knt  
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Case (ii). If n is odd, then  kji uvvS ,,  be the g-set such that S  has 

isolated vertex. Consider  ,1 kuS  where    knkk TEuu ,1,   and 

SSS  1  which makes 1S  has no isolated vertex. By Theorem 3.1, 

.3S  Therefore,   .41,  STg knt  

Corollary 3.7. Let knT ,  be the tadpole graph of order ,4n  

  .4, kntr Tg  

Proof. Since every tg -set of knT ,  is the trg -set, we have by Theorem 3.6, 

  .4, kntr Tg  

Theorem 3.8. For the tadpole graph knT ,  with ,4n  

 














.,1
2

1

,1
2

,
oddisnifk

n

evenisnifk
n

Tg knc  

Proof. Let    .,,,,,, ,2121, knkn uuuvvvTV   To prove this result 

we have two cases. 

Case (i). For n is even, let  ki uvS ,  be the g-set such that S  is not 

connected. Consider    ,1
1

2
11 j

k
jl

n

l
uvSS 


   where lv  and ju  are the 

adjacent vertices. So that 1S  is connected. Clearly, 1S  forms cg -set. Hence, 

      .1
2

1
1

2
11, k

n
uvSSTg j

k
ji

n

lknc  


  

Case (ii). For n is odd, let  kji uvvS ,,  be the g-set such that S  is 

not connected. Consider    ,1
1

2

1

11 j
k
jl

n

l
uvSS 






   where lv  and ju  

are the adjacent vertices. So that 1S  is connected. Clearly, 1S  forms cg -

set. Hence,       .1
2

11
1

2

1

11, k
n

uvSSTg j
k
jl

n

lknc 


 





   

Corollary 3.9. For the tadpole graph knT ,  with  knc Tgn ,,4   

 ., kndc Tg  
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4. Geodetic Parameter on Dutch Windmill Graph 

Theorem 4.1. Let k
nd  be the dutch windmill graph of order ,4n  then  

 











.2mod1,2

2mod0,

nfork

nfork
Dg k

n  

Proof. Let        ,,, 1
12

1
11

1
1 ki

n
ii

n
ii

n
i

k
n vuvDV 






   where nv1  

a common vertex is consider the following cases. 

Case (i). For n is even, consider  kjjj uvvS ,,, 21   such that 

       .diam,,, 13221
k
nkjjkjjjj Dvudvvdvvd    Clearly,    .k

nDVSI   

Thus, S is a g-set. Therefore,   .kSDg k
n   

Case (ii). For n is odd, consider  kqkjqjqj uuvvvvS ,,,,,, 2211   be 

the vertex set with                qiji
k
nqlqijlji vvDvvdvvd ,,diam,,   

 .k
nDE  Clearly,    .k

nDVSI   Thus, S is a g-set. Therefore,  k
nDg  

.2kS   

Corollary 4.2. For the dutch windmill graph k
nD  of order ,4n  

   .k
n

k
nr DgDg   

Corollary 4.3. For the dutch windmill graph k
nD  of order ,4n  

   .k
n

k
nns DgDg   

Illustration 4.4. The dutch windmill graph 3
6D  as shown in figure 3 

 

Figure 3. .3
6D  
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In this 3
6D  graph having vertex set           ,,,,, 12612111

3
6 vvvvDV   

        53235222 ,,,,, vvvv   and it has a subset       333231 ,, vvvS   

vertices. Every vertex in S is antipodal. Therefore, S is geodetic set. Clearly, 

  .33
6 Dg  

Theorem 4.5. Let k
nD  be the dutch windmill graph of order ,4n  then  

 









.,12

,1

oddisnfork

evenisnfork
Dg k

ns  

Proof. Consider the graph ,k
nD  we have the following cases. 

