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[bookmark: _Toc509279520]Introduction

	The Eight Puzzle problem will be looked at in this report, using the AI algorithm best first hill climbing and also different heuristics, Tiles out of place and Manhattan Distance, and how these perform compared with each other while solving the eight puzzle.
	To solve the eight tile puzzle, the blank tile is only able to move left, right, up and down, and swap its tile with the position it takes. These steps are repeated until a solution is found. A randomiser will be used that will randomise the puzzle in a sequential move by move process, ensuring that all starting positions are solvable with a suitable algorithm.





















1. [bookmark: _Toc509279521]Algorithms and Heuristics

This section will focus on a brief overview on the algorithm type and heuristic types used in this report to solve the Eight Tile puzzle problem. These cover the Hill-Climbing algorithm, Simulated Annealing, and the Manhattan Distance heuristic.


[bookmark: _Toc509279522]1.1 Hill Climbing

Hill-Climbing is a local search method that looks at the immediate surroundings and calculates if the next immediate position is better than the current position, soon as there is no better position immediately next to the current position the algorithm will stop [1]. Searching in such a manner can mean Hill-climbing can get stuck at a local maxima position, stuck in a loop while on a plateau looking for a better position but never finding one [1]. This approach is known as a greedy local search [1]. Stochastic hill-climbing is an adapted hill climbing algorithm that takes a random choice from possible uphill moves, this can be improved with the first-choice hill climbing algorithm which uses the stochastic hill climbing approach but continues to randomly obtain states until a better state is found [1].

[image: ]
Figure 1 [1]: Hill Climbing Algorithm Pseudocode
[image: ]
Figure 2 [1]: Local Maximum will be chosen for a greedy hill climbing algorithm, global maximum will always be found in an optimised hill climbing algorithm.

The Hill-Climbing algorithm can be optimised in such a way that the global maxima will always be found, this is done using simulated annealing [1].

[bookmark: _Toc509279523]1.2 Simulated Annealing

	The simulated annealing algorithm is used to counter getting trapped in a local maxima or local minima [1]. This is done by allowing slight jumps into a worse state and checking the neighbouring nodes again for the global maxima / minima [1]. This method can prove tricky to get the balance correct between a big enough jump to allow to break out of the local minima / maxima, but not a big enough jump where you would be dislodged from finding the global minima / maxima [1].
[image: ]
Figure 3 [1]: Simulated Annealing Pseudocode
	
	Simulated annealing can be described as Stochastic hill-climbing that can accept downhill moves (Figure 3) [1]. The middle section of the simulated annealing algorithm (figure 3) is like the hill-climbing algorithm (figure 1), but instead of choosing the next best point, simulated annealing will choose a random move [1].

[bookmark: _Toc509279524]1.3 Manhattan Distance

	Manhattan Distance heuristic was chosen for its similar representation of tiles out of place, although this algorithm counts how many grid places the tiles is out of place along the X axis and then the Y axis and adds these together to find the heuristic cost for each tile in the puzzle [2]. When all tiles have been calculated for the eight puzzle these values are summed and returned from the function as a single integer value to be used in the heuristic value of the algorithm that would be currently in use. The Manhattan Distance function sum uses the absolute values of the resulting costs from the Manhattan distance to ensure the final result returned is always a positive integer.



[bookmark: _Toc509279525]2.  Eight Tiles Illustration

An Illustration of the Hill Climbing algorithm and a heuristic function that is used to hold the number of tiles in the correct place when compared to the  solution to the problem [1], [3].

1. Current h() = How many tiles are currently out of place.
2. Next Positions h() = How many tiles would be out of place after taking each possible move.
3. Choose the move that has the lowest out of place tiles
4. Set value from step 3 to the next current h()
5. Repeat steps 1 to 4 until current h(0)

Starting position:
	1
	4
	2

	
	7
	5

	3
	6
	8


	Current:
h=6

	Next positions:
h=6,6,5


Step 1:
	1
	4
	2

	3
	7
	5

	
	6
	8


	Current:
h=5

	Next positions:
h=6,4


Step 2:
	1
	4
	2

	3
	7
	5

	6
	
	8


	Current:
h=4

	Next positions:
h=5,5,3


Step 3:
	1
	4
	2

	3
	
	5

	6
	7
	8


	Current:
h=3

	Next positions:
h=4,4,4,2





Step 4: 
	1
	
	2

	3
	4
	5

	6
	7
	8


	Current:
h=2

	Next positions:
h=3,0


	



Step 5 - Solved:
	
	1
	2

	3
	4
	5

	6
	7
	8


	Current:
h=0

	Next positions:
-
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In this section the report outcomes will be evaluated and compared using the amount of moves and amount of time taken to complete the puzzles and if a solved solution is found. 50 starting puzzles will be used, all which are solvable and have been created using the randomiser code in appendix A. The randomiser code was set to run in a loop with 5,000,000 solvable puzzles generated, at each 100,000 mark the randomised puzzle was saved as one of the 50 total puzzles used. These same 50 puzzle starting points are used for each different algorithm and heuristic combinations and timed through moves and time taken.
	It has been decided to not take the approach of check all positions up, down, left and right with the hillclimbing algorithm used in this implementation. This reason was because the move cost of each tile would always be the same and a better position in the puzzle will probably result in the same heuristic output since only one tile can me moved at a time.

[bookmark: _Toc509279527]3.1 Hill Climbing Tiles out of place

	This reports Hill climbing algorithm with the tiles out of place heuristic was found to be unable to find a solution as no best step could be identified in after just one to two moves (Figure 4). The algorithm checks all 4 move directions, up, down, left and right from the current position that holds the blank space (0 in the case of this puzzle). Each time a move is executed, a check against the tiles out of place heuristic between the current puzzle and the target solution is performed. If the tiles out of place is at a lower value than before the performed move the algorithm will accept this move and restart the loop of checking the spaces around itself. If the tiles out of place is at the same or higher value, then the move will be reversed, and the next direction will be tested. If all 4 directions are not seen to be a lower tiles out of place value, then the algorithm is unable to solve the puzzle and breaks out of the function. Therefore, the table in Figure 4 shows very little moves, as 100% of the puzzles went unsolved using this algorithm and heuristic combination, after a maximum of just 4 moves (Figure 4).



Figure 4 : Tiles Out of Place Heuristic
	
[bookmark: _Toc509279528]3.2 Hill Climbing Tiles out of place with Simulated Annealing
	
	The hill climbing algorithm used in section 3.1 of this report was taken and a slight change to implement a simple version of simulated annealing (section 1.2) to the algorithm (Appendix A). With this addition to the loop, when the hill climbing algorithm was at a loss of finding a better move to take, the algorithm would choose a random direction in the form of a number 1 – 4 and invoke this move direction using an enum to specify direction chosen. The direction is then passed into the algorithm to be taken on the next movement loop. This method has increased the solvability of this hill climbing with tiles out of place algorithm from 0% solved to 100% solved puzzles. This has increased the time taken as the algorithm does not terminate until a puzzle is solved, therefore the original algorithm in section 3.1 will not be considered in the evaluation of which algorithm performs best, as it is significantly worse due to being unable to find a solution to the puzzle (section 3.1).


Figure 5 : Tiles Out of Place Heuristic Simulated Annealing

[bookmark: _Toc509279529]3.3 Hill Climbing Manhattan Distance and Simulated annealing
	
	In an attempt to speed up the algorithm another heuristic is used, Manhattan Distance. Manhattan Distance was chosen in place of the Tile Out of Place heuristic. Manhattan Distance was found to be suitable for this problem as it is based on a 2D grid puzzles that can be measured against a target solution [2]. The overall Hill-Climbing algorithm with simulated annealing from section 3.2 was used but tiles out of place was replaced with the Manhattan distance function in Appendix A. This heuristic replaces the tile out of place in the hill climbing algorithm and required a rework of the function used with tiles out of place and simulated annealing in section 3.2. The base of the function logic remains, only the decision of a better position is calculated through the Manhattan distance Class.
	
Figure 6 : Manhattan Distance Heuristic Simulated Annealing

[bookmark: _Toc509279530]3.4 Outliers

	An outlier in data is any result that does not participate in the average area of your data results [4]. These are anomalies that can be caused in this case by things such as an over average complicated puzzle or a puzzle that is very little moves away from being solved compared to the average puzzle in the data set [4]. 

There are a few steps involved in finding outliers in data sets [4]:

1. Sort Data from smallest to larger
2. Calculate the median
3. Find the Upper Quartile 
a. (25% of the metrics in your data are larger)
4. Find the Lower Quartile
a. (25% of the metrics in your data are smaller)
5.  Subtract the Lower Quartile from the Upper Quartile
a. Result is known as the Interquartile range
6. Multiply the Interquartile range by 1.5
7. Add the Interquartile * 1.5 to the Upper Quartile then subtract this from the Lower Quartile
a. Data outside this range is marked as an outlier
8. Multiply the Interquartile range by 3, add it to the upper quartile and subtract it from the lower quartile.
a. Data outside this range is known as an extreme outlier

[bookmark: _Toc509279531]3.4.1 Outliers - Tiles Out of Place Heuristic Simulated Annealing

Median = 7261
Lower Quartile = 2861
Upper Quartile = 11412.75
Interquartile range = 8551.75
Interquartile range * 1.5 = 12827.625
Interquartile range * 1.5 + Upper Quartile = 24240.375
Lower Quartile - Interquartile range * 1.5 = -9966.625

Interquartile range * 3 = 25655.25
Interquartile range * 3 + Upper Quartile = 37068
Lower Quartile - Interquartile range * 3 = -22794.25

Outliers: 
Lower Time(ms) than: 	-9966.625
Higher Time(ms) than:	24240.375

Extreme Outliers:
Lower Time(ms) than: 			-22794.25
Higher Time(ms) than:			37068

[bookmark: _Toc509279532]3.4.2 Outliers - Manhattan Distance Heuristic Simulated Annealing 

Median = 8620
Lower Quartile = 					3397.75
Upper Quartile = 					14227.25
Interquartile range = 				10829.5
Interquartile range * 1.5 = 				16244.25
Interquartile range * 1.5 + Upper Quartile =	 30471.5
Lower Quartile - Interquartile range * 1.5 = 	-12846.5

Interquartile range * 3 = 				32488.5
Interquartile range * 3 + Upper Quartile = 	46715.75
Lower Quartile - Interquartile range * 3 = 	-29090.75

Outliers: 
Lower Time(ms) than: 			-12846.5
Higher Time(ms) than:			30471.5

Extreme Outliers:
Lower Time(ms) than: 			-29090.75
Higher Time(ms) than:			46715.75

[bookmark: _Toc509279533]3.5 Conclusion
	
	With the current algorithm in place it has been found that the following average time(ms) was taken for each algorithm (These results have had their outliers removed before calculating the scores):

Tiles out of place: 
Median Time(ms) = 7178
Median Moves = 2347.5

Manhattan Distance:
	Median Time(ms) = 7056.5
Median Moves = 684.5

This shows that Manhattan distance is slightly faster and takes a rather large chunk of less moves to solve the puzzle with the current algorithm.

