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[bookmark: _Toc187758655]Task 1 – Pathfinding Algorithm Comparison
Pathfinding algorithms are programs that determine the best route between two points. The routes are evaluated based on their costs, with the “best” being the one with the lowest total cost. As an example, if you imagine the route being a car journey with the paths being roads and the vertices being intersections, the cost might be time it takes to travel down the roads.  
Pathfinding algorithms work with graph structures constructed of points, called vertices, and the connections, called edges, between them. Vertices can connect to other vertices, and. Each edge has an associated cost, which could represent the time between two vertices, or the distance, or any other metric. The algorithm uses these costs to determine which path to take. Calculating the cost of an entire path could be as simple as the number of vertices in it, if each vertex has an equal cost. However, sometimes it may be valuable to incentivize certain connections over others. Some connections may have greater costs, in the example of roads these could be longer roads, or ones with a lower speed limit. Certain connections could have negative weight to incentivize certain paths [1]. 
Pathfinding algorithms are used in many cases. Video games use them to allow non player characters to navigate digital environments effectively. Navigation systems such as GPS use them to get users to their destinations. In this report I will cover two common algorithms – Dijkstra’s Algorithm and the A* Algorithm. I will cover how they work, their strengths, weaknesses and compare them to one another.
[bookmark: _Toc187758656]Dijkstra’s Algorithm
Dijkstra’s algorithm is a pathfinding algorithm that explores every vertex in a graph, discovering the lowest cost route to each from the start position [2]. It is therefore excellent for tasks where a route to multiple vertices is required. It iteratively explores every vertex and edge in the graph until it reaches its end criterion, usually either exploring every vertex in the graph or discovering the shortest route to a set vertex [2].
The algorithm stores two pieces of information for each vertex – the lowest known cost to it from the starting point, and the previous vertex on the “best” known path. When the algorithm processes a new vertex, which we will call vertex X, it checks every vertex linked to it. If any of them have a higher known cost than the known route cost to vertex X + the cost to travel from X to it, or if no route is currently known for it, then its previous path node is updated to vertex X and its route cost is updated to vertex X’s route cost + the cost to travel to it from X [3]. To get the path to any node, you can work backwards from it using the stored previous vertex to create the path. 
When implemented in code the algorithm uses a priority queue system [2]. As new vertices are discovered the algorithm will add them to the queue, ordered such that vertices with less preceding nodes in their path are processed first. 
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The A* Algorithm expands on Dijkstra’s Algorithm by implementing a heuristic function, which is a function that helps determine which path seem promising. In the A* algorithm the heuristic is a function which estimates the cost of a path from a certain vertex, such as by calculating the minimum possible number of vertices it would need to traverse to get to the end vertex, and can prioritise or eliminate paths from consideration based on this [4].
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As discussed in its own section, because Dijkstra’s algorithm attempts to explore every possible vertex in a graph it is excellent when a route to many vertices from the start point is required, or if a route to any vertex on the map is required. Furthermore, because it can cover every vertex it can guarantee that the shortest path between any two vertices is found. However, due to its unguided approach it can take significantly longer than necessary to find a route to one specific vertex, as it will spend significant time evaluating routes that are unlikely to be the “best” route, or that are guaranteed to be inferior to one already discovered.
A* on the other hand, is better for a task where a route to only one vertex is required. By using a good heuristic function the algorithm can prioritize more promising routes to process first, and discard routes entirely if they are unlikely to be “better” than the best current known route. However, if the heuristic function is set up to prioritise speed over accuracy it is not guaranteed to find the fastest possible route, and may discard the best route, or process inferior routes first due to them appearing better in theory. However, on average the A* algorithm will be faster and more effective at finding a route between two vertices provided a good heuristic function is used. 

[bookmark: _Toc187758659]Task 2 - Pathfinding Code Implementation
For the Pathfinding Code I decided to use the A* Algorithm. As I discussed in the comparison section of Task 1, the A* Algorithm is best for tasks where a route to only one vertex is required, and in the Grid Navigator task the goal is to move from the player start to the end square. 
For the heuristic function I decided to use a very simple function which simply checks the minimum possible number of squares that would need traversing to get from the square being processed to the end goal square. This could be improved by taking into account any known wall positions when estimating the distance, and assuming no obstacles only for unknown areas. However, due to time constraints and this was not done. The heuristic function code is shown in the diagram below, and was added as a method of the GridNavigatorAutomatic class:
[image: ]
Fig 1. Heuristic Distance function for A* Pathfinding, own work
I created a map to store the data for each vertex processed. For the key I used a pair structure of two ints, for the x and y coordinates of the vertex. Then, each vertex in the map will store a pair containing another pair, with the x and y coordinates of the previous vertex on the best known route, and an int containing the current best known route cost. I added this as a private attribute of the GridNavigatorAutomatic class.
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Fig 2. GridNavigatorAutomatic class header file with vertexMap attribute, own work
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int GridNavigatorAutomatic
{

heuristicDistance(int x1, int x2, int y1, int y2)

return (x2 - x1) + (y2 - y1);//Mininun possible distance, assuming no obstacles, between a vertex (1) and the finish vertex (2)
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#pragma once
#include "GridNavigator.h=
f#include <maps]

class GridNavigatorAutomatic : public GridNavigator
{
public

GridNavigatorAutomatic();

void NavigateQ);
int heuristicbistance(int x1, int x2, int y1, int y2);

private:

//Map for storing path information for each vertex

std: :map<pair<int, int>, pair<pair<int,int>, int>> vertexMap; //Key pair is x and y coordinate of vertex. //Content pair is a coordinate pair of parent vertex and an int for route cost





