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[bookmark: _Toc92481118]1.1	Depth First Search

A Depth First Search (DFS) algorithm is an algorithm that always expands to the deepest node when searching a tree. [1]
[image: A picture containing accessory, toggle
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Image of a DFS [1]
From the image above it can be seen that from A the algorithm will note points B and C, going to B first. From B it will then note points D and E, going to D from B. Once at D it will note H and I, moving to H in the first instance and then I. Once it has explored the lowest levels it will then proceed back up to E and move down to J and then K.
The whole process will be:
A -> B -> D -> H -> I -> E -> J -> K -> C -> F -> L -> M -> G -> N -> O
DFS is based on Last In First Out (LIFO) rather than First In First Out (FIFO) which Breadth First Search (BFS) depends on. This means that the most recently generated node is chosen to be explored, usually one deeper than its parent, as so going deeper down until it can go no further. [1]
When creating the program to search for the pathway around the map stack was included using #include <stack>. A stack is a type of container that allows LIFO working, where a new element is added to the top of the stack and the next element is removed from the same end. [2]
This allows the programmer to perform the following tasks once the constructor for the stack is set up: [2]
· empty() – determines if the stack is empty;
· size() – determines the number or items within the stack, returning a value;
· top() – returns the top element within the stack;
· push() – adds an element at the top of the stack;
· pop() – deletes the uppermost element on the stack.
The data structure used is known as a strut. A strut is used to store different data elements together, it is a user defined data type. [3] In the program created it is used to store the x and y coordinates as integers for the position the agent takes as well as the character value, if available, in the space, before the agent visits the space.



[bookmark: _Toc92481119]1.2 	User Guide 

When running the program, the user will have the ability to choose whether they want to:
· Upload a file;
· Print the uploaded map;
· Manually walk through the map themselves; 
· Allow the DFS algorithm to walk through the map for them.
[image: Text
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Figure 1 - Image of Menu Options
Option 1 – loading a file
[image: Text
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Figure 2 - Image showing request for filename to be uploaded
· User must enter 1 to upload a file
· User will then be asked to input the file name with the file extension type as this is the full name of the file to be uploaded;
· In this example we are using “floor0.txt”;
· Once file has been uploaded an image of the file and a message stating “file loaded” will appear as in Figure 3 below:
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Figure 3 - Image Showing File Loaded
· User will be returned to the menu options.

Option 2 – print map
[image: Text
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Figure 4 - Image Showing the map printed
· User must enter 2 to produce a copy of the map;
· User will see an image of the map as requested and will be returned to the options menu.



Option 3 – random walk
[image: Text

Description automatically generated]
Figure 5 - Image Showing User Selection of 3 for Random Walk
· User must enter 3 to allow a random user walk of the map;
· Map will appear as in Figure 6 below:
[image: Text
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Figure 6 - Map Awaiting Instructions
· User can use either of the following keys to navigate the map:
· d – allows user to go across to the right one;
· a – allows user to go across to the left one;
· w – allows user to go up one on screen;
· s – allows user to go down one screen.
· z – allows the user to exit from the random walk screen at any point and return to the Option menu.
.


[image: Text
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Figure 7 - Image of the AI Agent "Q", visiting the route - "v"
Option 4 – find signs – allow the AI to walk the paths
· User must enter 4 to allow the AI to walk the path on the map;
· User will be asked to enter the department or sign that they are looking for on the map:
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Figure 8 – Image of the Initial Input request
· User can either enter A, B, C, D, E, F for a department in this particular map;

[image: Text
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Figure 9 – Image of the User Inputting the Value E for Exploration
· AI Agent Q, fires through the pathway, using v to confirm where it has visited until it reaches the value E;
· Once E has been found it advises the user of the find and then proceeds to list the co-ordinates of E along with the coordinates explored in its pathway to locating it.
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Figure 10 – Image of AI Agent Finding E along with E’s Coordinates and Explored Pathway
[image: Text
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Figure 11 – Image of the End of E’s Pathway Exploration
Any complaints about this user guide please do not hesitate to contact the team on “Mapping@Mapping.com”
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[bookmark: _Toc92481121]1.4 	Testing Schedule
All tests are going to performed on a 5 by 5 square to avoid delays:
	Test
	Test Description
	Expected Outcome
	Test Image
	Passed/Failed

