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[bookmark: _Toc218439772]Introduction
This report aims to investigate the use of pathfinding algorithms with the purpose of solving a randomly generated maze in a constrained grid environment. The main 2 algorithms that will be focused on for comparison will be Dijkstra’s algorithm as well as the A* algorithm in which this report aims to look at both their advantages and disadvantages as well as providing comparison between the 2. This report will also cover a couple example implementations of various complexity and results in order to show the difference between different solving methods.
[bookmark: _Toc218439773]Pathfinding Algorithms Overview
Pathfinding algorithms are commonly used to figure out the most optimal route between 2 given points within a constrained environment, often having to overcome problems such as walls or dead-ends and must account for them when trying to find the optimal route to the end goal. This report aims to focus on 2 of the most widely used algorithms, being Djikstra’s and A*, which are both well established methods that guarantee the optimal solution will be reached but with varying strategies in order to do so.  

[bookmark: _Toc218439774]Comparison Between Popular Algorithms
Dijkstra’s Algorithm is the first of the 2 that will be covered in this report, the way Dijkstra’s algorithm works is that it first creates a table with column “Visited” where you will list each node that has been visited by the algorithm and “Node” which will contain every node in immediate proximity to the current node that has not previously been visited [1], all nodes are by default set with a distance of infinity and a visited state of no, even the starting point. It will then check each of its directly connected nodes and assign them a distance value, which in the case of a map where all points are of equal distance apart equals the total amount of moves it would take to reach that node from the origin point. 
Once all nodes in immediate proximity to the current node have been checked and assigned their distance values, Djikstra’s then states that we should move to the node with the lowest distance value in order to reach it, in the case that multiple nodes have the same distance, going down any of them works and you would mark your new current node as visited, then “For each neighbor “N” of your current node: add the current distance of “C” with the weight of the edge connecting “C” – “N." If it's smaller than the current distance of “N," set it as the new current distance of “N."”[2] and then move to the new lowest distance node again and repeat until the destination node has been found. 
This method has multiple advantages that make it useful in a wide range of circumstances, some of these being that it will always get the correct shortest route, it is easy to implement and it is very flexible, however it also has a range of disadvantages that make it not suitable for all purposes such as its major slow down as the amount of nodes gets greater and more dense or its lack of heuristics 
The A* Algorithm is the second algorithm that will be covered in this report and works in a similar way to Dijkstra’s Algorithm, with the key difference being the use of heuristics to guide the search toward the destination. Like Dijkstra’s, all nodes are initially assigned a distance of infinity and a visited state of no, including the starting node. A* evaluates nodes using a combined cost value f(n), which is calculated by adding the distance from the start node g(n) to a heuristic estimate h(n) of the remaining distance to the goal [3]. After checking all nodes in immediate proximity to the current node and calculating their f(n) values, the algorithm moves to the node with the lowest f(n) value and marks it as visited. This process repeats until the destination node is reached. A* has the advantage of being significantly faster than Dijkstra’s Algorithm in many scenarios due to its heuristic guidance, while still guaranteeing the shortest path when an admissible heuristic is used, however its effectiveness is heavily dependent on the quality of the heuristic chosen and it requires more memory to store additional cost values [4].
[bookmark: _Toc218439775]Implementation of algorithms
In this section of the report, two different algorithms are implemented to solve a randomly generated 20×20 maze with enclosing walls. The first algorithm is a simple, human-like approach that follows a wall until it reaches a predefined end point. The second algorithm is a more advanced solution that uses informed pathfinding to solve the maze efficiently.
[bookmark: _Toc218439776]Simple Implementation
This first method acts similarly to how a human would if placed in a maze, it will follow 1 wall until it eventually reaches its destination, this method requires no knowledge of the maze and can be done without large amounts of moves in order to solve.
[image: ]Figure 1:  Simple code implementation of wall following algorithm
The first method uses a basic human strategy for maze navigation: continuously following a single wall until the exit is reached. This approach requires no prior knowledge of the maze layout and does not attempt to optimise the route taken.
