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ABSTRACT 

 

            Computing shortest paths in graphs is one of the most fundamental and well-studied 

problems in combinatorial optimization. Numerous real-world applications have stimulated 

research investigations for more than 50 years. Finding routes in road and public transportation 

networks is a classical application motivating the study of the shortest path problem. The 

shortest path problem is one of the classic network problems. The objective of this problem is 

to identify the least cost path through a network from a pre-determined starting node to a pre-

determined terminus node. It has many practical applications and can be solved optimally via 

ancient algorithms. This paper introduces the classical Dijkstra algorithm in detail, and 

illustrates the method of implementation of the algorithm and the disadvantages of the 

algorithm. And then we will study a new refine Dijkstra algorithm its efficiency and 

disadvantages. A comparison study is also shown among Dijkstra‘s algorithm and A* 

algorithm. 
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INTRODUCTION 

In graph theory, the shortest path problem is the problem of finding shortest path or least cost 

path from source vertex to the Goal one ( between the two node) so that the sum of the weights 

of its constituent edges is minimized. The problem is also sometimes called the single-pair 

shortest path problem, to distinguish it from the following variations: 

 The single-source shortest path problem: Find a shortest path from u to v for given 

vertices u and v. If we solve the single-source problem with source vertex u, we solve this 

problem also. Moreover, no algorithms for this problem are known that run 

asymptotically faster than the best single-source algorithms in the worst case. 

 The single-destination shortest path problem, mean we have to find shortest paths from 

all vertices in the directed graph to a single destination vertex v. This can be reduced to 

the single-source shortest path problem by reversing the arcs in the directed graph[4]. 

 The all-pairs shortest path problem: Find a shortest path from u to v for every pair of 

vertices u and v. Although this problem can be solved by running a single-source 

algorithm once from each vertex, it can usually be solved faster. 
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There exits various algorithms for solving the problem of Shortest Path such as Dijkstra 

algorithm solves the single-source shortest path problems, Bellman–Ford algorithm solves 

the single source problem if edge weights may be negative, A* search algorithm solves for 

single pair shortest path using heuristics to try to speed up the search, Floyd–Warshall 

algorithm solves all pairs shortest paths, Johnson's algorithm solves all pairs shortest paths, 

and may be faster than Floyd–Warshall on sparse graphs, Perturbation theory finds (at worst) 

the locally shortest path[4]. 

 

Single Source Shortest Paths Problem with Dijkstra's Algorithm 

If follow the Greedy approach  (Greedy algorithm),It works by maintaining a set S of ``special'' 

vertices whose shortest distance from the source is already known. At each step, a ``non-special'' 

vertex is absorbed into S. The absorption of an element of V - S into S is done by a greedy 

trategy. The following provides the steps of the algorithm. Dijkstra‘ algorithm work only on 

(+)ve edge. Dijkstra's algorithm, conceived by Dutch computer scientist Edsger Dijkstra in 1956 

and published in 1959 is a graph search algorithm that solves the single-source shortest path 

problem for a graph with nonnegative edge path costs, producing a shortest path tree. This 

algorithm is often used in routing and as a subroutine in other graph algorithms [3]. For a given 

source vertex (node) in the graph, the algorithm finds the path with lowest cost (i.e. the shortest 

path) between source vertex and goal vertex. And also find the cost of shortest path for each 

vertex from goal vertex. For example, if the vertices of the graph represent cities and edge path 

costs represent driving distances between pairs of cities connected by a direct road, Dijkstra's 

algorithm can be used to find the shortest route between one city and all other cities. As a result, 

the shortest path first is widely used in network routing protocols, most notably IS-IS and OSPF 

(Open Shortest Path First)[1]. Dijkstra's original algorithm does not use a min-priority queue and 

runs in O(|V|2). The idea of this algorithm is also given in (Leyzorek et al. 1957). The 

implementation based on a min-priority queue implemented by a Fibonacci heap and running in 

O(|E| + |V| log |V|) is due to (Fredman&Tarjan 1984). This is asymptotically the fastest known 

single-source shortest-path algorithm for arbitrary directed graphs with unbounded nonnegative 

weights. 

 

DIJKSTRA ALGORITHM 

 

 The starting node(S) is called the initial node 

 Initially, S = Ø. 

 Mark all nodes unvisited. Set the initial node as current. Set value of current node S=0. 

