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[bookmark: _Toc57147285]Introduction

[bookmark: _Toc57147286]What is Artificial Intelligence?
Artificial intelligence is an aspect of computer science, which concentrates on creating machines that are able to think and perform tasks in solitary, which would usually require human interaction [1]. The power behind such advances in the technology can be directly linked to the advances in machine learning.
[bookmark: _Toc57147287]What is Machine Learning?
Machine learning uses algorithmic data that can be universally adapted to multiple situations and allows AI to rely on statistical techniques to help learn and eventually get better at given tasks [2]. Components of machine learning include search algorithms, which is a process of navigating from a starting state space to a success (goal) state space. For the benefit of this report the emphasis will be on DFS (depth first search) and Hill-climbing algorithms.

[bookmark: _Toc57147288]Task 1 – AI Agent search

[bookmark: _Toc57147289]Identifying and the administering a suitable Algorithm
There are numerous algorithms that are more than capable of the navigation required for the AI Agent search map. A*, BFS and Dijkstra are all subject to finding paths between nodes in a graph but will not give the degree of search required for this particular task.  
    For the benefit of this report, the focus will be placed on the DFS (Depth First Search) algorithm. DFS uses a stack structure that ‘Pushes’ nodes on to the stack and ‘Pops’ them off the stack once they have been visited. This algorithm will traverse through the node tree, finding all paths that will lead to the final destination. Therefore, in the case of map searching, the algorithm will occupy every position (node) in pursuit of all the items before it stops. Depth first search is better suited to game and puzzle challenges due to the option of backtracking. Once the DFS has reached a point where there are no adjoining nodes, the algorithm will go in search for an unvisited node, which in some cases, is possibly back down a path already taken. 
    When choosing a specific algorithm to incorporate, time and memory consumption will also have to be factored into the suitability of the algorithm. DFS is a logical choice if the solution or end goal sits further away from the source. It will reach the destination a lot quicker than an algorithm such as BFS (Breadth First Search), which will only be acceptable to apply if the solution is a lot closer to the current node [3]. As BFS stores nodes in a queue this can involve more memory usage, but DFS has lower memory requirements as its not necessary to store the nodes once they have been visited, they are popped off the stack and seen as no longer essential [4].

[bookmark: _Toc57147290]Implemented Data Structures
To compile a functioning AI Agent Search, certain frameworks that hold vital data had to be identified and implemented. For the success of the program that complements this report, the search code Contains the following:
[bookmark: _Toc57147291]Arrays
[bookmark: _Toc57147292]Stacks
The most important element for connecting the algorithm to the code is the inclusion of a stack. The DFS uses a stack data structure to push and pop nodes to traverse through the graph. In the AI search map, the stack is informed to push and pop the nodes while on the search for the items. The agent must move to the next node, either up/down or left/right to locate it way around the course [fig 1.1]. If it reaches a dead end it will find the next available unvisited node.  
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[Fig 1.1] The Search stack

[bookmark: _Toc57147293]Structs
A group of components that are grouped together, is known as a struct. The struct can contain different variable types and be of different lengths. An example of this in the search map code, is located near the top of the code and is used for initiating the x and y positions [Fig 1.2]. The map is perceived as a graph and when the agent moves from node to node the coordinate of its position is recorded (e.g. x 2,y 6).
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[Fig 1.2] A struct that stores the x and y positions
[bookmark: _Toc57147294]Task 2 – Hill-Climbing 
Hill-climbing is an algorithm based on a looping system that always moves in the direction of increasing value to find the best success to a mathematical optimisation problem in artificial intelligence. This algorithm will only conclude once no higher value can be found. If a large set of values and a good heuristic function (self-learning function) are implemented, then the Hill-climbing algorithm may have a satisfactory outcome. Although in some cases this may not be the global maximum or the best applied solution but can give the best outcome in a realistic period of time.
 The algorithm for hill-climbing can be best described in the following chart [Fig 1.3] [5]. 



