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[bookmark: _Toc510035072]Chapter 1: Introduction
8 tiles is a puzzle that is a common puzzle to use to test Artificial Intelligence algorithms. It consists of starting from a randomized solution generated and to place the tiles in the correct position to complete the puzzle. That is the topic of this assessment, to complete the puzzle that can be done both the player and the AI. This report details the description of the algorithms used for Artificial Intelligence aspect as well as the gameplay and the other functions that are required. A comparison framework is also created to examine both advantages and disadvantages of Hill climbing and A* algorithms and how they fair in this application. All the code that is used in this assignment can be seen in the appendix. 























[bookmark: _Toc510035073]Chapter 2: 8 Tiles
8 tiles is a puzzle consisting a 2D array of integers. Using a 3x3 matrix, a console view of the numbers in the array is presented. The player will move the 0 value in four directions, left, right, up and down. Whenever the number is moved, the other number depending on which direction moved in, takes the original position of 0. The player can solve the puzzle when the tiles are in the correct positions. 
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[bookmark: _Toc510035000]Figure 1 8 Puzzles
In the implementation, there are many core functions to use:
· Bubble sort algorithm
· Timer
· Hill Climbing Algorithm
The bubble sort algorithm iterates through the 2D array and swaps the values in random places, essentially when launching the puzzle, each result is different due to the algorithm and not the same after launching it. The main process is to swap integer values using two positions of the array and temporary variable to store the number. This function is found in the object class where all the functions to set up the puzzle are stored.

The timer class contains two main functions, starting and stopping the timer. The timer represents how long it will take the player or the AI to complete the puzzle. The original idea is to use basic method of using a stopwatch, to record how quick you can complete the puzzle. The next idea, to create a concept of racing against the clock, completing the puzzle before time runs out, a common feature in most puzzle games. 

Finally, the complete function takes place throughout the game, comparing the current position to the solution array. If all the current positions compared to the solution array are correct, the user will receive a message in characters “Congratulations, you completed the puzzle” and the timer will be stopped. The function can be found in the object class.
[bookmark: _Toc510035074]Chapter 3: Algorithms
As part of the requirements, an algorithm is required that finds the correct solution. One algorithm and two Heuristic functions are presented. In this section, the algorithms that were used in this assessment will be explored in terms of its computation as well as a comparison framework between Misplaced Tiles and Manhattan Distance to determine the best heuristic function to use for this case. This includes comparing advantages and disadvantages of each to draw a conclusion.

[bookmark: _Toc510035075]3.1: Hill Climbing 
Hill Climbing is an algorithm that takes the principal of climbing a hill literally, following the highest value during the search. According to Norvig and Russel [1], they state that sometimes, Hill Climbing is known as “Greedy Local Search”. It tells us two important things, first, greedy search operates, finding the highest value of all its nearest neighbours and secondly, Greed is one of the several sins in religion and so in their vision, it describes Hill Climbing for that reason alone. Despite this, the algorithm works well in that aspect and gives results very accurately. Millington and Fudge [2] can agree with this as they state that “It is fast to run and can often give very good results.” They also added that it is a simple parametrical technique in optimisation which is the reason as to why they can achieve excellent results in a very short time. 
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[bookmark: _Toc510035001]Figure 2 Hill Climbing Graph
There issues that are known, the first, the local maxima. Local maxima can be defined as a way of measuring the highest value of any function. In Hill Climbing, there are two maxima’s, global and local. Global maxima represent the highest value of the function. The issue in this aspect is that hill climbing does not use backtracking. Backtracking can only be used if the direction to move towards next is not clear enough. The second issue with hill climbing is Ridges. Ridges are a special type of local maxima, these are created in form of slopes which can make traversing difficult. Thirdly, Plateaus can appear. These can be described as a flat area that is used to search neighbours of their value. The problem is due to the calculations being complex to compute to gain the best direction possible.

All issues above do not necessarily mean that it’s not an efficient algorithm to use as it does presents some benefits to gain from. The first, the algorithm requires less conditions than most algorithms, secondly, it can be used to solve optimisation problems and to make performance better and smoother. 

However realistically, there are more problems to solve than benefits to gain. It is not efficient to use and sometimes does not always solve the problem at hand. The alternatives to this is most commonly used, A*. A* takes the approach of Best First Search, finding the best solution in any way possible. It is a more suitable approach to use as it always finds the shortest path. However, it does have the issue of depending too much on its heuristic, if it is 0, the function would not execute. 





















