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ABSTRACT 

The spanning tree of a graph consist of all vertices some of the edges, so that the graph does not contain a cycle. A 

Minimum Spanning Tree (MST) is subset of a graph that connects all vertices with minimum possible total edge 

weights. There are different algorithms that are used to define a Minimum Spanning Tree of a graph i.e. Prim’s 

Algorithm and Kruskal’s algorithm. The main objective of this paper is to discuss and analyse the formation of 

Minimum Spanning Tree using Prim’s Algorithm.  This paper also includes a graphical representation of the algorithms 

explaining with the functionalities. 
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I. INTRODUCTION 
In graph theory, a Tree is a subset of a 

directed or undirected connected graph in which 

vertices are linked with exactly one path without any 

cycles. A spanning tree of a connected graph can be 

constructed including all the vertices with minimum 

possible no of edges. If there are n vertices in the 

graph, then each spanning tree has n-1 edges. A 

connected weighted graph where all the vertices are 

interlinked by some weighted edges can contain 

multiple numbers of spanning trees. A spanning tree 

with minimum possible total edge weight is called as a 

Minimum Spanning Tree (MST). In the minimum 

spanning tree a set of edges is selected such that there 

is a path between each node and the sum of the edge 

weights is minimal.  

A minimum spanning tree can be constructed 

using greedy algorithms i.e. Prim’s and Krushkal 

algorithm.  These algorithms are considered as greedy 

algorithm as they find the best smallest weight edges to 

build a MST. The kruskal’s algorithm firstly processes 

the edges according to their weights from lowest to 

largest value. It takes the lowest valued edge and added 

to the MST. This process continues until all the 

vertices are visited.   The Prim's algorithm is based on 

graph traversals. It first selects a random node from the 

graph and in each traversal, examines all edges from 

the visited node to non-visited nodes to select a 

minimum edge and then the edge is added to the MST. 

II. PRIM’S ALGORITHM 
Prim’s algorithm is a greedy algorithm that is 

used to find a minimum spanning tree (MST) of a 

given connected weighted graph. This algorithm is 

preferred when the graph is dense. The dense graph is 

a graph in which there is a large number of edges in the 

graph. This algorithm can be applied to only 

undirected connected graph and there should not be 

any negative weighted edge.  In this case, the 

algorithm is quite efficient. Since there are no non-

negative weight cycles, there will be a shortest path 

whenever there is a path.  

The steps to find minimum spanning tree using 

Prim’s algorithm are as follows: 

 

1. If graph has loops and parallel edges than 

remove loops and parallel edges of that graph. 

2. Randomly choose any node, labelling it 

with a distance of 0 and all other nodes as ∞. The 

chosen node is treated as current node and considered 

as visited. All other nodes are considered as unvisited. 

3. Identify all the unvisited nodes that are 

presently connected to the current node. Calculate the 

distance from the unvisited nodes to the current node.  

4. Label each of the vertices with their 

corresponding weight to the current node, but relabel 

of a node, if it is less than the previous value of the 

label. Each time, the nodes are labelled with its 

weights; keep track of the path with the smallest 

weight. 

5. Mark the current node as visited by 

colouring over it. Once a vertex is visited, we not need 

to look at it again. 

6. From all the unvisited nodes, find out the 

node which has minimum weight to the current node, 

consider this node as visited and treat it as the current 

working node. 

7. Repeat steps 3, 4 and 5 until all nodes are 

visited. 
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8. After completed all steps get desired MST.  

 

Algorithm: 

/* S= set of visited node, Q= Queue, G=Graph, w=Weight */  

Prim_MST (G, w, S) 

{ 

 Initialization(G,S) 

 S ←Ø      // the set of visited nodes is initially empty  

 Q← v[G]     // The queue is initially contain all nodes 

 while (Q= Ø)     // Queue not empty  

  do u← extract_min(Q)  // select the minimum distance of Q 

   S ←SU{u}   // the u is add in visited set S 

  For each vertex v ϵ adj(u) 

   do relax(u, v, w) 

} 

Initialization (G, S) 

{ 

For each vertex v ϵ adj (u) 

 d [v] ←∞   //Unknown Distance from source node 

π[v] ←nil     // Predecessor node initially nil. 

d[s] ←0     //Distance of source nodes is zero 

} 

Relax (u, v,w) 

{ 

 If d[v]>w[u,v]    // comparing new distance with existing value  

 { 

  d[v] ← w[u,v] 

  π[u] ←u 

 } 

} 

 

 

 

Using Prim’s algorithm, calculation the  minimum spannin tree is given in the following graph . 

 

 
Step1: Redraw the graph as following: 
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Consider the source node as A. Therefore, A will be the current working node and can be treated as visited. 

