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Assignment Report
Task 1.
Firstly, let’s understand depth-first search. Norviq and Russell state the following description, “the Depth First Search always expands the deepest node in the current frontier of the search tree. The search proceeds immediately to the deepest level of the search tree, where the nodes have no successors. As those nodes are expanded, they are dropped from the frontier, so then the search “backs up” to the next deepest node that still has unexplored successors.” [1]. 
Norviq and Russell’s diagram [Figure 1], provides a visual example of depth-first search. Starting node A, the search progresses down the left of the tree to the deepest node. When it can proceed no further it backtracks exploring intersections located during its initial journey. This cycle continues until all un-explored nodes are found and the search returns to node A. At this point it explores the right-hand side.
The assignment submission has been developed as depth first with left bias, as shown in Figure 1. 
[image: Schematic

Description automatically generated with low confidence]
[Figure 1]
The application developed is versatile enough to be changed from depth-first with left bias, to depth-first with right bias or may even be changed to a breadth-first, left or right bias. This can be simply accomplished by amending the sequential order of the look*(x,y) function calls. 
Developing in this manner ensures the code can be re-used for multiple search scenarios and choice of depth/breadth first, left/right bias could be later included as options on the user menu. 
The search incorporates a Last In, First Out (LIFO) queue method so “that the most recently generated node is chosen for expansion.” [2]. For the LIFO, a C stack is used. The stack is populated with valid routes discovered by look*(x,y) functions. The developer decided not to utilise a struct, but chose to use a simple stack, loading and unloading 4 pieces of data as required. 
The data stored to the stack is the x,y coordinates of next cell to be searched, steps taken and a route directions list with signposts encountered to that point. Holding the data in this manner enabled steps and directions to be restored to an earlier point-in-time for an intersection, enabling shortest routes to signposts to be accurately calculated. 
Norviq and Russell state “it is common to implement depth-first search with a recursive function that calls itself on each of its children in turn.” [3]. 
For this assignment a recursive approach was adopted. The recursive function retrieving data from the stack, passing it to itself enabling the search to continue. Upon the stack being emptied the final map drawing is undertaken and the user is returned to the main menu.
The application uses an agent to discover the map. During search the Agent’s location “Q” is output to the screen. As it progresses a dash “-“ is left to denote paths navigated. Located signposts are temporarily replaced by “Q” with the signpost restored when the Agent has moved on. 
Performance and Scale 
Several sleep functions are used to suspend search and display user messages, as the search progresses. Additionally, personal experience of manipulating/transforming large datasets has found that frequent screen rendering has a substantial impact on processing time. Both, introduce search performance and time overhead and should be reduced or removed for much larger map searches. User messaging on shortest routes and steps taken could be stored and shown only at search completion. Screen output may also be limited to significant findings, for example, a signpost. This would maximise efficiency and reduce processing time without requiring any hardware upgrade. 
In practical use the depth-first search may not always be the most optimum for providing time-bound results, as if the discovery of node G [Figure 1] was required, the search would have spent time exploring one side before the other.
Dependant on the size of the area to be searched, time may be a constraining factor. Outweighing that constraint is the fact that the depth first search will search every node, in turn, and due to this may discover some previously unrealised insight to the data.
(669)


