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Abstract
Throughout the document discussion about an algorithm called hill climbing will be done, an eight-tile puzzle problem will too be solved with hill climbing using a heuristic(), and the same puzzle repeated again but completed with another method known as Manhattan distance measure. A program for an agent searching a medical storage facility was partially completed due to knowledge, though discussion of the goals and theory behind it will be mentioned.    
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[bookmark: _Toc58445904]1. Introduction
A program will be implemented with the concept of an AI agent capable of systematically searching a storage facility for one or up to several objects, the storage facility will be set up in a text file and will be read in from a file loader. To accomplish this task, a depth first search algorithm will be used to create the path the AI agent will take to get to the object, additionally the program will take in account of appropriate software engineering practices and will display a simulation of the agent moving. In relation to searching, hill climbing which is an example of a local search method will be described and critically evaluated along with completing and solving an eight tiles problem which is a puzzle used to evaluate local search algorithms. Furthermore, throughout the document will include analysis and evaluation of a search algorithm to assess the suitability of completing an eight-tile puzzle task. 
[bookmark: _Toc58445905]2. Program 
The program was partially completed up to only taking input and outputting the map file. However, the process of the program that was going to be created is to take in user input for choosing the map they would like to go in. Once chosen by the user and loaded, the program will output the map onto the console and a search of the agent visiting nodes until it reaches the objects will begin to occur. Within the background, nodes will be added to a stack to keep track of the sequence of the path taken by the depth-first search algorithm. 
The algorithm used to accomplish the task of locating the object in the storage facility is a depth-first search, this process will allow the agent to scan through the map of choice and work their way through the pathing. A stack data structure will be implemented and associated as part of the depth-first search function, it holds in the elements of traversal data and the way it operates is with LIFO, which is last in first out and this means elements can only be added and removed to the one end. [1]
The purpose of a depth-first search in this scenario allows the AI agent to eventually find each object placed within the map, it will not stop at dead ends and will continue by following a sequence of directions it rotates, and when needed it backtracks to a state where it will instead turn a different direction.
[bookmark: _Toc58445906]3. User Guide
As the program is uncompleted, the process only consists of the user being asked and entering input to choose which map to enter, the console will display the map and end there.
[bookmark: _Toc58445907]4. Testing
[bookmark: _Toc58445908]4.1 Testing input from user & Testing map output
Entering input, viewing console and text file of map.
View 8.1.1 Appendix B for test


[bookmark: _Toc58445909]5. Hill climbing
Hill climbing is a technique and an example of a local search method, and this algorithm takes on the task of continuously moving towards the direction of the best solution to a problem, it is always advancing to reach the peak of the mountain. Specifically, this is a greedy search algorithm, and a greedy search algorithm is a procedure which makes use of a heuristic for capability of optimal choices during a task for finding a global optimum [2]. 
[bookmark: _Toc58445910]5.1 Types of hill climbing algorithms
There are types of hill climbing algorithms which follow the same concept but are different to each other in one way or another.
[bookmark: _Toc58445911]5.1.1 Simple Hill Climbing 
This type of hill climbing, as mentioned part of the name, serves the simplest process of implementing a hill climbing algorithm. The procedure of this type is as follows:
1. Assess the neighbour node state one at a time
2. Decides for the first node that optimizes the current cost as next node [3]
8.6.1 Appendix F Simple Hill Climbing Pseudocode
[bookmark: _Toc58445912]5.1.2 Steepest Ascent Hill Climbing
This is a variation of the simple hill climbing algorithm but with a difference, the steepest one will rather find and pick the best node state than the first node. The way the algorithm decides to choose the best node is by evaluating each and every neighbour node and selects the one returning the best solution [4].
8.6.2 Appendix F Steepest Ascent Hill Climbing Pseudocode
[bookmark: _Toc58445913]5.1.3 Stochastic Hill Climbing
Compared with the other two types of hill climbing mentioned, this is an algorithm which does not have much similarity, this is due to this type of hill climbing picking off neighbour nodes at random, as well as deciding to either move or choose another state node at random [5]. This type of hill climbing has a less chance of getting stuck.
[bookmark: _Toc58445914]5.2 Advantages
With a hill climbing algorithm being a greedy search, it allows easily going through states with use of a heuristic to solve the task at hand, providing speed.
[bookmark: _Toc58445915]5.3 Disadvantages
The problems which come along with hill climbing:
[bookmark: _Toc58445916]5.3.1 Local Maxima
Due to reasons such as hill climbing finding the optimum state but having neighbour states with worse values, it falls into a local maximum and because it follows a greedy approach, the algorithm has a tendency to terminate [5].
[bookmark: _Toc58445917]5.4 Conclusion
In conclusion of hill climbing, depending on the problem required to be solved is which hill climbing algorithm the individual would have to decide on using, with the stochastic the algorithm being random reduces the chances of the process getting stuck. From research, it is clear with hill climbing being a greedy search, the amount of time completing and solving problems is a fast process. 

