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[bookmark: _Toc57993743]Introduction
[bookmark: _Toc57993744]What is Artificial Intelligence?
When relating to computer science, the term Artificial Intelligence (AI) is used to describe a machine or program that that seems to have a human level of intelligence. This can be anything like decision making, self-learning, recognition of images/objects or problem solving. AI is used in many applications that people use on a daily basis such as voice recognition [1].
[bookmark: _Toc57993745]What is Machine Learning?
Machine Learning is a large branch of AI that enables the system/program to be able to learn from data to become better or more accurate at and intended task. Machines can assess data at very high speeds and identify patterns in said data to improve the accuracy of the algorithms they use to perform a task, and just as we as human get better and better at something over time, so does the machine [2].
[bookmark: _Toc57993746]Task 1
The given task to implement a depth first search algorithm to load a map from a text file and search the map to find collectibles has been created using C++. This has been achieved using a couple of functions and data structure.
The ‘struct’ type is used to create a type that can hold 2 integer variables as this can be used to store the positions needed when the algorithm is looping through the map. This struct has 2 member variables of type int and are accessed using the member access operator (.).
The search is done using a stack to create the depth first search of the map. The map is 2D and has walls represented by the following character *. The algorithm checks all adjacent moveable positions, pushes them onto the stack, then moves position and pops this current position off the stack. This is all done using a while loop that will continuously run until the stack is empty, meaning there are no moveable spaces left within the map. It will then display the number of collectibles found. A second stack is used to store the route taken so that it can be displayed to the user at the end of the search. This is done my pushing the current position onto the stack at the same point it is popped of the stack used for the search. The printout of visited nodes currently prints out in reverse order as the author did not have the required knowledge of stacks to be able to reverse the order before printing to the screen.
There is also a char array being used to store the contents of the text file that is read in to for the map. This is what is used to loop through and search and print to the screen so the user can visualise the search as it is taking place.
The program that has been created is also limited to machines running the Windows operating system as the <windows.h> library is being utilised to make small waits after each loop so the user can see the search with the sleep() function. There is also a system(“cls”) function being used just to make the output window look cleaner for the end user, this is also pert of the windows library. Given more time and knowledge the author is confident these could be achieved not using the window exclusive library to make the program cross platform regardless of the system that it is being run on.
The depth first search algorithm is being used because it is a simple implementation for the task and is fairly low cost to the machine, it also searches all available spaces within the map so there should never be a time when something cannot be found during the search, unless of course there is nothing to be found within the given map, the agent will recognise this upon finishing the search and print to the user that no collectibles are in the level.
[bookmark: _Toc57993747]Task 2
[bookmark: _Toc57993748]Hill Climbing
The hill climbing algorithm is a loop that moves in the direction of increasing value. Unlike most algorithms there is no saved search tree so the only thing being recorded is current state and evaluation of the current state. When there is more then one best option to choose from when iterating the algorithm will select one at random. There are some drawbacks to this approach [3]:

· Local Maxima
· Plateau
· Ridges

Local Maxima is defined as a local maximum. This is where a peak is lower than the highest peak in the whole state space. The search will stop when local maxima is reached even if the solution is not close to the correct one [3].
A Plateau is an area of space that is almost flat, not increasing or decreasing. This will cause the search to execute a ‘random walk’ [3].
Ridges can have very steep sloping sides. The search can easily reach the top of the ridge. This can cause the search to make little progress as it can just move side to side unless there are operators to handle moving across the top of the ridge [3].
All 3 of the cases above provide an outcome where no progress is being made. If this happens the best practice is to perform the search again this time from a different start point, this is known as random-restart hill-climbing. This is where upon reaching an end point in one of the given examples a new start point would be selected at random and the search would then be restarted, the best result from each search will then be stored. With this search its easy to see that the more random restarts that are performed the more accurate the search will be, in fact with enough iterations the search should almost always find the optimal result [3].

[image: Hill Climbing Algorithm | Hill Climbing Algorithm in AI | Edureka]The following flow chart shows the basics for the hill-climbing algorithm (Fig 1).










Fig 1 Hill-climbing algorithm flowchart [7].