[Fig 1.3] Flowchart of Hill-climbing Loop
The hill-climbing algorithm can be classed as a variant to other known algorithms such as the Generate/Test and the Greedy approach. 
[bookmark: _Toc57147295]Generate and Test Approach
This algorithm can be simplified into its basic form, where it can generate possible solutions. Similarly, to the chart in [Fig 1.4], the current solution is chosen and evaluated. It then asks the question if the current solution is the successful one, if it is then the loop ends, if not, the loop will return to the current solution, select a new current solution  and evaluate it again. This will continue until the successful solution is found. Both the hill-climbing and the generate/test algorithm rely on feedback matter from the test procedure and then used by the generator to decide its next move.
[bookmark: _Toc57147296]Greedy Approach
The strategy incorporated by the greedy approach is to choose the closest solution that will provide optimal success. The algorithm tries to find a localised optimum solution and always chooses the next move that offers the most obvious and immediate benefit, which may eventually lead to a globally optimized solution [6].

                        
[Fig 1.4] Hill-climbing algorithm incorporating Generate/Test and Greedy Approaches [7].


[Fig 1.5] Hill-climbing graph that can identify Complexities.

[bookmark: _Toc57147297]Complexities of Hill-climbing
In some circumstances, the hill-climbing algorithm can highlight more than one neighbouring state in which to travel to. This can lead to the algorithm choosing the next successful state at random. The strategy adopted by hill-climbing can generate outcomes that are far from satisfactory.
[bookmark: _Toc57147298]Local maxima
The local maximum is a peak state that is better than the neighbouring states from the current location [Fig 1.5] But once at the local maximum, the algorithm can spontaneously end as it can not read better states further away (Global maximum) [8].
[bookmark: _Toc57147299]Plateau
This is a flat area of search space with all surrounding states having the same value [Fig 1.5]. The algorithm will be unable to find the best direction to push, and this will prompt the search to conduct a random search. It is easy for the hill-climbing search to get lost in a plateau [8].
[bookmark: _Toc57147300]Ridges
The hill-climbing algorithm can include a special form of local maximum, that is higher than its neighbouring states, but itself has a slope. This may result in the search fluctuating from side to side and make no or very little progress [8]. 
[bookmark: _Toc57147301]Out with the old
One major factor with hill-climbing is that older states (ones that have been visited) are cast out when advancing uphill. Some of the previous states can end up being more beneficial than some uphill steps, which will result in affecting the duration of the search and a longer period of time for success [9].

[bookmark: _Toc57147302]Improving the Hill-climbing algorithm
A simple hill-climbing algorithm is an accomplished optimization technique displaying effective time efficiency. But the end solution is not guaranteed, therefore improvements need to made to ensure the computational problem is a success. Certain changes to hill-climbing have been performed to create a more decisive version of the algorithm.
[bookmark: _Toc57147303]Simulated Annealing
The Simple hill climbing algorithm is intent on always looking for the best possible move, which can sometimes come at a price. Simulated annealing can solve a dilemma by allowing downhill moves (worse moves) to occur and limit the possibility of getting caught at the local maxima, plateau or a ridge. Each move chosen by simulated annealing is random from the locality and if the move is better than the current state the algorithm will take this route. If the move is worse, it may be taken, but accepted on probability [10]. 
[bookmark: _Toc57147304]Steepest-Ascent
Examines all the neighbouring nodes of the current state and selects the one that is closer to the goal state. whichever node gives the better outcome, is selected as the next node. Even though this can give a better solution it can be inferior in time consumption [11].
[bookmark: _Toc57147305]Stochastic hill-climbing
This algorithm does not examine all surrounding nodes before moving, rather just selects a neighbour node at random. The choice to either make it the current state or examine another state is explored. It does not search the entire graph for a better node but picks random points and decides if the chosen node will be a better solution or not [5].
[bookmark: _Toc57147306]Random-Restart hill-climbing
Although simple hill-climbing can have satisfactory results, a situation where no progress is made can occur. When using the random-restart algorithm, it enables a series of searches to develop from different starting states. It will run each search simultaneously until success or it has checked every avenue and discovered that progress can no longer be made. The best result is saved from the random searches [8].





