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[bookmark: _Toc101817809]Introduction
In this document, Rhys the programmer will research into different maze searching algorithms and make comparisons and evaluations on them. Additionally, the programmer has been asked to code their own algorithm to navigate randomly generated mazes, challenged to make an algorithm that’s as efficient as they can possibly make it at travelling through the mazes.
[bookmark: _Toc101817810]Dijkstra’s Algorithm
[image: Dijkstra's Shortest Path Algorithm - A Detailed and Visual Introduction]
[bookmark: _Toc101817167]Figure 1 - Dijkstra's Algorithm tries to find the cheapest route
Dijkstra is an algorithm with a multitude of use cases. It can be used for networking, satnavs and map routing, maze searching and much more. It works by storing potential paths and their distances/costs in a queue and travelling the shortest route every time until it reaches the target location. Dijkstra’s algorithm can only be used in situations where there’s a distance or cost to move to the next location. [1]
[image: ]
[bookmark: _Toc101817168]Figure 2 - A Maze for Dijkstra's Algorithm
In a maze scenario, each possible position would likely be assigned a cost of 1, as it is one move away from the last position. It would then scan the cheapest route at each intersection. If it meets a dead end, it will backtrack to the last intersection and try the next route stored in the queue. Once it has gotten to the end, it would have essentially found the cheapest route to the end as it prioritises the cheapest routes first. When that route has been found, the player can then navigate through that route to get to the end in the smallest possible number of moves. Although in a situation where a small amount of maze accesses is desired, Dijkstra’s algorithm could search down multiple paths before finding the right one, which could increase the number of maze accesses quite far.
[bookmark: _Toc101817811]A* Algorithm
[image: Chart
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[bookmark: _Toc101817169]Figure 3 - A* Algorithm on a grid
The A* algorithm is near identical to the Dijkstra’s algorithm, whereby it will search the cheapest routes first. The A* algorithm is basically a variant of the Dijkstra’s algorithm, just a bit more complex. A* will prioritize routes which get it closer to the target, unlike Dijkstra’s which just picks the first route in the queue. This means that A* typically spends a lot less time searching for the route to the end of the maze. [2]
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[bookmark: _Toc101817170]Figure 4 - Maze to demonstrate that A* can make mistakes (Red Path - Where A* would likely want to go, Green Path - Fewest Moves to Target)
A* can make mistakes. Figure 4 shows a maze, where a blank space is a movable position, an X is a wall, P is the player starting location and T is the target. Where the players spawns, it has the option to go up, left, down or right. The A* algorithm would likely prioritize moving down as it gets it closer to the target’s position. Moving down is actually a very long path, but it does get to the target, so A* would likely stop searching there. The green path in the maze is the fastest path to take, but A* would likely ignore the right route for the down route. In essence, A* doesn’t always take the most direct route to get to the end of the maze.
[bookmark: _Toc101817812]Comparison of Dijkstra’s and A*
With the Dijkstra’s and A* algorithms, they have a lot of similarities. That being said, they still have their advantages and disadvantages over each other when it comes to maze searching.
	Algorithm 
	Dijkstra’s 
	A*

	Strengths
	· Always finds the best route eventually.
· Simpler than A* to implement.
	· Can be faster on average than Dijkstra’s.
· Would likely scan the maze a lot less on average, which would result in it being more efficient.

	Weaknesses
	· Can be quite slow, especially compared to A*.
· Would typically scan the maze a lot, which would result in it accessing the maze a lot more on average than A*.
	· Might not always take the least amount of moves to get to the end of the maze.
· More complex than Dijkstra’s.
· Can potentially be slower than Dijkstra’s if the conditions aren’t towards A*’s favour.


