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This report will detail two pathfinding algorithms: Dijkstra’s Algorithm and the A* Algorithm. The report will contain information on how these algorithms function, along with their key characteristics. It will also discuss the similarities and difference between the two algorithms, where appropriate scenarios for their implementation will also be highlighted. 
In addition to this, the report discusses the pathfinding algorithm that I chose to implement for the maze solving solution. Justification to the chosen algorithm will be provided, along with a performance evaluation that will identify needed improvements for future versions of the algorithm.
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Dijkstra’s Algorithm is a graph searching algorithm that is used to locate the shortest path from a starting node (source) to any given node in a weighted graph, that has non-negative edge weights [1]. The algorithm uses a greedy approach to its pathfinding methodology, where it will repeatedly select the nearest unvisited node with the shortest distance from the source until the most efficient path is found [2].
The algorithm works by initially setting the distance value for the source node as zero, and then infinity for the remaining nodes. It will then select the unvisited node with the shortest distance from the source as the current node, this means the source will always be the current node at first. For each surrounding unvisited node, the distance from the source is calculated. Once the newly calculated distance is shorter than the previous one the path’s distance is updated. The current node is then marked as visited once it has been checked and will not be checked again. This process is repeated until all the nodes have been checked, which should leave us with the shortest paths from the source node to all nodes in the graph [2].
However, when using Dijkstra’s Algorithm, it is important to acknowledge that it assumes all edge weights within the graph are non-negative. As a result of this, if there were to be a negative edge weight within the graph, the algorithm may fail to find the shortest path as when the node’s shortest distance is calculated, it will believe that it cannot be improved [3].

[bookmark: _Toc218499951]The A* Algorithm
The A* Algorithm is considered the most popular graph searching algorithm, where it searches for the shortest path from a starting node to a target node in a weighted graph. The A* algorithm builds upon the core principles of Dijkstra’s Algorithm, as it finds the shortest paths to all nodes from a given node. However, it also combines aspects of the Greedy Best-First Search Algorithm, where it will explore the closest node to the end goal using a heuristic function [4].
f(n) = g(n) + h(n)
In this function, g(n) represents the cost of the path from the source node to any given node n Whereas, h(n) represents the heuristic estimated cost from the node n to the target node [5]. The heuristic value provides an estimate on how much further it will take to reach the desired node. The function itself, otherwise known as f(n), equals the estimated cost for the solution with the shortest path through node n [6]. By combining both costs the A* Algorithm will be able to carry out the search more efficiently.
The algorithm begins by placing the source node into a priority queue, that will contain all the nodes that have not been evaluated. Then the node with the lowest f(n) value is extracted from the queue and is evaluated by comparing it to neighbouring nodes. During this process, new g(n) and h(n) values are calculated. If the neighbouring node has a lower f(n) than the chosen one, then the priority queue is updated. This process is repeated until the desired node is reached or the priority queue is empty, as this means there is nowhere else to travel to. Finally, the path is reconstructed by tracing back from the target node to the source node [7].
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Dijkstra’s Algorithm and the A* algorithm are two widely used pathfinding techniques, that serve to find the shortest path between given nodes in a graph. These algorithms both only work with non-negative edge weights and seek to find the shortest distance between nodes. However, they differ in how they determine what nodes they prioritise when conducting these searches.
Dijkstra’s Algorithm is a greedy algorithm that selects the edges with the minimum weight. It does this by repeatedly exploring the nodes with the smallest tentative distance, updating the distance of its neighbours, and marking it as visited until all nodes have been visited. This provides the shortest paths to all nodes; however, this will subsequently make it less efficient for larger graphs [8].  
On the contrary, the A* Algorithm is a type of informed search algorithm, that finds the shortest path between a source node and a target node. It does this in a similar way to the Dijkstra’s Algorithm, but it implements a heuristic function to estimate the cost to the target node from each node. This means that with a good heuristic function, the algorithm will perform more efficiently in larger graphs. However, in the worst-case scenario, the algorithm will degrade to Dijkstra’s complexity [8].
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For my solution to the automatic grid navigation code, I implemented a left-hand rule algorithm. The premise of this algorithm is to instinctively turn left, however, if you can’t turn left, then go up instead. If both directions fail, then the player will turn right. I decided to implement this particular algorithm due to the fact that the player will always be placed on the bottom left of the maze to begin with; this meant that it would have immediate access to the left-hand wall and will be able to follow it through the maze.
Here is the code that I have implemented into the GridNavigatorAutomatic.cpp file:
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When the algorithm is run 10,000 times, the minimum amount of moves it takes to complete the maze is 34, with the maximum amount of moves being 166. A notable issue with the code is that the minimum amount of wall hits is 34 and the maximum amount is 167; this means that the player hits the wall at least once per move. 
This issue is caused due to the fact that a wall hit is what is used to prompt a change in direction for the algorithm. Meaning if I were to create this algorithm again, I would check need to the next value within the maze before moving. This would significantly reduce the number of collisions as it will mean the algorithm would not be dependent on wall hits. 
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#include "GridNavigatorAutomatic.h®
#include <iostream>

GridNavigatorAutomatic: :GridNavigatorAutomatic() : GridNavigator()

{
1

// These functions will return the directions, that are relative to the direction that the player is facing
movedirection leftTurn(movedirection direction)

{

1

void GridNavigatorAutomatic:

{

switch (direction)

case movedirection::left: return movedirection::down;

return direction;

iavigate()

1/ stores the results from the last move
moveresults mr = moveresults: :ok;

1/ since the player starts in the bottom left, moving up keeps the wall on the left-hand side

movedirection currentDir

while (mr

{

moveresults:

// Tnitial attempt will be to turn left
movedirection left = leftTurn(currentDir);

movedirection

onplete)

mr = grid->MovePlayer(left);

// If there isn't a wall, continue left

if (mr 1= moveresult:

wall)
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std::cout << "Maze complets

// Tf the left move wasn't successful then continue to move up

mr = grid->MovePlayer(currentDir) ;

if (ar 1= moveresults: :wall)
{

continue;
3

/7 By turning left three times, the player will turn right

movedirection right = leftTurn(leftTurn(leftTurn(currentdir)));

mr = grid->MovePlayer(right);

if (ar 1= moveresults: :wall)
{
currentDir = right;
continue;
¥

// TF all directions fail, then the player will turn around.
currentDir = leftTurn(leftTurn(currentdir));
grid->HovePlayer(currentDir);

" << std::endl;