	1
	Select 1 – Load a file
	User is asked to upload a file
	

	P

	2
	Can user upload Test2.txt
	[image: ]
File Uploaded

	

	P

	3
	Can user upload Test1.txt after Test2.txt
	[image: ]
File uploaded

	

	P

	4
	Is the newly uploaded map displayed after entering 2 – Print map
(Test1.txt)
	[image: ]

	

	P

	5
	Select 3 - Random Walk
(Test1.txt)
	[image: ]
With output asking user to enter a direction value.

	

	P

	6
	Enter d to move to the right on screen
(Test1.txt)
	The value Q used to identity the Agent moves to the right.
	

	P

	7
	Enter a to move to the left on screen
(Test1.txt)
	The value Q used to identity the Agent moves to the left.
	

	P

	8
	Enter s to move down on screen
(Test1.txt)
	The value Q used to identity the Agent moves down.
	

	P

	9
	Enter w to move up on screen
(Test1.txt)
	The value Q used to identity the Agent moves up.
	

	P

	10
	Enter z to exit back to main menu
(Test1.txt)
	Option menu appears
	

	P

	11
	Select 4 – Find Sign
(Test1.txt)
	Series of outputs advising of the current position along with the visitor position, asks the user if there is a particular department they would like to find.

	

	P

	12
	Find S (down)
(Test1.txt)
	Identifies that it has found S and provides the coordinates to get there.

	

	P

	13
	Find W (left)
(Test1.txt)
	Identifies that it has found W and provides the coordinates to get there.

	

	P
Does not take a direct route

	14
	Find N (up)
(Test1.txt)
	Identifies that it has found N and provides the coordinates to get there.

	

	P 
Does not take a direct route

	15
	Find E (right)
(Test1.txt)
	Identifies that it has found E and provides the coordinates to get there.

	

	P
Does not take a direct route

	16
	No department
(Test1.txt)
	Walks through the whole map – no department to find
	

	P
Doubling stacking positions for visiting – backtracking needs to be considered – child and parent relationships
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Clustering Algorithms
What is a Clustering Algorithm?
A clustering algorithm is an algorithm that is unsupervised task that looks for hidden patterns that may exist in unlabelled data. It groups the data into disjointed clusters, ensuring that the data in reach cluster is similar, yet different to the other data clusters. Clustering can be useful in image processing, information retrieval and pattern recognition. [4]
What is a k-Means Algorithm?
The k-means algorithm is a simple unsupervised clustering algorithm capable of clustering clear clusters of data very quickly and efficiently, often in just a few iterations. [5] As can be seen in figure 1 there are three easily identifiable clusters. 
[image: Diagram
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Figure 12 - Image of Unclustered Data, Clustered with K-means. [6]
k-Means is a popular algorithm due to its simplicity and general speed. It partitions the initial data into the required number of clusters, known as “k”. Each cluster has a centroid, given an initial starting value, the centroid value changes depending on the computed squared distances between the data point and the centroid. The smaller the sum of the squared distances the more accurate the clustering is considered. [4]
There are three common and widely used algorithms, they are [7]: 
· Lloyd & Forgy Algorithm
1. Lloyd Algorithm (1957, published 1982)
2. Forgy Algorithm (1965)
Both Lloyd and Forgy Algorithms are batch centroid models, the main difference is that Lloyd’s algorithm considers the data distribution to be discrete, whereas Forgy’s algorithm considers the data distribution to be continuous.
A centroid is the geometric centre of the mean. 
Batch algorithms are algorithms that see the transformative step being applied to all cases at the same time. They are best suited to large datasets to offset the computational expense of processing. 
Steps for Lloyd and Forgy
1. Determine number of clusters to be used (referred to as k);
2. Determine the metric (see Appendix 1) to be used;
3. Determine the method for picking the initial centroids;
4. Assign initial centroids;
5. While metric (centroids, cases) > threshold
a. For i <= number (nb) cases
Assign closest cluster according to the metric
b. Recalculate the centroids.

