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Tasked with providing a method for someone to specify a floorplan and sign to find, the task is to create an agile program that can adapt to any map size.
This program provides a facility to navigate to specific signs within a hospital.
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Page 20
Clustering algorithms are commonly used in machine learning for data analysis. The k-means algorithm is an unsupervised algorithm based around centroids, separating objects into groups (clusters) based on their similarity and dissimilarity to each other. 

[bookmark: _Toc109076258]1.Task 1
The coding is incomplete and only at an initial development point. It fulfills the following requirements:
· Navigates the map
· Locates required sign
· Displays the AI agent as Q as it navigates the map
· Outputs the route details when search complete
· Utilizes a stack and a struct
· Uses a 2d character array

1.1 [bookmark: _Toc109076259]User Guide
When the program starts the user will be prompted to choose a floor to search, and the sign to look for.
Only the available floorplans and signs are accepted as user input. Incorrect input will prompt the user to make a different selection.
The requested floorplan will display and the AI Agent (Q) can be seen discovering the layout and signs.
When the sign has been found the route taken will be displayed on screen as coordinates.



1.2 [bookmark: _Toc109076260]Testing
Note that these testing diagrams are not included on the Table of Figures.
As code is incomplete only basic testing has been done.
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These tests used the same input patterns as previous tests so are covered by them:
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[bookmark: _Toc109076262]2.1 The k-means algorithm
The ‘k’ refers to the number of centroids, and ‘means’ refers to part of the calculation process.



Raw data is entered, assessed, calculated by the algorithm, and the results output. The interpretation and calculation cycle will run until there is a definitive answer.
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[bookmark: _Toc109077003]Figure 1 The k-means algorithm process [1]



The k-means clustering algorithm:
1. Choose ‘k’ – the number of clusters.
2. Randomly assign a centroid to each cluster using point perceived as the centre of each.
3. Assign each data element to the centroid that is closest to it.
4. Calculate the centre of the elements assigned to the cluster to find the new centroid (the mean of the points in that cluster).
5. Loop back to step 3 and repeat the process until either the centroids no longer change (convergence) or the process is stopped as it reaches a set limitation.

[bookmark: _Toc109076263]2.1.1 The calculation for the k-means algorithm
The following example uses data from task 3.

The initial clusters were assigned randomly, as a point to initiate the calculations. 
The centroids have been assigned manually.
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[bookmark: _Toc109077004]Figure 2 Initial data
Calculate the distance between a data point and each centroid using the Euclidean method. We will define datapoints as x,y and cluster points as xC#, yC#.
The first datapoint (5,5) has been assigned to cluster 1. 
It’s squared distance to both centroids is calculated:
Centroid1	(x - xC1)² + (y – yC1)²		which is	(5 – 3.14)² + (5 – 2.46)² = 9.9112
Centroid2	(x – xC2)² + (y – yC2)²		which is	(5 – 0.35)² + (5 – 0.83)² = 39.0114
∴ the data point is closer to centroid 1 and no further action is required
The second datapoint (0,5) has been assigned to cluster 2. 
It’s squared distance to both centroids is calculated:
Centroid1	(x - xC1)² + (y – yC1)²		which is	(0 – 3.14)² + (5 – 2.46)² = 16.3112
Centroid2	(x – xC2)² + (y – yC2)²		which is	(0 – 0.35)² + (5 – 0.83)² = 17.5114
∴ the data point as closer to centroid 1 and will be re-assigned to cluster 1
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[bookmark: _Toc109077005]Figure 3 Cluster details after first iteration of algorithm
The blue area shows the result of the calculations:
The first point (in cluster 1) is 9.9112 from centroid 1, and 39.0114 from centroid 2. It is therefore in the correct cluster (cluster 1).
The second point (in cluster 2) is 16.3112 from centroid 1, and 17.5114 from cluster 2. It is therefore re-assigned to cluster 1.
When the newly calculated clusters are the same as the previous, convergence is met and the loop ends.

