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1. [bookmark: _Toc33644816]Task 1 – Depth First Search
1.1 [bookmark: _Toc33644817]Implementation
The mazes to be searched by the DFS algorithm are stored in .txt format using different characters to mark features of the maze such as paths (‘), walls (#), the agent (<,>,^,v,X) and any objectives (O). 
[image: ]
[bookmark: _Toc33644867]Figure 1. The 16x16 and 25x25 mazes as they appear in a .txt file
1.1.1 [bookmark: _Toc33644818]Program Structure
The classes that make up the program are listed below:
· Game
· DepthFirstSearch
· Agent
· Maze
· Grid
· Vec2_i
· OptionsMenu
Each class file includes a commented description of its purpose and a comment explaining each method. A general class diagram showing the relationships between these classes can be found in Appendix A1. A full code listing of the program can be found in Appendix B1.
1.1.2 [bookmark: _Toc33644819]Features of the program
A User Guide for the program can be found in Appendix C1 and a test schedule can be found in Appendix D1.
1.1.3 [bookmark: _Toc33644820]Implementation of Depth First Search
Below is an explanation of the depth first search algorithm used in the program.
[image: ]
[bookmark: _Toc33644868]Figure 2. An example maze layout, its graph form and navigation using a stack of visited nodes
The algorithm can be summarised by the following pseudocode [1, pp.604]:
[image: ]
[bookmark: _Toc33644869]Figure 3. DFS pseudocode

The methods used to implement this algorithm are: 
[image: ]
[bookmark: _Toc33644870][bookmark: _GoBack]Figure 4. DepthFirstSearch::FindMove() method
· Moves DepthFirstSearch::FindMove()
Checks the positions surrounding the agent for unvisited tiles or objectives and returns a Moves enum value. The moves are checked in the following order: Left, Down, Right, Up, Blocked.

[image: ]
[bookmark: _Toc33644871]Figure 5. DepthFirstSearch::MoveAgent() method
· void DepthFirstSearch::MoveAgent()
Uses the value returned by FindMove() to move the agent around the maze correctly. Pushes each past visited position onto the stack of visited positions. 

[image: ]
[bookmark: _Toc33644872]Figure 6. DepthFirstSearch::PopVisited() method
· void DepthFirstSearch::PopVisited()
Called each time FindMove() returns the Blocked state. Moves the agent to the position at the top of the visited stack. The position is then popped from the stack. The agent will keep popping positions in the stack until an unvisited position is found.

1.2 [bookmark: _Toc33644821]Evaluation of DFS algorithm

[image: ]
[bookmark: _Toc33644873]Figure 7. Updating display while searching
The DFS implementation allows an agent to appear to be searching a maze. On each move it checks if it can move deeper into the maze with a move priority of LEFT -> DOWN -> RIGHT -> UP. If the agent is blocked it appears to reverse direction and find another intersection to search. The agent searches the entire maze, then displays stored routes to all objectives.


2. [bookmark: _Toc33644822]Task 2 – Hill Climbing
2.1 [bookmark: _Toc33644823]Background
Hill Climbing is a local search method. It is an optimisation technique that searches its neighbour states and calculates the “fitness” value for each state. If a better value is found among its neighbouring states, then the most optimal state is swapped with the current state [1, pp.122][3]. This step is repeated until the algorithm reaches the global minima of the fitness landscape [1, pp.580][5].
[image: ]
[bookmark: _Toc33644874]Figure 8. Diagram of an energy / fitness landscape encountered by hill climbing algorithms [4]
Hill Climbing can be loosely described using the following pseudocode [2, pp.122]:
[image: ]
[bookmark: _Toc33644875]Figure 9. Pseudocode of the hill climbing algorithm
The advantages to using the Hill Climbing algorithm are that it is simple to implement and has a low resource cost as it only analyses its local states [6]. As a result it is fast and very effective at problems suited to it [5].
The limitations of the Hill Climbing algorithm relate to it being a local search method. As the algorithm cannot search past its neighbours, it has no way of knowing if the current state leads to the global minima and can become stuck and unable descend further [6]. This is referred to as the local minima [5]. However, it is possible to escape the local minima using a method such as Simulated Annealing [7]. 
Simulated Annealing helps escape local minima by forcing the algorithm to choose a state that is inferior to the current state [6]. It achieves this by introducing randomness. At the beginning of the search, random numbers are added to the fitness values to cause “worse” moves to occur. Over time the frequency of these additions is decreased causing the algorithm to become more predictable and allow it to reach the optimum value [5][6][8].
2.2 [bookmark: _Toc33644824]Worked Example
The hill-climbing method can be used to solve the 8-tiles problem. An 8-tiles puzzle is played by swapping a blank tile around a shuffled board until the solution combination is found. 
Shown below is the 8-tile puzzle assigned to p1708355 next to its solution. 
[image: ]
Hill climbing can be used to solve this puzzle by using a suitable heuristic function, h(). A simple heuristic to use is the number of tiles out of place compared to the solution. The h() values for each possible move are calculated and the move closest to the goal (h() = 0) is chosen. The solve method is demonstrated below:
Where h() = number of tiles out of place:
Current h() = 5
DOWN h() = 4
UP h() = 5
RIGHT h() = 5
[image: ]
Current h() = 4
RIGHT h() = 3
UP h() = 5
[image: ]
Current h() = 3
UP h() = 2
RIGHT h() = 4
LEFT h() = 4
[image: ]
Current h() = 2
UP h() = 1
LEFT h() = 3
DOWN h() = 3
RIGHT h() = 3
[image: ]
Current h() = 1
LEFT h() = 0
DOWN h() = 2
RIGHT h() = 2
[image: ]
Current h() = 0
[image: ]

2.3 [bookmark: _Toc33644825]Evaluation of Hill Climbing for 8-tile problems
The hill climbing algorithm is appropriate for solving the provided puzzle as it is only 5 moves away from the solution state and does not get caught in any local minima. Because of this, the simple heuristic function above is suitable. However, the algorithm could be improved by providing it with a better heuristic function [9].
The Manhattan Distance heuristic is calculated using the sum vertical and horizontal distances of each tile from its solution position. It provides more information to the algorithm than the previous heuristic as it measures the states in terms of distance to solution [2, pp.103-104]. 
Both the heuristic functions discussed have been implemented into a hill climbing algorithm class featured in the 8-tile game implemented in section 2.3.1. 
2.3.1 [bookmark: _Toc33644826]Implementation of Hill Climbing algorithm for solving 8-tile
2.3.1.1 Program structure
The classes that make up the program are listed below:
· EightTileGame
· Tiles
· UserInput
· HillClimbingSolver 
· OptionsMenu
· Random
Each class file includes a commented description of its purpose and a comment explaining each method. A general class diagram showing the relationships between these classes can be found in Appendix A2. A full code listing of the program can be found in Appendix B2.
2.3.1.2 Features of the program
A User Guide for the program can be found in Appendix C2 and a test schedule can be found in Appendix D2.
2.3.1.3 Implementation of Hill Climbing
As discussed in section 2.1, the Hill Climbing algorithm searches neighbouring states and tries to move towards a global minimum value.
[image: ]
[bookmark: _Toc33644876]Figure 10. Hill Climbing algorithm applied to the assigned puzzle using the heuristic from section 2.2
The hill climbing algorithm has been implemented by using the following methods:

[image: ]
[bookmark: _Toc33644877]Figure 11. HillClimbingSolver::ProcessMove() method
· void HillClimbingSolver::ProcessMove(Tiles& solution, Tiles &current, hFunc hfunc)
Calculates the h() value of every possible move using the chosen heuristic function. Processes the move with the lowest h() value.

[image: ]
[bookmark: _Toc33644878]Figure 12. HillClimbingSolver::NumTilesDifference() method
· int HillClimbingSolver::NumTilesDifference(Tiles& solution, Tiles copy)
Returns the number of tiles out of place compared to the solution state.

[image: ]
[bookmark: _Toc33644879]Figure 13. HillClimbingSolver::SumManhattanDistances() method
· int HillClimbingSolver::SumManhattanDistances(Tiles& solution, Tiles copy)
Returns the sum of distances between every tile’s current position and their solution position.

2.4 [bookmark: _Toc33644827]Evaluation of Hill Climbing implementation
The Hill Climbing algorithm implemented can solve the 8-tile puzzle seen in section 2.2 using either the NumTilesDifference() heuristic or the SumManhattanDistances() heuristic. 
[image: ]
[bookmark: _Toc33644880]Figure 14. Both heuristics solving the assignment problem
Both can be used to solve puzzles that have been randomised but their effectiveness decreases the further a given puzzle is from the solution. 
[image: ]
[bookmark: _Toc33644881]Figure 15. Hill climbing caught in local minima using both heuristics
Unfortunately, for puzzles that are many moves away from the solution the algorithm can still get caught within a local minima, unable to progress to a state closer to 0. 
This problem could be overcome by applying the simulated annealing technique discussed in section 2.1.
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[bookmark: _Toc33644831]Appendix A2 – Task 2 Class Diagram
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[bookmark: _Toc33644832]Appendix B1 – Task 1 Code Listings
[bookmark: _Toc33644833]Source.cpp
#include "Game.h"
#include <vector>

std::vector<const char*> mazeList = {
	"mazes\\25x25_0-Objectives.txt",
	"mazes\\25x25_12-Objectives.txt",
	"mazes\\16x16_0-Objectives.txt",
	"mazes\\16x16_8-Objectives.txt",
};//List of paths to mazes found in the 'mazes' folder.

int main(int argc, char** argv)
{
	Game* game = new Game(mazeList);	//Create the game object and provide it with the list of potential mazes.

	while (game->IsActive())			//while the game is active.
	{
		game->Update();					//update the game.
	}
	
	delete game;						//delete the game object when done.

	return 0;
}
[bookmark: _Toc33644834]Game.h
#pragma once
#include <thread>
#include <chrono>

#include "DepthFirstSearch.h"

enum class searchMethod { DFS };

/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
The Game class holds all the objects and functionality required to conduct the maze searches.
//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/

class Game
{
#pragma region Attributes
private:

	std::vector<const char*> _searchMethods = {
		"DepthFirstSearch",
	};											//List of search methods available.
	searchMethod _currentMethod;				//The current search method in use.

	bool _isActive;					//Is the game active
	bool _searching;				//Is there an object searching the maze
	bool _autoUpdate;				//Should the maze be updated automatically
	int _updateTime;				//Timer for the automatic updates


	OptionsMenu _menu;				//Contains console options menu functionality
	Agent* _agent;					//pointer to an Agent object to give to search objects
	Maze* _maze;					//pointer to a maze object to give to search objects
	DepthFirstSearch* _DFSearch;	//pointer to a Depth First Search object
	
