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6.3. Appendix C

6.3.1. Program code

6.3.1.1. Source.cpp

#include <iostream>
#include “"SearchDFS.h"
#include "Floorplan.h”
#include "SearchAStar.h"

using namespace std;

int main()

{
cFloorplan floorplan;

cSearchDFS searchDFS;
cSearchAStar searchAStar;

string filePath;
char valueToFind;

int width = 8;
int height = @;

int processType;
bool exitChosen = false;

I Loop until the user chooses to exit

while (l!exitChosen)

{
I/ Prompt the user for how they would like to run the program
cout << "\t****k***********kk**********kk***********k***********************k“ << endl;
cout << "\t Main menu " << endl;

cout << "\t**kkk*********kkkk*********kkk*********kkk*********kkk**********kk“ << endl;

cout << endl << "\tPlease choose a menu option. ";




cout << endl << "\t\tDepth First Search";

cout << endl << "\t\t\tl. Load the default map";
cout << endl << "\t\t\t2. Load a custom map”;
cout << endl << "\t\tA* Search";

cout << endl << "\t\t\t3. Load the default map";
cout << endl << "\t\t\t4. Load a custom map";
cout << endl << "\E\t\t5. Exit program";

cout << endl << endl << "\t\tChoice: ";

cin >> processType;

while (1)
{
I Validate the input and prompt again if invalid
if (cin.fail())
{
cin.clear();
cin.ignore(numeric_limits<streamsize>::max(), '\n');
cout << "\t\tPlease enter a valid number: ";
cin >> processType;
}
I/ Clear extra characters out of the buffer
if (lcin.fail())
{
cin.clear();
cin.ignore(numeric_limits<streamsize>::max(), "\n');
break;
}
}
1/ Case statement based on the user's choice
switch (processType)
{
case 1:

cout << endl << "\t***************k***********kk**********kk**********************kk*" << endl;

cout << "\t Depth First Search - default map " << endl;
COU‘t << "\t*****akak***************Bkk***********'k'k*****ak****kk*****************" << endl;




case 2:

1

Load the default map (floorl.txt in the solution directory) and continue if loaded correctly

if (floorplan.LoadDefaultMap())

{

break;

1/ Print the floorplan on screen
floorplan.PrintFloorplan();

1/ Prompt the user to enter the character of the location to be searched for

cout << endl << "\tPlease enter the character of the location you would like to find the way to:

cin »>» valueToFind;
valueToFind = toupper(valueToFind);

1/ set up the search with the floorplan and value that needs to be found
searchDFS.SetupSearch(floorplan, valueToFind};

// Start the search
searchDFS.SearchFloorplan();

cout << Endl << “\t***************k***********kk**********kk***********************k*“ << Endl;

cout << "\t Depth First Search - custom map

"

<< endl;

cout << “\t***********************k***********kk**********kk*****************" <4< endl;

1/

cout << endl << "\tPlease enter the full file path of the custom map file: ";

Prompt the user to enter the full file path of the custom map file

"

cin »>> filePath;

1/

Clear the buffer

cin.clear();
cin.ignore(numeric_limits<streamsize>::max(), '\n");

while (filePath.find(".txt") == string::npos)

{

I/ Prompt the user to enter a path for a valid txt file
cout << endl << "\tOnly .txt files are allowed. Please try again: ";




cin »> filePath;

I/ Clear the buffer

cin.clear();
cin.ignore(numeric_limits<streamsize>::max(), "\n');

}

I/ Prompt the user to enter the width of the custom map file

cout << endl << "\tPlease enter the width of the map: ";
cin »>> width;

while (1)
{
Iz Validate the input and prompt again if invalid
if (cin.fail())
{
cin.clear();
cin.ignore(numeric_limits<streamsize>::max(), "\n");
cout << "\tPlease enter a valid number: ";
cin »> width;
}
1/ Clear extra characters out of the buffer
if (lein.fail())
{
cin.clear();
cin.ignore(numeric_limits<streamsize>::mmax(), "\n');
break;
}
}
/I Prompt the user to enter the width of the custom map file

n

cout << endl << "\tPlease enter the height of the map: ";
cin >> height;

while (1)

{
Iz Validate the input and prompt again if invalid

if (cin.fail())
{

cin.clear();




cin.ignore(numeric_limits<streamsize>»::max(), '\n');
cout << "\tPlease enter a wvalid number: ";
cin >> height;

h

1/ Clear extra characters out of the buffer
if (lein.fail())
{

cin.clear();
cin.ignore(numeric_limits<streamsize>::max(), "\n');
break;

}

I Load the custom map from the filepath the user entered and continue if loaded correctly
if (floorplan.LoadCustomMap(filePath, width, height))
{

/! Print the floorplan on screen
floorplan.PrintFloorplan();

cout << endl << "\tPlease enter the character of the location you would like to find the way to: ";
cin »>» valueToFind;

valueToFind = toupper(valueToFind);

1/ Set up the search with the floorplan and value that needs to be found
searchDFS.SetupSearch(floorplan, valueToFind});

1/ Start the search
searchDFS.SearchFloorplan();

break;

case 3:

cout << endl << "\t***************k***********kk**********kk***********************k*" << endl;

cout << "\t A* Search - default map << endl;
COU‘t << "\t*****akak***************Bkk***********'k'k*****ak****kk*****************" << endl;

"




/7 Load the default map (floorl.txt in the solution directory) and continue if loaded correctly
if (floorplan.LoadDefaultMap())

