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[bookmark: _Toc33646377]Introduction
Within this assignment a implementation of a maze search is going to be completed, this will include AI agent that systematically searches a given maze for one or more objects. The implementation will be gone through and how exactly the problem was solved. The application will also be looked at along with some of the code.
Further more the hill climbing algorithm will be looked at including what it is and how it works. Further more the 8 tile problem will be looked at and how it would be solved using the hill climbing algorithm. Lastly a hill climbing algorithm will be implemented for the 8 tile problem, the implementation will be gone through and how exactly the problem was solved. The application will also be looked at along with some of the code.
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[bookmark: _Toc33646379]Introduction	
Within this section of the report an AI agent that systematically searches a given maze for one or more objects. The AI agent will then search through the maze using a depth first search (DFS). There will also be a menu with the application so that the user is able to quit and start the search. Once the object has been found it will tell the user and will print out the path which was taken to the object. If there is no object within the maze then it should inform the user that there is no object within the maze

[bookmark: _Toc33646380]Implementation 
For the implantation of the maze firstly a multi-dimensional array was used to store the value of the maze. This is then what the AI agent will search through to find the object. This was done through using a stack, every move made was put in a stack, this then means when the AI agent is placed within the maze it has 1 value in the stack and once it moves once another value is added to the stack and so on. Every move made it will store the position in the stack (this will be the row and the column). 
For the search it would search right, down, left then lastly up. When it reaches a dead end it will then pop the position from the stack and will mark it as a dead end. After a dead end has been found and it was popped of the stack it will then search right, down left and up again. This will then go through the whole maze still everything has either been marked as a dead end or till the object I found. This then means that the if the stack becomes empty then the entire maze has been searched and there was no object found.
After every move it will also search for the object which was marked down as an “=” in the maze. If the object is found the search will stop and will print out the path which was made. The path is stored within a array of strings which stores every move made throughout the process of the maze search.










[bookmark: _Toc33646381]Program
The program starts off by printing the maze which is going to be searched and prints out the menu which allows the user to search the maze or quit. If the user selects quit it will close the program.
[image: ]
If the user decides to search through the maze then it starts off by searching right, down, left, up. Once it reaches a dead end the program prints out the maze again with all the spaces searched. The user then needs to press ENTER to take the next search.
[image: ]
Once the program finds the object then it informs the user that the object has been found.
[image: ]
It then shows the user all the moves which were made in order to find the object.
[image: ]
It then prints out the menu again.
[image: ]
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[bookmark: _Toc33646383]Introduction
Within this section hill climbing will be looked at detailing what hill climbing is and the steps which are involved within the algorithm. Furthermore, an illustration on how hill-climbing can be used to solve the 8-tile problem. Lastly, a program will be created which solves the 8-tiles problem which will be discussed further in the report. 

[bookmark: _Toc33646384]What is Hill Climbing?
Hill climbing is a local search algorithm which continuously changes its state in order to increase its elevation or a value to find the highest point or the goal state. Hill climb discards any state which does not look like its moving towards the goal state. To determine if a state is moving towards its goal state a heuristics function is used to determine how close a state is to its goal state. [1] [2]
There are a view steps involved with hill climbing these are:
1. The current state will be set as the initial state
2. Loop the following steps until the current state is the same as the goal state.
2.1. Apply an operation to the current state in order to get a new state.
2.2. Compare the state which was just created with the goal state.
2.3. Check if the new state matches the state, if it does then quit the loop.
2.4. Evaluate the new state with the heuristic function
2.5. Compare the new state with the current state.
2.6. If the new state is closer to the goal state than the current state then update the current state so it is the same as the new state.