#pragma endregion

#pragma region Constructors

public:
	Game(std::vector<const char*> mazeList);	//Game takes a list of mazes
	~Game() {
		delete _agent;
		delete _maze;
		delete _DFSearch;
	}//delete objects

#pragma endregion

#pragma region Properties

public:
	bool IsActive();	//Check game state

#pragma endregion

#pragma region Methods

public:
	void Update();				//Update the game
	void Reset();				//Reset the game and all objects to conduct another search / load another maze
	void SelectSearchMethod();	//Select the search method to use
	bool Continue();			//Check if the game should continue running
	void SetUpdateMethod();		//Sets the automatic / manual update method

#pragma endregion

};
[bookmark: _Toc33644835]Game.cpp
#include "Game.h"

Game::Game(std::vector<const char*> mazeList)
{
	//initialise all attributes
	_isActive = true;
	_searching = true;
	_autoUpdate = true;
	_updateTime = 0;
	_currentMethod = searchMethod::DFS;
	//initialise all objects
	_agent = new Agent();
	_maze = new Maze(mazeList);
	_DFSearch = new DepthFirstSearch(_maze, _agent);
	//reset/initialise all the objects
	Reset();
}

bool Game::IsActive()
{
	/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
	Returns the state of the game. Returning false will close the program on next update of the game loop
	//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/
	return _isActive;
}

void Game::Update()
{
	/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
	Display the grid and update the currently selected search method, and check its completion status.
	Process the auto / manual update interval.
	If the game is no longer searching the maze then prompt the user to continue or close the program, continue will reset 
	the game and its objects.
	Clear the screen after each update
	//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/

	_maze->DisplayGrid();

	switch (_currentMethod)
	{
	case searchMethod::DFS:
		_DFSearch->Update();
		if (_DFSearch->SearchComplete())
		{
			_searching = false;
		}
		break;

		//... other search methods can be added here
	}

	if (_autoUpdate)
	{
		std::this_thread::sleep_for(std::chrono::milliseconds(_updateTime));// delay and then clear the screen
	}
	else
	{
		std::cout << std::endl;
		std::cout << "Press enter to continue" << std::endl;
		std::cin.ignore();
	}

	if (_searching == false)
	{
		if (Continue())
		{
			Reset();
		}
	}	
	system("cls");
}

void Game::Reset()
{
	/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
	Resets the game and object states
	Clear the screen and begin to display options to the user for the next maze / search attempt.
	Lets the user select the next maze, search method and update method to use, then clears the screen ready to display the 
	solve attempt
	//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/

	system("cls");
	_searching = true;
	_maze->SelectMaze();	//Set the maze
	_maze->DisplayGrid();	//Display the maze
	_agent->Reset();		//Reset the agents attributes

	//Select a search method to use.
	SelectSearchMethod();
	switch (_currentMethod)
	{
	case searchMethod::DFS:
		_DFSearch->Reset();
		_DFSearch->SetStartPosition();
		break;
		//... A* etc.
	}
	SetUpdateMethod();
	system("cls");
}

void Game::SelectSearchMethod()
{
	/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
	Set the search method using the console menu input to set _currentMethod
	//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/
	_currentMethod = (searchMethod)_menu.ConsoleMenu("Select a search method", _searchMethods);
}

bool Game::Continue()
{
	/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
	Provide the user with a choice to continue or close the program. Choosing "No" will set the games state to false
	//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/
	std::vector<const char*> choices = {
		"Yes",
		"No"
	};
	switch (_menu.ConsoleMenu("Continue ? ", choices))
	{
	case 0:
		return true;
		break;

	case 1:
		_isActive = false;
		return false;
		break;
	}
}

void Game::SetUpdateMethod()
{
	/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
	Provide the user with a choice for the update method and interval.
	"Yes" will prompt the user to choose an update interval in milliseconds
	"No" will allow the user to press the Enter key to process the updates
	//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/
	std::vector<const char*> choices = {
	"Yes",
	"No"
	};
	switch (_menu.ConsoleMenu("Automatically update the maze?", choices))
	{
	case 0:
		_autoUpdate = true;
		_updateTime = _menu.ConsoleMenu("Enter update interval (ms): ", 100000);//change
		break;
	case 1:
		_autoUpdate = false;
		break;
	}
}

[bookmark: _Toc33644836]DepthFirstSearch.h
#pragma once
#include "Maze.h"
#include "Agent.h"

#include <stack>
#include <vector>
#include <iostream>

/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
The DepthFirstSearch class is used to navigate the agent through the maze to search for objectives
Contains:
	Flags for finding objectives, completing searches and it active state
	Pointers to a maze and an agent object to be able to manipulate their data
	A stack to log visited locations + moves
	A vector of successful routes to objectives from the start position
//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/

class DepthFirstSearch
{
#pragma region Attributes
private:
	bool _foundObjective = false;	//Objective found
	bool _searchComplete = false;	//Search complete

	Maze *_maze;	//Pointer to maze
	Agent *_agent;	//Pointer to agent

	std::stack<std::pair<Vec2_i, Moves>> _visited;	//Visited positions and the moves taken to reach them

	std::vector<std::stack<std::pair<Vec2_i, Moves>>> _routes;	//Stored routes to objectives

#pragma endregion

#pragma region Constructors

public:
	DepthFirstSearch(Maze *maze, Agent *agent);	//Takes pointers to Maze and Agent objects
	~DepthFirstSearch() {}

#pragma endregion

#pragma region Methods

public:
	void Reset();				//Resets the attributes/stacks of this object
	void Update();				//Updates the search progress
	void SetStartPosition();	//Sets the starting position for the agent
	bool SearchComplete();	//Returns the status of the search

private:
	void PopVisited();						//Pops the visited positions/moves stack
	void ReverseAgentDirection(Moves move);	//Used for displaying the backtracking agent

	void PrintRoutes();			//Prints a listing of the coordinates to reach the objectives
	void DrawRoutesToMaze(std::vector<std::stack<std::pair<Vec2_i, Moves>>> routesCopy);//Draws all the successful routes to the maze

	void MoveAgent();		//Moves the agent
	Moves FindMove();		//Finds a valid move

#pragma endregion
};

[bookmark: _Toc33644837]DepthFirstSearch.cpp
#include "DepthFirstSearch.h"

DepthFirstSearch::DepthFirstSearch(Maze* maze, Agent* agent)
{
	/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
	Set both maze and agent pointers to an existing
	maze and agent object
	//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/
	_maze = maze;
	_agent = agent;
}

void DepthFirstSearch::Reset()
{
	/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
	Call once search is complete.
	Reset the DepthFirstSearch object by reseting flags to false and clears stacks / vectors of visited positions / routes
	//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/
	_foundObjective = false;
	_searchComplete = false;

	_visited = std::stack<std::pair<Vec2_i, Moves>>();
	_routes.clear();
}

void DepthFirstSearch::Update()
{
	/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
	Move the agent through the maze on each update.
	If the search is complete, clear the screen and print all the routes to the objectives
	//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/
	MoveAgent();
	
	if (_searchComplete)
	{
		system("cls");
		PrintRoutes();
	}
}

void DepthFirstSearch::SetStartPosition()
{
	/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
	Set the starting position of the agent and draw the agent at this position.
	//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/
	_agent->SetPosition(_maze->GetStartPosition());
	_maze->DrawToGrid(_agent->GetPos()._x, _agent->GetPos()._y, _agent->GetAgentChar());
}

void DepthFirstSearch::PopVisited()
{
	/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
	Reverse the direction of the agent to point to its previous position by using the previous move information
	Set the position of the agent to this previous position and draw the agent to the grid.
	Then pop from the visited stack. If the stack is empty then the search is complete
	//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/
	ReverseAgentDirection(_visited.top().second);

	_agent->SetPosition(_visited.top().first);	//Set the agents position to the previous position

	//Draw the agents new position and direction to the grid
	if ((_maze->GetValueAtPos(_agent->GetPos()._x, _agent->GetPos()._y) != 'F') && (_maze->GetValueAtPos(_agent->GetPos()._x, _agent->GetPos()._y) != 'S'))
	{
		//dont overwrite an objective flag
		_maze->DrawToGrid(_agent->GetPos()._x, _agent->GetPos()._y, _agent->GetAgentChar());
	}

	_visited.pop();	//Pop the previous
	if (_visited.empty()) 
	{
		_searchComplete = true;
	}
}
void DepthFirstSearch::ReverseAgentDirection(Moves move)
{
	/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
	Sets the agent direction to the opposite of a given direction
	//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/
	if (move == Moves::Left)
	{
		_agent->SetAgentChar((int)Moves::Right);
	}
	if (move == Moves::Down)
	{
		_agent->SetAgentChar((int)Moves::Up);
	}
	if (move == Moves::Right)
	{
		_agent->SetAgentChar((int)Moves::Left);
	}
	if (move == Moves::Up)
	{
		_agent->SetAgentChar((int)Moves::Down);
	}
}

void DepthFirstSearch::PrintRoutes()
{
	/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
	Creates a copy of the successful routes vector of stacks to send to DrawRoutesToMaze()

	Prints the number of objectives found in the maze and if the number found is greater than 0, prints a listing of 
	the path to each objective in 2D x,y coordinates
	//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/
	std::vector<std::stack<std::pair<Vec2_i, Moves>>> copy = _routes;

	int totalObjectivesFound = _agent->GetNumObjectives();

	std::cout << "Number of objectives found: " << totalObjectivesFound << std::endl << std::endl;

	if (totalObjectivesFound > 0)
	{
		for (int i = 0; i < _routes.size(); i++)
		{
			std::cout << "Objective " << i + 1 << ": ";

			std::cout << "[" << _routes[i].top().first._x << "," << _routes[i].top().first._y << "] " << std::endl << std::endl;

			int printCount = 0;
			while (!(_routes[i].empty()))
			{
				std::cout << "[" << _routes[i].top().first._x << "," << _routes[i].top().first._y << "] ";
				_routes[i].pop();
				if (printCount == 6)
				{ 
					std::cout << std::endl;
					printCount = 0;
				}
				printCount++;
			}
			std::cout << std::endl << std::endl;
		}
	}

	DrawRoutesToMaze(copy);
	_maze->DisplayGrid();

	std::cout << std::endl;
}

void DepthFirstSearch::DrawRoutesToMaze(std::vector<std::stack<std::pair<Vec2_i, Moves>>> routesCopy)
{
	/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
	Uses the vector of visited stacks to write the successful routes into the maze for the next display() call
	//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/
	for (int i = 0; i < routesCopy.size(); i++)
	{
		while (!(routesCopy[i].empty()))
		{
			_agent->SetAgentChar((int)routesCopy[i].top().second);
			if (_maze->GetValueAtPos(routesCopy[i].top().first._x, routesCopy[i].top().first._y) != 'F')
			{
				_maze->DrawToGrid(routesCopy[i].top().first._x, routesCopy[i].top().first._y, _agent->GetAgentChar());
			}
			routesCopy[i].pop();
		}
	}
}
void DepthFirstSearch::MoveAgent()
{
	/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
	Check for valid moves using FindMove() then move the agent.
		If the space the agent is currently on does not hold a found objective flag, 'F', or the starting position, 'S', 
		then overwrite the position with a blank space to give the impression of movement through the maze

		The return value from FindMove() is stored in thisMove and used in a switch statement to decide which direction the 
		agent should move in next.

