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1.1 Task 1
1.1.1 Program Report
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At the start of the program a struct is used to help store coordinates for the player character starting position. Structs store data like arrays, however, structs can store all types of data. Arrays only store data of one type such as floats, structs can store a mixture such as floats, ints and chars. They can be called later in the program to initialise the values and use them in later code. 
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The next part of the code is the file reader. This reads the text file that contains the map, it’s a 16x16 grid. In the function declaration we use the argument string filename so that we can switch between different files later in the code. The contents of the file are stored in char text, which contains a height and width value. We also initialise a stack called position; this is used later in the code to move the player character. The if statement checks if the file is open, if it is each line is read and stored in our char text. If the file is not opened the console outputs, “Unable to open this file”. 
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Next is the for loop that displays the file on the console. This contains a nested for loop, on displays the y axis and the other the x axis. There is also an if statement that uses the values from the struct, we defined earlier. It states that the values in the struct are the values that the character “p” should be placed at. 
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This part of the code is the most crucial. We have an if statement that checks if the node above the player is a “T”, T represents the treasure on the text file map. The main objective of the program is to find the treasure using a depth first search. If the conditions is correct the message “Found the treasure!” will be displayed, this will also break the loop and end the search. However, if the node above is not “T” the statement will them check if it’s a “#”. If it is the player character will move to that “#”, this is done by pushing the player onto the next move stack. This cycle continues until the treasure is found. This process applies to the left, right, and bottom nodes that surround the player character. 
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This piece of code marks visited nodes as “X”. This is important as it works as a visual guide so that the user can see what path has been taken by the search. More importantly, it works as a bread crumb trail so that the search knows what nodes it has visited. This makes sure that those same nodes will not be visited twice. That way progress towards the goal can be made without the player character getting stuck. This is all done by getting the position off the player character and replacing it with an “X” once its been popped off the stack. 
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Lastly, we have the code that adds a menu for the user to use. This makes it easy for the user to interact with the program. It also lets them select which map the want to load or if they want to exit the program. A switch statement is utilised, so each choice has a corresponding case number. 
1.1.2 User Guide
Once the user debugs the program, they will be greeted with a menu screen. The user can press either 1 or 2. If the user presses 1, the first map will be loaded. If 2 is pressed the second map will be loaded. The user will then see their character, “p”, on the map. The must press enter until the character finds the treasure. When this happens, the console will tell the user that the treasure has been found. The program will then loop and ask the player for a map selection again. Below is a step by step guide.
1. Press the debug button
2. Choose either option 1 for map 1 or option 2 for map 2
3. When the map is loaded press enter
4. Continue to press enter until the character reaches the treasure 
5. Select a different option or press 3 to exit the program 

