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8-Tile problem:
	1
	4
	2

	3
	7
	

	6
	8
	5


	Current:
H = 6 

	Next positions:
H = (2 Down), (7 Right), (5 Up) 



	1
	4
	2

	3
	7
	5

	6
	8
	


	Current:
H = 5 

	Next positions:
H = (5 Down), (8 Right)



	1
	 4
	2

	3
	7
	5

	6
	
	8


	Current:
H = 4

	Next positions:
H = (6 Right), (8 Left), (7 Down)



	1
	4
	2

	3
	
	5

	6
	7
	8


	Current:
H = 3

	Next positions:
H = (3 Right), (5 Left), (7 Up), (4 Down) 



	1
	
	2

	3
	4
	5

	6
	7
	8


	Current:
H = 2

	Next positions:
H = (1 Right), (4 Up), (2 Left)


	Current:
H = 0 

	Next positions:
-



	
	1
	2

	3
	4
	5

	6
	7
	8





8-Tile Code


#include "stdafx.h"
#include <iostream>
#include <chrono>
#include <thread>
#include <time.h>
#include <stdlib.h>

using namespace std;

enum move { NONE, UP, DOWN, LEFT, RIGHT };
class EightTile
{
public:
	EightTile();  //constructor
	void setMove(enum move);  //select direction
	void rando(void); // Creates random number
	void heur(void); // Heuturistic 
	void choice(void); // Creates a choice for next move  
	void display(void);	//draw puzzle
	void swap(void); //swap blank with selected tile
	void end(void); // End of game 
	void nextGame(void); // Moves on to next game
	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

private:
	enum move myMove;
	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 score = 0;
	int moves = 0;
	int h = 0;

	int hUp = 0;
	int hDown = 0;
	int hLeft = 0;
	int hRight = 0;
	int choiceMoves = 0;
};



EightTile::EightTile()
{
	myMove = NONE;  //initialize member attributes
	x = 0;  //initial blank position   - make  sure this agrees with solved puzzle!
	y = 0;
	tiles[0][0] = 0; tiles[1][0] = 1; tiles[2][0] = 2; //set up puzzle tiles
	tiles[0][1] = 3; tiles[1][1] = 4; tiles[2][1] = 5;
	tiles[0][2] = 6; tiles[1][2] = 7; 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 
{
	using namespace std::this_thread; // sleep_for, sleep_until
	using namespace std::chrono; // nanoseconds, system_clock, seconds
	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;
	sleep_for(seconds(2));
}

void EightTile::end()
{
	//nextGame();
}

void EightTile::nextGame()
{
	EightTile nextGame2;//create class and init.
	for (int i = 1; score < 1; i++)
	{
		nextGame2.rando();
		nextGame2.heur();
		nextGame2.swap(); //move blank
		nextGame2.display(); //draw puzzle
		nextGame2.end();
		nextGame2.nextGame();
	}
}

void EightTile::setMove(enum move m)
//sets which way you want to move
{
	myMove = m;
	int temp;

	if (m == LEFT) // If input is left
	{
		temp = tiles[x - 1][y];
		tiles[x - 1][y] = tiles[x][y];
		tiles[x][y] = temp;
		x = x - 1;
	}
	else if (m == RIGHT) // If input is right
	{
		temp = tiles[x + 1][y];
		tiles[x + 1][y] = tiles[x][y];
		tiles[x][y] = temp;
		x = x + 1;
	}
	else if (m == DOWN) // If input is down
	{
		temp = tiles[x][y + 1];
		tiles[x][y + 1] = tiles[x][y];
		tiles[x][y] = temp;
		y = y + 1;
	}
	else if (m == UP) // If input is up 
	{
		temp = tiles[x][y - 1];
		tiles[x][y - 1] = tiles[x][y];
		tiles[x][y] = temp;
		y = y - 1;
	}
}

void EightTile::rando()
{
	srand((unsigned int)time(NULL));
	int RandomValue = rand() % 4 + 1;
	int temp;

	if (RandomValue == 1) // If random value is 1 go left
	{
		if (okLeft()) {
			temp = tiles[x - 1][y];
			tiles[x - 1][y] = tiles[x][y];
			tiles[x][y] = temp;
			x = x - 1;
			hLeft++;
		}