[bookmark: _Toc101817171]Figure 5 - Strengths and Weaknesses of Dijkstra's and A*

[bookmark: _Toc101817813]Development of the Implemented Algorithm
The programmer was given the task to code an algorithm which would find its way through a randomly generated maze. Due to the simplicity of the generated mazes, instead of utilising an already existing algorithm to navigate them, the programmer decided to make his own.
[image: Text
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[bookmark: _Toc101817172]Figure 6 - A maze generated by the provided program
From looking at the generated mazes for the first time, the programmer was able to see a potential solution. The generated mazes were very basic, comprising of horizontal walls with two wide gaps randomly placed within them. 
[image: Text

Description automatically generated]
[bookmark: _Toc101817173]Figure 7 - A generated maze with the desired path drawn
The lack of vertical walls meant that there was an obvious path to take with every maze generation, whereby the player just has to prioritise going up to the highest point, then going right to get to the target. The programmer decided to create an algorithm which would move on this desired path.
[image: Graphical user interface

Description automatically generated with medium confidence]
[bookmark: _Toc101817174]Figure 8 - Programmer's Algorithm in Simplest form
Figure 8 shows the created algorithm. This is the algorithm at its simplest working form, before comments were written and code was added to get it functional with running 10k times and collecting means, min and max values. It is actually a very simple solution; however, the programmer believes that a simple maze should have nothing but a simple solution. 
[image: Graphical user interface, text, application
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[bookmark: _Toc101817175]Figure 9 - Algorithm's Variables
There are 5 variables used to get the algorithm to work. The searching Boolean is used within the main loop of the algorithm to repeat the code until the target has been reach. The two integers called curRow and curCol are used to store the player’s current location within the maze and act like coordinates, initially set to the location where the player always begins within the maze. The nextGap integer is used to store the location of a gap in the wall when the player reaches a wall and mr is used to allow the player to move.
[image: Graphical user interface, text, application, email

Description automatically generated]
[bookmark: _Toc101817176]Figure 10 - Code to make the player move right when at the top of the maze
The first thing the algorithm does is check whether the player is at the very top of the maze. If it is, then it will move right until it reaches the target.
[image: Graphical user interface, text
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[bookmark: _Toc101817177]Figure 11 - The code to scan a wall for a gap
If the player isn’t at the top of the maze, then it will check if there’s a wall above the player. If there is, then the algorithm scans the wall above it for the gap in the wall, which is stored in the nextGap variable.
[image: Graphical user interface, text, application

Description automatically generated]
[bookmark: _Toc101817178]Figure 12 - The code to move the player towards the gap
While there’s a wall above the player, it will move towards the gap in the wall. If the gap is to the left of the player, it will move left, and it would move right if the gap is to the right.
[image: Graphical user interface, text, application

Description automatically generated]
[bookmark: _Toc101817179]Figure 13 - Code to move the player up and check whether the player has reached the target
If there isn’t a wall above the player, then it just moves up. At the bottom of the loop, there is a check for whether the player has reached the target. if it has, then the results get printed and the loop closes.
[image: A picture containing graphical user interface
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[bookmark: _Toc101817180]Figure 14 - Gif of How the Algorithm moves through a maze
So how does the algorithm travel through the maze? It always prioritises moving up unless either a wall is above the player, or the player is at the top of the maze. If it hits a wall, the player moves to the gap, if the player is at the top of the maze, it moves right until it reaches the target.
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[bookmark: _Toc101817181]Figure 15 - Results of the Maze completion
As seen in figure 15, the algorithm doesn’t hit any walls and interestingly has as many grid accesses as moves with each maze search.


[bookmark: _Toc101817814]Strengths and weaknesses of the Algorithm

Strengths:
· The algorithm is incredibly simple.
· The algorithm didn’t take long to create, so other parts of the program could be focused on.
· The algorithm uses the fewest moves possible with each maze generation.
· The algorithm doesn’t hit any walls.
· The algorithm seems perfect for the generated mazes.
Weaknesses:
· The algorithm physically can’t move the player down, so if the maze generation was altered so that vertical walls could generate, the algorithm would likely get stuck and never be able to complete most mazes. Fixing this could potentially make the algorithm much more complicated.
· If it were possible for multiple gaps to generate in the horizontal walls, the algorithm would always prioritize the furthest gap to the right due to how it searches the wall for gaps from left to right. This could result in the Algorithm not going the most direct route to the end of the maze.
· The code could probably be tidied up more and made more efficient in a few ways, but efficiency doesn’t really matter here as the algorithm is so small anyway.

