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Abstract – Let G be a connected graph of order 

study about the geodetic sets of G. We define link vector and 
we prove a theorem to develop an algorithm to find the 
geodetic sets. First we develop algorithms to find adjacency 
matrix, distance matrix, closed interval between any two 
vertices of G and to find the link vector of the closed
Then we present an algorithm to check whether a given set of 
vertices is a geodetic set. Finally we design algorithm to find 
the minimum geodetic set of G. Mathematics Subject 
Classification: 68R10, 05C85       
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I. INTRODUCTION
 
The geodetic number of the graph was introduced in [2], 

[5] and further studied by [4]. There are interesting 
applications of geodetic number concepts to the problem 
of designing the route for a shuttle and network. The 
different other areas that apply geodetic number concepts 
are telephone switching centers, facility location, 
distributed computing, image and video editing, neural 
networks and data mining.  

By a graph G = (V, E), we mean a finite, undirected, 
connected graph without loop or multiple edges [6]. 
assume that |V| = n throughout this paper. Before we 
present the algorithm, we give a brief description of the 
computation of link vector [1] of the graph, which are used 
to design algorithms. To design algorithms we studied the 
book [7] by Wlif. In this paper, we study a binary 
operation Λ which is defined by A. Anto Kinsley, S. 
Somasundaram, and C. Xavier in [1]. We use this 
operation and prove some result to develop algorithms to 
check whether a given set of vertices is a geodetic set and 
to find the minimum geodetic set of G
we consider a graph with distance matrix as input values.

In this section, some definitions and importan
geodetic sets [3] - [5] are studied. 
Definition 1.1  

Given two vertices u and v of a simple connected graph 
G = (V, E), the distance d (u, v)    is the length of a shortest 
u-v path in G. A u-v path of length d (u
geodesic. A vertex w is said to lie on a u
is a vertex of P including the vertices u and 
Definition 1.2 

For a set S of vertices, let the closed interval 
the union of the closed intervals I [u, v] over all the pairs 
of vertices u and v in S. A set of vertices 
geodetic set if I [S] = V(G) and the minimum cardinality of 
the geodetic set is the geodetic number
by 푔(G). A geodetic set of cardinality 
minimum geodetic set (or) 푔- set of G. 
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. We define link vector and 

we prove a theorem to develop an algorithm to find the 
geodetic sets. First we develop algorithms to find adjacency 
matrix, distance matrix, closed interval between any two 

and to find the link vector of the closed interval. 
to check whether a given set of 

vertices is a geodetic set. Finally we design algorithm to find 
Mathematics Subject 

eodesic Distance, Geodetic 

NTRODUCTION 

The geodetic number of the graph was introduced in [2], 
There are interesting 

concepts to the problem 
of designing the route for a shuttle and network. The 
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distributed computing, image and video editing, neural 
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out loop or multiple edges [6]. We 
throughout this paper. Before we 

present the algorithm, we give a brief description of the 
tor [1] of the graph, which are used 

. To design algorithms we studied the 
. In this paper, we study a binary 

A. Anto Kinsley, S. 
in [1]. We use this 
develop algorithms to 

check whether a given set of vertices is a geodetic set and 
G. In all algorithms 

we consider a graph with distance matrix as input values. 
and important results on 

of a simple connected graph 
)    is the length of a shortest 

u, v) is called a u-v 
u-v geodesic P if w 
and v. 

of vertices, let the closed interval I [S] of S be 
] over all the pairs 

. A set of vertices S is called 
) and the minimum cardinality of 

geodetic number and is denoted 
). A geodetic set of cardinality 푔(G) is called a 

Observation 1.3 
If G is a non- trivial connected graph of order 

then, 2 ≤ 푔(퐺) ≤ n. 
Example 1.4 

For a graph given in Figure 1, the minimum geodetic 
sets are {a, f} and {a, h}. The cardinality of the minimum 
geodetic set of G is 2. 

Fig. 1. A G
 

II. LINK VECTORS
 

In this section we define link vectors [1] and 
the concept in the algorithms. 
Definition 2.1 

Characterize each closed interval as an 
place of n-tuple can be represented by 
this n-tuple as a link vector. Denote 
vertex belongs to the closed interval otherwise 0. If all the 
co-ordinate of the link vector is
as full. Denote I [(1)]. 
Definition 2.2 

Let G be a graph. Let 휌 be the set of all
a binary operation  ∨: ρ × 휌 → 휌
u2, . . . , uk ) = (w1, w2, . . . ,wk ) where 
Now we generalize this idea for more than two 
Operation on any number of LV
pair wise. For any 퐼 ∈ 휌 (1 ≤ 푖
(퐼′ ⋁ 퐼′  )⋁ 퐼′  or 퐼′ ⋁(퐼′  ⋁ 퐼