[bookmark: _Toc509279534]3.6 Future Work

	The A* algorithm was near implementation for this report, it has been included in Appendix B to show the work that was taken on this path. Future work would include completion of this A* algorithm implementation and comparing the results with both the Hill Climbing with Tiles Out of Place Heuristic and the Hill Climbing with Manhattan Distance Heuristic.
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[bookmark: _Toc509279536]A1 Header Files

[bookmark: _Toc509279537]A1.1 EightTile.h
#pragma once
/****************************************************
***			EightTile.h						*********
***	Header for EightTile.cpp				*********
****************************************************/

#include "Tiles.h"

class EightTile
{
public:
	// Constructor
	EightTile();
	// (rowBlank, columnBlank, 0, 1, 2, 3, 4, 5, 6, 7, 8)
	EightTile(int, int, int, int, int, int, int, int, int, int, int);

	// Display grid on screen
	void display(void);

	void displayRandom(void);

	void displayWin(void);

	// Create tile structs to hold current and solution
	Tiles tiles;
	Tiles solution;

	// Variable to store blank tile position
	int x;
	int y;

	int findTargetTile(int);
	int findTileCurrentValue(int);
	int solutionTest(void);
};

[bookmark: _Toc509279538]A1.2 HillClimbing.h
#pragma once
#include "Movement.h"
#include "EightTile.h"
#include "ManhattenDistance.h"

class HillClimbing
{
public:
	HillClimbing();
	void TilesOutOfPlaceHeuristic(EightTile *, Movement *);
	void TilesOutOfPlaceHeuristicSimulatedAnnealing(EightTile *, Movement *);
	void ManhattenDistanceHeuristicSimulatedAnnealing(EightTile *, Movement *, ManhattenDistance *);
	void ManhattenDistanceHeuristic(EightTile *, Movement *, ManhattenDistance *);
	~HillClimbing();

private:
	int currentTilesInPlace = 0;
	bool hasMoved = false;
	int randomInt = 0;
	int currentState = 0;
};



[bookmark: _Toc509279539]A1.3 ManhattenDistance.h
#pragma once
#include "EightTile.h"
#include "Node.h"
#include <stdlib.h>

class ManhattenDistance
{
public:
	ManhattenDistance();
	~ManhattenDistance();
	int manhattenDistance(EightTile *);
	int manhattenDistance(Node *);

	void display(void);

private:
	int hCost;
	int currentX;
	int currentY;
	int targetX;
	int targetY;
	int sum;
	int targetPosition;
};
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#pragma once
/****************************************************
***			Movement.h					*********
***	Header for Movement.cpp		*********
****************************************************/

#include "MovementEnum.h"
#include "EightTile.h"

class Movement
{
public:
	Movement();
	~Movement();

	// Store next direction to move
	void setMove(enum move);
	void setMove(int);
	// move tile into empty space, return if move was successful
	bool swap(EightTile *);

	// Undo previously tile move
	void swapUndo(EightTile *);

	// Randomise tile locations
	void randomiser(EightTile *);

	// Check able to move in desired direction
	bool okLeft(int);
	bool okRight(int);
	bool okUp(int);
	bool okDown(int);

	void Movement::display(void);

	// Current move count
	int moveCounter;

private:
	int myMove;
};

[bookmark: _Toc509279541]A1.5 MovementEnum.h
#pragma once
/****************************************************
***			MovementEnum.h					*********
***	enumerator used to control movement		*********
****************************************************/

enum move 
{
	NONE,	// 0
	UP,		// 1
	DOWN,	// 2
	LEFT,	// 3
	RIGHT,	// 4
};

[bookmark: _Toc509279542]A1.6 TestHarness.h
#pragma once
/****************************************************
***			TEST HARNESS USE ONLY			*********
****************************************************/

#include "aStar.h"
#include "EightTile.h"
#include "TestResult.h"
#include "TestHarnessAlgorithmEnum.h"
#include "Movement.h"
#include "HillClimbing.h"
#include "ManhattenDistance.h"
#include "Node.h"

class TestHarness
{
public:
	TestHarness();
	TestHarness(EightTile *);
	~TestHarness();

	void initArrays();

	void RunTestTilesOutOfPlaceHeuristic();
	int TestTilesOutOfPlaceHeuristic();

	void RunTestTilesOutOfPlaceHeuristicSimulatedAnnealing();
	int TestTilesOutOfPlaceHeuristicSimulatedAnnealing();

	void RunTestManhattenDistanceHeuristicSimulatedAnnealing();

	int TestManhattenDistanceHeuristicSimulatedAnnealing();

	int movesTaken;

private:
	EightTile *myPuzzle;
	HillClimbing hillClimbing;
	Movement puzzleMovement;
	ManhattenDistance manhatten;
	aStar aStarObject;
	EightTile eightTileArray[150];
	TestResult testResult[150];
	int currentTilesInPlace;
};


[bookmark: _Toc509279543]A1.7 TestHarnessAlgorithm.h
#pragma once
/****************************************************
***			TEST HARNESS USE ONLY			*********
****************************************************/
enum algorithm
{
	TilesOutOfPlaceHeuristic,
	TilesOutOfPlaceHeuristicSimulatedAnnealing,
	ManhattenDistanceHeuristicSimulatedAnnealing,
	ManhattenDistanceHeuristic,
	aStarAlgorithm,
};

[bookmark: _Toc509279544]A1.8 TestResult.h
#pragma once
/****************************************************
***			TEST HARNESS USE ONLY			*********
****************************************************/
#include "TestHarnessAlgorithmEnum.h"
#include "EightTile.h"


struct TestResult
{
	algorithm selectedAlgorithm;
	double Timer = -1;
	int movesTaken = -1;
	bool solutionFound;
	EightTile tileStart;
	EightTile tileFinish;

	void Display()
	{
		//Algorithm Used	
		switch(selectedAlgorithm)
		{
			case 0:
				cout << "TilesOutOfPlaceHeuristic,";
				break;
			case 1:
				cout << "TilesOutOfPlaceHeuristicSimulatedAnnealing,";
				break;
			case 2:
				cout << "ManhattenDistanceHeuristicSimulatedAnnealing,";
				break;
			case 3:
				cout << "ManhattenDistanceHeuristic,";
				break;
			case 4:
				cout << "aStarAlgorithm,";
				break;
			default:
				cout << " selectedAlgorithm = N/A,";
				break;
		}

		//Time Taken	
		if (Timer >= 0)
		{
			//cout << "Timer = ";
			cout << Timer << ",";
		}
		else
		{cout << "Timer = N/A,";}

		//Moves Taken	
		if (movesTaken >= 0)
		{
			//cout << "movesTaken = ";
			cout << movesTaken << ",";
		}
		else
		{cout << "movesTaken = N/A,";}

		//Solution Found ?
		if (solutionFound != 0)
		{
			//cout << "solutionFound = ";
			cout << "False" << ",";
		}
		else
		{
			//cout << "solutionFound = ";
			cout << "True" << ",";
		}
		
		//Starting Tile Layout	
		cout << tileStart.tiles.tilesArray[0][0] << " " << tileStart.tiles.tilesArray[0][1] << " " << tileStart.tiles.tilesArray[0][2] << " "
			<< tileStart.tiles.tilesArray[1][0] << " " << tileStart.tiles.tilesArray[1][1] << " " << tileStart.tiles.tilesArray[1][2] << " "
			<< tileStart.tiles.tilesArray[2][0] << " " << tileStart.tiles.tilesArray[2][1] << " " << tileStart.tiles.tilesArray[2][2] << ",";

		//Finishing Tile Layout
		cout << tileFinish.tiles.tilesArray[0][0] << " " << tileFinish.tiles.tilesArray[0][1] << " " << tileFinish.tiles.tilesArray[0][2] << " "
			<< tileFinish.tiles.tilesArray[1][0] << " " << tileFinish.tiles.tilesArray[1][1] << " " << tileFinish.tiles.tilesArray[1][2] << " "
			<< tileFinish.tiles.tilesArray[2][0] << " " << tileFinish.tiles.tilesArray[2][1] << " " << tileFinish.tiles.tilesArray[2][2] << ",";

		cout << endl;
	};
};

[bookmark: _Toc509279545]A1.9 Tiles.h
#pragma once
/****************************************************
***			Tiles.h							*********
***	Structure - used to create tile array	*********
****************************************************/
#include <iostream>
using std::cout;
using std::endl;


struct Tiles
{
	int tilesArray[3][3];

	// function to print display to screen
	void display(void)
	{
		cout << tilesArray[0][0] << " " << tilesArray[0][1] << " " << tilesArray[0][2] << endl;
		cout << tilesArray[1][0] << " " << tilesArray[1][1] << " " << tilesArray[1][2] << endl;
		cout << tilesArray[2][0] << " " << tilesArray[2][1] << " " << tilesArray[2][2] << endl;
		cout << endl;
	}

};

[bookmark: _Toc509279546]A2 .cpp Files

[bookmark: _Toc509279547]A2.1 EightTile.cpp
/********************************************************
***			EightTile.cpp						*********
***	Used to create and display tiles positions	*********
********************************************************/

#include <iostream>
#include "EightTile.h"
#include "Movement.h"

using namespace std;

// Construct initial grid and save as solution grid
EightTile::EightTile()
{
	// set blank tile starting position
	x = 0;
	y = 0;

	// create initial starting grid
	tiles.tilesArray[0][0] = 0; tiles.tilesArray[0][1] = 1; tiles.tilesArray[0][2] = 2;
	tiles.tilesArray[1][0] = 3; tiles.tilesArray[1][1] = 4; tiles.tilesArray[1][2] = 5;
	tiles.tilesArray[2][0] = 6; tiles.tilesArray[2][1] = 7; tiles.tilesArray[2][2] = 8;
	// set solution target
	solution.tilesArray[0][0] = 0; solution.tilesArray[0][1] = 1; solution.tilesArray[0][2] = 2;
	solution.tilesArray[1][0] = 3; solution.tilesArray[1][1] = 4; solution.tilesArray[1][2] = 5;
	solution.tilesArray[2][0] = 6; solution.tilesArray[2][1] = 7; solution.tilesArray[2][2] = 8;
	//cout << "Tiles before Randomisation: " << endl;
	//display();
}

EightTile::EightTile(int rowBlank, int columnBlank, int a, int b, int c, int d, int e, int f, int g, int h, int i)
{
	// set blank tile starting position
	x = rowBlank;
	y = columnBlank;