[bookmark: _Toc510035076]3.2: Heuristic Functions
Heuristic functions are applied to any pathfinding algorithm. From Manhattan distance to heuristic depth first search, there are a range to use in this case. In this report, two heuristic functions are explored and are subject to a comparison framework.

[bookmark: _Toc510035077]3.2.1 Misplaced Tiles Heuristic 
The first, the Misplaced Tiles Heuristic is a simple choice as the function iterates throughout the 2D array of tiles to determine how many tiles are out of place. Normally, this is done by comparing the current tiles to the solution tiles. The variable H in this case keeps a record of how many tiles in each position are not the same as the solution tiles. 
[bookmark: _Toc510035002]Figure 3 Misplaced Tiles Example
No of Tiles out of place = 8,6,5,7,2,3,1
H = 7
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[bookmark: _Toc510035078]3.2.2 Manhattan Distance Heuristic
The second, The Manhattan Distance is an alternative to use, iterating throughout the array of tiles only to subtract the size of the tiles array and the solution array. This is the alternative to the Misplaced Tiles Heuristic


























[bookmark: _Toc510035079]3.2.3 Problems

While randomizing the array, there are two main problems encountered. The first, the original tiles had the x and y position set to the first number of the array which is 0, however when the tiles are shuffled, the x and y did not change and instead moved the number in the first position. There are two issues, one is that it’s not a space tile, and two, the tile will not go far as it will be stuck at a position and the problem will not be solved. The solution to this problem is to create a function that will relocate the x and y coordinates to the tile that is shuffled that is the space tile. 

The second problem is where the tile can not move due to the best direction both horizontally and vertically having the same heuristic value. The condition has to be that the best direction must have the lowest heuristic value. This can be described as the heuristic deadlock as the space tile does not move beyond two steps of execution time. The solution to this would be to create an if statement, determining if the value of the lowest value for Horizontal and Vertical are the same, one of those will be chosen randomly. This will move the tile in one direction, increasing steps by one in the process. Unfortunately this would not resolve the issue as it would still be stuck in a cycle. Backtracking would be the answer to this problem as if the states chosen are the same and do not present a good solution, then the idea would be to go back to the previous states and try a different direction and move from that point onwards.














[bookmark: _Toc510035080]3.3: Comparison
The previous section discusses Hill Climbing and two of the heuristic functions that can be used with it in brief detail. In this section, a comparison framework is created to compare performance for both Misplaced Tiles Heuristic and Manhattan distance Heuristic. The study will present tests to determine the number of steps it took for each heuristic function implemented. 

The tests are conducted based on two main parameters, n represents the number of steps each heuristic took to solve the puzzle and t, representing the amount of time it took to complete the puzzle. The original plan was to test both heuristic 60 runs altogether, 30 for each heuristic function.  However this has been abandoned due to the problems encountered when running the Hill Climbing Algorithm as it cannot decide which state to go to if both given states Heuristic are the same. The time data is taken from the performance profiler function that can be accessed in visual studio. The problem given can be seen below.
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The given problem is solvable and easy to work with. The rest results can be seen below.
Misplaced Tiles
	Runs
	N (Steps)
	T (time)

	1
	5
	950.849 milliseconds 



The tables above provide test data that gives the results of the tests on each run. Below is a line graph that demonstrates each heuristic function in terms of performance.
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[bookmark: _Toc510035003]Figure 4 CPU Speed Graph


While the Manhattan Distance was written and the tests returned a result, there was a substantial amount of uncertainty as to what value (low or high) is to be expected. On top of that, the comparison relied on hill climbing algorithm utilizing both heuristic functions. While the misplaced tiles was a success, the Manhattan Distance can not be justified as to whether or not it was a success. The test results was scheduled for 30 runs each, unfortunately, this could not be carried out due to the mentioned problem of unable to break out of a cycle in the hill climbing algorithm.

























[bookmark: _Toc510035081]Chapter 3: Conclusion

This report examines the algorithms used in the 8 tiles problem. It also presents the results from the testing phase conducted into the speed and performance of the Misplaced Tiles. The Manhattan Distance was written but not tested as there was uncertainty as to what result was to be expected and whether it is the right result or not. However, the interest in how A* would solve the 8-puzzle problem remains and if, it is better to use than Hill Climbing. A* being the modernized algorithm of Dijkstra, created in 1955, is the most commonly used pathfinding algorithm in the field. The next step would be to implement A* and test and compare the speed, performance and computation expenses to that of Hill Climbing. Overall, the performance for the coding aspect of this assignment is very disappointing personally. With Manhattan distance and the problem of a cycle occurring in Hill Climbing, it is disappointing to not create the solution for those problems.
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The Appendix contains the code created for this assignment. The code can be found below.
Timer.h
#pragma once
#include <iostream>
#include <Windows.h>
#include <conio.h>
using namespace std;

class Timer
{
private:
	int seconds;
	int minutes;
	bool update = false;

public:
	Timer();
	virtual ~Timer();