 Generate the all successor node find minimum one explore it and make it as visited. A 

visited node will never be checked again.  

 Record its distance and repeat previous step until each and every node is to be visited. 

 If the destination node has been marked visited (when planning a route between two 

specific nodes) or if the smallest tentative distance among the nodes in the unvisited set is 

infinity (when planning a complete traversal), then stop. The algorithm has finished [3]. 
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PSEUDO CODE: 

DIJKSTRA (G, W, S) 

INIALIALIZE-SINGLE-SOURCE (G,S) 

S=ϕ 

Q=G.V 

While Q=/ ϕ 

U = Extract_Min (Q) 

S = s U {u} 

For each vertex V€ G. adj[u] 

Relax(u,v,w) 

INIALIALIZE-SINGLE-SOURCE (G,S) 

{ 

For each vertex V ∑ G.V 

v.d = α 

v.π = nill 

s.d = 0 

} 

RELAX (U, V, W) 

{ 

If v.d>u.d+W (u, v) 

v.d = u.d + w(u,v) 

v.π = u 

} 

 

PROOF  

The proof of the algorithm can be obtained by using proof of contradiction. Before proceeding 

further with proof few facts/lemma have to be stated. · Shortest paths are composed of shortest 

paths. It is based on the fact that if there was a shorter path than any sub-path, then the shorter 

path should replace that sub-path to make the whole path shorter. If s ->…-> u -> v is a shortest 

path from s to v, then after u is added to Frontier then sDist[v] = EdgeCost[s, v] and sDist[v] is 

not changed. It uses the fact that at all times sDist[v] >= EdgeCost[s, v] The distance of the 

shortest path from s to u is sDist[s, u]. After computing, we get sDist[u] = EdgeCost[s, u] for all 

u. Once u is added to S, sDist[u] is not changed and should be EdgeCost[s, u][4]. 

 

EFFICIENCY  

The complexity/efficiency can be expressed in terms of Big-O Notation. Big-O gives another 

way of talking about the way input affects the algorithm‘s running time. It gives an upper bound 

of the running time. In Dijkstra‘s algorithm, the efficiency varies depending on |V|=n 

Delete_Mins and |E| updates for priority queues that were used. If a Fibonacci heap was used 

then the complexity is O( | E | + | V | log | V | ) , which is the best bound. The Delete_Mins 

operation takes O(log|V|)[3]. If a standard binary heap is used then the complexity is O( | E |log 

|E|),| E | log |E| term comes from |E| updates for the standard heap . If the set used is a priority 
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queue then the complexity is O(|E|+|V|2). O(V|2) term comes from |V| scans of the  ordered set 

New Frontier to find the vertex with the least sDist. Value [3]. 

  

DIS-ADVANTAGES 

The major disadvantage of the algorithm is the fact that it does a blind search there by 

consuming a lot of time waste of necessary resources. There is no concern about the cost and 

time measure. Another disadvantage is that it cannot handle negative edges. This leads to acyclic 

graphs and most often cannot obtain the right shortest path. In the algorithm and computer 

program, correlation matrix, adjacent matrix and distance matrix are used to compute the shortest 

path based on network matrix of Dijkstra. Many N*N arrays are defined to store graphical date 

and compute. N is referred to the number of the network nodes. When the number of the nodes is 

very large, it occupies a lot of CPU memory. For example, when the number of the nodes is 

3000(about the nodes of one road layer with the scale of 1:50000), it needs4*3000*3000 = 

36000000 bytes—36 MB memory, and if the number is 6000(about the nodes of two road layer 

with the scale of 1:50000), it needs 144 MB memory[3]. If we do not improve the Dijkstra 

algorithm, the algorithm is very difficult to apply in network analysis for huge data. Another 

Disadvantage of the algorithm is the network nodes require square-class memory, so it is 

difficult to quantify the shortest path of the major nodes. 

 

RELATED ALGORITHMS FOR SHORTEST PATHS 

A* algorithm is a graph/tree search algorithm that finds a path from a given initial node to a 

given goal node It employs a "heuristic estimate" h(x) that gives animate of the best route that 

goes through that node. It visits the nodes in order of this heuristic estimate. It follows the 

approach of best first search. The Bellman–Ford algorithm computes single-source shortest paths 

in a weighted digraph. It uses the same concept as that of Dijkstra‘s algorithm but can handle 

negative edges as well. It has a better running time than that of Dijkstra‘s algorithm. Prim‘s 

algorithm finds a minimum spanning tree for a connected weighted graph. It implies that it finds 

a subset of edges that form a tree where the total weight of all the edges in the tree is minimized. 

it is sometimes called the DJP algorithm or Jarnik algorithm. 