The algorithm tracks the current facing direction so that movement decisions are made relative to the player’s orientation rather than fixed directions. At each step, a priority order is applied that attempts to turn right first, then move forward, then turn left, and finally turn back. Each possible move is attempted in sequence until a valid movement is found.
If a move completes the maze, the algorithm finishes. Otherwise, the facing direction is updated and the process repeats. This algorithm also doesn’t look for walls, opting to just hit them instead. While this guarantees eventual completion in suitable mazes, it often results in long and inefficient routes, as demonstrated by results from 10,000 runs on randomly generated maps.
[image: ]                                                                                                                                                       Figure 2: 10,000 run statistics from wall following algorithm
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[image: ]
The second method uses the A* pathfinding algorithm to calculate an efficient route across a fixed 20×20 grid. The algorithm first defines the grid size, player start position (bottom-left), target position (top-right), and direction arrays. “dx/dy” define how coordinates change for each direction (up, right, down, left). "moves” maps direction index to the actual movement enum.
[image: ]
To help with pathfinding, three two-dimensional arrays are used. “cellState” caches whether each cell is a wall (-1=unknown, 0=empty, 1=wall) to avoid repeated grid queries, “gCost” stores the best known cost to reach each cell (-1=not visited), and “parentDir” stores which direction was used to reach each cell (for path reconstruction).
[image: ]
A Manhattan-distance heuristic is used to estimate the remaining distance from any given cell to the target. This is used to help guide the algorithm towards the end location.
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When a cell is first encountered, the maze grid is queried to determine whether it is a wall, and the result is cached. This avoids repeated grid checks during the search process.
[image: ]
Represents a position in the search. “f” = total estimated cost (g + heuristic), “g” = actual cost from start. The “operator>” allows the priority queue to sort by lowest “f” first.
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Creates a min-heap that always returns the node with the lowest “f” value and adds the starting position and marks its cost as 0.
[image: ]
On each iteration, the best node is popped (removed from the queue). If a better path to the same cell has already been found, it is skipped. Otherwise, the algorithm evaluates all four neighboring cells, ignoring those that fall outside the maze boundaries or are blocked by walls. If a shorter path to a neighbor is discovered, its cost and parent direction are updated and it is readded into the queue.
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Traces backwards from target to start using parentDir. For each cell, looks up which direction was used to reach it, adds that move to the path, and moves backwards to the parent cell.
[image: ]
Since the path was built from target to start it gets executed in reverse. 
Using this script the final statistics now look like this
[image: ]                                                                                                                                                      Figure 4: 10,000 run statistics from A* algorithm
[bookmark: _Toc218439778]Conclusion
In conclusion there is a range of different path finding algorithms that will always reach the end goal of a node mesh, all with varying efficiencies and complexities which can be useful for different use cases.
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auto heuristic = [&](int x, int y) {
return abs(x - targetX) + abs(y - targetV);
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auto isWall = [&](int x, int y) {
if (celitately]Dx] == -1) »
centStately]ix] = (grid->GetGridSauare(x, y) = griditen:uall) ? 1
return cellState(y][x] == 1;
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struct Node {
int £, g %, ¥;
bool operator>(const Node &) const { return > 0.£; }
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std::priority_queuedlode, std::vector<Node>, std::greater<Node>> open;
open. push({heuristic(startX, starty), 0, start¥, startV});
gCost[starty][startX] = 0;
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for (int i = path.size() - 1; i >= @; i--)
grid->MHovePlayer(path[i]
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#include “GridNavigatorAutomatic.h”

GridNavigatorAutomatic: :GridNavigatorAutonatic() : GridNavigator() {}
void GridNavigatorAutomatic: :Navigate()
int i = 0;

wnile (1grid->CheckComplete()) {
movedirection moves[] = {novedirection: :up, movedirection::right, movedirection: :down, movedirection
int tryorder(] = {(dir + 1) % 4, dir, (dir + 3) % 4, (dir + 2) % 4]
for (int 1= 0; 1 ¢ 43 is) {
moveresults result = grid->MovePlayer (oves[tryOrder(i11);

3F (result == moveresults: :complete)
return;
b
if (result == moveresults::ok) {
dir = tryorder[i];
break;
b
b
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