	//countdown
	void start();
	void stop();
	void TimeAttack();
	void display();
};

Timer.cpp
#include "Timer.h"



Timer::Timer()
{


}


Timer::~Timer()
{


}

void Timer::start()
{
	minutes = 5;
	seconds = 00;
	


	while (true)
	{

		Sleep(1000);
		if (seconds == 00)
		{
			minutes -= 1;
			seconds = 59;
		}

		if (minutes == 0)
		{
			minutes = 0;
		}
		seconds--;
		
	}






	return;
}

void Timer::stop()
{
	if (seconds == 0 && minutes == 0)
	{
		return;
	}


}

void Timer::TimeAttack()
{



}

void Timer::display()
{


			cout << minutes << ":" << seconds << endl;
			




}






Main.cpp
#include <iostream>
#include <time.h>
#include <conio.h>
#include <Windows.h>
#include <cstdlib>
#include <vector>
#include "Timer.h"

#define clear() printf("\033[H\033[J")
#define gotoxy(x,y) printf("\033[%d;%dH", (x), (y))

typedef struct pos
{
	int x;
	int y;
};


using namespace std;
enum move { NONE, UP, DOWN, LEFT, RIGHT };
class EightTile
{
public:
	EightTile();  //constructor
	void setMove(enum move);  //select direction
	void display(void);	//draw puzzle
	void swap(void); //swap blank with selected tile
	bool okLeft(void); //can I move left
	bool okRight(void);//can I move right
	bool okUp(void);//can I move up
	bool okDown(void);//can I move down
	void Shuffle(void); //shuffle the array
	void checkWin(void); //check if the player has solved the puzzle
	void HillClimb(); //Auto solution
	int ManhattenDistance(); //Manhattan Distance
	int CheckTiles(void); //Check the tiles to see how many are out of place
	bool isSolvable(int tiles[3][3]); //Check if the puzzle is solveable
	void Locate(); //Locate the space tile (only after Randomisation)
	void play(); //Play the game (Human only)
	void HillClimbMD(); //Hill Climb with Manhattan Distance Heuristic Only

private:
	enum move myMove;
	Timer timer;
	int moves[2];
	int movesV[2];
	int movesH[2];
	int tiles[3][3];  //puzzle now
	int solution[3][3];//puzzle at start (solved).
	int x;  //blank x position
	int y;  //blank y position
	int tries; //variable to store the amount of tries the player taken
	int h;
	int steps;
	enum move m;
	//Variables for Hill Climb
	int currentHL = 10;
	int currentHR = 10;
	int currentHT = 10;
	int currentHD = 10;
	int temp;
	int lowest = 10;
	int lowestH = 10;
	int lowestV = 10;
	int lowestChoiceV;
	int lowestChoiceH;
	enum move lastMove; //Store last Move made 
	enum move LastMoveH; //Use this to store the previous Direction
	enum move LastMoveV; //Store direction for Vertical
	enum move bestDirection; //Store best direction to go
	int directionsH[2];  //Used for picking a direction at random
	int directionsV[2];
	int finalDirection[2];


};



EightTile::EightTile()
{
	myMove = NONE;  //initialize member attributes
	x = 0;  //initial blank position   - make  sure this agrees with solved puzzle!
	y = 0;
	tries = 0; //Record how many tries taken to solve the puzzle (Human Only)
	steps = 0; //Record how many steps taken to solve the puzzle (AI only)
	h = 0; //Record how many tiles are out of place



	tiles[0][0] = 3; tiles[1][0] = 1; tiles[2][0] = 2; //set up puzzle tiles
	tiles[0][1] = 6; tiles[1][1] = 5; tiles[2][1] = 0;
	tiles[0][2] = 7; tiles[1][2] = 4; tiles[2][2] = 8;
	solution[0][0] = 0; solution[1][0] = 1; solution[2][0] = 2; //set up solved puzzle tile positions
	solution[0][1] = 3; solution[1][1] = 4; solution[2][1] = 5;
	solution[0][2] = 6; solution[1][2] = 7; solution[2][2] = 8;

	display();










}

void EightTile::display(void)
//draw puzzle as it is now
{
	cout << tiles[0][0] << " " << tiles[1][0] << " " << tiles[2][0] << endl;
	cout << tiles[0][1] << " " << tiles[1][1] << " " << tiles[2][1] << endl;
	cout << tiles[0][2] << " " << tiles[1][2] << " " << tiles[2][2] << endl;
	cout << endl;
	cout << "\n";



	isSolvable(tiles);