· McQueen Algorithm (1967)
The McQueen Algorithm is an iterative or incremental algorithm. It is very similar in how it is initialised; the most significant difference is the fact that the centroids are recalculated for every case change within a subspace or after each pass through all cases. It is considered more efficient as it updates the centroids more often and needs to perform a complete pass-through cases to converge on a solution for the optimum centroids.
Steps for McQueen [7]
1. Determine number of clusters to be used (referred to as k);
2. Determine the metric (see Appendix 1) to be used;
3. Determine the method for picking the initial centroids;
4. Assign initial centroids;
5. While metric (centroids, cases) > threshold
a. For i <= cases
i. Assign case i to closest cluster according to the metric
ii. Recalculate centroids for the affected clusters
b. Recalculate the centroids.

· Hartigan & Wong Algorithm
The Hartigan and Wong Algorithm searches for partitions in the data space with locally optimal “within-cluster” Sum of Squared Errors (SSE). The initial centroids are assigned as they are in Lloyd/Forgy algorithm . After every updated step the SSE’s are compared, if the newly calculated SSE is lower than the previous one, then the newly assigned cluster is the new cluster. This comparison continues until the number of iterations required has been completed or the SSE comparison have the same values.
Steps for Hartigan & Wong:
1. Determine the number of clusters (referred to as k); 
2. Determine the metric (see Appendix 1) to use;
3. Determine the method to pick initial centroids;
4. Assign initial centroids;
5. Assign cases to closest centroid;
6. Calculate centroids;
7. For j <= nb clusters, if centroid j was updated last iteration 
a. Calculate Sum of Squared Errors (SSE) within cluster 
b. For i <= nb cases in cluster 
i. Compute SSE for cluster k != j if case included
ii. If SSE cluster k < SSE cluster j, case change cluster.

Critically evaluate with improvements 
There are several issues with k-means clustering. [7]
One of the first significant advantages is the fact that it is a quick to implement and can be a useful starting point when looking at clustering algorithms. 
K-means clustering will always converge but may only find local minimum cluster solutions rather than global optimal clusters. This can be counteracted by doing multiple applications of the technique with different starting points, ensuring a more stable solution is obtained.
It is possible to create empty clusters if all centroids are moved from a cluster subspace at the same time.
The two final methods (McQueen and Hartigan/Wong) are sensitive to the order in which points are located – reaping different solutions depending on the order.
k-means has a bias to create equal sized cluster groups and so may not represent the group distributions effectively.
Consideration also needs to be made if there are outliers as it uses the mean, which is a descriptive statistic, where outliers are usually removed to normalise a dataset.

	Algorithm
	Advantage
	Disadvantage

	Lloyd
	For large datasets
	Slower convergence

	
	Discrete data distribution
	Possible to create empty clusters

	
	Optimise total sum of squares
	

	Forgy
	For large datasets
	Slower convergence

	
	Continuous data distribution
	Possible to create empty clusters

	
	Optimise total sum of squares
	

	McQueen
	Fast initial convergence
	Need to store the two nearest-cluster computations for each case

	
	Optimise total sum of squares
	Sensitive to the order the algorithm is applied to the cases

	Hartigan & Wong
	Fast initial convergence
	Need to store the two nearest-cluster computations for each case

	
	Optimise total sum of squares
	Sensitive to the order the algorithm is applied to the cases


Table combining the advantages and disadvantages [7]


There are other algorithms that could be considered when working with clustering and include: [7]
· Fuzzy k-mean clustering (Bezdek, 1981)
· Self-Organising Maps (Kohonen, 1982)
· Gaussian-expectation maximisation (GEM) (Dempster, Laird & Rubin, 1977)
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Using Excel to perform the k-means clustering seems to be a logical option due the dataset only having 10 points with 2 centroid points to use, and the ability to map the points onto a scatterplot.
Using the mean method with Hartigan & Wong k-means algorithm:
Step 1 – determine the number of k clusters to be used
Number of clusters (k) = 2
Step 2 – chosen metric is Euclidian metric
Step 3 – determine the position of the centroids (Student ID: 1808257/1)
Random Point 1 = (4.69, 2.92)
Random Point 2 = (1.55, 0.46)
Step 4 – assign the points to a centroid
Data points to be assigned:

	x
	5
	0
	2
	2
	5
	3
	1
	5
	1
	4

	y
	5
	5
	3
	2
	1
	3
	4
	3
	2
	2




Mapping of the points and the centroid:
[image: Chart, scatter chart
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Step 5 & 6 – Assign and calculate centroids:
[image: Table

