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Pathfinding algorithms form an important part of computer science and are widely applied in practical domains such as routing systems, robotics, artificial intelligence, and video game environments. Their purpose is to identify efficient paths through graphs or grid-based environments while respecting constraints such as obstacles or movement rules. Two of the most widely studied algorithms in this area are Dijkstra’s algorithm and the A* (A-star) algorithm. Although both are capable of finding optimal paths, they differ in how they explore search spaces and in their overall efficiency.
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Dijkstra’s algorithm is a classical shortest-path technique used to determine the minimum-cost routes from a single starting node to all reachable nodes in a graph, assuming that no edge has a negative weight [1]. The algorithm operates by expanding outward from the starting node and maintaining the shortest known distance to each node encountered.
Every other node is given an infinite distance, while the distance to the source node is initially set to zero. The algorithm continually labels as visited the unvisited node with the shortest known distance. It then examines each neighbouring node and updates its distance if a shorter path is discovered through the current node. This process continues until all nodes have been visited or until the target node has been reached [2].
One of the main strengths of Dijkstra’s algorithm is its correctness. Once a node has been visited, the shortest path to that node is guaranteed to be final. This makes the algorithm particularly suitable for applications such as routing protocols, where accuracy is critical. However, this reliability comes at a cost. Because Dijkstra’s algorithm does not consider the position of the destination, it often explores many nodes that do not contribute to the final path, especially in large or grid-based environments [3].
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The A* algorithm builds on the principles of Dijkstra’s approach by introducing heuristic guidance that directs the search toward a specific target. Rather than ranking nodes only by the distance already travelled, A* assigns each node a combined score that accounts for both the path taken so far and an estimate of the remaining distance.

Here, represents the cost from the start node to the current node, and is a heuristic estimate of the remaining cost to reach the target [4].
In grid-based problems, heuristics such as Manhattan distance are commonly used because they reflect the movement constraints of four-directional grids. As long as the heuristic does not overestimate the remaining distance to the goal, A* retains its guarantee of producing an optimal solution while typically exploring fewer nodes than Dijkstra’s algorithm [5].
Despite its advantages, A* introduces additional complexity. The effectiveness of the algorithm depends heavily on the quality of the heuristic. A poorly chosen heuristic can cause A* to behave similarly to Dijkstra’s algorithm or, if inadmissible, lead to suboptimal paths [6]. As a result, careful heuristic design is required.
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The key difference between Dijkstra’s algorithm and A* lies in how the search is guided. Dijkstra’s algorithm is uninformed and explores the graph uniformly, making it suitable when shortest paths to all nodes are required. A*, by contrast, is goal-directed and uses heuristic information to reduce unnecessary exploration.
In unweighted grid environments, both algorithms are capable of producing optimal solutions. However, A* generally offers better performance when an appropriate heuristic is available. In educational or constrained settings, the added complexity of heuristic design may not always be justified, and simpler approaches can be more appropriate depending on the problem context [9].
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When moving from theory to implementation, I needed to decide which approach best suited the maze environment provided. Although A* offers clear efficiency advantages in many scenarios, I chose to implement a breadth-first search (BFS) approach instead. This decision was based on the fact that the maze is unweighted, grid-based, and restricts movement to four cardinal directions. Under these conditions, BFS naturally produces the shortest sequence of moves and was noticeably easier for me to implement and debug than heuristic-based approaches [7], [8].
The solution was implemented entirely within the GridNavigatorAutomatic::Navigate() method, as specified in the assignment brief. I accessed the grid once using GetGrid() to obtain a snapshot of the maze layout. This resulted in a consistent grid access count of 400 per run. Although this is not the most efficient approach in terms of minimising accesses, the assignment guidance indicated that most implementations would need to examine the entire grid at least once, making this a reasonable design choice.
To implement BFS, I used a queue to control the order in which grid squares were explored. I also maintained a visited matrix to ensure that each square was processed only once. One aspect I found particularly effective was storing parent information for each visited square. This allowed me to reconstruct the path from the target back to the player once the goal was reached, rather than attempting to move the player during the search itself. Separating pathfinding from movement helped keep the logic clear and reduced the likelihood of errors.
After reconstructing the path, I executed it step by step using the MovePlayer() method. Each step was translated into one of the four permitted movement directions, ensuring that the solution adhered strictly to the movement rules of the maze. During testing, the solver consistently avoided walls and successfully reached the target, resulting in zero wall hits.
I tested the solution using both the single-run automatic mode and the benchmarking mode. In single-run tests, the solver completed the maze reliably and produced reasonable move counts. In benchmarking mode, which executed the solver 10,000 times, the results showed a minimum of 34 moves, a mean of approximately 48 moves, and a maximum of 90 moves. Grid access counts remained fixed at 400, and wall hits were zero across all runs. These results indicate that the implementation is stable and produces near-optimal paths, with variation primarily due to the random nature of maze generation rather than algorithmic inefficiency [2].
In addition to the technical outcomes, this implementation process helped develop transferable skills. Working within a restricted framework required careful reading of documentation and disciplined adherence to given interfaces. Debugging issues across different development environments also highlighted the importance of portability and defensive programming. These experiences improved my confidence in analysing existing codebases and making targeted, justified changes.
While the implementation does not attempt to reduce grid accesses beyond the initial scan, I felt this trade-off was appropriate for the scope of the assignment. Implementing A* with heuristics could potentially reduce exploration further, but it would also increase complexity and introduce additional opportunities for error. Prioritising correctness, stability, and clarity allowed me to produce a solution that works consistently and meets the assignment requirements [6].
Overall, this task helped me better understand how theoretical pathfinding algorithms can be applied within practical constraints. It also highlighted the importance of systematic testing, defensive programming, and working within an existing codebase. These skills are directly transferable to future modules and professional software development.
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#include "GridNavigatorAutomatic.h"
#include <queue>
#include <vector>
#include <utility>