			For each unblocked move:
				The DFS object pushes its current position and the move it is about to make onto the _visited stack.
				The agent sets its displayed direction to the new movement direction and sets its new position

				If an objective was found, draw an 'F' flag at the agents position to mark a found objective, reset the 
				_foundObjective flag to false and copy the current stack of visited nodes onto the _routes vector.
				
				If an objective was not found, draw the agents new direction at its new position

			If the agents movement is blocked:
				Then call PopVisited() to begin moving the agent back to an undiscovered intersection
	//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/

	Moves thisMove = FindMove();

	if ((_maze->GetValueAtPos(_agent->GetPos()._x, _agent->GetPos()._y) != 'F') && (_maze->GetValueAtPos(_agent->GetPos()._x, _agent->GetPos()._y) != 'S'))
	{
		//erase previous drawing of the agent, but not if theres an objective
		_maze->DrawToGrid(_agent->GetPos()._x, _agent->GetPos()._y, ' ');
	}

	switch (thisMove)
	{
	case Moves::Left:
		_visited.push({ _agent->GetPos(), Moves::Left });
		
		_agent->SetAgentChar((int)thisMove);
		_agent->SetPosition({ _agent->GetPos()._x - 1, _agent->GetPos()._y });
		if (_foundObjective)
		{
			_maze->DrawToGrid(_agent->GetPos()._x, _agent->GetPos()._y, 'F');
			_foundObjective = false;
			_routes.push_back(_visited);
		}
		else
		{
			if ((_maze->GetValueAtPos(_agent->GetPos()._x, _agent->GetPos()._y) != 'F') && (_maze->GetValueAtPos(_agent->GetPos()._x, _agent->GetPos()._y) != 'S'))
			{
				//dont overwrite an objective flag
				_maze->DrawToGrid(_agent->GetPos()._x, _agent->GetPos()._y, _agent->GetAgentChar());
			}
		}

		break;

	case Moves::Down:
		_visited.push({ _agent->GetPos(), Moves::Down });

		_agent->SetAgentChar((int)thisMove);
		_agent->SetPosition({ _agent->GetPos()._x, _agent->GetPos()._y - 1 });
		if (_foundObjective)
		{
			_maze->DrawToGrid(_agent->GetPos()._x, _agent->GetPos()._y, 'F');
			_foundObjective = false;
			_routes.push_back(_visited);
		}
		else
		{
			if ((_maze->GetValueAtPos(_agent->GetPos()._x, _agent->GetPos()._y) != 'F') && (_maze->GetValueAtPos(_agent->GetPos()._x, _agent->GetPos()._y) != 'S'))
			{
				//dont overwrite an objective flag
				_maze->DrawToGrid(_agent->GetPos()._x, _agent->GetPos()._y, _agent->GetAgentChar());
			}
		}
		
		break;

	case Moves::Right:
		_visited.push({ _agent->GetPos(), Moves::Right });

		_agent->SetAgentChar((int)thisMove);
		_agent->SetPosition({ _agent->GetPos()._x + 1, _agent->GetPos()._y });
		if (_foundObjective)
		{
			_maze->DrawToGrid(_agent->GetPos()._x, _agent->GetPos()._y, 'F');
			_foundObjective = false;
			_routes.push_back(_visited);
		}
		else
		{
			if ((_maze->GetValueAtPos(_agent->GetPos()._x, _agent->GetPos()._y) != 'F') && (_maze->GetValueAtPos(_agent->GetPos()._x, _agent->GetPos()._y) != 'S'))
			{
				//dont overwrite an objective flag
				_maze->DrawToGrid(_agent->GetPos()._x, _agent->GetPos()._y, _agent->GetAgentChar());
			}
		}

		break;

	case Moves::Up:
		_visited.push({ _agent->GetPos(), Moves::Up });

		_agent->SetAgentChar((int)thisMove);
		_agent->SetPosition({ _agent->GetPos()._x, _agent->GetPos()._y + 1 });
		if (_foundObjective) 
		{ 
			_maze->DrawToGrid(_agent->GetPos()._x, _agent->GetPos()._y, 'F');
			_foundObjective = false;
			_routes.push_back(_visited);
		}
		else
		{
			if ((_maze->GetValueAtPos(_agent->GetPos()._x, _agent->GetPos()._y) != 'F') && (_maze->GetValueAtPos(_agent->GetPos()._x, _agent->GetPos()._y) != 'S'))
			{
				//dont overwrite an objective flag
				_maze->DrawToGrid(_agent->GetPos()._x, _agent->GetPos()._y, _agent->GetAgentChar());
			}
		}

		break;

	case Moves::Blocked:

		if (!_visited.empty()) 
		{ 
			PopVisited();
		}
		break;
	}
}
Moves DepthFirstSearch::FindMove()
{
	/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
	Checks positions counter-clockwise (left,down,right,up) for undiscovered tiles marked by '\'' and objectives
	marked by 'O'.

	If an objective was found then increment the agent objective counter and flag _foundObjective to true

	If no neighbouring spaces are undiscovered, ['], or contain objectives, [O], then return the value Blocked to start 
	backtracking the agent through the _visited positions stack.

	Always returns a Moves value { Left, Down, Right, Up, Blocked }.
	//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/
	
	Vec2_i agent = _agent->GetPos();
	char value;
	//check the space to the left
	value = _maze->GetValueAtPos(agent._x - 1, agent._y);
	if (value == '\'' || value == 'O')
	{
		if (value == 'O') 
		{ 
			_agent->FoundObjective(); 
			_foundObjective = true;
		}
		return Moves::Left;
	}
	//check the space below
	value = _maze->GetValueAtPos(agent._x, agent._y - 1);
	if (value == '\'' || value == 'O')
	{
		if (value == 'O')
		{
			_agent->FoundObjective();
			_foundObjective = true;
		}
		return Moves::Down;
	}
	//check the space to the right
	value = _maze->GetValueAtPos(agent._x + 1, agent._y);
	if (value == '\'' || value == 'O')
	{
		if (value == 'O')
		{
			_agent->FoundObjective();
			_foundObjective = true;
		}
		return Moves::Right;
	}
	//check the space above
	value = _maze->GetValueAtPos(agent._x, agent._y + 1);
	if (value == '\'' || value == 'O')
	{
		if (value == 'O')
		{
			_agent->FoundObjective();
			_foundObjective = true;
		}
		return Moves::Up;
	}

	return Moves::Blocked;	//else the agent is blocked by either walls or visited spaces
}

bool DepthFirstSearch::SearchComplete()
{
	/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
	Returns the search status
	//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/
	return _searchComplete;
}
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#pragma once
#include "Vec2_i.h"
enum class Moves {
	Left,
	Down,
	Right,
	Up,
	Blocked,
};//Possible moves the agent can make

/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
The agent class holds the agents position and its appearance on screen using different char values to represent 
different directions.
//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/
class Agent
{
#pragma region Attributes
private:
	char _agentChars[5] = {
	'<',//left
	'v',//down
	'>',//right
	'^',//up
	'X',//blocked
	};

	char _agentChar = 'S';		//Agent starting state
	int _objectivesFound = 0;	//Number of objectives the agent has found so far
	Vec2_i _pos = {0, 0};		//Stored position of the agent in the maze.

#pragma endregion

#pragma region Constructors

public:
	Agent();
	~Agent() {}

#pragma endregion

#pragma region Properties

public:
	void SetPosition(Vec2_i pos);	//Set the agent position
	Vec2_i GetPos();				//Get the agent position

	void SetAgentChar(int id);		//Set the agent appearance
	char GetAgentChar();			//Get the agent appearance

	int GetNumObjectives();			//Get the current objective count

#pragma endregion

#pragma region Methods

public:
	void Reset();				//Reset the agents attributes
	void FoundObjective();		//Increment objective count

#pragma endregion
};
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#include "Agent.h"

Agent::Agent()
{
}

void Agent::SetPosition(Vec2_i pos)
{
	/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
	Sets the position to a given position
	//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/
	_pos._x = pos._x;
	_pos._y = pos._y;
}
Vec2_i Agent::GetPos()
{
	/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
	Returns the current position
	//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/
	return _pos;
}
void Agent::SetAgentChar(int id)
{
	/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
	Sets the agents appearance / direction
	//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/
	_agentChar = _agentChars[id];
}
char Agent::GetAgentChar()
{
	/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
	Gets the agents appearance / direction
	//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/
	return _agentChar;
}
int Agent::GetNumObjectives()
{
	/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
	Gets the current number of objectives found
	//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/
	return _objectivesFound;
}
void Agent::Reset()
{
	/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
	Resets the position, objective count and appearance of the agent
	//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/
	_pos = { 0, 0 };
	_objectivesFound = 0;
	_agentChar = 'S';
}
void Agent::FoundObjective()
{
	/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
	Increments the number of objectives found
	//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/
	_objectivesFound++;
}
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#pragma once
#include "OptionsMenu.h"
#include "Grid.h"
#include "Vec2_i.h"

/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
The maze object holds a Grid object and OptionsMenu functionality.
Also contains a list of mazes to choose from
//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/

class Maze
{
#pragma region Attributes

private:
	OptionsMenu _menu;					//Options menu functionality
	Grid _maze;							//Grid object holding the maze itself
	std::vector<const char*> _mazeList;	//List of potential mazes

#pragma endregion

#pragma region Constructors

public:
	Maze(std::vector<const char*> mazeList);	//Takes a list of mazes to load from
	~Maze() {}

#pragma endregion

#pragma region Properties

public:
	void SelectMaze();					//Allows user to select from the list of mazes
	Vec2_i GetStartPosition();			//Gets the start position of the maze
	char GetValueAtPos(int x, int y);	//Returns the char stored at a 2D position in the maze

#pragma endregion

#pragma region Methods

public:
	void DrawToGrid(int x, int y, char c);	//Draws a char to a 2D position in the maze
	void DisplayGrid();						//Displays the current maze
	int GetCharColour(char c);				//Selects which colour to draw each char

#pragma endregion
};
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#include "Maze.h"
#include <Windows.h>