{

1/ Print the floorplan on screen
floorplan.PrintFloorplan();

1/ Prompt the user to enter the character of the location to be searched for
cout << endl << "\tPlease enter the character of the location you would like to find the way to: ";
cin »>» valueToFind;

valueToFind = toupper(valueToFind);

1/ Set up the search with the floorplan and value that needs to be found
searchAStar.SetupSearch(floorplan, valueToFind);

// Start the search
searchAStar.SearchFloorplan();

break;

case 4:

cout << endl << "\t***************k***********kk**********kk***********************k*" << Eﬂdl;

cout << "\t A* Search - custom map << endl;
COUT << "\t***********************k***********kk**********kk*****************" << Eﬂdl;

"

/7 Prompt the user to enter the full file path of the custom map file
cout << endl << "\tPlease enter the full file path of the custom map file: ";
cin »>> filePath;

1/ Clear the buffer
cin.clear();
cin.ignore(numeric_limits<streamsize>::max(), ‘\n');

while (filePath.find(".txt") == string::npos)
I/ Prompt the user to enter a path for a valid txt file

cout << endl << "\tOnly .txt files are allowed. Please try again: ";
cin »> filePath;




/! Clear the buffer
cin.clear();
cin.ignore(numeric_limits<streamsize>::max(), '\n');

}

I Prompt the user to enter the width of the custom map file

cout << endl << "\tPlease enter the width of the map: ";
cin »> width;

while (1)
{
I/ Validate the input and prompt again if invalid
if (cin.fail())
{
cin.clear();
cin.ignore(numeric_limits<streamsize>::max(), "\n");
cout << "\tPlease enter a wvalid number: ";
cin »> width;
}
/! Clear extra characters out of the buffer
if (lcin.fail())
{
cin.clear();
cin.ignore(numeric limits<streamsize>::max(), "\n');
break;
}
}
I/ Prompt the user to enter the width of the custom map file

cout << endl << "\tPlease enter the height of the map: ";
cin »> height;

while (1)

{
Iz Validate the input and prompt again if invalid
if (cin.fail())
{

cin.clear();
cin.ignore(numeric_limits<streamsize>::max(), "\n");




cout << "\tPlease enter a valid number: ";
cin »> height;

h

// Clear extra characters out of the buffer

if (lcin.fail())

{
cin.clear();
cin.ignore(numeric_limits<streamsize>::max(), "\n');
break;

}

I Load the custom map from the filepath the user entered and continue if loaded correctly
if (floorplan.LoadCustomMap(filePath, width, height))
{

1/ Print the floorplan on screen
floorplan.PrintFloorplan();

cout << endl << "\tPlease enter the character of the location you would like to find the way to: ";
cin »> valueToFind;

valueToFind = toupper(valueToFind);

I/ Set up the search with the floorplan and value that needs to be found
searchAstar.SetupSearch(floorplan, valueToFind);

I/ Start the search
searchAStar.SearchFloorplan();

}

break;

case 5:
exitChosen = true;

cout << endl << "\tProgram will now exit." << endl << endl << endl;

break;




default:
cout << endl << "\t\tInvalid choice!" << endl << endl;
break;

¥

return @;




63.1.2. Floorplan.h

#pragma once

#include <string>
#include <fstream>
#include <map>
#include <stack>

using namespace std;

typedef struct {
int index;
int x;
int y;
bool visited; //
char value;
float g;
float h;
float f;

algorithm)

} position;

enum class Direction
{

North,

East,

South,

West,

Invalid

¥
class cFloorplan
public:

I/ Constructor
cFloorplan(void);

1/ The index of this position in the floorplan

I/ The position on the x axis of this floorplan position

Iz The position on the y axis of this floorplan position

Boolean indicating whether this position has been visited yet

I/ The character at this position in the floorplan

I/ The cost to reach this position so far (used for A* algorithm)

Iz The estimated cost to reach the destination from this position (used for A* algorithm)

// The sum of g and h (i.e. total estimated cost to reach the destination from the start) (used for A*

10




/I Methods

bool LoadFloorplan(string, int, int);

bool LoadDefaultMap(void);

bool LoadCustomMap(string, int, int);

void PrintFloorplan(void);

void PrintFloorplan(map<int, int>);

void PrintFloorplan(map<int, int>, map<int, position»);
void PrintFloorplan(map<int, int>, map<int, position>,

map<int, position> GetFloorplanPositions(void);
char GetStartChar(void);

int GetMapWidth(void);

int GetMapHeight(void);

char GetCharCorridor(void);

char GetCharWall(void);

char GetCharOutOfBounds(void);

private:

/I Attributes
int width;
int height;

char startChar;

char agentChar;

char corridorChar;
char wallChar;

char outOfBoundsChar;

map<int, position» floorplanPositions;

}i

position);
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6.3.1.3. Floorplan.cpp

#include "Floorplan.h"
#include <iostream>
#include <fstream>
#include <map>
#include <list>

using namespace std;

/! The default constructor for the Floorplan class
cFloorplan: :cFloorplan(void)
{

string line;
int count = 8;
int element = 8;
height = 16;
width = 16;
startChar = 'S’';
agentChar = 'Q";
corridorChar = ' ';
wallChar = "*';
outOfBoundsChar = '#';