	// create initial starting grid
	tiles.tilesArray[0][0] = a; tiles.tilesArray[0][1] = b; tiles.tilesArray[0][2] = c;
	tiles.tilesArray[1][0] = d; tiles.tilesArray[1][1] = e; tiles.tilesArray[1][2] = f;
	tiles.tilesArray[2][0] = g; tiles.tilesArray[2][1] = h; tiles.tilesArray[2][2] = i;
	// set solution target
	solution.tilesArray[0][0] = 0; solution.tilesArray[0][1] = 1; solution.tilesArray[0][2] = 2;
	solution.tilesArray[1][0] = 3; solution.tilesArray[1][1] = 4; solution.tilesArray[1][2] = 5;
	solution.tilesArray[2][0] = 6; solution.tilesArray[2][1] = 7; solution.tilesArray[2][2] = 8;
	//cout << "Tiles before Randomisation: " << endl;
	//display();
}

int EightTile::findTargetTile(int value)
{
	bool found = false;

	// check within range of 8 tiles problem
	if (value < 9 && value > -1)
	{
			if (solution.tilesArray[0][0] == value)
			{
				//cout << "tiles array " << value << " is at: " << 0 << endl;
				return 0;
			}
			if (solution.tilesArray[0][1] == value)
			{
				//cout << "tiles array " << value << " is at: " << 1 << endl;
				return 1;
			}
			if (solution.tilesArray[0][2] == value)
			{
				//cout << "tiles array " << value << " is at: " << 2 << endl;
				return 2;
			}
			if (solution.tilesArray[1][0] == value)
			{
				//cout << "tiles array " << value << " is at: " << 3 << endl;
				return 3;
			}
			if (solution.tilesArray[1][1] == value)
			{
				//cout << "tiles array " << value << " is at: " << 4 << endl;
				return 4;
			}
			if (solution.tilesArray[1][2] == value)
			{
				//cout << "iles array " << value << " is at: " << 5 << endl;
				return 5;
			}
			if (solution.tilesArray[2][0] == value)
			{
				//cout << "tiles array " << value << " is at: " << 6 << endl;
				return 6;
			}
			if (solution.tilesArray[2][1] == value)
			{
				//cout << "tiles array " << value << " is at: " << 7 << endl;
				return 7;
			}
			if (solution.tilesArray[2][2] == value)
			{
				//cout << "tiles array " << value << " is at: " << 8 << endl;
				return 8;
			}
	}
}

int EightTile::findTileCurrentValue(int value)
{
	bool found = false;

	// check within range of 8 tiles problem
	if (value < 9 && value > -1)
	{
		switch (value)
		{
		case 0:
			//cout << "tiles array [0][0] holds value " << tiles.tilesArray[0][0] << endl;
			return tiles.tilesArray[0][0];
			break;
		case 1:
			//cout << "tiles array [0][1] holds value " << tiles.tilesArray[0][1] << endl;
			return tiles.tilesArray[0][1];
			break;
		case 2:
			//cout << "tiles array [0][2] holds value " << tiles.tilesArray[0][2] << endl;
			return tiles.tilesArray[0][2];
			break;
		case 3:
			//cout << "tiles array [1][0] holds value " << tiles.tilesArray[1][0] << endl;
			return tiles.tilesArray[1][0];
			break;
		case 4:
			//cout << "tiles array [1][1] holds value " << tiles.tilesArray[1][1] << endl;
			return tiles.tilesArray[1][1];
			break;
		case 5:
			//cout << "tiles array [1][2] holds value " << tiles.tilesArray[1][2] << endl;
			return tiles.tilesArray[1][2];
			break;
		case 6:
			//cout << "tiles array [2][0] holds value " << tiles.tilesArray[2][0] << endl;
			return tiles.tilesArray[2][0];
			break;
		case 7:
			//cout << "tiles array [2][1] holds value " << tiles.tilesArray[2][1] << endl;
			return tiles.tilesArray[2][1];
			break;
		case 8:
			//cout << "tiles array [2][2] holds value " << tiles.tilesArray[2][2] << endl;
			return tiles.tilesArray[2][2];
			break;
		default:
			break;
		}
	}
}

// Function checks solution and tiles to check how many tiles in correct places
int EightTile::solutionTest(void)
{
	// amount correctly positioned
	int counter = 0;

	// compare tiles and solution to check amount of tiles in correct place
	// seperate if statements used to increase performance in comparison with a loop
	if (tiles.tilesArray[0][0] == solution.tilesArray[0][0])
	{
		counter++;
	}
	if (tiles.tilesArray[0][1] == solution.tilesArray[0][1])
	{
		counter++;
	}
	if (tiles.tilesArray[0][2] == solution.tilesArray[0][2])
	{
		counter++;
	}
	if (tiles.tilesArray[1][0] == solution.tilesArray[1][0])
	{
		counter++;
	}
	if (tiles.tilesArray[1][1] == solution.tilesArray[1][1])
	{
		counter++;
	}
	if (tiles.tilesArray[1][2] == solution.tilesArray[1][2])
	{
		counter++;
	}
	if (tiles.tilesArray[2][0] == solution.tilesArray[2][0])
	{
		counter++;
	}
	if (tiles.tilesArray[2][1] == solution.tilesArray[2][1])
	{
		counter++;
	}
	if (tiles.tilesArray[2][2] == solution.tilesArray[2][2])
	{
		counter++;
	}

	return counter;
}

// function to print display to screen
void EightTile::display(void)
{
	cout << tiles.tilesArray[0][0] << " " << tiles.tilesArray[0][1] << " " << tiles.tilesArray[0][2] << endl;
	cout << tiles.tilesArray[1][0] << " " << tiles.tilesArray[1][1] << " " << tiles.tilesArray[1][2] << endl;
	cout << tiles.tilesArray[2][0] << " " << tiles.tilesArray[2][1] << " " << tiles.tilesArray[2][2] << endl;
	//cout << "Amount of tiles in correct places = " << solutionTest() << endl;
	cout << endl;
}

// only used during obtaining random number data set - depracted
void EightTile::displayRandom(void)
{
	cout << "eightTileArray[] = EightTile(" << tiles.tilesArray[0][0] << ", " << tiles.tilesArray[0][1] << ", " << tiles.tilesArray[0][2] << ", " <<
		tiles.tilesArray[1][0] << ", " << tiles.tilesArray[1][1] << ", " << tiles.tilesArray[1][2] << ", " <<
		tiles.tilesArray[2][0] << ", " << tiles.tilesArray[2][1] << ", " << tiles.tilesArray[2][2] << ");" << endl;
	//cout << "Amount of tiles in correct places = " << solutionTest() << endl;
	//cout << endl;
}

void EightTile::displayWin(void)
{
	cout << "Amount of tiles in correct places = " << solutionTest() << endl;
}

[bookmark: _Toc509279548]A2.2 HillClimbing.cpp
#include "HillClimbing.h"

#include <iostream>
using std::cout;
using std::endl;

HillClimbing::HillClimbing()
{
}

// Hill Climbing algorithm using the heuristic of how many tiles currently out of place
void HillClimbing::TilesOutOfPlaceHeuristic(EightTile *tilePointer, Movement *movement)
{
	// set current tiles in place
	currentTilesInPlace = tilePointer->solutionTest();
	hasMoved = false;

	// calculate heuristic (out of place tiles)
	// if zero out of place, display puzzle complete
	while (currentTilesInPlace < 9)
	{
		//cout << "current tiles in while " << currentTilesInPlace << endl;

		// move Up
		movement->setMove(UP);
		// swap if able to move Up
		if (movement->swap(tilePointer))
		{
			// check if better
			if (tilePointer->solutionTest() > currentTilesInPlace)
			{
				currentTilesInPlace = tilePointer->solutionTest();

				// increase moves taken (only if successful move)
				movement->moveCounter++;
				//movement->display();
				hasMoved = true;

				//tilePointer->display();

				// Check if solution and tiles match, if so break out of while loop
				if (currentTilesInPlace == 9)
				{
					break;
				}
			}
			else
			{
				//if not then undo
				movement->swapUndo(tilePointer);
			}
		}
		// move Down
		movement->setMove(DOWN);
		if (movement->swap(tilePointer))
		{
			// check if better
			if (tilePointer->solutionTest() > currentTilesInPlace)
			{
				currentTilesInPlace = tilePointer->solutionTest();

				// increase moves taken (only if successful move)
				movement->moveCounter++;
				//movement->display();
				hasMoved = true;
				//tilePointer->display();

				// Check if solution and tiles match, if so break out of while loop
				if (currentTilesInPlace == 9)
				{
					break;
				}
			}
			else
			{
				//if not then undo
				movement->swapUndo(tilePointer);
			}
		}
		// move left
		movement->setMove(LEFT);
		if (movement->swap(tilePointer))
		{
			// check if better
			if (tilePointer->solutionTest() > currentTilesInPlace)
			{
				currentTilesInPlace = tilePointer->solutionTest();

				// increase moves taken (only if successful move)
				movement->moveCounter++;
				//movement->display();
				hasMoved = true;
				//tilePointer->display();

				// Check if solution and tiles match, if so break out of while loop
				if (currentTilesInPlace == 9)
				{
					break;
				}
			}
			else
			{
				//if not then undo
				movement->swapUndo(tilePointer);
			}
		}
		// move right
		movement->setMove(RIGHT);
		if (movement->swap(tilePointer))
		{
			// check if better
			if (tilePointer->solutionTest() > currentTilesInPlace)
			{
				currentTilesInPlace = tilePointer->solutionTest();

				// increase moves taken (only if successful move)
				movement->moveCounter++;
				//movement->display();
				hasMoved = true;
				//tilePointer->display();

				// Check if solution and tiles match, if so break out of while loop
				if (currentTilesInPlace == 9)
				{
					//tilePointer->display();
					break;
				}
			}
			else
			{
				//if not then undo
				movement->swapUndo(tilePointer);
			}
		}

		// if no moves have been taken output current state and amount of successful moves
		if (hasMoved == false)
		{
			tilePointer->display();
			tilePointer->displayWin();
			cout << endl << "Hill-Climbing with Tiles out of place (no simulated annealing) has failed to find a solution to this puzzle" << endl;
			// break function when no more moves can be taken
			break;
		}
		else
		{
			//cout << "Tiles update on move: " << movement->moveCounter << endl;
			tilePointer->display();
			// Display total amount of moves taken
			movement->display();
		}
		hasMoved = false;
	}
}

void HillClimbing::TilesOutOfPlaceHeuristicSimulatedAnnealing(EightTile *tilePointer, Movement *movement)
{
	{
		// set current tiles in place
		currentTilesInPlace = tilePointer->solutionTest();
		hasMoved = false;

		// calculate heuristic (out of place tiles)
		// if zero out of place, display puzzle complete
		while (currentTilesInPlace < 9)
		{
			//cout << "current tiles in while " << currentTilesInPlace << endl;

			// move Up
			movement->setMove(UP);
			// swap if able to move Up
			if (movement->swap(tilePointer))
			{
				// check if better
				if (tilePointer->solutionTest() > currentTilesInPlace)
				{
					currentTilesInPlace = tilePointer->solutionTest();

					// increase moves taken (only if successful move)
					movement->moveCounter++;
					//movement->display();
					hasMoved = true;

