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The searchSurroundings function is used to check each tile surrounding the player’s current position. In order to work correctly, this function requires the value of the next position, an AITracker containing the player’s current position, player’s next position, and a stack of nodes, the x increment, and the y increment. The reason this function exists is to avoid repetition of code.
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The clear function is used to “remove” the previous map from the screen so that there is only ever one map on the screen. It does this by outputting 50 new lines.
[bookmark: _Toc58419637]getMapChoice
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The getMapChoice function is used to get the user’s choice of map. It does this by outputting a menu, waiting for the user’s choice, and then returns the input. The reason the author included this function was to allow the user the choice between different maps, and to exit the program early if they so choose.
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The countObjectives function is used to read through each character of the map and, if the program finds an objective (in this case, signified using the letter ‘M’), it will increase the variable “objCount”. The author included this function in order to allow the program to know when the player had collected all of the objectives.
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The outputMap function is used to read through each character of the map and output them to the screen. For each character, the program will check if its position matches the player’s position and, if it does, it will replace the map’s character with a “P” for player. 
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This section of code, labelled “File Reader”, is responsible for finding, reading, and storing the text file that contains the maps that the program uses. If the program cannot find the relevant text file, it will output “Unable to open file”. Due to issues with pointers, this section could not be stored in a separate function, and instead is stored in the main function.
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This section of code, labelled “Map Selector”, is responsible for calling the getMapChoice function in order to get the user’s input, and using that input to select the correct map. Once the getMapChoice function returns the user’s input in the form of an integer, the program will open the map associated with that number. 
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This data structure, a struct named “position”, is used to store the x and y coordinates of the current position, and the next position, of the player, as well as the positions of any objectives found by the player.
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This data structure, a struct named “AITracker”, is used to store the current position, and the next position, of the player, as well as the stack responsible for storing all nodes that the player is looking to move to.
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To run the author’s program, you will need to follow the following steps:
1) Create a map.
a. Must be stored in a .txt file.
b. The following symbols are used:
i. Wall: *
ii. Shelf: =
iii. Medicine: M
iv. Empty Space: E
v. Any other letter will be considered as an unvisitable location.
c. The map’s dimensions must be 16x16.
d. Every tile must be filled.
e. The player must start at [x=0, y=1], with x counting from the left, y counting from the top.
i. This means that [0,1] must have the value of “E”.
f. The map must have the following file path: 
i. “…\AI & Machine Learning\AIML\AIML\[Map Name]”
g. Add map to program’s getMapInput function and map selector.
2) Run the program.
a. To do this, simply open the program in Visual Studio 2017 [1] and click on the “Local Windows Debugger” button situated at the top of the screen.
[image: ]
3) Follow program’s instructions.
a. While in the program’s start menu, enter a choice by pressing any of the number keys listed in the program, and pressing ENTER.
b. Press ENTER to move the player, or type “exit”, and press ENTER twice to exit the program.
i. Note: “exit” must be spelt correctly and entirely in lowercase. If either of these expectations are not met, the program will not recognise the user’s input and will simply move the player.
c. Once the program has found all objectives, the user must press ENTER twice to exit the program.
d. 

[bookmark: _Toc58419646]Program Testing
For the purpose of testing this program, the coordinates [0,0] will be situated in the top-left corner of the map, with the first integer being the x coordinate, and the second being the y coordinate.
[bookmark: _Toc58419647]Does the program open the correct text file?
Upon map selection, the program should open the following map:
[image: ]
Before
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After
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The second image shows that the correct text file was opened.
[bookmark: _Toc58419648]Does the player character spawn in the correct place?
Upon map generation, the player character should spawn at the coordinates [0,1]
Before
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After
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The second image shows that the player character spawned at coordinates [0,1].
[bookmark: _Toc58419649]Can the player move right?
At position [0,1], the player should move one space to the right, to position [1,1].
Before
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After
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The second image shows the player character moved one space to the right.
[bookmark: _Toc58419650]Can the player move down?
At position [12,1], the player should move one space downwards, to position [12,2].
Before
[image: ] 
After
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The second image shows the player character moved one space downwards.
[bookmark: _Toc58419651]Can the player move up?
At position [14,8], the player should move one space upwards, to position [14,7].
Before
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After
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The second image shows the player character moved one space upwards.
[bookmark: _Toc58419652]Can the player move left?
At position [11,8], the player should move one space left, to position [10,8].
Before
[image: ] 
After
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The second image shows the player character moved one space left.
[bookmark: _Toc58419653]Can the player detect the objective?
At position [12,10], the player detect the objective, and output the victory message.
Before
[image: ] 
After
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The second image shows the player detected the objective and displayed the victory message.





