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1 [bookmark: _Toc34256994]Introduction
Using a series of C++ classes, an AI agent was developed and tested to be able to solve a maze and a eight tiles problem. Depth first search (DFS) and hill climbing algorithms must be implemented into the project to allow an agent to search and solve each problem.

2 [bookmark: _Toc34256995]Depth First Search (DFS)
Depth first search is an algorithm that searches through trees and graphs by travelling nodes adjacent to it’s current position and traversing back through the nodes when it runs out of options to move in its relative position. 
2.1 [bookmark: _Toc34256996]Using DFS to Solve a Maze (Algorithms & Data Structures)
A practical approach to implementing a data structure, such as a stack as each location the agent moves can be added into the stack and allows for easy traversal back through if the agent had no other options to move, e.g. stuck in a wall. Stacks are ideal for this type of problem as data is stored using a last in first out approach. Some of the most important methods implemented within the stack contain:
· Push – This will add the position of the agent to the top of the stack granted it’s not full.
· Pop – This will remove the agent position stored on the top of the stack.
· IsEmpty – This checks if the stack is empty.
Secondly, the code has been split up into a series of classes to allow for a separation of concerns, these are:
· Maze Handler – This class handles data that involves the initial setup of the maze, such as constructing the maze either as a default maze or from the user. 
· Maze Solver – This class handles the concern of the agent and implements functionality required for it to be able to successfully traverse through the maze. As features were needed from the maze class, the maze solver class inherited from this.
· Stack – The stack class is used to implement a stack structure to the maze as this will help store information based on the agents current and previous visited nodes, which allows the agent to backtrack through the maze, should it no longer have the ability to move through the maze.
As well as the classes implemented, a struct was also added to the program to store the agents x and y position, this made storing the agents current and previous positions easier.
Please see Appendix A for code listings of the maze problem.




2.2 [bookmark: _Toc34256997]Test Schedule
	Maze Handler Class

	Test Number
	Date
	Test Details
	Expected Result
	Actual Result
	Pass/ Fail

	1
	04/03/2020
	Test to load maze using the constructor without giving it a file name.
	The terminal should print the default maze.
	The terminal printed the default maze.
	Pass.

	2
	04/03/2020
	Test to load the maze by giving it a name.
	Terminal should print the maze.
	Terminal printed the maze.
	Pass.

	3
	04/03/2020
	Test to check if the “GetLine” method to get the length of the row of the maze.
	The length of the maze should be printed in the terminal.
	The length of the maze was printed in the terminal.
	Pass.

	4
	04/03/2020
	Test to see if the contents of the map are read and added to an array.
	The contents of the txt file should be read into an array.
	The contents of the file were read into the specified array.
	Pass.

	5
	04/03/2020
	Test to see if the maze will be printed to the console.
	Using the above tests, the “PrintMaze” method should display the maze to the console.
	The maze was correctly displayed to the console.
	Pass.

	Maze Solver Class

	6
	04/03/2020
	This test is to ensure that the agent position can be found.
	The agent position, labelled “a” on the map should be found and the coordinates should be displayed to the console.
	The agents position was correctly identified and it’s correct coordinates displayed.
	Pass.

	7
	04/03/2020
	Test to determine whether the agent can move around the maze regardless of validity.
	The agent will be able to move all directions of the maze.
	The agent could move freely around the maze.
	Pass.

	8
	04/03/2020
	Test to ensure that the agent can move through the maze, with valid movements being set.
	The agent should reach a wall and move in a different direction.
	The agent was met with the wall, labelled “#” on the maze and then moved left, as specified on the program.
	Pass.

	9
	04/03/2020
	This test is used to check if an event will happen when the agent has found it’s target.
	When the agent has reached it’s target, labelled “e” on the maze, the program should stop and a message display stating that the maze has been completed.
	The agent reached the “a” and a message displayed.
	Pass.

	10
	04/03/2020
	Test to determine if the “IsValid” method works correctly.
	The agent should move through the maze until a point in which its next tile is not labelled “-“, at which the agent should move in the direction instructed to by the program.
	The agent was able to move in the right direction until it was faced with a wall “#”. At this point, the agent moved down, as it’s left position was not a valid move either.
	Pass.