Short written report that will identify important algorithms and data structures used in your program and explain their purpose.  This will comprise of no more than 500 words of the final report. 
Task 1a - Important Algorithms and Purposes
Information on the algorithms, and their purposes, is outlined below
lookAbove(), lookRight(), etc. Functions.
These perform the search of the Agent’s immediate adjacent area, ignoring walls, map boundaries, previously encountered intersections and previously entered co-ordinates. If these searches are passed then a cell, or cells, that can be entered have been found. Information on these cell’s co-ordinates, the steps taken to that point and their path direction are captured on the stack for later use. 
Note - These functions are in a deliberate order of precedence - Above, Right, Left and Below. This sequence facilitates a depth-first, with left bias, search as Left and Below override, for the current program cycle, any previous valid cells located. Overridden information is stored, on the stack, and used in later cycles of the program.
If required, other searches e.g., breadth-first, or a different bias, can be achieved simply by changing the function running order. 
decodeDirections() Function
On encountering a signpost, this function is called and passed a string of directions taken, during map exploration. This data is decoded producing a series of compass directions and steps required to get from the start position to the current signpost. 
This includes directions through any other signpost previously encountered.
recursive() Function
The program engine. This function receives the cell co-ordinates for the current cell that the Agent occupies. The function calls drawMap() to display the map and current Agent position. 
Steps and route taken are captured, user messaging is displayed and the look* functions  are called to determine the next valid cell to enter. 
Additionally, co-ordinate data is pulled from the stack and passed to itself to progress the next function cycle. The recursive function keeps cycling until the stack is emptied. At this point, the program returns the user to the main menu.
findS() Function
Straightforward function looping through the loaded map file looking for the start (S). When discovered its co-ordinates are passed to recursive function to commence the full map search. 
On search completion, drawMap is called a final time, a completion message is displayed, and the user is returned to the main menu.
drawMap() Function
A simple loop outputting to the screen the current map showing: Agent position (Q), intersections dead-ends and corners encountered (X) and paths taken (-).
Data Structures
Map
The map is read into an array of strings, representing each row of the map. This approach proved extremely useful for debug purposes enabling a full row of the map to be “watched” during application execution.
Route Taken
As letters (A to Z) may be used to denote signposts, a different method to represent compass points (direction) was required to avoid potential issues (for example - Signpost E and Direction East) when capturing the route taken and signposts encountered. 
This takes the form “S11222B” - where S is start, North for 2 steps, East for 3 steps, Signpost located - B. 
Furthermore, the string length (7) represents the number of steps taken. 
(496)
Please see the appendices for the User Guide, Program Listing and Test Schedule.




Task 2.
The k-means algorithm is a clustering algorithm used extensively in machine learning applications. Describe this method and provide an algorithm that details the steps involved.
The K-means Algorithm.
Method Description
The K-means is an unsupervised clustering algorithm that strives to partition and assign data points or observations that may belong to a cluster, to a nearest centroid or mean. 
There are a few methods for calculating k-means, one is described below:
1. Collect a standardised set of data points or observations for clustering
2. Decide number of clusters k, this may be through several methods (see Method Evaluation – Cluster Numbers) 
3. Assign data points to the k clusters
4. For each cluster determine its mean or centroid, this may be done using distance calculation (see Method Evaluation – Distance Measures)
5. From the mean or centroid make a fresh assignment of data points to the k clusters
6. Return to step 4 and repeat until the mean or centroid no longer changes, or some end criteria is met (e.g. – a maximum number of cycles of the process)
Standardisation of data points is extremely important. For example, kilometres and metres should be standardised on a measure of kilometre OR metre. Failure to ensure data standardisation will skew results.
Method Evaluation – Distance Measures
Allocating clusters to a mean or centroid may be achieved with a distance calculation. There are several distance calculations that can be used: Euclidean distance, Pearson correlation, Spearman correlation, Manhattan distance, to name a few.
Selection of one distance measure over another will depend on the data to be used and cluster analyses being undertaken, as some may favour one cluster type over another. 
It is advisable to examine your data, perhaps plotting it to visualise data clusters, before choosing a distance calculation. 
Two extensively used distance methods are Euclidian [4] and Manhattan [5]. Figure 2 shows the differing results obtained for these measures where red, yellow, and blue paths are same shortest length - 12. Euclidian measure (green), however, has shorter path - 8.49 (square root of 2, multiplied by 6).
[image: Line chart
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Figure 2. 
So, “The choice of distance measures is very important, as it has a strong influence on the clustering results.” [6]. 
For the assignment the Euclidean measure is used. 
[image: Diagram, schematic
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Figure 3.
Method Evaluation - Cluster Numbers 
The choice of cluster numbers can be determined through several methods: visualising the clusters, using silhouette and/or elbow methods (described below). 
The Silhouette method represents how close the points are in one cluster to points in neighbouring clusters. Visual representation can be used to determine cluster numbers, the more equal the spread of silhouettes indicating the optimum number of clusters for that data, Figure 4.
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Figure 4. 
The Elbow (or knee) method uses the sum of squared distances (SSE) to determine an appropriate k value. Based on the distance between data points and assigned clusters. The value k is the point, when plotted on a graph, where the SSE begins to flatten, and an elbow/knee like shaped curve is observed. 
For some datasets visualising the data may be sufficient to determine the number of clusters and enable cluster allocations. 
For the assignment, 10 datapoints are provided with 2 randomised cluster centroids. The cluster number is, therefore, already specified. 
Shortcomings of k-means
“The initial placement of centroids is an important step; poor placement can result in an unsatisfactory exploration of the sample space and, although the algorithm may converge, it may only reach a local optimum.” stated Paul Frandsen et al [7]. 
To overcome the shortcomings of k means, it is advisable to undertake the following:
· Standardise the data
· Examine the data and consider the removal of obvious outliers
· Choose appropriate distance measure based on the data and problem
· Determine k cluster number, consider comparison using more than one method
· Choose several differing starting centroids in the sample space
· Compare and analyse results. 
Consider use of the k-means++ algorithm [8].
(618)