[bookmark: _Toc57993749]Improving the Hill-climbing algorithm
The basic hill-climbing algorithm is a very fast and cost efficient algorithm but the end solution is not guaranteed to be an accurate one as there are many situations in which it can fail to come to the optimal outcome. Different improvements can be made to the algorithm to ensure that the search is successful and accurate. There are some different changes used to make the algorithm more reliable and accurate listed below.
[bookmark: _Toc57993750]Steepest-Ascent
The steepest ascent algorithm is an improved version of the hill-climbing algorithm. The algorithm will examine all of the neighbouring nodes from the current state and select the one that is closed to the target state rather than just selecting at random like the basic hill-climbing algorithm does. This search takes more time as is searches multiple neighbours [4].
[bookmark: _Toc57993751]Simulated Annealing
The hill-climbing algorithm alone can be prone to issues as we have already discovered, Simulated Annealing (SA) can be used to sometimes make a move to a neighbouring node that is not the best move available. This can reduce the chance of getting stuck in a local maxima or minima. SA will choose at random from the nodes and if it is a better position then the current one the algorithm will always take this route. If the selected node is of lesser quality, then it will be accepted based on some probability [5].
[bookmark: _Toc57993752]Random-Restart Hill-Climbing
As mentioned previously, a great way to improve the basic algorithm is by using a random-restart addition. This will increase the accuracy of the solution. The scale of improvement will be based on the number of times the search is restarted. If given enough restarts the algorithm will always find the optimal solution. Whereas some search areas may only have very few peak or local maxima, these would take only a small number of restarts to achieve an accurate solution.

[bookmark: _Toc57993753]Task 3
[bookmark: _Toc57993754]Eight Tile Problem
The 8-tile problem is where there is a 3x3 grid that contains 8 numbers and one blank space. The aim of the game is to rearrange the numbers in chronological order with the blank space filling the first square, this must be done in the least possible moves. See example below.
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In this given example h refers to the number of tiles in the incorrect location, at each step the potential h can change and be a different value based on the move selected. The move that makes the h value decrease is the move that should be chosen as once h = 0 there are 0 tiles in the incorrect location and the puzzle is complete.

[bookmark: _Toc57993755]Hill-climbing and 8-tile
The previously mentioned hill climbing algorithm can be implemented to create a solution for the 8-tile problem with varying degrees of effectiveness based on the individual puzzle itself. As pointed out in the previous task, this algorithm can become stuck in local maxima and never be able to reach the intended state, or it may do so in more moves then desired If the puzzle is too complex.
Therefore, whilst this algorithm may be sometimes an adequate solution for this problem, there are other, more efficient, and consistent algorithms that are available to solve this puzzle.


[bookmark: _Toc57993756]Task 4
[bookmark: _Toc57993757]Manhattan Distance
One way we could improve the hill climbing algorithm is by adding a distance measure feature to it such as the Manhattan Distance feature. What this does is calculates the distance each tile is at its current state, from the goal state not taking into account the other tiles. This can be done for all available moves to show which move provides a solution that is closer to the goal solution, it also prevents the same moves from being made and backtracking. This measure works particularly well with the 8 tile puzzle as its laid out on a uniform grid [6]. See the below example to show how the Manhattan distance calculations would be done for each step of the same 8 tile puzzle previously shown.Value for the next move taken:
Up = 1+0+0+1+1+0+0+1 = 4
Down = 1+0+0+1+1+0+1+1 = 5
Right = 1+0+0+1+2+0+1+1 = 6
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Value for the next move taken:
Right = 1+0+0+1+1+0+0+1 = 4
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Value for the next move taken:
Down = 1+0+0+1+0+0+0+0 = 2
Right = 1+0+0+1+1+0+1+0 = 4

	3
	1
	2

	4
	7
	5

	6
	
	8


Value for the next move taken:
Left = 1+0+0+1+1+0+0+0 = 3
Down = 1+0+1+1+0+0+0+0 = 3
Right = 1+0+0+0+0+0+0+0 = 1
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Goal state has been achieved
Value for the next move taken:
Up = 1+0+0+1+0+0+0+0= 2
Down = 0+0+0+0+0+0+0+0 = 0
Left = 1+0+0+1+0+0+0+0 = 2
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[bookmark: _Toc57993760]User Guide

The created program is a very basic program to operate, see instructions below:
1. Run the program.
2. Select map to be searched.
3. Wait for search to commence.
4. Select another search or close the program from the options given.
Its is a very basic program to operate as its only used to demonstrate the depth first search algorithm and not to be used in a full practical environment.

