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[bookmark: _Toc33618086]Introduction
This report will cover the authors' findings on the use of a DFS (Depth First Search) in the use of a maze application. The report will also cover the authors' findings of the use of hill-climbing algorithms in an 8 tiles application.
1.0 [bookmark: _Toc33618087]Structure of maze search program
1.1 [bookmark: _Toc33618088]algorithms and data structures used
The main algorithm used in the authors' maze program is a DFS (Depth First Search). This algorithm works by checking each direction to see if it’s a valid move and searches the entire maze until it finds the finish. If it goes back over one path it will pop that position so at the end of the search the stack will only contain the fastest route to the finish from the start position. The author used DFS as it’s the best approach as it keeps searching the maze until it finds the finish.
One data structure the author used was a tuple the author used this tuple to return the coordinates and collision detection bools from the MovePlayer function. This tuple was laid out as follows
<int, int, bool, bool> represented as <position Y, position X, collision true false? has player found finish true false?>. The author used a tuple as its an easy way to return multiple arguments from a function.
































2.0 [bookmark: _Toc33618089]Maze User Guide
When the user loads the application, they will be greeted with this screen:
[image: ]
To start the application the user must first press S and then enter. The program can be paused at any time by using any key and resumed by pressing  then enter again as shown below:
[image: ]
Once the user has paused the application, they can also press q then enter to quit.
[image: ]
Once the search has begun the player shown as “O” will make their way through the maze searching for the finish “F” the player will show the route it's taking along the bottom of the screen and also shown as “*” on the player board.
[image: ]
Once the search is complete the user will be greeted with this message above.






3.0 [bookmark: _Toc33618090]Test Schedule of maze search program
	Test Number
	Description
	Expected Result
	Actual Result
	Pass/Fail

	1
	Run maze and press s and enter
	Agent begins searching the maze
	Agent begins searching maze
	Pass – see appendix A3.1

	2
	Run Maze and leave it run 
	Agent will find finish
	Agent finds finish and ends search
	Pass – see appendix A3.2

	3
	Press any key while maze is running
	Maze search will pause
	Maze search pauses and displays pause message
	Pass – See appendix A3.3

	4
	User pauses program and the presses q and enter
	Program will quit
	Program quits
	Pass – See appendix A3.3

	5
	Run maze and leave it run
	Agent does not collide with walls and searches maze
	As expected
	Pass see appendix A3.4

	6 
	Run maze and leave it run
	When agent hits corner it backtracks on itself
	As expected
	Pass see appendix A3.5


[bookmark: _Toc33618091]4.0 Hill climbing local search method
[bookmark: _Toc33618092]4.1 What is the hill-climbing method
The hill-climbing method works by moving in the direction of an increasing value [1]. The algorithm does not record its searches and only knows its current state and objective. The algorithm does not think ahead it only goes to its best option within the search.  Hill climbing is also known as a greedy search as its always looking for the highest H value. There are three types of hill-climbing Simple hill Climbing, Steepest-Ascent hill-climbing, and Stochastic hill Climbing.  Simple hill-climbing only checks its neighbouring node one state at a time. Steepest-Ascent hill-climbing will check all neighbouring nodes to see which node is nearest to its goal. Steepest-Ascent hill climbing is the best method for 8 tiles puzzles. Stochastic checks one node at random and then decides whether to take that path or check another node [2].









[bookmark: _Toc33618093]5.0 8 tiles problem
5.1 [bookmark: _Toc33618094]Illustrated using h() function

2

1 2 5
3 7 4
6 0 8
H(Heuristic) value: 5
1 2 5
3 0 4
6 7 8
H(Heuristic) value: 4
1 2 5
3 4 0
6 7 8


H(Heuristic) value: 3
1 2 0
3 4 5
6 7 8
H(Heuristic) value: 2
1 0 2
3 4 5
6 7 8
H(Heuristic) value: 1
0 1 2
3 4 5
6 7 8
H(Heuristic) value: 0


5.2 [bookmark: _Toc33618095]Appropriateness of the Hill-Climbing algorithm
Hill climbing algorithms are good at solving 8 tiles puzzles as they check every move to see if its an effective move or if moving the square makes the puzzle worse. Because hill climbing is a greedy search it can find which moves are the most effective. Although hill climbing is good at solving 8 tiles if the 0 tile is placed somewhere other than the border then the algorithm is not effective at solving this as these have lower H-values [3].
6.0 [bookmark: _Toc33618096]Structure of 8 tiles search program
[bookmark: _Toc33618097]6.3 Algorithms and data structures used
The main algorithm used within the 8 tiles program is a hill-climbing algorithm.  This algorithm works by checking all directions and seeing which one the best is to take in terms of the H value.