LoadDefaultMap();
}
I Loads the floorplan in the passed in file in a map of floorplan characters for
/! later use
I/ INPUT - string filePath - the file path of the file that will be imported
I/ INPUT - int enteredWidth - the width (number of characters) of the floorplan in the file
I/ INPUT - int enteredHeight - the height (number of characters) of the floorplan in the file
I/ OUTPUT - bool - boolean indicating whether the floorplan was loaded successfully

bool cFloorplan::LoadFloorplan(string filePath, int enteredWidth, int enteredHeight)

{
string line;
int mapCount = 8;
int lineCount = 8;

12




int element = 8;

height = enteredWidth;
width = enteredHeight;

I Clear the map of floorplan positions
floorplanPositions.clear();

ifstream floorplanFile(filePath);

/I If the file was opened...
if (floorplanFile.is_open())
{
I/ While there is a line found and the line count is less than the defined height...
while (getline(floorplanFile, line) && lineCount < height)
{
I For each character up to the defined width, add the character to the floorplan
/I position map
for (int x = 8; x < width; x++)
{

floorplanPositions[mapCount].index = mapCount;
floorplanPositions[mapCount].x = x;
floorplanPositions[mapCount].y = lineCount;
floorplanPositions[mapCount].visited = false;
floorplanPositions[mapCount].value = line[x];

mapCount++;

}

I Clear the line from the buffer to prevent extra characters being add on the next input
line.clear();

I/ Increment the line counter
lineCount++;

}

floorplanFile.close();

return true;

13




else I/ File wasn't found

{
cout << endl << "\tFile not found!" << endl << endl;
return false;
}
}
I/ Method for loading the default map (floor@.txt, located in this solution)
I/ OUTPUT - bool - boolean indicating whether the floorplan was loaded successfully
bool cFloorplan::LoadDefaultMap(void)
{
return LoadFloorplan("floore.txt", 16, 16);
}
I Method used for loading a custom map, with the file path, width and height passed in for set up
// INPUT - string filePath - the full file path of the file to be loaded
I/ INPUT - int enteredWidth - the width (number of characters) for the custom map
I/ INPUT - int enteredHeight - the height (number of characters) for the custom map
I/ OUTPUT - bool - boolean indicating whether the floorplan was loaded successfully

bool cFloorplan::LoadCustomMap(string filePath, int enteredWidth, int enteredHeight)

{

return LoadFloorplan(filePath, enteredWidth, enteredHeight);

}

I/ Display the stored map on screen
void cFloorplan::PrintFloorplan()

{

map<int, position»::iterator it;
int count = 1;

cout << endl << "\tHere is the floorplan that has been loaded." << endl << endl << "\t\t\t";

I/ Iterate over the floorplan positions in the attribute
for (it = floorplanPositions.begin(); it != floorplanPositions.end(); ++it)
{
I/ Write the position character on screen, followed by a space for formatting

cout << it-»second.value <<

nowy,
El

// If the end of the row is reached, add a line break and tab characters for alignment
if (count % width == 8)
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{

cout << endl << "\t\t\t";

}
count++;
}
cout << endl;
}
I/ Display the stored map on screen with the path taken included
I/ INPUT - map<int, int> finalPath - a map of the floorplan positions of the path that was taken
void cFloorplan::PrintFloorplan({map<int, int> finalPath)
{

map<int, position»::iterator it;
int count = 1;

cout << endl << "\tHere is the path that was taken." << endl << endl << "\t\t";

I/ Iterate over the floorplan positions in the attribute
for (it = floorplanPositions.begin(); it != floorplanPositions.end(); ++it)

I/ If the character to be printed is included in the path map...
if (finalPath.count(it->first) > @)
{
1/ If the value at this position is a space...
if (it-»second.value == "' ")
{
I/ Write an x on screen in green, followed by a space for formatting
cout << "\@33[32m" << "x " << "\@33[8m";
}
else
{
I/ Write the original value on screen in green, followed by a space for formatting
cout << "\@33[32m" << it->second.value << " " << "\B33[em";
}
}
else
{
Iz Write the position character on screen, followed by a space for formatting
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cout << it->second.value <<

}

I/ If the end of the row is reached, add a line break and tab characters for alignment

if (count % width == 8)

{

cout << endl << "\EAE";
}
count++;
}
cout << endl;

}
I/ Display the stored map on screen with the path taken included. This includes any dead end areas that were visited
I/ INPUT - map<int, int> finalPath - a map of the floorplan positions of the path that was taken
I/ INPUT - map<int, int» allPositions - all the floorplan positions, used for checking which have been visited
void cFloorplan::PrintFloorplan{map<int, int> finalPath, map<int, position> allPositions)
{

map<int, position»::iterator it;
int count = 1;

cout << endl << "\tHere is the path that was taken." << endl << endl << "\t\t";

I/ Iterate over the floorplan positions in the attribute
for (it = floorplanPositions.begin(); it != floorplanPositions.end(); ++it)
{
I/ If the character to be printed is included in the path map...
if (finalPath.count(it->first) > 8)
{
/I If the value at this position is a space...
if (it-»second.value == " ")
{
I/ Write an x on screen in green, followed by a space for formatting
cout << "\B33[32m" << "x " << "\@33[em";
}
else
{

Iz Write the original value on screen in green, followed by a space for formatting
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cout << "\B33[32m" << it-»second.value << " " << "\B33[@Bm";

