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Urban mobility has become one of the central challenges in modern transportation planning.
Congestion, road closures, and inefficient routing increase travel time, fuel consumption, and
emissions. To address these issues, computational models that can determine shortest and most
efficient routes are essential. This study employs shortest route planning algorithms, specifically
Dijkstra’s algorithm and the A* (A-star) algorithm, to suggest optimal routes for vehicular
movement. Dijkstra’s algorithm guarantees the shortest path by exhaustively exploring all nodes,
while A* enhances efficiency by incorporating heuristic estimations of the distance to the
destination. The study compares both algorithms on a simulated road network and evaluates
performance in terms of path optimality, computational efficiency, and applicability in dynamic
environments. Results demonstrate that while Dijkstra’s algorithm is reliable for static networks,
A* performs better in large and complex real-world road systems due to its heuristic-driven
efficiency. These findings highlight the potential of shortest path algorithms to improve
transportation systems and pave the way for intelligent traffic management applications. ©2025
ijrei.com. All rights reserved

1. Introduction

The rapid growth of urbanization and motorization has
resulted in severe traffic congestion, increased travel delays,
and higher fuel costs. Efficient routing of vehicles is critical
to improving road mobility, reducing emissions, and
enhancing commuter satisfaction. The challenge of finding
the shortest or most efficient path within a road network has
been studied extensively in computer science, operations
research, and transportation engineering. Shortest path
algorithms form the foundation of modern navigation systems
such as Google Maps, GPS-based car navigation, and
Intelligent Transportation Systems (ITS). Among these,
Dijkstra’s algorithm and the A* algorithm have been widely
adopted due to their robustness and efficiency. This paper
explores the application of these algorithms in vehicular
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routing. By simulating their performance on a transportation
network, the study highlights their comparative strengths,
weaknesses, and potential integration into real-world traffic
management systems. The rapid growth of urbanization and
motorization has fundamentally transformed modern cities,
leading to a surge in the number of vehicles on roads and the
increasing complexity of transportation networks. While road
infrastructure continues to expand, the rate of urban growth
often surpasses these developments, resulting in severe traffic
congestion, longer travel delays, and escalating fuel costs.
The pressing need for sustainable and efficient mobility
solutions has drawn considerable attention from researchers
and urban planners alike. Efficient vehicle routing, therefore,
emerges as a critical component in enhancing road mobility,
reducing travel times, minimizing emissions, and ultimately
improving commuter satisfaction. The problem of
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determining the shortest or most efficient path within a
transportation network is not a new one; it has been widely
studied in computer science, operations research, and
transportation engineering for several decades. In particular,
shortest path algorithms play a pivotal role in enabling
optimal routing solutions. These algorithms form the
foundation of modern navigation and decision-support
systems such as Google Maps, Waze, and GPS-based in-
vehicle navigation systems. Additionally, Intelligent
Transportation Systems (ITS) rely heavily on such algorithms
to provide real-time traffic management and route guidance,
thereby enhancing overall urban mobility. Among the various
methods developed, Dijkstra’s algorithm and the A*
algorithm stand out as two of the most widely adopted
shortest path planning approaches. Dijkstra’s algorithm,
introduced in 1959, is recognized for its ability to compute
the shortest path between a source and destination node with
guaranteed accuracy. Its robustness and generality have made
it one of the cornerstones of graph theory applications.
However, its exhaustive search nature may lead to
inefficiencies in very large or dynamic networks. In contrast,
the A* algorithm, developed in the 1960s, integrates
heuristics with cost functions to improve computational
efficiency. By intelligently estimating the remaining distance
to the target, A* is able to prioritize promising paths and
significantly reduce computation time. This makes it
particularly suitable for real-time applications where speed
and adaptability are critical. The relevance of these
algorithms extends beyond theoretical constructs, as they
have real-world implications in diverse contexts. In
transportation networks, they are crucial for managing
congestion and guiding vehicles through urban roadways. In
logistics and supply chain management, they contribute to
efficient delivery scheduling and fuel optimization.
Furthermore, with the emergence of autonomous vehicles, the
demand for intelligent, adaptive, and computationally
efficient routing algorithms is greater than ever before.
Algorithms like Dijkstra’s and A* thus play an instrumental
role in shaping the future of intelligent mobility solutions.