Maze::Maze(std::vector<const char*> mazeList)
{
	/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
	Copies a list of maze file paths to load from
	//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/
	_mazeList = mazeList;
}

void Maze::SelectMaze()
{
	/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
	Loads a maze chosen from a vector of maze file paths, then count the number of objectives
	//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/
	_maze.LoadGridFromFile(_mazeList[_menu.ConsoleMenu("Please select a maze.", _mazeList)]);
}

Vec2_i Maze::GetStartPosition()
{
	/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
	Returns a Vec2_i (vector2 of int) containing the starting position in the maze.
	Prints an error if no start position is found.
	//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/
	int mazeHeight = _maze.GetGridSizeY();		//Size of the maze Y dimension.
	int mazeWidth = _maze.GetGridSizeX();		//Size of the maze X dimension.

	for (int y = (mazeHeight - 1); y > -1; y--)
	{
		for (int x = 0; x < mazeWidth; x++)
		{
			if (_maze.GetGridRef()[y][x] == 'S')
			{
				return {x, y};
			}
		}
	}
	std::cerr << "ERROR: NO STARTING POSITION FOUND" << std::endl;;
}

char Maze::GetValueAtPos(int x, int y)
{
	/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
	Returns the value at a position in the grid
	//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/
	return _maze.GetGridRef()[y][x];
}

void Maze::DrawToGrid(int x, int y, char c)
{
	/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
	Draws a given char to a given 2D position in the grid
	//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/
	_maze.GetGridRef()[y][x] = c;
}

void Maze::DisplayGrid()
{
	/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
	Prints the current grid.
	Changes the colour of the console output depending on the return value of GetCharColour()
	Sets the console text colour back to white after the maze has been printed
	//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/
	for (int i = (_maze.GetGridSizeY() - 1); i > -1; i--)
	{
		for (int j = 0; j < _maze.GetGridSizeX(); j++)
		{
			//change colour of text depending on object in maze.
			SetConsoleTextAttribute(GetStdHandle(STD_OUTPUT_HANDLE), GetCharColour(_maze.GetGridRef()[i][j]));
			std::cout << _maze.GetGridRef()[i][j];
		}
		std::cout << std::endl;
	}
	std::cout << std::endl;
	//reset console colours to white
	SetConsoleTextAttribute(GetStdHandle(STD_OUTPUT_HANDLE), 15);
}

int Maze::GetCharColour(char c)
{
	/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
	Returns a colour code for the Windows.h SetConsoleTextAttribute() function to use.
	Colour code is dictated by the role the char value has in the maze.
	Ex. all agent directions and states are printed in red (12).
	//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/

	if (c == '#')//WALLS
	{
		return 10;//GREEN
	}
	else if (c == 'v' || c == '^' || c == '>' || c == '<' || c == 'S' || c == 'X')//AGENT
	{
		return 12;//RED
	}
	else if (c == 'O')//START / OBJECTIVES
	{
		return 11;//BLUE
	}
	else //ALL OTHER TEXT / OBJECTS
	{
		return 15;//WHITE
	}
}
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#pragma once
#include <iostream>
#include <fstream>
#include <vector>

/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
Grid holds the 2D vector of chars containing the maze and holds the dimensions of the maze 
//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/

class Grid
{
#pragma region Attributes

private:
	std::vector<std::vector<char>> _grid;	//2D char vector holding the maze
	int _gridSizeX = 0;						//Width of the maze
	int _gridSizeY = 0;						//Height of the maze
											
#pragma endregion

#pragma region Constructors

public:
	Grid() {}
	~Grid() {}

#pragma endregion

#pragma region Properties

public:
	int GetGridSizeX();								//Get the width of the grid
	int GetGridSizeY();								//Get the height of the grid
	std::vector<std::vector<char>>& GetGridRef();	//Get a reference to the 2D vector
#pragma endregion

#pragma region Methods
//private:

public:
	void LoadGridFromFile(const char* fp);			//Load a new grid from a txt file

#pragma endregion
};
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#include "Grid.h"

int Grid::GetGridSizeX()
{
	/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
	Return the grid's x dimension
	//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/
	return _gridSizeX;
}

int Grid::GetGridSizeY()
{
	/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
	Return the grid's y dimension
	//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/
	return _gridSizeY;
}

std::vector<std::vector<char>>& Grid::GetGridRef()
{
	/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
	Returns a reference to the 2D grid vector
	//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/
	return _grid;
}

void Grid::LoadGridFromFile(const char* fp)
{
	/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
	Reads the file at the given path, fp, and copies the contents into a 2D vector of chars.
	The maze is cleared and resized each time this function is called to be able to load multiple mazes without closing the
	program.
	//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/
	std::fstream mazeFile;
	mazeFile.open(fp, std::ios::in);
	int i = 0, j = 0;
	char c;
	if (mazeFile.is_open())
	{
		_gridSizeX, _gridSizeY = 0;	//Set the dimensions to 0
		_grid.clear();		//Wipe the old data held in the vector

		mazeFile >> _gridSizeX >> c >> _gridSizeY;	//Read the new dimensions from the first line of the file
		_grid.resize(_gridSizeY);				//Resize the number of vectors to the Y dimension

		//Copies the file contents descending down the Y vectors, easier to work when calculating agent movement
		//So when y = 0 it corresponds to the bottom of the text file rather than the top.

		for (int i = (_gridSizeY - 1); i > -1; i--)	//move down the y axis
		{
			for (j = 0; j < _gridSizeX; j++)
			{
				mazeFile >> c;
				_grid[i].push_back(c);	//push back chars along the maze x axis
			}
		}
		mazeFile.close();	//close the file when done
	}
	else
	{
		std::cerr << "ERROR: CANNOT OPEN FILE!" << std::endl;	//print an error if file cannot be opened.
	}
}
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#pragma once

/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
Stores a 2D int position.
For use in setting / getting agent positions
//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/

class Vec2_i
{
public:
	int _x, _y;
	Vec2_i(int x, int y);
};
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#include "Vec2_i.h"

Vec2_i::Vec2_i(int x, int y)
{
	//sets the x, y values 
	_x = x;
	_y = y;
}
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#pragma once
#include <vector>
#include <iostream>

/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
Class used to provide options menu functionality:
//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/

class OptionsMenu
{
public:
	//allows the user to choose from a list of options
	int ConsoleMenu(const char* message, std::vector<const char*>& options);
	//allows the user to input an integer value within a limit
	int ConsoleMenu(const char* message, int limit);
};
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#include "OptionsMenu.h"

int OptionsMenu::ConsoleMenu(const char* message, std::vector<const char*>& options)
{
	/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
	Takes a messsage to be displyed before the options list and a vector of const char* to display the list.
	Prompts the user for an integer input bounded by the size of the options list

	Forces the user to only enter the correct data type:
	Source: https://stackoverflow.com/questions/5864540/infinite-loop-with-cin-when-typing-string-while-a-number-is-expected


		while (!(std::cin >> input))
		{
			std::cin.clear();
			std::cin.ignore(std::numeric_limits<int>::max(), '\n');
		}

		If std::cin flags error then the input was of an invalid type.
		cin.clear() - clears the error flag for cin
		cin.ignore() - ignores the stream from where the input was given up to '\n'

	The loop allows the user to enter values until the input is of the correct type.
	//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/

	//Display message and options list.
	std::cout << message << std::endl;
	for (unsigned int i = 0; i < options.size(); i++)
	{
		std::cout << i << ". " << options[i] << std::endl;
	}
	std::cout << std::endl;

	//While the input is not within the list range, loop
	int input = -1;
	while (input < 0 || input >= options.size())
	{
		std::cout << "Please enter an integer from 0 to " << options.size() - 1 << std::endl;

		while (!(std::cin >> input))
		{
			std::cin.clear();
			std::cin.ignore(std::numeric_limits<int>::max(), '\n');
			std::cout << "Incorrect data type: Please enter an integer value from 0 to " << options.size() - 1 << std::endl;
		}
	}
	std::cout << std::endl;
	std::cout << "Option " << input << " selected >> " << options[input] << std::endl;
	std::cout << std::endl;
	return input;
}

int OptionsMenu::ConsoleMenu(const char* message, int limit)
{
	//As above but simply allows the user to enter a number rather than select from a list
	std::cout << message << std::endl;
	int input = -1;
	while (input < 0 || input > limit)
	{
		while (!(std::cin >> input))
		{
			std::cout << "Please input a number from 0 to " << limit << std::endl;
			std::cin.clear();
			std::cin.ignore(std::numeric_limits<int>::max(), '\n');
		}
	}
	return input;
}
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16x16_0-Objectives.txt
16,16
################
####'##'''######
####'####'''''##
###''''###'##'##
###'##'''''##'##
###'##'###'##'##
#'''##'###''''S#
#'####'###'###'#
#'####'###'###'#
###''''''''''''#
###'##'###'###'#
#'''##'###'###'#
#'########'''''#
#'######'''##'##
###''''''####'##
################
16x16_8-Objectives.txt
16,16
################
####O##'''######
####'####'O'''##
###''''###'##'##
###'##'''''##'##
###'##'###'##'##
#'''##'###''''S#
#'####'###'###'#
#O####'###'###'#
###'''''''O'''O#
###'##'###'###'#
#'''##'###'###'#
#'########''''O#
#O######'''##'##
###''''O'####'##
################
25x25_0-Objectives.txt
25,25
#########################
#S'''######'#########'###
#'##'#####''''#####'''''#
#'#''''###'####'''''#####
#'#'##'''''########'#####
#'#'##'###'#####''''''###
#''''''###'''''######'###
#'####'###'###'######'###
#'####'###'###'######'###
###''''''''###'######'###
###'##'###'##########'###
#'''##'###'#######'''''##
##########''''########'##
########'''##'########'##
###''''''####''''''''''##
####'########'####'######
####'########'####'''####
####'########'######'####
####'########''''''''####
####'####################
####'''''''''''''''''####
###########'###'####'####
####'''''##'###'####'####
####'###''''###''''''####
#########################
25x25_0-Objectives.txt
25,25
#########################
#S'''######O#########O###
#'##'#####''''#####'''''#
#'#'''O###'####'''''#####
#'#'##'''''########'#####
#'#'##'###'#####'''O''###
#''''''###'''''######'###
#'####'###'###'######'###
#O####'###'###'######'###
###'''O''''###O######'###
###'##'###'##########'###
#'''##'###'#######'''O'##
##########''''########'##
########'''##'########'##
###O'''''####O'''''''''##
####'########'####'######
####'########'####'''####
####'########'######'####
####'########''''''''####
####'####################
####'''''''''''''''''####
###########'###'####'####
####'''''##'###'####'####
####O###''''###''O'''####
#########################
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#include "EightTileGame.h"
#include "Tiles.h"

int solutionTiles[3][3] = {
	0, 3, 6,
	1, 4, 7,
	2, 5, 8
};//	The solution state

int problemTiles[3][3] = {
	1, 0, 3,
	4, 7, 6,
	2, 5, 8,
};//	The problem state listed under [p1708355] in the assignment appendix

int main(int argc, char** argv)
{
	EightTileGame* game = new EightTileGame(solutionTiles, problemTiles);	//Create the game and provide it with the solution and problem states

	while (game->IsActive() == true)//while game is active
	{
		game->SetUpGame();	//set-up the game	

		while (game->CheckWin() == false)//while round isnt over
		{
			game->Update();	//update the game state
		}
	}

	delete game;	//delete the game object
	return 0;
}
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#pragma once
#include "OptionsMenu.h"
#include "Tiles.h"
#include "UserInput.h"
#include "HillClimbingSolver.h"

