



Introduction
Pathfinding or pathing is the use by a computer program that is designed to find the most effective or shortest path possible between two points. It is basically designed as a way to solve mazes. It’s also closely related to the “Shortest Path problem” which entails a theory that finds the shortest path between two points within a graph the vertices or nodes is the sum of its weights. This is solved by the Dijkstra’s algorithm.
Pathfinding can be used within C++. C++ is a robust and advanced programming language. Its mostly used in video game development but you can use it in advanced software development also. The aims of this report would be to demonstrate the various problem-solving techniques you can pull off in C++ when it comes to Path Finding. 
There are various types of algorithms used for finding the best and optimal paths and the two this report would cover is the Dijkstra’s Algorithm and the A* Algorithm.

Dijkstra’s Algorithm 
Dijkstra’s Algorithm invented by the computer scientist Edsger W. Dijkstra is a method of pathfinding that finds the shortest path using one vertex to all the other vertices  [1]Logically it works by finding the next node that has the shortest path then calculates the distance through it. For example, to find the shortest path between a and b it would discover the node c which had the shortest path and the similar can be done with other nodes. [2]
Think of it as planning a trip you would need to calculate the optimal distance that would save time and petrol by choosing certain short cuts and varying spots to rest. The same can apply to this algorithm. 
The graph can be directed by the programmer to find a more effective route also. On top of that they can be used in GPS navigation systems (finding the shortest path on a trip), Network Routing systems (finding the shortest path in communication networks) and finding the minimum cost path in a graph.
The Mathematical Theory
The Mathematical Theory behind Dijkstra’s is rather simple once the key points on how it works are understood. For example, you draw a graph specifically a weighted directed Graph then you use a set of Vertices or Nodes which are represented by V, then you would have the set of edges where each edge “E” has a weight representing the cost and distance between the vertex or nodes. So, the goal here would be to find the shortest path between all the vertices within the graph. The equation is represented by 𝐺=(𝑉, 𝐸)
It boils down to finding the shortest path from the single source node. It looks at the entire graph with every node taken into considering. This is a key aspect of this Mathematical Theory since the programmer can directed the ways this algorithm can go about to finding the shortest path
Implementations in C++
The Implementation of Dijkstra’s Algorithm within C++ boils down to creating a sptSet which would allow for the program to keep track of the vertices within the tree which would allow for the path to be calculated to the shortest distance. Another thing to consider is to assign a distance value to all the vertices. This should help instruct the code into what these things are and what to do with them.
The code should look something like this
You would create an “Int minDistance” which would tell the program to find the shortest path. Included in this is “int min = INT_MAX, min_index” and this would help find the vertex to find the distance value from the established set included in the shortest path tree 
Then next there should be the code that creates the graph using “int graph” and “int src”
Using “int dist” this is an output array that will hold the shortest distance from the source to the int established.
Finally with the graph using “int graph” it would help you create a graph using the newly created int values.
It’s a rather simplified view but this is ideally all a program needs to created a simple Dijkstra’s algorithm function within C++ [3]
 
A* Algorithm
The A* Algorithm is used to approximate the shortest path. Unlike Dijkstra’s method this algorithm is search through all the values in the data and determines the best possible route to take. Which separates itself from other algorithmic methods like Dijkstra’s Algorithm. [4] It’s an informed search algorithm meaning it uses a form of leverage to explore and navigate the graph. It’s a heuristic function and it estimates the cost of reaching the goal from a given node allowing the algorithm to prioritize the paths that are more effective to reaching the end point as opposed to exploring paths that are not needed in the algorithm. It’s the best of both worlds such as Dijkstra’s Algorithm and Greedy Best First Algorithm by combining Dijkstra’s method of finding the shortest path from the source node and the GBFS way of exploring any possible node close to the goal based on the heuristic function. [5]
The Mathematical Theory
The Mathematical Theory behind A* involves finding the lowest cost path tree from the start node to the goal node. What makes A* stand out in this type of algorithmic search functions is that it estimates the cost of travel within the node. It starts with using a function called f(n) which again is the total cost of the node, and it would expend this using 
f(n) = g(n)+h(n)
(n)= representing the node
F(n)=the overall and estimated cost of the node 
G(n)= the overall cost to reach said node
H(n)=which would calculate the cost from the node to the goal. [6]

This is a simple enough explanation however A* does cover many ways to approach this matter such as the Manhattan Distance Heuristic or the Euclidean Distance Heuristic
Implementations in C++
The implementation of A* Algorithm basically sums to finding the best route as opposed to finding the quickest route. It’s designed in a very optimised way, and it essentially has very similar code to Dijkstra’s (as they are closely related)
The first thing to consider in designing this program is to establish “int” as for the parent nodes and the cost of the nodes using a “Struct Node” function. 
Theres also the inline bool function that would put these structs into a set which would include the cost and the node
Next would be to use the newly created Boolean to check if the node is valid or not. (Meaning on whatever if they would be an obstacle or not)
This can be done through “static bool isValid (int x, int y) {int id = x + y * (X_MAX / X_STEP);” and doing this would check on whatever id the bool would be an obstacle or out of bounds. If not then the function would return a “true” 
The Boolean could also be used to check if a node is the destination or not, the next part is where it sets itself apart from Dijkstra where it uses the costs of the destination through a static double “calculate (int x, int y, Node dest)”
Again, a simplification but the building blocks are there to create an A* function. [7]
Pathfinding
Using Pathfinding in C++ involves a few things. The consideration of what algorithm you would use and how it would be implemented within your code. The code this paper will cover is basic maze exploration program and how both A* and Dijkstra’s can explore this. The goal is to currently explore how to solve a maze like what the screenshot presents.
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Basically, the goal is to program in an effective way to traverse the maze using the needed algorithms that are A* or Dijkstra’s. This would allow the player to traverse this maze in a way that stay true to the mentioned algorithms. 


Solution
To start this, I would need to look at the function that allows for an Automatic traversal method. This is designed in a way to allow the user to traverse the maze without placing any inputs. The basic method I will be sticking to is the idea of sticking your hand on a wall of the maze to find the goal and if there is a wall in front just turn 90 degrees. Understanding this method would allow this program to complete its automatic task.
Conclusion
To conclude this paper
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Enter choice:

1: Manual mode (for learning the environment).

2: Automatic mode, single run (for testing of your code.

3: Benchmarking mode, 10,000 runs of automatic mode.
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‘Vou can (v)iew the grid or enter a direction: (U)eft, (r)ight, (u)p or (d)own.