[bookmark: _Toc33646385]Problems with the Hill Climbing Algorithm 
There are many problems when it comes to hill climbing algorithm each with their own solutions, some of these problems include [3]:
· Local Maximum – This is more than likely the most common problem and is when all states next to the current state have worse values (go down the hill). This then means that the state will be stuck as it can no longer move up the hill. This can be overcome using a technique called backtracking. This means going back to previous states in order to explore different paths.
· Plateau – This is when all neighbouring states have the same value which means that there is no best direction to take. This can be solved by randomly selecting a state which is far from the current state which is likely won’t be a plateau.
· Ridge – This is similar to a local maximum as all states next to it have worse values which could cause the algorithm to stop. This can be fixed by and this can also be solved by backtracking a lot like local maximum.
[bookmark: _Toc33646386]8-Tile Problem
The 8-tile problem involves a 3x3 grid which has 8 numbers (1-8) and one blank space. The idea is to switch the numbers around with the blank space in order to put all the numbers in order. An example of this is the image below.
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Here is an example of the solved 8-tile problem.
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The hill climbing can be used to solve this problem this is done using the following steps:
1. The current state will be set as the initial starting position of the tiles
2. Loop the following steps until the current state is the same as the goal state.
2.1. Move two numbers around using the blank space.
2.2. Compare the new state with the solved state.
2.3. Check if the 8-tile problem has been solved if it is quit out of loop.
2.4. Evaluate how many tiles are in the correct position.
2.5. Compare the new state with the current state.
2.6. If the new state is closer to solving the 8-tile problem set the current state to the new state.
To show this process lets take the example above and work through it till completion. At the start there are three numbers which are already in the correct positions. This means that the heuristic (h) value is set to 3.
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If the 7 then gets moved over it has then also been put in the right place, this then means that the h value is increased to 4.
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If the 8 then gets moved down it has then also been put in the right place, this then means that the h value is increased to 5.
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If the 5 then gets moved over it has then also been put in the right place, this then means that the h value is increased to 6.
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If the 7 then gets moved up it then means that it has been moved out of the correct space, this then means that the h value is decreased to 5. This would the mean that the changes will be undone as it changed the state for the worse.
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If the 5 then gets moved over it has then also been put in the right place, this then means that the h value is increased to 6.
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If the 4 then gets moved down it has then also been put in the right place, this then means that the h value is increased to 7.
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If the 1 then gets moved over it has then also been put in the right place, this then means that the h value is increased to 9. Now the state has reached the goal state it is then quit out of the loop and does not need to make any more changes.
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At the start the menu allows the user to either play the 8 tile game or to quit from the application. If the user enters play then it randomizes the 8 tiles and starts solving the problem.
[image: ]
After every move the application prints out the 8-tiles and also prints out how many tiles are in the correct position.
[image: ]
After the puzzle solves then it prints out that the user has won and prints out how many moves it took to solve the problem.
[image: ]

If the problem runs for 100 times then it would mean that the user loses and will take the user back to the main menu and allows the user to run the loop again.
[image: ]
In the current version of the program the heuristics function is not working correctly. However the idea was to use the amount of tiles in the correct location and if the next move increases or is the same amount of tiles then it would mean that it changes. 
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[bookmark: _Toc33646390]Maze Search
#include <iostream>
#include <fstream>
#include <string>
#include <limits>
#include <stack>

using namespace std;

struct Position {
	Position() = default;
	Position(unsigned row_arg, unsigned col_arg);
	unsigned row{ 1 }, col{ 1 };
};

Position::Position(unsigned row_arg, unsigned col_arg)
	: row{ row_arg }, col{ col_arg }
{}

//Prints out the maze
void printMaze(char maze[][16])
{
	printf(" ");
	for (int i = 0; i < 16; i++) 
	{
		for (int i2 = 0; i2 < 16; i2++) 
		{
			if (i2 == 15)
			{
				printf("\n");
			}
			printf("%c", maze[i][i2]);
		}
	}
	printf("\n");
}

//Waits for the user to press enter
void waitForEnter()
{
	std::cout << "\nPress ENTER\n";
	std::cin.ignore(std::numeric_limits<std::streamsize>::max(), '\n');
}