[bookmark: _Toc101817815]Additional Features
The programmer wasn’t just asked to create an algorithm for the maze, but additionally a benchmarking mode which would run the algorithm 10k times and calculate the min, max and average number of moves, accesses and walls hit.
[image: A picture containing text, screenshot, computer, computer
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[bookmark: _Toc101817182]Figure 16 - Added Subroutines
Figure 16 shows the subroutine implemented to allow the algorithm to run 10k times, along with the subroutines to reset the counter and respawn the player at the start of the maze.
[image: A picture containing text, screenshot, computer
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[bookmark: _Toc101817183]Figure 17 - Data generation and Subroutine callers
Figure 17 shows the changes that were made to the checkcomplete if statement within the algorithm to allow the program to record the results of each maze navigation. It then calls some subroutines to reset the maze for the next navigation (generates a new maze, resets the player and counters).
[image: A computer screen capture

Description automatically generated with medium confidence]
[bookmark: _Toc101817184]Figure 18 - Variables Created for Data Collection
Figure 18 shows the variables which were created to store information about the maze runs.
[image: A picture containing text, screenshot, computer, computer
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[bookmark: _Toc101817185]Figure 19 - Alterations to Header File
Figure 19 shows the alterations made to the header file.
[image: A computer screen capture

Description automatically generated with medium confidence]
[bookmark: _Toc101817186]Figure 20 - Global Variables found at the top of Grid.cpp
Figure 20 shows the global variables which were created near the top of the Grid.cpp, including a constant integer to allow users to alter the amount of maze searches which occur in bench marking mode.
[image: A picture containing text, screenshot, computer
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[bookmark: _Toc101817187]Figure 21 - Altered Results Subroutine
Figure shows the altered results subroutine, which was upgraded to allow users to see the progress within benchmarking mode and allows them to generate a new maze after a singular automatic maze search. The unique features added can be seen in the figures below.
[image: A computer screen capture

Description automatically generated with medium confidence]
[bookmark: _Toc101817188]Figure 22 - Within Benchmarking mode, the program outputs a percentage of completion instead of the results of each maze
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[bookmark: _Toc101817189]Figure 23 - The data collected within Benchmarking mode
[image: Text
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[bookmark: _Toc101817190]Figure 24 - In Automatic mode, you now get the option to run Automatic mode again and whether to have the maze printed out with each move
[image: Text
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[bookmark: _Toc101817191]Figure 25 - Mazes being printed out for each step


[bookmark: _Toc101817816]Conclusion
In the end, the programmer is happy with his achievement. He was able to create his own algorithm to search the mazes without inspiration from other algorithms and class resources, he just sat down, looked at the mazes and started coding a solution from there. He was surprised that he was able to create an algorithm which could navigate the mazes perfectly. If the mazes were more complicated, he believes he would have tried using either the A* or Dijkstra’s algorithm, or even both to compare the two.
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used to record the smallest number of accesses in one maze traversal, set to 10000 so that there's always going to be a maze run that's less tha
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used to record the smallest number of wall hits in one maze traversal, set to 10008 so that there's always going to be a maze run that's less th
used to record the largest number of wall hits in one maze traversal
store the total amount of wall hits over all runs

//a boolean used to determine whether my algorithm is still searching

//a variable to remember which row the player is currently in, set to 18 as the player always starts at row 18
//a variable to remember which column the player is currently in, set to 1 as the player always starts at column 1
//a variable to store the next gap in the wall when the algorithm hits a wall

//copied from the code above, creates the local variable mr for use with move results