Task 3.
Your task is to calculate the new position of each centroid and allocate updated class labels to all data points. You may also visualise the starting positions and centroids using any plotting software you prefer.
The data points and random starting centroids have been typed into an Excel Worksheet. [Figure 5]. This application was chosen as it has scatter graphing capability that can be used to visualise the data points with random and calculated centroids. Additionally, it can be used to undertake the required calculations using its built-in mathematical functions. 
A formula was written to calculate the squared distance of each data point to each of the random centroids. So that, each data points x and y co-ordinates are subtracted from the corresponding random x, y coordinate, their results squared and added together to give a new result. 
The formula with the cells highlighted is shown in Figure 5, below.  
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Figure 5.

Therefore: 
The x and y co-ordinates for first data point are 5 and 5. 
The x and y co-ordinates for first Random Centroid are 2.19 and 4.21 respectively.
Using those numbers, the following equation is formed for prospective Cluster 1, (see Figure 5):
(5 - 2.19)2 + (5 - 4.21)2 = 8.52
And, for prospective Cluster 2: 
(5 - 2.93)2 + (5 - 2.98)2 = 8.37
The minimum of the two values is the value closer to the centroid. For this data the data point is closer to Cluster 2. Therefore, the data point is allocated to Cluster 2. 
The formula for that is =IF(L4<=M4,1,2). If value L4, less than equal M4 allocate to Cluster 1, otherwise Cluster 2. 
The calculation is repeated for all data points against each random cluster, new cluster allocations are achieved. 
Sum of the minimum distances gives an SSE of 37.22.
Using new cluster allocations, the average of the points allocated to each cluster is calculated.
Cluster 1 X co-ordinate, the average of 0 + 1 = 1 / 2 = 0.5
Cluster 2 X co-ordinate, the average of 5 + 3 +2 + 1 + 3 + 3 + 2 + 2 = 21 / 8 = 3.375 
Repeating the above for the other values:
Cluster 1 Y co-ordinate 4.5
Cluster 2 Y co-ordinate 2.625 
The co-ordinates for the newly calculated centroids are 0.5, 4.5 and 3.375, 2.625.
The data points with their random centroids and the newly calculated centroids are shown on the graph, Figure 6. The data points are labelled with the new cluster allocations.
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Figure 6.