Nodes A B C D E F 

Distance d[v] 0 ∞ ∞ ∞ ∞ ∞ 

Distance from 

π[v]   

A      

Status Visited Unvisited Unvisited Unvisited Unvisited Unvisited 

 

 

 
 

Step2: 

We can calculate the weights of unvisited adjacent nodes of current node A. The unvisited nodes of A are B, C, and D.  

Now,  Distance [B]> distance (A, B) ⇨   ∞ > 10  

                So, relabel is required in node B.  

            Distance [C]> distance (A, C) ⇨   ∞ > 6   

                So, relabel is required in node C. 

Distance [D]> distance (A, D) ⇨∞ > 3    

 So, relabel is required in node D. 

 

 

 

Nodes A B C D E F 

Distance d[v] 0 10 6 3 ∞ ∞ 

Distance from 

π[v] 

A A A A   

Status Visited Unvisited Unvisited Unvisited Unvisited Unvisited 

 

We can discover the smallest distance from A to the unvisited node which is D, traversing through A to D and now D 

can be considered as the current node. 
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Step3: 

We can calculate the weights of unvisited adjacent nodes of current node D. The unvisited nodes of D are C and F.  

Now,  

  Distance[C] > Distance (D, C) ⇨ 6 > 5  

              So, relabel is required in node C.  

Distance [F] > Distance (D, F) ⇨ ∞ > 4  

So, relabel is required in node F. 

 

 

 

Nodes A B C D E F 

Distanced[v] 0 10 5 3 ∞ 4 

Distance from 

π[v] 

A A D A  D 

Status Visited Unvisited Unvisited Visited Unvisited Unvisited 

 

We can discover the smallest distance from D to the unvisited node which is F, traversing through D to F and now F 

can be considered as the current node. 

 

 
 

Step 5: 

Unvisited adjacent of current working node of F is E  

Now,  

Distance [E]> Distance (F, E) ⇨ ∞ > 3   

 So, relabel is required in node E. 

 

Nodes A B C D E F 

Distance d[v] 0 10 5 3 3 4 

Distance from 

π[v] 

A A D A F D 
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Status Visited Unvisited Unvisited Visited Unvisited Visited 

We can discover the smallest distance from F to the unvisited node which is E, traversing from F to E and now E can 

be considered as the current node. 

 

 
 

Step 5:  

Unvisited current node of E is C and B. 

Now, 

Distance [B]> Distance (E, B) ⇨ 10 > 7   

 So, relabel is required in node. 

Distance [C]> Distance (E, C) ⇨ 5< 6 

               So, relabel is not required.   

 

 

Nodes A B C D E F 

Distance d[v] 0 7 5 3 3 4 

Distance from 

π[u] 

A E D A F D 

Status Visited Unvisited Unvisited Visited Visited Visited 

 

We can discover the smallest distance from D to the unvisited node which is C, traversing from D to C and now C can 

be considered as the current node. 

 

 
Step6: 

From current node C the unvisited node is B. 

Distance [B] > Distance(C, B). 

  So, relabel is required.   

 

 

Nodes A B C D E F 

Distance d[v] 0 2 5 3 3 4 
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Distance from 

π[v] 

A C A A F D 

Status Visited Unvisited Visited Visited Visited Visited 

 

Now, only unvisited node is B. So, Traverse from C to B and mark B as visited. 

 

 
The final table is: 

Nodes A B C D E F 

Distance d[v] 0 2 5 3 3 4 

Distance from 

π[v] 

A C A A F D 

Status Visited Visited Visited Visited Visited Visited 

 

Therefore, the minimum spanning tree of the given 

graph is given below: 

 

 
The weight of minimum spanning tree will be: 

   = (A, D) + (D, F) + (F, E) + (D, C) + (C, B) 

   = 3+4+3+5+2 

   = 17 

 

III. COMPLEXITY 
Finding the minimum distance is O (V) and 

overall complexity with adjacency list representation is 

O (V2). If queue is kept as a binary heap, relax will 

need a decrease-key operation which is O (logV) and 

the overall complexity is O (V log V + E log V) i.e. O 

(E log V). If queue is kept as a Fibonacci heap, 

decrease-key has an amortized complexity O (1) and 

the overall complexity is O (E+V log V). 

 

IV. CONCLUSION 
 The time complexity for Prim’s algorithm is 

acceptable in terms of its overall performance to 

finding minimum spanning tree. Minimum Spanning 

Tree concept is mostly used in network analysis, water 

supply network, transportation network, cluster 

analysis, circuit design and to solve the travelling 

salesman problem of the graph theory. The Prim’s 

algorithm is preferred to dense graphs but for sparse 

graph the Kruskal’s algorithm is used for better results. 
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