Sharise Jonathan (2306013)
2306013@student.uwtsd.ac.uk
MAZE PATHFINDING IMPLEMENTATION
Advanced Software Development (ACCB5011)


Dijkstra’s Algorithm 
Dijkstra’s Algorithm is a path-finding algorithm used to unveil the shortest path between one vertex to all other vertices within a graph. [1] The way it does this is by choosing the closest unvisited vertex, repeating this process until it is able to calculate the distance between every unvisited node and its neighbouring vertices. A visual representation of this has been included in Figure 1 below. 
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Figure 1: Dijkstra's Algorithm Process [2]
Dijkstra’s algorithm can be used with directed and undirected graphs to solve single-source path finding problems. A directed graph means that the edges can be traversed in one direction only. Whereas an undirected graph means that the edges can be traversed in both directions. [3] Moreover, single-source path-finding problem solving means that one vertex is chosen at the root and then Dijkstra’s algorithm will uncover the shortest possible path from this position to all other vertices as shown in figure 1. [4] However, is it important to note that this algorithm will not work with graphs that have negative edges. [5]
Dijkstra’s algorithm is very useful for many real-world scenarios and is used very often within the design of various modern technology. For example, it is used within intelligent aircraft to help find the shortest possible paths when in flight even under multiple constraints. [6] It is also used within map resources to find the shortest path from your starting destination to your final destination like Google Maps for example. [7] Another example would be coastal tourism route planning. Dijkstra’s algorithm is used to find the shortest paths. [8] Dijkstra’s algorithm would be that it provides the optimal solution by guaranteeing to show the shortest possible path. [9] Furthermore, it is uncomplex and has an almost linear complexity. [10] It also has an element of efficiency as it computes the shortest path within large graphs very quickly as it uses a priority queue. [11]
Although, some disadvantages may include that Dijkstra’s algorithm can sometimes be time-consuming as it varies out a blind search. [12] As stated previously, Dijkstra’s algorithm cannot handle negative edge weights within graphs, this could lead to inaccurate results or infinite loops. [13]. Thus, it is a very useful tool for finding the shortest path but does not use the most efficient process.
A* Algorithm
A* Algorithm is a graph traversal and path-finding algorithm.[14] It finds the shortest path between root node and goal node in a weighted graph as presented in figure 2.
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Figure 2: A* Algorithm [15]

What sets aside the A* algorithm is a very intelligent and informed search algorithm and uses a heuristic function to assist its search toward the goal. [16] The heuristic function also known as ‘h(n)’ estimates the minimum cost from any vertex ‘(n)’ to the goal. This allows the algorithm to prioritise the most effective and efficient paths by avoiding obstacles and placing the unnecessary paths as unimportant. [17] 
The A* algorithm uses three key components to investigate and prioritise the most efficient paths. These involve g(n), h(n), and f(n) which are used to balance path costs with estimated future costs and are demonstrated in figure 3. 
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Figure 3: A* Algorithm Cost Functions [18]

 The g(n) component is the path cost function, it shows the exact distance from the root node to the current node. It does this by calculating the weight of the edges along its path and concludes the distance and time used so far. [19] Meanwhile, the h(n) function provides an estimated cost of reaching the goal from the current node. This assists the algorithm when making informed decisions around the remaining distance.[20] The last function, f(n) is a combination of g(n) and h(n) and shows the total estimated cost as the formula shows in figure 3 as f(n) = g(n) + h(n). This is to calculate the overall potential of a node. A* algorithm will always choose node that holds the lowest f(n) to visit next. This means that the algorithm always remains optimal as it balances the known path costs with the estimated costs that remain. [21]
Some ways in which A* algorithm is advantageous is that it is optimal, which means that finding the shortest path is always guaranteed. Another advantage would be it is very efficient, as it prioritises the most promising paths. Moreover, it is flexible, as it can work with differing forms of heuristics. This means it can easily adapt to solve various problems.[22] However, A star algorithm can be memory intensive as its process includes storing all the explored nodes which can be costly for large search spaces and is very dependent of the heuristic. [23]
An example of where A* algorithm in used is with GPS navigation to find the shortest driving route between two locations while also avoiding obstacles. [24] It is also used within video games to assist non-player characters also known as ‘NPC’s to navigate the game environment and avoid obstacles to create more efficient characters.[25] Furthermore, it is also used in robotics to assist robots when moving from one destination to another to find the most efficient paths in real world environments. [26]  
Thus, A* is a very efficient algorithm as it is optimal and efficient but can be very memory intensive. 
Comparison 
Dijkstra’s algorithm and A* algorithm share many similarities. For instance, they are both optimal path-finding algorithms that guarantee to the shortest path between a starting node and the goal. They both prioritise nodes depending on their location from the starting node. This ensures that the path chosen to take is the least costly. They also both use a priority queue. [27] Moreover, both algorithms can be applied to both directed and undirected paths. They are also both used widely with a variety of real-world tools such as navigation systems and route planning applications.
However, they also have their difference. The clearest difference is the method in which each algorithm guides its search. Dijkstra’s algorithm uses a blind search, whereas A* star algorithm uses an informed search that includes a heuristic function. 
Thus, A* algorithm is the more efficient algorithm in most use-cases as it prioritises the most promising path ad limits unnecessary exploration. 