					//tilePointer->display();

					// Check if solution and tiles match, if so break out of while loop
					if (currentTilesInPlace == 9)
					{
						break;
					}
				}
				else
				{
					//if not then undo
					movement->swapUndo(tilePointer);
				}
			}
			// move Down
			movement->setMove(DOWN);
			if (movement->swap(tilePointer))
			{
				// check if better
				if (tilePointer->solutionTest() > currentTilesInPlace)
				{
					currentTilesInPlace = tilePointer->solutionTest();

					// increase moves taken (only if successful move)
					movement->moveCounter++;
					//movement->display();
					hasMoved = true;
					//tilePointer->display();

					// Check if solution and tiles match, if so break out of while loop
					if (currentTilesInPlace == 9)
					{
						break;
					}
				}
				else
				{
					//if not then undo
					movement->swapUndo(tilePointer);
				}
			}
			// move left
			movement->setMove(LEFT);
			if (movement->swap(tilePointer))
			{
				// check if better
				if (tilePointer->solutionTest() > currentTilesInPlace)
				{
					currentTilesInPlace = tilePointer->solutionTest();

					// increase moves taken (only if successful move)
					movement->moveCounter++;
					//movement->display();
					hasMoved = true;
					//tilePointer->display();

					// Check if solution and tiles match, if so break out of while loop
					if (currentTilesInPlace == 9)
					{
						break;
					}
				}
				else
				{
					//if not then undo
					movement->swapUndo(tilePointer);
				}
			}
			// move right
			movement->setMove(RIGHT);
			if (movement->swap(tilePointer))
			{
				// check if better
				if (tilePointer->solutionTest() > currentTilesInPlace)
				{
					currentTilesInPlace = tilePointer->solutionTest();

					// increase moves taken (only if successful move)
					movement->moveCounter++;
					//movement->display();
					hasMoved = true;
					//tilePointer->display();

					// Check if solution and tiles match, if so break out of while loop
					if (currentTilesInPlace == 9)
					{
						//tilePointer->display();
						break;
					}
				}
				else
				{
					//if not then undo
					movement->swapUndo(tilePointer);
				}
			}

			// if no movement, accept a lower
			if (hasMoved == false)
			{
				// intiailise int to use for randomiser store
				randomInt = 0;

				for (int i = 0; i < 3; i++)
				{
					// pick a number between 4 and 1 at random
					randomInt = rand() % 4 + 1;
					// set move enum via this number
					movement->setMove(randomInt);
					// check if swap is possible and swap if so
					movement->swap(tilePointer);
				}
				//tilePointer->display();
				currentTilesInPlace = tilePointer->solutionTest();
			}
			// reset hasMoved value to false
			hasMoved = false;
		}
		//cout << "Tiles before Randomisation: " << endl;
		//tilePointer->display();
		// Display total amount of moves taken
		//movement->display();
	}
}

void HillClimbing::ManhattenDistanceHeuristicSimulatedAnnealing(EightTile *tilePointer, Movement *movement, ManhattenDistance *manhatten)
{
	// set current tiles in place
	currentState = manhatten->manhattenDistance(tilePointer);
	hasMoved = false;

	// calculate heuristic (out of place tiles)
	// if zero out of place, display puzzle complete

	while (manhatten->manhattenDistance(tilePointer) > 0)
	{
		manhatten->manhattenDistance(tilePointer);

		//cout << "current state in while " << currentState << endl;

		// move Up
		movement->setMove(UP);
		// swap if able to move Up
		if (movement->swap(tilePointer))
		{
			// check if better
			if (manhatten->manhattenDistance(tilePointer) < currentState)
			{
				currentState = manhatten->manhattenDistance(tilePointer);
				//cout << "current state in Up " << currentState << endl;
				// increase moves taken (only if successful move)
				movement->moveCounter++;
				//movement->display();
				hasMoved = true;

				//tilePointer->display();

				// Check if solution and tiles match, if so break out of while loop
				if (currentState == 0)
				{
					break;
				}
			}
			else
			{
				//if not then undo
				movement->swapUndo(tilePointer);
			}
		}
		// move Down
		movement->setMove(DOWN);
		if (movement->swap(tilePointer))
		{
			// check if better
			if (manhatten->manhattenDistance(tilePointer) < currentState)
			{
				currentState = manhatten->manhattenDistance(tilePointer);
				//cout << "current state in Down " << currentState << endl;
				// increase moves taken (only if successful move)
				movement->moveCounter++;
				//movement->display();
				hasMoved = true;
				//tilePointer->display();

				// Check if solution and tiles match, if so break out of while loop
				if (currentState == 0)
				{
					break;
				}
			}
			else
			{
				//if not then undo
				movement->swapUndo(tilePointer);
			}
		}
		// move left
		movement->setMove(LEFT);
		if (movement->swap(tilePointer))
		{
			// check if better
			if (manhatten->manhattenDistance(tilePointer) < currentState)
			{
				currentState = manhatten->manhattenDistance(tilePointer);
				//cout << "current state in Left " << currentState << endl;
				// increase moves taken (only if successful move)
				movement->moveCounter++;
				//movement->display();
				hasMoved = true;
				//tilePointer->display();

				// Check if solution and tiles match, if so break out of while loop
				if (currentState == 0)
				{
					break;
				}
			}
			else
			{
				//if not then undo
				movement->swapUndo(tilePointer);
			}
		}
		// move right
		movement->setMove(RIGHT);
		if (movement->swap(tilePointer))
		{
			// check if better
			if (manhatten->manhattenDistance(tilePointer) < currentState)
			{
				currentState = tilePointer->solutionTest();
				//cout << "current state in Right " << currentState << endl;
				// increase moves taken (only if successful move)
				movement->moveCounter++;
				//movement->display();
				hasMoved = true;
				//tilePointer->display();

				// Check if solution and tiles match, if so break out of while loop
				if (currentState == 0)
				{
					//tilePointer->display();
					break;
				}
			}
			else
			{
				//if not then undo
				movement->swapUndo(tilePointer);
			}
		}

		// if no movement, accept a lower
		if (hasMoved == false)
		{
			// intiailise int to use for randomiser store
			randomInt = 0;

			for (int i = 0; i < 3; i++)
			{
				// pick a number between 4 and 1 at random
				randomInt = rand() % 4 + 1;
				// set move enum via this number
				movement->setMove(randomInt);
				// check if swap is possible and swap if so
				movement->swap(tilePointer);
			}
			//tilePointer->display();
			currentState = manhatten->manhattenDistance(tilePointer);
		}
		// reset hasMoved value to false
		hasMoved = false;
	}
	//cout << "Tiles when solution found: " << endl;
	//tilePointer->display();
	// Display total amount of moves taken
	//movement->display();

	//cout << "ended algorithm" << endl;
}

// Hill Climbing algorithm using the manhatten distance heuristic
void HillClimbing::ManhattenDistanceHeuristic(EightTile *tilePointer, Movement *movement, ManhattenDistance *manhatten)
{
	// set current tiles in place
	currentState = manhatten->manhattenDistance(tilePointer);
	hasMoved = false;

	// calculate heuristic (out of place tiles)
	// if zero out of place, display puzzle complete
	
	while (manhatten->manhattenDistance(tilePointer) > 0)
	{
		manhatten->manhattenDistance(tilePointer);

		//cout << "current state in while " << currentState << endl;
		
		// move Up
		movement->setMove(UP);
		// swap if able to move Up
		if (movement->swap(tilePointer))
		{
			// check if better
			if (manhatten->manhattenDistance(tilePointer) < currentState)
			{
				currentState = manhatten->manhattenDistance(tilePointer);
				//cout << "current state in Up " << currentState << endl;
				// increase moves taken (only if successful move)
				movement->moveCounter++;
				//movement->display();
				hasMoved = true;

				//tilePointer->display();

				// Check if solution and tiles match, if so break out of while loop
				if (currentState == 0)
				{
					break;
				}
			}
			else
			{
				//if not then undo
				movement->swapUndo(tilePointer);
			}
		}
		// move Down
		movement->setMove(DOWN);
		if (movement->swap(tilePointer))
		{
			// check if better
			if (manhatten->manhattenDistance(tilePointer) < currentState)
			{
				currentState = manhatten->manhattenDistance(tilePointer);
				//cout << "current state in Down " << currentState << endl;
				// increase moves taken (only if successful move)
				movement->moveCounter++;
				//movement->display();
				hasMoved = true;
				//tilePointer->display();

				// Check if solution and tiles match, if so break out of while loop
				if (currentState == 0)
				{
					break;
				}
			}
			else
			{
				//if not then undo
				movement->swapUndo(tilePointer);
			}
		}
		// move left
		movement->setMove(LEFT);
		if (movement->swap(tilePointer))
		{
			// check if better
			if (manhatten->manhattenDistance(tilePointer) < currentState)
			{
				currentState = manhatten->manhattenDistance(tilePointer);
				//cout << "current state in Left " << currentState << endl;
				// increase moves taken (only if successful move)
				movement->moveCounter++;
				//movement->display();
				hasMoved = true;
				//tilePointer->display();

				// Check if solution and tiles match, if so break out of while loop
				if (currentState == 0)
				{
					break;
				}
			}
			else
			{
				//if not then undo
				movement->swapUndo(tilePointer);
			}
		}
		// move right
		movement->setMove(RIGHT);
		if (movement->swap(tilePointer))
		{
			// check if better
			if (manhatten->manhattenDistance(tilePointer) < currentState)
			{
				currentState = tilePointer->solutionTest();
				//cout << "current state in Right " << currentState << endl;
				// increase moves taken (only if successful move)
				movement->moveCounter++;
				//movement->display();
				hasMoved = true;
				//tilePointer->display();

				// Check if solution and tiles match, if so break out of while loop
				if (currentState == 0)
				{
					//tilePointer->display();
					break;
				}
			}
			else
			{
				//if not then undo
				movement->swapUndo(tilePointer);
			}
		}

		// if no movement, accept a lower
		if (hasMoved == false)
		{
			// intiailise int to use for randomiser store
			randomInt = 0;

			for (int i = 0; i < 3; i++)
			{
				// pick a number between 4 and 1 at random
				randomInt = rand() % 4 + 1;
				// set move enum via this number
				movement->setMove(randomInt);
				// check if swap is possible and swap if so
				movement->swap(tilePointer);
			}
			//tilePointer->display();
			currentState = manhatten->manhattenDistance(tilePointer);
		}
		// reset hasMoved value to false
		hasMoved = false;
	}
	cout << "Tiles when solution found: " << endl;
	tilePointer->display();
	// Display total amount of moves taken
	movement->display();

	cout << "ended algorithm" << endl;
}

HillClimbing::~HillClimbing()
{
}

[bookmark: _Toc509279549]A2.3 ManhattenDistance.cpp
#include "ManhattenDistance.h"
#include <iostream>

using std::cout;
using std::endl;