#include <thread>
#include <chrono>

enum class solver { USER, HILL_CLIMBING };

class EightTileGame 
{
#pragma region Attributes

private:
	bool _gameActive;		//The current state of the game

	int _currentMoveCount;	//The current number of moves taken
	int _moveLimit;			//The maximum number of moves allowed in the game

	int _numShuffles;		//The number of shuffles to make for the randomisation of the puzzle
	int _aiTurnTimer;		//The time in milliseconds per update of the hill climbing algoritm

	enum solver _currentSolveMethod;					//The current chosen solve method
	enum hFunc _currentHeuristicFunc;	//The current heuristic in use for hill climbing

	Tiles* _solution;		//The desired solution state
	Tiles* _problem;		//The problem state
	Tiles* _currentState;	//The current state

	UserInput* _userInput;				//Provides user input functionality
	HillClimbingSolver* _hillClimbing;	//Provides hill climbing functionality
	OptionsMenu* _optionsMenu;			//Provides options menu functionality

#pragma endregion

#pragma region Constructors
public:
	EightTileGame(int solution[3][3], int assignment[3][3]);	//Takes a solution tileset and a problem tileset
	~EightTileGame() {
		//Delete all objects created by the game
		delete _solution;
		delete _problem;
		delete _currentState;
		delete _userInput;
		delete _hillClimbing;
		delete _optionsMenu;
	}
#pragma endregion

#pragma region Properties
private:

	void SetTileset();				//Set the puzzle type to solve
	void SetSolveMethod();			//Set the solve method to be used
	void SetNumberOfShuffles();		//Set the number of shuffles for randomisation
	void SetAITurnIntervalTimer();	//Set the update interval for hill climbing
	void SetTurnLimit();			//Set the turn limit for the game

public:
	
	bool IsActive();	//Returns the game state
#pragma endregion

#pragma region Methods

public:

	void SetUpGame();	//Game setup
	void Update();		//Update game state
	void DisplayBoard();//Display the board
	bool CheckWin();	//Check the win condition
	void Continue();	//Query the user to continue

#pragma endregion
};
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#include "EightTileGame.h"

EightTileGame::EightTileGame(int solution[3][3], int assignment[3][3])
{
	/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
	Initialisation and creation of all attributes and objects.
		Game state is set to true, all limits, timers and counters are set to zero.
	//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/
	_gameActive = true;
	//set attributes to zero
	_currentMoveCount = 0;
	_moveLimit = 0;
	_numShuffles = 0;
	_aiTurnTimer = 0;
	_currentSolveMethod = solver::USER;
	_currentHeuristicFunc = hFunc::NUM_TILES_DIFFERENCE;
	//create objects
	_optionsMenu = new OptionsMenu();
	_userInput = new UserInput();
	_hillClimbing = new HillClimbingSolver();

	//initialise tile objects
	_solution = new Tiles(solution);			//store solution
	_problem = new Tiles(assignment);			//store assignment board
	_currentState = new Tiles(assignment);		//store current board
}

void EightTileGame::SetTileset()
{
	/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
	Allow the user to select a puzzle to solve from the vector of options. The input value returned from ConsoleMenu is used
	in a switch statement to set-up the current board depending on the option chosen.

		Case 0: Set the board to the assigned problem puzzle.
		Case 1: Set the board to the assigned problem puzzle and shuffle the puzzle a given number of times
				The shuffles continue until the board is different from the initial puzzle
	//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/
	std::vector<const char*> optionList = {
	"Problem tileset",
	"Random solvable tileset",
	};

	switch (_optionsMenu->ConsoleMenu("Select Tileset:", optionList))
	{
	case 0:
		//copy the problem tiles to the current state
		_currentState->CopyTiles(_problem->_tiles, _problem->_blankTile);
		break;
	case 1:
		//copy the solution tiles to the current state and shuffle it
		_currentState->CopyTiles(_solution->_tiles, _solution->_blankTile);
		SetNumberOfShuffles();
		while (_currentState->CheckEqual(_solution->_tiles))
		{
			_currentState->ShuffleTiles(_numShuffles);
		}
		break;
	}
}

void EightTileGame::SetSolveMethod()
{
	/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
	Select a solve method to use from the vector of options and set the _currentSolveMethod to the input returned from
	ConsoleMenu().

		If the solver chosen is the hill climbing implementation then allow the user to select a heuristic function from 
		the vector of options and set the _currentHeuristicFunction to the input returned from console menu.
	//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/
	std::vector<const char*> optionList1 = {
		"User Input",
		"Hill Climbing",
	};
	_currentSolveMethod = solver(_optionsMenu->ConsoleMenu("Select a Solve Method:", optionList1));

	if (_currentSolveMethod == solver::HILL_CLIMBING)
	{
		std::vector<const char*> optionList2 = {
			"h() = Number of misplaced Tiles heuristic",
			"h() = Sum of Manhattan Distances heuristic",
		};
		_currentHeuristicFunc = hFunc(_optionsMenu->ConsoleMenu("Select a Solve Method:", optionList2));
	}
}

void EightTileGame::SetNumberOfShuffles()
{
	/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
	Set valid random moves to make for the shuffle method when setting up a random board.
		Force the user to enter an integer value.
	//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/
	_numShuffles = _optionsMenu->ConsoleMenu("Enter the number of shuffles (large numbers = higher difficulty).", 100000);
}

void EightTileGame::SetAITurnIntervalTimer()
{
	/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
	Prompt the user to enter the delay timer between moves for the hill climbing implementation.
		Forces the user to enter an integer value.
	//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/

	_aiTurnTimer = _optionsMenu->ConsoleMenu("Enter a refresh time for the AI solver display (in milliseconds).", 100000);
}

void EightTileGame::SetTurnLimit()
{
	/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
	Prompt the user to enter a limit to the number of moves.
		Force the user to enter an integer value.
	Set the move limit to the input.
	//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/

	_moveLimit = _optionsMenu->ConsoleMenu("Enter limit to the number of moves allowed.", 100000);
}

bool EightTileGame::IsActive()
{
	/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
	Returns the current state of the game. If true the game loop continues otherwise the program will close.
	//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/
	return _gameActive;
}

void EightTileGame::SetUpGame()
{
	/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
	Call the set-up methods for the game:
		Set-up the board to solve.
		Choose the solve method to use.
			If the method is the hill climbing method, set the delay timer between updates.
		Set the turn limit.
		Clear the screen of options.
	//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/

	SetTileset();
	SetSolveMethod();
	if (_currentSolveMethod == solver::HILL_CLIMBING) { SetAITurnIntervalTimer(); }
	SetTurnLimit();
	system("cls");
}

void EightTileGame::Update()
{
	/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
	On each update of the game, display the board. Then...
		If the number of moves is still under the limit for the game then update whichever object was chosen to solve the puzzle: 
			The hill climbing method also includes a delay timer to allow the user to watch the solve attempt.
			The number of moves is incremented each update.

		If the number of moves has exceeded the move limit:
			Set the current board to the solution board, forcing the game to end on the next win check.
			Delay for 3 seconds before ending the game.
	//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/
	DisplayBoard();

	if (_currentMoveCount < _moveLimit)
	{
		switch (_currentSolveMethod)
		{
		case solver::USER:
			_userInput->HandleUserInput(*_currentState);
			break;

		case solver::HILL_CLIMBING:
			_hillClimbing->ProcessMove(*_solution, *_currentState, _currentHeuristicFunc);
			std::this_thread::sleep_for(std::chrono::milliseconds(_aiTurnTimer));
			break;
		}
		system("cls");

		_currentMoveCount++;
	}
	else 
	{
		_currentState->CopyTiles(_solution->_tiles, _solution->_blankTile);
		std::cout << "Moves taken exceeds " << _moveLimit << " move limit, ending puzzle..." << std::endl;

		std::this_thread::sleep_for(std::chrono::seconds(3));
		system("cls");
	}
}

void EightTileGame::DisplayBoard()
{
	/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
	Call display() on the current board and output the current number of moves remaining and the current move.
	//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/
	_currentState->display();
	std::cout << std::endl;
	std::cout << "Moves: " << _currentMoveCount << " / " << _moveLimit << std::endl;
}

bool EightTileGame::CheckWin()
{
	/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
	Check if the current board matches the solution board, if they match:
		Display the board, Announce the game is over, List the number of moves and reset all attributes and the current board
		Then prompt the user to continue or end the program

	Else the game is not won, return false and continue the game loop.
	//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/

	if (_currentState->CheckEqual(_solution->_tiles))
	{
		_currentState->display();
		std::cout << "Game Over" << std::endl;
		std::cout << "Moves: " << _currentMoveCount << " / " << _moveLimit << std::endl;
		std::cout << std::endl;		

		_currentMoveCount = 0;
		_moveLimit = 0;
		_numShuffles = 0;
		_aiTurnTimer = 0;
		_currentSolveMethod = solver::USER;
		_currentHeuristicFunc = hFunc::NUM_TILES_DIFFERENCE;

		_currentState->CopyTiles(_problem->_tiles, _problem->_blankTile);

		Continue();
		return true;
	}
	else
	{
		return false;
	}
}

void EightTileGame::Continue()
{
	/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
	Display options and set _gameActive to true or false depending on choice. false will end the game on next loop
	//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/
	std::vector<const char*> optionList = {
	"Yes",
	"No",
	};

	switch (_optionsMenu->ConsoleMenu("Continue playing?:", optionList))		
	{
	case 0:
		_gameActive = true;
		break;
	case 1:
		_gameActive = false;
		break;
	}
}
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#pragma once
#include "Random.h"
#include <iostream>
#include <vector>

//The possible moves to make in the grid
enum class moves { NONE, UP, DOWN, LEFT, RIGHT };

struct Position
{
	int _x, _y;
};//holds a 2D position

class Tiles
{
#pragma region Attributes
private:

public:
	int _tiles[3][3];	//2D array of ints as the numbered 'tiles'

	Position _blankTile;	//the 2D position of the blank tile
	moves _currMove;		//the current move chosen by the user / algorithm

