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[bookmark: _Toc102701975]1 – Introduction:

This report was created by the author to demonstrate their understanding of the two algorithms (Dijkstra’s and A*) and to demonstrate their capability of using C++ code to create a program that can automatically solve any randomly generated maze as efficiently as possible. The author’s code will be wrote using the Visual Studio 2019 software. “The best comprehensive IDE for .NET and C++ developers on Windows.” [1]
[bookmark: _Toc102701976]2 – Dijkstra’s Algorithm:

Dijkstra’s algorithm is “named after its discover, E.W. Dijkstra” [2] and the algorithm is an algorithm that finds the shortest path from a beginning node to the target node. Dijkstra’s algorithm is usually displayed using graphs which displays a tree of all of the shortest paths to the other nodes on the graph, stemming from the beginning node. “A graph is essentially an interrelationship of nodes/vertices connected by edges.” [3] These graphs that are used to represent Dijkstra’s algorithm can be either undirected or directed. Undirected graphs show that you could move from a node to another node in both directions, directed graphs, however, show that you could move from a node to another node in a single direction, which is normally illustrated with arrows instead of lines. Both of these graphs could be weighted though, weighted means the distance or time between each node is represented with “a weight” or “a cost”. Weighted graphs are very common when dealing with Dijkstra’s algorithm. 
[bookmark: _Toc102701977]3 – A* Algorithm:

A* algorithm is a computer algorithm usually utilised in C++ programs.  A* algorithm is one of the better and more popular algorithms for path finding. A* algorithm is named A* because “there were algorithms called A1 and A2… It was proved that A2 was optimal, so he (Nils Nilsson) gave it the name A*.” [4] A* algorithms are searching algorithms that searches and finds the shortest possible path between the start and end. A* algorithms are commonly used for applications such as automatic maze completers and maps. In both automatic maze completers and maps, the algorithm will calculate the shortest distance between the beginning and end and will choose that path. The A* algorithm is considered to metaphorically have brains, meaning the A* algorithm is a smart algorithm, smarter than most of the other path finding algorithms. Since the A* algorithm is smarter than other path finding algorithms, it is also considered one of the most efficient algorithms for finding the shortest path possible. 
[bookmark: _Toc102701978]4 – Comparison Between The Two Algorithms:

To begin the comparison between the Dijkstra’s algorithm and the A* algorithm, the author will firstly begin with outlining and describing the similarities between the two algorithms. Then after the similarities have been outlined and described, the author will move on to outlining and describing the differences between the Dijkstra’s algorithm and the A* algorithm. 

Starting off with some similarities between Dijkstra’s algorithm and A* algorithm, both Dijkstra’s and A* algorithms are used for programs that involve pathfinding. Both Dijkstra’s and A* algorithms look for the shortest path between the starting node and the ending/target node. Not only that, the A* algorithm is actually considered to be a variant of the Dijkstra’s algorithm. Both the A* algorithm and Dijkstra’s algorithm have a cost function that is the same, the real cost function (g(n)).

Now, the author will talk about the differences between Dijkstra’s algorithm and the A* algorithm. Starting with the first difference, the A* algorithm is referred to as an “more informed” version of Dijkstra’s algorithm which means it is a more complex and advanced version of Dijkstra’s algorithm. The A* algorithm uses something called best first search. Best search first means the A* algorithm will explore the graph by searching the most promising node first. For that reason, the A* algorithm is the greedier algorithm out of the two algorithms because Dijkstra’s algorithm explores every node and path to figure out what path is the best path to take. The A* algorithm just immediately goes down the most promising path without exploring all options on the graph. 
Also, because the A* algorithm uses the best first search function, the A* algorithm is typically quicker than Dijkstra’s algorithm. Just because the A* algorithm is faster, doesn’t mean it is better for the pathfinding results. Dijkstra’s algorithm takes more time to explore every possible path which also makes it more accurate, the A* algorithm uses the most promising path every time which makes it less accurate than Dijkstra’s algorithm most of the time. Although, sometimes with the A* algorithm, the most promising path can actually be the best path to take. So sometimes the A* algorithm can be quicker and more accurate than Dijkstra’s algorithm but for the majority of the time, Dijkstra’s algorithm is more accurate. 
The A* algorithm is faster because of the heuristic function that it uses. Dijkstra’s algorithm has one cost function which is called real cost (g(n)). The real cost is the actual cost from one node to another node. The A* algorithm uses two cost functions. The A* algorithm has the same real cost function (g(n)) but it also has another cost function called approximate cost which is the approximate cost from one node to the goal node. This is displayed as (h(n)) because the approximate cost function is a heuristic function, so it is displayed with the letter h. This is also a main reason that A* requires more memory to run than Dijkstra’s algorithm because the A* algorithm has multiple cost functions and runs more operations for each node. 
[bookmark: _Toc102701979]5 – Implementation:

In this section of the report, the author will be showing some of the useful code that they have wrote for the pathfinding maze program that they have created. The code shown will have comments alongside it, but the author will describe what each bit of code does in detail.
[image: ]
To start with, the author created a rand function which runs the entire time the maze program is running. This is the srand(time(NULL)) line of code. Rand stands for random and the time between a random number being generated is set to NULL. This means it will always be generating new numbers for however long the maze program is running. This line of code is used to make the player automatically move in a random direction whenever the program is running the automatic mode. The second line of code is an integer variable called numGen. This is the int numGen =1; line of code. This variable will store the random numbers generated by the rand function. By default, the numGen integer is set to 1. The third line of code is used with other code to move the player. The fourth line of code is a Boolean variable called repeat. By default, the Boolean variable called repeat is set to true. This is used for a while loop that runs while the maze program is running. The next two lines of code are two integers, one called rows and one called columns. The integer called rows is set to 18 by default. The integer called columns is set to 1 by default. The rows and the columns integers are used to mark the location of where the player will start in the maze. The last line of code is the while loop. This loop will run while the repeat Boolean variable is set to true (which is default), meaning the loop will run for the entire time the maze program is running.

[image: ]
The code displayed in the image above is the entire contents of the while loop (while (repeat == true)). The first line of code is used to tell the pathfinding maze program what to do if the player has reached the target node in the maze. If the target node has been reached, the Boolean variable called repeat will be set to false, this means the maze game will end. And once the maze game has ended, the program will display the relevant results for that maze game. The line below the if (CheckComplete(mr)) if statement is used to combine the numGen integer with the rand function so that the player can automatically move. The three if statements below it are used to automatically move the player in one of three directions. If the random number generator picks 1, the player will move left. If it picks 2, the player will move right and if it picks 3, the player will be moved up. The number 4 doesn’t do anything because the player will never have to move down when playing this maze game. 
[image: ]
This void function is called tenthousand and is used for the benchmarking mode of the maze program. The code in here will cause the while loop to repeat itself 10,000 times using an integer that increases each time the while loop is run. When the while loop has been run 10,000 times, the program will end. Navigate() and MazeGeneration() are in the code too, the Navigate() calls on the Navigate function and the MazeGeneration() calls on the MazeGeneration function and is used to automatically reset the maze every time the maze game is run.
[bookmark: _Toc102701980]6 – Conclusion:

To conclude the report, the author has stated what Dijkstra’s algorithm and what the A* algorithms are and do, the author has compared the similarities and differences between the two algorithms and lastly, the author has talked about the code they have wrote for the maze program. To quickly recap, A* algorithms are searching algorithms that searches and finds the shortest possible path between the start and end and Dijkstra’s algorithm is an algorithm that finds the shortest path from a beginning node to the target node. Dijkstra’s algorithm is usually displayed using graphs which displays a tree of all of the shortest paths to the other nodes on the graph, stemming from the beginning node. Both of these algorithms are very similar with the main difference being A* using heuristics to find the most promising path to the target node. 
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if (CheckComplete(mr)) { //If CheckComplete is achieved.
|  repeat = false; //Sets the repeat boolean to false.
Results(); //Displays the final results.

¥

numGen = 1 + (rand() % (4 - 1 + 1)); //Used to generate a random number for the player to move in. 1 = left, 2 = right and 3 = up.

//move left

if (numGen == 1) { //If the random number generated is 1.
i if (Grid::GetGridSquareContents(rows, columns - 1) != griditem::wall) { //Calls the grid rows and columns.
mr = MovePlayer(movedirection: :left); //Moves the player left.

columns = columns - 1; //Subtracts 1 from the columns variable to move the player.

}

¥

//move right

if (numGen == 2) { //If the random number generated is
if (Grid: :GetGridSquareContents(rows, columns + 1) I= griditen::wall) { //Calls the grid rows and columns.

mr = MovePlayer(movedirection: :right); //Moves the player right.

columns = columns + 1; //Adds 1 to the columns variable to move the player.

£ (numGen ) { //1f the random number generated is 3.

| if (Grid::GetGridSquareContents(rows - 1, columns) != griditem:
. MovePlayer(movedirection::up); //Moves the player up.

rows = roms - 1; //Subtracts 1 from the rows variable to move the player.

wall) { //Calls the grid rows and columns.

}

/move down
if (numGen 4) { //If the random number generated is 4.
//moving down is not required

}





image3.png
Jvoid GridNavigatorAutomatic::tenthousand() { //Creates the tenthousand function to store the code used for looping 10,000 times.

ﬁu— (int i i < 10000; i++) { //For Loop that Creates an integer and sets the loop to run 16,000 times.

Navigate(); //Calls the Navigate function so that it can automatically continue playing the game.

MazeGeneration(); //Calls the MazeGeneration function to automatically reset the maze once the player has got to the target.

¥
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srand(time(NULL)); //This is used to randomise a number so that the player can automatically move in a direction.
int numGen = 1; //This variable is used to store numbers which equate to player movements. 1 = left, 2 = right and 3 =
moveresults mr = moveresults::ok; //Used to move the player.

bool repeat = true; //Creates a boolean variable and sets it to true.

int rows = 18; //Creates an integer that indicates the row the player starts at.

int columns = 1; //Creates an integer that indicates the column the player starts at.

while (repeat == true) { //While Loop that repeats while the repeat boolean is true.