[bookmark: _Toc57993761]Program Listing

#define WIDTH 16
#define HEIGHT 16


#include <iostream>
#include <fstream>
#include <string>
#include <stack>
#include <windows.h>


using namespace std;

struct position
{
	int x, y;
};

stack<position> dfsStack;
stack<position> visited;

void startGame();
void playGame(string fileName);
int chooseMap();


int main(void) {

	//Starts the game
	startGame();
}

////////////////
//Starts the game and loops untill user decides to exit
////////////////
void startGame()
{
	int end = 0;

	while (end != 5)
	{
		end = chooseMap();
	}

}


///////////////////
//Reads the file and stores it to the variable file to be searched
///////////////////
void playGame(string fileName)
{
	char text[WIDTH * HEIGHT];
	string line;
	ifstream myfile(fileName);
	if (myfile.is_open())
	{
		int count = 0;
		while (getline(myfile, line))
		{
			line.copy(&text[WIDTH * count], WIDTH, 0);//Read the file and store the the contents into text variable
			count++;
		}

		myfile.close();
	}
	else cout << "Unable to open file" << endl;


	int collCount = 0;//Counts number of collectibles
	position startPos;

	
	for (int y = 0; y < HEIGHT; y++)
	{
		for (int x = 0; x < WIDTH; x++)
		{
			if (text[WIDTH * y + x] == 's')//Finds and initialises the start position
			{
				startPos.x = x;
				startPos.y = y;
			}
		}
		cout << endl;
	}

	position current;//holds current position

	dfsStack.push(startPos);//Initiaslise the stack with the starting position
	text[WIDTH * (startPos.y) + startPos.x] = '-';//Mark position as visited with -

	while (!dfsStack.empty())//Loop whilst the stack is not empty
	{
		current = dfsStack.top();//Sets the top of the stack into the variable
		dfsStack.pop();

		if (text[WIDTH * (current.y) + current.x] == 'c')
		{
			cout << "Collecitble item found at position (" << current.x << "," << current.y << ")" << endl; //Declare to the user when a collectible item has been found
			collCount++;
			Sleep(2000);//pauses the search for 2 seconds to show the user the user something has been found
		}

		text[WIDTH * (current.y) + current.x] = 'o';//set the current position to o to show the current location

		if (text[WIDTH * (current.y - 1) + current.x] != '*' && text[WIDTH * (current.y - 1) + current.x] != '-')//Above
		{
			current.y -= 1;
			dfsStack.push(current);//pushing adjacent moveable places onto the stack
			current.y += 1;
		}

		if (text[WIDTH * (current.y + 1) + current.x] != '*' && text[WIDTH * (current.y + 1) + current.x] != '-')//Below
		{
			current.y += 1;
			dfsStack.push(current);
			current.y -= 1;
		}

		if (text[WIDTH * (current.y) + (current.x - 1)] != '*' && text[WIDTH * (current.y) + (current.x - 1)] != '-')//left
		{
			current.x -= 1;
			dfsStack.push(current);
			current.x += 1;
		}

		if (text[WIDTH * (current.y) + (current.x + 1)] != '*' && text[WIDTH * (current.y) + (current.x + 1)] != '-')//right
		{
			current.x += 1;
			dfsStack.push(current);
			current.x -= 1;
		}

		system("cls");//Clears the output window for a cleaner display of the search

		//Prints the full map
		for (int y = 0; y < HEIGHT; y++)
		{
			for (int x = 0; x < WIDTH; x++)
			{
				cout << text[WIDTH * y + x];
			}
			cout << endl;
		}

		text[WIDTH * (current.y) + current.x] = '-';//set the position to - to show its been visited
		visited.push(current);


		Sleep(500);//pauses the output for 0.5 seconds to show the search happening to the user
	}//while end

	if (collCount == 0)//Declares if there were 0 collectibles found
		cout << "No collecibles could be found!" << endl << endl;
	else//Declares the number of collecibles found
		cout << "There were " << collCount << " collectibles found!" << endl << endl;

	cout << "List of positions visited: " << endl;

	while (!visited.empty()) {
		current = visited.top();
		visited.pop();
		cout << "(" << current.x << "," << current.y << ")" << endl;//prints list of visited nodes
	}


}


//////////////////////////
//Function to let the user choose what map they would like to load
//////////////////////////
	int chooseMap()
	{
		int choice;

		cout << "Please choose the number of the map you would like:" << endl;
		cout << "1. map1" << endl;
		cout << "2. map2" << endl;
		cout << "3. map3" << endl;
		cout << "4. map4" << endl;
		cout << "5. Exit Program" << endl;
		cin >> choice;

		switch (choice)
		{
		case 1:
			playGame("map.txt");
			break;
		case 2:
			playGame("map2.txt");
			break;
		case 3:
			playGame("map3.txt");
			break;
		case 4:
			playGame("map4.txt");
			break;
		case 5:
			break;
		default:
			break;
		}

		return(choice);
	}

[bookmark: _Toc57993762]Screenshots of working program
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