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1.0 [bookmark: _Toc58428650]Introduction

Artificial intelligence is the science of developing intelligence machines that are able to make complex decisions, and perform tasks that would usually require interaction from humans.  The aim of this paper is to explore both Ai and machine learning techniques past and present, and provide an in-depth analysis on range of search techniques and universal problem-solving methods.

[bookmark: _Toc58428651]1.1	What is Artificial Intelligence?

Unlike the natural intelligence displayed in humans, artificial intelligence is a branch of computer science that aims to replicate human intelligence within machines.  However, the question of “can machines think” is one that has been pondered since the dawn of computing itself [1].  Mathematician and computer pioneer Alan Turning was the first to tackle this controversial question, devising a test to determine if a machine was indeed capable of thinking.  While no machine has yet been able to pass the “Turning Test”, the modern industry of artificial intelligence believes failure of the test is no argument for the possibility of thinking machines [2].

[bookmark: _Toc58428652]1.2	What is Machine Learning?
	
Machine learning is the study of scientific algorithms, that modern day systems can use to vastly improve their performance of a particular task. In fact, the many enhancements we see in artificial intelligence today are largely due to machine leaning [3].  Without knowing, many us will embrace this technology on a daily basis, from websites and social media platforms recommending products based on our interests, to voice activated assistants that play our favourite track on request, machine learning will continue to provide efficiency to both our personal and work lives.

[bookmark: _Toc58428653]2.0	Task 1:  Depth First Search

A depth-first search is an algorithm for traversing and searching both tree and graph data structures, it is widely used for finding solutions to problems within the field of artificial intelligence.  However, due to its advantages of quick decision making to produce a “good-enough” solution, the DFS is not always considered the most optimal compared to that of a breadth-first search, which is likely to find more than one optimal solution within the shortest path [4].
 

[bookmark: _Toc58428654]2.2	User Guide
	
1. Choose from maps 1 to 3 to begin search;

[image: ]

2. Map loads, displaying complete search;
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[bookmark: _Toc58428656]3.0	Task 2:  Hill-Climbing Algorithm

Often entertained in the field of artificial intelligence, the hill-climbing algorithm is a type of local search used in complex mathematical optimisation problems.  The algorithm is a type of heuristic search, meaning it may not find the optimal solution, but is considered to provide a good solution, within a reasonable time-frame.  Local search methods aim to find a solution by comparing the criteria against all other candidate solutions within a given problem.  Without the need to maintain a search tree or graph, the algorithm is simply a loop that continually moves in the direction of increasing value, and only needs to record the state and its evaluation, which is denoted by VALUE in Figure 1.0 [5].
Fig:  1.0	The Hill-Climbing Search Algorithm
function Hill-Climbing (problem) returns a solution state
inputs: 		problem, a problem
local variables:	current, a node
			next, a node
current ← Make-Node (Initial-State[problem])
loop do
current ← a higher-valued successor of current
if VALUE[next] < VALUE[current] then return current
current ← next
end


[bookmark: _Toc58428657]3.1	Disadvantages of Hill-Climbing

There are several disadvantages associated with the hill-climbing algorithm these can include;

Local Maximum is where the algorithm reaches a peak state within the function that is better than each of its neighbouring states and becomes stuck.  To combat this issue, a list of promising paths can be created so the algorithm can backtrack to explore all other alternative paths.

Plateau can cause the hill-climbing search to become lost within a flat area of the search space because all current states contains the same value.  A solution to the plateau problem is to randomly select a state which is far enough away from the current state, allowing the algorithm to find non-plateau regions.

Ridges are another form of local maximum where the search has reached a higher state to that of its surroundings, but has a steep slope that can not be reached within a single move.  To avoid this, use of a bidirectional search can be implemented.