[bookmark: _Toc33618098]7.0 8 tiles User Guide
To use the 8 tiles program, launch the program it will then automatically solve the 8 tiles puzzle and print the solution to the screen as shown below:
[image: ]


7.0 [bookmark: _Toc33618099]Test Schedule of 8 tiles program
	Test Number
	Description
	Expected Result
	Actual Result
	Pass/Fail

	1
	Run program
	The algorithm will find the shortest number of moves needed to solve the 8 tiles puzzle
	As expected
	Pass – see appendix A7.1
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[bookmark: _Toc33618101]9.0 Appendices
A3.1 Maze beginning the search
[image: ]
A3.2 Maze Finishing search
[image: ]
[image: ]
A3.3 User pauses the program
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A3.4 Agent Searching Maze No collisions with walls
[image: ]
A3.5 Maze backtracking on itself
[image: ]
A7.1 8 tiles being solved
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Appendix A1.0 MazeAI.h (Maze)
#pragma once
#include "Maze.h"
#include <stack>
#include <iostream>
#include <tuple>
#include <Windows.h>
#include <conio.h> 
using namespace std;

/*
This class checks to see whether moves are valid by using a pointer to the Maze class 
Once moves have been made the route is then added to a stack until the route has completed.
*/
class MazeAI
{
private:
	typedef struct {
		int xPos;
		int yPos;
	} pos;
	// Atributes
	std::stack<pos> dfsStack;
	Maze* _Maze;
	pos currentPos;
	pos startPos;
	char _FinishValue = 'F';
	char _PlayerChar = 'O';
	char _Wall = '|';
	bool _Collision = false;
public:
	// Constructor and Deconstructor
	MazeAI(Maze * maze);
	~MazeAI();

	// Properties

	// Methods
	bool SearchMaze(int x, int y);
	bool BeginSearch();
	void Menu();
};


















Appendix A1.1 MazeAI.cpp (Maze)
#include "MazeAI.h"


MazeAI::MazeAI(Maze * maze)
{
	_Maze = maze;
	currentPos.xPos = 0;
	currentPos.yPos = 0; 
	dfsStack.push(startPos);  
}


MazeAI::~MazeAI()
{
}

bool MazeAI::SearchMaze(int x, int y)
{
	startPos.xPos = x;
	startPos.yPos = y;
		std::tuple<int, int, bool,bool> posUp = _Maze->moveUp();
		if (std::get<2>(posUp) == false)
		{
			// If position is already visited then pop off the stack
			if (std::get<3>(posUp) == true) {
				dfsStack.pop();
			}
			currentPos.xPos = std::get<1>(posUp);
			currentPos.yPos = std::get<0>(posUp);
			cout << "Y pos: " << std::get<1>(posUp) << " X Pos: " << std::get<0>(posUp);
			dfsStack.push(currentPos); // Pushes current position to stack
			if (currentPos.xPos == 14 && currentPos.yPos == 1)
			{
				return false;
			}
			return true;
			// Move Up
		}
		std::tuple<int, int, bool, bool> posDown = _Maze->moveDown();
		if (std::get<2>(posDown) == false)
		{
			// If position is already visited then pop off the stack
			if (std::get<3>(posDown) == true) {
				dfsStack.pop();
			}
			currentPos.xPos = std::get<1>(posDown);
			currentPos.yPos = std::get<0>(posDown);
			cout << "Y pos: " << std::get<1>(posDown) << " X Pos: " << std::get<0>(posDown);
			dfsStack.push(currentPos); // Pushes current position to stack
			if (currentPos.xPos == 14 && currentPos.yPos == 1)
			{
				return false;
			}
			return true;
			// Move Down
		}
		std::tuple<int, int, bool, bool> posRight = _Maze->moveRight();
		if (std::get<2>(posRight) == false)
		{
			// If position is already visited then pop off the stack
			if (std::get<3>(posRight) == true) {
				dfsStack.pop();
			}
			currentPos.xPos = std::get<1>(posRight);
			currentPos.yPos = std::get<0>(posRight);
			cout << "Y pos: " << std::get<1>(posRight) << " X Pos: " << std::get<0>(posRight);
			dfsStack.push(currentPos); // Pushes current position to stack
			if (currentPos.xPos == 14 && currentPos.yPos == 1)
			{
				return false;
			}
			return true;
			// Move Right
		}
		std::tuple<int, int, bool, bool> posLeft = _Maze->moveLeft();
		if (std::get<2>(posLeft) == false)
		{
			// If position is already visited then pop off the stack
			if (std::get<3>(posLeft) == true) {
				dfsStack.pop();
			}
			currentPos.xPos = std::get<1>(posLeft);
			currentPos.yPos = std::get<0>(posLeft);
			cout << "Y pos: " << std::get<1>(posLeft) << " X Pos: " << std::get<0>(posLeft);
			dfsStack.push(currentPos); // Pushes current position to stack
			if (currentPos.xPos == 14 && currentPos.yPos == 1)
			{
				return false;
			}
			return true;
			// Move Left
		}
		cout << "maze searched";
}