1.1.3 Testing
Test 1
Description
For the first test we will see if both maps load correctly once the correct option is picked. In the code this uses a switch statement. Both maps are visibly different so telling them apart will not be hard.
Expected outcome
Both maps will load correctly.
Actual outcome
Both maps have loaded correctly.
Pass/Fail
Pass
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Test 2
Description
For the second test we will check if the program find the treasure on the first map. If the treasure has been found successfully the message “Found the treasure!” will display. 
Expected outcome
The treasure will be found successfully.
Actual outcome
The treasure was found successfully.
Pass/Fail
Pass
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Test 3
Description
For the second test we will check if the program find the treasure on the second map. If the treasure has been found successfully the message “Found the treasure!” will display. 
Expected outcome
The treasure will be found successfully.
Actual outcome
The treasure was found successfully.
Pass/Fail
Pass
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Test 4
Description
For the fourth test we will see if the player character moves. If the program correctly works, the player character should move when the enter button is pressed. 
Expected outcome
The player character will move after enter is pressed.
Actual outcome
The player character moved after enter was pressed.
Pass/Fail
Pass
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Test 5
Description
For the final test we will see if an “X” is left after the player character has moved from a previously visited node.
Expected outcome
An “X” will be left in place of previous node visited.
Actual outcome
An “X” is now where a previous node is.
Pass/Fail
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1.2 Task 2
1.2.1 Hill Climbing Algorithm
Hill climb algorithm is a local search algorithm. Local search algorithms operate using a single current node and generally move only to neighbours of that node [1] [p121]. Typically, the paths followed by the search are not retained [1] [p121]. Although local search algorithms are not systematic, they have two key advantages: (1) they use very little memory, usually a constant amount; and (2) they can often find reasonable solutions in large or infinite state spaces fie which systematic algorithms are unsuitable [1] [p121]. Hill climb is a relatively straight forward algorithm. Its well know and easy to implement, this is partly due to it being a basic local search algorithm. 
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Above is a screenshot that depicts the pseudo code for a basic hill climb search algorithm. The function searches for the local maximum. The algorithm starts at the first node and uses a loop to cycle through the rest. If the neighbouring node is of higher value than the current node, then that node becomes the new current. This cycle or loop will continue until a local maximum is reached. Hill climbing is sometimes called a greedy local search because it grabs a good neighbour state without thinking ahead about where to go next [1] [p122]. However, as it turns out this isn’t a bad thing. Hill climbing often makes rapid progress towards a solution because it is usually quite easy to improve a bad state [1] [p122]. Unfortunately, hill climb search is prone to getting stuck. The main causes for this are local maximums, ridges, and plateaus. A local maximum is a peak that is higher than each of its neighbouring states but lower than the global maximum. Hill-climbing algorithms that reach the vicinity of a local maximum will be drawn upward toward the peak but will then be stuck with nowhere else to go [1] [p122]. Ridges are a sequence of local maximums that can be difficult for hill climb to navigate due to its greedy nature. A plateau is a flat area of the state space landscape. It can be a flat local maximum from which no uphill exit exists [1] [p123]. A hill-climb search might get lost on the plateau [1] [p123]. All these things can limit the effectiveness of hill climb search. Despite this, its still an extremely fast search method even if it frequently gets waylaid by these issues. 
1.2.2 Positives 
· Hill climb search is a very simple search to implement
· Obtains a result very quickly
· Easy to improve if a better search algorithm is needed
· Uses little memory
1.2.3 Negatives
· Often gets stuck and requires a few restarts
· Better searches are available and do a better job
· Low initial success rate
· Doesn’t retain any memory about the path taken to local maximum
1.2.4 Conclusion and Improvements 
Overall, hill climb search is an acceptable local search method. Its simplicity makes it easy to understand an implement. It works fast and obtains a good result. However, as mentioned above it often gets stuck for a few reasons. As mentioned earlier these reasons are, local maximums, ridges, and plateaus. Restarts are required and the success rate of obtaining a result without a restart is low. Fortunately, there are ways to improve this search algorithm. There a three variants of hill climb search that improve on the initial version while providing unique individual benefits. Stochastic hill climbing chooses at random from among the uphill moves; the probability of selection can vary with the steepness of the uphill move. This usually converges more slowly than a basic hill climb search, but in some state landscapes, it finds better solutions [1] [p124]. First-choice hill climbing implements stochastic hill climbing by generating successors randomly until one is generated that is better than the current state. This is a good strategy when a state has many successors [1] [p124]. Though these first two are good options, they still suffer form the same problem. They both are still prone to getting stuck at a local maximum which, as mentioned earlier, requires restarts. Fortunately, the third variation fixes this issue. Random restart hill climbing adopts the well-known adage, “If at first you don’t succeed, try, try again.” It conducts a series of hill-climbing searches from randomly generated initial states, until a goal is found [1] [p124]. Unfortunately, the three problems of local maximums, ridges, and plateaus still plague all variations of hill climb search. Despite this, random restart has the best chance of overcoming these problems. This makes it the most effective form of hill climbing search. 




1.3 Task 3 Hill Climb
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Hill climb search would be an acceptable algorithm for this problem. Although hill climb is a greedy search it would produce a suitable result in a fast time. It would also be a simple algorithm to implement with optional variations for better performance. Despite its speed and effectiveness standard hill climb search may fall short in a few areas. It has the potential to get stuck at the local maximum. This can cause problems when trying to find the best solutions to a problem. Restarts may be required or an implementation of random restart hill climb, either way it’s an inescapable problem. Overall, hill climb would be a suitable yet flawed search to implement. 
1.4 Task 4 Manhattan Distance
	1
	2
	5
	Nodes out of place: 1 + 1 + 1 + 0 + 1 + 1 + 0 + 0