[bookmark: _Toc58419654]Task 2
Hill climbing is a type of search algorithm that repeatedly looks for the next best move. In the case of the 8-tile puzzle, this can be done by counting how many displaced tiles are present. It will then loop through each possible move, counting how many displaced tiles will be present in each scenario. The algorithm then identifies the best move, which would result in less displaced tiles than the current scenario. The algorithm then applies this move to create the new scenario and then repeats this process.
[bookmark: _Toc58419655]Hill Climbing Regions
In this type of algorithm, there are five notable regions of hill climbing:
· Initial state – this is the tile that the algorithm will start in.
· Current state – this is the tile that the algorithm is currently positioned at any given time.
· Global maximum – The tile in which every other tile is of a lower value.
· Local maximum – A tile in which every tile surrounding it is of a lower value but is not the global maximum.
· Plateau – A tile in which the algorithm cannot reach a higher value in one “turn”. There are two different types of plateaus:
· Flat local maximum – A type of plateau in which each tile surrounding the current tile is of equal value, with each tile surrounding those tiles being of lower values.
· Shoulder – A type of plateau in which each tile surrounding the current tile is of equal value, with at least one tile surrounding those tiles being of a higher value.
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Figure 1: Hill Climbing Algorithm [1]
Figure 1 shows an example of a hill climbing algorithm written in pseudocode. In order to evaluate this method, the author shall break Figure 1 down and discuss the issues with using an algorithm like this.
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This line of code creates a function named “Hill-Climbing”. This function will return the first local maximum it finds.
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This line of code takes the variable “current” and sets its value equal to the value of the initial state.
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Creates a loop that tells the computer to repeat the following 3 lines of code.
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[image: ]
This line of code takes the variable “neighbour” and sets its value equal to the value of current’s highest-valued adjacent node.
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This line of code takes the value of the variable “neighbor” and compares it to the value of the variable “current”. If the value of “neighbor” is less than, or equal to, the value of “current”, the program will return the state of the current value.
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This line of code takes the variable “current” and sets its value equal to the value of the variable “neighbor”.
[bookmark: _Toc58419663]Issue with the algorithm
The main issue with this algorithm is that, unlike other searches, the algorithm can very easily get stuck on a local maximum. This is due to the program only ever trying to reach higher states, and never being able to make “downhill” movements. 
[bookmark: _Toc58419664]Solution – Simulated Annealing
The solution to this issue would be to implement a process known as “simulated annealing”. To do this, the algorithm would include an element of randomness when choosing its next move. The algorithm will randomly choose a tile from the current position’s neighbours and, if it is of a higher value, it will set this neighbour as the current position. If the neighbour is of a lower value, the potentiality of the algorithm moving to this neighbour’s position is determined using the change in value, calculated by subtracting the neighbour’s value from the current position’s value, and the “temperature” of the algorithm. The temperature of the algorithm starts off high, allowing for more “bad” movements at the start of the program, and steadily decreases, until the program almost exclusively chooses “good” moves. Doing this will give the program an almost 100% success rate in terms of reaching the global maximum. 
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[image: ]