	}
	else if (RandomValue == 2) // If random value is 2 go right
	{
		if (okRight()) {
			temp = tiles[x + 1][y];
			tiles[x + 1][y] = tiles[x][y];
			tiles[x][y] = temp;
			x = x + 1;
			hRight++;
		}
	}


	else if (RandomValue == 3) // If random value is 3 go up 
	{
		if (okUp()) {
			temp = tiles[x][y - 1];
			tiles[x][y - 1] = tiles[x][y];
			tiles[x][y] = temp;
			y = y - 1;
			hUp++;
		}
	}


	else if (RandomValue == 4) // If random value is 4 go down
	{
		if (okDown()) {
			temp = tiles[x][y + 1];
			tiles[x][y + 1] = tiles[x][y];
			tiles[x][y] = temp;
			y = y + 1;
			hDown++;
		}
	}




}
void EightTile::heur()
{
	h = 0;
	for (int I = 0; I < 3; I++) {
		for (int J = 0; J < 3; J++) {
			if (tiles[J][I] == solution[J][I]) {

			}
			else
			{
				h++;
			}
		}
	}
	cout << "Huteristic " << h << endl;
	cout << " " << endl;
}

void EightTile::choice()
{
	// moves tile in 1 location of up down left right 
	//	works out the new h in that location saves it 
	// puts peice back in original place then works out next location 
	int temp;

	cout << "Moves Made:" << choiceMoves << endl;

	if (hUp < hDown && hUp < hLeft && hUp < hRight) // Up
	{
		temp = tiles[x][y - 1];
		tiles[x][y - 1] = tiles[x][y];
		tiles[x][y] = temp;
		y = y - 1;
		choiceMoves++;
	}
	else if (hDown < hUp && hDown < okLeft() && hUp < hRight) // Down
	{
		temp = tiles[x][y + 1];
		tiles[x][y + 1] = tiles[x][y];
		tiles[x][y] = temp;
		y = y + 1;
		choiceMoves++;
	}
	else if (hLeft < hUp && hLeft < hDown && hLeft < hDown) // Left
	{
		temp = tiles[x - 1][y];
		tiles[x - 1][y] = tiles[x][y];
		tiles[x][y] = temp;
		x = x - 1;
		choiceMoves++;
	}
	else if (hRight < hLeft && hRight < hDown && hRight < hUp) // Right
	{
		temp = tiles[x + 1][y];
		tiles[x + 1][y] = tiles[x][y];
		tiles[x][y] = temp;
		x = x + 1;
		choiceMoves++;
	}
}


void EightTile::swap(void)
//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;
		moves++;
		hLeft++;
	}
	if (okRight() & (myMove == RIGHT)) {
		temp = tiles[x + 1][y];
		tiles[x + 1][y] = tiles[x][y];
		tiles[x][y] = temp;
		x = x + 1;
		moves++;
		hRight++;
	}

	if (okUp() & (myMove == UP)) {
		temp = tiles[x][y - 1];
		tiles[x][y - 1] = tiles[x][y];
		tiles[x][y] = temp;
		y = y - 1;
		moves++;
		hUp++;
	}
	if (okDown() & (myMove == DOWN)) {
		temp = tiles[x][y + 1];
		tiles[x][y + 1] = tiles[x][y];
		tiles[x][y] = temp;
		y = y + 1;
		moves++;
		hDown++;
	}

	choice();
}
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;
}

int main(void)
{


	//simple program to exercise puzzle by moving blank around
	//and drawing tiles
	EightTile myPuzzle;//create class and init.
	char d; //keyboard interface valid values a,s,w,d	
	cout << "Enter Q to start: " << endl;
	cin >> d;
	while (true) //go forever
	{
		if (d == 'Q')
		{
			while (true)
			{
				myPuzzle.rando();
				myPuzzle.display(); //draw puzzle
				myPuzzle.heur();
				myPuzzle.choice();

				myPuzzle.swap(); //move blank
				myPuzzle.end();
				myPuzzle.nextGame();
			}
		}
		else
		{
			while (true)
			{
				myPuzzle.rando();
				myPuzzle.display(); //draw puzzle
				cin >> d;
				if (d == 'a') myPuzzle.setMove(LEFT);
				if (d == 'd') myPuzzle.setMove(RIGHT);
				if (d == 'w') myPuzzle.setMove(UP);
				if (d == 's') myPuzzle.setMove(DOWN);
				myPuzzle.swap(); //move blank
				myPuzzle.end();
				myPuzzle.nextGame();
			}