ManhattenDistance::ManhattenDistance()
{
}

ManhattenDistance::~ManhattenDistance()
{
}

// for use with hillclimbing
int ManhattenDistance::manhattenDistance(EightTile *tilePointer)
{
	// set starting h cost to zero
	hCost = 0;

	// calculate distance for each square from desired position

	for (int i = 0; i < 9; i++)
	{
		// reset sum variable for each loop
		sum = 0;

		// Find what value is in position i and find solution position
		targetPosition = tilePointer->findTargetTile(tilePointer->findTileCurrentValue(i));
		//cout << "Target position returned value = " << targetPosition << endl;

		// targetPostion calculated by dividing by grid X amount
		targetX = targetPosition / 3;
		//cout << "Target Position = \t[" << targetX << "]";
		// targetPostion calculated by remainder from Y size
		targetY = targetPosition % 3;
		//cout << "[" << targetY << "]" << endl;

		currentX = i / 3;
		//cout << "Current Position = \t[" << currentX << "]";
		currentY = i % 3;
		//cout << "[" << currentY << "]" << endl;

		// sum position difference, absolute value used to ensure positive answer
		sum = abs(targetX - currentX) + abs(targetY - currentY);
		//cout << "Manhatten Distance = (Target X - Current X): " << abs(targetX - currentX) << " + (Target Y - Current Y): " << abs(targetY - currentY) << endl;
		//cout << "sum [" << i << "] = " << sum << endl << endl;
		
		// Calculate manhatten distance from current tile to solution tile
		hCost += sum;
	}
	//display();

	return hCost;
}

// for use with aStar
int ManhattenDistance::manhattenDistance(Node *tilePointer)
{
	// set starting h cost to zero
	hCost = 0;

	// calculate distance for each square from desired position

	for (int i = 0; i < 9; i++)
	{
		// reset sum variable for each loop
		sum = 0;

		// Find what value is in position i and find solution position
		targetPosition = tilePointer->nodeTiles->findTargetTile(tilePointer->nodeTiles->findTileCurrentValue(i));
		//cout << "Target position returned value = " << targetPosition << endl;

		// targetPostion calculated by dividing by grid X amount
		targetX = targetPosition / 3;
		cout << "Target Position = \t[" << targetX << "]";
		// targetPostion calculated by remainder from Y size
		targetY = targetPosition % 3;
		cout << "[" << targetY << "]" << endl;

		currentX = i / 3;
		cout << "Current Position = \t[" << currentX << "]";
		currentY = i % 3;
		cout << "[" << currentY << "]" << endl;

		// sum position difference, absolute value used to ensure positive answer
		sum = abs(targetX - currentX) + abs(targetY - currentY);
		cout << "Manhatten Distance = (Target X - Current X): " << abs(targetX - currentX) << " + (Target Y - Current Y): " << abs(targetY - currentY) << endl;
		cout << "sum [" << i << "] = " << sum << endl << endl;

		// Calculate manhatten distance from current tile to solution tile
		hCost += sum;
	}
	display();

	return hCost;
}

void ManhattenDistance::display(void)
{
	cout << "Manhatten Distance hCost = " << this->hCost << endl;
}

[bookmark: _Toc509279550]A2.4 Movement.cpp
/************************************************************************
***			Movement.cpp										*********
***	Used to swap tile positions and randomise starting position	*********
************************************************************************/

// include libraries needed for randomisation
#include <cstdlib>
#include <time.h>
#include "Movement.h"

#include<iostream>
using std::cout;
using std::endl;

Movement::Movement()
{
	this->moveCounter = 0;
	this->myMove = 0;
}

Movement::~Movement()
{
	// Destructor
}

void Movement::setMove(enum move m)
//sets which way you want to move
{
	this->myMove = m;
}

void Movement::setMove(int m)
//sets which way you want to move
{
	this->myMove = m;
}

bool Movement::swap(EightTile *tilePointer)
// attempts to move blank in direction set - up, down, left or right 
// by doing a tile/blank swap
// can't move beyond edges of puzzle
{
	int temp;

	if (okLeft(tilePointer->x) & (myMove == LEFT)) 
	{
		temp = tilePointer->tiles.tilesArray[tilePointer->x - 1][tilePointer->y];
		tilePointer->tiles.tilesArray[tilePointer->x - 1][tilePointer->y] = tilePointer->tiles.tilesArray[tilePointer->x][tilePointer->y];
		tilePointer->tiles.tilesArray[tilePointer->x][tilePointer->y] = temp;
		tilePointer->x = tilePointer->x - 1;
		return true;
	}

	if (okRight(tilePointer->x) & (myMove == RIGHT))
	{
		temp = tilePointer->tiles.tilesArray[tilePointer->x + 1][tilePointer->y];
		tilePointer->tiles.tilesArray[tilePointer->x + 1][tilePointer->y] = tilePointer->tiles.tilesArray[tilePointer->x][tilePointer->y];
		tilePointer->tiles.tilesArray[tilePointer->x][tilePointer->y] = temp;
		tilePointer->x = tilePointer->x + 1;
		return true;
	}

	if (okUp(tilePointer->y) & (myMove == UP))
	{
		temp = tilePointer->tiles.tilesArray[tilePointer->x][tilePointer->y - 1];
		tilePointer->tiles.tilesArray[tilePointer->x][tilePointer->y - 1] = tilePointer->tiles.tilesArray[tilePointer->x][tilePointer->y];
		tilePointer->tiles.tilesArray[tilePointer->x][tilePointer->y] = temp;
		tilePointer->y = tilePointer->y - 1;
		return true;
	}

	if (okDown(tilePointer->y) & (myMove == DOWN))
	{
		temp = tilePointer->tiles.tilesArray[tilePointer->x][tilePointer->y + 1];
		tilePointer->tiles.tilesArray[tilePointer->x][tilePointer->y + 1] = tilePointer->tiles.tilesArray[tilePointer->x][tilePointer->y];
		tilePointer->tiles.tilesArray[tilePointer->x][tilePointer->y] = temp;
		tilePointer->y = tilePointer->y + 1;
		return true;
	}
	return false;
}

// Undo previously tile move
void Movement::swapUndo(EightTile *tilePointer)
{
	// check myMove value
	// cout << "myMove = " << myMove << endl;

	// set myMove to opposite value, enabling moving back a step
	switch (myMove)
	{
		// if myMove is UP
		case 1:
			// set myMove to DOWN
			setMove(DOWN);
			swap(tilePointer);
			break;
		case 2:
			setMove(UP);
			swap(tilePointer);
			break;
		case 3:
			setMove(RIGHT);
			swap(tilePointer);
			break;
		case 4:
			setMove(LEFT);
			swap(tilePointer);
			break;
		default:
			break;
	}
}

// Function is used to randomise position of tiles
void Movement::randomiser(EightTile * tilePointer)
{
	// set starting random seed
	srand(time(NULL));

	int tempCounter = 0;

	while (tempCounter < 500)
	{
		// randomly pick MovementEnum
		int randomDirection = rand() % 4 + 1;
		//cout << "random direction choosen:" << randomDirection << endl;

		// typecast int to type move enum
		move randomEnum = (move)randomDirection;

		// set next move value
		setMove(randomEnum);

		// run swap tiles to reorder tiles
		// if swap returns false, do not increment tempCounter
		// (this ensures 200 successful swaps)
		if (swap(tilePointer))
		{
			// uncomment this to show the randomiser working
			// tilePointer->display();

			// increment while loop
			tempCounter++;
		}

		/* 
			uncomment below multiline comment to
			debug output to check correctly rerunning if swap returns false
			(counter will show same number repeated when increment did not happen)
		*/
		//cout << "tempCounter = " << tempCounter << endl;
	}

	// output randomised tiles to screen
	//cout << "Tiles after Randomisation: " << endl;
}

// Check if at Left direction Boundary
bool Movement::okLeft(int x)
{
	return x > 0 ? true : false;
}

// Check if at Right direction Boundary
bool Movement::okRight(int x)
{
	return x < 2 ? true : false;
}

// Check if at Up direction Boundary
bool Movement::okUp(int y)
{
	return y > 0 ? true : false;
}

// Check if at Down direction Boundary
bool Movement::okDown(int y)
{
	return y < 2 ? true : false;
}

void Movement::display(void)
{
	cout << " Amount of moves taken: " << moveCounter << endl;
}


[bookmark: _Toc509279551]A2.5 TestHarness.cpp

#include "TestHarness.h"
#include <windows.h>

/****************************************************
***			TEST HARNESS USE ONLY			*********
****************************************************/
#include "HillClimbing.h"
#include <iostream>
#include <sstream>
using namespace std;