GridNavigatorAutomatic::GridNavigatorAutomatic() : GridNavigator()
{
}

void GridNavigatorAutomatic::Navigate()
{
    const int SIZE = 20;
    auto raw = grid->GetGrid();


    auto trySolve = [&](bool isYX) -> bool
    {
        auto get = [&](int x, int y) -> griditem
        {
            return isYX ? raw[y][x] : raw[x][y];
        };

        // Find start + target
        std::pair<int,int> start{-1,-1}, target{-1,-1};
        for (int y = 0; y < SIZE; y++)
        {
            for (int x = 0; x < SIZE; x++)
            {
                if (get(x,y) == griditem::player) start = {x,y};
                if (get(x,y) == griditem::target) target = {x,y};
            }
        }

        // If couldn't find both, this orientatin is wrong
        if (start.first == -1 || target.first == -1) return false;

        // BFS
        std::queue<std::pair<int,int>> q;
        std::vector<std::vector<bool>> visited(SIZE, std::vector<bool>(SIZE, false));
        std::vector<std::vector<std::pair<int,int>>> parent(
            SIZE, std::vector<std::pair<int,int>>(SIZE, {-1,-1})
        );

        visited[start.second][start.first] = true;
        q.push(start);

        auto tryPush = [&](int fromX, int fromY, int toX, int toY)
        {
            if (toX < 0 || toX >= SIZE || toY < 0 || toY >= SIZE) return;
            if (visited[toY][toX]) return;
            if (get(toX,toY) == griditem::wall) return;

            visited[toY][toX] = true;
            parent[toY][toX] = {fromX, fromY};
            q.push({toX, toY});
        };

        while (!q.empty())
        {
            auto cur = q.front();
            q.pop();

            if (cur == target) break;

            int x = cur.first;
            int y = cur.second;

            tryPush(x, y, x, y - 1); // up
            tryPush(x, y, x, y + 1); // down
            tryPush(x, y, x - 1, y); // left
            tryPush(x, y, x + 1, y); // right
        }

        // If target wasn't reached, fail
        if (target != start && parent[target.second][target.first].first == -1) return false;

        // Reconstruct path
        std::vector<std::pair<int,int>> path;
        for (auto p = target; p != start; p = parent[p.second][p.first])
            path.push_back(p);

        // Follow path
        std::pair<int,int> cur = start;
        for (auto it = path.rbegin(); it != path.rend(); ++it)
        {
            int nx = it->first;
            int ny = it->second;

            if (nx > cur.first)       grid->MovePlayer(movedirection::right);
            else if (nx < cur.first)  grid->MovePlayer(movedirection::left);
            else if (ny > cur.second) grid->MovePlayer(movedirection::down);
            else if (ny < cur.second) grid->MovePlayer(movedirection::up);

            cur = *it;
        }

        return grid->CheckComplete();
    };

    // Try both orientations (one of these will be correct)
    if (trySolve(true)) return;
    if (trySolve(false)) return;


    }
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