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Introduction

In this report, I will provide an in-depth description of the Dijkstra’s Algorithm as well as the A* Algorithm and write a detailed comparison of several factors, such as efficiency and implementation. In the second part of the report, I will then implement an automatic navigation solution using C++ to navigate through a maze. Once I’ve created the solution, I will then report my findings and test its performance, taking note of any interesting code alongside snippets to highlight any interesting points of my implementation

Dijkstra's Algorithm (300 words)

Dijkstra's algorithm is an algorithm in graph theory used to find the shortest route from a node to all other nodes in a graph with non-negative edge weight.[1]. This algorithm maintains a set of nodes from which the shortest path from the starting node is known. The initial value of the starting node starts at zero while all other nodes are assigned an infinite value. A priority queue ensures that an unvisited node with the shortest distance will be processed first, then the distance to all unvisited neighbouring nodes will be calculated. Dijkstra’s algorithm requires a source node to begin the search process. The searching process will continue until all nodes have been visited or the desired node has been reached. This can cause problems as many unnecessary nodes can be visited thus wasting time. Dijkstra’s performance can degrade when combined with large graphs, and it cannot handle negative edge weights, requiring all edge weights to be non-negative.
.
This algorithm is commonly used for navigations tools like GPS systems, where you can select two destinations and the Dijkstra algorithm will find the shortest path between the desired locations. Real-world GPS systems like Google Maps use highly advanced algorithms influenced by a modified combination of Dijkstra and A* algorithm.It has broad usage in various industries.

A* Algorithm (300 words)

The A* algorithm is a popular informed pathfinding algorithm which is an inspired version of Dijkstra's algorithm that is improved upon by heuristic functions. It can find the shortest path more efficiently than Dijkstra’s algorithm, when a heuristic is used. A* uses a best-first search and finds the least-cost path from the beginning node to the goal node, using the heuristic function to estimate the cost of reaching the goal [2]. Unlike Dijkstra, A* considers both the distance already travelled from the beginning, and it estimates the remaining distance to the goal using a heuristic function. This enables A* to make decisions about which paths to follow depending on efficiency [3]. This algorithm uses three mathematical components: f(n), g(n), and h(n), The cost function is f(n)=g(n)+h(n). F(n) represents the total estimated cost of the best path through node n, g(n) is the cost from the start of node n, and h(n) is the estimated cost from node n to the goal. These components are used to guide the search process towards the most efficient paths to the goal [4].   A* can only guarantee the shortest path if the heuristic function is admissible. This means that h(n) must always be less than or equal to the true value.

Heuristic functions are commonly used for complex but efficient decisions. An example of their use can be found in search engines. Heuristics can provide an estimated measure to prioritize promising paths and disregard unlikely paths to a goal. This is similarly found in search engines where results are ranked based on how relevant the answer is to a query rather than pursuing every possible potential result. 

Algorithm Comparison (150 words)

Both A* algorithm and Dijkstra’s algorithm are popular pathfinding algorithms used to find the shortest path possible to a destination. However, A* uses a heuristic function in the cost calculation to aid the search [5]. As long as the heuristic is admissible, A* will search for fewer nodes than Dijkstra depending on the heuristic function. Both algorithms guarantee the shortest path, under the right conditions. Dijkstra is an uninformed algorithm, exploring nodes solely based on the distance from the source node. This means it will explore unnecessary nodes reducing efficiency. A* is an informed algorithm using heuristic functions. A* can usually explore fewer nodes by estimating the cost travelled with an estimated cost to the end node. A* is a generally more efficient algorithm, however it can perform worse if a poor heuristic is chosen. 

Reflection

The purpose of this implementation is to automatically solve randomly generated mazes whilst minimizing the amount of wall hits, grid accesses and movements. The algorithm I chose to implement was BFS (Breadth-First Search). I chose BFS since it was the easiest to implement compared to A* algorithm and Dijkstra's algorithm, and I wanted to focus on efficiency rather than struggling with a complex algorithm which has a higher chance of being implemented incorrectly.

Testing the solution shows:
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This is the automatic mode.
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This is the result of the benchmarking mode. The number of accesses never goes above 400 even when tested over 10,000 iterations. The lowest bound of moves is 34, and the max amount of moves is 88. The average number of moves is 47. The number of accesses never change due to the grid being read at the start of the algorithm, and the rest of the checks are done with cached grid data. This means the number will not go above 400 and will remain constant.
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This is how my grid access remained at 400. The grid is read once at the start of the programs execution and stored in an array. This was suitable as it aligned with the assignment's recommendation. The grid we were given was 20x20, which meant that the minimum grid checks had to start at 400. 
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To make my program move in all four directions, I created this code, which checks each neighbor to ensure that they are within bounds. It also checks if it's not a wall or if it's already been visited.

A challenge during the development of this implementation was to reduce the amount of grid access. Previous attempts of the implementation resulted in 800 or even 1200 grid accesses. This was due to me trying to search for neighboring cells repeatedly, which was not very efficient. I then revised the solution to store the grid in a 2D array which allowed me to do checks again without increasing the total grid access amount.

I used two queues to hold the x and y coordinates of the grids that were not yet explored. I created a variable called “isVisited” which told me what cell had been visited once before. This prevents time being wasted revisiting cells. Every neighboring cell in all four directions are checked to ensure they are unvisited before being added to the queue. This would allow for the path with the least amount of moves to be found each time the program is executed.

In conclusion, my understanding of how to implement Breadth first search has been improved, as well as how to write code and optimize it further using repeated testing and removing unnecessary code.
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