TestHarness::TestHarness()
{
	initArrays();
}

TestHarness::TestHarness(EightTile *tilepointer)
{

	myPuzzle = tilepointer;
	initArrays();
}


TestHarness::~TestHarness()
{
}

void TestHarness::initArrays()
{
	// Eight Tile Arrays to use starting positions for TestHarness
	eightTileArray[0] = EightTile(2, 2, 3, 5, 4, 1, 2, 8, 7, 6, 0);
	eightTileArray[1] = EightTile(0, 0, 0, 4, 1, 2, 5, 8, 6, 3, 7);
	eightTileArray[2] = EightTile(0, 0, 0, 6, 2, 5, 3, 1, 7, 8, 4);
	eightTileArray[3] = EightTile(0, 2, 2, 7, 0, 5, 4, 8, 6, 1, 3);
	eightTileArray[4] = EightTile(0, 2, 1, 4, 0, 6, 7, 8, 2, 5, 3);
	eightTileArray[5] = EightTile(1, 1, 7, 2, 1, 4, 0, 3, 5, 6, 8);
	eightTileArray[6] = EightTile(2, 2, 7, 1, 3, 4, 2, 8, 5, 6, 0);
	eightTileArray[7] = EightTile(0, 0, 0, 8, 1, 7, 5, 2, 6, 4, 3);
	eightTileArray[8] = EightTile(1, 1, 5, 7, 4, 2, 0, 3, 8, 1, 6);
	eightTileArray[9] = EightTile(2, 0, 4, 2, 3, 5, 1, 7, 0, 8, 6);
	eightTileArray[10] = EightTile(1, 1, 4, 7, 8, 2, 0, 5, 1, 3, 6);
	eightTileArray[11] = EightTile(2, 2, 6, 4, 7, 8, 1, 5, 2, 3, 0);
	eightTileArray[12] = EightTile(0, 1, 8, 2, 0, 6, 4, 1, 7, 3, 5);
	eightTileArray[13] = EightTile(2, 0, 4, 8, 3, 5, 6, 1, 0, 7, 2);
	eightTileArray[14] = EightTile(0, 0, 0, 8, 6, 2, 1, 4, 7, 3, 5);
	eightTileArray[15] = EightTile(0, 0, 0, 3, 5, 4, 1, 7, 2, 8, 6);
	eightTileArray[16] = EightTile(0, 0, 0, 7, 8, 5, 3, 4, 6, 1, 2);
	eightTileArray[17] = EightTile(2, 0, 2, 6, 4, 5, 1, 7, 0, 3, 8);
	eightTileArray[18] = EightTile(1, 1, 1, 5, 7, 6, 0, 3, 4, 2, 8);
	eightTileArray[19] = EightTile(2, 2, 6, 7, 2, 3, 8, 1, 5, 4, 0);
	eightTileArray[20] = EightTile(0, 0, 0, 1, 2, 6, 4, 5, 8, 7, 3);
	eightTileArray[21] = EightTile(1, 1, 2, 6, 7, 1, 0, 4, 5, 8, 3);
	eightTileArray[22] = EightTile(1, 1, 1, 2, 8, 7, 0, 6, 5, 3, 4);
	eightTileArray[23] = EightTile(2, 0, 2, 6, 7, 5, 1, 3, 0, 4, 8);
	eightTileArray[24] = EightTile(1, 1, 7, 2, 6, 4, 0, 3, 8, 1, 5);
	eightTileArray[25] = EightTile(0, 0, 0, 3, 6, 2, 1, 5, 4, 7, 8);
	eightTileArray[26] = EightTile(1, 1, 8, 1, 6, 7, 0, 5, 2, 3, 4);
	eightTileArray[27] = EightTile(1, 1, 2, 6, 7, 3, 0, 4, 8, 5, 1);
	eightTileArray[28] = EightTile(0, 2, 4, 6, 0, 5, 8, 1, 7, 2, 3);
	eightTileArray[29] = EightTile(2, 2, 8, 4, 7, 6, 3, 5, 2, 1, 0);
	eightTileArray[30] = EightTile(1, 1, 6, 1, 4, 8, 0, 3, 5, 7, 2);
	eightTileArray[31] = EightTile(0, 2, 6, 7, 0, 3, 5, 4, 2, 1, 8);
	eightTileArray[32] = EightTile(0, 2, 5, 2, 0, 7, 6, 8, 4, 3, 1);
	eightTileArray[33] = EightTile(2, 0, 7, 1, 8, 4, 5, 2, 0, 6, 3);
	eightTileArray[34] = EightTile(1, 1, 8, 1, 4, 3, 0, 7, 2, 6, 5);
	eightTileArray[35] = EightTile(2, 2, 2, 5, 1, 6, 3, 7, 8, 4, 0);
	eightTileArray[36] = EightTile(0, 2, 1, 6, 0, 7, 5, 4, 2, 8, 3);
	eightTileArray[37] = EightTile(1, 1, 4, 1, 2, 3, 0, 6, 8, 5, 7);
	eightTileArray[38] = EightTile(2, 0, 7, 2, 6, 8, 5, 1, 0, 3, 4);
	eightTileArray[39] = EightTile(0, 0, 0, 3, 1, 4, 7, 5, 2, 8, 6);
	eightTileArray[40] = EightTile(1, 1, 3, 6, 8, 7, 0, 4, 1, 5, 2);
	eightTileArray[41] = EightTile(1, 1, 8, 6, 1, 3, 0, 4, 7, 2, 5);
	eightTileArray[42] = EightTile(0, 0, 0, 5, 1, 2, 3, 6, 8, 7, 4);
	eightTileArray[43] = EightTile(0, 2, 6, 8, 0, 3, 5, 1, 2, 4, 7);
	eightTileArray[44] = EightTile(2, 0, 3, 2, 7, 6, 8, 4, 0, 1, 5);
	eightTileArray[45] = EightTile(0, 2, 6, 8, 0, 4, 3, 2, 7, 5, 1);
	eightTileArray[46] = EightTile(1, 1, 2, 4, 1, 6, 0, 5, 8, 3, 7);
	eightTileArray[47] = EightTile(0, 0, 0, 6, 4, 1, 8, 3, 5, 2, 7);
	eightTileArray[48] = EightTile(2, 0, 8, 1, 6, 5, 3, 7, 0, 4, 2);
	eightTileArray[49] = EightTile(0, 0, 0, 7, 5, 4, 1, 2, 6, 3, 8);
	// hillclimbing with manhatten
	eightTileArray[50] = EightTile(2, 2, 3, 5, 4, 1, 2, 8, 7, 6, 0);
	eightTileArray[51] = EightTile(0, 0, 0, 4, 1, 2, 5, 8, 6, 3, 7);
	eightTileArray[52] = EightTile(0, 0, 0, 6, 2, 5, 3, 1, 7, 8, 4);
	eightTileArray[53] = EightTile(0, 2, 2, 7, 0, 5, 4, 8, 6, 1, 3);
	eightTileArray[54] = EightTile(0, 2, 1, 4, 0, 6, 7, 8, 2, 5, 3);
	eightTileArray[55] = EightTile(1, 1, 7, 2, 1, 4, 0, 3, 5, 6, 8);
	eightTileArray[56] = EightTile(2, 2, 7, 1, 3, 4, 2, 8, 5, 6, 0);
	eightTileArray[57] = EightTile(0, 0, 0, 8, 1, 7, 5, 2, 6, 4, 3);
	eightTileArray[58] = EightTile(1, 1, 5, 7, 4, 2, 0, 3, 8, 1, 6);
	eightTileArray[59] = EightTile(2, 0, 4, 2, 3, 5, 1, 7, 0, 8, 6);
	eightTileArray[60] = EightTile(1, 1, 4, 7, 8, 2, 0, 5, 1, 3, 6);
	eightTileArray[61] = EightTile(2, 2, 6, 4, 7, 8, 1, 5, 2, 3, 0);
	eightTileArray[62] = EightTile(0, 2, 8, 2, 0, 6, 4, 1, 7, 3, 5);
	eightTileArray[63] = EightTile(2, 0, 4, 8, 3, 5, 6, 1, 0, 7, 2);
	eightTileArray[64] = EightTile(0, 0, 0, 8, 6, 2, 1, 4, 7, 3, 5);
	eightTileArray[65] = EightTile(0, 0, 0, 3, 5, 4, 1, 7, 2, 8, 6);
	eightTileArray[66] = EightTile(0, 0, 0, 7, 8, 5, 3, 4, 6, 1, 2);
	eightTileArray[67] = EightTile(2, 0, 2, 6, 4, 5, 1, 7, 0, 3, 8);
	eightTileArray[68] = EightTile(1, 1, 1, 5, 7, 6, 0, 3, 4, 2, 8);
	eightTileArray[69] = EightTile(2, 2, 6, 7, 2, 3, 8, 1, 5, 4, 0);
	eightTileArray[60] = EightTile(0, 0, 0, 1, 2, 6, 4, 5, 8, 7, 3);
	eightTileArray[71] = EightTile(1, 1, 2, 6, 7, 1, 0, 4, 5, 8, 3);
	eightTileArray[72] = EightTile(1, 1, 1, 2, 8, 7, 0, 6, 5, 3, 4);
	eightTileArray[73] = EightTile(2, 0, 2, 6, 7, 5, 1, 3, 0, 4, 8);
	eightTileArray[74] = EightTile(1, 1, 7, 2, 6, 4, 0, 3, 8, 1, 5);
	eightTileArray[75] = EightTile(0, 0, 0, 3, 6, 2, 1, 5, 4, 7, 8);
	eightTileArray[76] = EightTile(1, 1, 8, 1, 6, 7, 0, 5, 2, 3, 4);
	eightTileArray[77] = EightTile(1, 1, 2, 6, 7, 3, 0, 4, 8, 5, 1);
	eightTileArray[78] = EightTile(0, 2, 4, 6, 0, 5, 8, 1, 7, 2, 3);
	eightTileArray[79] = EightTile(2, 2, 8, 4, 7, 6, 3, 5, 2, 1, 0);
	eightTileArray[80] = EightTile(1, 1, 6, 1, 4, 8, 0, 3, 5, 7, 2);
	eightTileArray[81] = EightTile(0, 2, 6, 7, 0, 3, 5, 4, 2, 1, 8);
	eightTileArray[82] = EightTile(0, 2, 5, 2, 0, 7, 6, 8, 4, 3, 1);
	eightTileArray[83] = EightTile(2, 0, 7, 1, 8, 4, 5, 2, 0, 6, 3);
	eightTileArray[84] = EightTile(1, 1, 8, 1, 4, 3, 0, 7, 2, 6, 5);
	eightTileArray[85] = EightTile(2, 2, 2, 5, 1, 6, 3, 7, 8, 4, 0);
	eightTileArray[86] = EightTile(0, 2, 1, 6, 0, 7, 5, 4, 2, 8, 3);
	eightTileArray[87] = EightTile(1, 1, 4, 1, 2, 3, 0, 6, 8, 5, 7);
	eightTileArray[88] = EightTile(2, 0, 7, 2, 6, 8, 5, 1, 0, 3, 4);
	eightTileArray[89] = EightTile(0, 0, 0, 3, 1, 4, 7, 5, 2, 8, 6);
	eightTileArray[90] = EightTile(1, 1, 3, 6, 8, 7, 0, 4, 1, 5, 2);
	eightTileArray[91] = EightTile(1, 1, 8, 6, 1, 3, 0, 4, 7, 2, 5);
	eightTileArray[92] = EightTile(0, 0, 0, 5, 1, 2, 3, 6, 8, 7, 4);
	eightTileArray[93] = EightTile(0, 2, 6, 8, 0, 3, 5, 1, 2, 4, 7);
	eightTileArray[94] = EightTile(2, 0, 3, 2, 7, 6, 8, 4, 0, 1, 5);
	eightTileArray[95] = EightTile(0, 2, 6, 8, 0, 4, 3, 2, 7, 5, 1);
	eightTileArray[96] = EightTile(1, 1, 2, 4, 1, 6, 0, 5, 8, 3, 7);
	eightTileArray[97] = EightTile(0, 0, 0, 6, 4, 1, 8, 3, 5, 2, 7);
	eightTileArray[98] = EightTile(2, 0, 8, 1, 6, 5, 3, 7, 0, 4, 2);
	eightTileArray[99] = EightTile(0, 0, 0, 7, 5, 4, 1, 2, 6, 3, 8);
	eightTileArray[100] = EightTile(2, 2, 3, 5, 4, 1, 2, 8, 7, 6, 0);
	eightTileArray[101] = EightTile(0, 0, 0, 4, 1, 2, 5, 8, 6, 3, 7);
	eightTileArray[102] = EightTile(0, 0, 0, 6, 2, 5, 3, 1, 7, 8, 4);
	eightTileArray[103] = EightTile(0, 2, 2, 7, 0, 5, 4, 8, 6, 1, 3);
	eightTileArray[104] = EightTile(0, 2, 1, 4, 0, 6, 7, 8, 2, 5, 3);
	eightTileArray[105] = EightTile(1, 1, 7, 2, 1, 4, 0, 3, 5, 6, 8);
	eightTileArray[106] = EightTile(2, 2, 7, 1, 3, 4, 2, 8, 5, 6, 0);
	eightTileArray[107] = EightTile(0, 0, 0, 8, 1, 7, 5, 2, 6, 4, 3);
	eightTileArray[108] = EightTile(1, 1, 5, 7, 4, 2, 0, 3, 8, 1, 6);
	eightTileArray[109] = EightTile(2, 0, 4, 2, 3, 5, 1, 7, 0, 8, 6);
	eightTileArray[110] = EightTile(1, 1, 4, 7, 8, 2, 0, 5, 1, 3, 6);
	eightTileArray[111] = EightTile(2, 2, 6, 4, 7, 8, 1, 5, 2, 3, 0);
	eightTileArray[112] = EightTile(0, 2, 8, 2, 0, 6, 4, 1, 7, 3, 5);
	eightTileArray[113] = EightTile(2, 0, 4, 8, 3, 5, 6, 1, 0, 7, 2);
	eightTileArray[114] = EightTile(0, 0, 0, 8, 6, 2, 1, 4, 7, 3, 5);
	eightTileArray[115] = EightTile(0, 0, 0, 3, 5, 4, 1, 7, 2, 8, 6);
	eightTileArray[116] = EightTile(0, 0, 0, 7, 8, 5, 3, 4, 6, 1, 2);
	eightTileArray[117] = EightTile(2, 0, 2, 6, 4, 5, 1, 7, 0, 3, 8);
	eightTileArray[118] = EightTile(1, 1, 1, 5, 7, 6, 0, 3, 4, 2, 8);
	eightTileArray[119] = EightTile(2, 2, 6, 7, 2, 3, 8, 1, 5, 4, 0);
	eightTileArray[120] = EightTile(0, 0, 0, 1, 2, 6, 4, 5, 8, 7, 3);
	eightTileArray[121] = EightTile(1, 1, 2, 6, 7, 1, 0, 4, 5, 8, 3);
	eightTileArray[122] = EightTile(1, 1, 1, 2, 8, 7, 0, 6, 5, 3, 4);
	eightTileArray[123] = EightTile(2, 0, 2, 6, 7, 5, 1, 3, 0, 4, 8);
	eightTileArray[124] = EightTile(1, 1, 7, 2, 6, 4, 0, 3, 8, 1, 5);
	eightTileArray[125] = EightTile(0, 0, 0, 3, 6, 2, 1, 5, 4, 7, 8);
	eightTileArray[126] = EightTile(1, 1, 8, 1, 6, 7, 0, 5, 2, 3, 4);
	eightTileArray[127] = EightTile(1, 1, 2, 6, 7, 3, 0, 4, 8, 5, 1);
	eightTileArray[128] = EightTile(0, 2, 4, 6, 0, 5, 8, 1, 7, 2, 3);
	eightTileArray[129] = EightTile(2, 2, 8, 4, 7, 6, 3, 5, 2, 1, 0);
	eightTileArray[130] = EightTile(1, 1, 6, 1, 4, 8, 0, 3, 5, 7, 2);
	eightTileArray[131] = EightTile(0, 2, 6, 7, 0, 3, 5, 4, 2, 1, 8);
	eightTileArray[132] = EightTile(0, 2, 5, 2, 0, 7, 6, 8, 4, 3, 1);
	eightTileArray[133] = EightTile(2, 0, 7, 1, 8, 4, 5, 2, 0, 6, 3);
	eightTileArray[134] = EightTile(1, 1, 8, 1, 4, 3, 0, 7, 2, 6, 5);
	eightTileArray[135] = EightTile(2, 2, 2, 5, 1, 6, 3, 7, 8, 4, 0);
	eightTileArray[136] = EightTile(0, 2, 1, 6, 0, 7, 5, 4, 2, 8, 3);
	eightTileArray[137] = EightTile(1, 1, 4, 1, 2, 3, 0, 6, 8, 5, 7);
	eightTileArray[138] = EightTile(2, 0, 7, 2, 6, 8, 5, 1, 0, 3, 4);
	eightTileArray[139] = EightTile(0, 0, 0, 3, 1, 4, 7, 5, 2, 8, 6);
	eightTileArray[140] = EightTile(1, 1, 3, 6, 8, 7, 0, 4, 1, 5, 2);
	eightTileArray[141] = EightTile(1, 1, 8, 6, 1, 3, 0, 4, 7, 2, 5);
	eightTileArray[142] = EightTile(0, 0, 0, 5, 1, 2, 3, 6, 8, 7, 4);
	eightTileArray[143] = EightTile(0, 2, 6, 8, 0, 3, 5, 1, 2, 4, 7);
	eightTileArray[144] = EightTile(2, 0, 3, 2, 7, 6, 8, 4, 0, 1, 5);
	eightTileArray[145] = EightTile(0, 2, 6, 8, 0, 4, 3, 2, 7, 5, 1);
	eightTileArray[146] = EightTile(1, 1, 2, 4, 1, 6, 0, 5, 8, 3, 7);
	eightTileArray[147] = EightTile(0, 0, 0, 6, 4, 1, 8, 3, 5, 2, 7);
	eightTileArray[148] = EightTile(2, 0, 8, 1, 6, 5, 3, 7, 0, 4, 2);
	eightTileArray[149] = EightTile(0, 0, 0, 7, 5, 4, 1, 2, 6, 3, 8);