#pragma endregion

#pragma region Constructors
public:
	Tiles(int tiles[3][3]);	//Takes a 2D array of tiles
	~Tiles() {}
#pragma endregion

#pragma region Properties
public:
	void SetBlankTilePosition();		//Find the position of the blank tile and set _blankTile to it
	Position GetTilePosition(int tile);	//Get the 2D position of a tile in the puzzle.
#pragma endregion

#pragma region Methods
private:

public:
	void setMove(char dir);		//select direction
	void display(void);			//display the puzzle
	bool swap();				//swap the blank tile with a neighbouring tile
	bool okLeft(void);			//can the blank move left
	bool okRight(void);			//can the blank move right
	bool okUp(void);			//can the blank move up
	bool okDown(void);			//can the blank move down

	void CopyTiles(int otherTiles[3][3], Position blankpos);	//Copy the grid and blank position from another puzzle to this one.
	bool CheckEqual(int otherTiles[3][3]);						//Check if the grid of this object is the same as anothers
	void ShuffleTiles(int numSwaps);							//Shuffle the tiles of this puzzle.
	int GetVoidMove(int move);
#pragma endregion
};
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#include "Tiles.h"

Tiles::Tiles(int tiles[3][3])
{
	/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
	Copy the given 2D array into this Tiles object and set the blank tile position of this object
	//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/
	_tiles[0][0] = tiles[0][0]; _tiles[1][0] = tiles[1][0]; _tiles[2][0] = tiles[2][0];
	_tiles[0][1] = tiles[0][1]; _tiles[1][1] = tiles[1][1]; _tiles[2][1] = tiles[2][1];
	_tiles[0][2] = tiles[0][2]; _tiles[1][2] = tiles[1][2]; _tiles[2][2] = tiles[2][2];

	//set the stored curr and prev moves to NONE
	_currMove = moves::NONE;

	//set the position of the blank to the '0' tile
	SetBlankTilePosition();
}
void Tiles::SetBlankTilePosition()
{
	/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
	Finds the blank tile in the puzzle and sets Position _blankTile to it.
	//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/
	for (int y = 0; y < 3; y++)
	{
		for (int x = 0; x < 3; x++)
		{
			if (_tiles[x][y] == 0)
			{
				_blankTile._x = x;
				_blankTile._y = y;
			}
		}
	}
}
Position Tiles::GetTilePosition(int tile)
{
	/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
	Returns the Position of a requested tile
	//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/
	for (int y = 0; y < 3; y++)
	{
		for (int x = 0; x < 3; x++)
		{
			if (_tiles[x][y] == tile)
			{
				return {x, y};
			}
		}
	}
}
void Tiles::setMove(char dir)
{
	/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
	From the supplied EightTile framework, edited to take into account incorrect inputs by including moves::NONE
	//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/
	
	//sets which way you want to move
	switch (dir)
	{
	case 'a':
		_currMove = moves::LEFT;
		break;
	case 'd':
		_currMove = moves::RIGHT;
		break;
	case 'w':
		_currMove = moves::UP;
		break;
	case 's':
		_currMove = moves::DOWN;
		break;
	default:
		_currMove = moves::NONE;
		break;
	}
}
void Tiles::display(void)
{
	/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
	From the supplied EightTile framework
	//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/
	//draw puzzle as it is now
	std::cout << _tiles[0][0] << " " << _tiles[1][0] << " " << _tiles[2][0] << std::endl;
	std::cout << _tiles[0][1] << " " << _tiles[1][1] << " " << _tiles[2][1] << std::endl;
	std::cout << _tiles[0][2] << " " << _tiles[1][2] << " " << _tiles[2][2] << std::endl;



}
bool Tiles::swap()
{
	/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
	From the supplied EightTile framework but edited:
		The method now returns true if a move took place and false if not
	//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/
	//If a movement is valid then swap the tile and return true 
	int temp;
	if (okLeft() & (_currMove == moves::LEFT)) {	//swaps the blank tile position with the tile to the left of it
		temp = _tiles[_blankTile._x - 1][_blankTile._y];
		_tiles[_blankTile._x - 1][_blankTile._y] = _tiles[_blankTile._x][_blankTile._y];
		_tiles[_blankTile._x][_blankTile._y] = temp;
		_blankTile._x = _blankTile._x - 1;
		return true;
	}
	if (okRight() & (_currMove == moves::RIGHT)) {	//swaps the blank tile position with the tile to the right of it
		temp = _tiles[_blankTile._x + 1][_blankTile._y];
		_tiles[_blankTile._x + 1][_blankTile._y] = _tiles[_blankTile._x][_blankTile._y];
		_tiles[_blankTile._x][_blankTile._y] = temp;
		_blankTile._x = _blankTile._x + 1;
		return true;
	}
	if (okUp() & (_currMove == moves::UP)) {		//swaps the blank tile position with the tile above it
		temp = _tiles[_blankTile._x][_blankTile._y - 1];
		_tiles[_blankTile._x][_blankTile._y - 1] = _tiles[_blankTile._x][_blankTile._y];
		_tiles[_blankTile._x][_blankTile._y] = temp;
		_blankTile._y = _blankTile._y - 1;
		return true;
	}
	if (okDown() & (_currMove == moves::DOWN)) {	//swaps the blank tile position with the tile below it
		temp = _tiles[_blankTile._x][_blankTile._y + 1];
		_tiles[_blankTile._x][_blankTile._y + 1] = _tiles[_blankTile._x][_blankTile._y];
		_tiles[_blankTile._x][_blankTile._y] = temp;
		_blankTile._y = _blankTile._y + 1;
		return true;
	}	
	return false;
}
bool Tiles::okLeft(void)
{
	//checks the blank tile is not on the left edge
	if (_blankTile._x > 0)
		return true; else return false;
}
bool Tiles::okRight(void)
{
	//checks the blank tile is not on the right edge
	if (_blankTile._x < 2)
		return true; else return false;
}
bool Tiles::okUp(void)
{
	//checks the blank tile is not on the top edge
	if (_blankTile._y > 0)
		return true; else return false;
}
bool Tiles::okDown(void)
{
	//checks the blank tile is not on the bottom edge
	if (_blankTile._y < 2)
		return true; else return false;
}
void Tiles::ShuffleTiles(int numSwaps)
{
	
	//Create a Random object on the stack to use the Rand_i function and use an int to store the result
	Random r;
	int m = 0;

	int swapCount = 0;
	while (swapCount != numSwaps)
	{
		//generate a random number in the range 1-4.
		m = r.Rand_i(1, 4);

		//if the random move voids the previous move then re-roll
		while (m == GetVoidMove((int)_currMove))
		{
			m = r.Rand_i(1, 4);
		}

		_currMove = (moves)m;	//set the current move to the random value

		if (swap()) //if the swap is valid, increment the swap count
		{
			swapCount++; 
		}
	}
	//should reset the stored moves after randomisation
}
int Tiles::GetVoidMove(int move)
{
	/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
	Return the move that invalidates a given move
	//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/
	if (move == (int)moves::LEFT)
	{
		return (int)moves::RIGHT;	
	}
	if (move == (int)moves::RIGHT)
	{
		return (int)moves::LEFT;	
	}	
	if (move == (int)moves::UP)
	{
		return (int)moves::DOWN;	
	}	
	if (move == (int)moves::DOWN)
	{
		return (int)moves::UP;
	}
	if (move == (int)moves::NONE)
	{
		return (int)moves::NONE;
	}
}
void Tiles::CopyTiles(int otherTiles[3][3], Position blankpos)
{
	/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
	Copies the contents of another grid of tiles to the _tiles of this object.
	Also copies the position of the blank tile from the other grid
	//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/
	for (int y = 0; y < 3; y++)
	{
		for (int x = 0; x < 3; x++)
		{
			_tiles[x][y] = otherTiles[x][y];
		}
	}
	_blankTile._x = blankpos._x;
	_blankTile._y = blankpos._y;
}
bool Tiles::CheckEqual(int otherTiles[3][3])
{
	/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
	Checks if any of the tiles in the grid are not equal at each position
	If there are differences then return false.
	If there are no differences then return true.
	//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/
	for (int i = 0; i < 3; i++)
	{
		for (int j = 0; j < 3; j++)
		{
			if (_tiles[i][j] != otherTiles[i][j])
			{
				//if ANY dont match, then return false
				return false;
			}
		}
	}
	//if all match return true
	return true;
}
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#pragma once
#include "Tiles.h"
#include <iostream>
#include <vector>
class UserInput
{
	/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
	Provides a user input component to the EightTile game. Contains an input loop that makes moves on a tiles puzzle 
	passed to it by reference.
	//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/
#pragma region Constructors
public:
	UserInput() {}
	~UserInput() {}
#pragma endregion

#pragma region Methods

public:
	void HandleUserInput(Tiles &tiles);

#pragma endregion
};
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#include "UserInput.h"

void UserInput::HandleUserInput(Tiles& tiles)
{
	/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
	Prompts the user for input and will loop until a successful swap has been made on the puzzle.
	//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/
	std::cout << "Enter input: " << std::endl;
	char dir;
	bool success = false;
	while (!success)//loop until successful swap is made
	{
		while (!(std::cin >> dir))
		{
			std::cin.clear();
			std::cin.ignore(std::numeric_limits<int>::max(), '\n');
			std::cout << std::endl;
		}
		tiles.setMove(dir);		//set the tile move to the given input
		success = tiles.swap();	//attempt a swap with this input, return true if successful
	}
}
[bookmark: _Toc33644857]HillClimbingSolver.h
#pragma once
#include "Tiles.h"
enum class hFunc { NUM_TILES_DIFFERENCE, SUM_MANHATTAN_DISTANCES };

/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
Hill Climbing algorithm class: Processes the next move in the eight tile game by using either the NumTilesDifference
heuristic function or the SumManhattanDistances heuristic function.
//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/
class HillClimbingSolver
{
public:

	HillClimbingSolver() {}
	~HillClimbingSolver() {}

	void ProcessMove(Tiles &solution, Tiles& current, hFunc hfunc);

	int NumTilesDifference(Tiles &solution, Tiles copy);
	int SumManhattanDistances(Tiles &solution, Tiles copy);
};
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#include "HillClimbingSolver.h"

void HillClimbingSolver::ProcessMove(Tiles& solution, Tiles &current, hFunc hfunc)
{
	/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
	Create a copy of the current tiles puzzle and calculate the current h() value for a particular heuristic function
	//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/
	Tiles copy(current._tiles);
	int h = 0;
	int new_h = 0;
	std::cout << "=====================================================================" << std::endl;
	if (hfunc == hFunc::NUM_TILES_DIFFERENCE) { h = NumTilesDifference(solution, current); }
	if (hfunc == hFunc::SUM_MANHATTAN_DISTANCES) { h = SumManhattanDistances(solution, current); }
	std::cout << "=====================================================================" << std::endl;