bool MazeAI::BeginSearch()
{
		bool check = SearchMaze(1, 15);
		if (check == false)
		{
			return true;
		}
		if (dfsStack.empty())
		{
			cout << "Search complete";
		}
}

void MazeAI::Menu()
{
	char option;
	cout << "Welcome to the maze Search program please select from the following options \n" <<
		"Pause Search at any time during the search by pressing any key \n" <<
		"Quit the program by pausing application then pressing q and enter \n"<<
		"Press S and enter to start: ";
	cin >> option;
	if (option == 's' || option == 'S')
	{
		loopStart:
		// If key not pressed then search
		while (!kbhit())
		{
			if (this->BeginSearch() == true) goto finish;
		}
		system("cls");
		cout << "Press s and enter to resume search or q to quit: ";
		cin >> option;
		if (option == 's' || option == 'S')
		{
			goto loopStart;
		}
		if (option == 'q' || option == 'Q')
		{
			goto finish;
		}
	finish:
		system("cls");
		cout << "Search finished or user quitted program";
	}
}

Appendix A1.2 Maze.h
#pragma once
#include "ArrayReadWrite.h"
#include <tuple>
/*
This class checks to see if moves are valid by checking the Array read write class.
*/
class Maze
{
private:
	// Atributes
	ArrayReadWrite* _arr;
	// Constructor and Deconstructor
public:
	Maze(ArrayReadWrite * arr);
	~Maze();

	// Properties
	// Methods
	std::tuple<int, int, bool, bool> moveUp();
	std::tuple<int, int, bool, bool> moveDown();
	std::tuple<int, int, bool, bool> moveLeft();
	std::tuple<int, int, bool, bool> moveRight();

};






Appendix A1.3 Maze.cpp
#include "Maze.h"


Maze::Maze(ArrayReadWrite* arr)
{
	_arr = arr;
}


Maze::~Maze()
{
}


// Methods
std::tuple<int, int, bool, bool> Maze::moveUp()
{
	std::tuple<int, int, bool, bool> checkMovement =_arr->MovePlayer(-1, 0, 'y');
	system("cls");
	_arr->printMaze();
	return checkMovement;
}

std::tuple<int, int, bool,bool> Maze::moveDown()
{
	std::tuple<int, int, bool, bool> checkMovement = _arr->MovePlayer(1, 0, 'y');
	system("cls");
	_arr->printMaze();
	return checkMovement;
}

std::tuple<int, int, bool, bool> Maze::moveLeft()
{
	std::tuple<int, int, bool, bool> checkMovement = _arr->MovePlayer(0, -1, 'x');
	system("cls");
	_arr->printMaze();
	return checkMovement;
}

std::tuple<int, int, bool, bool> Maze::moveRight()
{
	std::tuple<int, int, bool, bool> checkMovement = _arr->MovePlayer(0, 1, 'x');
	system("cls");
	_arr->printMaze();
	return checkMovement;
}








Appendix A1.4 ArrayReadWrite.h (Maze)
#pragma once
#include <stdio.h>
#include <vector>
#include <fstream>
#include <string>
#include <tuple>
#include <iostream>

/*
This class reads in the maze from a txt file then outputs to an array
this array is then searched using DFS.
*/
class ArrayReadWrite
{
private:
	// Attribuites
	char _maze[16][16];
	std::string _x;
	std::ifstream _file;
	char _char[16];
	std::vector<int> _previousPos;
	int _checkNo;
public:
	// Constructor
	ArrayReadWrite();
	~ArrayReadWrite();

	// Properites
	// Methods
public:
	void readFile();
	void printMaze();
	std::tuple<int, int, bool,bool> MovePlayer(int posY, int PosX, char axis);
	