3 [bookmark: _Toc34256998]Hill Climbing
[bookmark: _GoBack]Hill climbing algorithms use the approach of moving in a manner than continuously improves its current status by comparing its current heuristic value and the heuristics value of its neighbouring nodes in it’s immediate vicinity. However, it’s important to note that the best move at the time might not be the best move in the grand scheme of the problem. This has be used to classify algorithms that implements the hill climbing approach as “greedy” algorithms as it only chooses the best solution at the time [1] [2].
However, hill climbing comes with draw backs, such as optimality reduction and the plateau problem which is where the agent becomes stuck on a flat surface seen in figure 1, meaning all directions doesn’t have a positive impact [1] on achieving the end goal.
[image: Image result for hill climbing algorithm plateau]
Figure 1: Plateaus in Hill Climbing [3].

3.1 [bookmark: _Toc34256999]Heuristic
Heuristics are used to help solve a problem that uses a hill climbing algorithm by looking at available neighbouring nodes and choosing the best option to optimize its outcome. 

3.2 [bookmark: _Toc34257000]Using a Hill Climbing Algorithm to Solve the Eight Tiles Problem (Algorithms & Data Structures)
Given a eight tiles problem pictured in figure 2 and using a hill climbing algorithm, the agent, given the heuristic value, must be able to determine how movement between its adjacent nodes will optimize its heuristic value, thus allowing the agent to solve the maze.
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[bookmark: _Toc34248977]Figure 2: The Problem Given to the Agent
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[bookmark: _Toc34248978]Figure 3: Desired Grid
For this problem, although the code could have been split into separate classes, all methods were implemented in the one class labelled “Eight Tiles”. The reason why this was implemented in this manner is due to the fact that a lot of the code requires features from the other methods implemented.  
Please see Appendix B for code listings of the eight tile problem.
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3.3 [bookmark: _Toc34257001]Test Schedule

	Eight Tiles Class

	Test Number
	Date
	Test Details
	Expected Result
	Actual Result
	Pass/ Fail

	1
	04/03/2020
	This test is to determined whether the grid can be displayed correctly.
	The grid should display as shown in figure 1.
	The grid was display to the console correctly.
	Pass.

	2
	04/03/2020
	The problem grid, when compared to the desired outcome, figure 2 will return the number of tiles out of place. This will be stored as the heuristic in the program.
	The calculated number of tiles should be stored in the “_heuristic” attribute. The expected outcome will be 6 (including 0, which is the movable tile).
	The number of tiles out of place returned 6.
	Pass.

	3
	04/03/2020
	This test was created to ensure that the movable tile, the tile holding 0, can be found.
	The program should display the location of the tile which holds 0.
	Looping through the array, the tile which holds 0 was found and the correct location displayed on the console.
	Pass.

	4
	04/03/2020
	This test is to ensure the heuristic attribute is accessible.
	The value of the heuristic should be returned.
	The correct number was returned.
	Pass.

	5
	04/03/2020
	This test checks that the movable tile can only move within the grid. 
	When the movable tile hits the most top, most bottom, most left and most right tile, it should move in another direction.
	The movable tile moved in a different direction in all cases.
	Pass.

	6
	04/03/2020
	This is a test to ensure that the movable tile will only move in a direction that improves the heuristic attribute.
	After checking adjacent nodes, the movable tile should move in the direction that reduces the heuristic value.
	The movable tile moved in the direction that reduced the heuristic value.
	Pass.

	7
	04/03/2020
	This test will display the amount of steps taken to solve the puzzle.
	The amount of steps taken for the agent to complete the puzzle should be displayed to the screen.
	The total steps taken was displayed correctly to the screen.
	Pass.
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[bookmark: _Toc34257003]Appendix A
[bookmark: _Toc34257004]Maze Problem Code Listings
[bookmark: _Toc34257005]MazeHandler.h
#pragma once
#include<string>
#include<iostream>
#include<fstream>

using namespace std;

class MazeHandler
{
private:
	//Attributes
	string _mazeRow;
	string _fileName;
	ifstream _mapFile;
	char _p;
	
public:
	char _maze[16][16];
	//Constructors
	MazeHandler();
	MazeHandler(string fileName);
	~MazeHandler();


	//Properties
	int GetRow();