 

APPLICATIONS OF SHORTEST PATH ALGORITHMS 

Traffic information systems use Dijkstra‘s algorithm in order to track the source and destinations 

from a given particular source and destination. OSPF- Open Shortest Path First, used in Internet 

routing. It uses a link-state in the individual areas that make up the hierarchy. The computation is 

based on Dijkstra's algorithm which is used to calculate the shortest path tree inside each area of 

the network. The wide spectrum of its applications ranges from the routing problem in 

communication networks to robot motion planning, highway and power line engineering etc. 

Many optimization problems solved by dynamic programming or more complicated matrix 

searching techniques, such as the 0/1 knapsack problem, construction of optimal inscribed 

polygons, sequence alignment in molecular biology, length-limited Huffman coding etc., are 

expressed as shortest path problems. These also include scheduling problems such as critical path 

computation. 

 

A REFINE DIJKSTRA’S ALGORITHM 

This algorithm work on single shortest path problem with few distinct positive lengths. This is an 

efficient algorithm for SSSPP in a case the number of distinct edge length is small. The graph G 
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with n vertices, m edges and K distinct lengths. Refine algorithm is implement by using binary 

heap to speed the procedure of FINDMIN ().Consider a directed graph G = (V, E), with a vertex 

set V with n vertices, and an edge set E with m edges. For each vertex v ∈V, we let E(v) denote 

the set of edges directed out of v. Let L = {l1.  . .lK}be the set of distinct nonnegative edge 

lengths given in increasing order. We assume that L is provided as part of the input and stored as 

an array. Each edge (i, j) ∈E has an edge length C(i j)∈L.[1][2] 

 

PSEUDO CODE 
New-Dijkstra() 

1: Initialize() 

2: while (T ≠ϕ) do 

3: let r = argmin{f (t): 1≤t ≤K}. 

4: let (i, j) = CurrentEdge(r). 

5: d( j) := d(i) +lr; pred( j) := i. 

6: S = S ∪  {j}; T :=T − {j}. 

7: for (each edge ( j,k) ∈E( j)) do 

8: Add the edge ( j,k) to the end of the list Et (S), where lt= c jk. 

9: if (CurrentEdge(t) = NIL) then 

10: CurrentEdge(t) := ( j,k) 

11: end if 

12: end for 

13: for (t = 1 to K )do 

14: Update(t). 

15: end for 

16: end while 

 

ALGORITHM (1) DIJKSTRA’S ALGORITHM WITH FEW DISTINCT EDGE 

LENGTHS[2]. 

 
Update(t) 

1: Let (i, j) = CurrentEdge(t). 

2: if ( j∈T) then 

3: f (t) =d(i) +ci j . 

4: return 

5: end if 

6: while (( j ϕ T ) and (CurrentEdge(t).next ≠ NIL)) do 

7: Let (i, j) = CurrentEdge(t).next. 

8: CurrentEdge(t) = (i, j). 

9: end while 

10: if ( j∈T ) then 

11: f (t) =d(i) +ci j . 

12: else 

13: Set CurrentEdge(t) to ϕ. 

14: f (t)=∞. 

15: end if 
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ALGORITHM (2)THE UPDATE PROCEDURE[2]. 

 

An O(m + nK) implementation of Dijkstra‘s algorithm for solving the SSSPP. While running 

Dijkstra‘s algorithm, we maintain the following structures: 

i)   The set S, which denotes the set of permanently labeled vertices, and[2] 

 

ii)  The set T = V − S, which denotes the set of temporarily labeled vertices.[2] 

 

PROOF 

The algorithm is identical to Dijkstra‘s algorithm except that it maintains some additional data 

structures to carry out the FindMin() operation. Therefore, Algorithm 1 computes the shortest 

paths from vertex s correctly. The initialization takes O(n) time. Determining of r = argmin{ f (t): 

1≤t ≤ K} and the time to perform Update(t) over all iterations is done into two step first note the 

time to compute overall iterations and next consider the time needed to perform UPDATE(t) for 

overall iteration for which the running time is O(nK). So total running time for both step in 

algorithm 2 is O(m+nK)[2]. 