	// initialise memory for testresults
	for (int i = 0; i < 150; i++)
	{
		testResult[i] = TestResult();
	}

	Movement *puzzleMovementNew = new Movement();
}

// positions 0-49
void TestHarness::RunTestTilesOutOfPlaceHeuristic()
{
	string text = "test";

	// create tests
	for (int i = 0; i < 50; i++)
	{
		// create string stream
		ostringstream oss;

		text = "test";
		// add string text and string int to stringstream
		oss << text << i;

		//cout << oss.str() << endl;
		text = oss.str();

		TestHarness text(&eightTileArray[i]);
		// save start state
		testResult[i].tileStart = eightTileArray[i];

		// setup timer https://msdn.microsoft.com/en-us/library/windows/desktop/dn553408(v=vs.85).aspx
		LARGE_INTEGER StartingTime, EndingTime, ElapsedMicroseconds;
		LARGE_INTEGER Frequency;
		QueryPerformanceFrequency(&Frequency);
		QueryPerformanceCounter(&StartingTime);

		// run hillclimbing and heuristic
		movesTaken = text.TestTilesOutOfPlaceHeuristic();

		QueryPerformanceCounter(&EndingTime);
		ElapsedMicroseconds.QuadPart = EndingTime.QuadPart - StartingTime.QuadPart;
		// We now have the elapsed number of ticks, along with the
		// number of ticks-per-second. We use these values
		// to convert to the number of elapsed microseconds.
		// To guard against loss-of-precision, we convert
		// to microseconds *before* dividing by ticks-per-second.
		ElapsedMicroseconds.QuadPart *= 1000000;
		testResult[i].Timer = ElapsedMicroseconds.QuadPart /= Frequency.QuadPart;

		//count how many tiles in place 
		currentTilesInPlace = eightTileArray[i].solutionTest();

		// populate test result
		testResult[i].selectedAlgorithm = TilesOutOfPlaceHeuristic;
		// Timer
		testResult[i].movesTaken = movesTaken;

		// Solved puzzle?
		if (currentTilesInPlace == 9)
		{
			testResult[i].solutionFound = 0;
		}
		else 
		{
			testResult[i].solutionFound = 1;
		}
		testResult[i].tileFinish = eightTileArray[i];

		testResult[i].Display();
	}
}

int TestHarness::TestTilesOutOfPlaceHeuristic()
{
	//myPuzzle->display(); cout << endl;
	hillClimbing.TilesOutOfPlaceHeuristic(myPuzzle, &puzzleMovement);

	return puzzleMovement.moveCounter;
}

// positions 50-99
void TestHarness::RunTestTilesOutOfPlaceHeuristicSimulatedAnnealing()
{
	string text = "test";

	// create tests
	for (int i = 50; i < 100; i++)
	{
		// create string stream
		ostringstream oss;

		text = "test";
		// add string text and string int to stringstream
		oss << text << i;

		//cout << oss.str() << endl;
		text = oss.str();

		TestHarness text(&eightTileArray[i]);
		// save start state
		testResult[i].tileStart = eightTileArray[i];

		// setup timer https://msdn.microsoft.com/en-us/library/windows/desktop/dn553408(v=vs.85).aspx
		LARGE_INTEGER StartingTime, EndingTime, ElapsedMicroseconds;
		LARGE_INTEGER Frequency;
		QueryPerformanceFrequency(&Frequency);
		QueryPerformanceCounter(&StartingTime);

		// run hillclimbing and heuristic
		movesTaken = text.TestTilesOutOfPlaceHeuristicSimulatedAnnealing();

		QueryPerformanceCounter(&EndingTime);
		ElapsedMicroseconds.QuadPart = EndingTime.QuadPart - StartingTime.QuadPart;
		// We now have the elapsed number of ticks, along with the
		// number of ticks-per-second. We use these values
		// to convert to the number of elapsed microseconds.
		// To guard against loss-of-precision, we convert
		// to microseconds *before* dividing by ticks-per-second.
		ElapsedMicroseconds.QuadPart *= 1000000;
		testResult[i].Timer = ElapsedMicroseconds.QuadPart /= Frequency.QuadPart;

		//count how many tiles in place 
		currentTilesInPlace = eightTileArray[i].solutionTest();

		// populate test result
		testResult[i].selectedAlgorithm = TilesOutOfPlaceHeuristicSimulatedAnnealing;
		// Timer
		testResult[i].movesTaken = movesTaken;

		// Solved puzzle?
		if (currentTilesInPlace == 9)
		{
			testResult[i].solutionFound = 0;
		}
		else
		{
			testResult[i].solutionFound = 1;
		}
		testResult[i].tileFinish = eightTileArray[i];

		testResult[i].Display();
	}
}

int TestHarness::TestTilesOutOfPlaceHeuristicSimulatedAnnealing()
{
	//myPuzzle->display(); cout << endl;
	hillClimbing.TilesOutOfPlaceHeuristicSimulatedAnnealing(myPuzzle, &puzzleMovement);

	return puzzleMovement.moveCounter;
}

// positions 100-149
void TestHarness::RunTestManhattenDistanceHeuristicSimulatedAnnealing()
{
	string text = "test";

	// create tests
	for (int i = 100; i < 150; i++)
	{
		// create string stream
		ostringstream oss;

		text = "test";
		// add string text and string int to stringstream
		oss << text << i;

		//cout << oss.str() << endl;
		text = oss.str();

		TestHarness text(&eightTileArray[i]);
		// save start state
		testResult[i].tileStart = eightTileArray[i];

		// setup timer https://msdn.microsoft.com/en-us/library/windows/desktop/dn553408(v=vs.85).aspx
		LARGE_INTEGER StartingTime, EndingTime, ElapsedMicroseconds;
		LARGE_INTEGER Frequency;
		QueryPerformanceFrequency(&Frequency);
		QueryPerformanceCounter(&StartingTime);

