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[bookmark: _Toc218505454]Introduction
Path-finding algorithms are essential within the industry of computer science. These algorithms are designed to determine the shortest or most efficient route between points. The first part of this report focuses on two path-finding algorithms: Dijkstra’s Algorithm and the A* (A-star) Algorithm. Both algorithms are fundamental in finding points and finding the shortest paths, yet they are both different in terms of strategy, efficiency and suitability. The second part focuses on the process of implementing path-finding algorithms. It will focus on the technical individualities on path-finding algorithms and how they would be suitable for the situation given.
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Both Dijkstra’s Algorithm and the A* Algorithm are both graph-based path-finding algorithms designed to compute the shortest path between points. But they both have large differences in their approaches. 

[bookmark: _Toc218505456]Dijkstra’s Algorithm
Dijkstra’s is a greedy search algorithm that focuses on finding the shortest path between nodes on a weighted graph. This algorithm finds a path starting at the source node going through and exploring the nodes until it finds the shortest route to get to the destination node. The source node is the node with the least distance, which always starts with distance 0. Each node in this algorithm has a value attached to it which represents the lowest cost from the starting node. Cost within this algorithm, calculates what the shortest path is by adding the individual values together to receive the result. Which is represented by edge weights. These represent how much it would cost to get from one node to another. Dijkstra’s algorithm operates under the understanding that edge weights are non-negative, which means that every edge has a cost that is zero or positive, never negative. Which means that, once the algorithm goes to the next node, that cost is going to go up not down. 
For example, this photo shows how costs work within this algorithm and how it calculates the lowest cost.
[image: A diagram of a network

AI-generated content may be incorrect.]The numbers in red represent the edge weights. These tell the algorithm how much it costs to directly travel from one node to the other. The source node for this graph would be node 1 since it has the set distance of 0, so the algorithm will start from there. Dijkstra’s does not take the destination’s location into account. Because of this, the algorithm must take every path into consideration, which means it must explore the graph in all directions. This can lead to unnecessary computations, especially if the graph is large. 0



For this graph example, going from node 1 to node 2 would cost 7 and then from node 2 to 4 would cost 16, node 4 to node 5 would cost 5. So, in total, the cost of this route would be 7+16+5 = 28. Now that those nodes have been visited, we won’t visit them again. And this algorithm continues until the smallest route is found which in this case would be from node 1 -> 3 -> 6 -> 5, which is 9+3+8 = 20. 
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The A* Algorithm has a similar purpose to Dijkstra’s Algorithm as it finds the shortest path between nodes. Many people prefer to use A* over Dijkstra’s due to its completeness and optimality. A* is an informed path-finding algorithm that finds the shortest path from one source to a specified destination. It achieves this by maintaining a tree of paths originating from the source node and extending the separate paths one edge at a time until the end goal is reached. This algorithm is known for its speed and accuracy due to its use of heuristics. Heuristics is a technique that is used within computer science for problem solving when classic methods are too slow. One way that heuristics helps the A* algorithm be faster is by using specific goal directed heuristic. This essentially means that this algorithm uses problem solving to find the end goal. 
Dijkstra’s and A* are both well known algorithms used to find the shortest path between nodes. But both being used for the same reasons, both have their own differences and characteristics. 
One of the key differences between these two algorithms is A* uses heuristics to determine the shortest path and Dijkstra’s does not. This means that Dijkstra’s is a normal graph search algorithm, also known as a greedy algorithm. It finds the shortest path by exploring every possible path and selecting the shortest path by the smallest weight. While on the other hand, A* is an informed search algorithm that finds the shortest path by using heuristics to estimate the overall cost to reach the goal. As a result, this makes A* faster than Dijkstra’s, 
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For the implementation part of this report, the assignment is to create an automatic solution to solving a maze within C++. This maze is 20x20 and is randomly generated every time it is run.  The goal for the automatic solution is that: It completes any randomly generated maze successfully, keeps the number of moves and accesses (views) to a minimum and avoids hitting any walls. 
During this implementation, I had many difficulties with implementing a DFS, Dijkstra or A* for this solution. So instead, I stuck with what I knew and used BFS. BFS (Breadth-First Search) is a pathfinding algorithm that is used on an unweighted grid. I chose this because it’s known to be more effective on smaller grids like the 20 x 20 maze. DFS was considered for this solution, but I found it harder to implement since I wasn’t too confident in coding it. 
Originally, I was planning on making an efficient solution without using access. But as I continued to change my code, it turned out that accesses would help the optimization of the solution.
This is my code with accessing:
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The difference between the two screenshots is vast, with one being way more optimal than the other. By using the “grid -> GetGrid ()” method, my solution was able to minimize the amount of moves and wall hits. 
[image: ]
In this algorithm, I have used a nested loop. Which is essential for locating the player’s starting point and where the target is on the grid. This is important for this algorithm because BFS requires a known starting point before starting the queue and a target point to determine when the maze is solved. 
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For the actual implementation of BFS, it explores all positions at one distance from the start, before moving onto to positions that are far away. The queue is FIFO (First In, first out) which is the part of BFS that explores the grid positions from the start to the end. This ensures that all positions are explored and checked before any further ones.
[image: ]
For BFS, it also requires a vector so it can store the positions that have been visited without running out of space like a typical array/list. “ROWS” and “COLS” are both set to 20, which is the number of rows and columns that this grid has. This creates a vector that is 20 x 20, which is a 2d array format.
For BFS exploration, the movements of the player tend to be encoded in up, left, right and down in that order. Which would be more efficient than choosing a random direction like I did in my original code.
[image: A black background with white text