′

퐼′ ⋁ 퐼′  ⋁ 퐼′ ⋁퐼′  means (퐼′ ⋁ 퐼
Example 2.3 

Fig. 2. A graph 
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ECTORS 

we define link vectors [1] and we will use 

erize each closed interval as an n-tuple. Each 
tuple can be represented by a binary 1 or 0. Call 

. Denote LV (I) = I. Put 1 if the 
vertex belongs to the closed interval otherwise 0. If all the 

is equal to 1 then it is called 

be the set of all LV of G. Define 
휌  by  (v1, v2, . . . , vk ) ⋁ (u1, 

) where wi = max {vi , ui}. 
Now we generalize this idea for more than two LV’s. 

LVs by ∨ can be followed by 
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Consider the graph G = (V, E) shown in Figure 2. 
Arrange the vertices in the following order:  
The closed interval of {a, f}, {c, d} and {
I1: a, b, c, e, f                                                                                                                              
I2: c, b, d                                                                                                                  
I3: b, e                                                       

The corresponding link vectors are, 
퐼  
′ = (1, 1, 1, 0, 1, 1)                                                                                                             
퐼  
′ = (0, 1, 0, 1, 0, 0)                                                                                                                      
퐼  
′ = (0, 1, 0, 0, 1, 0)                                                                               

In the above example, we see that                
퐼′ ⋁ 퐼′ = (1,1,1,1,1,1) is full.  

It yields that {a, f, c, d} is the geodetic set of 
Now we turn our attention to design algorithms for

geodetic concepts. We prove an important theorem, which 
will be used in the main algorithm.                    
Theorem 2.4 

Let G be a graph with n vertices. Then 
where r is the number of closed interval obtained between 
each pair of vertices of S if and only if S 
is a geodetic set. 
Proof 

Suppose that ⋁ 퐼′   is full. Now 퐼′ 
LV of 퐼 . If the jth coordinate of 퐼′  is 0 means that 
in the 퐼 . By definition of LV, jth coordinate of 
means that vj is in 퐼  or 퐼 or both. That is, 
one of the closed interval I. Since ⋁
⋁ 퐼′ = (1, 1, … . . , 1) = 퐼([1]) ) , every vertex of 
of G belongs to at least one closed interval obtained by 
every pair of vertices of S. Thus S = {v1
geodetic set of G. 

Conversely, suppose S is the geodetic set of 
⋃ 퐼[푥, 푦] = 푉(퐺)., ∈  We know that 퐼[푥
vertices lying in the x-y geodesic for some
S is geodetic, jth coordinate of any one of 
퐼′ , 퐼′ , … . . , 퐼′    is 1 and so 
of 퐼′ ⋁ 퐼′ ⋁. . . . .⋁퐼′ = 1. Hence every coordinate 
of 퐼′ ⋁ 퐼′ ⋁. . . . .⋁퐼′ = 1. Hence  ⋁ 퐼

 
III. DEVELOPMENT OF ALGORITHMS

 
In this section we present six algorithms. Now suppose 

that a graph G with edge and vertex set is given. We 
develop a new algorithm to find adjacency matrix and 
distance matrix. Also we develop the algorithms to find 
the closed intervals and link vectors which are useful to 
develop the main algorithm. 
Algorithm 3.1 
Algorithm to find an adjacency matrix: 
Input: A graph G = (V, E) given with its 
V = {v1, v2, . . . , vn} and edge set E = {e1
Output: Adjacency matrix (aij) of G. 
for i = 1 to n 
    for j = 1 to n  
        if vivj  E , then aij = 1 
        else aij = 0 
    Print (aij). 
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algorithms. Now suppose 
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develop a new algorithm to find adjacency matrix and 
Also we develop the algorithms to find 

the closed intervals and link vectors which are useful to 

 
its vertex set               

1, . . . , em}. 

In this algorithm, we have used a nested for loop and so 
it requires n2 verifications. Thus it requires 
time. 
Algorithm 3.2 
Algorithm to find distance matrix:
Input: A graph G = (V, E) with its 
and the degree sequence. 
Output: Distance matrix (Dij) of 
for i = 1 to n 
   for j = i to n 
      if (aij = 0 & i = j)  Dij = 0 
      else if (aij = 1 & i ≠ j)  Dij = 1
      else if (aij = 0 & i ≠ j)  count = 1
          for l = 1 to deg (vi)   
           begin 
             for k = 1 to n 
                if (aik = 1 & k = j)  Dij
                else if (akl = 1 & l ≠ j
                       begin 
           count =  count + 1 
                       i = k   
           end 
             Dij (l) = count  
             end 
         Dij = min {Dij (l)}  
for j = 2 to n 
   for i = 1 to j-1 
      Dji = Dij 
Print (Dij). 