The program '[6384] ASD_Assignment.exe’ has exited with code -1073741510 (excoeeel3a).
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//Helper methods added by me 127 Solution 'ASD_Assignment (1 of 1 project)

void setPlayerLocation(); //new line added by me 4 Pm IL:nJEii"l’ﬂ
void resetCounters(); b & External Dependencies
4 % HeaderFiles
b B Gridh
71 Resource Files.
4 Source Files

The following sub-class is used to implement your solution. i x“’"‘q’"
The only method you can change is void GridNavigatorAutomatic::Navigate() which is the method which will be called by the code when trying to solve the maze automatically.
%/

Elclass GridNavigatorAutomatic : Grid
{
public:
// Constructor
GridNavigatorAutomatic();

// This is the only method you can change which is the method which will be called by the code when trying to solve the maze automatically.
void Navigate();

// My 1@k runs method
void Navigatel®k();

Output

-lEl
*ASD_pssignment.exe’ (WIn32): Loaded 'C:\Windows\System32\ucrtbased.dll’.
The Ehread 6x1518 has exited with code 0 (8x)-
The thread @xsac has exited with code © (6x0).
The thread 6x1674 has exited with code © (8x).
The thread 6x280c has exited with code -1673741749 (xc600884b).
The progran '[6384] ASD_Assignment.exe’ has exited with code -1073741510 (6xc000013a).
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Gridh

BEEEY
Search Soltion xplrer (C+)
/1 Constructor T2 Solution ‘ASD_Assignment' 1 of 1 project)
E6rid: :6rid() { 4[] ASD Assignment
this-stazeGeneration(); b n References
¥ b &1 External Dependencies
11 Getter and setters 4+ HeadrFies
int Grid::getMoves() { return moves; " R
void Grid::setioves() { +moves; } :?::5
int Gridssgetaccess() { return access; } >+ Gridepp
cthccess(int a){access = access + o3} b v MeinFiecpp

#include "Grid.h"

Co NN

GRURES

getiallsHit() { return wallsHit; }
ctiallsHit() { ++wallsHit; }

/1 variasbles created by myself to be shared with the entire program
const int runTime = 10000; //a constant variable created to allow the user of the program to change how many times the bench marking mode repeats the algorithm, set to 10k as requested

int runamount = 0; //a variable to count how many automatic runs have occured

bool bencharking = false; //a boolean variable used to determine whether bench marking mode has been selected or not

bool showgrid = false; //a boolean variable used to store the user's choice when they are asked if they want to print out the grid on every step (The user gets asked after the first singular automatic run)

RUNESE

/1 Other methods
Elgriditen Grid::GetGridsquareContents(int r, int c)

{

setaccess(1);

griditen item = maze[r][c];
return item;

R

1

Elbool Grid::CheckComplete(overesults mr)
{

b3

if (nr == moveresults::complete)
return true;

else
return false;

bBEsEEYY

Elvoid Grid::Printerid() {
array<array<griditen, 20>, 20> m = GetGrid();

R

/1 Tterate through the array
For (int row = @ row < 205 ++row)

{

&3

5

For (int col = 05 col < 205 ++col) {

cout << char(a[row][col]) << ' '3

2e

i

cout << endl;

ERRUN

Blarray<array<griditen, 285, 28> Grid::Geterid() {
setAccess(400);
return maze;

1

28

Elmoveresults Grid::MovePlayer (rovedirection d)

{

int curRow = playerLocation. first;
int curCol = playerLocation. second;

b

Output

Show output from: Debug
"ASD_Assignment.exe’ (Win32): Loaded 'C:\Windows\System32\ucrtbased.dll’.

The thread @x1518 has exited with code @ (ex0).

The thread @x9ac has exited with code @ (ex0).

The thread @x1b74 has exited with code @ (ex).

The thread @x280c has exited with code -1073741749 (@xco00004b) .

The program '([6384] ASD_Assignment.exe’ has exited with code -1073741510 (0xc000013a).

