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[bookmark: _Toc187747947]Introduction
Pathfinding algorithms play a large part in modern day life such a video games, robotics, navigation systems such as google map to find the most optimal path to a location and many other uses. Below I will be discussing two algorithms that have many useful applications, they are Dijkstra’s algorithm and A* Algorithm. I will also be reflecting on my coding implementation on a maze pathfinding game.
[bookmark: _Toc187747948]Dijkstra’s Algorithm and A* Algorithm
Dijkstra and A* are commonly used for routing or road networks such as Google maps. [1] 
[bookmark: _Toc187747949]Dijkstra’s algorithm
Dijkstra’s algorithm operates by finding the shortest path from one node to another until all other nodes have been checked it does this to calculate the distance from all the different nodes and it gets to the nodes by traversing what is known as edges. These edges connect the nodes together. [2] Dijkstra then using the distances calculated, travel the shortest way to its destination. The graph would be known as a weighted graph as the edges have a “weight” or a “cost”. [3] It is unable to operate if the values are negative on any of these graphs. [4]
[bookmark: _Toc187747950]Dijkstra’s Strengths
Dijkstra is a simple, efficient and generally finds the shortest route to a destination. [5] It is a versatile algorithm that can be used to operate many applications, such as navigation systems, network routing protocols and for games that require pathfinding.
[bookmark: _Toc187747951]Dijkstra’s Limitation
There are a few limitations to Dijkstra such as if a desired path is not found then it will check the entire graph again, additionally it is a greedy algorithm so if it may go down a path that doesn’t lead them to its target to it will have to repeat itself again. [6] It is also unable to operate if the weighted edges are negative, for these operations the Bellman-Ford algorithm would work better. Dijkstra requires extra storage to store all the possible paths which could be disadvantage if there any memory-constraints and finally when doing small graphs, it is able to operate efficiently but the larger the graph grows the faster the performance decreases.
[bookmark: _Toc187747952]A* algorithm
A* algorithm is similar to Dijkstra’s algorithm as they are both excellent at find the shortest path between two destinations or nodes. It will search for the lowest cost outcome meaning it will find the fastest route to complete a problem as efficiently as possible. It does this by using a heuristic function which calculates the cost from your starting node to another node (g-cost) and how much it would cost to reach the target (h-cost). The mathematical equation for this is F(N) = G(N) + H(N). A* is used in a many areas such as robotics, navigation, gaming, AI natural language processing and learning. [7] 
[bookmark: _Toc187747953]A* Strengths
It is able to find the best route in terms of distance and time, this is due to it’s able to use the heuristic function. It is also efficient and optimal as it utilises the strengths of greedy best-first search and Dijkstra algorithm. A* is flexible due to the heuristic function which and tailored to multiple applications such as the ones spoken above. Additionally, A* is able to work on many types of graphs such as weighted, unweighted and dynamic.
[bookmark: _Toc187747954]A* Limitation
A* is an excellent algorithm but it has some drawbacks such as a high space and time complexity. It also requires lots of storage to store all possible paths and this only increase as the size of the graph increases. Additionally, it requires a high amount of memory and processing resources to operate. The heuristic although an advantage can be a disadvantage if it is poorly designed, this will cause the algorithm to operate poorly. 
[bookmark: _Toc187747955]Comparing Dijkstra Algorithm and A* Algorithm
Dijkstra’s algorithm and A* algorithm is critical when dealing with short journeys but when it comes to larger scale maps, A* shines using the heuristic as Dijkstra will gradually search a larger and larger area if the distance is far away but A* searches a smaller area thus making it faster [8]
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When I first attempted this task, I tried to do Dijkstra’s algorithm and A* but was unsuccessful so I decided to complete the task using the Breadth-First Search algorithm or BFS. The first problem I came into was constantly bumping into walls, struggling to prevent this and being unable to set the player’s position. I had to learn about queues, vectors, set and map function, how when using queue to pop and push. If I were to improve on this coding implementation, I would definitely attempt A* with the skills I have gained.
Below is a single run showing my code accessed the grid 780, this was to prevent it from hitting walls as there were no wall collisions and finally it initiated 48 grid moves which I am very satisfied with.
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The next image below is a screenshot of benchmark test where the code run for 10,000 iterations. This is to find the minimum, mean and maximum on accesses, grid moves and walls hits. The key thing to look out for is the maximum as it best to prepare for the worst-case scenario. The maximum wall hits were 0 which is perfect, accesses were 968 which I am satisfied with, and the maximum number of moves was 92. I am very happy with this as previous testing had upwards of 10,000 moves.
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v #include "GridNavigatorAutomatic.h"
#include <queue>
#include <unordered_set>
#include <unordered_map>

v GridNavigatorAutomati

{
3

std: :vector<std

:GridNavigatorAutomatic() : GridNavigator()

air<int, int>> Direction = { {-1, e}, {1, e}, {e, -1}, {e, 1} };

v void GridNavigatorAutomatic: :Navigate()

i

int playerX = 1, playerY = 18;
int goalX = 18, goalY = 1;

std: :unordered_map<int, std::pair<int, int>> lastlLocationVisited; //Remembers last location visited to create a path

std: :unordered_set<int> visitedLocation; // This marks the visited location to prevent repition

visitedLocation.insert(playerY * 20 + playerX); //Insert position

std: :queue<std: :pair<int, int>> BFS; //Stores multiple element in a certain order also known as FIFO (Breadth-first search algorithim)
BFS.push({ playerX, playerY }); //Pushes in the location of the player into the queue
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while (!BFS.empty()) //Checks the grid until all areas have been checked

S —

auto current = BFS.front(); //Checks first position in the queue
BFS.pop(); //pops out the first queue
int currentPositionX = current.first;
int currentPositionY = current.second;

if (currentPositionX == goalX & currentPositionY == goalY) // This stops the search after It reaches the Target

S

std: :vector<std: :pair<int, int>> path; //For working out the path of player

while (lastLocationVisited.find(currentPositionY * 20 + currentPositionX) != lastlLocationVisited.end()) //Reconstructs path
{

| path.push_back({ currentPositionX, currentPositionY });

| auto previousLocation = lastLocationVisited[currentPositionY * 26 + currentPositionX];

}

currentPositionX = previousLocation.first;
currentPositionY = previousLocation.second;

std: :reverse(path.begin(), path.end()); //Reverses path
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for (auto& nextlLocation : Direction) //Directs player to other squares if the target has not been reached

i

for (auto& path :

{

| int moveX = path.first - currentPositionX;

| int moveY = path.second - currentPositionY;

! currentPositionX = path.first;

| currentPositionY = path.second;

| if (moveX == 1) { grid->MovePlayer(movedirection::right); }
| else if (moveX == -1) { grid->MovePlayer(movedirection::

| else if (movey == 1) { grid->MovePlayer(movedirectio

| else if (movey == -1) { grid->MovePlayer(movedirection::up); }
3

return;

int newLocationX = currentPositionX + nextLocation.first;
int newLocationY = currentPositionY + nextlLocation.second;

path) //Moves the player based on a path that has been reconstructed
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if (grid->GetGridSquare(newLocationX, newLocationY) != griditem::wall)

{
;

int newPosition = newLocationY * 20 + newLocationX; // Sets new position

if (visitedLocation.find(newPosition) == visitedLocation.end()) //Creates queue to areas not visited

{

i BFS.push({ newLocationX, newLocationY });

| visitedLocation.insert(newPosition);

| lastlLocationVisited[newPosition] = { currentPositionX, currentPositionY }; // Remember previous position
3