//Prints the maze from a file
void CopyOverFile()
{
	fstream newfile;

	newfile.open("maze.txt", ios::in); //open a file to perform read operation using file object

	//checking whether the file is open
	if (newfile.is_open())
	{
		string tp;

		while (getline(newfile, tp)) //read data from file object and put it into string.
		{
			cout << tp << "\n";   //print the data of the string
		}

		newfile.close();   //close the file object.
	}
}

int main()
{	
	char maze[16][16] = { "XXXXXXXXXXXXXXX",
						  "X XXXXXXXXXXXXX",
						  "X             X",
						  "XXXXX XXXXX XXX",
						  "X     XXXX   =X",
						  "XXXXX XXXX XXXX",
						  "X     XXXX    X",
						  "XX XXXXXXXXX XX",
						  "X             X",
						  "XX XXXXXXXXXXXX",
						  "XX            X",
						  "XXXXXXXXXXXX XX",
						  "XX            X",
						  "XX XXXXXXXXXXXX",
						  "X             X",
						  "XXXXXXXXXXXXXXX", };

	string route[100]; //to save route
	
	int counter = 0;
	int itemFind = 0;
	int finished = 0;
	int userChoice = 0;
	bool done = false;

	std::stack<Position> pos; //Create Stack for postion
	Position here;

	CopyOverFile();

	while (finished == 0)
	{
		//Print out menu
		std::cout << "1) Search Maze\n";
		std::cout << "2) Quit\n";
		std::cout << "Please make a choice: ";
		scanf_s("%i", &userChoice);

		switch (userChoice)
		{
		case 1:
			while (!done)
			{
				// checks right
				if (maze[here.row][here.col + 1] == ' ' || maze[here.row][here.col + 1] == '=')
				{
					//Checks if next move is free
					if (maze[here.row][here.col + 1] == ' ')
					{
						pos.push(here);
						maze[here.row][here.col] = '-';
						here.col++;
						route[counter] = "Right";
						counter++;
						continue;
					}
					//Checks if next move is object
					if (maze[here.row][here.col + 1] == '=')
					{
						pos.push(here);
						here.col++;
						done = true;
						break;
					}
				}

				// checks down
				if (maze[here.row + 1][here.col] == ' ' || maze[here.row + 1][here.col] == '=')
				{
					//Checks if next move is free
					if (maze[here.row + 1][here.col] == ' ')
					{
						pos.push(here);
						maze[here.row][here.col] = '-';
						here.row++;
						route[counter] = "Down";
						counter++;
						continue;
					}
					//Checks if next move is object
					if (maze[here.row + 1][here.col] == '=')
					{
						pos.push(here);
						here.row++;
						done = true;
						break;
					}
				}

				// checks left
				if (maze[here.row][here.col - 1] == ' ' || maze[here.row][here.col - 1] == '=')
				{
					//Checks if next move is free
					if (maze[here.row][here.col - 1] == ' ')
					{
						pos.push(here);
						maze[here.row][here.col] = '-';
						here.col--;
						route[counter] = "Left";
						counter++;
						continue;
					}
					//Checks if next move is object
					if (maze[here.row][here.col - 1] == '=')
					{
						pos.push(here);
						here.col--;
						done = true;
						break;
					}
				}

				// checks up
				if (maze[here.row - 1][here.col] == ' ' || maze[here.row - 1][here.col] == '=')
				{
					//Checks if next move is free
					if (maze[here.row - 1][here.col] == ' ')
					{
						pos.push(here);
						maze[here.row][here.col] = '-';
						here.row--;
						route[counter] = "Up";
						counter++;
						continue;
					}
					//Checks if next move is object
					if (maze[here.row - 1][here.col] == '=')
					{
						pos.push(here);
						here.row--;
						done = true;
						break;
					}
				}