Whilst not required, a further calculation cycle was undertaken. It was determined that convergence had been achieved with first cycle, Figure 7.
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Description automatically generated]
Figure 7.
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Appendix A – User Guide
Welcome to Map Scourer.
An application that will guide you “cleanly” through any map.
The instructions contained below are a guide to operating the application.
Application Launch
On application launch the user will be presented with the following menu screen: 
[image: ]
The user may choose the options outlined above. 
Quick start
The application is set to use the default map “floor.lay”. This enables the user to commence a depth first search immediately, if desired, by keying “1” and pressing the “enter” key, see “Searching the map”, below.
Changing the map
The user has the option to load different maps, of any size, to be searched. 
Please Note: new maps must be purely rectangular in shape and cannot have differing row or column lengths. See below: 
Correct map shapes:
[image: ]
Incorrect map shapes:
[image: A picture containing shoji, crossword puzzle, music, indoor
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In the screenshot below option 2 has been chosen, and the user is invited to enter the file name of the new map. In the example the user has entered “different.map”
Please Note: all maps must be stored in the same location as the application. Failure to do this will result in the application not being able to locate the map file.
[image: Text

Description automatically generated]
After entering the new map file name, press enter. A confirmation message will be returned of the map to be used. See screenshot below.
[image: Text

Description automatically generated]
The user will be returned to the main menu, see screen shot below.
[image: Text

Description automatically generated]
The user can now press “1” and the search will commence.
If issues are encountered, please refer to the “Dreaded Errors” section, below. 
Searching the map
Upon the application starting, the map is loaded and the “S” starting point signpost is located and reported, with number of steps taken to that point (as this is the starting point it will be 1):
[image: Text
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The Agent’s (Q) progress is updated as the search continues, with “-“ marking paths already travelled:
[image: ]
On encountering a dead end a user message is displayed and:
[image: Text

Description automatically generated with low confidence]
The Agent marks the dead end with an “X” before resuming its depth first search:
[image: Text
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As the Agent progresses any intersections located are marked with an X:
[image: Text
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Upon the Agent encountering a signpost a list of directions and total steps taken to that point are displayed:
[image: Text

Description automatically generated]
Upon the Agent encountering additional signposts, along a route, then a full path with directions including previous signposts and steps taken is displayed:
[image: Text

Description automatically generated] 
Direction adjustments and total steps taken are calculated automatically. 
In the screenshot below the Agent has gone back an intersection and the directions and steps taken to get to signpost C have been recalculated:
[image: Text

Description automatically generated]
This is also shown in the screenshot below, where the Agent has returned to an earlier, not yet explored, intersection and adjusted the route and steps required to get to signpost F:
[image: Text
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And later signpost D, where the Agent reports that an end of corridor is located. The Agent will then move to an earlier intersection to explore:
[image: Text

Description automatically generated]
As the Agent encounters more dead ends it will move back up the route taken to intersections not yet explored:
[image: Text

Description automatically generated] 
Eventually, the Agent returns to the very first intersection encountered, before continuing:
[image: Text
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Adjusting the path and total steps taken for the shortest distance to that signpost:
[image: Text

Description automatically generated]

Finally encountering the last dead end, (end of the map search):
[image: A picture containing text
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Marking it with an “X” before displaying the search ending message to the user and returning to the main menu.
[image: Text

Description automatically generated]
Congratulations!
Your depth first search has completed.
Dreaded Errors
On changing a map you may encounter the following error, see below:
[image: Text
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Please verify that the correct file name has been entered, and that the file is in the correct location. The file must be located in the same area as the application.
Should the user need to revert to the default file name, type “X” and “enter”, as shown below:
[image: Text
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And at the main menu type “1” and “enter” to commence the search.