Case (i). If n is even, then  kjjj uvvS ,,, 21   be the g-set such that 

  SDV k
n   is connected. Let  ,1nvS   where nv1  be any arbitrary vertex 

in  k
nDV  not adjacent to vertices in S. Clearly, SSS  1  which makes 

  SDV k
n   disconnected. Therefore, S is a sg -set. Hence,   .1 kDg k

ns  

Case (ii). If n is odd, then  kqkjqjqj vvvvvvS ,,,,,, 2211   be the g-

set such that   SDV k
n   is connected. Let  ,1nvS   where nv1  be the 

arbitrary vertex in  k
nDV  not adjacent to S. Hence, SSS  1  which 

makes   SDV k
n   disconnected. Therefore, S is a sg -set. Clearly, 

  .1 kDg k
ns  

Theorem 4.6. For the dutch windmill graph k
nD  of order ,4n   

  .2kDg k
nt   

Proof. Consider the graph ,k
nD  we have the following cases. 

Case (i). If n is even, then  kjjj vvvS ,,, 21   be the g-set such that  

S  has isolated vertex. Consider  11211 ,,,  kjjj uvvS   

 11211 ,,,  kjjj uvv   be the vertex set such that ijv  is adjacent to 1ijv  

or .1ijv  Consider SSS  1  forms a tg -set. Clearly, 1S  has no isolated 

vertex. By Theorem 4.1, .kS   Hence, .21 kSSS    
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Case (ii). If n is odd, then  kqkjqjqj vvvvvvS ,,,,,, 2211   be the g-

set and S  has no isolated vertex. Hence, S itself forms a tg -set. By 

Theorem 4.1, .kS   Hence,   .2kDg k
nt   

Corollary 4.7. For the dutch windmill graph k
nD  of order  k

ntr Dgn ,4  

 .k
nt Dg  

Theorem 4.8. If k
nD  is the dutch windmill graph of order ,4n  then 
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Proof. Let        ,,, 1
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1
111 ki

n
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n
ii

n
i

k
n vuvDV 



   and 

    .11  nkDV k
n  To prove these results we have following cases. 

Case (i). For n is even, let  kjjj uvvS ,,, 21   be the g-set such that 

S  has isolated vertex. Consider      j
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ij

n
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vvSS 2

2

2

11
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
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i
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


 where nv1  is a common vertex, which forms a cg -set. 

By Theorem 4.1, .kS   Clearly,      j
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i
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Case (ii). For n is odd, let  kqkjqjqj vvvvvvS ,,,,,, 2211   be the g-

set such that S  is disconnected. Consider    j

n

ij

n

i
vvSS 2

2

2

11
2

2

11








    

   ,2

2

1 inki

n

i
vv 




 where nv1  is a common vertex, which forms a cg -

set. By Theorem 4.1, .2kS   Clearly,    j
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Theorem 4.9. If k
nd  is the dutch windmill graph of order ,4n  then 

 

 










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
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32)12(
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4212

oddisnfor
knk

evenisnfor
knk
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Proof. Let        ,,, 1
12

1
111 ki

n
ii

n
ii

n
i

k
n vuvDV 



   here nv1  

is a common vertex and     .11  nkDV k
n  To prove this result we have 

following cases. 

Case (i). For n is even, consider    ,,,, 2221  niii vvvA   be the 

adjacent vertices of 1C  for fixed i. Let   ADVS k
n   be the dcg -set with his 

S  and   SDV k
n   are connected. Clearly,   SDg k

ndc   

 
 

.
2

4212 


knk
ADV k

n  

 Case (ii). For n is odd, consider     },,,, 2321  niii vvvA   where 

 ,,,2,1 ki   be the adjacent vertices of 1C  for fixed i. Let   ADVS k
n   

be the dcg -set. Clearly,    
 

.
2

3212 


knk
ADVSDg k

n
k
ndc  

5. Conclusion 

In this paper, we established geodetic number, split geodetic number, 

non-split geodetic number, restrained geodetic number, connected geodetic 

number, doubly connected geodetic number, total geodetic number and total 

outer independent geodetic number of some special graphs. 
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