}
else if (allPositions[it->first].visited)
{
I/ If the value at this position is a space...
if (it-»second.value == ' ")
{
Iz Write an x on screen in red, followed by a space for formatting
cout << "\B33[31m" << "x " << "\@33[om";
}
else
{
I/ Write the original value on screen in red, followed by a space for formatting
cout << "\B33[31m" << it-»second.value << " " << "\B33[Em";
}
}
else
{
/7 Write the position character on screen, followed by a space for formatting
cout << it-»second.value << " ";
}
I/ If the end of the row is reached, add a line break and tab characters for alignment
if (count % width == 8)
{
cout << endl << "\t\t";
}
count++;

}

cout << endl;

Display the stored map on screen with the path taken so far and the agent's current position included.
This includes any dead end areas that were visited
INPUT - map<int, int> finalPath - a map of the floorplan positions of the path that was taken

INPUT - map<int, int> allPositions - all the floorplan positions, used for checking which have been visited
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I/ INPUT - position agentPosition - the current position of the agent
void cFloorplan::PrintFloorplan{map<int, int> finalPath, map<int, position> allPositions, position agentPosition)

{
map<int, position>::iterator it;
int count = 1;

cout << endl << "\tHere is the path that was taken." << endl << endl << "\t\t";

I Iterate over the floorplan positions in the attribute
for (it = floorplanPositions.begin(); it != floorplanPositions.end(); ++it)
if (agentPosition.index == it->first)
{
!/ If the value at this position is a space...
if (it-»second.value == ' ')
Iz Write an x on screen in cyan, followed by a space for formatting
cout << "\@33[36m" << agentChar << " " << "\@33[@m";
}
else
{
Iz Write the original value on screen in cyan, followed by a space for formatting
cout << "\B33[36m" << it-second.value << " " << "\B33[em";
}
else if (finalPath.count(it->first) > @) // If the character to be printed is included in the path map..
{
/I If the value at this position is a space...
if (it-»second.value == " ')
{
// Write an x on screen in green, followed by a space for formatting
cout << "\B@33[32m" << "x " << "\@33[em";
}
else
{
Iz Write the original value on screen in green, followed by a space for formatting
cout << "\B33[32m" << it-»second.value << " " << "\B33[Bm";
}
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else if (allPositions[it->first].visited)

{
I/ If the value at this position is a space...
if (it-»second.value == " ")
{
I/ Write an x on screen in red, followed by a space for formatting
cout << "\B33[31m" << "x " << "\@33[8m";
}
else
{
// Write the original value on screen in red, followed by a space for formatting
cout << "\B@33[31m" << it-»second.value << " " << "\B33[Em";
}
}
else
{
I Write the position character on screen, followed by a space for formatting
cout << it->second.value << " ";
}
I/ If the end of the row is reached, add a line break and tab characters for alignment
if (count % width == 8)
{
cout << endl << "\t\t";
}
count++;
}
cout << endl;
}
I/ Returns the map containing all the positions in the floorplan
I/ OUTPUT - map<int, position> - a map containing the positions in the floorplan
map<int, position» cFloorplan::GetFloorplanPositions(void)
{
return floorplanPositions;
}
I/ Returns the character that signifies the start position of any searches
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I/ OUTPUT - char - the character that signifies the start point on the floorplan
char cFloorplan::GetStartChar(void)

{
return startChar;
}
I/ Returns the map width that has been set for the floorplan
/! OUTPUT - int - the width of the floorplan
int cFloorplan: :GetMapWidth(void)
{
return width;
}
I/ Returns the map height that has been set for the floorplan
/! OUTPUT - int - the height of the floorplan
int cFloorplan: :GetMapHeight(void)
{
return height;
}
/! Returns the character used to indicate a corridor position
I/ OUTPUT - int - the character used to represent a corridor
char cFloorplan::GetCharCorridor(void)
{
return corridorChar;
}
/! Returns the character used to indicate a wall position
I/ OUTPUT - int - the character used to represent a wall
char cFloorplan::GetCharWall(void)
{
return wallChar;
/! Returns the character used to indicate an out of bounds position
/! OUTPUT - int - the character used to represent an out of bounds position
char cFloorplan::GetCharOutOfBounds(void)
{
return outOfBoundsChar;
}
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63.14.

Search.h

#p ragma once

#include <string>
#include <fstream>
#include "Floorplan.h"

using namespace std;

class cSearch

{
public:

I/ Methods

int FindCharacterPosition(char);

int FindStartPosition(void);

int FindKeyForDirection(Direction, int);
int Directionvalid(Direction, int);

void SetupSearch(cFloorplan, char);

virtual void SearchFloorplan{void) = @; I Pure virtual method

void DisplayResultOnScreen(bool, position, position);

void DisplayStateOnScreen(position, position);

void DisplayDirections(map<int, int», position, position);
string DirectionlLabel(Direction);

protected:

I/ Attributes
char searchValue;

cFloorplan floorplan;

int width;
int height;

char startChar;

char agentChar;
char corridorChar;

21

- derived classes must define this




b

char wallChar;
char outOfBoundsChar;

map<int, position> floorplanPositions;
map<int, position> nodeParents;
map<int, int> finalPath;

/I Constructor
cSearch(void);
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63.1.5. Search.cpp

#include "Search.h"
#include <iostream>
#include <list>»

using namespace std;

cSearch::cSearch(void)