	//Methods
	void ReadMaze();
	void PrintMaze();
};

[bookmark: _Toc34257006]MazeHandler.cpp
#include "MazeHandler.h"

MazeHandler::MazeHandler()
{
	_fileName = "map1.txt";
	_mapFile.open(_fileName, ifstream::in);
}

MazeHandler::MazeHandler(string fileName)
{
	_fileName = fileName;
	_mapFile.open(fileName, ifstream::in);
}

MazeHandler::~MazeHandler()
{

}

void MazeHandler::ReadMaze()
{

	if (!_mapFile)
	{
		cout << "Cannot obtain file." << endl;
	}
	else
	{
		int j = 0;
		for (_mazeRow; getline(_mapFile, _mazeRow);)
		{
			for (int i = 0; i < _mazeRow.length(); i++)
			{
				_maze[j][i] = _mazeRow.data()[i];
			}

			j++;
		}
	}
	_mapFile.close();
}

void MazeHandler::PrintMaze()
{
	for (int row = 0; row < _mazeRow.length(); row++)
	{
		for (int col = 0; col < _mazeRow.length(); col++)
		{
			cout << _maze[row][col];
		}
		cout << "\n";
	}
}

int MazeHandler::GetRow()
{
	return _mazeRow.length();
}



[bookmark: _Toc34257007]MazeSolver.h
#pragma once

#include<string>
#include<iostream>
#include<list>
#include "MazeHandler.h"

using namespace std;

class MazeSolver : public MazeHandler
{
private:
	//Attributes
	bool _positionFound;
	bool _validMovement;
	bool _hasVisited;
	



public:
	struct AgentPosition
	{
		int colPos;
		int rowPos;
	} agentPos;

	
	//Constructors
	MazeSolver();
	~MazeSolver();

	//Properties
	void GetPosition();


	//Methods
	void MoveAgentUp();
	void MoveAgentDown();
	void MoveAgentRight();
	void MoveAgentLeft();
	bool IsValid();
	void MoveAgent();
	bool IsSolved();
};

[bookmark: _Toc34257008]MazeSolver.cpp
#include "MazeSolver.h"


MazeSolver::MazeSolver()
{

}

MazeSolver::~MazeSolver()
{

}

void MazeSolver::GetPosition()
{
	for (int i = 0; i < GetRow(); i++)
	{
		for (int j = 0; j < GetRow(); j++)
		{
			if (_maze[i][j] != 'a')
			{

			}
			else
			{
				agentPos.colPos = j;
				agentPos.rowPos = i;
				cout << "Found agent position at (Col: " << agentPos.colPos << "," << " Row: " << agentPos.rowPos << ")" << endl;
				_maze[i][j] = _maze[agentPos.colPos][agentPos.rowPos];
				_positionFound = true;
			}
		}
	}
}

void MazeSolver::MoveAgentRight()
{
	_maze[agentPos.rowPos][agentPos.colPos] = '*';
	_maze[agentPos.rowPos][agentPos.colPos + 1] = 'a';
	
	
}

void MazeSolver::MoveAgentLeft()
{
	_maze[agentPos.rowPos][agentPos.colPos] = '*';
	_maze[agentPos.rowPos][agentPos.colPos - 1] = 'a';
}

void MazeSolver::MoveAgentDown()
{
	_maze[agentPos.rowPos][agentPos.colPos] = '*';
	_maze[agentPos.rowPos + 1][agentPos.colPos] = 'a';
}

void MazeSolver::MoveAgentUp()
{
	_maze[agentPos.rowPos][agentPos.colPos] = '*';
	_maze[agentPos.rowPos - 1][agentPos.colPos] = 'a';
}

void MazeSolver::MoveAgent()
{
	IsValid();
}

bool MazeSolver::IsValid()
{
	if (_maze[agentPos.rowPos][agentPos.colPos + 1] == '-')
	{
		MoveAgentRight();
	}
	else if (_maze[agentPos.rowPos][agentPos.colPos - 1] == '-')
	{
		MoveAgentLeft();
	}
	else if (_maze[agentPos.rowPos + 1][agentPos.colPos] == '-')
	{
		MoveAgentDown();
	}
	else if (_maze[agentPos.rowPos - 1][agentPos.colPos] == '-')
	{
		MoveAgentUp();
	}
	else
	{
		//Right stuck
		if (_maze[agentPos.rowPos][agentPos.colPos + 1] == '*')
		{
			_maze[agentPos.rowPos][agentPos.colPos] = '!';
			_maze[agentPos.rowPos][agentPos.colPos + 1] = 'a';
		}
		