[bookmark: _Toc58445918]6. Eight Tiles Problem
This section will go through completing an eight-tiles puzzle problem with the use of the hill-climbing algorithm with a heuristic for checking the number of tiles out of place. Additionally, evaluation of hill-climbing will be completed in knowing its appropriateness for solving the puzzle problem.
[bookmark: _Toc58445919]6.1 Solving eight tiles puzzle
Using the hill climbing approach, an eight tiles puzzle was completed as seen in appendix C. This followed a process of calculating the value of heuristic for the possible available moves prior to making the decision, the heuristic is for checking the number of tiles out of place, and the chosen tile to move would be the lowest value in the heuristic out of the possible tiles capable of moving.
[bookmark: _Toc58445920]6.2 Evaluating hill climbing suitability for eight tiles puzzle
The hill climbing concept allows for an informed process of searching and solving the eight-tile puzzle problem. This section will dive in and evaluate the hill climbing algorithm associated with solving eight-tile puzzle problems, advantages, disadvantages and comparisons will be made.
[bookmark: _Toc58445921]6.2.1 Advantages
Hill climbing has a consistent fast run time execution.
[bookmark: _Toc58445922]6.2.2 Disadvantages
Regarding disadvantages, an unfortunate issue with hill climbing is that there are possibilities of the process getting locked and incapable of finding a solution [6].
[bookmark: _Toc58445923]6.2.3 Comparison
Related with the eight-tile puzzle problem, a performance of informed searches was found completed and displays hill climbing in contrast to the A* algorithm, which is a path searching algorithm, and a best first search algorithm, an algorithm that works from a rule to expand the best promising node for exploring a graph [6]. 
View Appendix D Table of Results showing informed searches
From the table it is quite clear that the number of movements is significantly lower in the best first search and the a* algorithm than the hill climbing when it seems to become difficult during the puzzle problems 9 up to 13. This alone displays that hill climbing does not have the best performance regarding the amount of movement, however, compared to the a* algorithm and best first search, the time taken for the hill climbing algorithm for each of the problems was less than 1 second. Overall, it can be seen the a* is what managed to produce the ideal results but just having a longer time to complete during the tougher puzzle problems.
[bookmark: _Toc58445924]6.2.4 Conclusion
In conclusion and taking in the findings from research, the appropriateness of the hill climbing algorithm for solving the 8-tiles problem seems to be a suitable choice for problems which are not deemed complex. The a* proved a large difference in movements needed to solve an eight-tile problem during certain informed searches, however the time needed was much larger than hill climbing. A hill climbing algorithm also holds a disadvantage of the chance of getting stuck and not able to find a solution, although the time it takes to complete even large, complicated problems is done at a fast rate.  