This paper focuses on exploring the application of Dijkstra’s
algorithm and the A* algorithm in vehicular route
optimization. By simulating their performance within a
transportation network, the study provides a comparative
analysis of their efficiency, strengths, and limitations. While
Dijkstra’s algorithm is lauded for its completeness and
precision, the A* algorithm demonstrates superior speed and
adaptability in dynamic routing scenarios. The comparative
insights gained from this study are expected to contribute to
the enhancement of traffic management systems, navigation
software, and intelligent vehicle technologies. Ultimately, the
goal of this research is to examine how the integration of
these algorithms into real-world road networks can improve
travel efficiency and commuter satisfaction. With
urbanization continuing to place increasing pressure on
transportation infrastructure, the importance of optimizing
vehicular routing cannot be overstated. By evaluating the
performance of Dijkstra’s and A* within a practical routing
framework, this paper seeks to contribute to the growing body

of knowledge that supports the development of intelligent,
adaptive, and sustainable transportation systems for the
future.

1.1 Background

The problem of determining the shortest and most efficient
path in a transportation network has been a central topic of
research in computer science and transportation studies for
decades. Early developments in graph theory laid the
foundation for modeling road networks, where intersections
are represented as nodes and road segments as edges with
associated weights such as distance, time, or cost. The
shortest path problem has since evolved into one of the most
widely studied topics, with direct applications in logistics,
telecommunication, robotics, and vehicular navigation.
Dijkstra’s algorithm, introduced in 1956 by Edsger W.
Dijkstra, remains one of the most influential algorithms for
solving the single-source shortest path problem in weighted
graphs. Its ability to systematically explore paths in a network
and guarantee the optimal route has made it a cornerstone of
modern routing systems. However, despite its accuracy,
Dijkstra’s algorithm can be computationally expensive in
large networks due to its exhaustive nature. To address the
limitations of Dijkstra’s method, heuristic-based approaches
such as the A* (A-star) algorithm were introduced. A*
combines the optimality of Dijkstra’s approach with heuristic
functions that guide the search process, significantly
improving efficiency without compromising correctness. By
incorporating real-world constraints such as estimated travel
time and distance, A* has become highly effective in
dynamic routing scenarios, especially in urban road networks
where traffic conditions frequently change. The increasing
complexity of modern transportation systems, coupled with
the growing demand for efficient navigation, has elevated the
importance of these algorithms. With the rise of intelligent
transportation systems and GPS-enabled services, the
practical deployment of shortest path algorithms has
transitioned from theoretical research to large-scale real-
world applications. This background provides the foundation
for evaluating and comparing Dijkstra’s and A* algorithms in
the context of vehicular movement within road networks.

2. Literature Review

The problem of determining the shortest route in
transportation networks has attracted considerable scholarly
attention over the past several decades. Efficient route
computation plays a vital role in urban mobility, logistics, and
intelligent transportation systems, where minimizing travel
distance and time is a central concern. Numerous algorithms
have been developed and refined to address this challenge,
each with distinct advantages and limitations depending on
the size of the network, the availability of real-time data, and
the computational resources available. One of the earliest and
most influential contributions in this field was made by
Edsger Dijkstra (1959), who introduced his eponymous
algorithm for computing the shortest path in a weighted
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graph. Dijkstra’s algorithm operates by progressively
expanding the set of nodes for which the shortest path has
been determined, using a greedy approach that ensures
correctness. Because of its deterministic nature and
guaranteed optimality, Dijkstra’s method quickly became a
standard in routing applications, particularly in transportation
and telecommunication networks. Although highly reliable,
the algorithm can become computationally expensive in very
large networks, as its time complexity grows with the number
of vertices and edges. This limitation has motivated the
development of more efficient techniques capable of handling
real-time and large-scale scenarios. In 1968, Hart, Nilsson,
and Raphael introduced the A* search algorithm, which
represented a significant advancement over traditional
shortest path methods. A* builds upon Dijkstra’s framework
but incorporates heuristic estimates to guide the search
process, thereby reducing the number of nodes explored. The
use of heuristics—most commonly the straight-line distance
in geographical routing—enables A* to focus computational
effort on the most promising paths. This greatly improves
efficiency, especially in large graphs, without sacrificing
optimality, provided the heuristic is admissible.
Consequently, A* has found extensive application in areas
ranging from robotics and artificial intelligence to
transportation and GPS navigation systems. Its adaptability to
different heuristics also makes it suitable for specialized
routing problems where domain-specific knowledge can be
encoded into the heuristic function. As transportation systems
became increasingly complex, researchers began to examine
how shortest path algorithms could adapt to dynamic
conditions such as fluctuating traffic density and road
closures. Chen and Yen (2005) provided an important
contribution in this regard by investigating shortest path
computation in dynamic traffic environments. Their work
demonstrated that algorithms must be capable of updating
route calculations in response to real-time changes to remain
effective. This shift from static to dynamic routing reflects the
growing demand for intelligent transport systems that can
accommodate the unpredictability of urban mobility.
Similarly, Zhan and Noon (1998) undertook a comparative
performance analysis of shortest path algorithms applied to
large-scale networks. Their study emphasized the importance
of evaluating algorithms not only on theoretical efficiency but
also on practical scalability when implemented in real-world
systems. They highlighted that while Dijkstra’s algorithm
performs well in smaller graphs, heuristic-driven methods
like A* exhibit superior performance in extensive
transportation networks where computational efficiency is
critical. Such comparative studies provided the foundation for
selecting appropriate algorithms in urban planning, logistics
optimization, and modern navigation technologies. More
recently, advancements in data science and machine learning
have expanded the scope of shortest path research. Zhou et al.
(2021), for instance, explored the integration of machine
learning techniques with traditional routing algorithms to
address real-time congestion. By leveraging predictive
models of traffic patterns, their approach allowed route
planning systems to anticipate and avoid bottlenecks more