		//Left Stuck
		else if (_maze[agentPos.rowPos][agentPos.colPos - 1] == '*')
		{
			_maze[agentPos.rowPos][agentPos.colPos] = '!';
			_maze[agentPos.rowPos][agentPos.colPos - 1] = 'a';
		}

		//Up Stuck
		else if (_maze[agentPos.rowPos - 1][agentPos.colPos] == '*')
		{
			_maze[agentPos.rowPos][agentPos.colPos] = '!';
			_maze[agentPos.rowPos - 1][agentPos.colPos] = 'a';
		}

		//Down Stuck
		else if (_maze[agentPos.rowPos + 1][agentPos.colPos] == '*')
		{
			_maze[agentPos.rowPos][agentPos.colPos] = '!';
			_maze[agentPos.rowPos + 1][agentPos.colPos] = 'a';
		}
		else
		{
			//Right !
			if (_maze[agentPos.rowPos][agentPos.colPos + 1] == '!')
			{
				_maze[agentPos.rowPos][agentPos.colPos] = '!';
				_maze[agentPos.rowPos][agentPos.colPos + 1] = 'a';
			}
			//Left !
			else if (_maze[agentPos.rowPos][agentPos.colPos - 1] == '!')
			{
				_maze[agentPos.rowPos][agentPos.colPos] = '!';
				_maze[agentPos.rowPos][agentPos.colPos - 1] = 'a';
			}
			//Up !
			else if (_maze[agentPos.rowPos - 1][agentPos.colPos] == '*')
			{
				_maze[agentPos.rowPos][agentPos.colPos] = '!';
				_maze[agentPos.rowPos - 1][agentPos.colPos] = 'a';
			}
			//Down Stuck
			else if (_maze[agentPos.rowPos + 1][agentPos.colPos] == '*')
			{
				_maze[agentPos.rowPos][agentPos.colPos] = '!';
				_maze[agentPos.rowPos + 1][agentPos.colPos] = 'a';
			}
			//Maze is unsolvable
			return false;
		}
	}

	//return false;
}

bool MazeSolver::IsSolved()
{
	if (_maze[agentPos.rowPos][agentPos.colPos - 1] == 'e')
	{
		_maze[agentPos.rowPos][agentPos.colPos] = 'a';
		cout << "The maze has been solved at (Col: " << agentPos.colPos - 1<< ", Row: " << agentPos.rowPos << ")" << endl;
		
		return true;
	}
	return false;
}



[bookmark: _Toc34257009]Source.cpp
#include<string>
#include<iostream>
#include<chrono>
#include<thread>
#include "MazeHandler.h"
#include "MazeSolver.h"
#include "Stack.h"

using namespace std;

int main(int argc, char** argv)
{
	MazeHandler* mh = new MazeHandler("map1.txt");
	//MazeHandler* mh = new MazeHandler();
	Stack* s = new Stack();
	MazeSolver* ms = new MazeSolver();


	ms->ReadMaze();
	while (!ms->IsSolved())
	{
		ms->PrintMaze();
		ms->GetPosition();

		ms->MoveAgent();
		s->Push(ms->agentPos);
		
		system("cls");
	}
	ms->PrintMaze();
	cout << "Maze Solved!" << endl;
	

	system("PAUSE");
}




[bookmark: _Toc34257010]Appendix B
[bookmark: _Toc34257011]Eight Tiles Problem Code Listings
[bookmark: _Toc34257012]EightTiles.h
#pragma once
#include "Grid.h"

class EightTiles
{
private:
	//Attributes
	int _desiredGrid[3][3] {0, 1, 2, 3, 4, 5, 6, 7, 8 };
	int _problemGrid[3][3] { 1, 2, 5, 3, 4, 8, 6, 0, 7 };

	int _prevH;
	int _heuristics = 0;

	int _steps = 0;
	
	struct AgentTile
	{
		int x, y;
	} _moveableTile;

public:
	//Constructors
	EightTiles();
	~EightTiles();