	//cout << "Time: \n" << "Hours " << hours << " Minutes: " << minutes << " Seconds: " << seconds;
	cout << "___________________________________________________________________________ \n";


}
void EightTile::setMove(enum move m)
//sets which way you want to move
{
	myMove = m;
}
void EightTile::swap()
//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() & (myMove == LEFT)) {
		temp = tiles[x - 1][y];
		tiles[x - 1][y] = tiles[x][y];
		tiles[x][y] = temp;
		x = x - 1;
		tries += 1;

	}
	if (okRight() & (myMove == RIGHT)) {
		temp = tiles[x + 1][y];
		tiles[x + 1][y] = tiles[x][y];
		tiles[x][y] = temp;
		x = x + 1;
		tries += 1;

	}

	if (okUp() & (myMove == UP)) {
		temp = tiles[x][y - 1];
		tiles[x][y - 1] = tiles[x][y];
		tiles[x][y] = temp;
		y = y - 1;
		tries += 1;

	}
	if (okDown() & (myMove == DOWN)) {
		temp = tiles[x][y + 1];
		tiles[x][y + 1] = tiles[x][y];
		tiles[x][y] = temp;
		y = y + 1;
		tries += 1;

	}
}
bool EightTile::okLeft(void)
//can I move left?
{

	if (x > 0)
		return true;
	else return false;
}
bool EightTile::okRight(void)
//can I move right?
{
	if (x < 2)
		return true; else return false;
}
bool EightTile::okUp(void)
//can I move up?
{
	if (y > 0)
		return true; else return false;
}
bool EightTile::okDown(void)
//can I move down?
{
	if (y < 2)
		return true; else return false;
}

void EightTile::Shuffle()
{
////////////////////////////////////////////////////////////////////////////////////////////
//////Declare variables
////////////////////////////////////////////////////////////////////////////////////////////
	int temp;
	int i, j, k, m;
	//while the value of N is greater than three || while the array has three numbers
	for (i = 0; i < 3; i++)
	{
////////////////////////////////////////////////////////////////////////////////////////////
//////Seeding process begins
////////////////////////////////////////////////////////////////////////////////////////////
		srand(time(NULL));
////////////////////////////////////////////////////////////////////////////////////////////
//////Create two variables to randomise positions when swapping commences
////////////////////////////////////////////////////////////////////////////////////////////
		int r = rand() % 3;
		int r2 = rand() % 3;
		for (j = 0; j < 3; j++)
		{
////////////////////////////////////////////////////////////////////////////////////////////
//////Swap
////////////////////////////////////////////////////////////////////////////////////////////
			temp = tiles[i][j]; //swap process initiated
			tiles[i][j] = tiles[r][r2];
			tiles[r][r2] = temp;
		}
	}

	printf("\n");


}

void EightTile::checkWin(void)
{
	//compare all the positions in the array to the solutions array to check that the values are the same
	for (int i = 0; i < 3; i++)
	{
		for (int j = 0; j < 3; j++)
		{
			if (tiles[i][j] == solution[3][3])
			{

				//congratulations you won!
				cout << "CONGRATULATIONS, YOU WON!!!! \n";
				cout << "Tries you took are:", tries;

			}
		}
	}


}
void EightTile::HillClimb()
{
	//While there are misplaced tiles
	while (CheckTiles() != 0)
	{

		currentHL = 10;
		currentHR = 10;
		currentHT = 10;
		currentHD = 10;
		if (bestDirection == LEFT)
		{
			lastMove = LEFT; //record the last move taken
		}
		if (bestDirection == RIGHT)
		{
			lastMove = RIGHT; //record the last move taken
		}

		if (bestDirection == UP)
		{
			lastMove = UP; //record the last move taken
		}

		if (bestDirection == DOWN)
		{
			lastMove = DOWN; //record the last move taken
		}
		////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
		///////Go Left
		////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////

		if (okLeft())
		{
			myMove = LEFT;
			swap();

			//Record the heuristic for left
			currentHL = CheckTiles();
			cout << "Heurisitic for LEFT: " << currentHL << endl;
			myMove = RIGHT;
			swap();

		}




		///////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
		/////////Go Right 
		///////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
		if (okRight())
		{

			myMove = RIGHT;
			swap();
			//Record the heuristic for the right direction
			currentHR = CheckTiles();
			cout << "Heurisitic for RIGHT: " << currentHR << endl;
			myMove = LEFT;
			swap();