	/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
	Check each the h() value of each possible move and measure it against the lowest h value.
	If a move is lower in h() than the current lowest set it as the next move.
	//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/

	copy.setMove('a');	//set the move for the copy state
	if (copy.swap())	//if valid then swap the tiles
	{
		std::cout << "LEFT ";
		if (hfunc == hFunc::NUM_TILES_DIFFERENCE) { new_h = NumTilesDifference(solution, copy); }		//calculate h(num tile difference)
		if (hfunc == hFunc::SUM_MANHATTAN_DISTANCES) { new_h = SumManhattanDistances(solution, copy); }	//calculate h(sum manhattan distance)
		copy.display();	//display the resulting state

		if (new_h < h)	//if the h() value from this state is closer to the global minima h() = 0
		{
			h = new_h;				//set this to be the new heuristic value to compare to the other states
			current.setMove('a');	//set this state to be the next move taken
		}
		copy.CopyTiles(current._tiles, current._blankTile);	//reset the copy state back to the current state of the puzzle
	}
	//repeat for all directions
	copy.setMove('d');
	if (copy.swap())
	{
		std::cout << "RIGHT ";
		if (hfunc == hFunc::NUM_TILES_DIFFERENCE) { new_h = NumTilesDifference(solution, copy); }
		if (hfunc == hFunc::SUM_MANHATTAN_DISTANCES) { new_h = SumManhattanDistances(solution, copy); }
		copy.display();

		if (new_h < h)
		{
			h = new_h;
			current.setMove('d');
		}
		copy.CopyTiles(current._tiles, current._blankTile);
	}
	copy.setMove('w');
	if (copy.swap())
	{
		std::cout << "UP ";
		if (hfunc == hFunc::NUM_TILES_DIFFERENCE) { new_h = NumTilesDifference(solution, copy); }
		if (hfunc == hFunc::SUM_MANHATTAN_DISTANCES) { new_h = SumManhattanDistances(solution, copy); }
		copy.display();

		if (new_h < h)
		{
			h = new_h;
			current.setMove('w');
		}
		copy.CopyTiles(current._tiles, current._blankTile);
	}
	copy.setMove('s');
	if (copy.swap())
	{
		std::cout << "DOWN ";
		if (hfunc == hFunc::NUM_TILES_DIFFERENCE) { new_h = NumTilesDifference(solution, copy); }
		if (hfunc == hFunc::SUM_MANHATTAN_DISTANCES) { new_h = SumManhattanDistances(solution, copy); }
		copy.display();

		if (new_h < h)
		{
			h = new_h;
			current.setMove('s');
		}
		copy.CopyTiles(current._tiles, current._blankTile);
	}

	//Process the move with the lowest h() value.
	current.swap();
}

int HillClimbingSolver::NumTilesDifference(Tiles& solution, Tiles copy)
{	
	//Track the number of tiles out of place.
	int h = 0;
	for (int x = 0; x < 3; x++)
	{
		for (int y = 0; y < 3; y++)
		{
			if (copy._blankTile._x == x && copy._blankTile._y == y)
			{
				//Don't include the blank tile in the measurement.
			}
			else
			{
				if (copy._tiles[x][y] != solution._tiles[x][y])
				{
					//If the tiles are different, increment the h value.
					h++;
				}
			}
		}
	}	
	std::cout << "h(NumTilesDifference) = " << h << std::endl;

	return h;
}

int HillClimbingSolver::SumManhattanDistances(Tiles& solution, Tiles copy)
{
	//Track the total distance from the correct solution
	int distance = 0;
	//Used to find the position of each tile
	int tileID = 0;
	//Used to store the position of each tile.
	Position tilePos = {0, 0};

	for (int y = 0; y < 3; y++)
	{
		for (int x = 0; x < 3; x++)
		{
			if (x == 0 && y == 0)
			{
				//Excluding the blank position
				tileID++;
			}
			else
			{
				tilePos = copy.GetTilePosition(tileID);

				//Calculate the distance between the 2D points
				int distanceX = abs((tilePos._x - x));
				int distanceY = abs((tilePos._y - y));
				distance += (distanceX + distanceY);

				tileID++;
			}
		}
	}

	std::cout << "h(SumManhattanDistances) = " << distance << std::endl;

	//returns the sum of all the grid distances from each tile to their solved position
	return distance;
}
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#pragma once
#include <vector>
#include <iostream>

/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
Class used to provide options menu functionality to the EightTile game:
//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/

class OptionsMenu
{
public:
	//allows the user to choose from a list of options
	int ConsoleMenu(const char* message, std::vector<const char*>& options);
	//allows the user to input an integer value within a limit
	int ConsoleMenu(const char* message, int limit);
};
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#include "OptionsMenu.h"

int OptionsMenu::ConsoleMenu(const char* message, std::vector<const char*>& options)
{
	/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
	Takes a messsage to be displyed before the options list and a vector of const char* to display the list.
	Prompts the user for an integer input bounded by the size of the options list

	Forces the user to only enter the correct data type:
	Source: https://stackoverflow.com/questions/5864540/infinite-loop-with-cin-when-typing-string-while-a-number-is-expected


		while (!(std::cin >> input))
		{
			std::cin.clear();
			std::cin.ignore(std::numeric_limits<int>::max(), '\n');
		}

		If std::cin flags error then the input was of an invalid type.
		cin.clear() - clears the error flag for cin
		cin.ignore() - ignores the stream from where the input was given up to '\n'

	The loop allows the user to enter values until the input is of the correct type.
	//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/

	//Display message and options list.
	std::cout << message << std::endl;
	for (unsigned int i = 0; i < options.size(); i++)
	{
		std::cout << i << ". " << options[i] << std::endl;
	}
	std::cout << std::endl;

	//While the input is not within the list range, loop
	int input = -1;
	while (input < 0 || input >= options.size())
	{
		std::cout << "Please enter an integer from 0 to " << options.size() - 1 << std::endl;

		while (!(std::cin >> input))
		{
			std::cin.clear();
			std::cin.ignore(std::numeric_limits<int>::max(), '\n');
			std::cout << "Incorrect data type: Please enter an integer value from 0 to " << options.size() - 1 << std::endl;
		}
	}
	std::cout << std::endl;
	std::cout << "Option " << input << " selected >> " << options[input] << std::endl;
	std::cout << std::endl;
	return input;
}

int OptionsMenu::ConsoleMenu(const char* message, int limit)
{
	//As above but simply allows the user to enter a number rather than select from a list
	std::cout << message << std::endl;
	int input = -1;
	while (input < 0 || input > limit)
	{
		while (!(std::cin >> input))
		{
			std::cout << "Please input a number from 0 to " << limit << std::endl;
			std::cin.clear();
			std::cin.ignore(std::numeric_limits<int>::max(), '\n');
		}
	}
	return input;
}
[bookmark: _Toc33644861]Random.h
#pragma once
#include <random>

/*//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
Wrapper class using the stl <random> library for generating random integer or double values.
//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////*/

class Random
{
public:
	int Rand_i(int min, int max);
	double Rand_d(double min, double max);
};
[bookmark: _Toc33644862]Random.cpp
#include "Random.h"

int Random::Rand_i(int min, int max)
{
	std::random_device rd;
	std::mt19937 gen(rd());
	std::uniform_int_distribution<> dist(min, max);
	return dist(gen);
}

double Random::Rand_d(double min, double max)
{
	std::random_device rd;
	std::mt19937 gen(rd());
	std::uniform_real_distribution<> dist(min, max);
	return dist(gen);
}


[bookmark: _Toc33644863]Appendix C1 – Task 1 User Guide
Below is a user guide detailing the standard operation of the program.
1. Select a maze to load from the displayed list.
[image: ]
[bookmark: _Toc33644882]Figure 16. Options menu and vector of options
[image: ]
[bookmark: _Toc33644883]Figure 17. Acknowledgement and maze display
2. Select a search method to use to search the maze.
[image: ]
[bookmark: _Toc33644884]Figure 18. Solve method menu and vector of options
3. Select whether the maze should update automatically or by user input.
[image: ]
[bookmark: _Toc33644885]Figure 19. Update method menu
4. If automatic update is selected, then enter an interval delay in milliseconds. 
[image: ]
[bookmark: _Toc33644886]Figure 20. Update interval menu
5. The agent will now advance from the start position (S) and progress through the maze, searching for objectives (O). The agent will detect unvisited spaces (‘) and overwrite them with a blank space once it has passed over them. If the agent passes over an objective, it replaces it with a flag (F).
[image: ]
[bookmark: _Toc33644887]Figure 21. Search in progress
6. Once the agent has searched every space it can reach and returned to its start position, the number of objectives found is displayed and the routes to each objective are displayed as listings of 2D coordinates. The searched maze is displayed with the paths to each objective drawn onto it.
[image: ]
[bookmark: _Toc33644888]Figure 22. Completed search route listings and route display
If there are no objectives found, then no objective listings or routes are displayed.
[image: ]
[bookmark: _Toc33644889]Figure 23. Empty maze completion
7. Once the search has completed, choose to continue and load a new maze or close the program.
[image: ]
[bookmark: _Toc33644890]Figure 24. Continue play menu

[bookmark: _Toc33644864]Appendix C2 – Task 2 User Guide

Below is a user guide detailing the standard operation of the program
1. On starting the program, select a problem to solve from the displayed list. The options available are the 8-tile problem from section 2.2 or a randomised solvable problem.
[image: ]
[bookmark: _Toc33644891]Figure 25. Problem selection menu
2. If the randomised problem is chosen, enter the number of random moves to shuffle the puzzle with.
[image: ]
[bookmark: _Toc33644892]Figure 26. Puzzle randomisation menu
3. Now the solve method for the puzzle can be chosen. The options are “User Input” and “Hill Climbing”.
[image: ]
[bookmark: _Toc33644893]Figure 27. Solver selection and heuristic selection
If user input is selected, the program moves to the move limit selection in step 5. If hill climbing was chosen, then select a heuristic function to use to calculate the value of each move.
4. Next set the time delay in milliseconds between moves for the hill climbing algorithm.
[image: ]
[bookmark: _Toc33644894]Figure 28. Refresh timer menu
5. Now set the maximum number of moves allowed in the game for both the user and hill climbing solve method.
[image: ]
[bookmark: _Toc33644895]Figure 29. Move limit menu
6. The game is now playable by the user or hill climbing algorithm depending on the previous selection.
[image: ]
[bookmark: _Toc33644896]Figure 30. Solving with user input
The user input solve method allows moves to be made using keyboard input and displays the current puzzle alongside the number of moves remaining.
[image: ]
[bookmark: _Toc33644897]Figure 31. Solving with hill climbing
The hill climbing solve method displays the puzzle and move limit but also displays the h() value of the current move and the h() value of all neighbouring moves.
7. On completion of the puzzle, select whether to continue and select more puzzles to solve or close the program.
[image: ]
[bookmark: _Toc33644898]Figure 32. Continue menu