Description automatically generated]

Step 7 – Calculate the centroids of the newly formed cluster
Second Iteration:
[image: Table

Description automatically generated]
Repeat steps 3 and 4 until the centroids remain the same
Third iteration proved they remained the same.
Third Iteration: 
[image: Table

Description automatically generated]


Mapping of the points and the centroid:
[image: Chart, scatter chart
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Where the metric is one of the following:
· Euclidian distance, 
· Squared Euclidian distance, 
· Manhattan distance, 
· Maximum distance, 
· Mahalanobis distance 
· Cosine similarity
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DFS Code.txt


DFS Code.txt
//////////////////////////////////////////////////////////////////////////////////////

// Map Exploration Code for DFS														//

// Code Currently working - 07.01.2022												//

// Author: Isobel Sutcliffe - 1808257												//

//																					//

// Based on 16 * 16 map	with starting position of 0,1								//

//                                                                                  //

// Known Issues: Not finding the shortest route, adding additional positions to		//

// stack incorrectly - needs to back track to remove irrelvant values - parent/child//

// indexing required using map														//

//////////////////////////////////////////////////////////////////////////////////////





#include <iostream>

#include <fstream>

#include <string>

#include <stack>

#include <filesystem>

#include <map>																						// not used - can this help with the back tracking on the map?



#define WIDTH 16																					// Ideally wwould like system to read and advise what the width and height of the map is to allow for other 

#define HEIGHT 16



using namespace std;																				// Decalre namespace



// Declare structure for the coordinates and character value for "sign"

typedef struct {

	int x;

	int y;

	char c;

} position;



// Constructor for the stacking required for the push/pop  of the Depth First Stack

std::stack<position> mapStack;



// Constructor forthe stacking required for the push/pop  of the Depth First Stack

std::stack<position> pathStack;



// Initiating variables for the mapping

position current = { 0,0 };

position findStart(void);

position adjPosition = { 0,0 };

position pathPosition{ 0,0 };



char text[WIDTH * HEIGHT];

char findsign;



// Functions

int loadFile(string);

void printArray(void);

//void findStart(void);

void displayPath(void);



int main(void)

{

	int x = 0;

	float a, b, z;

	int fileLoaded = 0;



	string filename;

	while (x < 5)

	{

		cout << endl;

		cout << "###### MENU #######" << endl;															// Menu choices for user interactivity

		cout << "# 1: Load a file  #" << endl;

		cout << "# 2: Print map    #" << endl;

		cout << "# 3: Random walk  #" << endl;

		cout << "# 4: Find Signs   #" << endl;

		cout << "# 5: End program  #" << endl;

		cout << "###### #### #######" << endl;



		cout << "Please enter your choice (1 to 4): ";

		cin >> x;



		if (x == 1)																						// for selection of one from option menu

		{

			cout << "Please enter file name, with file extension for completeness" << endl;				// Ask user to input file name that needs to be uploaded

			cin >> filename;																			// naming the file to be uploaded

			if (!loadFile(filename)) exit(0);															// If file fails to load exit the program

			fileLoaded = 1;																				// If file loads advise user that it has loaded with message

			cout << "file loaded" << endl;



		}



		if (x == 2 && fileLoaded)																		// for selection of two where file has uploaded, print array of file

		{

			printArray();

		}



		if (x == 3 && fileLoaded)																		// for slection of three, where file has uploaded, allow user to input, d,a,w,s to move curor on map

		{

			char key = 'a';

			current = findStart();

			cout << "start position is: (" << current.x << " , " << current.y << " )" << endl;

			while (key != 'z')

			{

				system("cls");

				printArray();

				cout << "Please use z to exit at any time." << endl;

				cout << "Please enter either a, d, w, s to move position" << endl;

				cin >> key;



				switch (key)