[bookmark: _Toc109076264]2.2 Evaluation
K-means algorithm uses simple calculations to define the clusters within datasets. These examples were calculated and displayed using excel.
In this case two centroids were provided, and it would appear that this is correct as it seems there are two obvious clusters. 
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[bookmark: _Toc109077006]Figure 4 Assigning clusters visually
A more accurate solution would have used the elbow method first to clarify the correct number of clusters.
There may be question as to whether datapoint (3, 3) belongs in either cluster, or is an outlier. 
[bookmark: _Toc109076265]2.2.1 Advantages
If the input data is not labelled this type of unsupervised learning algorithm is better suited to complex tasks.
Implementation is fairly simple and it can handle large amounts of data.
There will always be a result if the k-means loop is allowed to run as many times as it requires. Convergence is guaranteed.
K (number of clusters) and initial centroids can be best-guessed. The calculations are simple and repeatable so a sensible initial selection can be a suitable start point. With simple data there may be no reason to initially calculate the number of clusters.

[bookmark: _Toc109076266]2.2.2 Disadvantages
K has to be chosen manually. In order to get the correct number of clusters the elbow method needs to implemented, which can be time consuming and may not provide an absolute answer. 
Should there be many clusters there will be a need to better set the initial centroids, which will require k-means seeding.
K-means is only suitable where the data is a spherical shape. But when the data does not fit into these shapes the algorithm cannot effectively cluster it. Data can present in many shapes, or be far spread with what may be perceived as outliers, and in these cases k-means is not ideal:
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[bookmark: _Toc109077007]Figure 5 Spherical data shape
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[bookmark: _Toc109077008]Figure 6 Non-spherical data shape [2]


K-means is further restrictive as data points that may share a cluster but be far-away from each other cannot share the same cluster.
Unsupervised learning has no data to compare against and handles unlabeled data. With no guidance as to the expected outcome it may go astray.

[bookmark: _Toc109076267]3. Task 3


These data points are being separated into 2 clusters using the k-means algorithm, with the initial centroids set as indicated.
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The data points (blue) can be plotted an a graph, and the centroids added (red) to visualize the layout of the data points.
Centroids and clusters have been set manually for this example.
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Where the calculation evidences that the data point is in the wrong cluster it has been highlighted in red. In this initial calculation five data points are in the wrong cluster – the ones marked in red are not the same as the initial cluster.
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The mean point of the data points in the newly defined clusters is calculated to define the new centroids.
The distance between data points and the new centroids is calculated. There are three data points that are in the wrong cluster.
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The loop is repeated. This time only one data point is defined as being in the wrong cluster.
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This time the calculation confirms that all data points are in the correct cluster as the previous cluster position is the same as the newly calculated position. 
The loop ends.
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The final graph with the new/correct centroids (in red) and the cluster membership for each data point defined.
Correct centroid positions:
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***********************************************************************
[bookmark: _Toc109076270]hospital.cpp file

#include <iostream>
#include <fstream>
#include <string>
#include <windows.h>
#include "Stack.h"
#include "Position.h"
#include "reader.h"

using namespace std;

int main()
{
    char SIGN = 'A';

    const char WALL = '*';
    const char CORRIDOR = ' ';
    const char EXPLORED = 'e';

    const int GFROW = 16;
    const int GFCOLUMN = 17;

    const int FFROW = 18;
    const int FFCOLUMN = 21;

    int ROW;
    int COLUMN;