				// Path was a dead end
				if (!pos.empty())
				{
					// if stack is not empty, mark current pos. as d and back track
					maze[here.row][here.col] = 'D';
					here = pos.top();
					pos.pop();
					waitForEnter();
					printMaze(maze);
					continue;
				}

				//If the whole maze has been seached and no object was found
				if (pos.empty())
				{
					//Break out of loop, only get here if maze has been fully searched
					itemFind = 1;
					break;
				}
			}

			if (itemFind == 0) //If item was found
			{
				printMaze(maze); //prints maze solution
				std::cout << "Item Found!!\n";

				//Print out the amount of moves made
				std::cout << "Moves made to find items: \n\n";
				for (int i = 0; i < counter; i++)
				{
					std::cout << route[i] << "\n";
				}

				std::cout << "\n";
			}
			if (itemFind == 1)//If no item was found
			{
				std::cout << "No Item Found\n";
			}		
			break;
		
		case 2:
			finished = 1;
			break;
		}
	}

	return 0;
}

[bookmark: _Toc33646391]8-Tile Problem 
#define _CRT_SECURE_NO_WARNINGS
#include <string>
#include <stdlib.h>
#include <time.h>
#include <iostream>

using namespace std;

//Prints out the grid
void PrintGrid (int grid[9])
{
	printf("|-----------|\r\n");
	printf("| %i | %i | %i |\r\n", grid[0], grid[1], grid[2]);
	printf("|-----------|\r\n");
	printf("| %i | %i | %i |\r\n", grid[3], grid[4], grid[5]);
	printf("|-----------|\r\n");
	printf("| %i | %i | %i |\r\n", grid[6], grid[7], grid[8]);
	printf("|-----------|\r\n");
	printf("\r\n");
	printf("\r\n");
}

//Randomizes the tiles
int RandomGrid(int grid[9])
{
	int rndNumber = 0;
	int rndNumber2 = 0;
	int tempNumber = 0;
	int randomizeNumber = 100;

	for (int i = 0; i < randomizeNumber; i++)
	{
		//Generate 2 numbers 0-8
		rndNumber = (rand() % 8);
		rndNumber2 = (rand() % 8);

		//Swap the two numbers around
		tempNumber = grid[rndNumber];
		grid[rndNumber] = grid[rndNumber2];
		grid[rndNumber2] = tempNumber;
	}

	return grid[9];
}

//Finds where the blank space in the grid
int StartPostionZero(int grid[9])
{
	int found = 0;
	int startPostion = 0;

	//Looks for the 0 in the array
	while (found == 0)
	{
		if (grid[startPostion] == 0)
		{
			found = 1;
			break;
		}
		startPostion++;
	}

	return startPostion;
}

//Checks how many tiles are in the correctly location
int CheckH(int grid[9], int targetGrid[9])
{
	int h = 0;

	//looks through both arrays to see if they are both the same number
	for (int i = 0; i < 9; i++)
	{
		if (grid[i] == targetGrid[i])
		{
			h++;
		}
	}
	return h;
}

//Switches blank and a random number next to it
int MoveNumbers(int grid[9])
{
	int startPos = StartPostionZero(grid);

	int rndNumberMax = 0;
	int rndNumber = 0;
	int tempNumber = 0;

	//if the 0 is in the conner
	if (startPos == 0 || startPos == 2 || startPos == 6 || startPos == 8)
	{
		rndNumberMax = 2;
	}

	//if the 0 is in the middle on the sides
	if (startPos == 1 || startPos == 3 || startPos == 5 || startPos == 7)
	{
		rndNumberMax = 3;
	}

	//if the 0 is in the centre
	if (startPos == 4)
	{
		rndNumberMax = 3;
	}

	//Generate 2 numbers 0-4
	rndNumber = (rand() % rndNumberMax);
	
