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[bookmark: _Toc187749216][bookmark: _Toc187750240][bookmark: _Toc187751447]Pathfinding algorithms are a fundamental part of modern computing and are used in many applications including navigation systems to determine the most efficient path from a starting point to a target, avoiding obstacles and minimizing travel time or distance. Among the most popular and widely used pathfinding algorithms are Dijkstra’s Algorithm and A* [1]. These two are both graph traversal techniques, but they are different in some ways such as their approach, application, and output, which makes them to be used in different situations.


[bookmark: _Toc187749217][bookmark: _Toc187750241][bookmark: _Toc187751448] The purpose of this report is to compare these two algorithms based on their functionality, efficiency and performance. The primary focus is on the Breadth First Search implementation (BFS) guaranteed to find the shortest path in an unweighted grid [2]. This report describes the development of this implementation, the challenges encountered, and the results obtained. It also contains a reflection on the learning experience, with suggestions for future work and potential improvements.












[bookmark: _Toc187751449]PATHFINDING ALGORITHMS: DIJKSTRA’S VS A*

[bookmark: _Toc187751450]1.1 Dijkstra’s Algorithm

Dijkstra’s algorithm, developed by Edsger W. Dijkstra in 1956, is one of the most basic algorithms for finding the shortest path between two nodes in a graph [3]. It works by exploring the graph by means of visiting one node at a time and always choosing the node which has the smallest tentative distance from the source node and then adjusting the distances to its neighbours [3].  This is repeated until all nodes are visited, which ensures that the shortest path is found.

 Dijkstra’s algorithm is perfect for the situation where the graph is weighted, and all the weights are non-negative.  This has a relatively high time complexity and can be slow in large graphs as it examines all possible paths systematically. Nevertheless, Dijkstra is guaranteed to find the shortest path, which makes it reliable for many use cases, such as routing and mapping [4].

1.1.1 [bookmark: _Toc187751451]Strengths of Dijkstra’s Algorithm
One of the key strengths of Dijkstra’s algorithm is that it is guaranteed to find the shortest path in a graph with non-negative edge weights. This is very useful for tasks like network routing where accuracy is crucial. Dijkstra’s algorithm is simple and robust, making it a good choice for beginners or when simplicity is needed [4].

[bookmark: _Toc187751452]1.1.2 Limitations of Dijkstra’s Algorithm
The major disadvantage of Dijkstra’s algorithm is that it can be slow, especially for large graphs. It is inefficient for large scale problems because it explores every node in the graph, including those far from the target [4]. It also doesn’t use any heuristic or 



intelligent guessing to guide its search, like A* algorithm does. Instead, it just searches for the shortest path, which can cause it to make unnecessary explorations of nodes [5].

[bookmark: _Toc187751453]1.2 A* Algorithm
A* is an extension of Dijkstra’s algorithm which is based on heuristic information to enhance the efficiency of the search. The heuristic is the function that estimates how far from the current node is the target node [6]. This additional information enables A* to focus on nodes that are likely to lead to the target node and hence makes it faster than Dijkstra’s in most of the cases [6]. A* works by calculating the total cost of each node, i.e. the cost to reach the node plus the heuristic estimate to reach the target.


[bookmark: _Toc187751454]1.2.1 Strengths of A* Algorithm
A* has the advantage that it uses a heuristic, and so it normally examines fewer nodes than Dijkstra’s algorithm. It is much faster especially for large graphs when a good heuristic is available and is often used in graph shortening applications [6]. A* can be extended with various heuristics based on the problem which makes it a flexible approach. This makes A* very versatile and able to be applied to a variety of problems, such as pathfinding in video games or by GPS devices [7].


[bookmark: _Toc187751455]1.2.2 Limitation of A* Algorithm
A*’s performance is heavily dependent on the heuristic used. In some cases, A* can be slower than Dijkstra’s with a bad heuristic because it may lead the search in inefficient directions. 
Though A* is faster in most cases, it is more complex to implement than Dijkstra’s. Choosing or designing an appropriate heuristic can be challenging and needs a good understanding of the problem [7].



[bookmark: _Toc187751456]1.3 Comparison Between Dijkstra’s Algorithm & A* Algorithm
The biggest difference between Dijkstra’s and A* is how they look for nodes. Dijkstra finds the shortest path to all nodes, no matter how far they are from the target, while A* makes an educated guess where the path is most likely to be.

[bookmark: _Toc187751457]1.3.1 EFFICIENCY
 A* is normally more efficient because it uses a heuristic function to direct the search in the most likely direction of the goal [8]. This results in fewer nodes being explored.
Dijkstra’s searches all possible nodes and doesn’t use any additional information, so it is less efficient for large graphs.