				{

				case 'd':																				// to go to the left/right one

					if (text[WIDTH * current.y + (current.x + 1)] != '*') {

						text[WIDTH * current.y + (current.x)] = 'v';									//overwrite my avatar with a space as I am leaving this position

						current.x = current.x + 1;														// move

						text[WIDTH * current.y + (current.x)] = 'Q';

					}

					break;

				}

				switch (key) {

				case 'a':																				// to go to the left/right one

					if (text[WIDTH * current.y + (current.x - 1)] != '*') {

						text[WIDTH * current.y + (current.x)] = 'v';									

						current.x = current.x - 1;														

						text[WIDTH * current.y + (current.x)] = 'Q';

					}

					break;

				}

				switch (key) {

				case 's':																				// to go down on the screen

					if (text[WIDTH * (current.y + 1) + (current.x)] != '*') {

						text[WIDTH * current.y + (current.x)] = 'v';					

						current.y = current.y + 1;										

						text[WIDTH * (current.y) + (current.x)] = 'Q';

					}

					break;

				}

				switch (key) {

				case 'w':																				// to go up on the screen

					if (text[WIDTH * (current.y - 1) + (current.x)] != '*') {

						text[WIDTH * current.y + (current.x)] = 'v';					

						current.y = current.y - 1;										

						text[WIDTH * (current.y) + (current.x)] = 'Q';

					}

					break;

				}



			}



		}  



		if (x == 4 && fileLoaded)

		{

			cout << "Current position of the AI Agent is: (" << current.x << " , " << current.y << " )" << endl;						// Give current Position to the map reader



			current = findStart();																										// Give Start position to the map reader

			cout << "Start position for the AI Agent will be: (" << current.x << " , " << current.y << ")" << endl;						// Advise user of AI's starting position

			cout << "Is there a particualr department you would like to visit, please enter choice (if not please enter Z): " << endl;	// Ask user if there is a particular Sign/Department that they are looking for

			cin >> findsign;



			mapStack.push(current);																										// Initialise stack with start position



			text[WIDTH * current.y + (current.x)] = 'Q';																				// Convert the Start symbol to the AI Agent to start exploration																		// Visualise the AI agent movement through the map



			// Loop for exploring the map - empties stack

			while (!mapStack.empty())

			{

				system("cls");																											// Clears the screen



				printArray();																											// Visualise the AI agent movement through the map



				if (adjPosition.c == findsign)																							// Checking to se if the character value next in the Path Stack is equal to the sign that the user has requested

				{

					cout << "Department FOUND" << endl;																					// Message advising sigh and therefore department has been found

					pathStack.push(adjPosition);																						// Pushes the Sign position onto the stack for completeness

					displayPath();																										// Displays all the values that the AI has taken to find the route (there are currently some values that shouldn't be part of the "Path"- work needed to get these removed as it back tracks.



					break;

				}

				else

				{

					current = mapStack.top();																							// Top plus pop equals a stack pop operation on the map stack

					mapStack.pop();

					text[WIDTH * current.y + (current.x)] = 'v';																		// Keeps track of where the AI Agent has visited using "v" for visited



					pathStack.push(current);																							// Pathway cells stacking structure



					// Stack any adjeancet moves that are possible onto the mapStack

					// Look Right on Screen

					if ((text[WIDTH * current.y + (current.x + 1)] != '*') && (text[WIDTH * current.y + (current.x + 1)] != 'v'))

					{

						adjPosition.x = current.x + 1;

						adjPosition.y = current.y;

						adjPosition.c = text[WIDTH * (current.y) + (current.x + 1)];

						mapStack.push(adjPosition);

					}

					// Look Left on Screen

					if ((text[WIDTH * current.y + (current.x - 1)] != '*') && (text[WIDTH * current.y + (current.x - 1)] != 'v'))

					{

						adjPosition.x = current.x - 1;

						adjPosition.y = current.y;

						adjPosition.c = text[WIDTH * current.y + (current.x - 1)];

						mapStack.push(adjPosition);

					}

					// Look Up on Screen

					if ((text[WIDTH * (current.y - 1) + (current.x)] != '*') && (text[WIDTH * (current.y - 1) + (current.x)] != 'v'))