Appendix B - Program Listing at 20211203
/*
ASSUMPTIONS:
1. The code assumes Happy Path and does not error check
2. Using a recursive method the map is navigated without using a formal size-bound loop
3. Compass points have been used as the map is representing a floor. North is assumed to be the centre point of the top row of the map 
4. Signposts are the letters from A to Z, inclusive. 
5. S is a signpost and is counted as a single step
6. The step count and directions to reach a signpost are produced to screen during operation. 
7. Several global variables are used, with further development this number could be reduced
*/

#include <iostream>
#include <fstream>
#include <string>
#include <cctype>
#include <stack>
#include <Windows.h>

using namespace std;

const int waitLong = 10000; // constants of sleep duration in milliseconds. Allows pause of agent movement, etc.
const int waitMed = 5000;
const int waitShort = 2000;
const int waitShortest = 500;

stack<int>stck; // stack containing cell co-ords to be explored, onward compass direction and step count to that point 
string myArray[100]; // record of the map rows
string routeTaken = ""; // the route taken by the agent
string direction; // record of direction where space encountered
int origRow = 0; // record of previous row number
int origCol = 0; // record of previous column number
int directionNo = 0; // a number representing a compass point - 1 (North), 2 (East), etc.
int routeCounter = 0; // count of valid routes available. If zero then a dead end has been encountered.
int stepCounter = 0; // distance travelled. This is re-set, to maintain shortest path integrity, when Agent returns to an intersection following a dead end being encountered. 
int colCount = 0; // count of columns in map used to determine boundary
int rowCount = 0; // count of rows in map used to determine boundary

// Functions
int lookAbove(int row, int col);
int lookRight(int row, int col);
int lookLeft(int row, int col);
int lookBelow(int row, int col);
int recursive(int row, int col);
string getFile(string fileName); // map file name
string decodeDirections(string stuff);
void findS();
void drawMap();

int main(void) {
		
	int x = 0; // current row number
	int y = 0; // current column number
	string fileName = "floor0.lay";
	string fileNameNew = "";
	int userChoice=1;

	while (userChoice != 0)
	{
		cout << "	ASSIGNMENT 1. " << endl << endl <<
			"	WELCOME TO MAP SCOURER.\n	-----------------------\n	When you are ready, please choose one of the following:\n " << endl;
		cout << "		1 - Start 'Depth First' search using file - " << fileName << "." << endl;
		cout << "		2 - Change Map File to be searched." << endl;
		cout << "		0 - Quit" << endl<<endl;
		cout << "	Please enter number choice - " << endl;

cin >> userChoice;
		switch (userChoice)
		{
		case 1: // import the map file and find Start
			getFile(fileName);
			system("cls");
			findS();
			break;
		case 2: // user option to use a different map file
			cout << "Please enter a new file name. Default name is 'floor0.lay', type 'X' to use default." << endl;
			cin >> fileNameNew; // user enters new file name
			if (fileNameNew == "x" || fileNameNew=="X") { // restores default map
				fileName = "floor0.lay"; }
			else { 
				fileName = fileNameNew; 
			}
			cout << "File name " << fileName << " will be used.\n\nYou will now be returned to the main menu."<<endl;
			Sleep(waitMed);
			system("cls");
			break;
		case 3:
			// Code to open the map file in Notepad
			// 
			//fileName = "notepad \"" + fileName + "\"";
			//system(fileName.c_str());
			//system("cls");
			break;
		default:
			break;
		}

	}
}

// The look* functions, below, determine what is in the cells directly adjacent to the current cell.
// Firstly, checking whether the current position is within the boundaries of the map, the only exception to this is the start S. 
// Check if a cell is an intersection, found previously, and marked X. Lastly, whether a cell has already been encountered in the previous cycle.
// If the checks are passed then all that can remain are spaces. Cell space co-ords are added to the stack together with the distance travelled (stepCounter) up to that point
// stepCounter is used to reset the counter back to the distance travelled to a particular intersection, to avoid overstating step count to a signpost
// The direction of the cell spaces available is captured to enable the paths taken to be captured and reported. North is assumed to be the centre point of the top row. 
// Numbers 1 (North), 2 (East), 3 (South) and 4 (West) are used to denote direction, this is done to avoid possible confusion with the letters used for Signposts
int lookAbove(int row, int col) // current cell co-ors passed through to function
{ //looking ABOVE
	if (row != 0) { // map boundary check
		if ((myArray[row - 1].substr((col), 1) != "*") && (myArray[row - 1].substr((col), 1) != "X")) // wall and intersection check
		{
			if ((origRow == (row - 1)) and (origCol == (col))) {} // check whether agent was here in last cycle
			else { // all checks passed so must be a cell we can enter
				directionNo = 1; //north
				stck.push(row-1); // add information to stack - next co-ords to move to, steps taken and compass direction of the cell
				stck.push(col);
				stck.push(stepCounter);
				stck.push(directionNo);
				routeCounter++; // when valid cell spaces are located routeCounter is incremented
			}
		}
	}
	return (row, col);
}

