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I. [bookmark: _Toc187744322]Introduction:
Pathfinding algorithms are essential in computer science, used to discover the most efficient route between two points within a network. Two of the most prominent algorithms in this field are Dijkstra's Algorithm and the A* Algorithm. This report will analyse these algorithms, highlighting their key differences, and comparing their performance and suitability for various applications.
For the pathfinding of the automatic navigation through the maze. The author decided to use BFS to solve the problem.
 BFS is a widely used algorithm. It is particularly effective for unweighted mazes where the goal is to find the shortest path in terms of the number of steps. BFS explores all neighbouring nodes level by level, ensuring that the first time it encounters the destination node, it has found the shortest path.[1] 
II. [bookmark: _Toc187744323]Dijkstra's Algorithm and A* Algorithm: Description and Comparison:
1. [bookmark: _Toc187744324]Dijkstra's Algorithm. 
The Dijkstra's Algorithm was invented in 1956 by Dutch computer scientist Edsger W. Dijkstra. It is often considered to be the most straightforward algorithm for solving the shortest path problem [2].  The algorithm determines the shortest path to a destination by looking at nearby nodes and doing its own calculations. What's interesting about it is that it finds the shortest paths to all destinations from one starting point, not just one specific route. 
1.1 [bookmark: _Toc187744325]How it Works:
· Dijkstra’s algorithm uses a priority queue to explore nodes in the order of their distance from the start node.
· It keeps track of the shortest known distance to each node and updates these values as shorter paths are found.
· Dijkstra’s is guaranteed to find the shortest path from the start node to all other nodes in the graph.
· This algorithm does not use heuristics and thus explores all possible paths, which makes it exhaustive but potentially slower compared to algorithms that use heuristics, such as A*.
Here are a few examples of the broad range of applications where Dijkstra's algorithm is widely used: [3]
· Transportation and Logistics: For optimizing routes in delivery or public transportation.
· Route Planning and Navigation Systems: Used in GPS systems for determining the shortest driving paths.
· Network Routing: Essential for determining the shortest path in computer networks to send data.
· Pathfinding in Video Games and Robotics: In simpler games or robots that require pathfinding across a grid or map.
· Social Network Analysis: Analysing shortest connections between individuals or groups.
· DNA Analysis: In bioinformatics to find the shortest mutation path between genetic sequences.
· Resource Allocation in Project Management: Determining the most efficient use of resources based on task dependencies.
Dijkstra's is preferred when a complete shortest-path solution is needed, particularly in networks and logistics, where calculating the shortest path to every node is crucial. [4]

2. [bookmark: _Toc187744326]A* Algorithm.
The A* Algorithm, created by Peter Hart, Nils Nilsson, and Bertram Raphael in 1968, is an upgrade of Dijkstra's Algorithm that uses heuristics to make it more efficient. A* tries to find the shortest path from a starting point to a goal by adding up the real cost to get to a node and an estimated cost to reach the goal from that node. [5]
The A* algorithm is efficient because it cleverly evaluates paths using three main components: Path cost g(n), Heuristic function h(n), and Total estimated cost f(n). These elements collaborate to steer the search process toward the most promising routes. 
· g(n) represents the actual cost from the starting node to the current node.
· h(n) represents an estimated cost (heuristic) from the current node to the destination.
· f(n) is the total estimated cost from the start to the goal, guiding the algorithm towards the most promising paths.
       [image: ]
A* algorithm Cost Function [6]
3. [bookmark: _Toc187744327]Comparison:
While both Dijkstra's Algorithm and the A* Algorithm are used for pathfinding, they have distinct differences:
· Heuristics: Dijkstra's Algorithm does not use heuristics and explores all possible paths, which makes it thorough but potentially slower. On the other hand, A* uses heuristics to guide its search, which usually makes it faster. [7]
· Applicability: A* is perfect for situations where you need quick results, like in video games or robotics. Dijkstra’s is better for when you need a complete shortest-path solution for all nodes, like in network routing. 
· Memory Usage: A* can be more memory-intensive because it needs to store additional information like heuristic values. Dijkstra’s has lower memory requirements but at the cost of being slower. [8]
III. [bookmark: _Toc187744328]Development Process: 
1. [bookmark: _Toc187744329]Choice of Algorithm.
For the pathfinding of the automatic navigation through the maze. The author decided to use BFS to solve the problem.
The decision was straightforward because BFS is a widely used algorithm. It is particularly effective for unweighted mazes where the goal is to find the shortest path in terms of the number of steps. It works by exploring all neighbouring nodes level by level, ensuring that the first time the target node is reached, the path is the shortest one. [9] 
2. [bookmark: _Toc187744330]Steps in Implementation:
2.1 [bookmark: _Toc187744331]Representing the Maze.
To implement BFS, the maze was treated as a grid, where each cell represented a node. Movement between adjacent cells (up, down, left, right) was treated as edges connecting nodes. The player’s position in the maze was the starting node, and the target square was the destination.
· Key elements in the code:
· Obstacles as Walls: Walls were marked as inaccessible nodes, ensuring the algorithm avoided them.
· Visited Tracking: An unordered_set was used to track visited cells to prevent the algorithm from revisiting nodes and getting stuck in infinite loops.
[bookmark: _Toc187744332]2.2	BFS Pathfinding.
The BFS logic used a queue to manage nodes to be explored. For every node (or cell) dequeued, its valid neighbours were identified. If a neighbour was the target, the algorithm terminated, and the path was executed. Otherwise, the neighbour was added to the queue, along with the updated path. [10] 
See below a screenshot. 
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[bookmark: _Toc187744333][bookmark: _Hlk187694309]2.3	Results Obtained.
· Memory:
Memory usage was proportional to the number of visited nodes, with the unordered_set for visited tracking keeping it manageable.
· Path Accuracy:
BFS consistently found the shortest path in terms of steps, as expected for an unweighted graph.
[bookmark: _Toc187744334] 2.4	Observations and Challenges.
· Efficiency: BFS worked efficiently for small and moderately complex mazes, but its performance began to lag in larger, more intricate grids.
· Edge Cases:
· Tight corridors with many walls slightly slowed the search process since BFS explored every possible path.
· Challenges:
· Tracking and storing the correct path required thoughtful design, particularly when building the path vector for each node.
· Ensuring valid bounds and avoiding out-of-bound errors for neighbour exploration added to the complexity.
[bookmark: _Toc187744335]2.5	Code Snippets and Discussion.
One of the highlights of the implementation was how the path was stored and executed. The Node structure made this straightforward:
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This allowed the algorithm to not only find the target but also reconstruct the entire path to navigate the player through the maze.
[bookmark: _Toc187744336]2.6	Future Improvements.
· Algorithm Choice: Using A* for larger grids would improve performance by focusing the search on promising paths. For example, a heuristic like Manhattan distance could guide the search efficiently.
· Optimizations: Multithreading the BFS process could help in scenarios with large mazes, dividing the grid into sections processed in parallel.
IV. [bookmark: _Toc187744337]Conclusion:
Dijkstra's Algorithm and the A* Algorithm are great for solving shortest path problems in graphs. Dijkstra's is simple and always finds the best paths, while A* is faster because it uses heuristics. Choosing between them depends on what you need: a thorough search or a quicker, guided one.
Overall, the project demonstrated the practicality of BFS for solving maze navigation problems. BFS’s simplicity and guarantee of finding the shortest path made it a natural choice for the task, particularly given the unweighted nature of the grid. [11] 