[bookmark: _Toc58419666]Task 4
Manhattan Example
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Scenario 2 has the lowest h value, so this scenario shall be chosen.
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Scenario 2 has the lowest h value, so this scenario shall be chosen.
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Scenario 1 has the lowest h value, so this scenario shall be chosen.
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Scenario 1 has the lowest h value, so this scenario shall be chosen.
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Scenario 1 has the lowest h value, so this scenario shall be chosen. All tiles are now in the correct position.
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#define WIDTH 16
#define HEIGHT 16
#include <iostream>
#include <fstream>
#include <string>
#include <stack>
#include <sstream>

using namespace std;

// Creates a position struct with an x and y value.
// Position is used to define where the player and the medicine are currently
struct position
{
	int x = 0;
	int y = 1;
};

// Creates a global integer called objCount (used to store number of objectives in the current map)
// and a position stack called objLocations (used to store locations of all found objectives in the current map)
int objCount = 0;
stack<position> objLocations;

// Creates an AITracker struct with a two position values, and a stack of positions.
// AITracker is used to contain all relevant information related to the player.
struct AITracker
{
	position nextPos;
	position pPos;
	stack<position> nodes;
};

// Function used to check each tile around player, and reacts differently depending on the value of the tile.
// Returns the AITracker that was passed in
AITracker searchSurroundings(char nextChar, AITracker tracker, int xInc, int yInc)
{
	position loc;
	switch (nextChar)
	{
	case 'E':
		tracker.nextPos.x += xInc;
		tracker.nextPos.y += yInc;
		tracker.nodes.push(tracker.nextPos);
		tracker.nextPos = tracker.pPos;
		break;
	case 'M':
		loc.y = (tracker.pPos.y + yInc);
		loc.x = (tracker.pPos.x + xInc);

		objLocations.push(loc);
		if (objCount == 1)
		{
			cout << endl << endl << "You found medicine at position(s): ";
			int j = objLocations.size();
			for (int i = 0; i < j; i++)
			{
				cout << "[" << objLocations.top().x << "," << objLocations.top().y << "] ";
				objLocations.pop();
			}
			cout << endl << endl;
			system("pause");
			exit(0);
		}
		else
		{
			objCount--;
			tracker.nextPos.x += xInc;
			tracker.nextPos.y += yInc;
			tracker.nodes.push(tracker.nextPos);
			tracker.nextPos = tracker.pPos;
			break;
		}
	}
	return tracker;
}

// "Clears" the screen by inputting 50 new lines.
void clear()
{
	cout << string(50, '\n');
}

// Returns integer that defines which map is to be opened.
int getMapChoice()
{
	clear();

	string input;
	int answer;

	while (true)
	{
		cout <<
			"1) Open Map 1 (Objectives: 1)" << endl <<
			"2) Open Map 2 (Objectives: 3)" << endl <<
			"3) Open Map 3 (Objectives: 0)" << endl <<
			"4) Close Program" << endl <<
			"Choice: ";
		getline(cin, input);
		stringstream(input) >> answer;

		switch (answer)
		{
		case 1:
			return 1;
		case 2:
			return 2;
		case 3:
			return 3;
		case 4:
			exit(0);
		default:
			cout << "ERROR: Please enter a valid number" << endl << endl;
		}
	}
}

// Returns number of objectives found on each given line.
int countObjectives(string line)
{
	int count = 0;
	for (int i = 0; i < line.length(); i++)
	{
		if (line[i] == 'M')
		{
			count++;
		}
	}

	return count;
}

void outputMap(char text[], AITracker tracker)
{
	for (int y = 0; y < HEIGHT; y++)
	{
		for (int x = 0; x < WIDTH; x++)
		{
			if (x == tracker.pPos.x && y == tracker.pPos.y)
				cout << "P";
			else
				cout << text[WIDTH * y + x];
		}
		cout << endl;
	}
}

// Main section of code
int main(void)
{
	string input;

	AITracker tracker;
	stack<position> objLocations;

	char text[WIDTH * HEIGHT];
	char nextChar;

	string line;
	string fileName;