	//Depending on where the starting location of the 0 depends on 
	//Which codes runs
	if (startPos == 0)
		{
			if (rndNumber == 0)
			{
				tempNumber = grid[0];
				grid[0] = grid[0 + 1];
				grid[0 + 1] = tempNumber;
			}
			if (rndNumber == 1)
			{
				tempNumber = grid[0];
				grid[0] = grid[0 + 3];
				grid[0 + 3] = tempNumber;
			}
		}

	if (startPos == 1)
		{
			if (rndNumber == 0)
			{
				tempNumber = grid[1];
				grid[1] = grid[1 - 1];
				grid[1 - 1] = tempNumber;
			}
			if (rndNumber == 1)
			{
				tempNumber = grid[1];
				grid[1] = grid[1 + 1];
				grid[1 + 1] = tempNumber;
			}
			if (rndNumber == 2)
			{
				tempNumber = grid[1];
				grid[1] = grid[1 + 3];
				grid[1 + 3] = tempNumber;
			}
		}

	if (startPos == 2)
		{
			if (rndNumber == 0)
			{
				tempNumber = grid[2];
				grid[2] = grid[2 - 1];
				grid[2 - 1] = tempNumber;
			}
			if (rndNumber == 1)
			{
				tempNumber = grid[2];
				grid[2] = grid[2 + 3];
				grid[2 + 3] = tempNumber;
			}
		}

	if (startPos == 3)
		{
			if (rndNumber == 0)
			{
				tempNumber = grid[3];
				grid[3] = grid[3 - 3];
				grid[3 - 3] = tempNumber;
			}
			if (rndNumber == 1)
			{
				tempNumber = grid[3];
				grid[3] = grid[3 + 1];
				grid[3 + 1] = tempNumber;
			}
			if (rndNumber == 2)
			{
				tempNumber = grid[3];
				grid[3] = grid[3 + 3];
				grid[3 + 3] = tempNumber;
			}
		}

	if (startPos == 4)
		{
			if (rndNumber == 0)
			{
				tempNumber = grid[4];
				grid[4] = grid[4 - 3];
				grid[4 - 3] = tempNumber;
			}
			if (rndNumber == 1)
			{
				tempNumber = grid[4];
				grid[4] = grid[4 - 1];
				grid[4 - 1] = tempNumber;
			}
			if (rndNumber == 2)
			{
				tempNumber = grid[4];
				grid[4] = grid[4 + 1];
				grid[4 + 1] = tempNumber;
			}
			if (rndNumber == 3)
			{
				tempNumber = grid[4];
				grid[4] = grid[4 + 3];
				grid[4 + 3] = tempNumber;
			}
		}

	if (startPos == 5)
		{
			if (rndNumber == 0)
			{
				tempNumber = grid[5];
				grid[5] = grid[5 - 3];
				grid[5 - 3] = tempNumber;
			}
			if (rndNumber == 1)
			{
				tempNumber = grid[5];
				grid[5] = grid[5 - 1];
				grid[5 - 1] = tempNumber;
			}
			if (rndNumber == 2)
			{
				tempNumber = grid[5];
				grid[5] = grid[5 + 3];
				grid[5 + 3] = tempNumber;
			}
		}

	if (startPos == 6)
		{
			if (rndNumber == 0)
			{
				tempNumber = grid[6];
				grid[6] = grid[6 - 3];
				grid[6 - 3] = tempNumber;
			}
			if (rndNumber == 1)
			{
				tempNumber = grid[6];
				grid[6] = grid[6 + 1];
				grid[6 + 1] = tempNumber;
			}
		}

	if (startPos == 7)
		{
			if (rndNumber == 0)
			{
				tempNumber = grid[7];
				grid[7] = grid[7 - 3];
				grid[7 - 3] = tempNumber;
			}
			if (rndNumber == 1)
			{
				tempNumber = grid[7];
				grid[7] = grid[7 + 1];
				grid[7 + 1] = tempNumber;
			}
			if (rndNumber == 2)
			{
				tempNumber = grid[7];
				grid[7] = grid[7 - 1];
				grid[7 - 1] = tempNumber;
			}
		}