[bookmark: _Toc57147307]Task 3 – Eight Tile Puzzle Problem
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[Fig 1.6] example of 8-tile puzzle using hill-climbing algorithm.
The 8-tile puzzle is played on a 3x3 grid that contains numbers from 1 to 8 and a blank tile.  The aim is to rearrange the tiles so that the numbers on the tiles are in order, and that the puzzle has been completed using as few moves as possible.
    It is possible to use a heuristic function such as the hill-climbing algorithm [Fig 1.6] to achieve the objective and arrange the tiles from initial state (grid 1) to goal state (grid 6). 
[bookmark: _Toc57147308]Evaluating the hill-climbing algorithm in the 8-tile puzzle
Applying the hill-climbing function to the 8-tile puzzle can be a competent method of obtaining the strategic logic needed to advance from the initial state to reaching the final goal state. But there may be operational issues that suggest that this algorithm is not always best suited for this type of puzzle. 
      With a more complex puzzle, it is possible that this algorithm may get caught in local maxima, which by design will make the next move based on its nearest neighbour. The function believes that this small improvement is the best way to reach the final goal state, However, this path taken may lead to more moves later on [12]. Hill-climbing can also suffer with time complexity as it proceeds through each potential move, including the moves it has already taken just to find the right course of action. 
    Therefore, this function is adequate is most situations, but it may produce more moves, be more time consuming and may even become immobile. It is possible a better algorithm will create a better solution.

[bookmark: _Toc57147309]Task 4 – Alternative distance search for Eight Tile Puzzle
Although the Hill-climbing algorithm can result in a satisfactory solution, improvements to time complexities should be explored to find a better heuristic function.
      There are several distance search methods that can be utilised, but each factor different characteristics that need to be evaluated to ensure a successful solution.
[bookmark: _Toc57147310]Euclidean Distance
Euclidean distance measures a straight line between two data points and uses a formula similar to that of the Pythagorean theorem [13]. The Euclidean measure is a decisive heuristic and is the most commonly used measure in machine learning. But the Euclidean function can lead to only a one route outcome, when there may be many routes that are more viable that the Euclidean simply does not consider [14].
[bookmark: _Toc57147311]Hamming Distance
Hamming distance compares the initial state and the goal state of the puzzle and records the number of differences between them. Once this has been identified, subsequent states will still observe the values out of sequence but add the number of moves taken to get to that current position state. This measure can suffer with time consumption from the beginning and is only effective in the later stages of obtaining the successful solution [15] [16].
[bookmark: _Toc57147312]Manhattan distance
In circumstances where an algorithm is employed to objects on a uniformed grid, the Manhattan distance measure would be the relevant metric.  The aim of this measure is to solve a puzzle in fewer number of branches, resulting in the fewer number of states required before reaching the goal state [14].To achieve this, the Manhattan measure uses critical optimisation, which discounts moves which have already been previously taken. 
   For the next potential states, Manhattan Calculates the minimum state value from the selection of available states, and from this deduction, the state with the lowest value will be given higher priority. The AI agent will then move to the higher priority state and will not consider moving to the others [17]. 
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[Fig 1.7] Manhattan distance measure - logs moves from the goal state positions

  The operation behind the Manhattan measure calculates the distance of the misplaced values in the next potential state and makes a comparison with the goal state. If the value is currently in the space as that of the goal state a zero is recorded. When a value in the potential state does not correspond to its counterpart in the goal state, then the Manhattan measure will log the moves (distance) required to make the possible state and the goal state comparable [Fig 1.7]. Once this is done for the whole state then the moves are added together to find the minimum value state [17]. 
Therefore, the Manhattan distance measure can lead to the shortest path and result in better time complexity to the goal state. For benefit of this report the following example of the 8-tile puzzle will be solved using the Manhattan distance measure [Fig 1.8]. 
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[fig 1.8] Example of the 8-tile puzzle using Manhattan distance measure
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A. [bookmark: _Toc57147314]User Guide for AI agent search