{
}
I Sets the various attributes in the class ready for the search process to begin
I/ INPUT - cFloorplan providedMap - the floorplan that will be searched
/! INPUT - char valueToFind - the character that will be searched for in the floorplan
void cSearch::SetupSearch(cFloorplan providedMap, char valueToFind)
{
floorplan = providedMap;
searchValue = valueToFind;
width = floorplan.GetMapWidth();
height = floorplan.GetMapHeight();
corridorChar = floorplan.GetCharCorridor();
wallChar = floorplan.GetCharWall();
outOfBoundsChar = floorplan.GetCharOutOfBounds();
floorplanPositions = floorplan.GetFloorplanPositions();
nodeParents.clear();
finalPath.clear();
}
I/ Searches the floorplan for the character passed into the method
I INPUT - char valueToFind - the character that will be searched for in the floorplan
int cSearch::FindCharacterPosition(char valueToFind)
{

Iy Declare an iterator matching the type of the floorplan
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map<int, position»::iterator it;

I/ Iterate over the objects in the map...
for (it = floorplanPositions.begin(); it != floorplanPositions.end(); ++it)
{
I/ If the value of the current object equals that of the searched for value, return the map index
if (it-»second.value == valueToFind)
{
return it->first;
}
}
I/ Return -1 if the character wasn't found in the floorplan
return -1;
}
I Calls the FindCharacterPosition with the starting position character stored in the attribute to return
/! the index of the starting position
I/ OUTPUT - int - the position of the start character
int cSearch::FindStartPosition(void)
{
return FindCharacterPosition(floorplan.GetStartChar());
}
I/ Method for returning the key of the next position in the chosen direction from the position defined in
I/ parameters
I INPUT - Directions direction - the direction that will be checked
/! INPUT - int basePosition - the key of the position that the check will be based on
I/ OUTPUT - int - the key of the next position in the chosen direction from the base position. -1 is returned is travel in

this direction is not possible
int cSearch::FindKeyForDirection(Direction direction, int basePosition)

{
I/ Declare a result variable set to -1. -1 indicates that the chosen direction is blocked
int result = -1;
I/ Switch to pick logic based on passed in direction
switch (direction)
{

case Direction::North:
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I/ Check to make sure the current position isn't already in the top row.

7 If it is in the top row, it is not possible to go north
if (basePosition > width)
{
/7 Set the result with the key of the position to the north of the current position
result = basePosition - width;
}
break;
case Direction::East:
1z Check to make sure the current position isn't already in the furthest right column.
I/ If it is in the furtherest right column, it is not possible to go east
if (basePosition % width != (width - 1))
{
I Set the result with the key of the position to the east of the current position
result = basePosition + 1;
}
break;
case Direction::South:
I/ Check to make sure the current position isn't already in the bottom row.
I/ If it is in the bottom row, it is not possible to go south
if (basePosition < ((width * height) - width))
{
I Set the result with the key of the position to the south of the current position
result = basePosition + width;
}
break;
case Direction: :West:
1z Check to make sure the current position isn't already in the furthest left column.
I/ If it is in the furtherest left column, it is not possible to go west
if (basePosition % width != 8)
{
I Set the result with the key of the position to the west of the current position
result = basePosition - 1;
}
break;
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return result;

}

I Method for checking whether the next position in the chosen direction from the defined position
/! is a valid direction for travelling to

// INPUT - Directions direction - the direction that will be checked

I/ INPUT - int basePosition - the key of the position that the check will be based on

I/ OUTPUT - int - indicates whether the direction is valid. @ equals invalid, 1 equals valid
int cSearch::DirectionValid(Direction direction, int basePosition)

{

/7 Get the key based on the supplied direction and base position
int keyToCheck = FindKeyForDirection(direction, basePosition);

/7 Declare variable for storing the value of the position being checked
char valueToCheck;

I/ If a valid key was found for the directions...
if (keyToCheck != -1)
I/ Get the value to be checked
valueToCheck = floorplanPositions[keyToCheck].value;
}
else I/ Otherwise return @
{
return @;
}
/7 Check whether the wvalue matches any of the blocking characters (e.g. wall and out of bounds characters).
I If it does not, it is wvalid

if (valueToCheck != wallChar &&
valueToCheck != startChar &&
valueToCheck !'= outOfBoundsChar)

{
1z Return 1 for wvalid characters
return 1;

}

else

{
1/ Return @ for invalid characters
return @;
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Method for displaying the results of the search on screen
INPUT - bool destinationFound - boolean indicating whether the destination was found in the search
INPUT - position agentPosition - the final position of the agent
INPUT - position startPosition - the start position of the floorplan

void cSearch::DisplayResultOnScreen(bool destinationFound, position agentPosition, position startPosition)

{

int x = agentPosition.index;
finalPath.clear();

finalPath[x] = -1;

1/ Back track through the path taken by the agent, starting at the agent's final position.