	if (startPos == 8)
		{
			if (rndNumber == 0)
			{
				tempNumber = grid[8];
				grid[8] = grid[8 - 3];
				grid[8 - 3] = tempNumber;
			}
			if (rndNumber == 1)
			{
				tempNumber = grid[8];
				grid[8] = grid[8 - 1];
				grid[8 - 1] = tempNumber;
			}
		}

	return grid[9];
}

//Makes the next move
int MakeNextMove(int grid[9], int targetGrid[9])
{
	int h = 0;
	int newGrid[9];
	int newH = 0;

	//Create a new grid and make a random move
	newGrid[9] = MoveNumbers(grid);

	//Looks how many tiles are in te right place of new grid
	newH = CheckH(newGrid, targetGrid);

	//checks to see how many tiles are in the right place in the current grid
	h = CheckH(grid, targetGrid);


	//If the new grid has more tiles in the correct place update the current grid
	//to the new grid
	if (newH >= h)
	{
		grid = newGrid;
	}

	//Print out how many tiles are in the correct location
	printf("%i\n", h);

	return grid[9];
}

//Check to see if the tiles are all in the correct places
int CheckWin(int grid[9], int TargetGird[9])
{
	int win = 0;

	if (grid[0] == TargetGird[0] && grid[1] == TargetGird[1] && grid[2] == TargetGird[2] && grid[3] == TargetGird[3] && grid[4] == TargetGird[4] && grid[5] == TargetGird[5] && grid[6] == TargetGird[6] && grid[7] == TargetGird[7] && grid[8] == TargetGird[8])
	{
		win = 1;
		printf("You Win!!");
	}

	return win;
}

int main(int argc, char** argv)
{
	int Grid[9];
	int TargetGrid[9];
	int finished = 0;
	int moveCounter = 0;
	int userChoice = 0;
	int quit = 0;
	int quit2 = 0;

	Grid[0] = 0;
	Grid[1] = 1;
	Grid[2] = 2;
	Grid[3] = 3;
	Grid[4] = 4;
	Grid[5] = 5;
	Grid[6] = 6;
	Grid[7] = 7;
	Grid[8] = 8;

	TargetGrid[0] = 0;
	TargetGrid[1] = 1;
	TargetGrid[2] = 2;
	TargetGrid[3] = 3;
	TargetGrid[4] = 4;
	TargetGrid[5] = 5;
	TargetGrid[6] = 6;
	TargetGrid[7] = 7;
	TargetGrid[8] = 8;

	time_t t;
	srand((unsigned)time(&t));

	while (quit == 0)
	{
		//Print Menu
		printf("8 Tile Problem\r\n");
		printf("1) Play\r\n");
		printf("2) Quit\r\n");
		printf("Enter you choice: ");
		scanf("%i", &userChoice);

		switch (userChoice)
		{
		case 1:
			//Random the grid
			Grid[9] = RandomGrid(Grid);

			while (quit2 == 0)
			{
				//Move two around
				MakeNextMove(Grid, TargetGrid);

				//Print Grid
				PrintGrid(Grid);

				//Check win
				finished = CheckWin(Grid, TargetGrid);
				moveCounter++;

				if (moveCounter == 100 || finished == 1)
				{
					quit2 = 1;
				}
			}

			//If the counter reaches 100 without solving
			if (finished == 0)
			{
				printf("You Lose!!");
				printf("\r\n");
				printf("\r\n");
				printf("\r\n");
			}
			//If the 8 tiles problem is solved
			else
			{
				printf("You Won!!\r\n");
				printf("Moves made to solve problem: %i", moveCounter);
				printf("\r\n");
				printf("\r\n");
				printf("\r\n");
			}
			
			moveCounter = 0;
			quit2 = 0;
			break;
		case 2:
			//Quit the application
			quit = 1;
			break;
		}
	}
}
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