	//Properties
	int GetHeuristic();
	int GetSteps();
	void UpdateSteps();

	//Methods
	void FindMoveableTile();
	void PrintGrid();
	
	int CalculateHeuristics();
	//Check possibilities
	bool OkUp();
	bool OkRight();
	bool OkLeft();
	bool OkDown();
	//Make movement
	void MoveUp();
	void MoveRight();
	void MoveLeft();
	void MoveDown();
	//Check if tiles have been solved 
	bool IsSolved();
};

[bookmark: _Toc34257013]EightTiles.cpp
#include "EightTiles.h"

EightTiles::EightTiles()
{

}

EightTiles::~EightTiles()
{

}

void EightTiles::PrintGrid()
{
	for (int i = 0; i < 3; i++)
	{
		for (int j = 0; j < 3; j++)
		{
			cout << _problemGrid[i][j] << "  ";
		}
		cout << "\n";
	}
}

int EightTiles::CalculateHeuristics()
{
	_heuristics = 0;
	for (int i = 0; i < 3; i++)
	{
		for (int j = 0; j < 3; j++)
		{
			if (_problemGrid[i][j] == _desiredGrid[i][j])
			{

			}
			else
			{
				_heuristics++;
			}
		}
	}
	return _heuristics;
}

bool EightTiles::IsSolved()
{
	for (int i = 0; i < 3; i++)
	{
		for (int j = 0; j < 3; j++)
		{
			if (_problemGrid[i][j] != _desiredGrid[i][j])
			{
				return false;
			}
			else
			{
				return true;
			}
		}
	}
	
}

void EightTiles::FindMoveableTile()
{
	for (int i = 0; i < 3; i++)
	{
		for (int j = 0; j < 3; j++)
		{
			if (_problemGrid[i][j] == 0)
			{
				_moveableTile.x = i;
				_moveableTile.y = j;
			}
		}
	}

	cout << "Tile is found at " << _moveableTile.x << ", " << _moveableTile.y << endl;
	cout << "Y position : " << _moveableTile.y << " | X position : " << _moveableTile.x << endl;
}

int EightTiles::GetHeuristic()
{
	return _heuristics;
}

//Check if moves are valid
bool EightTiles::OkUp()
//can I move up?
{
	if (_moveableTile.x > 0)
		return true;
	else
	{
		return false;
	}
}

bool EightTiles::OkRight()
//can I move Right?
{
	if (_moveableTile.y < 2)
		return true;
	else
	{
		return false;
	}
}

bool EightTiles::OkDown()
{
	if (_moveableTile.x < 2)
		return true;
	else
	{
		return false;
	}
}

bool EightTiles::OkLeft()
{
	if (_moveableTile.y > 0)
		return true;
	else
	{
		return false;
	}
}

//Make Move
void EightTiles::MoveUp()
{
	if (OkUp())
	{
		_prevH = _heuristics; // Set previous heuristic to current

		// Make move to determined heuristic
		int temp = _problemGrid[_moveableTile.x - 1][_moveableTile.y]; // Store the value in the element above.
		_problemGrid[_moveableTile.x - 1][_moveableTile.y] = _problemGrid[_moveableTile.x][_moveableTile.y]; // Store 0 in the element above its current position
		_problemGrid[_moveableTile.x][_moveableTile.y] = temp; // Use the variable to input the value in 0 previous location
		_moveableTile.x--; //Decrement the movable tile by one to have it's new accurate position

		if (CalculateHeuristics() > _prevH)
		{
			//Go back to original position
			int temp = _problemGrid[_moveableTile.x + 1][_moveableTile.y]; // Store the value in the element above.
			_problemGrid[_moveableTile.x + 1][_moveableTile.y] = _problemGrid[_moveableTile.x][_moveableTile.y]; // Store 0 in the element above its current position
			_problemGrid[_moveableTile.x][_moveableTile.y] = temp; // Use the variable to input the value in 0 previous location
			_moveableTile.x++; //Decrement the movable tile by one to have it's new accurate position