Reflection
The first approach taken was to program the ‘P’ for player to move upwards until a wall is hit. Then, it will move right if it cannot move left and move left if it cannot move right. A loop structure was used to achieve this. In theory this should work, however the code quickly encountered some issues with this approach.
This solution would work but not every time it was put to the test. Testing the code quickly revealed that this solution is temperamental. At first it was a little difficult to pinpoint the issue as the code did not use the technique of printing maze grid after a few moves, thus, to improve in the future this is definitely something that should always be implemented in the solution to make testing and troubleshooting easier. However, after much deliberation it would reach a certain point and become stuck in an infinite loop. This endless loop was very problematic as it would fail to execute the aim of what the code aspired to do.
Thus, improvements were needed. So, to fix this problem an attempt was made to simplify the code and the techniques used. As the code may come across as a little incoherent, thus an attempt was made to limit, clean and simplify it in hopes of improving its output as shown below.
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As presented in the second screenshot above the way in which this improvement was achieve was to keep the while loop used in the code but simplify it. As shown above, all code is collected in a single while loop. This ensures that the process that the code is trying to achieve does not get cut off early by an infinite loop. It ensures that the full solution the code provides is active until the maze is complete. 
Although there is now a single while loop, the code presented in the second screenshot shows two steps within the while loop to achieve the player’s goal of completing the maze. The first portion of the while loop as shown below is responsible for moving the player ‘up’ the grid of the maze.
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The second portion, which is highlighted in the below screenshot is responsible for horizontal movement on the grid. A further improvement that was made here was that the player is now programmed to moved just one move at a time, left or right, depending on where it can go. This is an improvement as previously, the horizontal movements were too quick and when the player would check if the above space were open for it to move upwards, it would miss the small opening. Thus, the player can navigate the maze more effectively to reach the target. Therefore, after simplifying the code and paying close attention to the separate horizontal and vertical movement, the player’s goal was achieved, and the code was successful. As shown in the screenshot below.
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However, to improve in the future, a function should be added to the code where the player would ‘check’ the space in front if it first to check if there is a wall there before performing its programmed movement. This would limit the amount of wall-hits and improve the overall efficiency of the code and the player’s process.
Furthermore, to improve furtherly in the future, a great addition would be a use of an algorithm. Breadth First Search (BFS) would be a valuable choice, as it is the simplest algorithm and would be a smart choice for a programmer who is new to the coding language C++. However, for maximum efficiency, A* algorithm could be used. This is because this path-finding algorithm would ensure that the player always takes the shortest and most efficient path.
In conclusion, simplifying the code to a single while loop improved the player's navigation by addressing infinite loops and enhancing movement efficiency. This updated approach enabled smoother and more efficient horizontal and vertical movements. This ensured that the player reached the target and completed the maze effectively. However, some future improvement should be the involvement of algorithms such as BFS or A* algorithm or checking of obstacles before making a movement. Although the code was successful at achieving the player’s goal, these additions would enhance and optimise the solution.
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// Step 2: Move left or right
nr = grid->HovePlayer(horizontalbirection);
if (mr == moveresults::ok)

{

cout << "Moved " << (horizontalDirection

movedirection: :right ? "right” : "left") << " successfully.” << endl;

3

else if (mr == moveresult

{

::wall)

cout << "Hit a wall while moving " << (horizontalDirection
/1 Reverse horizontal direction

horizontalDirection = (horizontalDirection == movedirection

movedirection

ight ? "right" : "left") << ". Switching direction." << enc

right) ? movedirection::left : movedirection::right;

¥
else if (mr == moveresults::complete)
{

cout << "Maze complete!" << endl;

return; // Exit if target is reached
}
grid->printGrid();

// print updated grid state
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uhile (mr != moveresults::complete)

{
// Move the player up

nr = grid->hovePlayer(novedirection: :up);

switch (mr)
{
case moveresults::complete
cout << "Maze complete!" << endl;
return; // Exit once the target is reached
case moveresults: :wall
cout << "You hit a wall while moving up. Stopping movement.” << endl;
break; // Stop moving up, transition to moving right
case moveresults: :ok:
cout << "Moved up successfully." << endl;
break;
default:
cout << "Unexpected move result.” << endl;
retur

3

if (mr == moveresults

break;
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How A* Makes Decisions:
«f(n) = g(n) + hin)  Total estimated cost from start to goal through node n

« g{) - Actual cost from start to current node

« h(n): Estimated cost from current node to goal (heuristic)

Lower f-scores (darker nodes) indicate more promising paths. A* explores nodes with lowest -scores fist
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