[bookmark: _Toc58428658]4.0	Task 3:  Eight Tiles Problem

The eight tiles problem is one that is commonly used within artificial intelligence to test and evaluate local search algorithms.  A possible algorithm to solve the eight tiles problem like the one below, is that of the hill-climb method.  It is capable of evaluating all possible moves, and selecting one which has the least distance. Although one of the major drawbacks to this method, is that a vacant tile can only be filled by one of its neighbours, and this can cause the algorithm to become locked and return no possible solution [6].




	Start State
	
	Step 2
	
	Step 3

	1
	4
	2
	
	1
	4
	2
	
	1
	4
	2

	3
	7
	
	
	3
	7
	5
	
	3
	7
	5

	6
	8
	5
	
	6
	8
	
	
	6
	
	8

	

	Current
	
	Current
	
	Current

	h = 5
	
	h = 4
	
	h = 3

	Next
	
	Next
	
	Next

	h = 6, 4, 5
	
	h = 5, 3
	
	h = 4, 4, 2

	

	Step 4
	
	Step 5
	
	Goal State

	1
	4
	2
	
	1
	
	3
	
	
	1
	2

	3
	
	5
	
	3
	4
	5
	
	3
	4
	5

	6
	7
	8
	
	6
	7
	8
	
	6
	7
	8

	

	Current
	
	Current
	
	Current

	h = 2
	
	h = 1
	
	h = 0

	Next
	
	Next
	
	Next

	h = 3, 3, 3, 1
	
	h = 2, 2, 0
	
	-

























[bookmark: _Toc58428659]Bibliography


[1]	A.M.  Turning, 'Computing Machinery and Intelligence', Mind, vol. LIX, no. 236, p. 433 - 460, 1950.

[2]	N.  Sharkey, 'Alan Turning:  The experiment that shaped artificial intelligence', 2012. [Online]. Available: www.bbc.co.uk/news/technology-18475646. [Accessed: 30-Nov-2020].

[3]	'What is Machine Learning?', 2020. [Online]. Available: www.ibm.com/cloud/learn/machine-learning. [Accessed: 30-Nov-2020].

[4]	R.  Tarjan, 'Depth-First Search and Liner Graph Algorithms', SIAM J. Comput, vol. 1, p. 147 - 148, 1972.

[5]	P.  Norvig, S.J. Russell, Artificial Intelligence:  A Modern Approach. New Jersey: Prentice-Hall, 1995, p. Pages Used. 111 – 112

[6]	'Solve the Slide Puzzle with Hill Climbing Search Algorithm', towards data science, 2017. [Online]. Available: https://towardsdatascience.com/solve-slide-puzzle-with-hill-climbing-search-algorithm-d7fb93321325. [Accessed: 30- Nov- 2020].




























[bookmark: _Toc58428660]Appendix

Map.h

#pragma once
#include <iostream>

class MapLoader
{
public:
	MapLoader();
	char** loadMap(const char* fileName);
	void cleanMap(char**& map);

	int* size;
	int startingPos[2];


private:
	int* getMapSize(FILE* fp);
	void allocateArray(char**& map, int* size);
	void parseMap(FILE* fp, char**& map, int* size);

	FILE* fp;
	char** map;

};


Map.cpp

#include "MapLoader.h"

constexpr auto rows = 0;;
constexpr auto cols = 1;;

MapLoader::MapLoader() : fp(NULL), map(NULL), size(NULL) {}

char** MapLoader::loadMap(const char* fileName)
{
	fopen_s(&fp, fileName, "r");
	if (!fp) std::cout << "\n\tError Loading Map\n";
	else {
		size = getMapSize(fp);
		allocateArray(map, size);
		parseMap(fp, map, size);
		fclose(fp);
	}
	return map;
}

void MapLoader::cleanMap(char**& map)
{
	for (int i = 0; i < size[rows]; i++) {
		delete[] map[i];
	}
	delete[] map;
}

int* MapLoader::getMapSize(FILE* fp)
{
	static int size[2] = { 1,1 };
	char buffer;
	while ((buffer = fgetc(fp)) != EOF) {
		if (buffer == '\n') {
			size[rows]++;
			size[cols] = 0;
		}
		else {
			size[cols]++;
		}
	}
	return size;
}

