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[bookmark: _Toc218457750]1. Introduction
Pathfinding is a fundamental problem in computer science and artificial intelligence, with applications ranging from robotics to game development [1]. This report explores Dijkstra’s Algorithm and the A* Algorithm, evaluating their suitability for solving a grid-based maze and reflecting on the practical implementation of an automated maze-solving solution.
[bookmark: _Toc218457751]2. Dijkstra’s Algorithm
Definition and purpose
Dijkstra’s Algorithm is a graph search algorithm designed to find the shortest path from a starting node to all other nodes in a weighted graph. It has widespread applications such as network routing, navigation systems, and robotics, where optimal path computation is essential [2].
How it works
The algorithm first begins by assigning every node in the graph a tentative distance, zero for the starting node and infinity for all other nodes. Once the algorithm is at the start node, each neighbouring node’s tentative distance is updated to one and in a grid-based maze with a uniform movement cost.
Once this is done, the current node is marked as visited and begins the next iteration where it selects the next unvisited node with the smallest tentative distance. 
This systematic approach means that every path is evaluated in order of increasing distance which ensures that the shortest path is always identified.
Application to grid-based maze
When applied to a grid-based maze, each square of the grid is treated as a node and with the walls considered blocked nodes which prevent traversal. The algorithm explores the grid systematically and updates distances until the target is reached.
Strengths
One of the main strengths of Dijkstra’s Algorithm is the fact it can always guarantee finding the shortest path. 
Weaknesses
The algorithm does have some notable weaknesses. As it explores all reachable nodes, it also explores nodes which are not needed for reaching the target which can lead to an inefficient process, especially in larger grids. 

[bookmark: _Toc218457752]3. A* Algorithm
Definition and purpose
The A* Algorithm is a graph search algorithm used to find the shortest path from a starting node to a target node. This algorithm uses a heuristic to estimate the cost from a given node to the target by combining the actual cost from the start with the estimated cost to the goal. By using this heuristic approach, A* can focus its search toward the most promising paths, making it highly effective in applications such as robotics, AI navigation, and game development, as it “finds the shortest path (with respect to the given weights) from source to goal” [3].
How it works
A* maintains two scores for each node:
1. g(n): the actual cost from start node to the current node (n).
2. h(n): a heuristic estimate of the cost from node (n) to the target node.
At each step, A* selects the unvisited node with the lowest combined score which is calculated by adding the actual cost (g(n)) with the heuristic cost (h(n)) to produce the value of f(n). It then will evaluate the neighbouring nodes and updates their g(n) values if a shorter path is found and then recalculates the f(n) again. 
Application to grid-based maze
In a grid-based maze, each square is treated as a node, with walls considered as blocked nodes. 
A* then explores the grid by combining the cost to reach each square with the estimated distance to the target which allows it to then navigate around walls while minimizing computational cost. This in turn makes A* great for automatically solving a maze, as it can quickly find the best route from the players starting position to the target.
Strengths
A* is very efficient and often visits far fewer nodes than Dijkstra’s Algorithm which reduces its computational cost. This is due to its use of a heuristic approach. Also, when an admissible heuristic is used (one which never overestimates the distance to the target), A* is guaranteed to find the shortest path, which combines both reliability and speed.
Weaknesses
The main weakness of A* is its dependency on the heuristic. If the heuristic is poorly chosen or isn’t admissible, the algorithm can become less efficient or even fail to find the best path. 



4. [bookmark: _Toc218457753]Comparison of Dijkstra’s vs A*
The Dijkstra’s Algorithm and the A* Algorithm are both capable of finding the shortest path in a graph however when it comes to efficiency, A* is superior. As Dijkstra’s Algorithm explores nodes with no indication of the target, unnecessary paths can form whereas in contrast, A* uses a heuristic approach which guides the search towards the target.
[bookmark: _Toc218457754]5. Implementation Reflection 
Algorithm chosen for implementation: 
The algorithm chosen for implementation was Breadth-First Search (BFS). While the report discusses Dijkstra’s Algorithm and the A* Algorithm in detail, BFS was selected for the practical implementation because the maze is using a uniform movement cost, so in this scenario, BFS is functionally equivalent to Dijkstra’s Algorithm as each move has an equal cost of one. As a result, the BFS guarantees the shortest path to the target is found while remaining simpler to implement and easier to justify.
Implementation approach:
The grid was accessed once using a single call to GetGrid(). This was chosen as accessing the entire grid once has a much lower cost than repeatedly calling the GetGridSquare() function which kept the access counter to a minimum.
A queue was used to traverse the neighbouring nodes in a breadth-first manner which ensures that nodes closer to the start were explored first. A visited array was used to keep track of visited nodes to prevent revisiting, and a parent array was used to record the previous node for each visited square. Once the target was reached, the parent array was used to reconstruct the path back to the starting position and then the player was moved step by step using the MovePlayer() function
Challenges and design decisions:
One of the main challenges encountered was ensuring that walls were never hit during navigation. This was done by explicitly checking whether a neighbouring square contained a wall before adding it to the BFS queue. Another consideration was minimising grid accesses. By retrieving the entire grid once at the start kept the access number stayed low.
Choosing an appropriate data structure was also another key design decision. Using a queue naturally supports the first-in-first-out exploration. Simple arrays were also used to keep track of nodes which were visited and the parent relationships to keep track of pathways and to maintain an efficient algorithm.
Key code snippet:
std::queue<P> q;
q.push(s);
v[s.y][s.x] = true;
This snipped shows the initial setup for the BFS algorithm. The starting position is added to the queue, and the next grid square is marked as visited. From this point on, the algorithm systematically explores neighbouring squares until the target is finally reached.
Results and testing:
The implementation successfully completed all randomly generated mazes without hitting any walls. Move counts were also consistently close to the optimal route, with the mean moves over 10000 simulations rarely going over 50 and due to a single grid retevival, grid accesses never went above 400. 
Reflection:
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AI-generated content may be incorrect.]Overall, the BFS implementation met the objectives set by reliably solving the maze all while minimising moves and avoiding unnecessary grid accesses. The main trade-off was choosing BFS over a more advanced algorithm such as A*, however given the problem constraints, BFS provided an effective and appropriate solution. This implementation reinforced the importance of selecting an algorithm that both first the problem requirements and the practical limitations of the system.

[bookmark: _Toc218457755]6. Conclusion
This report examined automated maze navigation by comparing Dijkstra’s Algorithm and the A* Algorithm and applying these concepts in a practical implementation. A Breadth-First Search approach was ultimately used to solve the maze as a uniform movement cost makes it equivalent to Dijkstra’s Algorithm in this context. The implemented solution reliably solved all generated mazed while minimizing moves, grid accesses and wall collisions. Overall, this report demonstrates how theoretical pathfinding algorithms can be effectively adapted to practical problems through careful implementation and decisions.
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