Welcome to the AI Agent Search User Guide
To gain the experience needed to create or operate the AI agent search, simply follow the step below:
1. This program has been created using Visual Studio 2019 on Windows OS.  To alter or run the code, it is recommended that the operator uses identical versions of the software and is running on a Windows operating system.
2. When saving a created text (txt) file that contains the map/maze for the AI agent to navigate, it must be stored in the same folder as the Visual source file (e.g.) Main.cpp.
3. The main menu is simplified into three options:
· AI Agent Search Map
Choosing this option will upload the map currently in the fileloader and display the agent travelling around the map. On the agent’s journey, it will find predetermined items plotted on the map, and once found will display the position of that particular item. Once all items are found the console will display a message and exit.
· User Guide
Selecting the User Guide will open the guide in the console and explain the rules, which are currently identified here.
· Exit Program
If the program is not required to run or has completed the map, this option will quit the console and return to the Visual studio code screen.
4. The program has been designed to except certain criteria that the user must adhere to when designing the map that is to be loaded. 
A = Agent
I = Item
(*) = Wall
- = Breadcrumb
If any other symbol is used, the map may run incorrectly unless the user has changed these symbols in the code.
5. The map must be 16 x 16 in dimension as a dynamic fileloader has not been used in this instance.
6. After loading the text file, the name of the map must be entered in to switch code under ‘Case 1’ readFile (“ ENTER MAP NAME HERE.txt”);
7. Any alterations made to the code by the user are the responsibility of the user.
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B. [bookmark: _Toc57147315]Test Schedule
	Test Case 
	Test Description
	Prerequisites
	Test Steps
	Test Data
	Expected
Results
	Actual Results
	Status

	T1
	16x16 Map can be loaded using fileloader
	Map successfully loaded.
	1.Create map
2.Save in source folder
3.Enter map name in switch code
4.Run program from console
	Maze1.txt map
	Once map is loaded, user will see agent in operation.
	Map loads successfully.
	Pass

	T2
	AI Agent can travel through map
	Map successfully loaded and displayed on screen.
	1.Run program
2.Select option 1 from main menu
	Maze1.txt map
	When search is selected (option 1) from the main menu, the AI agent will visibly be seen travelling through uploaded map
	Agent travels through map.
	Pass

	T3
	AI Agent can travel through a selection of different maps
	Each map successfully loaded and displayed on screen.
	1.Place test maps in source folder
2.Enter map name in switch
3.Run program
4.Select option 1 from menu
	MazeT1.txt map
MazeT2.txt map
MazeT3.txt map
	Agent will travel through different maps without any complications.
	Agent travels through different maps.
	Pass

	T4
	User selects console user guide
	Option 2 successfully displays the guide.
	1.Run program
2.Select Option 2 from menu
	Instructions.txt
	User can select Option 2 in the main menu to display console user guide.
	Guide displays successfully.
	Pass

	T5
	User can exit program from main menu
	Selecting Option 3 will exit program.
	1.Run program
2.Select Option 3 from menu
	Maze1.txt map
	By selecting option 3 from the main menu will exit the program.
	Quits program successfully.
	Pass

	T6
	Agent can find items placed in map
	Agent will identify and collect items from map.
	1.Run program
2.Select Option 1 from menu
	Maze1.txt map
	As the agent travels through the map, it will find items placed randomly in the map.
	Agent finds items in the map.
	Pass

	T7
	Items collected will display their positions
	x, y positions will display on console when agent finds an item.
	1.Run program
2.Select Option 1 from menu

	Maze1.txt map
	When the agent finds an item, a message will appear giving the x, y position of the found item.
	X, y position of items displays in console.
	Pass