};













Appendix A1.5 ArrayReadWrite.cpp (Maze)
#include "ArrayReadWrite.h"
#include <stdio.h>
#include <vector>
#include <fstream>
#include <string>
ArrayReadWrite::ArrayReadWrite()
{
	_checkNo = 0;
}


ArrayReadWrite::~ArrayReadWrite()
{
}
void ArrayReadWrite::readFile()
{
	char letter;
	std::string line;

	std::ifstream reader("maze.txt");

	if (!reader) {
		std::cout << "Error opening input file" << std::endl;
	}

	int j = 0;

	for (std::string row; std::getline(reader, row);) {

		for (int i = 0; i < row.length(); i++) {

			_maze[j][i] = row.data()[i];

		}

		j++;
	}

	reader.close();

}
void ArrayReadWrite::printMaze()
{
	for (int i = 0; i < 16; i++)
	{
		for (int j = 0; j < 16; j++)
		{
			std::cout << _maze[i][j]; 
		}
		std::cout << "\n";
	}
	
}

std::tuple<int, int, bool,bool> ArrayReadWrite::MovePlayer(int posY, int posX, char axis)
{
	// Looks for current player positon and erases it before moving player
	for (int i = 0; i < 16; i++)
	{
		for (int j = 0; j < 16; j++)
		{
			if (_maze[i][j] == 'O')
			{
				if (_maze[i + posY][j + posX] == 'F')
				{
					_checkNo = 0;
					_maze[i][j] = '*';
					_maze[i + posY][j + posX] = 'O';
					_previousPos.clear();
					_previousPos.push_back(j);
					_previousPos.push_back(i);
					return std::make_tuple(i + posY, j+ posX, false,false);  // Position Y, Position X, Colision true false, already visited true false
				}
				if (_maze[i + posY][j + posX] == '|') // Checks for collision 
				{
					_checkNo++; // Adds to _checkNo to show number of surrounding walls
					return std::make_tuple(i + posY, j + posX, true,false);// Position Y, Position X, Colision true false, already visited true false
				}
				if (_maze[i + posY][j + posX] == '*') // Checks to see if position has already been visited
				{
					// Program only allows agent to move to place which has already been visited if more than 3 attempts were made to go to that position (_checknNo)
					switch (axis) {
					case 'y':
						if (_previousPos.at(0) == j + posX && _previousPos.at(1) != i + posY || _checkNo >= 3)
						{
							_maze[i][j] = '*';
							_maze[i + posY][j + posX] = 'O';
							_checkNo = 0;
							_previousPos.clear();
							_previousPos.push_back(j);
							_previousPos.push_back(i);
							return std::make_tuple(i + posY, j + posX, false,true);  // Position Y, Position X, Colision true false, already visited true false
						}
						break;
					case 'x':
						if (_previousPos.at(0) != j + posX && _previousPos.at(1) == i + posY || _checkNo >= 3)
						{
							std::cout << "J: " << _previousPos.at(0) << " I: " << _previousPos.at(1);
							_maze[i][j] = '*';
							_maze[i + posY][j + posX] = 'O';
							_checkNo = 0;
							_previousPos.clear();
							_previousPos.push_back(j);
							_previousPos.push_back(i);
							return std::make_tuple(i + posY, j + posX, false,true);  // Position Y, Position X, Colision true false, already visited true false
						}
						break;

					}

					
					return std::make_tuple(i, j, true,false);
				}
				// Checks to see if position has not been visited then sets position to visited.
				if(_maze[i + posY][j + posX] == 'X')
				{
					_checkNo = 0;
					_maze[i][j] = '*';
					_maze[i + posY][j + posX] = 'O';
					_previousPos.clear();
					_previousPos.push_back(j);
					_previousPos.push_back(i);
					return std::make_tuple(i + posY, j + posX, false,false);  // Position Y, Position X, Colision true false, already visited true false
				}
			}
			else
			{
				continue;
			}
		}

	}
}


Appendix A1.6 Source.cpp (Maze)
#include <iostream>
#include <stdio.h>
#include <vector>
#include <fstream>
#include <string>
#include "ArrayReadWrite.h"
#include "Maze.h"
#include "MazeAI.h"
using namespace std;
#define _CRT_SECURE_NO_WARNINGS

int main(char *argv, int argc)
{
	ArrayReadWrite* arr = new ArrayReadWrite();
	Maze* maze = new Maze(arr);
	MazeAI* mazeAi = new MazeAI(maze);
	arr->readFile();
	mazeAi->Menu();
	getchar();
}