		}


		///////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
		////////////Go Down
		///////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////		
		if (okDown())
		{
			myMove = DOWN;
			swap();

			//Record the heuristic for the right direction
			currentHD = CheckTiles();
			cout << "Heurisitic for DOWN: " << currentHD << endl;
			myMove = UP;
			swap();

		}

		///////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
		/////////Go Up
		///////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
		if (okUp())
		{
			myMove = UP;
			swap();
			//Record the heuristic for the right direction
			currentHT = CheckTiles();
			cout << "Heurisitic for UP: " << currentHT << endl;
			myMove = DOWN;
			swap();
		}



		//Tackle the Heuristic Deadlock for Vertical
		if (currentHL == currentHR)
		{
			srand(time(NULL));
			directionsH[0] = currentHL;
			directionsH[1] = currentHR;
			int randomIndex = rand() % 2;
			lowestH = directionsH[randomIndex];
			//Check to determine the direction
			if (randomIndex == directionsH[0])
			{
				LastMoveH = LEFT;
				cout << "Direction: LEFT \n";
			}
			else
				if (randomIndex == directionsH[1])
				{
					LastMoveH = RIGHT;
					cout << "Direction: RIGHT \n";
				}
		}

		//Tackle the Heuristic Deadlock for Horizontal
		if (currentHT == currentHD)
		{
			srand(time(NULL));

			directionsV[0] = currentHT;
			directionsV[1] = currentHD;
			int randomIndexV = rand() % 2;
			lowestV = directionsV[randomIndexV];
			if (randomIndexV == directionsV[0])
			{
				LastMoveV = UP;
				cout << "Direction: UP \n";
			}
			else
				if (randomIndexV == directionsV[1])
				{
					LastMoveV = DOWN;
					cout << "Direction: DOWN \n";
				}

		}

		//Semi Final
		if (currentHL < currentHR)
		{
			lowestH = currentHL;

			cout << "LowestH(LEFT): " << lowestH << endl;
			LastMoveH = LEFT;


		}
		if (currentHR < currentHL)
		{
			lowestH = currentHR;

			cout << "LowestH(RIGHT): " << lowestH << endl;
			//Store the direction in the Vector
			LastMoveH = RIGHT;
		}

		if (currentHT < currentHD)
		{
			lowestV = currentHT;
			cout << "LowestV(TOP): " << lowestV << endl;
			//Store the direction in the Vector
			LastMoveV = UP;
		}
		if (currentHD < currentHT)
		{
			lowestV = currentHD;

			cout << "LowestV(DOWN): " << lowestV << endl;
			//Store the direction in the Vector
			LastMoveV = DOWN;
		}





		//Final
		if (lowestV < lowestH)
		{
			lowest = lowestV;
			cout << "Lowest(V): " << lowest << endl;
			//Store the direction in the Vector
			bestDirection = LastMoveV;


		}
		if (lowestH < lowestV)
		{
			lowest = lowestH;
			cout << "Lowest(H): " << lowest << endl;
			//Store the direction in the Vector
			bestDirection = LastMoveH;

		}

		//Tackle the Heuristic Deadlock for Vertical
		//	Problem with this code,  variable overwrite
		if (lowestV == lowestH)
		{
			srand(time(NULL));
			finalDirection[0] = lowestV;
			finalDirection[1] = lowestH;
			int randomIndexFinal = rand() % 2;
			lowest = finalDirection[randomIndexFinal];
			///////////////////////////////////////////////////////////////////////////////////////////////////////////////////
			//////////////Determine the final direction
			///////////////////////////////////////////////////////////////////////////////////////////////////////////////////
			if (randomIndexFinal == finalDirection[0]) //Change this code
			{

				bestDirection = LastMoveV;


			}
			else
				if (randomIndexFinal == finalDirection[1])
				{


					bestDirection = LastMoveH;

				}

		}

		//Set the direction
		//ID Technique
		if (bestDirection == LEFT)
		{

			cout << "Best Direction (LEFT): " << bestDirection << endl;
			myMove = LEFT;

			swap();
		}

		if (bestDirection == RIGHT)
		{

			cout << "Best Direction (RIGHT): " << bestDirection << endl;
			myMove = RIGHT;

			swap();
		}

		if (bestDirection == UP)
		{
			cout << "Best Direction (UP): " << bestDirection << endl;
			myMove = UP;

			swap();
		}

		if (bestDirection == DOWN)
		{
			cout << "Best Direction (DOWN): " << bestDirection << endl;
			myMove = DOWN;

			swap();
		}

		if (steps > 1000)
		{
			////////////////////////////////////////////////////////////////////////////////////////////
			//////Reset the steps
			////////////////////////////////////////////////////////////////////////////////////////////
			Shuffle();
			steps = 0;
		}
		steps++;
		display();
	}