int lookRight(int row, int col)
{ //looking RIGHT
	if (col <= colCount) { 
		if ((myArray[row].substr((col + 1), 1) != "*") && (myArray[row].substr((col + 1), 1) != "X")) 
		{
			if ((origRow == row) and (origCol == (col + 1))) {}
			else {
				directionNo = 2; //east
				stck.push(row);
				stck.push(col+1);
				stck.push(stepCounter);
				stck.push(directionNo);
				routeCounter++;
			}
		}
	}
	return(row, col);
}

int lookLeft(int row, int col)
{ //looking LEFT
	if (col != 0) {
		if ((myArray[row].substr((col - 1), 1) != "*") && (myArray[row].substr((col - 1), 1) != "X")) 
		{
			if ((origRow == row) and (origCol == (col - 1))) {}
			else {
				directionNo = 4; //west
				stck.push(row);
				stck.push(col-1);
				stck.push(stepCounter);
				stck.push(directionNo);
				routeCounter++;
			}
		}
	}
	return(row, col);
}

int lookBelow(int row, int col)
{ //looking BELOW
	if (row <= rowCount) { 
		if ((myArray[row + 1].substr((col), 1) != "*") && (myArray[row + 1].substr((col), 1) != "X")) 
		{
			if ((origRow == (row + 1)) and (origCol == (col))) {}
			else {
				directionNo = 3; //south
				stck.push(row+1);
				stck.push(col);
				stck.push(stepCounter);
				stck.push(directionNo);
				routeCounter++;
			}
		}
	}
	return(row, col);
}

// The getFile function receives the file name as a parameter. An attempt is made to locate, open and read the file. 
// If the file cannot be opened or located a message is returned to the user inviting them to resolve the issue.
// If the file is located it is read in, by row, populating the myArray string with each row of data. The number of rows encountered is recorded (rowCount)
// The length of the first row is captured, that will be the column count (colCount). The file is then closed.
string getFile(string fileName) {
	string myLine;
	ifstream myFile(fileName); // read the map file
	if (myFile.is_open())
	{
		rowCount = 0;
		cout << "Reading file....." << endl;
		while (getline(myFile, myLine)) // read the file in by line
		{
			myArray[rowCount] = myLine;
			rowCount++; // counting number of rows
		}
		colCount = myArray[0].length(); // assumes that number of columns is ALWAYS equal 
		myFile.close(); // close file
	}
	else {
		cout << "Unable to open or locate file.\n\nPlease try a different file or resolve the issue.\n\nReturning to main menu, please wait....." << endl << endl;
		Sleep(waitMed); // give time for user to read message
		system("cls");
	}
	return "";
}

// locate the Starting Point S by searching through the map string array myArray, by each row.
// When S is located pass this through to the recursive function that will "walk" the map
void findS() {
	cout << "Starting 'Depth First' search....." << endl;
	for (int x = 0; x < rowCount; x++) {
		for (int y = 0; y < colCount; y++) {
			if (myArray[x].substr(y, 1) == "S") {  // Looking for S
				if (recursive(x, y) == 1) {
					system("cls");
					drawMap(); // draw the map for the last time showing the end position
					cout << "\n\nThat's all folks!!\n\nReturning to main menu, please wait....." << endl << endl;
					Sleep(waitMed);
					system("cls");
				}
			}
		}
	}
	return;
}