void MapLoader::allocateArray(char**& map, int* size)
{
	map = new char* [size[rows]];
	for (int i = 0; i < size[rows]; i++) {
		map[i] = new char[size[cols]];
	}
}

void MapLoader::parseMap(FILE* fp, char**& map, int* size)
{
	rewind(fp);
	char buffer;
	for (int i = 0; i < size[rows]; i++) {
		for (int j = 0; j < size[cols]; j++) {
			buffer = fgetc(fp);
			if (buffer == '\n') {
				buffer = fgetc(fp);
			}
			map[i][j] = buffer;

			if (buffer == 'S') {
				startingPos[rows] = i;
				startingPos[cols] = j;
			}
		}
	}
}


Main.cpp

#include "MapLoader.h"
#include <iostream>

constexpr auto rows = 0;;
constexpr auto cols = 1;;

int mapOptions() {
	int option = 0;
	std::cout << "\t[1]\tLoad Map 1\n\t[2]\tLoad Map 2\n\t[3]\tLoad Map 3\n\n";
	std::cout << "\tChoose an Option: "; std::cin >> option; std::cout << "\n";
	return option;
}

enum terrain {
	empty,
	wall,
	shelf,
	goal,
	crumb
};

int** visited;

int dfs(int row, int col)
{
	int* current = &visited[row][col];

	if (*current == goal) {
		return 1;
	}

	if (*current == empty) {
		*current = wall;

		if (dfs(row, col - 1)) {
			*current = crumb;
			return 1;
		}
		if (dfs(row + 1, col)) {
			*current = crumb;
			return 1;
		}
		if (dfs(row, col + 1)) {
			*current = crumb;
			return 1;
		}
		if (dfs(row - 1, col)) {
			*current = crumb;
			return 1;
		}
	}
	return 0;
}

int main()
{
	std::cout << "\n\tDepth First Search\n\n";

	char** map = NULL;
	int option = 0;
	MapLoader Map;

	option = mapOptions();

	if (option == 1) {
		map = Map.loadMap("map1.txt");
	}
	if (option == 2) {
		map = Map.loadMap("map2.txt");
	}
	if (option == 3) {
		map = Map.loadMap("map3.txt");
	}


	//  Outputting Map
	for (int i = 0; i < Map.size[rows]; i++) {
		std::cout << "\t";
		for (int j = 0; j < Map.size[cols]; j++) {
			std::cout << map[i][j];
		}
		std::cout << "\n";
	}

	//  Allocate Visited
	visited = new int* [Map.size[rows]];
	for (int i = 0; i < Map.size[rows]; i++) {
		visited[i] = new int[Map.size[cols]];
	}

	//  Get Visited
	for (int i = 0; i < Map.size[rows]; i++) {
		for (int j = 0; j < Map.size[cols]; j++) {

			if (map[i][j] == '|') {
				visited[i][j] = wall;
			}
			else if (map[i][j] == '=') {
				visited[i][j] = shelf;
			}
			else if (map[i][j] == 'G') {
				visited[i][j] = goal;
			}
			else {
				visited[i][j] = empty;
			}
		}
	}

	dfs(Map.startingPos[rows], Map.startingPos[cols]);

	//  Place Crumb
	for (int i = 0; i < Map.size[rows]; i++) {
		for (int j = 0; j < Map.size[cols]; j++) {

			if (map[i][j] != 'S') {
				if (visited[i][j] == crumb) {
					map[i][j] = '.';
				}
			}
		}
	}

	std::cout << "\n\n";
	//  Outputting Map
	for (int i = 0; i < Map.size[rows]; i++) {
		std::cout << "\t";
		for (int j = 0; j < Map.size[cols]; j++) {
			std::cout << map[i][j];
		}
		std::cout << "\n";
	}

	//  Cleaning Map
	Map.cleanMap(map);

	return 0;
}
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