}

void EightTile::HillClimbMD()
{
	int currentMDL = 0;
	int currentMDR = 0;
	int currentMDU = 0;
	int currentMDD = 0;


	//While there are misplaced tiles
	while (CheckTiles() != 0)
	{

		if (bestDirection == LEFT)
		{
			lastMove = LEFT; //record the last move taken
		}
		if (bestDirection == RIGHT)
		{
			lastMove = RIGHT; //record the last move taken
		}

		if (bestDirection == UP)
		{
			lastMove = UP; //record the last move taken
		}

		if (bestDirection == DOWN)
		{
			lastMove = DOWN; //record the last move taken
		}
		////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
		///////Go Left
		////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////

		if (okLeft())
		{
			myMove = LEFT;
			swap();

			//Record the heuristic for left
			currentMDL = ManhattenDistance();
			cout << "Manhattan Distance for LEFT: " << currentMDL << endl;
			myMove = RIGHT;
			swap();

		}




		///////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
		/////////Go Right 
		///////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
		if (okRight())
		{

			myMove = RIGHT;
			swap();
			//Record the heuristic for the right direction
			currentMDR = ManhattenDistance();
			cout << "Manhattan Distance for RIGHT: " << currentMDR << endl;
			myMove = LEFT;
			swap();

		}


		///////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
		////////////Go Down
		///////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////		
		if (okDown())
		{
			myMove = DOWN;
			swap();

			//Record the heuristic for the right direction
			currentMDD = ManhattenDistance();
			cout << "Manhattan Distance for DOWN: " << currentMDD << endl;
			myMove = UP;
			swap();

		}

		///////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
		/////////Go Up
		///////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
		if (okUp())
		{
			myMove = UP;
			swap();
			//Record the heuristic for the right direction
			currentMDU = ManhattenDistance();
			cout << "Manhattan Distance for UP: " << currentMDU << endl;
			myMove = DOWN;
			swap();
		}



		//Semi Final
		if (currentMDL < currentMDR)
		{
			lowestH = currentMDL;

			cout << "Best Choice (LEFT): " << lowestH << endl;
			LastMoveH = LEFT;


		}
		if (currentMDR < currentMDL)
		{
			lowestH = currentMDR;

			cout << "Best Choice (RIGHT): " << lowestH << endl;
			//Store the direction in the Vector
			LastMoveH = RIGHT;
		}

		if (currentMDU < currentMDD)
		{
			lowestV = currentMDU;
			cout << "Best Choice V(TOP): " << lowestV << endl;
			//Store the direction in the Vector
			LastMoveV = UP;
		}
		if (currentMDD < currentMDU)
		{
			lowestV = currentMDD;

			cout << "Best Choice V(DOWN): " << lowestV << endl;
			//Store the direction in the Vector
			LastMoveV = DOWN;
		}


////////////////////////////////////////////////////////////////////////////////////////////
//////if the lowestV is less than lowest H
////////////////////////////////////////////////////////////////////////////////////////////
		//Final
		if (lowestV < lowestH)
		{
////////////////////////////////////////////////////////////////////////////////////////////
//////Set Lowest to Lowest V
////////////////////////////////////////////////////////////////////////////////////////////
			lowest = lowestV;
			cout << "Lowest(V): " << lowest << endl;
			//Store the direction
			bestDirection = LastMoveV;


		}
		////////////////////////////////////////////////////////////////////////////////////////////
		//////If the lowest H is less than the Lowest V
		////////////////////////////////////////////////////////////////////////////////////////////
		if (lowestH < lowestV)
		{
////////////////////////////////////////////////////////////////////////////////////////////
//////Set the lowest to lowest H
////////////////////////////////////////////////////////////////////////////////////////////
			lowest = lowestH;
			cout << "Lowest(H): " << lowest << endl;
			//Store the direction chosen
			bestDirection = LastMoveH;

