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There are two very important pathfinding algorithms used in Software Development, which is Djikstra’s Algorithm and A* pathfinding algorithm. Both are algorithms used to find the shortest path between two points, but they do have different ways have finding the shortest path.

Pathfinding algorithms are used to find the shortest path between two points. These algorithms are used in networking, GPS mapping and when creating games. Even creating mazes in puzzle books or a newspaper uses a pathfinding algorithm to create the maze.
[bookmark: _Toc187754770]Djikstra’s Algorithm
Djikstra’s algorithm was created by Edsger W. Djikstra. This algorithm is described as finding the shortest path in a graph, using edges, arcs and vertices. To implement Djikstra’s algorithm, we choose a starting vertex (starting point) and create an empty set. This set will store the vertices travelled to. The initial node is marked as 0, with the other nodes marked as infinity (or a very large number). The algorithm will then choose the shortest distance to the next node and store that edge in the empty set. It marks the node as visited until all nodes are visited. Due to the stored edge value, we have an exact value for the shortest distance between two nodes (or points) [1]. This algorithm is described as a “Greedy Algorithm”, which is described as using the best (shortest) edge from each node at the time, whether that edge is the best solution later in the algorithm [2]. An example of this would be in a maze, where Dijkstra’s algorthm may have to backtrack when reaching a wall. Djikstra is often used in telecommunication networks. Djikstra’s algorithm can be implemented with smaller nodes but as the nodes increase, so does the time complexity of the algorithm. In best case scenario, the algorithm can be described as being a O(n logn), while worst case scenario can be increased to O(n^2), which is not optimal for an algorithm.

[bookmark: _Toc187754771]A* Pathfinding
A* pathfinding algorithm uses Djikstra initially but adapts and improves on the algorithm to find the shortest path. A* uses “heuristic” distance to find the shortest path. The heuristic distance is calculated as F = g+ h, with g being the movement cost from the initial node/point to a given node/point. H is the estimated movement cost to move from the given point/node to the final point. A* does not know the distance until an optimal path is found. To implement A*, you still use two lists, one open and one closed to indicate the nodes/points visited. There are three approximation heuristics to calculate the H value. 

Manhattan Distance – On a grid, using the distance between two squares only in the North, East West and South positions (up, left, right, down).
[image: ]
Figure 1 – Example of Manhattan Distance [3]
Diagonal Distance – using all eight directions in the 2d plane (includes northeast, northwest, southeast, southwest). We use Pythagoras to calculate the diagonal distance value (this is usually x10 as working in decimals can cause issues when coding).

Euclidean Distance – uses the distance between the initial point and the final point in a straight line.
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Figure 2 – Example of Euclidean Distance [3]
The initial node calculates the F distance of each node around the initial node and then chooses the node with the smallest F value. Each node has the f, g and h node applied to it. If there are several nodes with the same F value, then the node with the smallest H value will be chosen next. This creates an optimal pathfinding algorithm, which relies on the heuristic distance total rather than step by step like Djikstra’s algorithm. Comparing the Big O notation for time complexity (time taken based on amount of inputs) between the two, A* can be described as O(n), depending on the number of vertices. The same Big O notation is used to describe for the auxiliary space when implementing A* [3].
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We have been asked to implement a pathfinding algorithm to solve a randomly generated maze. Attempting to implement these algorithms to the randomly generated maze was difficult, as several attempts were made. While researching maze solving, several sources came up with the idea that if you were to hold the left wall in a maze/building, then you would eventually find your way out. Due to lacking the ability to implement A* and Djikstra, maze solving was implemented instead, using information provided from module ACCB017 (Game Architecture and Mechanics). This code implements that our player is basically a first person view, holding the left wall until the target is found.
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Figure 3 – Maze Header file
In figure 3, we can see that the header file has added the enum “Direction”, with the four directions. An enum represents a group of unchanging values (constants). As these directions should not change, an enum is created with UP, DOWN, LEFT, RIGHT. This is then called when using directions in the main/grid navigation. This was the only addition to the header file. When implementing Djikstra or A*, several functions would have been added. A Boolean “isValid()” function was to be implemented, which would check if the move was valid (if there was a wall, the function would return false, allowing the next step in the code). This function would have been useful when implementing Djikstra’s, as when adding each grid square to a queue, we can check to see if the grid square was a wall or an empty grid.
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Figure 4 – Start of Navigation Source File

As seen in Figure 4, a heuristic was attempted to be implemented to create an A* pathfinding algorithm. As researched in part 1, calculating the heuristic distance would have allowed the algorithm to concentrate on the smallest heuristic distance/value to find the shortest path between the initial starting point and the target point. The initial starting point had values of x and y to be 1 and 18 respectively, while the target point had x and y values of 18 and 1 respectively. 

The navigation initially starts off with initialising our mr value and applying that it wants to move to the left direction first.
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Figure 5 – Directional movement
We have an open bracket “do”. This executes the code until the condition is met, the condition being that while mr is not equal to moveresults::complete (target point). Both turning clockwise and anticlockwise are created in a switch case. This can be called upon later when the navigation needs to decide on which direction to take.
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Figure 6 – If statements for Movement
Figure 6 shows the implementation of if statements. The player checks to see if their direction is okay to move. It will first collide with the wall (increasing wall hit counter), and then rotate clockwise, meaning the player is now facing upwards/north. This process will continue, where the player will continue moving in the same direction until it collides with a wall. This can major issue when coming to dead ends, as the player will collide with 3 walls before turning back on itself. Depending on the maze, this can cause the wall hit counter to increase. The player can also visit grids they have visited before, which is not ideal when pathfinding a shortest route. As this code does not work 100% of the time, the 10,000 check does not work. 
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When the code works as intended, we can see the amount of moves and wall hits. This route is not optimal at all, but the code does not call on the grid access to show the grid. The printGrid() function can be called upon if necessary to see where the player is at a certain position or time in the execution of the program. If A* and Djikstra was implemented, the getGridSquare() function would increase the access by 400 (calling on each square in a 20 x 20), with each grid being saved into an empty set.

When pathfinding is implemented correctly, the output should have a larger grid access than when using a manual navigation, but the walls should not be hit with the moves being minimal as possible, the grid moves should be equal to the heuristic distance calculated.
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