Appendix A5.1 Source.cpp (8 Tiles)
#include <iostream>
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
	int checkNoTilesCorrect(void);// CheckNo tiles in correct pos


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

};



EightTile::EightTile()
{
	myMove = NONE;  //initialize member attributes
	x = 1;  //initial blank position   - make  sure this agrees with solved puzzle!
	y = 2;
	tiles[0][0] = 1; tiles[1][0] = 2; tiles[2][0] = 5; //set up puzzle tiles
	tiles[0][1] = 3; tiles[1][1] = 7; tiles[2][1] = 4;
	tiles[0][2] = 6; tiles[1][2] = 0; 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;
}
void EightTile::setMove(enum move m)
//sets which way you want to move
{
	myMove = m;
}
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;

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

	}

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

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

int EightTile::checkNoTilesCorrect()
{
	int n = 0;
	// Loops through array
	for (int i = 0; i < 3; i++)
	{
		for (int j = 0;  j < 3; j++)
		{
			// checks to see if tile is in correct position
			if (tiles[i][j] == solution[i][j])
			{
				// Adds up number of tiles in correct place.
				n++;
			}
		}
	}
	return n;
}

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	
	int n = myPuzzle.checkNoTilesCorrect();
	int noOfMoves = 0;
	int tempN;
	while (true)
	{
		left:
		tempN = myPuzzle.checkNoTilesCorrect();
		myPuzzle.checkNoTilesCorrect();
		myPuzzle.setMove(LEFT);
		if (myPuzzle.okLeft())
		{
			myPuzzle.swap(); //move blank
		}
		else
		{
			// If move not vaild then check next
			goto right;
		}
		// Checks to see if move just made was effective
		if (myPuzzle.checkNoTilesCorrect() > tempN)
		{
			noOfMoves++;
			tempN = myPuzzle.checkNoTilesCorrect();
			cout << "Moved left" << endl;
			myPuzzle.display(); //draw puzzle
			if (myPuzzle.checkNoTilesCorrect() >= 9) break;
		}
		// if move was not effective then revert
		else
		{
			myPuzzle.setMove(RIGHT);
			myPuzzle.swap();
		}
		right:
		myPuzzle.setMove(RIGHT);
		if (myPuzzle.okRight())
		{
			myPuzzle.swap(); //move blank
		}
		else
		{
			// If move not vaild then check next
			goto up;
		}
		// Checks to see if move just made was effective
		if (myPuzzle.checkNoTilesCorrect() > tempN)
		{
			noOfMoves++;
			tempN = myPuzzle.checkNoTilesCorrect();
			cout << "Moved right" << endl;
			myPuzzle.display(); //draw puzzle
			if (myPuzzle.checkNoTilesCorrect() >= 9) break;
		}
		// if move was not effective then revert
		else
		{
			myPuzzle.setMove(LEFT);
			myPuzzle.swap();
		}
		up:
		myPuzzle.setMove(UP);
		if (myPuzzle.okUp())
		{
			myPuzzle.swap(); //move blank
		}
		else
		{
			// If move not vaild then check next
			goto down;
		}
		// Checks to see if move just made was effective
		if (myPuzzle.checkNoTilesCorrect() > tempN)
		{
			noOfMoves++;
			tempN = myPuzzle.checkNoTilesCorrect();
			cout << "Moved up" << endl;
			myPuzzle.display(); //draw puzzle
			if (myPuzzle.checkNoTilesCorrect() >= 9) break;
		}
		// if move was not effective then revert
		else
		{
			myPuzzle.setMove(DOWN);
			myPuzzle.swap();
		}
		down:
		myPuzzle.setMove(DOWN);
		if (myPuzzle.okDown())
		{
			myPuzzle.swap(); //move blank
		}
		else
		{
			// If move not vaild then check next
			goto left;
		}
		// Checks to see if move just made was effective
		if (myPuzzle.checkNoTilesCorrect() > tempN)
		{
			noOfMoves++;
			tempN = myPuzzle.checkNoTilesCorrect();
			cout << "Moved down" << endl;
			myPuzzle.display(); //draw puzzle
			if (myPuzzle.checkNoTilesCorrect() >= 9) break;

		}
		// if move was not effective then revert
		else
		{
			myPuzzle.setMove(UP);
			myPuzzle.swap();
		}
	}
	cout << "\n\nPuzzle Solved in " << noOfMoves << " moves";
	return 0;
}//the end
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