    char GFfloorplan[GFROW][GFCOLUMN] =
    {
           "****************",
           "S         A    *",
           "******** *******",
           "*C*            *",
           "* ************ *",
           "* *            *",
           "* ***** ********",
           "*    B*      *D*",
           "* ******* **** *",
           "* *          * *",
           "* ***** ****** *",
           "* *****        *",
           "* ******** *****",
           "*  ******* *****",
           "*E            F*",//not able to pass through letters -floorplan modified. option - load floorplan with only one sign
           "****************",//or load a seperate map for each sign - so only one sign on the plan
    };
    char FFloorplan[FFROW][FFCOLUMN] =
    {
           "********************",
           "S              B   *",
           "************ *******",
           "*A*                *",
           "* ****    ******** *",
           "* *                *",
           "* *                *",
           "* ***** ***** ******",
           "*      C*        *D*",
           "* *********** **** *",
           "* *              * *",
           "* *                *",
           "*  *****  *******  *",
           "* *********        *",
           "* ************ *****",
           "*  ***  ****** *****",
           "*E                F*",
           "********************",
    };

    // read in map amd prompt user
    std::cout << endl;
    std::cout << "What hospital floor are you going to?:" << endl;
    std::cout << "1. Ground" << endl << "2. First" << endl;
    // else if here so only correct options accepted
    // switch? choose map - nxt switch choose sign - 
    char floorused;
    do {
        cin >> floorused;
        if ((floorused != '2') && (floorused != '1')) {
            std::cout << "That option is not available, please try again" << endl;
        }

    } while ((floorused != '1') && (floorused != '2'));


    // read in map and prompt user
    std::cout << endl;
    std::cout << "What sign are you looking for?:" << endl;
    std::cout << "A" << endl << "B" << endl << "C" << endl << "D" << endl << "E" << endl << "F" << endl;
 
    char input;
    do {
        cin >> input;
        SIGN = input;
        if ((SIGN != 'A') && (SIGN != 'B') && (SIGN != 'C') && (SIGN != 'D') && (SIGN != 'E') && (SIGN != 'F')) {
            std::cout << "That option is not available, please try again" << endl;
        }
    } while ((SIGN != 'A') && (SIGN != 'B') && (SIGN != 'C') && (SIGN != 'D') && (SIGN != 'E') && (SIGN != 'F'));
    if (floorused == '1') {
        Position floorEntrance;   //start point set
        floorEntrance.x = 1;
        floorEntrance.y = 0;
       

        // Make two copies of the floorplan
        char FloorplanOriginal[GFROW][GFCOLUMN];   // Original plan to use to compare to
        char FloorplanOutput[GFROW][GFCOLUMN];   // Displays the output

        for (int i = 0; i < GFROW; i++)
        {
            for (int j = 0; j < GFCOLUMN; j++)
            {
                FloorplanOriginal[i][j] = GFfloorplan[i][j];
                FloorplanOutput[i][j] = GFfloorplan[i][j];
            }
        }

        Stack path(GFROW * GFCOLUMN);

        Position currentPosition;

        currentPosition = floorEntrance;

        while (true)
        {
            if (FloorplanOriginal[currentPosition.x][currentPosition.y] == SIGN) break;

            // Get the current position by comparing to the immediate neighbours
            char LocationAbove = FloorplanOriginal[currentPosition.x - 1][currentPosition.y];
            char LocationOnTheRight = FloorplanOriginal[currentPosition.x][currentPosition.y + 1];
            char LocationBelow = FloorplanOriginal[currentPosition.x + 1][currentPosition.y];
            char LocationOnTheLeft = FloorplanOriginal[currentPosition.x][currentPosition.y - 1];

            // Mark this position as explored, then go up one position
            if ((LocationAbove == CORRIDOR || LocationAbove == SIGN) && currentPosition.x - 1 >= 0)
            {
                path.Push(currentPosition);
                FloorplanOriginal[currentPosition.x][currentPosition.y] = EXPLORED;
                currentPosition.x--;
            }

            // Mark this position as explored, then go right one position
            else if ((LocationOnTheRight == CORRIDOR || LocationOnTheRight == SIGN) && currentPosition.y + 1 < GFCOLUMN)
            {
                path.Push(currentPosition);
                FloorplanOriginal[currentPosition.x][currentPosition.y] = EXPLORED;
                currentPosition.y++;
            }