I/ The nodeParents map contains the nodes that were visited and the parent node that was visited
/I beforehand. The resulting path is added to a new map

while (x != startPosition.index)

{

finalPath[nodeParents[x].index] = x;

¥ = nodeParents[x].index;

}

I/ If the destination was found...

if (destinationFound)

{
cout << "\tThe destination has been found at position " << agentPosition.index <<

" (" << agentPosition.x << ", " << agentPosition.y << ") on the map!" << endl << endl;

// Print the floorplan with the final path taken highlighted in green
floorplan.PrintFloorplan(finalPath, floorplanPositions});
I/ Print out a list of directions to take to get from the start to the destination
DisplayDirections(finalPath, startPosition, agentPosition);

}

else

{

I/ Inform the user the destination was not found
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cout << "\tThe destination wasn't found on the map!" << endl << endl;

I/ Print the floorplan with the final path taken
floorplan.PrintFloorplan(finalPath, floorplanPositions});
}
}
/! Method for displaying the results of the search on screen
// INPUT - bool destinationFound - boolean indicating whether the destination was found in the search
I/ INPUT - position agentPosition - the final position of the agent
I/ INPUT - position startPosition - the start position of the floorplan
void cSearch::DisplayStateOnScreen(position agentPosition, position startPosition)
{
!/ Putput the agent position on screen
cout << "\t>> Agent position: " << agentPosition.index << " (" << agentPosition.x << ", " << agentPosition.y << ")" << endl;
int x = agentPosition.index;
I Clear the finalPath map ready for it to be re-populated with the updated path so far
finalPath.clear();
1/ Back track through the path taken by the agent, starting at the agent's final position.
I/ The nodeParents map contains the nodes that were visited and the parent node that was visited
/I beforehand. The resulting path is added to a new map
while (x != startPosition.index)
{
finalPath[nodeParents|[x].index] = x;
x = nodeParents[x].index;
}
/I Print the floorplan with the current state of the search
floorplan.PrintFloorplan(finalPath, floorplanPositions, agentPosition);
}
I/ Method for printing out a list of directions for the user to take to get from the start position
144 to the desired location
I/ INPUT - map<int, int> finalPath - the final path for the user to take
// INPUT - position agentPosition - the final position of the agent
I/ INPUT - position startPosition - the start position of the floorplan
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void cSearch::DisplayDirections{map<int, int> finalPath, position startPosition, position agentPosition)

{

"

cout << "\tHere are the steps to take to get to the destination from the starting point: << endl;
int positionIndex = startPosition.index;
int stepCounter = @;

/I Initialise the variables that will be used to track the current and last direction
Direction lastDir = Direction::East;
Direction nextDir = Direction::East;

I Loop until from the start position and follow the path until the agent position is reached
while (positionIndex != agentPosition.index)
{

I/ Update the current and next positions

position currPosition = floorplanPositions[positionIndex];

position nextPosition = floorplanPositions[finalPath[positionIndex]];

I/ If statements to figure out which way the agent moved and update the nextDir variable with
I/ the direction
if (currPosition.x == nextPosition.x && currPosition.y == nextPosition.y - 1) /7 Moving down

{

nextDir = Direction: :South;

else if (currPosition.x == nextPosition.x && currPosition.y nextPosition.y + 1) // Moving up

nextDir = Direction: :North;

else if (currPosition.y == nextPosition.y && currPosition.

b4
n
n

nextPosition.x - 1) // Moving right

nextDir = Direction: :East;

else if (currPosition.y == nextPosition.y && currPosition.x nextPosition.x + 1) // Moving left

nextDir = Direction: :West;

cout << "I don't know which way it went!!!!" << endl;
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7 If the end has been reached, output how many steps were taken in the final direction

if (nextPosition.index == agentPosition.index)
{
cout << "\t\tGo " << DirectionLabel(lastDir) << " for " << stepCounter + 1 << " steps" << endl;
}
1z Check to see if the next direction matches the last direction that was taken.
I/ If so, increment the step counter. If not, output how many steps were taken in the old direction
I/ and reset the step counter
if (lastDir == nextDir || currPosition.index == startPosition.index)
{
stepCounter++;
}
else
{
cout << "\t\tGo " << DirectionLabel(lastDir) << " for " << stepCounter << " steps." << endl;
stepCounter = 1;
}
I/ Set the last direction equal to the next direction ready for the next iteration

lastDir = nextDir;

I/ Update the position for the next iteration
positionIndex = finalPath[positionIndex];
}
cout << endl;
}
/! Method to return a string label for a given direction
/7 INPUT - Direction direction - the direction to return a label for
I/ OUTPUT - string - the label for the given direction

string cSearch::DirectionLabel(Direction direction)

{

switch (direction)

{

case Direction::North:

return "North";
break;
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case Direction::East:
return "East";
break;

case Direction::South:
return "South";
break;

case Direction: :West:
return "West";
break;

default:
return "Invalid";
break;
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6.3.1.6. SearchAStar.h

#pragma once

#include <string>
#include <fstream>
#include "Floorplan.h"
#include "Search.h"

using namespace std;

class cSearchAStar : public cSearch I/ Inherits from Search class

{
public:

I/ Constructor
cSearchAStar(void);

I/ Methods
int CalculateCost(position, position);
void SearchFloorplan(void);

private:

b
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6.3.1.7. SearchAStar.cpp

#include "SearchAStar.h"
#include <iostream>
#include <fstream>
#include <cmath>
#include <list>
#include<windows.h>

using namespace std;

cSearchAStar: :cSearchAStar(void)

{

}

I/ Method for searching the floorplan using an A* algorithm
void cSearchAStar: :SearchFloorplan(void)

{

bool destinationFound = false;
int count = 8;
int key;

I Get the start position for the map
position startPosition = floorplanPositions[FindStartPosition()];

/7 Get the index of the destination. -1 is returned if it wasn't found
int goalIndex = FindCharacterPosition(searchValue);

I If the goal is on the floorplan, run the search, otherwise don't
if (goalIndex != -1)