In this algorithm, we have nested a for loop, so it 
requires n4 verifications. Also we have another nested for 
loop for substitution, which requires 
it requires O (n4) cost of time. 

Next we develop an algorithm to find the closed interval 
between any two vertices of G. 
Algorithm 3.3 
Algorithm to find I [vi, vj]: 
Procedure closed-interval I [S
Input: A graph G = (V, E) with its distance matrix and a 
subset S2 = {vi, vj} of V.    
Output: I [vi, vj] 
Let I [vi, vj] = {vi} 
find nbh {vi} 
    if  d (nbh(vi ) , vj ) = d(vi ,vj) –
      I [vi, vj ] = I [vi, vj ] ∪ {nbh(v
      vi = nbh(vi )   

Here the algorithm collects the neighborhood of each 
vertex. That is, it works in deg (
the neighborhood of vi. That is, totally it works in 2
times. Thus it requires O (m) cost of 

Next we develop an algorithm to find the link vector of 
the closed interval I [S]. 
Algorithm 3.4 
Algorithm to find the link vector 
Procedure link vector 푰′ [S2] 
Input: A graph G = (V, E) and a 2
closed interval I [S2]. 
Output: The link vector 퐼′ [S2] 
LV: (x1, x2, . . . , xn) 
for i = 1 to n 
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      if vi  I [S2] then put xi = 1 
      else xi = 0 
 Here the algorithm takes n verifications. That is, it 
works O (n) cost of times. 

Next we develop an algorithm to check whether the 
given set S of vertices is geodetic or not.
Algorithm 3.5 
Geodetic set confirmation algorithm: 
Procedure geodetic [S] 
Input: A graph G = (V, E) of order > 2 
{v1, v2, . . . , vk} of vertices. 
Output: S is a geodetic set or not. 
Step 1: Find all the 2-subsets S2 of S 
{There are  number of subsets S2 of S
Step 2: Take L← (0) 
 for i = 1 to  
 begin 
     Closed- interval 퐼 [S2] 
     Link vector 퐼′ [S2] 
                 L = 퐿 ∨ 퐼′ [S2] 
  end 

If L is full then the given set S is a geodetic
Otherwise S is not a geodetic set. 
In this algorithm, step 2 will work in 

part of step 2 is the algorithm Closed- 
Link vector 퐼′ [S2] and hence this part will work with 2
n verifications. Total cost     of time is O
k is the cardinality of the given vertex subset and 
number of edges in G. But in this step the given vertex 
acts as a root and all other vertices are approached through 
a spanning tree. Therefore there are n + 
needed, since m = n-1 for a tree. That  
that is  O (n3). Thus this algorithm requires 
time. 

Finally we develop the main algorithm to find the 
minimum geodetic set of a graph G. 
Algorithm 3.6 
Minimum geodetic set algorithm: 
Procedure 품-set[S] 
Input: A graph G = (V, E) with its vertex set 
V (G) = {v1, v2, . . . , vn} of vertices. 
Output: Sj with 푔(G) vertices. 
Step 1: Take k ← 2 
Step 2: Take all the subsets Sj 1 ≤ 푗
with k vertices. 
Step 3: for j = 1 to  
  begin 
  geodetic [Sj] 
  if yes then stop and print Sj is a minimum 
geodetic set.  
  end 
Step 4: Otherwise take k = k + 1 and return to step 2.
 In this algorithm, by the for loop it takes all the 2
subsets and each time it calls the procedure geodetic [
its complexity is O (n2). Hence this algorithm is 
complete.                                                                                                    
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S} 

is a geodetic set. 

In this algorithm, step 2 will work in ( ) times. Next 
 interval 퐼 [S2] and 

this part will work with 2m + 
O (k2(m + n), where 

of the given vertex subset and m is the 
. But in this step the given vertex 

root and all other vertices are approached through 
 (n-1) verifications 
   is, O (n2(2n-1)),  

). Thus this algorithm requires O (n3) cost of 

inally we develop the main algorithm to find the 

its vertex set  

푗 ≤   of V(G) 

is a minimum  

+ 1 and return to step 2. 
In this algorithm, by the for loop it takes all the 2n 

subsets and each time it calls the procedure geodetic [S], 
). Hence this algorithm is NP-

                                                                                                     

IV. CONCLUSION
 

In this paper we have established algorithms to check 
whether a given set is geodetic or not and to find a 
G, whose complexities are O
respectively.  
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