            // Mark this position as explored, then go down one position
            else if ((LocationBelow == CORRIDOR || LocationBelow == SIGN) && currentPosition.x + 1 < GFROW)
            {
                path.Push(currentPosition);
                FloorplanOriginal[currentPosition.x][currentPosition.y] = EXPLORED;
                currentPosition.x++;
            }

            // Mark this position as explored, then go left one position
            else if ((LocationOnTheLeft == CORRIDOR || LocationOnTheLeft == SIGN) && currentPosition.y >= 0)
            {
                path.Push(currentPosition);
                FloorplanOriginal[currentPosition.x][currentPosition.y] = EXPLORED;
                currentPosition.y--;
            }

            // Mark this position as WALL, go back one position
            else
            {
                FloorplanOriginal[currentPosition.x][currentPosition.y] = WALL;
                currentPosition = path.Pop();
            }
        }

        int FindSize = path.FindLength();

        Position* RouteTaken = new Position[GFROW * GFCOLUMN];

        for (int i = FindSize - 1; i >= 0; i--)
        {
            RouteTaken[i] = path.Pop();
        }


        // Display an output of the route walked

        for (int i = 0; i < FindSize; i++)
        {
            std::cout << "Floorplan" << endl;
            Position tempPosition = RouteTaken[i];
            FloorplanOutput[tempPosition.x][tempPosition.y] = 'Q';

            for (int a = 0; a < GFROW; a++)
            {
                for (int b = 0; b < GFCOLUMN; b++)
                {
                    std::cout << FloorplanOutput[a][b];
                }
                std::cout << endl;
            }

            Sleep(200);
            system("cls");
            FloorplanOutput[tempPosition.x][tempPosition.y] = ' ';
        }



        // Display the route step by step as coordinates

        std::cout << "Floorplan: " << endl;
        for (int a = 0; a < GFROW; a++)
        {
            for (int b = 0; b < GFCOLUMN; b++)
            {
                std::cout << GFfloorplan[a][b];
            }
            std::cout << endl;
        }

        std::cout << endl;
        std::cout << "Route Taken: " << endl;

        for (int i = 0; i < FindSize; i++)
        {
            Position temp = RouteTaken[i];
            std::cout << temp.x + 1 << "," << temp.y + 1 << '\t';
            if ((i + 1) % 5 == 0) std::cout << endl;
        }

        std::cout << endl;

        return 0;
    }
    if (floorused == '2') {
        Position floorEntrance;   
        floorEntrance.x = 1;
        floorEntrance.y = 0;
       
        char FloorplanOriginal[FFROW][FFCOLUMN]; 
        char FloorplanOutput[FFROW][FFCOLUMN];  

        for (int i = 0; i < FFROW; i++)
        {
            for (int j = 0; j < FFCOLUMN; j++)
            {
                FloorplanOriginal[i][j] = FFloorplan[i][j];
                FloorplanOutput[i][j] = FFloorplan[i][j];
            }
        }

        Stack path(FFROW * FFCOLUMN);

        Position currentPosition;

        currentPosition = floorEntrance;

        while (true)
        {
            if (FloorplanOriginal[currentPosition.x][currentPosition.y] == SIGN) break;

            char LocationAbove = FloorplanOriginal[currentPosition.x - 1][currentPosition.y];
            char LocationOnTheRight = FloorplanOriginal[currentPosition.x][currentPosition.y + 1];
            char LocationBelow = FloorplanOriginal[currentPosition.x + 1][currentPosition.y];
            char LocationOnTheLeft = FloorplanOriginal[currentPosition.x][currentPosition.y - 1];

            if ((LocationAbove == CORRIDOR || LocationAbove == SIGN) && currentPosition.x - 1 >= 0)
            {
                path.Push(currentPosition);
                FloorplanOriginal[currentPosition.x][currentPosition.y] = EXPLORED;
                currentPosition.x--;
            }