References:
[1] Anonymous (13 Feb). Finding the path from one vertex to rest using BFS. Available: https://www.geeksforgeeks.org/finding-the-path-from-one-vertex-to-rest-using-bfs/.
[2] Anonymous . DSA Dijkstra's Algorithm. Available: https://www.w3schools.com/dsa/dsa_algo_graphs_dijkstra.php.
[3] S. Bhattacharyya. (Sep 11). How Is Dijkstra's Algorithm Used In The Real World? | Analytics Steps. Available: https://www.analyticssteps.com/blogs/how-dijkstras-algorithm-used-real-world.
[4] K. R. Deep Medhi. K. R. Deep Medhi. Dijkstra algorithms - an overview | ScienceDirect topics. Dijkstra algorithms - an overview | ScienceDirect topics. 2018. Available: https://www.sciencedirect.com/topics/computer-science/dijkstra-algorithms.
[5] Anonymous (30 Jul). A* Search Algorithm. Available: https://www.geeksforgeeks.org/a-search-algorithm/.
[6] Anonymous (Nov 7, ·). The A* Algorithm: A Complete Guide. Available: https://www.datacamp.com/tutorial/a-star-algorithm.
[7] Milos Simic and Michal Aibin. (March 18). Dijkstra vs. A* – Pathfinding | Baeldung on Computer Science. Available: https://www.baeldung.com/cs/dijkstra-vs-a-pathfinding.
[8] Anonymous Anonymous The most popular pathfinding algorithms explained: A* to dijkstra’s - coding clutch. The most popular pathfinding algorithms explained: A* to dijkstra’s - coding clutch. 2024. Available: https://codingclutch.com/the-most-popular-pathfinding-algorithms-explained-a-to-dijkstras/.
[9] Anonymous (October 13). Breadth First Search - Algorithms for Competitive Programming. Available: https://cp-algorithms.com/graph/breadth-first-search.html.
[10] Anonymous (13 Feb). Finding the path from one vertex to rest using BFS. Available: https://www.geeksforgeeks.org/finding-the-path-from-one-vertex-to-rest-using-bfs/.
[11] Anonymous (02 Jan). Breadth First Search or BFS for a Graph. Available: https://www.geeksforgeeks.org/breadth-first-search-or-bfs-for-a-graph/.




image2.png
Fut Gint i =0; i<4; i++) {
int newX = current.x + DIRECTIONS[i].first;
int newY = current.y + DIRECTIONS[i].second;

1/ Check if the new position is valid and not visited

if (newX >= @ G& newX < gridSize & newy >= 0 G& newY < gridSize &&
visited. find(hash(newX, newy)) == visited.end() &&

grid->GetGridsquare(newX, newy) != griditen: :wall) {

// Add the neighbour to the queue

Node neighbour = { newX, newY, current.path };
neighbour. path. push_back(static_cast<novedirection>(i);
q.push(neighbour) ;

1/ Add ¢

// Mark as visited
visited. insert(hash(neuX, newy));
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struct Node {
int x, y;
vector<movedirection> path;
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