		}



		//Set the direction
		////////////////////////////////////////////////////////////////////////////////////////////
		//////If the best direction is Left
		////////////////////////////////////////////////////////////////////////////////////////////
		if (bestDirection == LEFT)
		{
			////////////////////////////////////////////////////////////////////////////////////////////
			//////Move Left
			////////////////////////////////////////////////////////////////////////////////////////////
			cout << "Best Direction (LEFT): " << bestDirection << endl;
			myMove = LEFT;

			swap();
		}
		////////////////////////////////////////////////////////////////////////////////////////////
		//////If the best direction is Right
		////////////////////////////////////////////////////////////////////////////////////////////
		if (bestDirection == RIGHT)
		{
			////////////////////////////////////////////////////////////////////////////////////////////
			//////Move Right
			////////////////////////////////////////////////////////////////////////////////////////////
			cout << "Best Direction (RIGHT): " << bestDirection << endl;
			myMove = RIGHT;

			swap();
		}
		////////////////////////////////////////////////////////////////////////////////////////////
		//////If the best Direction is Up
		////////////////////////////////////////////////////////////////////////////////////////////
		if (bestDirection == UP)
		{
			////////////////////////////////////////////////////////////////////////////////////////////
			//////Move UP
			////////////////////////////////////////////////////////////////////////////////////////////
			cout << "Best Direction (UP): " << bestDirection << endl;
			myMove = UP;

			swap();
		}
		//if the best direction is down
		if (bestDirection == DOWN)
		{
			//move down
			cout << "Best Direction (DOWN): " << bestDirection << endl;
			myMove = DOWN;
			//Swap positions
			swap();
		}
		//If we have gone on for too long
		if (steps > 1000)
		{
			////////////////////////////////////////////////////////////////////////////////////////////
			//////Reset the steps
			////////////////////////////////////////////////////////////////////////////////////////////
			Shuffle(); //Shuffle the puzzle
			steps = 0;
		}
		//increment the steps
		steps++;
		//Display the puzzle
		display();
	}

}


int EightTile::ManhattenDistance()
{

	int D1 = 0;
	int D2 = 0;
	int D3 = 0;
	int D4 = 0;
	int D5 = 0;
	int D6 = 0;
	int D7 = 0;
	int D8 = 0;
	int D9 = 0;

	int Distance[9];
	Distance[0] = D1;
	Distance[1] = D2;
	Distance[2] = D3;
	Distance[3] = D4;
	Distance[4] = D5;
	Distance[5] = D6;
	Distance[6] = D7;
	Distance[7] = D8;
	Distance[8] = D9;

	int sum = 0;
	int value = 0;
	//Loop through the tiles array
	for (int i = 0; i < 3; i++)
	{
		for (int j = 0; j < 3; j++)
		{
			D1 = tiles[0][0];
			D2 = tiles[0][1];
			D3 = tiles[0][2];
			D4 = tiles[1][0];
			D5 = tiles[1][1];
			D6 = tiles[1][2];
			D7 = tiles[2][0];
			D8 = tiles[2][1];
			D9 = tiles[2][2];

			//Loop through solution array
			for (int l = 0; l < 3; l++)
			{
				for (int k = 0; k < 3; k++)
				{
					if (D1 == solution[l][k])
					{
						//Calculate the distance between the current position to the tile position in the solution
						int value1 = abs(tiles[0] - solution[l]) + abs(tiles[0] - solution[k]);
					}
					if (D2 == solution[l][k])
					{
						//Calculate the distance between the current position to the tile position in the solution
						int value2 = abs(tiles[0] - solution[l]) + abs(tiles[1] - solution[k]);
					}

					if (D3 == solution[l][k])
					{
						//Calculate the distance between the current position to the tile position in the solution
						int value3 = abs(tiles[0] - solution[l]) + abs(tiles[2] - solution[k]);
					}

					if (D4 == solution[l][k])
					{
						//Calculate the distance between the current position to the tile position in the solution
						int value4 = abs(tiles[1] - solution[l]) + abs(tiles[0] - solution[k]);
					}
					if (D5 == solution[l][k])
					{
						//Calculate the distance between the current position to the tile position in the solution
						int value5 = abs(tiles[1] - solution[l]) + abs(tiles[1] - solution[k]);
					}

					if (D6 == solution[l][k])
					{
						//Calculate the distance between the current position to the tile position in the solution
						int value6 = abs(tiles[1] - solution[l]) + abs(tiles[2] - solution[k]);
					}

					if (D7 == solution[l][k])
					{
						//Calculate the distance between the current position to the tile position in the solution
						int value7 = abs(tiles[2] - solution[l]) + abs(tiles[0] - solution[k]);
					}

					if (D8 == solution[l][k])
					{
						//Calculate the distance between the current position to the tile position in the solution
						int value8 = abs(tiles[0] - solution[l]) + abs(tiles[1] - solution[k]);
					}

					if (D9 == solution[l][k])
					{
						//Calculate the distance between the current position to the tile position in the solution
						int value9 = abs(tiles[0] - solution[l]) + abs(tiles[2] - solution[k]);
					}

					value = D1 + D2 + D3 + D4 + D5 + D6 + D7 + D8 + D9;