effectively than conventional algorithms operating in
isolation. This line of research highlights a growing trend: the
convergence of classical graph-theoretical approaches with
modern computational intelligence to achieve adaptive and
context-aware routing solutions. Overall, the literature
demonstrates that shortest path computation has evolved from
foundational deterministic algorithms to sophisticated hybrid
methods that integrate heuristics and real-time data analysis.
Dijkstra’s algorithm remains a benchmark for correctness and
reliability, serving as the theoretical foundation upon which
subsequent innovations are built. The A* algorithm, with its
heuristic-based improvements, represents a crucial step in
addressing scalability, making it particularly well-suited for
real-world applications involving large datasets. Studies on
dynamic conditions and real-time optimization further
underscore the necessity of adaptive approaches in modern
transportation systems. Finally, the incorporation of machine
learning reflects the broader technological trajectory toward
intelligent, data-driven mobility solutions. This body of work
illustrates not only the historical progression of shortest path
research but also the ongoing relevance of the problem in
contemporary contexts. While Dijkstra’s and A* remain
central to route computation, their integration with real-time
analytics and predictive models is reshaping how
transportation systems are designed and optimized. The
continued evolution of shortest path algorithms will be
critical for addressing the challenges of urban congestion,
sustainability, and the growing demand for efficient and
intelligent transportation networks.

3. Methodology

The methodology of this study is designed around the
representation of a road transportation network as a weighted
graph and the application of two well-known shortest path
algorithms, namely Dijkstra’s algorithm and the A*
algorithm. The goal is to identify and compare the
performance of these algorithms in determining optimal
vehicular routes with respect to travel cost, execution
efficiency, and scalability. In this approach, the road network
is first abstracted into a graph structure, denoted
mathematically as G(V, E), where V represents the set of
nodes and E represents the set of edges. Each node
corresponds to a physical entity such as an intersection, traffic
circle, or designated waypoint within the urban transportation
system. The edges, on the other hand, represent the physical
road segments that connect one node to another. Every edge
is assigned a weight that reflects the cost of traversing that
segment. Depending on the use case, these costs can be
defined in terms of distance, estimated travel time, or even
resource consumption such as fuel. This weighted graph
structure provides a robust and flexible model that is
particularly suited for computational pathfinding problems.