I/ Get the position of the destination

position goal = floorplanPositions[goalIndex];

I/ Set the agent's position to the start position

position agentPosition = startPosition;

Il G = distance between the current node and start node
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I/ H = heuristic - estimated distance from the current node to the goal node

I/ F = total cost of node

1/ F=G+H

agentPosition.g = @;

agentPosition.h = @;

agentPosition.f = @;

1/ Create an 'open' map of positions to be visited

map<int, position» openlList;

1/ Add the agent position to the open list
openList[agentPosition.index] = agentPosition;

I/ Loop until the destination has been found or there are no more positions to wvisit
while (destinationFound == false && l!openList.empty())
{

I Set the current node to the first item in the map and the current index to @

position currNode = openList.begin()->second;
int currlndex = @;

/I Create an iterator for the open list map
map<int, position>::iterator it;

/I Iterate through the map to find the node with the lowest cost so far
for (it = openList.begin(); it != openList.end(); ++it)
{
if (it-»second.f < currNode.f)
{
currNode = it-»second;
currIndex = it->first;
}
}
/7 Update the agent's position to the selected node

agentPosition = currNode;
Sleep(3@8);

/7 Clear the screen
system("cls");
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agentPosition.g

I Display the currentstate of the search path on screen
DisplayStateOnScreen(agentPosition, startPosition);

/I Print the agent's current position on screen
cout << "\tAgent position: x = " << agentPosition.x << ", y = " << agentPosition.y << ", g = " <«
<« ", h =" << agentPosition.h << ", £ = " << agentPosition.f << endl;
I/ Check whether the wvalue of the agent's location matches the search value
if (agentPosition.value == searchValue)
Iz If the search value matches the value of the agent's location, set the flag to true
destinationFound = true;
}
else
{
/! Iterate through the direction enums...
for (int directionInt = @; directionInt < 4; directionInt++)
{
I/ Get the direction to check by converting the integer to a direction enum
Direction dirToCheck = static_cast<Direction>(directionInt);
I/ Check whether the neighbouring tile is a wvalid location (e.g. not a wall)
if (DirectionValid(dirToCheck, agentPosition.index) == 1)
{
I Get the key of the node being checked
key = FindKeyForDirection(dirToCheck, agentPosition.index);
17 If the node hasn't been visited before...
if (!floorplanPositions[key].visited)
{
I/ Set the distance between this node and the start node
floorplanPositions[key].g = agentPosition.g + 1;
I/ Calculate the heuristic for the cost of getting from this node to the goal

floorplanPositions[key].h = CalculateCost(floorplanPositions[key], goal);

I/ Calculate the total cost for getting to the goal node (g + h)
floorplanPositions[key].f = floorplanPositions[key].h + floorplanPositions[key].g;
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bool alreadyOnList = false;

I Iterate over the open map...
for (it = openList.begin(); it != openList.end(); ++it)
{
17 If this node is already on the open map...
if (it->second.index == floorplanPositions[key].index)
{
I Set the flag
alreadyOnList = true;

144 If this node's distance from the start is greater than the
distance
I/ of the position already on the open map...
if (floorplanPositions[key].g > it-»second.g)
{
/7 Update the position on the open map to the current node
openList[floorplanPositions[key].index] =
floorplanPositions[key];

n

cout << "\t\tChecked and updating on list: x =

floorplanPositions[key].x << ", y = " << floorplanPositions[key].y << ", g = << floorplanPositions[key].g
<¢ ", h =" << floorplanPositions[key].h << ", £ = " ««

<<
floorplanPositions[key].f << endl;

break;

¥

I/ If the position isn't already on the open map...
if (lalreadyOnList)

17 Add the position to the open map
openList[floorplanPositions[key].index] = floorplanPositions[key];
cout << "\t\tChecked and adding to list: x = " << floorplanPositions[key].x <<
", y = " << floorplanPositions[key].y << ", g = " << floorplanPositions[key].g
<¢ ", h =" << floorplanPositions[key].h << ", f = " <«
floorplanPositions[key].f << endl;
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else

}

I/ Add the position and its parent to the map of node parents
nodeParents[key] = agentPosition;

}

I Set the selected node to visited and remove it from the open map
floorplanPositions[currNode.index].visited = true;
openlList.erase(currNode.index);

count++;

}

1/ Clear the screen
system(“"cls");

I/ Display the search results on screen
DisplayResultOnScreen(destinationFound, agentPosition, startPosition);

Il Inform the user the destination was not found
cout << endl << "\tThe destination isn't on the map!" << endl << endl;

Calculate the heuristic (Manhattan distance) for the A* algorithm

INPUT - position posToCheck - the position the heuristic is being calculated for
INPUT - position goal - the end location the distance to is being calculated

int cSearchAStar::CalculateCost{position posToCheck, position goal)

{

1/
1/
1
1/

= distance between the current node and start node

heuristic - estimated distance from the current node to the goal node (uses Manhattan distance)
total cost of node

=G+H

m T IS
"
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/I https://medium.com/@nicholas.w.swift/easy-a-star-pathfinding-7e6689c7f7b2
I Section 3.6 - Artificial Intelligence: A Modern Approach - Russell & Norvig

int xDiff
int yDiff

abs(posToCheck.x - goal.x);
abs(posToCheck.y - goal.y);

return (xDiff + yDiff);
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6.3.1.8. SearchDFS.h

#pragma once

#include <string>

#include <fstream>

#include "Floorplan.h"