		// run hillclimbing and heuristic
		movesTaken = text.TestManhattenDistanceHeuristicSimulatedAnnealing();

		QueryPerformanceCounter(&EndingTime);
		ElapsedMicroseconds.QuadPart = EndingTime.QuadPart - StartingTime.QuadPart;
		// We now have the elapsed number of ticks, along with the
		// number of ticks-per-second. We use these values
		// to convert to the number of elapsed microseconds.
		// To guard against loss-of-precision, we convert
		// to microseconds *before* dividing by ticks-per-second.
		ElapsedMicroseconds.QuadPart *= 1000000;
		testResult[i].Timer = ElapsedMicroseconds.QuadPart /= Frequency.QuadPart;

		//count how many tiles in place 
		currentTilesInPlace = manhatten.manhattenDistance(&eightTileArray[i]);

		// populate test result
		testResult[i].selectedAlgorithm = ManhattenDistanceHeuristicSimulatedAnnealing;
		// Timer
		testResult[i].movesTaken = movesTaken;

		// Solved puzzle?
		if (currentTilesInPlace == 0)
		{
			testResult[i].solutionFound = 0;
		}
		else
		{
			testResult[i].solutionFound = 1;
		}
		testResult[i].tileFinish = eightTileArray[i];

		testResult[i].Display();
	}
}

int TestHarness::TestManhattenDistanceHeuristicSimulatedAnnealing()
{
	//myPuzzle->display(); cout << endl;
	hillClimbing.ManhattenDistanceHeuristicSimulatedAnnealing(myPuzzle, &puzzleMovement, &manhatten);

	return puzzleMovement.moveCounter;
}
[bookmark: _Toc509279552]A2.6 main.cpp
/********************************************************************
***			main.cpp										*********
***	Entry point for the solution "8 Tiles MJohns P147264"	*********
********************************************************************/
#include <iostream>
#include "EightTile.h"
#include "Movement.h"
#include "ManhattenDistance.h"
#include "HillClimbing.h"
#include "aStar.h"

#include "TestHarness.h"

using namespace std;

// EightTiles main entry point method
int main(void)
{
#pragma region Manual Movement
/*
	// keyboard interface valid values a,s,w,d	
	char d;

	// go forever
	while (true)
	{
		cin >> d;

		if (d == 'a') puzzleMovement.setMove(LEFT);
		if (d == 'd') puzzleMovement.setMove(RIGHT);
		if (d == 'w') puzzleMovement.setMove(UP);
		if (d == 's') puzzleMovement.setMove(DOWN);
		
		// debug check function works
		if (d == 'u') puzzleMovement.swapUndo(&myPuzzle);

		// move blank
		puzzleMovement.swap(&myPuzzle);
		// draw puzzle
		myPuzzle.display();
	}	
*/
#pragma endregion Manual Movement
	
	EightTile myPuzzle;
	HillClimbing hillClimbing;
	Movement puzzleMovement;
	ManhattenDistance manhatten;
	aStar aStarObject;
	myPuzzle.display();
	puzzleMovement.randomiser(&myPuzzle);


	// uncomment each code funciton here to run individual aspects of the code.
	// only one code segment can be uncommented at each run (due to the same objects being used for each)
	
	//manhatten.manhattenDistance(&myPuzzle);
	//hillClimbing.TilesOutOfPlaceHeuristic(&myPuzzle, &puzzleMovement);
	hillClimbing.ManhattenDistanceHeuristic(&myPuzzle, &puzzleMovement, &manhatten);
	
	// unfinished but progress working can still be seen by uncommenting this code
	//aStarObject.aStarAlgorithm(&myPuzzle, &puzzleMovement);



	// Below code was used for testing of the timings to complete puzzle

	//TestHarness test = TestHarness();
	//TestHarness test;
	//test.RunTestTilesOutOfPlaceHeuristic();
	//test.RunTestTilesOutOfPlaceHeuristicSimulatedAnnealing();
	//test.RunTestManhattenDistanceHeuristicSimulatedAnnealing();



	cout << endl << endl << "End" << endl << endl;
	// main return, program exited correctly
	return 0;
}
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Attempted implementation of the aStar algorithm with manhattan distance heuristic (From appendix A)
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#pragma once

#include <vector>
#include "Node.h"
#include "ManhattenDistance.h"
#include "Movement.h"

using std::vector;

class aStar
{
public:
	aStar();
	~aStar();

	void aStarAlgorithm(EightTile *, Movement *);

	vector<Node*> shortestPathTree;

private:
	vector<Node*> openList;
	vector<Node*> closedList;

	ManhattenDistance manhatten;
	Node *currentNode;
	Node *targetNode;

	int nodeCounter = 0;
	int currentNodeOpenListIndex;

	void addNodeOpen(int);
	void addNodeClosed(Node *);
	Node* openListLowestFScore();
};
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#pragma once
/********************************************
***			Node.h					*********
***	Header for Node.cpp				*********
*** used for node with A* function  *********
********************************************/

#include "EightTile.h"
#include <iostream>
#include <vector>

using std::cout;
using std::endl;
using std::vector;

class Node : public Tiles
{
public:
	Node();
	Node(int);
	~Node();

	void init();

	void display(void);

	int index;
	EightTile *nodeTiles;
	Node *parent = nullptr;
	vector<Node*> neighbours;
	int fScore;
	int gScore;
};
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#include "Node.h"

Node::Node()
{
}

Node::Node(int index)
{
	this->index = index;
}

Node::~Node()
{
}

void Node::init()
{
	int index = NULL;
	EightTile *nodeTiles = nullptr;
	Node *parent = nullptr;
	vector<Node*> neighbours;
	int fScore = NULL;
	int gScore = NULL;
	nodeTiles->tiles.tilesArray[0][0] = 0; nodeTiles->tiles.tilesArray[0][1] = 1; nodeTiles->tiles.tilesArray[0][2] = 2;
	nodeTiles->tiles.tilesArray[1][0] = 3; nodeTiles->tiles.tilesArray[1][1] = 4; nodeTiles->tiles.tilesArray[1][2] = 5;
	nodeTiles->tiles.tilesArray[2][0] = 6; nodeTiles->tiles.tilesArray[2][1] = 7; nodeTiles->tiles.tilesArray[2][2] = 8;
	// set solution target
	nodeTiles->solution.tilesArray[0][0] = 0; nodeTiles->solution.tilesArray[0][1] = 1; nodeTiles->solution.tilesArray[0][2] = 2;
	nodeTiles->solution.tilesArray[1][0] = 3; nodeTiles->solution.tilesArray[1][1] = 4; nodeTiles->solution.tilesArray[1][2] = 5;
	nodeTiles->solution.tilesArray[2][0] = 6; nodeTiles->solution.tilesArray[2][1] = 7; nodeTiles->solution.tilesArray[2][2] = 8;
}

// function to print display to screen
void Node::display(void)
{
	cout << nodeTiles->tiles.tilesArray[0][0] << " " << nodeTiles->tiles.tilesArray[0][1] << " " << nodeTiles->tiles.tilesArray[0][2] << endl;
	cout << nodeTiles->tiles.tilesArray[1][0] << " " << nodeTiles->tiles.tilesArray[1][1] << " " << nodeTiles->tiles.tilesArray[1][2] << endl;
	cout << nodeTiles->tiles.tilesArray[2][0] << " " << nodeTiles->tiles.tilesArray[2][1] << " " << nodeTiles->tiles.tilesArray[2][2] << endl;
	cout << endl;
}
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#include "aStar.h"

aStar::aStar()
{
}

aStar::~aStar()
{
}

void aStar::aStarAlgorithm(EightTile *tilePointer, Movement *movement)
{
	cout << endl << "in a star algorithm " << endl;

	// ensure openList and closedLists are empty
	openList.clear();
	closedList.clear();
	currentNodeOpenListIndex = nodeCounter;

	// setup target solution node
	targetNode = new Node();
	targetNode->nodeTiles = tilePointer;

	// create current node object
	currentNode = new Node();

	// setup starting node
	addNodeOpen(currentNodeOpenListIndex);
	openList[currentNodeOpenListIndex]->nodeTiles = tilePointer;
	openList[currentNodeOpenListIndex]->gScore = 0;

	// calculate f cost from start node to target node F = G + H
	openList[currentNodeOpenListIndex]->fScore 
									= openList[currentNodeOpenListIndex]->gScore 
									+ manhatten.manhattenDistance(openList[currentNodeOpenListIndex]);

	cout << "Open list start node 0: " << endl;
	
	openList[currentNodeOpenListIndex]->nodeTiles->tiles.display();

	cout << "target node solution" << endl;

	targetNode->nodeTiles->solution.display();

	// while the openlist has nodes on it
	while (!openList.empty())
	{
		currentNode = openListLowestFScore();

		//int solutionCheck = memcmp(&currentNode->nodeTiles->tiles, &targetNode->nodeTiles->solution, sizeof(currentNode->nodeTiles->tiles));

		if (0)
		{
			cout << "target noooddeeeee" << endl;
		}
		else
		{
			cout << "not tarrggetttt nooodeeeee" << endl;
		}
		break;
	}
}

// create and add new node to open list
void aStar::addNodeOpen(int nodeCounter)
{
	Node *tempNode;
	tempNode = new Node(nodeCounter);

	openList.resize(openList.size() + 1);
	openList[nodeCounter] = tempNode;
	nodeCounter++;
}

// create and add new node to open list
void aStar::addNodeClosed(Node *currentNode)
{
	closedList.resize(closedList.size() + 1);
	closedList[closedList.size()] = currentNode;
}

Node* aStar::openListLowestFScore()
{
	// set temp variable to hold currentnode fscore
	int currentFScore = openList[currentNodeOpenListIndex]->fScore;

	// iterate through openlist from start to end
	for (unsigned int i = 0; i < openList.size(); i++)
	{
		cout << "current FScore first " << currentFScore << endl;
		
		if (openList[i]->fScore < currentFScore)
		{
			currentNode = openList[i];
			//currentNode->display();

			cout << "current FScore second " << currentFScore << endl;

			currentFScore = currentNode->fScore;
		}

		cout << "current node fscore in lowest fscore function = " << currentFScore << endl;
	}
	
	return currentNode;
}
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function HILL-CLIMBING( problem) returns a state that is a local maximum

current — MAKE-NODE(problem.INITIAL-STATE)

loop do
neighbor — a highest-valued successor of current
if neighbor. VALUE < current. VALUE then return current. STATE
current — neighbor
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function SIMULATED-ANNEALING( problem, schedule) returns a solution state
inputs: problem, a problem
schedule, a mapping from time to “temperature”

current — MAKE-NODE(problem.INITIAL-STATE)
for t =1to oc do
T «— schedule(t)
if T = 0 then return current
next — a randomly selected successor of current
AFE — newt.VALUE — current. VALUE
if AE > 0 then current — neat

else current — next only with probability ¢27/T
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