AI-generated content may be incorrect.]
Direction Loop:
[image: ]
With BFS encoded movements:
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BFS explores all the neighboring squares within the grid, preventing revisiting previously explored locations. This is achieved by an array which stores the visited locations, and then it’s added to the queue so it can be marked as visited.
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Once the target is reached, the shortest path must be reconstructed from the target to the starting grid. This algorithm can do that because of the parent function. This function references back the path that is taken and then it is stored within an array. 
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This produces the path in reverse order, which is then reversed back into the correct order to obtain the right moves from the start to the end. Without parent tracking, BFS would be able to create a path, but it wouldn’t be about to reproduce the actual sequence of directions and moves.
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While the implementation of the code may not be the quickest and most complex way to solve the maze, it was one that was able to run and complete it. The research that I have done on Dijkstra’s and A* algorithms helped me understand how path-finding algorithms function and work, while also finding out how important they are to the computing world. 
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The code that was created in Visual Studio:
#include "GridNavigatorAutomatic.h"
#include <queue>
#include <vector>

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



void GridNavigatorAutomatic::Navigate() 
{
    const int ROWS = 20, COLS = 20;

    auto gridData = grid->GetGrid();

    int startX = -1, startY = -1;
    int goalX = -1, goalY = -1;

    
    for (int y = 0; y < ROWS; ++y) {
        for (int x = 0; x < COLS; ++x) {
            if (gridData[y][x] == griditem::player) {
                startX = x;
                startY = y;
            }
            if (gridData[y][x] == griditem::target) {
                goalX = x;
                goalY = y;
            }
        }
    }

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

    q.push({ startX, startY });
    visited[startY][startX] = true;

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

    while (!q.empty()) {
        auto [x, y] = q.front(); q.pop();
        if (x == goalX && y == goalY) break;

        for (int i = 0; i < 4; ++i) {
            int nx = x + dx[i];
            int ny = y + dy[i];
            if (nx < 0 || nx >= COLS || ny < 0 || ny >= ROWS) continue;
            if (visited[ny][nx]) continue;
            if (gridData[ny][nx] == griditem::wall) continue;

            visited[ny][nx] = true;
            parent[ny][nx] = { x, y };
            q.push({ nx, ny });
        }
    }

    
    std::vector<std::pair<int, int>> path;
    int cx = goalX, cy = goalY;
    while (!(cx == startX && cy == startY)) {
        path.push_back({ cx, cy });
        auto [px, py] = parent[cy][cx];
        cx = px; cy = py;
    }
    std::reverse(path.begin(), path.end());

   
    int playerX = startX;
    int playerY = startY;

    for (auto [nx, ny] : path) {
        if (nx > playerX) { grid->MovePlayer(movedirection::right); playerX++; }
        else if (nx < playerX) { grid->MovePlayer(movedirection::left); playerX--; }
        else if (ny > playerY) { grid->MovePlayer(movedirection::down); playerY++; }
        else if (ny < playerY) { grid->MovePlayer(movedirection::up); playerY--; }
    }

}
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