[bookmark: _Toc58445925]6.3 Distance Measure Alternative
Another appropriate distance measure for use with the heuristic function h() can be with the Manhattan distance, the eight tile problem puzzle will be repeated with use of this method. The Manhattan distance measure will be used as a heuristic with the eight-tile puzzle to allow a quicker completion by figuring out which of the different states of the puzzle will allow a lesser number of movements to complete [7].
[bookmark: _Toc58445926]6.3.1 Calculating Manhattan distance measure
From the same eight tile puzzle problem completed with hill-climbing, a Manhattan distance measure will be used to determine which will be the more effective state of the puzzle to accomplish the end goal. From the puzzle start, the number of movements of each tile to their designated spot will be counted and determined which would be best to work from [7].
6.3.1.1 Manhattan priority function state one:
To begin, calculated below is the Manhattan distance measure heuristic of the puzzle start.
Appendix 8.4.1.1 view image of state one (puzzle start)
Appendix 8.4.1.5 view end goal of puzzle
Tile 1 = 1 move,
Tile 2 = 1 move
Tile 3 = 0 move,
Tile 4 = 0 move,
Tile 5 = 1 move,
Tile 6 = 0 move,
Tile 7 = 1 move,
Tile 8 = 1 move 
Manhattan distance measure of state one = 1+1+0+0+1+0+1+1 = 5
6.3.1.2 Manhattan priority function state two:
Moving four in the second state of the puzzle.
Appendix 8.4.1.2 view image of state two 
Tile 1 = 1 move
Tile 2 = 1 move
Tile 3 = 0 move
Tile 4 = 1 move
Tile 5 = 1 move
Tile 6 = 0 move
Tile 7 = 1 move
Tile 8 = 1 move 
Manhattan distance measure of state two = 1+1+0+1+1+0+1+1 = 6
6.3.1.3 Manhattan priority function state three:
The next movement was six, however being already in the correct tile prior it will assure an extra move.
Appendix 8.4.1.3 view image of state three
Tile 1 = 1 move
Tile 2 = 1 move
Tile 3 = 0 move
Tile 4 = 0 move
Tile 5 = 1 move
Tile 6 = 1 move
Tile 7 = 1 move
Tile 8 = 1 move 
Manhattan distance measure of state three = 1+1+0+0+1+1+1+1 = 6
6.3.1.4 Manhattan priority function state four:
Tile seven was moved, into the correct spot
Appendix 8.4.1.4 view image of state three
Tile 1 = 1 move
Tile 2 = 1 move
Tile 3 = 0 move
Tile 4 = 0 move
Tile 5 = 1 move
Tile 6 = 0 move
Tile 7 = 0 move
Tile 8 = 1 move 
Manhattan distance of state four = 1+1+0+0+1+0+0+1 = 4
To conclude the findings, the state which contains the lowest distance measure would be state four, moving tile seven first, places it into the correct spot and sums to being only four.  
[bookmark: _Toc58445927]6.3.2 Conclusion of Manhattan distance measure
From calculating the Manhattan distance measure of the puzzles different possible states, it concludes to the puzzles state four having the lowest measure which would be the most effective state to work forward from as it will in result have less branches to complete.
[bookmark: _Toc58445928]7. Overall Conclusion
To conclude the document, a thorough look into search algorithms was completed as well as completing an eight-tile puzzle problem with the use of two methods, and overall hill climbing. The program planned to be implemented was not fully completed but was on path to having an ai agent capable of traversing a path from a map setup as a storage facility to find a path to an object.
[bookmark: _Toc58445929]8. Appendices

[bookmark: _Toc58445930]8.1 Appendix B -Testing

[bookmark: _8.1.1_Testing_user][bookmark: _Toc58445931]8.1.1 Testing user input 
Choosing map
[image: ]
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[bookmark: _8.3_Appendix_C][bookmark: _Toc58445932]8.3 Appendix C - Solving Eight Tiles Problem Hill climbing

[bookmark: _Toc58445933]8.3.1 Puzzle start
Puzzle begins with 5 tiles out of place.
	1
	 2
	5

	3
	4
	8

	6
	 
	7


	Current:
h=5

	h value for potential next positions:
h= 6, 6, 4



[bookmark: _Toc58445934]8.3.2 Puzzle state two
Tile seven moved into place with 4 tiles out of place 
	1
	 2
	5

	3
	4
	8

	6
	 7
	


	Current:
h= 4

	h value for potential next positions:
h= 6, 3








[bookmark: _Toc58445935]8.3.3 Puzzle state three
Tile eight moved into position with 3 tiles out of place
	1
	 2
	5

	3
	4
	

	6
	 7
	8


	Current:
h= 3

	h value for potential next positions:
h= 4, 4, 2


[bookmark: _Toc58445936]8.3.4 Puzzle state four
Tile 5 moved into place with 2 tiles left to go through
	Current:
h= 2

	h value for potential next positions:
h= 3, 1


	[bookmark: _Hlk58396388]1
	 2
	

	3
	4
	5

	6
	 7
	8




[bookmark: _Toc58445937]8.3.5 Puzzle state five
Tile two moved into place with 1 remaining move required.
	1
	 
	2

	3
	4
	5

	6
	 7
	8



	Current:
h= 1

	h value for potential next positions:
h= 2, 2, 0







[bookmark: _Toc58445938]8.3.6 Puzzle state six
	
	 1
	2

	3
	4
	5

	6
	 7
	8


Puzzle completed with now 0 movements needed.