void drawMap() { // draw map to screen
	for (int i = 0; i < rowCount; i++)
	{
		cout << myArray[i] << endl;
	}
	return;
}

string decodeDirections(string routeTaken) {
	// directions are encoded 1 (North), 2 (West), etc. a string of directions will be received here
	// For example S22223333A3334444B this function will return :
	//"Starting from Signpost S travel - East for 4 steps, South for 4 steps,
	// Signpost Located: A. South for 3 steps, West for 4 steps,
	// Signpost Located: B.
	string response = "";
	string dir = "";
	string prevLet = "";
	int counter=1; // counter set to 1 representing the start cell or the cell directly after an intersection
	for (int i = 0; i != routeTaken.length(); i++) { // loop through the encoded directions received
		if (prevLet == routeTaken.substr(i, 1)) { // assess whether still travelling in same direction, increment counter if true  
			counter++;
		}
		else { // write out steps taken to direction change and re-set counter
			if (counter>1) {
				response.append(dir + " for ").append(to_string(counter) + " steps, ");
				counter = 1;
			}
		}

		if (routeTaken.substr(i, 1) == "1") { //reading encoded directions and setting direction to be recorded
			dir="North ";
		} 
		else if (routeTaken.substr(i, 1) == "2") {
			dir="East";
		}
		else if (routeTaken.substr(i, 1) == "3") {
			dir="South";
		}
		else if (routeTaken.substr(i, 1) == "4") {
			dir="West";
		}
		else {
			if (routeTaken.substr(i, 1) == "S") // start cell
			{
				response.append("Directions: Starting from Signpost S travel - ");
			}
			else {
				response.append("\nSignpost Located: ").append(routeTaken.substr(i, 1)).append(". "); // added signpost information 
			}
		}
		prevLet = routeTaken.substr(i, 1); // set previous letter variable
	}
	cout << endl << response << endl;
	Sleep(waitShort);
	return response;
}


int recursive(int row, int col) {
	// the Engine. Using a recursive function to traverse the map
	string userMessage; // user messages returned to screen during operation

	system("cls");
	string tmpStore = "";
	
	tmpStore = myArray[row].substr(col, 1); // capture current cell content and hold it

	myArray[row].replace(col, 1, "Q"); // write the Agent Q to cell reference
	drawMap(); // draw map

	if (tmpStore != " ") { 
		myArray[row].replace(col, 1, tmpStore); // restore cell entry
	}
	else {
		myArray[row].replace(col, 1, "-"); // place dash where Agent has travelled
	}

	cout << endl << "User messages will appear below:" << endl << endl;
	
	stepCounter++; // increment step counter 

	// temporary stop for debug purposes
	if (stepCounter == 14) {
		//cout << "temp stop"<<endl;
	}

	if (myArray[row].substr(col, 1) >= "A" && myArray[row].substr(col,1) <= "Z") { // for signposts found
		userMessage.append("\nDistance travelled to signpost " + myArray[row].substr(col, 1)); // writing user information on steps taken to signpost
		userMessage.append(", steps taken - " + to_string(stepCounter));

		routeTaken.append(myArray[row].substr(col,1));
		decodeDirections(routeTaken); // decode directions and steps taken, print to escreen
		Sleep(waitShort);
	}
	else
	{// add direction information to string
		routeTaken.append(direction);
	}
	if (userMessage != "") { // display messages to user and sleep for a second to give opportunity to read
		cout << userMessage << endl;
		Sleep(waitShort);
	}

	Sleep(waitShortest);