 

BINARY_HEAP_IMPLEMENTATION OF FIND_MIN()  

A binary heap is tree same as binary tree but contain two additional constraints: The shape 

property: the tree is a complete binary tree; that is, all levels of the tree, except possibly the last 

one (deepest) are fully filled, and, if the last level of the tree is not complete, the nodes of that 

level are filled from left to right [8]. The heap property: each node is greater than or equal to 

each of its children according to a comparison predicate defined for the data structure. Heaps 

with a mathematical "greater than or equal to" comparison function are called max-heaps; those 

with a mathematical "less than or equal to" comparison function are called min-heaps. Min-heaps 

are often used to implement priority queues [8]. So the node are order not in a specified way as 

define by heap property, a single node's two children can be freely interchanged unless doing so 

violates the shape property. Heap operations: Both the insert and delectation operations are 

perform in the binary heap by adding the new in the end of heap and deleting so. Then the heap 

property is restored by traversing up or down the heap. Both operations take O(log n) time [8]. 

 

EFFICIENCY 

In case of this algorithm speed of FindMin() operation increases if the number of distinct edge 

length is small. The FindMin() operation take O(K) if implemented directly without any priority 

queue data structure. This lead to an improvement in the overall running time of Dijkstra 

algorithm when k is small. Assuming that nk>2m, its running time is O (m.logn,k/m) for various 

ranges of parameters n, m and K, the running time of this algorithm is less than the running time 

of Fredman and Tarjan‘s Fibonacci heap implementation which run in O(m+n.logn) time. The 

binary heap implementation of Dijkstra‘s algorithm with O(K/q ) binary heaps of size O(q) with 

q = nk/m determines the  shortest path from vertex s to all other  vertices in O(m log q) time. The 

algorithm to improve its running time in the case that K is not a constant. 

 

LOOP WHOLE & DISADVANTAGES 

Graph should be connected because generator may produce parallel edge as well as self-loop. 

Small-world graphs mean small distinct positive edge length (L) lead to batter result. Blind 

search mean no idea about the perfection or success Let L = {l1.  . . lK}be the set of distinct 
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nonnegative edge lengths given in increasing order. Last and major one is fail in case of large or 

dense Network. 
 

A* ALGORITHM  

A* algorithm is also used to find a path from a given initial node to a given goal node it employs 

a "heuristic estimate" h(x) that gives animate of the best route that goes through that node. It 

visits the nodes in order of this heuristic estimate. It follows the approach of best first search[5]. 

A* is a cornerstone name of many AI systems and has been used since it was developed in 1968 

by Peter Hart, Nils Nilsson and Betram Rapahel. It is combination of Dijkstra‘s algorithm and 

best first search. It can be used to solve many kinds of problems. A*search finds the shortest path 

through a search space to goal state using heuristic function. This technique finds minimal cost 

solutions and is also directed to a goal state called A* search [6]. The A* algorithm also finds the 

lowest cost path between the start and goal state, where changing from one state to another 

requires some cost. A*requires a heuristic function to evaluate the cost path that passes through 

the particular state. It is very good search method but with complexity problems. This algorithm 

is complete if the branching factor is finite and every action has fixed cost. A* requires heuristic 

function to evaluate the cost of path that passes through the particular state. It is defined by the 

following formula [5]. 

f(n)= g(n)+h(n) 

Where g(n) is the cost of path from the starting state to node n and h(n) is the cost of path from  

node n to the goal state. The speed of execution of A* is highly dependent on the accuracy of the 

heuristic algorithm (technique) or on the use of function that is used to compute h(n). A* search 

is both complete and optimal. Thus if we are trying to find the cheapest solution a reasonable 

thing to try first is the node with the lowest value of g(n)+h(n). It turns out that this strategy is 

more than just reasonable which provides that the heuristic function h (n) [6][7].In simple word 

A* use to find the fitness value that depends upon the Evaluation function and total operating 

cost i.e. Fitness value = Evaluation function + operating cost. In this technique we assignee 

unique value of evaluation function to each and every node and then find the fitness value. Here 

we assignee value ‗0‘ to goal node and then find the shortest path from root node to goal node. 