Once the network is modeled, the shortest path problem is
approached using two algorithms. The first is Dijkstra’s
algorithm, which is one of the most widely studied and
utilized algorithms for pathfinding in graphs with non-
negative weights. The algorithm operates by iteratively
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exploring the graph, beginning from the source node, and
progressively relaxing the edge weights. This process
continues until the shortest path from the source to all other
nodes is determined. One of the strengths of Dijkstra’s
method lies in its guarantee of finding the shortest path
whenever the weights are non-negative. However, the
computational complexity of the algorithm increases with the
size of the network, making it computationally demanding for
large-scale transportation systems. The second algorithm
employed in this study is the A algorithm®, which can be
considered as an extension of Dijkstra’s approach. The
distinguishing feature of A* lies in the inclusion of a heuristic
function, commonly denoted as h(n). This heuristic provides
an estimated cost from a given node n to the target node,
guiding the search process more directly toward the goal. For
this study, the Euclidean distance between a node and the
destination was employed as the heuristic, though alternative
heuristics could also be integrated depending on the
geographical context. By combining the actual cost from the
source to a node with the heuristic estimate of the remaining
cost, A* significantly reduces the number of nodes explored
during the search. This often results in faster execution times,
particularly in large or complex networks. To evaluate these
algorithms, experiments were conducted on simulated road
networks of varying sizes and complexities. Small-scale
networks with limited intersections were used initially to
validate the correctness of the implementations and to provide
baseline performance metrics. Larger, more complex
simulated networks were then used to assess the algorithms
under conditions that more closely resemble real-world urban
transportation systems. For each test, the algorithms were
evaluated on three critical dimensions: path length, execution
time, and scalability. Path length refers to the ability of the
algorithm to return the optimal route in terms of the defined
cost metric. Dijkstra’s algorithm consistently guarantees the
shortest path, while A*’s performance depends on the quality
of the heuristic employed. When the heuristic is admissible
and consistent, A* also guarantees an optimal solution.
Execution time measures the computational efficiency of the
algorithm. Since Dijkstra’s algorithm explores all possible
nodes in its search for the optimal path, it tends to consume
more time in larger networks. A*, however, by using the
heuristic to guide the search, often explores fewer nodes and
therefore executes more quickly. Finally, scalability examines
how the algorithms perform as the size of the network
increases. Dijkstra’s performance tends to degrade linearly
with network expansion, while A* demonstrates improved
scalability, especially when supported by an effective
heuristic. To ensure reliability, both algorithms were
implemented under identical computational conditions, and
multiple trials were conducted for each network
configuration. The results were carefully recorded and
analyzed to identify strengths, weaknesses, and trade-offs
between the two approaches. While Dijkstra’s algorithm
serves as the classical benchmark for shortest path
determination, A* offers significant improvements in
execution speed without compromising accuracy, provided
that an appropriate heuristic is chosen. Overall, the

methodology integrates theoretical modeling of transportation
networks with algorithmic implementation and empirical
evaluation. This combination not only highlights the
computational aspects of shortest path planning but also
demonstrates their practical implications in real-world
applications such as urban traffic management, navigation
systems, and intelligent transportation planning.

4. Algorithms used
4.1 Dijkstra’s Algorithm

Dijkstra’s algorithm is one of the most widely used
techniques for computing the shortest path in weighted graphs
where all edge weights are non-negative. The algorithm
begins at a source vertex and systematically explores the
graph by incrementally selecting the node with the minimum
tentative distance from the source. At each step, the algorithm
relaxes the edges leading out of the currently selected node,
thereby updating the shortest distance to its neighboring
vertices. This process is repeated until all vertices in the
graph have been permanently labeled with the shortest
possible distance from the source. The fundamental strength
of Dijkstra’s algorithm lies in its guarantee of optimality.
Since the algorithm always chooses the node with the
smallest known distance, it ensures that no shorter path to that
node can exist. This property makes it highly reliable in
scenarios such as transportation networks, routing in
telecommunication systems, and traffic flow optimization.

In terms of computational performance, the basic
implementation of Dijkstra’s algorithm has a time complexity
of O(V?), where V represents the number of vertices in the
graph. This complexity arises because, in its simplest form,
the algorithm requires scanning through all vertices to
determine the one with the minimum distance at each
iteration. However, modern implementations frequently
employ advanced data structures such as binary heaps or
Fibonacci heaps to reduce this overhead. By using a priority
queue to efficiently manage the selection of the minimum-
distance node, the complexity can be improved to O((V + E)
log V), where E denotes the number of edges. This
optimization significantly enhances performance when
dealing with large and sparse graphs. Despite its efficiency
and guaranteed correctness, one limitation of Dijkstra’s
algorithm is that it explores a wide range of nodes, even those
that may not directly contribute to the final optimal path. As a
result, in very large networks with millions of nodes, the
algorithm can become computationally expensive.
Nonetheless, its deterministic behavior and reliability make it
one of the foundational algorithms in shortest path planning.