Error List

[ Read
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£ MainFile.cpp Gridh - & Solution Explorer

FEIRCEEIRY
Search Solution Explorer (Crl+)
// the results subroutine was altered 121 Solution "ASD_Assignment’ (1 of 1 project)
Elvoid Grid::Results() { 4 [ ASD_Assignment
b vm References
b 1 Extemal Dependencies
GridNavigatorAutomatic gna = GridNavigatorAutomatic(); //allows the navigate subroutine to be called 4 ¥ Header Files

char inputl; //an input variable to store an answer Pa nm;::ns

char input2; //an input variable to store an answer 4 % Source Files
b+ Gridepp
b+ MeinFilecpp

if (benchMarking == true) { //if bench marking mode was selected
cout << "\nBench Marking... " << runAmount*108/runTime <<"%"<<endl; //outputs the percentage of completion
}
else {
cout << "\nMaze complete!\nGrid Accesses: " << getAccess() << endl;
cout << "Grid Moves: " << getMoves() << endl;
cout << "Wall Hit: " << getWallsHit() << endl;
cout << "\nWould you like to play again? (Y for yes, N for no)\n"; //outputs a message to the user
cin >> inputl; //gets the input and stores it in the inputl variable
switch (tolower(inputl))
{
case 'y': //if answer was y
cout << "\nWould you like to print the maze on every step? (Y for yes, N for no, increases the amount of accesses a lot)\n"; //outputs a message to the user
cin >> input2; //gets the input and stores it in the input2 variable
switch (tolower(input2))
{
case 'y': //if answer was y
showgrid = true; //allows the maze to be printed at every step
break;
case 'n': //if answer was n
showgrid = false; //disallows the maze to be printed at every step
break;

}

gna.Navigate(); //runs the maze searching algorithm again
break;

case 'n': //if answer was n
break;

}

Output

-lEl
*ASD_pssignment.exe’ (WIn32): Loaded 'C:\Windows\System32\ucrtbased.dll’.
The Ehread 6x1518 has exited with code 0 (8x)-
The thread @xsac has exited with code © (6x0).
The thread 6x1674 has exited with code © (8x).
The thread 6x280c has exited with code -1673741749 (xc600884b).
The progran '[6384] ASD_Assignment.exe’ has exited with code -1073741510 (6xc000013a).
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Bench Marking... 99%

Bench Marking. .. 99%

Bench Marking... 166%

Bench marking mode complete, 10000 runs of automatic mode finished.

Total Grid Accesses: 417994
rid Accesses MIN: 34
rid Accesses MAX: 56
rid Accesses MEAN: 41

Total Grid Moves: 417994
rid Moves MIN: 34
rid Moves MAX: 56
rid Moves MEAN: 41

Total Walls Hit: @
all Hits MIN: ©
Eau Hits MAX: @
all Hits MEAN: ©

E:\HND Year 2\advanced software development\Assignments\Assignment 1\AssignmentFiles\x64\Debug\ASD_Assignment.exe (procel
ss 11088) exited with code @.

To automatically close the console when debugging stops, enable Tools->Options->Debugging->Automatically close the consol
le when debugging stops.

press any key to close this window .
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Enter choice

1: Manual Mode (for learning the enviroment).

2: Automatic mode, single run (for testing your code).
3: Benching marking mode, 16,006 runs of automatic mode.
b>> 2

aze complete!
rid Accesses: 44
rid Moves: 44
211 Hit: 6

Hould you like to play again? (Y for yes, N for no)

ould you like to print the maze on every step? (Y for yes, N for no, increases the amount of accesses a lot)
n

aze complete!
rid Accesses: 46
rid Moves: 46
211 Hit: 6

ould you like to play again? (Y for yes, N for no)
n

E:\HND Year 2\advanced software development\Assignments\Assignment 1\AssignmentFiles\x64\Debug\ASD_Assignment.exe (procel
ss 1672) exited with code @.

To automatically close the console when debugging stops, enable Tools->Options->Debugging->Automatically close the conso
le when debugging stops.
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