	T8
	If agent is unable to find item, the user will be notified
	Message will appear if agent is unable to find item.
	1.Run program
2.Select Option 1 from menu
	Maze2ItemTest.txt map
	If the agent travels through the map and is unable to find an item, the user will be notified by a message in the console
	Message appears in console when items are not found.
	Pass

	T9
	Journey taken by agent will be displayed once map has been completed
	All the x, y positions that the agent has travelled through will be displayed.
	1.Run program
2.Select Option 1 from menu
	Maze1.txt map
	Once the agent has completed the map, the x, y positions of his journey will be displayed.
	No list of visited x, y positions is given.
	Fail

	T10
	User can cancel the program at any time
	While program is running, the user can cancel the search
	1.Run program
2.Select Option 1 from menu
3.While programming is running, Press a designated key to exit 
	Maze1.txt map
	If the search is in operation, the user can cancel the search by pressing a specified key such as space bar.
	This has not been coded for, so the user is unable to cancel search.
	Fail

	T11
	Agent leaves a breadcrumb on visited nodes
	AI agent leaves a hyphen on visited sections of the map
	1.Run program
2.Select Option 1 from menu
3.Agent automatically leaves a breadcrumb on visited node
	Maze1.txt map
	When the AI agent travels around the map, it will leave a breadcrumb to highlight the fact that it has visited that section of map.
	Agent leaves hyphen as a breadcrumb successfully.
	Pass



This test schedule was performed on the AI agent search and highlights the main functions of the program. By carrying out these tests, it is important to see which parts of the code are functioning well and which may need improving at a later date.


C. [bookmark: _Toc57147316]Program List 
The following is the AI agent search code [18].
#include <fstream>
#include <iostream>
#include <windows.h>
#include <sstream>
#include <string>
#include <stack>



#define WIDTH 16 //dimensions of map
#define HEIGHT 16


using namespace std;

struct position
{
	int x, y;
};

stack<position> dfsStack;

void AgentSearch(); 
void readFile(string fileName);
int MainMenu();
void ReadManual(string Instructions);

//Starts the game
int main(void) 
{
	system("Color 0d");
	AgentSearch();

}


//Gives user option from Main Menu or exit game.
void AgentSearch()
{
	int end = 0;

	while (end != 3)
	{
		end = MainMenu();
	}

}



//File loader including error message if maze fails to load.
void readFile(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);
			count++;
		}

		myfile.close();
	}
	else cout << "Sorry, Something has Gone Horribly Wrong. Could not load file!!" << endl;

	position startPos;

	//Sets start position
	for (int y = 0; y < HEIGHT; y++)
	{
		for (int x = 0; x < WIDTH; x++)
		{
			if (text[WIDTH * y + x] == 's')
			{
				startPos.x = x;
				startPos.y = y;
			}


		}
		cout << endl;
	}

	position current; //Agents current node
	int FoundItems = 0; //records items found
	dfsStack.push(startPos);//first node on stack
	text[WIDTH * (startPos.y) + startPos.x] = '-';  

	while (!dfsStack.empty())
	{
		current = dfsStack.top();
		dfsStack.pop();

		if (text[WIDTH * (current.y) + current.x] == 'I') // I = item
		{
			cout << "I found an item (" << current.x << "," << current.y << ")" << endl;//Declare to the user when an item has been found
			FoundItems++;
			Sleep(3000); // search pauses to display information of the found item to the user
		}

		//sets the symbol of the Agent and also shows the current position of the agent
		text[WIDTH * (current.y) + current.x] = 'A'; // A = Agent

		//Agent moves Up if node is occupied
		if (text[WIDTH * (current.y - 1) + current.x] != '*' && text[WIDTH * (current.y - 1) + current.x] != '-')
		{
			current.y -= 1;
			dfsStack.push(current);
			current.y += 1;
		}