			MoveLeft();
		}
		else
		{

		}
	}
	else
	{
		MoveLeft();
	}
}

void EightTiles::MoveLeft()
{
	if (OkLeft())
	{
		int temp = _problemGrid[_moveableTile.x][_moveableTile.y - 1]; // Store the value in the element to the left.
		_problemGrid[_moveableTile.x][_moveableTile.y - 1] = _problemGrid[_moveableTile.x][_moveableTile.y]; // Store 0 in the element to its left of its current position
		_problemGrid[_moveableTile.x][_moveableTile.y] = temp; // Use the variable to input the value in 0 previous location
		_moveableTile.y--;  //Decrement the movable tile by one to have it's new accurate position

		if (CalculateHeuristics() > _prevH)
		{
			int temp = _problemGrid[_moveableTile.x][_moveableTile.y + 1];
			_problemGrid[_moveableTile.x][_moveableTile.y + 1] = _problemGrid[_moveableTile.x][_moveableTile.y];
			_problemGrid[_moveableTile.x][_moveableTile.y] = temp;
			_moveableTile.y++;

			MoveDown();
		}


	}
	else
	{
		MoveDown();
	}
}


void EightTiles::MoveDown()
{
	if (OkDown())
	{
		//_prevH = _heuristics;
		int temp = _problemGrid[_moveableTile.x + 1][_moveableTile.y];  // Store the value in the element below its position.
		_problemGrid[_moveableTile.x + 1][_moveableTile.y] = _problemGrid[_moveableTile.x][_moveableTile.y]; // Store 0 in the element below its current position
		_problemGrid[_moveableTile.x][_moveableTile.y] = temp; // Use the variable to input the value in 0 previous location
		_moveableTile.x++; //Decrement the movable tile by one to have it's new accurate position

		if (CalculateHeuristics() > _prevH)
		{
			int temp = _problemGrid[_moveableTile.x - 1][_moveableTile.y];  // Store the value in the element below its position.
			_problemGrid[_moveableTile.x - 1][_moveableTile.y] = _problemGrid[_moveableTile.x][_moveableTile.y]; // Store 0 in the element below its current position
			_problemGrid[_moveableTile.x][_moveableTile.y] = temp; // Use the variable to input the value in 0 previous location
			_moveableTile.x--;

			MoveRight();
		}
	}
	else
	{
		MoveRight();
	}
}


void EightTiles::MoveRight()
{
	if (OkRight())
	{
		//_prevH = _heuristics;

		int temp = _problemGrid[_moveableTile.x][_moveableTile.y + 1]; // Store the value in the element to its right
		_problemGrid[_moveableTile.x][_moveableTile.y + 1] = _problemGrid[_moveableTile.x][_moveableTile.y]; // Store 0 in the element to the right of its current position
		_problemGrid[_moveableTile.x][_moveableTile.y] = temp; // Use the variable to input the value in 0 previous location
		_moveableTile.y++;

		if (CalculateHeuristics() > _prevH)
		{
			int temp = _problemGrid[_moveableTile.x][_moveableTile.y - 1]; // Store the value in the element to its right
			_problemGrid[_moveableTile.x][_moveableTile.y - 1] = _problemGrid[_moveableTile.x][_moveableTile.y]; // Store 0 in the element to the right of its current position
			_problemGrid[_moveableTile.x][_moveableTile.y] = temp; // Use the variable to input the value in 0 previous location
			_moveableTile.y--;

			MoveUp();
		}
	}
	else
	{
		MoveUp();
	}
}

void EightTiles::UpdateSteps()
{
	_steps += 1;
}

int EightTiles::GetSteps()
{
	return _steps;
}



[bookmark: _Toc34257014]Source.cpp
#include "Grid.h"
#include "EightTiles.h"
#include<string>
#include<chrono>
#include<thread>

using namespace std;

int main(int argc, char** argv)
{
	EightTiles game;
	

	while (!game.IsSolved()) {
		game.PrintGrid();
		game.CalculateHeuristics();
		cout << "Heuristics = " << game.GetHeuristic() << endl;

		game.FindMoveableTile();
		this_thread::sleep_for(0.8s);
		game.MoveUp();

		game.UpdateSteps();
	
		system("cls");

	}
	
	game.PrintGrid();
	cout << "Tiles have been solved in " << game.GetSteps() << " steps" << endl;
	system("PAUSE");
}
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