[bookmark: _Toc187751458]1.3.2 HOW OPTIMAL IT IS 
Both algorithms do guarantee the shortest path, but A* can often find the solution faster because it doesn’t spend a lot of time exploring paths that are far from the target. A* is guaranteed to find the shortest path as long as the heuristic is acceptable [8]. 

[bookmark: _Toc187751459]1.3.3 USE CASES
Dijkstra’s Algorithm is most useful when all the nodes are of approximately the same importance and there is no preference for a particular node, like in finding the shortest path in networks with equally weighted edges [9].
A* is more useful in pathfinding* where there is a clear objective, such as in video game navigation or GPS routing. The heuristic is particularly useful in these cases because it greatly speeds up the search.


[bookmark: _Toc187751460]
REFLECTION ON PATHFINDING IMPLEMENTATION



[bookmark: _Toc187751461]2.1 Development Process
I had first encountered the problem when I started to write code for the implementation, and I knew that the system had to include a way to lead a virtual agent through a randomly generated maze. I selected the Breadth-First Search (BFS) algorithm to solve the problem because it is guaranteed to find the shortest path in an unweighted grid, which was what I wanted. The first challenge was to learn how to work with the grid and how to move the player through the maze without running into a wall.

There were a few issues I had to worry about, and moving the player and keeping track of the visited nodes was one of them while making sure the player could move properly. I right away understood that I would need a queue to perform a BFS like that, to explore the grid level by level. For path reconstruction I used a parent map to store the previous node for each position. This allowed me to reverse trace from the target back to the start.

The challenge was also to make sure that the algorithm did not get stuck in an infinite loop and to check all the possible paths properly. I also had to ensure that the position of the player was correctly updated after every move, although at times I had trouble accessing the right methods because some were private and couldn’t be changed.





[bookmark: _Toc187751462]2.2 Final Code Implementation
I came up with a few key steps for the final BFS implementation. First, the algorithm explores each node using BFS, starting from the bottom-left corner of the grid (position (1,  18) ). As it explores, it is tracking where it has been and is not to revisit nodes.
 When the target is found, it begins backtracking using the parent map that keeps a record of where each node came from. This allows me to build the path from the target to the start and then reverse it to get the correct order of moves. Each move is then done through calling the MovePlayer method and after each move, the grid is printed so I can see the player’s movement.
The BFS loop is quite simple, it just keeps adding unvisited neighbours to the queue before the target is found. When the target is reached, the path is reconstructed, and the player is moved along that path.
Code: 


[bookmark: _Toc187751463]2.3 Benchmarking Results
To analyse the output of the provided algorithm, two approaches were used, a simple run and a more detailed benchmarking test with 10,000 iterations. The output for each test is as follows:
For a single run, the algorithm correctly explored the maze and came to the (18, 1) target. The following are the recorded results:
[image: A screenshot of a computer
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In the Benchmarking test, it was run for over 10,000 iterations across various maze configurations to ensure consistency and efficiency. The following statistics were obtained:
[image: A screenshot of a computer

Description automatically generated]
The results show that the algorithm works well, having zero wall hits throughout all iterations, and is adaptable to different mazes.

[bookmark: _Toc187751464]2.4 Lessons Learned
This implementation helped me in understanding how graph traversal algorithms can be used in real life, for example, in navigating through mazes. One more point of strength of this assignment is the proper handling of the visited nodes and making sure that the algorithm does not revisit positions. As for the BFS, it was quite simple to understand and to implement, however for larger mazes it might be necessary to use more sophisticated approaches, possibly A*, or better data structures.

There are several directions for future development. It would be interesting to try different heuristics in A* to see how it performs in more complex situations. Also, I thought about dynamic obstacles (for instance, moving walls) which would add new features and would demand a more complex  method of pathfinding.
[bookmark: _Toc187751465]
CONCLUSION

In this assignment, the goal was to write an efficient pathfinding algorithm to move through a randomly generated maze. First, I wanted to know what kind of solution I was looking for.  A breadth first search (BFS) based algorithm was implemented that would allow the player to reach the target every time for all the test cases. From the single run and the benchmarking tests it is evident that the algorithm always found its way to the target without running into a wall and zero wall hits were recorded in all the runs. But the algorithm was good with the grid accesses and moves as well.

[bookmark: _Toc187749235][bookmark: _Toc187750259][bookmark: _Toc187751466]This solution’s development and testing revealed where applying pathfinding algorithms in real-world problems could yield useful information. The BFS approach was chosen for its simplicity, however, there is room for future improvement including optimizing grid accesses or looking into more advanced algorithms like A*. In total, the outcome of the implemented solution is effective and meets the objectives of the project.
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C:\Users\s2221648\3D Objects\x64\Debug\ASDPathfindingAssignment.exe (process 14924) exited with code @.

To automatically close the console when debugging stops, enable Tools->Options->Debugging->Automatically close the consol
le when debugging stops.

bress any key to close this window .