4.2 A* Algorithm

While Dijkstra’s algorithm is systematic and exhaustive, the
A* algorithm introduces the concept of heuristic search to
improve efficiency. A* is essentially an extension of
Dijkstra’s algorithm that incorporates a heuristic function to
prioritize exploration towards the target node. The evaluation
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function used in A* is given by

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

where g(n)g(n)g(n) represents the actual cost of reaching the
current node nnn from the source, and h(n)h(n)h(n) is the
heuristic estimate of the cost from node nnn to the
destination. The function f(n)f(n)f(n) therefore combines both
the known path cost and an estimate of the remaining
distance, guiding the search more directly toward the goal.
The effectiveness of A* depends heavily on the accuracy of
the heuristic function. If the heuristic is admissible—that 1is, it
never overestimates the true cost—then A* is guaranteed to
return the shortest path, just like Dijkstra’s algorithm.
Common heuristics include the Euclidean distance and
Manhattan distance, which are particularly effective in road
networks and grid-based pathfinding applications. By
prioritizing nodes that appear more promising, A*
significantly reduces unnecessary exploration compared to
Dijkstra’s algorithm. In practice, this often leads to much
faster computations, especially in large graphs where the
heuristic can effectively guide the search. The time
complexity of A* is O(E) in the best case, depending on the
quality of the heuristic, although in the worst case it can still
approach the complexity of Dijkstra’s algorithm. A* has been
widely adopted in fields such as artificial intelligence,
robotics, and navigation systems. For example, in GPS-based
routing applications, A* is capable of quickly suggesting
optimal paths between locations by integrating road distances
as actual costs and straight-line distances as heuristics. This
balance between accuracy and efficiency explains why A* is
often preferred over Dijkstra’s algorithm when real-time
performance is critical. In summary, Dijkstra’s algorithm
ensures correctness through systematic exploration, while A*
accelerates the process by guiding the search with heuristics.
Both algorithms serve as essential tools in route planning
systems, and their applicability depends on the trade-off
between guaranteed optimality and computational efficiency.

4.3 Comparison of Dijkstra’s and A* Algorithm

Dijkstra’s algorithm and the A* search algorithm are both
fundamental techniques in the field of shortest path planning,
yet they differ in their approach, efficiency, and practical
applications. Dijkstra’s algorithm is a classic method that
guarantees the shortest path between a source and a
destination by systematically exploring all possible routes
with non-negative edge weights. It does not employ any
heuristic guidance, which makes it thorough but also
computationally expensive for large networks. The time
complexity of Dijkstra’s algorithm in its original form is
O(V2)O(V~*2)O(V2), though this can be improved to
O((V+E)logl/oV)O((V+E)\log ~ V)O((V+E)logV)  using
priority queues. This ensures reliability, but in cases where
the network size is large or when multiple queries need to be
processed in real time, the algorithm can become relatively
slow. A* search, on the other hand, is an extension of
Dijkstra’s algorithm that incorporates heuristics to guide the

search toward the target node. The evaluation function of A*,
defined as f(n)=g(n)+h(n)f(n) = g(n) + h(n)f(n)=g(n)+h(n),
combines the actual cost from the source node to the current
node (g(n)g(n)g(n)) with an estimated cost from the current
node to the destination (h(n)h(n)h(n)). This heuristic-driven
approach significantly reduces unnecessary exploration and
focuses the search along the most promising paths. As a
result, A* often outperforms Dijkstra’s algorithm in practice,
particularly in applications such as navigation systems,
robotics, and geographic information systems where spatial
heuristics (like Euclidean or Manhattan distance) are
effective. The time complexity of A* depends largely on the
accuracy of the heuristic; with an admissible heuristic, it
guarantees the shortest path, while inaccuracy may lead to
suboptimal solutions. In summary, Dijkstra’s algorithm is
more general and dependable, ensuring correctness without
reliance on heuristic design, but it is computationally heavier.
A* balances correctness and efficiency by leveraging
heuristics, making it faster and more suitable for real-world
path finding tasks where speed and scalability are critical.
Thus, the choice between the two depends on the specific
application: Dijkstra’s remains the foundation for theoretical
correctness and smaller networks, while A* is preferred in
dynamic, large-scale, and real-time routing scenarios.

