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I. PRELIMINARIES 
In this section we present some definitions and results which are essential in the study of succeeding sections. 

A. Introduction 
The standard distance d(u,v) between two vertices u and v in a connected graph G is the length of a shortest u-v path in G. Although 
this concept has been known for a very long time, it is only in recent decades that received considerable attention as a subject of its 
own. In 1990 Buckley and Harary wrote the book Distance in graphs. In 2004 Handbook of graph theory edited by Groes and 
Yellen[4] contains a section devoted exclusively to distance in graphs. A number of results on distance come from the fact that two 
vertices u  and v are adjacent if and only if d(u,v)=1 and two  distinct vertices u and v are non adjacent if and only if d(u,v) ≥
2. Hence any concept whose definition relies on the adjacency or non adjacency of two vertices in a graph can be restated in term of 
distance. In this paper we find the geodetic polynomials of some graphs, also we have found the detour geodetic polynomial of some 
graphs. 

1) Definition 1.1.1: Let   G(V,E) be a simple graph. Let u , vV be any two vertices of G. A u-v path of length d( u, v) is called a 
u-v geodesic. 

Let I[u,v] be the set of all vertices lying on some u-v geodesic of G. The set I(S) is defined by  
           I[S] = 

Svu ,

I[u,v]  

2) Definition 1.1.2: A set S of vertices of G is called a geodetic set in G if I[S] = V[G] . A geodetic set of minimum cardinality is a 
minimum geodetic set. The cardinalility of a minimum geodetic set in G is called geodetic number and is denoted by ࣡(G). 

3) Example1.1.3. consider the following graph 

 

Here S1={ݒଵ,ݒହ} and S2={ݒଵ,ݒଶ,ݒଷ,ݒହ } are geodetic sets. 
 
Hence the Geodetic   Number  is 2 

4) Definition1.1.4The eccentricity e(u) of a vertex u is the distance to a vertex farthest from u. The radius r(G) of G is defined by 
r(G) = min {e(u):u∈ v(G) } 
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B. Geodetic Polynomial 
Let  ࣡ (G,i) be the family of geodetic sets of the graph G with cardinality I and  ࣡(ܩ, ݅) = ,ܩ) ࣡|  ݅)| . Then the geodetic polynomial    
࣡ (G,x) of G is defined as 

,ܩ ) ࣡ (ݔ =   ࣡

|(ீ)|

ୀ ࣡(ீ)

,ܩ) ݔ(݅  

Where ࣡ (G) is the geodetic number of G. 

1) Example 1.2.1:Consider The Following Graph. 

 

d(ݒଵ,ݒହ) = 3 ;  ݒଵ − ଶݒ − ସݒ − ଵݒ ,ହݒ − ଷݒ − ସݒ −  {ହݒ,ସݒ,ଷݒ,ଶݒ,ଵݒ} = ହ, I (u,v)ݒ

|࣡(ܩ, 2)| = 1 ,|࣡(ܩ, 3)| = 2 ,|࣡ ,ܩ)  4)| = 3 ,|࣡ ,ܩ)  5)| = 1 

࣡ (G,x)   =  ∑ ࣡ 
|(ீ)|
ୀ  ࣡ (ୋ) ,ܩ) ∑  =ݔ(݅ ࣡ 

ହ
ଶ  (ܩ ,  ݔ(݅

࣡ (G,x)    =  ݔଶ + ଷݔ2 + ସݔ3 +  ହݔ

2) Geodetic Polynomial of Complete Graph 
3) Result1.3.1.[5]  ࣡(Kn,x) = xn,  where Kn is the complete graph. 
4) Example1.3.2.Consider the graph K5 

 

 
࣡ (K5, x) = ∑࣡ୣ ,ହܭ) ݔ(݅  ହݔ =ହݔ.1 =   

C. Geodetic Polynomial of complete bipartite Graph 
1) Result1.3.1[5]:  ऑ ൫۹ܠ,ܖ,ܕ൯ = ܖܠ( + ܕ(ܠ + )ܕܠ + ܖ(ܠ − ≤ ܕ, ܖାܕܠ   ,ܖ ≤  
2) Example1.3.2.Consider the graph K2,3 
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࣡ (K2,3, x)   = 1.ݔଶ ଷݔ.4+ ସݔ.5+ + ହݔ  

3) Result1.3.2[5] 
The geodetic polynomial of Kn,nis 
a) ࣡(Kn,n,x) = xn(2(1+x)n – xn), 2 ≤ n ≤ 4. 
b) ࣡(Kn,n,x) = ((1+x)n – 1)2 – 2nx(1+x)n + 2xn(1+nx) + 2nx +n2x2, n > 4. 