	// Map Selector
	int mapChoice = getMapChoice();
	if (mapChoice == 1)
		fileName = "Map1.txt";
	if (mapChoice == 2)
		fileName = "Map2.txt";
	if (mapChoice == 3)
		fileName = "Map3.txt";

// File reader
	ifstream myfile(fileName);
	if (myfile.is_open())
	{
		int count = 0;
		while (getline(myfile, line))
		{
			cout << line << endl;
			objCount += countObjectives(line);

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

	cout << endl << endl << endl;

	while (text[17] == 'E' || text[17] == 'V')
	{
		clear();

		// Output map
		outputMap(text, tracker);

		// priority = down, right, up, left				text[WIDTH * pPos.y + pPos.x]

		// Left
		nextChar = text[WIDTH * tracker.pPos.y + (tracker.pPos.x - 1)];
		tracker = searchSurroundings(nextChar, tracker, -1, 0);

		// Up
		nextChar = text[WIDTH * (tracker.pPos.y - 1) + tracker.pPos.x];
		tracker = searchSurroundings(nextChar, tracker, 0, -1);

		// Right
		nextChar = text[WIDTH * tracker.pPos.y + (tracker.pPos.x + 1)];
		tracker = searchSurroundings(nextChar, tracker, 1, 0);

		// Down
		nextChar = text[WIDTH * (tracker.pPos.y + 1) + tracker.pPos.x];
		tracker = searchSurroundings(nextChar, tracker, 0, 1);

		// Ends game once all tiles have been searched.
		if (tracker.nodes.empty())
		{
			cout << endl << "There was no medicine. Maybe try a different room?" << endl;
			break;
		}

		// Moves player
		if (!tracker.nodes.empty())
		{
			tracker.nextPos = tracker.nodes.top();

			text[WIDTH * tracker.pPos.y + tracker.pPos.x] = 'V';

			tracker.pPos.x = tracker.nextPos.x;
			tracker.pPos.y = tracker.nextPos.y;
			tracker.nodes.pop();
		}
		
		cout << endl << "Press ENTER to make next step." << endl << "Type 'exit' and press ENTER to exit program" << endl;
		getline(cin, input);

		// User MUST enter 'exit' in lower case. Anything else will not be recognised by the program.
		if (input == "exit")
		{
			return 0;
		}
	}
	

	system("pause");
	return 0;
}
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W FAUni Worki\Year 3\AI & Machine Learning\AIML\Debug\AIML.exe:
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function HiLL-CLIMBING(problem) returns a state that is a local maximum

current - MAKE-NODE(problem.INITIAL-STATE)
loop do
‘neighbor «— a highest-valued successor of current
if neighbor. VALUE < current. VALUE then return current.STATE
current — neighbor
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CLIMBING(problem) returns a state that is a local maximum
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current < MAKE-NODE(problem.INITIA]
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loop do
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‘neighbor — a highest-valued successor of current
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if neighbor. VALUE < current. VALUE then return current.STATI
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current «— neighbor
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AlTracker searchSurroundings(char nextChar, ATTracker tracker, int xInc, int yInc)
{

position loc;

switch (nextChar)

tracker.nextPos.x += xInc;
tracker.nextPos.y += yInc;
tracker.nodes . push(tracker.nextPos) ;
tracker.nextPos = tracker.pPos;
break;

case "M
loc.y = (tracker.pPos.y + yInc);
loc.x = (tracker.pPos.x + xInc);

objLocations.push(loc);
if (objCount — 1)
{

cout << endl << endl << "You found medicine at position(s):
int j - objlocations.size();
for (int i = @; i < J; it+)

{

loc = objlocations.top();
objlocations.pop();
cout << [

<< Toc.x << ", << loc.y <<

¥

cout << endl << endl;
system(“pause”);
exit(0);

SE

objCount--;
tracker.nextPos.x += xInc;
tracker.nextPos.y += yInc;
tracker.nodes . push(tracker.nextPos) ;
tracker.nextPos = tracker.pPos;
break;

¥
¥

return tracker;




