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Abstract

The shortest path problem is a fundamental problem of graph theory that studies the
problem of finding the lowest-cost path between nodes in a weighted graph where the
edges between nodes are a positive real value. Shortest-path problems are the most
fundamental and the most commonly faced problems in the study of transportation and
communication networks, and In GIS applications. The problems of the shortest paths
can be divided into two groups: the single-source shortest path, which is used to find the
shortest path between a source node and a specific destination node, and the all-pairs
shortest path, which can be used to find the shortest paths between all pairs of nodes
within a network. In addition to classical shortest path problems, there are numerous
related problems, such as the longest path problem, the most reliable path problem, and
the maximum capacity path problem, which also highlight the importance of efficient
path-finding methods. Various algorithms have been created to overcome these issues,
such as Dijkstra’s, Bellman-Ford, Floyd-Warshall, A, Johnson and Viterbi algorithms. In
this paper, we are going to perform a comparative analysis of Dijkstra’s algorithm and
Bellman-Ford algorithm. Their efficiency, constraints and applicability are compared on
small- and large-scale graphs, and their performance, constraints and their performance
under different circumstances, including negative edge weighting. The study will be
focused on providing an impression of the most appropriate algorithm to be used in the
different variants of the shortest path problem. 2026 ijrei.com. All rights reserved

1. Introduction

to look for optimal solution and greedy method are already

A Dijkstra Algorithm, another name of single source shortest
path problem [1, 2], when we have provided a weighted graph,
we will get the shortest path from the starting vertex to all the
vertices. | am selecting beginning of vertex sl then I have to
find-out “shortest-path” to all the vertices may be a direct-path
and I can select any one of the vertices as a source vertex as we
have to find out a “shortest-path” so it's a minimization
problem and we know that this problem is an “optimization
problem” so these problems can be unraveled using “greedy-
method”, it suggest that a problem should be settled in parts by
making one stride at once and considering single input at time
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defined methods, so Dijkstra’s algorithm gives a procedure for
getting an optimal solution that is minimum result that is
“shortest-path” in this paper we will show how our Dijkstra’s
will works, and Dijkstra’s algorithm its works and Dijkstra’s
algorithm can work on a dia-graph and non-Dia-graphs and
also we will show you the drawback of Dijkstra’s Algorithm
[3, 4]. The approach of Dijkstra’s algorithm for that we will
show you. The basic thing that is followed by Dijkstra’s so for
that first of all we will take a very small example and show
you, to show the approach of Dijkstra’s algorithm we have
taken a very small graph here from this we will understand
what is the approach of Dijkstra’s [5, 6].
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Figure 1: Weighted Graph for Dijkstra’s Algorithm [7]

Figure 1 illustrates a weighted directed graph used to
demonstrate the execution of Dijkstra’s shortest path algorithm.
The graph consists of six vertices (1-6) connected by directed
edges, where each edge is assigned, a positive weight
representing the cost or distance between two nodes. Node 1 is
considered the source vertex, from which the algorithm
computes the minimum-cost path to all other vertices. For
example, the edges from node 1 to nodes 2 and 3 have weights
of 2 and 4, respectively, while subsequent connections such as
2—3 (1), 2—4 (7), 3—5 (3), 5—4 (2), 4—6 (1), and 5—6 (5)
define alternative routes to the destination nodes. During
execution, Dijkstra’s algorithm repeatedly selects the unvisited
node with the smallest tentative distance and relaxes its outgoing
edges to update the shortest known distances. This weighted
graph serves as a standard example for illustrating how the
algorithm efficiently determines the optimal paths from the
source node to every other node in a network with non-negative
edge weights [8]. Figure 2 presents a simplified directed
weighted graph used to illustrate the basic working principle of
Dijkstra’s algorithm. The graph consists of three vertices (1, 2,
and 3) connected by directed edges with positive weights. The
edge from node 1 to node 2 has a weight of 2, while the edge
from node 2 to node 3 has a weight of 4, representing the cost of
traversing between the respective vertices. Starting from the
source node (node 1), Dijkstra’s algorithm first determines the
shortest distance to node 2 as 2. It then processes node 2 and
updates the shortest distance to node 3 by adding the edge
weight, resulting in a cumulative distance of 6.