					{

						adjPosition.x = current.x;

						adjPosition.y = current.y - 1;

						adjPosition.c = text[WIDTH * (current.y - 1) + (current.x)];

						mapStack.push(adjPosition);

					}

					// Look Down on Screen

					if ((text[WIDTH * (current.y + 1) + (current.x)] != '*') && (text[WIDTH * (current.y + 1) + (current.x)] != 'v'))

					{

						adjPosition.x = current.x;

						adjPosition.y = current.y + 1;

						adjPosition.c = text[WIDTH * (current.y + 1) + (current.x)];

						mapStack.push(adjPosition);

					}

				}

			}

			

			cout << "All viable positions explored" << endl;																				// If statement above is true, then advise the user of the corrider end

			displayPath();

			

		}

	}



	return 0;

}



int loadFile(string fileName)																												// Load file as  requested by user

{

	string line;

	ifstream myfile(fileName);

	if (myfile.is_open())

	{

		int count = 0;

		while (getline(myfile, line))

		{

			cout << line << endl;



			line.copy(&text[WIDTH * count], WIDTH, 0);

			count++;

		}

		myfile.close();

		return 1;

	}

	else return 0;

}



void printArray(void)																														// Print the map array

{

	for (int y = 0; y < HEIGHT; y++)

	{

		for (int x = 0; x < WIDTH; x++)

		{

			cout << text[WIDTH * y + x];

		}

		cout << endl;

	}

}



position findStart(void)

{

	return position{ 0,1 };																													// Ideally wwould like user to input the starting point, allows for more fllexibility on map 

}



void displayPath(void)																														// Display of the Pathway values stacked on the way for looking for a sign or no!! :-)

{

	int n = pathStack.size();																												// Advises of the size/number of elements contained in the path Stack



	cout << "Length of the path way stack is : " << n << "\n";																				// Advise of the size



	while (!pathStack.empty())																												// While stack is not empty 

	{

		current = pathStack.top();

		pathStack.pop();

		cout << "Pathway elements are : (" << current.x << ", " << current.y << ", " << current.c << ")" << endl;							// Elements of the path stack

	}

}





//////////////////////////////////////////////////////////////////////////////////////

// Map Exploration Testing Code for DFS                                             //

// Code Currently working - 07.01.2022												//

// Author: Isobel Sutcliffe - 1808257                                               //

//																					//

// Based on 16 * 16 map	with starting position of 0,1								//

//                                                                                  //

// Known Issues: Not finding the shortest route, adding additional positions to		//

// stack incorrectly - needs to back track to remove irrelvant values - parent/child//

// indexing required using map														//

//////////////////////////////////////////////////////////////////////////////////////



//#include <iostream>

//#include <fstream>

//#include <string>

//#include <stack>

//#include <filesystem>

//#include <map>																						// not used - can this help with the back tracking on the map?

//

//#define WIDTH 5																					// Ideally wwould like system to read and advise what the width and height of the map is to allow for other 

//#define HEIGHT 5

//

//using namespace std;																				// Decalre namespace

//

//// Declare structure for the coordinates and character value for "sign"

//typedef struct {

//	int x;

//	int y;

//	char c;

//} position;

//

//// Constructor for the stacking required for the push/pop  of the Depth First Stack

//std::stack<position> mapStack;

//

//// Constructor forthe stacking required for the push/pop  of the Depth First Stack

//std::stack<position> pathStack;

//

//// Initiating variables for the mapping

//position current = { 0,0 };

//position findStart(void);

//position adjPosition = { 0,0 };

//position pathPosition{ 0,0 };

//

//char text[WIDTH * HEIGHT];

//char findsign;

//

//// Functions

//int loadFile(string);

//void printArray(void);

////void findStart(void);

//void displayPath(void);

//

//int main(void)

//{

//	int x = 0;

//	float a, b, z;

//	int fileLoaded = 0;

//

//	string filename;

//	while (x < 5)

//	{

//		cout << endl;

//		cout << "###### MENU #######" << endl;											// Menu choices for user interactivity

//		cout << "# 1: Load a file  #" << endl;

//		cout << "# 2: Print map    #" << endl;

//		cout << "# 3: Random walk  #" << endl;