#include "Search.h"

using namespace std;

class cSearchDFS : public cSearch I Inherits from Search class
{

public:

I/ Constructor
cSearchDFS(void);

I/ Methods
void SetupSearch(cFloorplan, char);
void SearchFloorplan(void);

private:

1/ Attributes
stack<position> nodeStack;

b
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6.3.1.9. SearchDFS.cpp

#include "SearchDFS.h"
#include <iostream>
#include <fstream>
#include<windows .h>

using namespace std;

cSearchDFS: :cSearchDFS({void)

{
}
1/

1/
1/

{

Initialise the various attributes for the class and clear down any attributes
// that may have been used already
INPUT - cFloorplan providedMap - the floorplan that will be searched
INPUT - char valueToFind - the character that will be searched for
void cSearchDFS::SetupSearch(cFloorplan providedMap, char valueToFind)

floorplan = providedMap;
searchValue = valueToFind;

width = floorplan.GetMapWidth();
height = floorplan.GetMapHeight();

corridorChar = floorplan.GetCharCorridor();
wallChar = floorplan.GetCharWall();
outOfBoundsChar = floorplan.GetCharOutOfBounds();

floorplanPositions = floorplan.GetFloorplanPositions();

/I Empty the stack
while (!nodeStack.empty())
{

nodeStack.pop();
}
I/ Clear the maps
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nodeParents.clear();

finalPath.clear();
}
I/ Method for searching the floorplan using an Depth First Search algorithm
void cSearchDFS::SearchFloorplan(void)
{

bool destinationFound = false;
int count = 8;
int key;

I Get the start position for the map

position startPosition = floorplanPositions[FindStartPosition()];
I Set the agent's position to the start position

position agentPosition = startPosition;

I/ Push the first node onto the stack
nodeStack.push(agentPosition);

I/ Loop until the destination has been found or the stack is empty
while (destinationFound == false && !nodeStack.empty())
{

Sleep(3@8);

I/ Clear the screen

system(“"cls");

// Display the currentstate of the search path on screen
DisplayStateOnScreen(agentPosition, startPosition);

1z Check whether the value of the agent's location matches the search value

if (agentPosition.value == searchValue)

¢ /7 If the search wvalue matches the value of the agent's location, set the flag to true
destinationFound = true;

}

else

{

int validRouteCount = @;
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/I Iterate through the direction enums...
for (int directionInt = 8; directionInt < 4; directionInt++)

{
Iz Get the direction to check by converting the integer to a direction enum
Direction dirToCheck = static_cast<Direction>(directionInt);
Iz Check whether the neighbouring tile is a valid location (e.g. not a wall)
if (DirectionValid(dirToCheck, agentPosition.index) == 1)
{
I/ Increment the valid route counter
validRouteCount++;
/7 Get the key of the node being checked
key = FindKeyForDirection(dirToCheck, agentPosition.index);
I/ If the node hasn't been visited before, add it to the top of the stack
I/ and add the agent position as the parent for the node
if (!floorplanPositions[key].visited)
{
nodeStack.push(floorplanPositions[key]);
nodeParents[key] = agentPosition;
}
h
}
Iy Set the agent's position to visited in the map of floorplan positions

floorplanPositions[agentPosition.index].visited = true;

I/ Check for a dead end... i.e. there is only one valid route
if (validRouteCount == 1 &8 startPosition.index != agentPosition.index)
{

1/ Clear the screen

system("cls");

Iz Display the currentstate of the search path on screen
DisplayStateOnScreen(agentPosition, startPosition);

Sleep(3@8);
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/! Set the position to backtrack from and the position to backtrack to
position backTrackPosition = agentPosition;
position stopPosition = nodeParents[nodeStack.top().index];

I/ Start the back track
I/ Loop until back on track
while (backTrackPosition.index != stopPosition.index && backTrackPosition.index != startPosition.index)
{
I Output the location on screen
cout << "\t<< Agent position: " << nodeParents[backTrackPosition.index].index << " ("

n "
El

<< nodeParents[backTrackPosition.index].x <<
<< nodeParents[backTrackPosition.index].y << ")" << endl;
backTrackPosition = nodeParents[backTrackPosition.index];

I/ Clear the screen
system("cls");

I/ Display the currentstate of the search path on screen
DisplayStateOnScreen(backTrackPosition, startPosition);

Sleep(30@);
}
/! Tell the user the search is back on track
cout << "\tBack on track..." << endl;
Sleep(3@8);
}
/7 Set the agent position to the node on the top of the stack
agentPosition = nodeStack.top();
/I Pop the top item off the stack
nodeStack.pop();
}
count++;
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/I Clear the screen
system("cls");

I/ Display the search results on screen

DisplayResultOnScreen(destinationFound, agentPosition, startPosition);
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1811357 - Patrick Atkinson - ACCA6011 - Assignment

GRADEMARK REPORT
FINAL GRADE GENERAL COMMENTS
Instructor
Task 1:
A comprehensive solution to the problem task.
Excellent. A* too. Very Well done. Would Dijkstra be better here? Good testing
and a finessed animation. Well done.
/1 OO Task 2.
k-means very well reviewed and analysed. Excellent. Various methods analysed
to identify the optimal number of clusters. Good.
References well used and appropriate.
Excellent.
Task 3:
Some excellent work again, but - how many datapoints are there - Ans 10. You
only calculate 9!!!
Otherwise perfect.
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