            else if ((LocationOnTheRight == CORRIDOR || LocationOnTheRight == SIGN) && currentPosition.y + 1 < FFCOLUMN)
            {
                path.Push(currentPosition);
                FloorplanOriginal[currentPosition.x][currentPosition.y] = EXPLORED;
                currentPosition.y++;
            }

            else if ((LocationBelow == CORRIDOR || LocationBelow == SIGN) && currentPosition.x + 1 < FFROW)
            {
                path.Push(currentPosition);
                FloorplanOriginal[currentPosition.x][currentPosition.y] = EXPLORED;
                currentPosition.x++;
            }

            else if ((LocationOnTheLeft == CORRIDOR || LocationOnTheLeft == SIGN) && currentPosition.y >= 0)
            {
                path.Push(currentPosition);
                FloorplanOriginal[currentPosition.x][currentPosition.y] = EXPLORED;
                currentPosition.y--;
            }

             else
            {
                FloorplanOriginal[currentPosition.x][currentPosition.y] = WALL;
                currentPosition = path.Pop();
            }
        }

        int FindSize = path.FindLength();

        Position* RouteTaken = new Position[FFROW * FFCOLUMN];

        for (int i = FindSize - 1; i >= 0; i--)
        {
            RouteTaken[i] = path.Pop();
        }


        for (int i = 0; i < FindSize; i++)
        {
            std::cout << "Floorplan" << endl;
            Position tempPosition = RouteTaken[i];
            FloorplanOutput[tempPosition.x][tempPosition.y] = 'Q';

            for (int a = 0; a < FFROW; a++)
            {
                for (int b = 0; b < FFCOLUMN; b++)
                {
                    std::cout << FloorplanOutput[a][b];
                }
                std::cout << endl;
            }

            Sleep(200);
            system("cls");
            FloorplanOutput[tempPosition.x][tempPosition.y] = ' ';
        }


        std::cout << "Floorplan: " << endl;
        for (int a = 0; a < FFROW; a++)
        {
            for (int b = 0; b < FFCOLUMN; b++)
            {
                std::cout << FFloorplan[a][b];
            }
            std::cout << endl;
        }

        std::cout << endl;
        std::cout << "Route Taken: " << endl;

        for (int i = 0; i < FindSize; i++)
        {
            Position temp = RouteTaken[i];
            std::cout << temp.x + 1 << "," << temp.y + 1 << '\t';
            if ((i + 1) % 5 == 0) std::cout << endl;
        }

        std::cout << endl;

        return 0;
    }
}

[bookmark: _Toc109076271]
stack.h file

#pragma once
//basic stack

#pragma once
#include "Position.h"

class Stack
{
private:
	Position* base;
	int top;
	int size;
	int length;

public:
	Stack(int capacity)
	{
		base = new Position[capacity];
		size = capacity;
		top = -1;
		length = 0;
	}

	~Stack()
	{
		delete[]base;
		top = -1;
		size = 0;
		length = 0;
	}

	int Push(Position elem)//FUNC
	{
		if (top == size - 1) return 1;   //Full stack. Unsuccessful with return value 1
		else
		{
			top++;
			base[top] = elem;
			length++;
			return 0;   //Successful with return value 0
		}
	}

	Position Pop()//FUNC
	{
		Position error;
		error.x = -1;
		error.y = -1;

		Position correct;

		if (top == -1) return error;   //Empty stack. Return a non-existent position
		else
		{
			correct = base[top];
			top--;
			length--;
			return correct;   //Successful with a correct position
		}
	}

	int FindLength()
	{
		return length;
	}
};

            *******************************************************************
[bookmark: _Toc109076272]position.h file

#pragma once
//the position coordinates of the AI in the floorplan

struct Position
{
	int x;
	int y;
};

END
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