[bookmark: _Toc33644865]Appendix D1 – Task 1 Test Schedule

	Test No.
	Description
	Expected
	Actual
	Pass

	1
	Load a valid maze from a file
	The maze to be correctly loaded
	The maze was correctly loaded
(Fig. 33)
	Pass

	2
	Try to load a file that doesn’t exist
	Error message “Cannot read file”
	Error message output to console
(Fig. 34)
	Pass

	3
	Run the maze search
	Agent should be displayed searching through the maze
	The agent can be seen moving through the maze, finding objectives
(Fig. 35)
	Pass

	4
	Select options from menus
(Fig. 36)
	The correct actions should occur on correct input
	All options menus respond with correct output
	Pass

	5
	Input incorrect values to options menus
	The menus should be able to handle incorrect input
	All menus request the user to re-enter correct values / data types
(Figs. 37-38)
	Pass



[image: ]
[bookmark: _Toc33644899]Figure 33. Loading a maze from a file
[image: ]
[bookmark: _Toc33644900]Figure 34. Maze loading fail error message

[image: ]
[bookmark: _Toc33644901]Figure 35. Updating display while searching

[image: ]
[bookmark: _Toc33644902]Figure 36. Options available to the user

[image: ]
[bookmark: _Toc33644903]Figure 37. Test case for incorrect data type input
[image: ]
[bookmark: _Toc33644904]Figure 38. Test case for out-of-range input





[bookmark: _Toc33644866]Appendix D2 – Task 2 Test Schedule

	Test No.
	Description
	Expected
	Actual
	Pass

	1
	Generate a randomised puzzle
	A randomised, solvable puzzle should be generated.
	The resulting puzzle was created by shuffling the solution puzzle
(Fig. 39)
	Pass

	2
	The game detects a winning combination
	The game should end when a matching combination is found
	The game ends and the number of moves is displayed
(Fig. 40)
	Pass

	3
	Use a hill climbing solver
	The solver should display its search method and progress
	The solver can solve the assigned puzzle using both given heuristics
(Fig. 14)
	Pass

	5
	Input incorrect values to options menus
	The menus should be able to handle incorrect input
	All menus request the user to re-enter correct values / data types
(Figs. 41-42)
	Pass



[image: ]
[bookmark: _Toc33644905]Figure 39. The ShuffleTiles() method, the solution combination and a puzzle created by shuffling the solution
[image: ]
[bookmark: _Toc33644906]Figure 40. The CheckEqual() method used to end the game
[image: ]
[bookmark: _Toc33644907]Figure 41. Test case for incorrect data type input
[image: ]
[bookmark: _Toc33644908]Figure 42. Test case for out-of-range input
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Moves thisMove = FindMove();

if ((_maze->GetValueAtPos(_agent->GetPos()..

, _agent->GetPos()._y) != 'F') &

switch (thisMove)
{

case Moves::Left:

_visited.push({ _agent->GetPos(), Hove:

Left });

_agent->SetAgentChar((int)thisHove);
_agent->SetPosition({ _agent->GetPos()._x - 1, _agent->GetPos()._y });

if (_foundobjective) { ... }
else[{
break;

case Moves: :Down:
_visited.push({ _agent->GetPos(), Hove:

Down });

_agent->SetAgentChar((int)thisHove);

_agent->SetPosition({ _agent->GetPos().
if (_foundobjective) { ... }
else[{ ..}

. _agent->GetPos()._y - 1 });
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ReverseAgentDirection(_visited.top().second);

_agent->SetPosition(_visited.top().first); //Set the agents position

//brau the agents new position and direction to the grid
if ((_maze->GetValueAtPos(_agent->GetPos()

{

. _agent->GetPos()._y)

//dont overwrite an objective flag
_maze->DrawToGrid(_agent->GetPos()._x, _agent->GetPos()._y, _agent

_visited.pop(); //Pop the previous

if (_visited.empty())
{

_searchComplete = true;
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Hillclimbing()
Let S be the current state
bestvalue = S //set current best value to S
for neighbour states, X, of S

if h(x) < h(bestvalue)

= bestvalue

if X<s
X =S //if X has a better value, replace S




image10.png
Start End





image11.png
Start





image12.png




image13.png




image14.png




image15.png
i~y





image16.png
End





image17.png




image18.png
copy.setMove(‘a’); //set the move for the copy state
if (copy.swap())  //if valid then swap the tiles

{

| std::cout <« "LEFT
if (hfunc == hFunc: :NUM_TILES_DIFFERENCE) { new_h = NumTilesDifference(solution, copy); }

if (hfunc == hFunc: :SUM_MANHATTAN_DISTANCES) { new_h = SumManhattanDistances(solution, copy); }
copy.display(); //display the resulting state

£ (new_h < h) //if the h() value from this state is closer to the global minima h()

o

h = new_h; //set this to be the new heuristic value to compare to the other st
current.setMove(*a’);  //set this state to be the next move taken

i
{
¥

| copy.CopyTiles(current._tiles, current._blankTile); //reset the copy state back to the current s

//repeat for all directions
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//Track the number of tiles out of place.
int h

for (int x = 8; x < 3; xi+)

{

for (int y = 85 y < 3; y++)

{

X & copy._blankTile. y == y)

if (copy._blankTile. x

//Don’t include the blank tile in the measurement.

//count number of different tiles
if (copy._tiles[x][y] != solution._tiles[x][y])

//TF the tiles are different, increment the h value.
hets

)
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//Track the total distance from the correct solution
int manhattanDistance = 0;

//used to find the position of each tile

int tileId - @;

//Used to store the position of each tile.

Position tilePos = {0, @};

for (int y = 85 y < 3; y++)

{
i for (int x = 85 X < 3; x++)
{
| if (x--08&y--0)
{
//Excluding the blank position
| tileIbss;
i3
| else
{

//calculate the distance from each tile to their solution
tilePos = copy.GetTilePosition(tileID);

int distanceX = abs((tilePos. x - x));

int distanceY = abs((tilePos.y - y));

manhattanDistance += (distanceX + distanceY);

tileIDs+;
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Please select a maze.

0.
1.
2.
32

Please enter an integer from @ to 3

mazes\25x25_0-Objectives.txt
mazes\25x25_12-Objectives.txt
mazes\16x16_0-Objectives.txt
mazes\16x16_8-Objectives.txt

std :vector<const char*> mazelList = {
"mazes\\25x25_0-Objectives.txt"
"mazes\\25x25_12- Objectlves.txt",
"mazes\\16x16_0-Objectives.txt",
"mazes\\16x16_8-Objectives.txt",

} //List of paths to mazes found in the

‘mazes’

folder.
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Select a search method std: :vector<const char*> _searchMethods
0. DepthFirstSearch "DepthFirstSearch”,

3
Please enter an integer from @ to @ | ceanchMethod _currentMethod;
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Option @ selected >> DepthFirstSearch
Automatically update the maze?

0. Yes

1. No

Please enter an integer from @ to 1
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Continue 2
0. Yes
1. No

Please enter an integer from @ to 1
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Select Tileset: std: :vector<const char*> optionList = {
0. Problem tileset "Problem tileset",
1. Random solvable tileset “Random solvable tileset",

Please enter an integer from @ to 1 15
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Option 1 selected >> Random solvable tileset

Enter the number of shuffles (large numbers - higher difficulty).
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0. User Input
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ption
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Please
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a Solve Method:

= Number of misplaced Tiles heuristic
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Option @ selected >> h() = Number of misplaced Tiles heuristic

Enter a refresh time for the AT solver display (in milliseconds).
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Continue playing?:
0. Yes
1. No

Please enter an integer from @ to 1
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Jvoid Grid::LoadGridFromFile(const char* fp)
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T

T L1111 1L T D11 10 111111111111.
Reads the file at the given path, fp, and copies the
The maze is cleared and resized each time this funct:
program.

i e
std: :fstream mazeFile; B
mazeFile.open(fp, std::ios: gt S

inti=e,j=80; CHHHE

char c; S B
if (mazeFile.is_open()) o
{ T B 8

_gridsizeX, _gridSizeY - @; //Set the dimensions
_grid.clear(); //Wipe the old data held in

U
"HHHERHEE " CO0#
HEHHHE
HET O
SRRttt

mazeFile >> _gridsizeX >> ¢ >> _gridsizeY; //Re
_grid.resize(_gridsizeY); //Resize

ption 3 selected >> mazes\16x16_8-Objectives.txt
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‘Option 2 selected >> mazes\16x16_0-Objectives.txt

2ERROR: CANNOT OPEN FILE!
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void Tiles::ShuffleTiles(int nums

{

//Create a Random object on the stack to use the Rand_i function and u
Random r;
int m = 6;

int swapCount.
while (swapCount != numSwaps)

{

//generate a random number in the range 1-4.
m = r.Rand_i(1, 4);

//3f the random move voids the previous move then re-roll
while (m == GetVoidhove((int)_currhove))
{

r.Rand_i(1, 4);

}
_curriove = (moves)m;  //set the current move to the random value
if (swap()) //if the swap is valid, increment the swap count

swapCounts+;

}

//should reset the stored moves after randomisation

Enter input:
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bool Tiles::CheckEqual(int otherTiles[3][3])
{

i VL]
i for (int 1

1< 35 im)

0 3 < 3; jue) 3

N A e
0wV N

] for (int j
{
] if (_tiles[i][j] != otherTiles[1][j])
{
//if ANY dont match, then return false
return false;
; ame Over
}

}
T —— ves: 5 / 6

return true;
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DepthFirstsearch(G, s)
Let s be a stack

S.push(s) //add s to the stack
s = visited  //mark s as visited

while (S.empty() == false)

v = s.top()

Graph, s = starting position.

S.pop() //pop a vertex to visit next

for neighbours, w, of v in G

if(w == unvisited)
S.push(w)

w = visited

//push unvisited neighbours to the stack|
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Vec2_i agent - _agent->GetPos();

char value;

I/check the space to the left

value - _maze->GetValueAtPos(agent
\"* || value

if (value
//check the space below
value =

_maze->GetValueAtPos (agent

X - 1, agent._y);
o[y

agent._y - 1);

if (value == "\"* || value == "0")[{ ...

//check the space to the right

value = _maze->GetValueAtPos(agent. x + 1, agent._y);
if (value == "\"* || value == "0")[{ .. }

//check the space above

value = _maze->GetValueAtPos (agent
if (value

locked;

\" || value

agent._y + 1);
o[t

/lelse the agent is blocked by either walls or visited spaces