According to relaxation algorithm

2 —

Figure 2: Dijkstra’s Algorithm Dia-Graph [7]

If(d[u]+c(u,v)<d[v])
D([v]=d[u]+c(u,v)

Figure 3 illustrates a directed weighted graph used to
demonstrate the execution of Dijkstra’s shortest path
algorithm. The graph contains six vertices (1-6) connected by
directed edges, where each edge is assigned, a non-negative
weight representing the cost or distance between two
connected nodes. Node 1 serves as the source vertex, from

which the algorithm computes the shortest path to all other
vertices. The graph provides multiple alternative routes to the
destination nodes, allowing the algorithm to compare path
costs and select the minimum-cost route. For instance, node 1
is connected to node 2 with a weight of 2 and to node 3 with a
weight of 4. Additional connections include 2—3 (1), 2—4 (7),
3—5 (3), 5—4 (2), 4—6 (1), and 5—6 (5), creating several
possible paths between the source and destination.

During the execution of Dijkstra’s algorithm, the source node
is initialized with a distance of zero, while all other vertices are
assigned an infinite distance. The algorithm repeatedly selects
the unvisited vertex with the smallest tentative distance, marks
it as permanently visited, and relaxes its outgoing edges by
updating the distances of adjacent vertices whenever a shorter
path is found. This iterative process continues until the shortest
distances to all reachable vertices have been determined. For
the given graph, the algorithm identifies the shortest route from
node 1 tonode 6as 1 -2 — 3 — 5 — 4 — 6, with a total path
costof9 (2+1+3+2+1=9), which is smaller than all other
possible paths. This weighted graph effectively illustrates the
greedy nature of Dijkstra’s algorithm and demonstrates its
capability to efficiently compute optimal shortest paths in
networks with non-negative edge weights [9].
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Figure 3. Directed Weighted Network Used for Dijkstra's Algorithm
7]

Now we will solve this graph problem following this
procedure to find out a shortest path so we will assume that the
distance of all the vertices is only single edge at first we will
label the distance of starting vertex(1) as 0 and the distance
between 1 and 2 as 2 and distance between 1 and 3 is 4 and
between to 1 and 5 distance is infinity and between 1 and now
we shall begin the repeating steps this is the steps which will
be repeating first step take out a shortest path out vertices 2,4,
infinity, infinity and infinity vertex 2 is the smallest having
weight 2 step 1st take out this vertex now we should check this
step and also we should relax this step we should not relax this
step with any other step 2+7=9,9 is less than infinity this step,
now second step now the step is repeating same thing I should
do select the smallest one vertex three, infinity, nine and
infinity which one is the smallest vertex 3 select this one now
check if any vertex get relaxed so there is only one connected
vertex 3 to 5 weight is 3+3=6 [10, 11] so this is infinity so
change it. now select the shortest out of what 6, 9 and infinity
which one is shortest vertex 5 having weight 6 select this one
and see who are connected and try to relax them so 6+2=8 and
this is 9 change it, 6+5 = 11 and this is infinity modified so two
vertices are modified they are relaxed now who are remaining
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4 & 6 who is minimum 8§ select this one and check if anything
gets relaxed 8+1=9, it is already 1 modified. So here we have
an example: most of the time, the vertices modify their
distances, though they may not. now the last one is remaining
that is 6 so now we have the shortest path from starting vertex
1 to all of the vertices so what are the other vertices 2, 3, 4, 5,
& 6 what are the distances I got for 2 itis 2 & for 3 itis 3 &
for 4 itis 8 & for 5 it is 6 and 6 is 9 these are the distances of
all the vertices so that is how a Dijkstra's algorithm works on a
graph to finding the shortest path. Let us analyze and find out
the time complexity of this algorithm. If you analyze what it
does, it finds the shortest path to all vertices. How many
vertices are there? n=|V| number of vertices, so for all vertices
is finding shortest path while doing so what it is doing it is
relaxing which vertexes, whether it is on 3 and it is relaxed
only 5 when it was on 2 it has relaxed only 3 & 4 so total how
many vertices it will be relaxing we do not know any
difference on the graph ok at the most how many vertexes it
may be relaxing all n vertices suppose 2 is connecting to all
then it may be relaxing all of them it may be checking all of
them so again it is |V| we got n=|V| |V| so it means n*n and n
for vertices and n vertexes those are relaxed so when it will
happen that from 2 all are connected then again 3 all are
connected that will be a complete graph in case of complete
graphs it will take n*n time [12].

2. Steps for Algorithm

This implementation is represented in a graph. We have given
a weighted, directed graph G = (V, E) with source vertex s. S
is represented as the visited vertices. And priority queue Q is
represented as the set of all vertices in graph Dijkstra’s (G, s).