	[bookmark: _Hlk58396535]Current:
h= 0

	h value for potential next positions:
h= -









[bookmark: _Toc58445939]8.4 Appendix D - Eight tiles Puzzle Manhattan distance measure

[bookmark: _Toc58445940]8.4.1 Possible tile movements and states
[bookmark: _8.4.1.1_State_one]8.4.1.1 State one
Puzzle beginning
	1
	 2
	5

	3
	4
	8

	6
	 
	7







[bookmark: _8.4.1.2_State_two]8.4.1.2 State two
Four was moved
	1
	 2
	5

	3
	
	8

	6
	 4
	7







[bookmark: _8.4.1.3_State_three]8.4.1.3 State three
	1
	 2
	5

	3
	4
	8

	
	 6
	7


Six was moved





[bookmark: _8.4.1.4_State_four]8.4.1.4 State four
	1
	 2
	5

	3
	4
	8

	6
	 7
	


Seven was moved






[bookmark: _8.4.1.5_Completed_puzzle]8.4.1.5 Completed puzzle goal
These are the final positions the tiles are expected to be.
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	3
	4
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[bookmark: _8.5_Appendix_D][bookmark: _Toc58445941]8.5 Appendix E – Hill Climbing Eight-tiles puzzle performance
Table showing the performance of informed searches of solving the eight-tile puzzle problem [8]. A = Number of moves, B = run-time in seconds.
[image: ]


[bookmark: _Toc58445942]8.6 Appendix F – Hill climbing algorithm pseudocode
Pseudocodes for types of hill climbing.
[bookmark: _8.6.1_Simple_Hill][bookmark: _Toc58445943]8.6.1 Simple Hill Climbing 

Start
Evaluate original state
If (final state)
stop & return
else if (not final state)
Set as current state
Else if (no state found or not better)
	Start loop
	Select a state	
Evaluate new state
end

[bookmark: _8.6.2_Steepest_Ascent][bookmark: _Toc58445944]8.6.2 Steepest Ascent Hill Climbing
[bookmark: _8.6.3_Stochastic_Hill]
Start
Evaluate original state
If (foundGoalState)
	stopProcess
else if (fail to reach final state)
	currentState = original state
else 
beginLoop until solution
End


[bookmark: _Toc58445945]8.7 Appendix G – Program Listing
#include <iostream>
#include <string>
#include "MapFileLoader.h"

using namespace std;

int chooseMap();

int main(void) {
	int mapIdChosen = chooseMap();
	MapFileLoader map(mapIdChosen);

	cout << "You have chosen map " + to_string(mapIdChosen) << endl;
	cout << "\nDisplaying map " + to_string(mapIdChosen) + ": " << endl;
	map.getMapLayoutFromFile();

	/*string beginDfs = "";
	cout << "Begin Depth First search? Yes/No" << endl;
	cin >> beginDfs;

	if (beginDfs.empty() || beginDfs != "Yes" && beginDfs != "yes" && beginDfs != "No" && beginDfs != "no") {
		beginDfs = "No";
	}*/
	
	// Incompleted.
	//map.startDFS(1,1);

	return 0;
}

/*Choosing a map file to load*/
int chooseMap() {
	int mapId;
	cout << "Which map would you like to perform a depth first search? 1, 2 or 3" << endl;
	cin >> mapId;

	//Adding a check to prevent a map not loading
	if (mapId < 1 || mapId > 3) {
		mapId = 1;
	}

	return mapId;
}


#pragma once

#define MAP_WIDTH 16
#define MAP_HEIGHT 17

class MapFileLoader
{
public:
	MapFileLoader(int mapId);
	~MapFileLoader();

	/*File reading*/
	char* getNodeText(int positionX, int positionY);
	char* getMapLayoutFromFile();
	void startDFS(int startingPositionX, int startingPositionY);
	char mapText[MAP_WIDTH * MAP_HEIGHT];
	void getMapLayout();

	void editNodeCharacter(int positionX, int positionY, char c);

	/*Setters and getters*/
	int getMapId();
	void setMapId(int mapId);

private:
	int mapId;
};