				}
			}

		}
	}
	value = sqrt(value);

	cout << "Manhattan Distance: " << value << endl;
	cout << "\n";
	return  value; //return the distance between two arrays
}
//This Function calculates the number of tiles out of place
int EightTile::CheckTiles(void)
{
	int h = 0;
	//Loop through both arrays
	for (int i = 0; i < 3; i++)
	{
		for (int j = 0; j < 3; j++)
		{
			//if the current problem is not the same as the solution
			if (tiles[i][j] != solution[i][j])
			{
				//Increment the counter for how many tiles are out of place
				h++;

			}


		}

	}

	cout << "\n";
	return h; //Return the heuristic
}

bool EightTile::isSolvable(int tiles[3][3])
{
	//Use a variable to store the function return variable
	h = CheckTiles();
	cout << "No of Tiles out of Place: " << h << endl;
	cout << "\n";
	return h;
}

void EightTile::Locate()
{
	//Loop through the array
	for (int i = 0; i < 3; i++)
	{
		for (int j = 0; j < 3; j++)
		{
			//if the tiles looped has a space tile
			if (tiles[i][j] == 0)
			{
				//set the x and y to the tile that has 0
				x = i;
				y = j;
			}

		}
	}

}

void EightTile::play()
{
	EightTile myPuzzle;//create class and init.
	Timer myTime;
	char d; //keyboard interface valid values a,s,w,d	

	while (true) //go forever
	{


		cin >> d;
		if (d == 'a')
		{
			myPuzzle.setMove(LEFT);

			tries + 1;

		}
		if (d == 'd')
		{
			myPuzzle.setMove(RIGHT);
			tries + 1;

		}

		if (d == 'w')
		{
			myPuzzle.setMove(UP);
			tries + 1;

		}
		if (d == 's')
		{
			myPuzzle.setMove(DOWN);
			tries + 1;

		}
		myPuzzle.Locate(); //Locate the space tile
		myPuzzle.swap(); //move blank
		myPuzzle.display(); //Display the 8 tiles problem
		


	}

}




	int main(void)
	{
		//simple program to exercise puzzle by moving blank around
		//and drawing tiles
		EightTile myPuzzle;//create class and init.
		Timer myTimer;
		char d; //keyboard interface valid values a,s,w,d	
		int tries;
		int n = 0;


		//Case Statement choosing which mode to work with
		cout << "Welcome Please Choose between the Following Options \n" << endl;
		cout << "1: Play 8 Puzzle (Press 1) \n" << endl;
		cout << "2: Solve Puzzle with no shuffle (Press 2) \n" << endl;
		cout << "3: Solve Puzzle with Shuffle (Press 3) \n" << endl;
		cout << "4: Solve Puzzle with Manhattan Distance, No Shuffle (Press 4) \n" << endl;
		cout << "5: Solve Puzzle with Manhattan Distance,Shuffle (Press 5) \n" << endl;
		cout << "6: Time Attack, Solve the 8 Puzzle problem in 5 minutes (Press 6) \n" << endl;
		char input;
		//record the user input from keyboard
		cin >> input;
		switch(input)
		{
		case '1':
			if (input == '1')
			{
				cout << "___________________________________________________________________________________________\n";
				
				myPuzzle.play();
				myPuzzle.checkWin();
				
			}
		
				
			break;
		case '2':
			if (input == '2')
			{
				//Code for option 2
				myPuzzle.Locate();
				myPuzzle.display();
				myPuzzle.HillClimb();

			}
			break;

		
		case '3': 
			if (input == '3')
			{
				//Code for option 3
				myPuzzle.Shuffle();
				myPuzzle.Locate();
				myPuzzle.display();
				myPuzzle.HillClimb();
			
			}
			break;
		case '4':
			if (input == '4')
			{
				//Code for option 4
				myPuzzle.Locate();
				myPuzzle.display();
				myPuzzle.HillClimbMD();
				

			}
			break;

		case '5':
			if (input == '5')
			{
				//Code for option 5
				myPuzzle.Shuffle();
				myPuzzle.Locate();
				myPuzzle.display();
				myPuzzle.HillClimbMD();
			

			}
			break;
		case '6':
			if (input == '6')
			{
				myPuzzle.play();
				
				//clear();
				//gotoxy(3, 2);
				myTimer.display(); //Display the timer
					
			}
			
			break;
			}
	
		return 0;
	}//the end
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