 
4) Example1.3.3consider the graph K3,3 

 
࣡ (K3,3, x)   =  2ݔଷ + ସݔ6 + ହݔ6 +  ݔ
 
5) Result 1.3.4[5] 
 ࣡ (K1,n, x) = ݔ + ,  ାଵݔ ݊ > 1 
 
 
From the Figure ,it is easy to observe that ࣡(G1,x) =(ݔଶ + ଷݔ = ଷ),    ࣡(G2,x)ݔ  

࣡(G,x) = (ݔଶ + ଷݔ.(ଷݔ  

࣡(G,x)  = ݔହ +  .ݔ
 

D. Geodetic Polynomial of Path 
1) Result1.4.1[5]: Let Pnbe a path with n vertices .The geodetic polynomial of  Pn is 
࣡(Pn,x) = ݔଶ(1 +  . ିଶ(ݔ
2) Example 1.4.2 

 

࣡( P4, x) = ݔଶ + ଷݔ2 +  .ସݔ

II. GEODETIC POLYNOMIAL OF RADIAL GRAPHS 
In this section we find geodetic polynomial of some radial graphs 

A. Definition 2.1 
Two vertices of a graph are said to be radial to each other if the distance between them is equal to the radius of the graph. 

B. Definition 2.2 
The radial graph of a graph G, denoted by R(G) has the vertex set as in G and two vertices are adjacent in R(G) if and only if they 
are radial in G. consider the following  graph 
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e(u) :e(ݒଵ) = 3,e(ݒଶ) = 2,e(ݒଷ) = 2,e(ݒସ) = 2,e(ݒହ) = 3 

The following verticex pairs  are radial to each other. 

 (ହݒ,ଷݒ) ,(ହݒ,ଶݒ) ,(ଷݒ,ଶݒ) , (ସݒ,ଵݒ) 

Radial graph  : 

 

C. Result2.3[4] 
Let Pnbe any path on n ≥ 5 vertices then 

R (Pn)    =        ቀ
ଶ
ቁK2  if n is even 

     P3∪ ቀ
ିଷ
ଶ
ቁK2 if n is odd 

D. Result 2.5[4]R(Km,n ) =  Km Kn 
E. Result2.6[4] 

 Let Cn be any cycle on n ≥ 4 vertices then 

R(Cn) =  ቀ
ଶ
ቁK2 if n is even 

  ≅ Cn  if n is odd 

F. Result 2.8 [4]Every path Pn,  n ≠ 4 is a radial graph ,(i.e) R ( Pഥ) = Pn 

G. Theorem2.9 

࣡(R ( Pn),x)  = ݔif  n is even,  n ≥ 5 

࣡(R ( Pn),x) = ݔିଵ +  if  n is odd, n ≥  5ݔ 

Proof: 

Since  R( ܲ) =ቀ
ଶ
ቁܭଶ , n is  even and n ≥ 5 and  ࣡(K2)  = ݔଶ 

Therefore the geodetic polynomial of R( ܲ) is ݔ  
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࣡(R ( Pn),x)   is  ݔ  ,if n is even and n ≥ 5. 

 Since R(Pn) = P3∪ ቀ
�ି3

2
ቁ�2,If n is odd , n ≥ 5 and the result 2.3[3] 

the geodetic polynomial of  R(��) is 

�(R ( Pn),x)= �( P3).{   � (K2, x).   � (K2, x) …….�ି3
2

times  } 

=  (   �2 + �3).�2.�2.�2…….�ି3
2

 times 

�(R ( Pn),x)  =  (   �2 +�3  ).�2ቀ�ష3
2 ቁ 

=  (   �2 + �3  ).��ି3 

 �(R ( Pn),x)  = ��ି1 +  �� 

H. Example 2.10 

  

�(G1,x)   = �2 + �3,  �(G2,x)   = �2 , �(G3,x)   = �2 

�(R(Pn),x)   = ൫�2 +�3൯.�2.�2 

�(R(Pn),x)   = �6 +�7 

I. Theorem 2.11 

�( R(��,�), x ) = ��ା� 

Proof:  

            Since R(Km,n) = Km∪ Kn by the result 2.5[3] the geodetic polynomial of R(Km,n)  

     �( R(��,�), x )  = �( ( �� ∪  ��),  x  ) 

 = �( ��, x ). �(��, x )= ��.�� = ��ା�. 

J. Example2.12  Consider the graph R(K2,3) 

 

�( G1, x ) = �2,�( G2, x ) = �3 

          �( R(�2,3), x ) = �2.�3= �5 
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III. DETOUR GEODETIC POLYNOMIAL OF GRAPHS 
In this section we find detour geodetic polynomial of some graphs 

A. Definition 3.1 
Let G be a connected graph.  The length of a longest u-v path between two vertices u and v in G is called the detour distance D(u, v) 
between u and v. A u-v path of length D(u, v) is a u-v detour. 