For each vertex v in graph G

D[s]=0

D[v]=»
i
Initialize visited vertices S in graph G
S =null
Initialize Queue Q as set of all nodes in graph G
Q =all vertices V
While Q £ @
{

u=mind (Graph G, distance d)
Visited vertices S = S+u

for each vertex v in neighbor[u]

If d[v] > d[u] + w(u,v)
Then d[v] = d[u] + w (u,v)
}

Return d

}

To begin with initialize the graph G with list of vertices V end
list of edges E. then assign the distance of all the nodes and
make the current node have a 0 value, and the other unvisited
nodes have o a value. Then compute the distance between the
current node and all the whole neighbor node of that current

node and marked as visited nodes. Node Than visited cannot
be reused. Its distance store and now is over and bear. Current
node and. Mark unmarked node with the lesser distance as the
current node and proceed as in the last step.

3. Bellman-Ford Algorithm

The Bellman-Ford algorithm is a graph relaxation algorithm
that is applied to determine the shortest paths in directed graphs
with a single source. And it also contains negative edges. The
algorithm will also detect if there are any negative-weight
cycles (such that there is no solution). Assuming that we are
talking about distances on a map, then there is no negative
distance. The basic structure of bellman-ford algorithm is
similar to Dijkstra’s algorithm. It smooths out all the edges,
and does this -1 times, where V is the number of the vertices
in the graph. The weight of a path is the weight of the edges in
the path. srv is the source and this is a single-source shortest
path problem and find distance form single source to various
destinations. This is an algorithm return value indicating
whether a negative cycle exists or not and also gives the
shortest path. This algorithm searches the shortest path in a
bottom-up fashion [13].

a. Steps for the algorithm

This implementation is represented in graph. We have given a
weighted, directed graph G = (V, E). Hear “V “is represent as
list of vertices and “E” is represent as list of edges. Vertex is
represented as “v” and edges are represented as “e” and the
source vertex is represented as “srv”” and also given a weighted
function w.

Initialize graph
Bellman-Ford (vertices V, edges E, source vertex srv)
Foreachvin V

{
If v = srvthan d[v] =0
Else d[v] = infinite
Cost[v] = null

}

2. Relaxation of edges
Fori form 1 to IVI-1

{
For each [u,v] with win E
{
If d[u]+w<d[v]
{
If d[v]=d[u]+w
Cost[v] =u
i
H
}

3. Checking negative cycle
For each e(u ,v) with weight win E
{
If d[u]+w,d[Vv]
{

Print “graph has negative cycle

}

2
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This is because first we need to feed in input in the form of
graph and a source vertex srv. On completion of such a process
we will receive output as shortest path of single source to all
the vertices and in case there exists negative cycle in a graph
then it will be detected [14].

First step initializes graph in which we initialize distances from
Figure 4 illustrates the sequential workflow of the Bellman—
Ford shortest path algorithm, which is designed to determine
the minimum-cost paths from a single source vertex to all other
vertices in a weighted graph, including graphs containing
negative edge weights. The process begins with the Initialize
Distances step, where the source vertex is assigned a distance
value of zero, while all remaining vertices are initialized with
infinity to indicate that no paths have yet been discovered. The
algorithm then proceeds to the Check Edge Condition stage,
where each edge in the graph is examined to determine whether
traversing that edge can produce a shorter path to the
destination vertex.

If a shorter path is identified, the Update Distance step
modifies the corresponding distance value by relaxing the
edge. This relaxation process is repeated systematically for V
— 1 iterations, where V represents the total number of vertices
in the graph. Performing V — 1 iterations ensures that the
shortest paths containing up to V — 1 edges are correctly
identified. After completing these iterations, the algorithm
performs a Final Check for Negative Cycle by relaxing all
edges one additional time. If any distance can still be reduced,
the graph contains a negative-weight cycle, indicating that no
finite shortest path exists for the affected vertices. Otherwise,
the algorithm proceeds to the Output Results stage, where the
final shortest distances from the source vertex to all reachable
vertices are reported. This process makes the Bellman—Ford
algorithm particularly suitable for routing, network
optimization, and transportation problems where negative edge
weights may occur, while also providing the important
capability of detecting negative-weight cycles that cannot be
handled by Dijkstra’s algorithm.