		}

	}
	return 0;
}//the end


Describing my functions:
	EightTile::EightTile()
	Within this function, we are setting up the 8-tile puzzles. Firstly we are giving x and y their initial blank position and then setting up the puzzle along with the solved puzzle 

	Void EightTile::display(void) 
	This function is used to display each state of the puzzle until it is in its final state

	Void EightTile::end()
	Although I haven’t done anything with this function it would be used to show when the game ends and it will also call the nextgame() function so that a new game of 8-tile can start 

	Void EightTile::nextGame()
	This function contains all the functions that are called to start a new game of 8-tile

	Void EightTile::setMove(enum move m) 
	There are two different ways of playing the game, the first is having the AI to complete the game, and the second is having the user use the WASD keys to solve the game on their own. This function is for setting the moves after the key inputs

	Void EightTile::rando()
	This function creates a random number and then uses that random number to set a move 

	Void EightTile::heur()
	The heuristic function is used to display how many moved have been made to find the solution along with how many of the numbers are out of place

	Void EightTile::choice()
	This function is used to move the tiles in 1 location either being up, down, left, or right. It then works out the heuristic of that location and saved it, after this it will put the piece back in its original place then work out the next location 

	Void EightTile::swap(void) 
	Within this function the blank tile is swapped depending on what tile is told to move

	Bool EightTile::okLeft(void)
	Function for deciding if the tile can move left 

	Bool EightTile::okRight(void)
	Function for deciding if the tile can move right

	Bool EightTile::okUp(void) 
	Function for deciding if the tile can move up

	Bool EightTile::okDown(void) 
	Function for deciding if the tile can move down

	Int main(void)
	Calls all functions after options have been chosen


Testing:
[image: ]
After running my code, you are displayed with a solved version of the puzzle along with a message that reads “Enter Q to start:” 
[image: ]
After pressing Q you are displayed with another solved version of the code, I could not understand why it only kept displaying the solved version of the code instead of displaying the version after it has been randomly chosen by the random function. 

[image: ]
After inputting Q again, we are showing a message with an initial amount of moves made along with the heuristic count. It is yet to make an actual move. 
[image: ]
After a while it is able to make a move, it has moved the number 3 over to the empty tile, this is all it has seemed to do though. 



Hill Climbing: 
Hill Climbing is a technique used to solve optimization problems; the reason for the name is that we start at the bottom of the hill (with the problem) and make our way up the hill until we reach the top. This method is used to solve problems that have multiple solutions, it does this by sorting out the problem in any way it can until it finds the optimal solution. It is part of the local search method; the local search method uses an initial random solution to find the final solution. 
              Initial State:							Final State:
	1
	4
	2
	
	
	1
	2

	3
	7
	
	
	3
	4
	5

	6
	8
	5
	
	6
	7
	8



As you can see from the above table, there is an initial state, and a final state. We use the hill climbing method to get from the first state to the last using the basic local search method previously described. 
Depth First Search (DFS):
Depth first search is the algorithm used within the maze game. The reason why it has been used to find a solution through the maze as it is an algorithm that searches through searching trees or graphs. The algorithm works by starting at the initial node and making its way through each branch of the tree and then backtracking. It is commonly used for searching mazes. 
Transferable skills:
[bookmark: _GoBack]The main thing I have learnt throughout this assignment is the use of different algorithms; I have learnt a lot about both the hill climbing method and the depth first search algorithm. I know briefly understand how DFS can be used to search graphs to find the best solution to a problem. I also have a better understanding on classes and how to use them within my program. 
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