//		cout << "# 4: Find Signs   #" << endl;

//		cout << "# 5: End program  #" << endl;

//		cout << "###### #### #######" << endl;

//

//		cout << "Please enter your choice (1 to 4): ";

//		cin >> x;

//

//		if (x == 1)

//		{

//			cout << "Please enter file name, with file extension for completeness" << endl;

//			cin >> filename;

//			if (!loadFile(filename)) exit(0);

//			fileLoaded = 1;

//			cout << "file loaded" << endl;

//

//		}

//

//		if (x == 2 && fileLoaded)

//		{

//			printArray();

//		}

//

//		if (x == 3 && fileLoaded)

//		{

//			char key = 'a';

//			current = findStart();

//			cout << "start position is: (" << current.x << " , " << current.y << " )" << endl;

//			while (key != 'z')

//			{

//				system("cls");

//				printArray();

//				cout << "Please use z to exit at any time." << endl;

//				cout << "Please enter either a, d, w, s to move position" << endl;

//				cin >> key;

//

//				switch (key)

//				{

//				case 'd': // to go to the left/right one

//					if (text[WIDTH * current.y + (current.x + 1)] != '*') {

//						text[WIDTH * current.y + (current.x)] = 'v'; //overwrite my avatar with a space as I am leaving this position

//						current.x = current.x + 1;// move

//						text[WIDTH * current.y + (current.x)] = 'Q';

//					}

//					break;

//				}

//				switch (key) {

//				case 'a': // to go to the left/right one

//					if (text[WIDTH * current.y + (current.x - 1)] != '*') {

//						text[WIDTH * current.y + (current.x)] = 'v'; //overwrite my avatar with a space as I am leaving this position

//						current.x = current.x - 1;// move

//						text[WIDTH * current.y + (current.x)] = 'Q';

//					}

//					break;

//				}

//				switch (key) {

//				case 's': // to go down on the screen

//					if (text[WIDTH * (current.y + 1) + (current.x)] != '*') {

//						text[WIDTH * current.y + (current.x)] = 'v'; //overwrite my avatar with a space as I am leaving this position

//						current.y = current.y + 1;// move

//						text[WIDTH * (current.y) + (current.x)] = 'Q';

//					}

//					break;

//				}

//				switch (key) {

//				case 'w': // to go up on the screen

//					if (text[WIDTH * (current.y - 1) + (current.x)] != '*') {

//						text[WIDTH * current.y + (current.x)] = 'v'; //overwrite my avatar with a space as I am leaving this position

//						current.y = current.y - 1;// move

//						text[WIDTH * (current.y) + (current.x)] = 'Q';

//					}

//					break;

//				}

//

//			}

//

//		}  // How to exit from the screen

//

//		if (x == 4 && fileLoaded)

//		{

//			cout << "Current position of the AI Agent is: (" << current.x << " , " << current.y << " )" << endl;	// Give current Position to the map reader

//

//			current = findStart();																			// Give Start position to the map reader

//			cout << "Start position for the AI Agent will be: (" << current.x << " , " << current.y << ")" << endl;	// Advise user of AI's starting position

//			cout << "Is there a particualr department you would like to visit, please enter choice (if not please enter Z): " << endl; //ASk user if there is a particular Sign/Department that they are looking for

//			cin >> findsign;

//

//			mapStack.push(current);																			// Initialise stack with start position

//

//			text[WIDTH * current.y + (current.x)] = 'Q';													// Convert the Start symbol to the AI Agent to start exploration																		// Visualise the AI agent movement through the map

//

//			// Loop for exploring the map - empties stack

//			while (!mapStack.empty())

//			{

//				system("cls");																				// Clears the screen

//

//				printArray();																				// Visualise the AI agent movement through the map

//

//				if (adjPosition.c == findsign)																// Checking to se if the character value next in the Path Stack is equal to the sign that the user has requested

//				{

//					cout << "Department FOUND" << endl;														// Message advising sigh and therefore department has been found

//					pathStack.push(adjPosition);															// Pushes the Sign position onto the stack for completeness

//					displayPath();																			// Displays all the values that the AI has taken to find the route (there are currently some values that shouldn't be part of the "Path"- work needed to get these removed as it back tracks.