#include "MapFileLoader.h"
#include <iostream>
#include <sstream>
#include <string>
#include <fstream>
#include <stack>
#include "Agent.h"

typedef struct {
	int x;
	int y;
} position;

std::stack<Agent> pathStack;



using namespace std;

MapFileLoader::MapFileLoader(int mapIdChosen)
{
	mapId = mapIdChosen;
}

MapFileLoader::~MapFileLoader() 
{
}

int MapFileLoader::getMapId() {
	return mapId;
}

void MapFileLoader::setMapId(int mapIdChosen) {
	mapId = mapIdChosen;
}

/*Read and print out map layout from file*/
char* MapFileLoader::getMapLayoutFromFile() {

	string line;
	string mapPath = "maps/map" + to_string(mapId) + ".txt";

	ifstream myfile(mapPath.c_str());

	if (myfile.is_open())
	{
		int count = 0;
		while (getline(myfile, line))
		{
			cout << line << endl;

			line.copy(&mapText[MAP_WIDTH * count], MAP_WIDTH, 0);
			count++;
		}
		myfile.close();
	}
	else cout << "Unable to open file";
	return mapText;
}

/*
 * When changing characters in text array to display agent movement path
*/
void MapFileLoader::getMapLayout() {

	for (int i = 0; i <= sizeof(mapText); i++) {
		cout << mapText[i];
		if (i != 0 && i % 16 == 0) {
			cout << endl;
		}
	
	}
}

// Edit a character in the array
void MapFileLoader::editNodeCharacter(int positionX, int positionY, char c) {
	mapText[MAP_WIDTH * positionY + positionX] = c;
}

// Return a character from map
char* MapFileLoader::getNodeText(int positionX, int positionY) {
	return &mapText[MAP_WIDTH * positionY + positionX];
}

// Depth-first Search function
// Incomplete - Agent would start at a position, 
// From there would move in a sequence up/left/down/right whenever blocked by a wall or shelf
// Agent would walk through given map path grabbing object nodes while the stack push/pops keeping a sequence
// Stack would pop and push when discovering nodes and adjacent nodes
void MapFileLoader::startDFS(int startingPositionX, int startingPositionY) {

	//Assigning agent starting position
	Agent agent(startingPositionX, startingPositionY);
	agent.setCurrentX(startingPositionX);
	agent.setCurrentY(startingPositionY);

	pathStack.push(agent);  //Initialise agent in stack

	// Keep looping while dfs stack is not empty
	while (!pathStack.empty()) {
		agent = pathStack.top(); 
		pathStack.pop();
		cout << "Popping (" << agent.getCurrentX() << "," << agent.getCurrentY() << ")" << endl;
		//pushAdjacentPositionsToMyStack(agent);
	}
}
#pragma once
class Agent
{
public:
	Agent(int x, int y);
	~Agent();

	/*Setters and getters*/
	void setStartingPositionX(int startPosX);
	int getStartingPositionX();

	void setStartingPositionY(int startPosY);
	int getStartingPositionY();

	void setCurrentX(int xPos);
	int getCurrentX();

	void setCurrentY(int yPos);
	int getCurrentY();

private:
	int startingPositionX;
	int startingPositionY;
	int currentX;
	int currentY;
};

#include "Agent.h"

Agent::Agent(int xPos, int yPos) {
	startingPositionX = xPos;
	startingPositionY = yPos;
}

Agent::~Agent() {
}

void Agent::setStartingPositionX(int startPosX) {
	startingPositionX = startPosX;
}

int Agent::getStartingPositionX() {
	return startingPositionX;
}

void Agent::setStartingPositionY(int startPosY) {
	startingPositionY = startPosY;
}

int Agent::getStartingPositionY() {
	return startingPositionY;
}

void Agent::setCurrentX(int xPos) {
	currentX = xPos;
}

int Agent::getCurrentX() {
	return currentX;
}

void Agent::setCurrentY(int yPos) {
	currentY = yPos;
}

int Agent::getCurrentY() {
	return currentY;
}
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Table 8: Performance of informed searches in solving
the 8-Puzzle problem (A = number of moves, B = run-

time in seconds)

Problem | Best first | Hill climbing | A* algorithm
A] B| A B A B

T 5| <1] 5| <1| 5 <1
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