 

PSEUDO CODE 

Here we have simple algorithmic approach to solve the problem first one is A and second one is  

B 

A 

Step 1  Start from the Root node 

Step 2  If Start ==Goal then Exit else 

Step 3  Explore the graph take the next one and call it as ‗a‘ 

Step 4  If a==Goal then terminate  

Step 5  Else generate all the successor node. Then find the Fitness value. Then short them on the 

basses of Fitness value. 

Step 6  Go to step 3. 

While solving problem by using this method we have to prepare a table that is  

 

Serial 

Number 

Node to be 

Expanded 

Child 

Node 

Available 

Node 

Node 

Chosen 
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In order to understand how it work let us take a simple example where S is the start node G be 

the goal node. 

 

Fig 1: Here 3,6,2 are the cost function and 3,4,3 (written inside circle) are Evaluation function 

and 6,10,5,5( written inside the box) are Fitness value of each and every Node. 

 

Algorithm Time Memory Complete Optimal 

A* O(bd) O(bd) Yes Yes(but not for cases all 

depend up on condition) 

DIJKSTRA O(s*|E|log|E|+|V|) O(V^2) Yes Yes 

Refine DIJKSTRA Algo O(m+nK) O(V) Yes Yes 

 

Table1. A* fitness value table  

 

B 

Step1 Create a search graph G, consisting solely of the   start node, no. Put no on a list called 

OPEN. 

Step2 Create a list called CLOSED that is initially empty.  

Step3 If OPEN is empty, exit with failure. 

Step4 Select the first node on OPEN, remove it from OPEN, and put it on CLOSED. Called this 

node n. 

Step5 If n is a goal node, exit successfully with the solution obtained by tracing a path along the 

pointers from n to no in G. (The pointers define a search tree and are established in Step 

7.) 

Step6 Expand node n, generating the set M, of its successors that are not already ancestors of n 

in G. Install these members of M as successors of n in G. 

Step7 Establish a pointer to n from each of those members of M that were not already in G (i.e., 

not already on either OPEN or CLOSED). Add these members of M to OPEN. For each 

member, m, of M that was already on OPEN or CLOSED, redirect its pointer to n if the 

best path to m found so far is through n. For each member of M already on CLOSED,     

redirect the pointers of each of its descendants in G so that they point backward along the 

best paths found so far to these descendants [5]. 

Step8 Reorder the list OPEN in order of increasing f values. (Ties among minimal f values are 

resolved in favor of the deepest node in the search tree.) 

Step9 Go to Step 3. 

 

EFFICIENCY 

The time complexity of A* depends on the heuristic. In the worst case, the number of nodes 

expanded is exponential in the length of the solution (the shortest path), but it is polynomial 
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when the search space is a tree, there is a single goal state, and the heuristic function h meets the  

following condition: 

h(x) – h*(x) = O( log h*(x) 

Where h* is the optimal heuristic, the exact cost to get from x to the goal? In other words, the 

error of h will not grow faster than the logarithm of the ―perfect heuristic‖ h* that returns the  

true distance from x to the goal[5][6]. 

 

DIS-ADVANTAGES 

The major disadvantage is that this algorithm is complete if the branching factor is finite and that 

passes through the particular state. 

 

CONCLUSION 

The SSSPP is a fundamental problem within computer science and operations research 

communities. In this paper we will study various single source shortest path algorithms that is 

Dijkstra algorithm, refine Dijkstra algorithm and A* algorithm. In order to improve the 

efficiency of Dijkstra algorithm researcher develop the refine Dijikstra algorithm but it can also 

has some disadvantages like this algorithm runs in linear time when the number of distinct edge 

lengths is smaller than the density of the graph so there is a need to improve it in order to make 

much efficient. Then we study the A* algorithm (a simplified algorithmic approach) its 

advantages and disadvantages we can further work on these disadvantages in order to increase its 

efficiency. On the bases of properties of these algorithm as we study above now we can say that 

the shortest path problem use both algorithms that is Dijkstra and A* algorithm. The concept of 

choosing any algorithm from these two is based on the network mean if there are large number 

of node then  A* is used while we use the Dijkstra algorithm.Under certain condition, the A* 

algorithm can be shown to be optimal in that it generate the fewest nodes in the process of 

finding a solution to a problem but under other condition it is not optimal. 
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