//

//					break;

//				}

//				else

//				{

//					current = mapStack.top();																// Top plus pop equals a stack pop operation on the map stack

//					mapStack.pop();

//					text[WIDTH * current.y + (current.x)] = 'v';											// Keeps track of where the AI Agent has visited using "v" for visited

//

//					pathStack.push(current);																// Pathway cells stacking structure

//

//					// Stack any adjeancet moves that are possible onto the mapStack

//					// Look Right on Screen

//					if ((text[WIDTH * current.y + (current.x + 1)] != '*') && (text[WIDTH * current.y + (current.x + 1)] != 'v'))

//					{

//						adjPosition.x = current.x + 1;

//						adjPosition.y = current.y;

//						adjPosition.c = text[WIDTH * (current.y) + (current.x + 1)];

//						mapStack.push(adjPosition);

//					}

//					// Look Left on Screen

//					if ((text[WIDTH * current.y + (current.x - 1)] != '*') && (text[WIDTH * current.y + (current.x - 1)] != 'v'))

//					{

//						adjPosition.x = current.x - 1;

//						adjPosition.y = current.y;

//						adjPosition.c = text[WIDTH * current.y + (current.x - 1)];

//						mapStack.push(adjPosition);

//					}

//					// Look Up on Screen

//					if ((text[WIDTH * (current.y - 1) + (current.x)] != '*') && (text[WIDTH * (current.y - 1) + (current.x)] != 'v'))

//					{

//						adjPosition.x = current.x;

//						adjPosition.y = current.y - 1;

//						adjPosition.c = text[WIDTH * (current.y - 1) + (current.x)];

//						mapStack.push(adjPosition);

//					}

//					// Look Down on Screen

//					if ((text[WIDTH * (current.y + 1) + (current.x)] != '*') && (text[WIDTH * (current.y + 1) + (current.x)] != 'v'))

//					{

//						adjPosition.x = current.x;

//						adjPosition.y = current.y + 1;

//						adjPosition.c = text[WIDTH * (current.y + 1) + (current.x)];

//						mapStack.push(adjPosition);

//					}

//

//					//if (current.x == adjPosition.x && current.y == adjPosition.y)														// Looking to check if the AI Agent has reasched the end of a corrider BY comparing the Adj Postion to the Current Position

//					//{

//					//	cout << "All positions explored" << endl;																		// If statement above is true, then advise the user of the corrider end

//					//	displayPath();

//					//}

//				}

//			}

//

//			{

//				cout << "All positions explored" << endl;																		// If statement above is true, then advise the user of the corrider end

//				displayPath();

//			}

//		}

//	}

//

//	return 0;

//}

//

//int loadFile(string fileName)															// Load file as  requested by user

//{

//	string line;

//	ifstream myfile(fileName);

//	if (myfile.is_open())

//	{

//		int count = 0;

//		while (getline(myfile, line))

//		{

//			cout << line << endl;

//

//			line.copy(&text[WIDTH * count], WIDTH, 0);

//			count++;

//		}

//		myfile.close();

//		return 1;

//	}

//	else return 0;

//}

//

//void printArray(void)																	// Print the map array

//{

//	for (int y = 0; y < HEIGHT; y++)

//	{

//		for (int x = 0; x < WIDTH; x++)

//		{

//			cout << text[WIDTH * y + x];

//		}

//		cout << endl;

//	}

//}

//

//position findStart(void)

//{

//	return position{ 3,3 };																// Ideally wwould like user to input the starting point, allows for more fllexibility on map 

//}

//

//void displayPath(void)																	// Display of the Pathway values stacked on the way for looking for a sign or no!! :-)

//{

//	int n = pathStack.size();															// Advises of the size/number of elements contained in the path Stack

//

//	cout << "Length of the path way stack is : " << n << "\n";							// Advise of the size

//

//	while (!pathStack.empty())															// While stack is not empty 

//	{

//		current = pathStack.top();

//		pathStack.pop();

//		cout << "Pathway elements are : (" << current.x << ", " << current.y << ", " << current.c << ")" << endl; // Elements of the path stack

//	}

//}
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