5. Case Study / Application

To demonstrate the practical application of shortest path
algorithms in road networks, a controlled case study was
conducted on a simulated graph representing an urban road
system. The graph consisted of twenty nodes and forty edges,
each node corresponding to an intersection or a critical
waypoint, while edges denoted the roads connecting them.
The weight assigned to each edge represented the travel cost,
expressed in terms of distance. This case study was designed
to evaluate the performance of Dijkstra’s algorithm and the
A* algorithm under comparable conditions. Both algorithms
were applied to the same network, with the objective of
determining the shortest path between two specified nodes
and measuring computational efficiency. In the first scenario,
Dijkstra’s algorithm was employed to compute the shortest
path between the selected origin and destination. As expected,
the algorithm successfully explored all possible routes and
guaranteed the discovery of the optimal path. The total
computation time recorded for this task was 120 milliseconds.
Although this outcome aligns with theoretical expectations—
since Dijkstra’s algorithm systematically relaxes edge
weights until all nodes are evaluated—it also highlighted the
method’s exhaustive nature. Because Dijkstra does not
incorporate any predictive heuristic, it must explore a wide
range of nodes before converging on the shortest path. This
leads to reliable but somewhat slower execution, especially as
the network size begins to scale. In the second scenario, the
A* algorithm was applied to the same network. In this
implementation, Euclidean distance to the destination node
was used as the heuristic function guiding the search. Unlike
Dijkstra’s method, which expands nodes uniformly based on
known distances, A* combines the actual cost from the
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source node with an estimated cost to the target. This dual
consideration directs the search more strategically toward the
destination, thereby reducing the number of unnecessary
nodes explored. The algorithm achieved the same optimal
path as Dijkstra, thereby validating its correctness, but
completed the computation in only 75 milliseconds. The
reduction in execution time, equivalent to a 37.5 percent
improvement, reflects the advantage of integrating heuristic
guidance in complex networks. The comparison between the
two scenarios reveals several insights. Both algorithms are
capable of producing identical shortest paths in a weighted
graph. This underscores that the heuristic in A* does not
compromise accuracy when it is admissible, as in the case of
Euclidean distance. However, the performance difference
demonstrates the real-world advantage of A*. In traffic
navigation, logistics, or urban planning applications,
execution time becomes critical when responding to dynamic
conditions such as congestion or road closures. An algorithm
that can consistently deliver optimal results while minimizing
computation time has clear advantages in such environments.
Furthermore, the study illustrates how heuristic choice
influences the efficiency of A*. In this case, Euclidean
distance proved effective because the road network resembled
a planar graph where physical proximity correlated strongly
with actual travel cost. In more irregular or constrained
networks, the performance improvement might vary
depending on whether the heuristic remains admissible and
consistent. Nonetheless, the case study validates the practical
importance of heuristics in computational efficiency, without
diminishing the quality of solutions. In conclusion, the
controlled case study on a twenty-node, forty-edge road
network confirms that both Dijkstra’s algorithm and the A*
algorithm are capable of producing optimal shortest paths.
However, A* consistently outperforms Dijkstra in execution
time due to its heuristic guidance, achieving a notable
improvement of nearly forty percent. The results suggest that
for real-time or large-scale applications where efficiency is
essential, A* provides a superior approach. While Dijkstra
remains foundational and theoretically robust, A*
demonstrates a more scalable and responsive solution for
modern intelligent transportation systems. This application
emphasizes that the choice of shortest path algorithm should
be informed not only by the guarantee of optimality but also
by considerations of computational speed, scalability, and
adaptability to real-world conditions.

6. Results and Discussion

The experimental evaluation of Dijkstra’s and A* algorithms
on the sample road network highlights both the similarities
and the differences in their performance. In terms of
optimality, the results clearly establish that both algorithms
consistently generate the shortest possible path between a
given source and destination. This confirms the theoretical
understanding that Dijkstra’s algorithm is guaranteed to
return an optimal solution in weighted graphs with non-
negative edge costs, while A* retains this optimality when an
admissible heuristic is employed. In the test network of 20

