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Pathfinding algorithms are used in computing to find the best path from a starting point to an end point within a set area, as graphs or grids in the most efficient way. [1] In this assignment the task was to automatically solve a 20x20 maze by moving a player from a starting position to a target where internal walls are randomly generated each time a maze is created. A Breadth-First Search (BFS) was employed to establish the shortest path for the maze to be solved, two algorithms are widely used for solving such problems, these are Dijkstra’s algorithm and the A* Algorithm. [2]
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[bookmark: _Toc218436320]2.1 Dijkstra’s Algorithm

Dijkstra’s algorithm is a computing technique which is used to calculate the shortest path between nodes within a graph. It is commonly applied to shortest path problems, where the aim is to find the minimum distance or cost from a start node to a target node. The algorithm works with weighted graphs that have non-negative edge weights and is widely used in real-world applications, including GPS, network routing and computer protocols. [3]

The algorithm starts by assigning a distance of zero to the starting node, and all other nodes are given a value representing infinity, indicating they have not yet been reached. At each step, Dijkstra’s algorithm chooses the unvisited node that is closest to the starting point. It then examines its neighbouring nodes and updates their distances if a shorter route through the current node is found. The current node is then marked as visited. This process continues until every node has been visited and the shortest paths from the start to all nodes have been established. This makes Dijkstra’s algorithm both complete, as it will always find a path if one exists, and optimal, as it consistently identifies the shortest possible path. [4][5]

However, as the algorithm explores all possible directions equally, it can end up visiting many unnecessary nodes, especially in large graphs. This can lead to higher memory usage and longer execution times compared to more goal-oriented approaches. [6]
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The A* Algorithm extends Dijkstra’s Algorithm by including a heuristic function. Like Dijkstra’s, it is created to find the shortest path between a start node and target node. In addition, A* estimates the remaining cost from the current node to the target using a heuristic value, . This heuristic directs the search toward the most promising paths and forms a key part of the evaluation function:


where represents the cost from the start node to node .[7]

By combining the actual path cost with an estimate of the remaining distance to the target, A* prioritises nodes that are more likely to contribute to the final path, which reduces unnecessary exploration compared to algorithms that explore nodes uniformly. Its performance is influenced by factors such as obstacle density and the choice of heuristic.[7][8]

A* efficiently finds shortest paths on graphs or grid maps by balancing exploration with heuristic guidance. When an admissible heuristic is used, A* is able to guarantee an optimal solution while, in practice, exploring fewer nodes and using less memory than uninformed search methods such as Dijkstra’s algorithm. [7][8]
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Both algorithms are widely used for shortest path computation but differ in their approach and efficiency. Dijkstra’s algorithm systematically explores paths based solely on accumulated cost, guaranteeing optimality but often requiring significant computational and memory resources, particularly in large or complex graphs or maps. In contrast, the A* algorithm incorporates heuristic information to guide the search toward the target, which typically results in faster execution and reduced memory usage. Studies comparing A* and Dijkstra’s algorithm in route-planning and grid-based environments show that A* can complete pathfinding tasks more efficiently under comparable conditions due to its use of heuristic guidance, with reported completion times of 0.07 seconds for A* versus 0.22 seconds for Dijkstra’s algorithm. [9] 

The difference in performance between the two algorithms largely stems from how they explore the search space. Dijkstra’s algorithm expands nodes uniformly outward from the start node, regardless of their proximity to the target, which can lead to unnecessary exploration in large search spaces. In contrast, A* uses heuristic estimates to prioritise nodes that are closer to the goal, significantly reducing the number of nodes that need to be evaluated. As a result, A* can focus computational effort on more relevant areas of the graph while still preserving optimality when an admissible heuristic is used. [7]

In summary, Dijkstra’s algorithm guarantees optimal solutions but often incurs a higher computational cost, while A* enhances efficiency by incorporating heuristics to guide the search, frequently leading to faster execution and lower memory usage. The choice between the two algorithms depends on factors such as the scale of the task, the density of the graph, and available computational resources. [7] [9] [10]
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To begin with the solution to the problem was approached from a naïve perspective, moving the player blindly in random directions. This led to frequent wall collisions, excessive moves and unnecessary grid accesses. After understanding the assignment constraints and methods available (grid->GetGrid(), MovePlayer(), and the enums), a more structured approach was created. 

The first step of the implementation retrieves the entire maze grid using the following: 

Const int GRID_SIZE – 20;
Auto gridData = grid->GetGrid();

Retrieving the grid simplifies the pathfinding logic and keeps the number of grid accesses within the expected bounds.
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To make the code easier to read and manage, a small helper class called Position was created:

class Position
{
public:
	int x;
	int y;

	Position() { x = 0; y = 0; }
	Position(int xValue, int yValue) {x = xValue; y = yValue; }
};

This class represents a single square in the maze using (x, y) coordinates. Using this class avoids passings two separate integers throughout the code and improves clarity when working with queues and paths.

[bookmark: _Toc218436326]3.3 A BFS implementation
Two 2D arrays are used:

bool visited[GRID_SIZE][GRID_SIZE] = { false };
Position parent[GRID_SIZE][GRID_SIZE];

Visited prevents the algorithm from re-exploring squares. Parent stores where each square was reached from, allowing for path re-construction later.

The BFS implementation is created using a queue:

std::queue<Position> q;
q.push(start);
visited[start.y][start.x] = true;

Movement directions are represented using offset arrays:

int dx[4] = { 0,0,-1,1 };
int dy[4] = { -1,1,0,0 };

The BFS loop explores the maze systematically:

while (!q.empty())
{
	Position current = q.front();
	q.pop();

	if (current.x == goal.x && current.y == goal.y)
		break;

	for (int i = 0; i < 4; i++)
	{
		int nx = current.x + dx[i];
		int ny = current.y + dy[i];

		if (nx < 0 || nx >= GRID_SIZE || ny < 0 || ny >= GRID_SIZE)
			continue;

		if (visited[ny][nx] || gridData[ny][nx] == griditem::wall)
			continue;

		visited[ny][nx] = true;
		parent[ny][nx] = current;
		q.push(Position(nx, ny));
	}
}

This ensures:

· Only valid grid positions are explored 
· Walls are avoided
· Each square is never explored more than once
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Once the target is found, the shortest path is reconstructed by going back through the parent array:

std::vector<Position> path;
Position step = goal;

while (!(step.x == start.x && step.y == start.y))
{
	path.push_back(step);
	step = parent[step.y][step.x];
}

std::reverse(path.begin(), path.end());

This converts the BFS exploration into an ordered list of positions that the player must follow to reach the target.
[bookmark: _Toc218436328]3.5 Executing Player Movement

Moving the player along the calculated path:

for (const Position& next : path)
{
	int dx = next.x - start.x;
	int dy = next.y - start.y;

	movedirection moveDir;

	if (dx == 1) moveDir = movedirection::right;
	else if (dx == -1) moveDir = movedirection::left;
	else if (dy == 1) moveDir = movedirection::down;
	else moveDir = movedirection::up;

	moveresults result = grid->MovePlayer(moveDir);

	if (result == moveresults::complete)
		return;
	start = next;
}

The difference between consecutive positions decides the direction of movement. The return value of MovePlayer() is used to detect when the maze has been completed. 

[bookmark: _Toc218436329]3.6 Results and Reflection 

This implementation consistently solved all randomly generated mazes without hitting walls. Typical results of 10,000 runs of the code:
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· Zero wall hits
· A low number of moves
· 400 grid accesses

This implementation proved the benefit of planning before moving. Compared to naïve or random movements, BFS reduced wasted moves and guaranteed solving the maze efficiently.
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