Bellman-Ford Algorithm Process

s
Initialize Otk Ed .
Distances ecK tdge
Condition Update Repeat for N
Distance V-1 Final Check
Set source lterations for Negative
distance to 0 Evaluate if a : e s il | Cycle Output Results
and others to shorter path Modify the peiformthe
infinity existsforeach  distanceifa cdgechecks  Determineif !
edge shorter path is oV any distance Display the
found L can still be sl:lortest
iterations improved distances o

indicate a cycle

Figure 4: Process of Bellman-Ford algorithm [7]

Figure 5 presents a comparative bar chart illustrating the
performance of the Bellman—Ford and Dijkstra algorithms
based on the shortest-path distances computed for different
nodes in a weighted graph. The horizontal axis represents the
graph nodes, while the wvertical axis indicates the
corresponding shortest-path distance values. The blue bars
denote the distances obtained using the Bellman—Ford
algorithm, whereas the red bars represent those computed

using Dijkstra’s algorithm. The chart provides a visual
comparison of the distance values generated by the two
algorithms for each node.

Although both algorithms are designed to compute shortest
paths from a single source vertex, they differ significantly in
their underlying approach and computational characteristics.
Dijkstra’s algorithm employs a greedy strategy and efficiently
computes shortest paths in graphs with non-negative edge
weights, resulting in lower computational overhead and faster
execution. In contrast, the Bellman—Ford algorithm repeatedly
relaxes all edges for V — 1 iterations, making it
computationally more expensive but capable of handling
graphs containing negative edge weights and detecting
negative-weight  cycles. The graphical comparison
demonstrates the variation in computed distance values across
the nodes while emphasizing the trade-off between
computational efficiency and algorithmic capability.
Consequently, Dijkstra’s algorithm is generally preferred for
networks with non-negative edge weights due to its superior
efficiency, whereas the Bellman—Ford algorithm is selected
when negative edge weights or negative-cycle detection are
required.

Comparison of Bellman-ford and Dijkstra

_elLLL

Node

Distance

M Bellman-ford M Dijkstra

Figure 5: Graph of time complexity [4]

The simplest implementation of the Dijkstra's algorithm stores
vertices in a linked list or array, a time taken by the algorithm
is 0(JV]2). And time taken by bellman ford algorithm is O(] V |
- | E |). So, we can clearly show that bellman ford algorithm
takes more time than Dijkstra’s algorithm. So, running time of
bellman ford algorithm is more than Dijkstra’s algorithm [5].
Implement Q using a a priority queue at most E edges in the
heap. Space complexity of Dijkstra’s algorithm is O (V+E).
And space complexity of bellman ford algorithm is O(V). So
bellman ford algorithm takes more space than Dijkstra’s
algorithm [15].

Table 1 presents a comparison between the Dijkstra and
Bellman—Ford algorithms based on their capabilities and
computational complexity for solving the single-source
shortest path problem. Both algorithms are designed to
determine the shortest path from a source vertex to all other
vertices in a weighted graph; however, they differ significantly
in terms of handling edge weights and execution efficiency.
The table shows that Dijkstra's algorithm is applicable only to
graphs containing non-negative edge weights and cannot
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detect negative-weight cycles. It follows a greedy approach by
selecting the vertex with the smallest tentative distance at each
iteration, making it highly efficient for graphs without negative
edges. The algorithm has a time complexity of O(|V]*) when
implemented using an adjacency matrix, where |V| represents
the number of vertices in the graph. When priority queues or
Fibonacci heaps are used, the time complexity can be further
improved for sparse graphs.

Table-1: Comparison Table [4]

Algorithm | Source Negative | Negative Time
edges? cycle? complexity
Dijkstra Single No No o(VP)
source
Bellman- | Single Yes Yes O(|V]|
ford source E))

In contrast, the Bellman—Ford algorithm supports graphs
containing negative edge weights and is capable of detecting
negative-weight cycles, making it more versatile than
Dijkstra's algorithm. Instead of following a greedy strategy,
Bellman—Ford repeatedly relaxes all edges for [V| — 1 iterations
to ensure that the shortest paths are correctly computed. After
these iterations, an additional pass is performed to determine
whether any edge can still be relaxed, thereby identifying the
presence of a negative-weight cycle. Due to this exhaustive
relaxation process, the Bellman—Ford algorithm has a higher
computational complexity of O(|V| X |E|), where |E| denotes the
number of edges in the graph.

4. Conclusion

After studying these two algorithms, I conclude that Dijkstra’s
algorithm is much faster than the Bellman-Ford algorithm.
And also widely used in real time application in GIS. This is
the reason why I selected the Dijkstra algorithm to find the
shortest path in GIS technology. It is more workable and
quicker in a very large network as well.

In this paper authors note the time of running algorithms
Dijkstra and In micro seconds and compare the results with the
average running time, and conclude that the Dijkstra algorithm
is less efficient than Bellman Ford algorithm in the SP problem
in small number of nodes and Bellman Ford algorithm is less
efficient in big no. of nodes.
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