		//Agent moves Down if node is occupied
		if (text[WIDTH * (current.y + 1) + current.x] != '*' && text[WIDTH * (current.y + 1) + current.x] != '-')
		{
			current.y += 1;
			dfsStack.push(current);
			current.y -= 1;
		}
		//Agent moves Left if node is occupied
		if (text[WIDTH * (current.y) + (current.x - 1)] != '*' && text[WIDTH * (current.y) + (current.x - 1)] != '-')
		{
			current.x -= 1;
			dfsStack.push(current);
			current.x += 1;
		}
		//Agent moves Right if node is occupied
		if (text[WIDTH * (current.y) + (current.x + 1)] != '*' && text[WIDTH * (current.y) + (current.x + 1)] != '-')
		{
			current.x += 1;
			dfsStack.push(current);
			current.x -= 1;
		}

		system("cls");


		//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] = '-'; //shows visited nodes - tried many different shapes and letters,but the hyphen gave a cleaner look.
		
		Sleep(250);//sets the speed the Agent moves around the map

		
	}
	if (FoundItems == 0)
		cout << "Sorry I could not find any items" << endl << endl << endl;
	else
		cout << "I found " << FoundItems << " items, hope that was all.." << endl << endl << endl;


}



//Main Menu for user to select an option
int MainMenu()
{
	int Options;
	cout << "        MAIN MENU       " << endl << endl;
	cout << "Please choose one of the following options:" << endl << endl;
	cout << "1. AI Agent Search Map" << endl;
	cout << "2. User Guide" << endl;
	cout << "3. Exit Program" << endl;
	cin >> Options;

	switch (Options)
	{
	case 1:
		system("Color 0d"); 
		readFile("Maze1.txt");
		break;
	case 2:
		system("CLS");
		system("Color 1f ");
		ReadManual("Instructions.txt");
		break;
	case 3:
		cout << endl << endl;
		cout <<  "GOODBYE" << endl << endl << endl;
		break;
		default:
		cout << "Wrong selection" << endl;
		break;
	}

	return(Options);
	
}

// function that reads and displays the User Guide
void ReadManual(string instructions)
{
	
		string line;
		ifstream myfile("Instructions.txt");
		if (myfile.is_open())
		{
			while (getline(myfile, line))
			{
				cout << line << endl;
			}
			myfile.close();
		}

		else cout << "Oops something went wrong";

		
	


}
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dfsstack.push(startPos);//first node on stack
text[WIDTH * (startPos.y) + startPos.x] = '-'3// visited nodes

while (ldfsstack.empty())
{

current = dfsstack.top();
dfsStack.pop();

if (text[WIDTH * (current.y) + current.x]

{

*T') /71 = item

out << "Collecitble item found at position (* << current.x << " << current.y <<
Sleep(3000); // search pauses to display information of the found item to the user

<< endL;

3

//sets the symbol of the Agent and also shows the current position of the agent
text[WIDTH * (current.y) + current.x] = 'A’; // A = Agent

//Agent moves Up if node is occupied
if (text[WIDTH * (current.y - 1) + current.x] = '*' 82 text[WIDTH * (current.y - 1) + current.x] !=

{

current.y = 1;
dfsstack. push(current);
current.y += 1;

3

//agent moves Down if node is occupied
if (text[WIDTH = (current.y + 1) + current.x] = '*' 82 text[WIDTH * (current.y + 1) + current.x] =

{

current.y += 1;
dfsstack. push(current) ;
current.y -= 1;
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Else if not better than the current state, then return to step2.

Step 5: Exit.

Select initial state (S)

Evaluate (S)

Select new 

Solution (X) 

from Locality

Evaluate (X)

Is this the 

Success State?

END

YES

NO

Is (X) better than the 

Original Solution (S)?

NO

YES

Assign new 

state as 

current state


Microsoft_Visio_Drawing1.vsdx
Step 1: Evaluate the initial state, if it is the success state then return success and Stop.
Step 2: Loop Until a solution is found or there is no new operator left to apply.
Step 3: Select and apply an operator to the current state.
Step 4: Check new state:
If it is success state, then return success and quit.
Else if it is better than the current state then assign new state as a current state.
Else if not better than the current state, then return to step2.
Step 5: Exit.
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