// There is an order of precedence here in that each function's output is allowed to overwrite x and y if it is later in the sequence. Therefore,
// the order of preference can be adjusted by changing individual function order. Initial function order is Above, Right, Left, Below. 
// The search is Depth First so Below will override all other direction changes, then Left and so on. 
// Amending this function order can facilitate a breadth first. For example Below, Above, Right, Left. In this case Right/Left will have priority over Below and Above
	routeCounter = 0; // reset the routeCounter to 0
	lookAbove(row, col);

	lookRight(row, col);

	lookLeft(row, col);

	lookBelow(row, col);

	userMessage = "";
	if (routeCounter > 1) {
		myArray[row].replace(col, 1, "X");  // junction found and duly marked on map
		cout <<"Intersection located and marked X.";
		Sleep(waitShort);
	} else if (routeCounter == 0) { // no routes found, Agent is at a dead end, if a signpost is present leave it there, otherwise mark with an X
		if (myArray[row].substr(col, 1) >= "A" && myArray[row].substr(col) <= "Z"){}
		else { myArray[row].replace(col, 1, "X"); }
		cout << "End of corridor, marked with X unless a signpost is present. Returning to last intersection before continuing search." <<endl; // user message
		Sleep(waitShort);
	}

	// Alternatively, you may decide to represent the map structure file as a graph with each intersection, corner and dead end represented as a vertex and each corridor as an edge.
	// remove asterisks for final output?
	// 
	// screenshots and report with other content 

	origRow = row;
	origCol = col;

	if (!stck.empty()) { // retrieve content from stack for next cycle. 
		direction = to_string(stck.top()); 
		stck.pop();
		stepCounter= stck.top();
		stck.pop();
		int y = stck.top();
		stck.pop();
		int x = stck.top();
		stck.pop();

		routeTaken = routeTaken.substr(0, (stepCounter)); // re-setting route to previous intersection if dead end encountered

		recursive(x, y);	// next cycle	
	}
	return 1;
}

Appendix C – Test Schedule
The table lists the Tests required and expected outcomes. 
The tests may be undertaken out of the sequence shown as they may occur at differing times during application operation. 
If the expected outcome is not achieved, then the application is returned to development to have the issue investigated and resolved. The application is then fully re-tested. 
	Test
	Expected Outcome

	User menu display
	Displays correctly with valid options operating and invalid options ignored

	Changing file name
	Provided new file name is in correct location and is named correctly then attempt load file. Otherwise return error.

	Check “X” return to default map name
	Default map name is restored, user message displayed 

	Load file
	File located and loaded successfully

	Read file
	File read successfully with variable and arrays populated

	User chooses to start search
	Map is drawn.
Function called to locate Signpost S (Start), its coordinates are passed successfully to the recursive function and the depth first search commences from that point

	Current cell test for wall (*) in surrounding cells
	Wall located and ignored. 
If all surrounding cells (above, right, left, below) are walls, or the Agent has already visited a cell, then we have hit a dead end. Return message to user, retrieve next intersection co-ordinates from stack, update steps and route taken for new intersection and resume search.
If stack is empty then the map has been fully searched, update user message, draw final map, return to main menu.

	Current cell test for signpost (A to Z)
	Signpost reported and steps and routes taken reported to user. 
Validate the steps taken to a sign post are correct and have been adjusted if the Agent has returned to an unexplored intersection. The grid screenshot below can be used to verify step counts.
When Agent is in signpost cell display “Q” when Agent moves off cell restore signpost letter.

	Current cell test for spaces (“ “)
	If space located add to stack, if more than one space located mark intersection with “X” on leaving cell

	On finding a space, move to the next cell observing depth first, left bias.
	Mark previous cell with “-“, update display with new position of Agent “Q”. 
Increment step counter and add compass direction to route taken. 

	Search completed and returned to main menu or 
User quits application.
	Application closes successfully.

	Draft a new, larger map and test
	New, larger map searched by application and returned expected results, as outlined above.



Testing was undertaken extensively throughout the development of the depth first program with testing taking place as each function was developed. Regression testing was completed to assess and resolve any negative impacts on the running of the application.
The grid below was drafted to follow the progress of the Agent, via its co-ordinates. It assisted validating correct behaviours when the Agent encountered walls, signposts, intersections, spaces, and dead ends. 
The grid also proved invaluable for establishing that the correct amount of step counts was being captured and reported, especially at those points where a dead end was encountered and the Agent moved back to a previous intersection, before continuing its search.
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