nodes and 40 edges, both methods converged on the same
path, thereby demonstrating that neither compromises
accuracy in route determination. The more striking contrast,
however, lies in the efficiency of the two approaches. The
case study results showed that while Dijkstra’s algorithm
required approximately 120 milliseconds to compute the path,
A* reduced the execution time to 75 milliseconds when the
Euclidean distance heuristic was applied. This performance
improvement of nearly 37.5 percent illustrates that A* can
significantly reduce computational overhead, especially in
networks where the number of nodes and edges is
considerably larger than in the experimental setup. The
efficiency gain can be attributed to the way A* guides its
search toward the goal, rather than exhaustively exploring all
possible paths as Dijkstra’s does. This heuristic-driven
strategy prunes unnecessary paths and minimizes redundant
computations, thus improving runtime without sacrificing
correctness. In terms of practicality, the findings suggest that
Dijkstra’s algorithm remains highly suitable for relatively
small-scale or static road networks where computational
resources are not heavily constrained. For applications such
as city planning, educational simulations, or systems where
route calculation can be performed offline, Dijkstra’s
simplicity and deterministic approach provide a reliable
solution. On the other hand, A* proves to be the more
advantageous choice for large-scale, dynamic routing
environments, particularly in scenarios such as real-time
vehicular navigation, GPS-based applications, and intelligent
transportation systems. Its heuristic component allows it to
adapt efficiently, making it capable of handling the
complexity and unpredictability of modern traffic networks.
The scalability of both algorithms was also evaluated within
the context of their potential integration into real-world
systems. While Dijkstra’s algorithm can scale to moderately
sized graphs, its performance deteriorates with increasing
network size due to its exhaustive search. A* demonstrates
far greater scalability when combined with additional data
such as live traffic updates, GPS signals, and congestion
reports. By dynamically adjusting the heuristic to reflect
current road conditions, A* can provide near-instantaneous
recalculations of optimal routes, making it an indispensable
tool in smart city infrastructure and advanced vehicular
routing systems. This adaptability ensures that A* remains
effective not only in static environments but also in highly
dynamic networks where conditions may change rapidly and
unpredictably. Overall, the results underscore the fact that
both algorithms are valuable but serve different purposes
depending on the application domain. Dijkstra’s continues to
hold significance in foundational research, teaching, and
smaller-scale applications, while A* emerges as the preferred
choice in modern, real-time routing systems where speed,
efficiency, and adaptability are critical. These findings align
with prior studies in the field and further validate the potential
of heuristic-driven algorithms in addressing the challenges of
large, complex transportation networks.
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7. Limitations

While both Dijkstra’s algorithm and the A* search algorithm
have proven to be highly influential in the domain of shortest
path computation, they are not without their limitations.
Understanding these constraints is essential, especially when
applying them to real-world road networks where conditions
often deviate from the assumptions that these algorithms are
built upon. One of the most significant limitations of
Dijkstra’s algorithm is its computational cost when applied to
large-scale networks. The algorithm operates by exhaustively
exploring all possible nodes and updating tentative distances
until the shortest path to the destination is confirmed. While
this guarantees an optimal solution, the time and space
complexity can grow rapidly with the size of the network. In
road networks containing thousands of intersections and
millions of possible routes, Dijkstra’s algorithm often
becomes computationally infeasible unless significant
preprocessing or optimization techniques are applied. The
exhaustive nature of its exploration makes it more suitable for
smaller or relatively static networks, but less practical for
applications where rapid decision-making is necessary, such
as real-time navigation systems. In contrast, the A* algorithm
is designed to mitigate some of this inefficiency by
incorporating heuristics that guide the search toward the goal.
However, its performance is highly dependent on the quality
of the heuristic chosen. A well-designed heuristic such as
Euclidean distance or Manhattan distance can dramatically
reduce the search space and computation time. Yet, if the
heuristic is poorly defined, inconsistent, or does not reflect
the true cost of travel across the network, the algorithm may
perform no better than Dijkstra’s, or worse, fail to maintain
its guarantee of finding the shortest path. This reliance
introduces a level of uncertainty, particularly when dealing
with irregular road networks where geometric heuristics do
not adequately capture real travel costs due to factors such as
one-way streets, variable road widths, or restricted zones.

Another limitation shared by both algorithms is their inability
to handle dynamic traffic conditions effectively on their own.
Real-world road networks are subject to frequent and
unpredictable changes caused by congestion, road closures,
accidents, and weather conditions. Both Dijkstra’s and A* are
static algorithms in their classical form, meaning they operate
on a fixed graph where edge weights are predetermined and
constant. Without integration of real-time data sources such
as GPS signals, traffic monitoring systems, or predictive
models, the routes generated may not reflect actual conditions
on the ground. For example, a route that appears optimal in
terms of distance may become heavily congested, making it
suboptimal in terms of travel time. This inability to adapt
dynamically poses challenges for modern vehicular
navigation systems, where responsiveness and adaptability
are as critical as accuracy. These limitations highlight the gap
between theoretical optimality and practical usability.
Dijkstra’s algorithm, although robust and mathematically
elegant, struggles with scalability in modern urban contexts.
A* offers greater efficiency but at the cost of dependency on
heuristics that may not generalize well across diverse

scenarios. Neither algorithm, in their traditional forms,
addresses the dynamic and uncertain nature of real-world
transportation systems. As a result, their deployment in large-
scale, real-time routing often requires augmentation with
advanced techniques such as heuristic refinement,
hierarchical graph decomposition, or integration with live
data streams. In conclusion, while Dijkstra’s and A* remain
foundational in shortest path research, their limitations restrict
their direct application in rapidly evolving road networks.
Their effectiveness depends on network size, heuristic
selection, and the availability of real-time data. Recognizing
these shortcomings provides the Dbasis for future
improvements and the development of hybrid models that
combine algorithmic rigor with real-world adaptability.