B. Example 3.2 
For a graph G given in the following figure, D(u, v) = 4. 

 

C. Definition 3.3 
A vertex w is said to lie on a u-v path P if w is a vertex of P. The closed interval ID[u,v] consists of u, v and all vertices lying in 
some u-v detour of G.  For any S ⊆ V,   ID[S] =⋃ ID[u, v].�,�∈�  

D. Definition 3.4 
A set of S of vertices is called a detour geodetic set of G if ID[S] = V.  The minimum cardinality of a detour  geodetic set is the 
detour number and is denoted by dg(G).  A detour set of minimum cardinality dg(G) is called a minimum detour set of G or detour  
geodetic basis of G. Equivalently, a set S of vertices is called a detour geodetic  set of G if every vertex of G lies on some  detour 
joining a pair of vertices of G. 

E. Definition 3.5 
The upper detour geodetic  number dg+(G) of G is the maximum cardinality of a minimum detour  geodetic set of G. 

F. Example 3.6 
For the graph G given below 

 

S = {x, u}, S1 = {x, v}, S2 = {x, y} are three minimum detour geodetic  set so thatdg(G) = 2. 

G. Definition 3.7 

Let D �(G, i) be the family of detour geodetic sets of the graph G with cardinality i and let D �e (G, i) = |D �(G, i)|.  Then the 
detour geodetic polynomal D �(G, x) of G is defined as 

 D �(G,x) =  ∑dgା (G)
�ୀdg (G) D �e(G, i)xi 
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Where dg(G) is the Detour number of G. 

H. Example 3.8 
For the graph G, given in  the above Figure S = {x, u}, S1 = {x, v}, S2 = {x, y}, dg(G) = dg+(G)the detour geodetic polynomial of 
the graph G is  Defined byD�(�, x)  =     ∑ ��e (G, i)�ୀ2 .��= D�(�, x) = 3x2. 

I. Example 3.9  

For the Graph G, Given in the Figure 

 

D(u,v) = 4 

IV. DETOUR GEODETIC POLYNOMIAL OF RADIAL GRAPH 
In this section we find detour geodetic polynomial of some radial graphs 

A. Theorem 4.1 
Detour Geodetic Polynomial of R(Pn) is �� 
(i.e)       D�(R(Pn), x)   =  �� if n is even 

Proof D�(R(Pn), x)   =  D�(ቀ�
2
ቁ�2, x )  

 =    D�(�2, x)  . D�(�2, x) D�(�2, x)  ……..ቀ�
2
ቁtimes 

=  �2.�2 .�2……ቀ�
2
ቁ times =  ൫�2൯

�
2 D�(R(Pn), x)  =    ��. 

B. Theorem 4.2  
Detour geodetic polynomial of R(Pn) is D�(R(Pn),x) = xn-1 if n is odd 

1) Proof :D�(R(Pn),x) = D�(P3),x) . {D�(((n-3)/2) K2, x)} 

= D�(P3),x) . {D�(((n-3)/2) K2, x)}….. (nି3)
2

times. 

  = x2 .x2 . x2 ………….. (nି3)
2

 times.= x2(n/2) .(x2(n-3)/2))= x2+n-3=xn-1 

C. Theorem 4.3 
Detour geodetic Polynomial of R(Pതn) isD�(R(Pതn), x) = x2 
1) Proof :Since D�(R(Pതn), x) = D�(Pതn,x), 

 And Pn is a tree with 2 end vertices, dg(G) = dg+(G) = 2 and 

 There is only one detour set with cardinality 2 

 D�(Pതn), x) = x2 
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 Hence D (R(Pതn), x) = x2. 

D. Theorem 4.4 
The detour geodetic polynomial ofR(Km,n) is D (R(Km,n), x) = (mxm-1 + xm) . (nxn-1+ xn) 
1) Proof :Since R(Km,n) = Km∪ Kn 

and D (R(Km,n), x) = D (Km,x) . D (Kn,x) 

Now D (Km,x) = mxm-1 + xm , D (Kn,x) = nxn-1 + xn 

Hence D (R(Km,n), x) = (mxm-1 + xm) . (nxn-1+ xn). 

V. CONCLUSION 
Here Geodetic polynomial of path, complete graph, complete bipartite graph, radial graphs and detour geodetic polynomial of 
complete, complete bipartite and radial graphs have been studied. Further we can find the detour geodetic polynomial of other 
important graphs. 
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