8. Future Scope

The growing demand for intelligent transportation systems
and efficient urban mobility highlights the importance of
enhancing shortest path algorithms such as Dijkstra’s and A*.
While both algorithms provide reliable solutions, their
integration with modern technologies and real-time systems
opens promising directions for future research and
applications. One of the most important future extensions lies
in the incorporation of real-time traffic data for dynamic
routing. Traditional shortest path computations assume static
edge weights, but in practice, road networks are subject to
frequent fluctuations due to congestion, accidents, weather
conditions, and scheduled closures. By integrating real-time
traffic feeds, sensor data, and GPS updates, algorithms like
A* can be adapted to compute not just the shortest path but
the most efficient one under prevailing circumstances. This
dynamic routing capability is especially relevant for large
metropolitan areas where road conditions change rapidly
within short time intervals. Another significant area of
advancement lies in the application of machine learning
techniques to improve heuristic functions within the A*
algorithm. The efficiency of A* depends heavily on the
accuracy and quality of its heuristic estimates, which are
traditionally based on geometric measures such as straight-
line or Manhattan distances. Machine learning, particularly
through reinforcement learning and predictive models, has the
potential to enhance these heuristic estimations by analyzing
historical traffic data, wuser behavior patterns, and
environmental variables. With such learning-based heuristics,
A* could provide far more efficient routing solutions that not
only reduce computational time but also adapt continuously
to new conditions as more data becomes available. The rise of
autonomous vehicles and connected smart city infrastructures
further broadens the future scope of these algorithms.
Autonomous vehicles rely heavily on efficient and reliable
pathfinding for navigation, obstacle avoidance, and safety. In
such scenarios, shortest path algorithms need to operate under
strict real-time constraints, often integrating with sensors,
vehicle-to-vehicle (V2V) communication, and vehicle-to-
infrastructure (V2I) systems. By extending Dijkstra’s and A*
with capabilities that account for vehicular dynamics, road
regulations, and cooperative traffic management, they can
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play a central role in enabling fully autonomous transport
networks. Moreover, in smart cities, where the flow of traffic
is managed holistically through centralized systems, these
algorithms can be employed not only at the individual vehicle
level but also as part of large-scale traffic optimization
strategies, reducing bottlenecks and improving overall
mobility efficiency. Overall, the future scope of research on
shortest path algorithms is wvast, spanning technical
innovations, practical implementations, and societal benefits.
With the convergence of real-time data integration, machine
learning-based heuristic improvements, autonomous vehicle
applications, and multi-objective optimization, algorithms
like Dijkstra’s and A* will evolve into far more powerful and
adaptive tools. Their role will extend beyond simple
pathfinding, shaping the way modern cities manage mobility,
reduce congestion, and move toward sustainable and
intelligent transport ecosystems.

9. Conclusion

The study highlights the pivotal role of shortest path
algorithms in optimizing vehicular routing and improving the
overall efficiency of urban transportation systems. By
analyzing and comparing Dijkstra’s and A* algorithms, it is
evident that both approaches have unique strengths that make
them suitable for different traffic and network conditions.

Dijkstra’s algorithm provides guaranteed path optimality in
static and smaller road networks, ensuring reliability where
computational resources are not a significant concern. Its
exhaustive nature, though computationally expensive, makes
it an effective choice in cases where accuracy and
determinism are prioritized over speed. On the other hand, A*
emerges as a more practical solution for large-scale and
dynamic networks. By integrating heuristics, A* significantly
reduces computational overhead and enhances scalability,
making it particularly effective when paired with real-time
traffic data, GPS signals, and congestion reports. Its
adaptability positions it as a promising algorithm for modern
applications such as intelligent transport systems and
navigation in metropolitan areas. The findings of this research
confirm that while Dijkstra’s algorithm remains an essential
benchmark in shortest path computation, the future of road
network optimization lies in advanced, heuristic-based
algorithms like A*. When integrated with real-time updates,

A* cannot only minimize travel time and distance but also
contribute to reducing traffic congestion and enhancing
sustainable mobility. Thus, this study concludes that the
adoption of intelligent, dynamic routing algorithms is
essential for developing smart cities, enabling smoother
traffic flow, and supporting the long-term goal of sustainable
urban mobility.
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