	3
	7
	4
	Current: h = 5

	6
	
	8
	h value for potential next positions: h = 4,6




	1
	2
	5
	Nodes out of place: 1 + 1 + 1 + 0 + 1 + 0 + 0 + 0

	3
	
	4
	Current: h = 4

	6
	7
	8
	h value for potential next positions: h = 3,4,5




	1
	2
	5
	Nodes out of place: 1 + 1 + 1 + 0 + 0 + 0 + 0 + 0

	3
	4
	
	Current: h = 3

	6
	7
	8
	h value for potential next positions: h = 2,4



	1
	2
	
	Nodes out of place: 1 + 1 + 0 + 0 + 0 + 0 + 0 + 0

	3
	4
	5
	Current: h = 2

	6
	7
	8
	h value for potential next positions: h = 1,2,3



	1
	
	2
	Nodes out of place: 1 + 0 + 0 + 0 + 0 + 0 + 0 + 0

	3
	4
	5
	Current: h = 1

	6
	7
	8
	h value for potential next positions: h = 0,2,2



	
	1
	2
	Nodes out of place: 0 + 0 + 0 + 0 + 0 + 0 + 0 + 0

	3
	4
	5
	Current: h = 0

	6
	7
	8
	h value for potential next positions: h = N/A



Manhattan distance is an interesting algorithm. Instead of hill climb searches greedy yet fast approach Manhattan distance takes a more thorough route. While hill climb simply views how many nodes are out of place, Manhattan distance goes the extra mile. It views not only if they are misplaced but also how far they are from their correct location. This gives more depth to the search and possibly better results. As for implementation Manhattan is slightly more complicated than hill climb, but it offers a more interesting approach. Overall Manhattan distance would be a great option for this problem. 
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1.6 Appendix
#define WIDTH 16
#define HEIGHT 16
#include <iostream>
#include <fstream>
#include <string>
#include <stack>
#include <sstream>
using namespace std;

//Struct for stack
struct Position
{
	int x = 1;
	int y = 1;
};

//File reader for the text files
void FileReader(string filename)
{
	char text[WIDTH * HEIGHT];
	string line;
	// = for walls
	// s for shelves
	// t for treasure
	// # for floor
	// p for player
	ifstream myfile(filename);
	stack<Position> player;
	Position PlayerP;
	player.push(PlayerP);
	Position NextMove;

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

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

	cout << endl << endl << endl;

	while (true)
	{
		for (int y = 0; y < HEIGHT; y++)
		{
			for (int x = 0; x < WIDTH; x++)
			{
				//Replace target co-ord with the letter P
				if (x == PlayerP.x && y == PlayerP.y)
				{
					cout << "P";
				}
				else
				{
					cout << text[WIDTH * y + x];
				}
			}
			cout << endl;
		}

		// Sets next potential move to the player letter P
		NextMove = PlayerP;

		//Up node
		// If the node above the player is "T" it will trigger the message
		if (text[WIDTH * (PlayerP.y - 1) + PlayerP.x] == 'T')
		{
			cout << "Found the Treasure!" << endl;
			cout << endl;
			break;
		}
		// If the node above the player is "#" the player "P" will move to that node
		else if (text[WIDTH * (PlayerP.y - 1) + PlayerP.x] == '#')
		{
			NextMove.y = PlayerP.y - 1;
			player.push(NextMove);
			NextMove = PlayerP;
		}

		//Down node
		// If the node below the player is "T" it will trigger the message
		if (text[WIDTH * (PlayerP.y + 1) + PlayerP.x] == 'T')
		{
			cout << "Found the Treasure!" << endl;
			cout << endl;
			break;
		}
		// If the node below the player is "#" the player "P" will move to that node
		else if (text[WIDTH * (PlayerP.y + 1) + PlayerP.x] == '#')
		{
				NextMove.y = PlayerP.y + 1;
				player.push(NextMove);
				NextMove = PlayerP;
		}
		
		//Left node
		// If the node left of the player is "T" it will trigger the message
		if (text[WIDTH * PlayerP.y + (PlayerP.x - 1)] == 'T')
		{
			cout << "Found the Treasure!" << endl;
			cout << endl;
			break;
		}
		// If the node left of the player is "#" the player "P" will move to that node
		else if (text[WIDTH * PlayerP.y + (PlayerP.x - 1)] == '#')
		{
				NextMove.x = PlayerP.x - 1;
				player.push(NextMove);
				NextMove = PlayerP;
		}
		
		//Right node
		// If the node right of the player is "T" it will trigger the message
		if (text[WIDTH * PlayerP.y + (PlayerP.x + 1)] == 'T')
		{
			cout << "Found the Treasure!" << endl;
			cout << endl;
			break;
		}
		// If the node right of the player is "#" the player "P" will move to that node
		else if (text[WIDTH * PlayerP.y + (PlayerP.x + 1)] == '#')
		{
				NextMove.x = PlayerP.x + 1;
				player.push(NextMove);
				NextMove = PlayerP;
		}
		
		//Brings player position to the top of the stack and pops it off. Also replaces visited nodes with an "X"
		if (!player.empty())
		{
			text[WIDTH * PlayerP.y + PlayerP.x] = 'X';
			PlayerP = player.top();
			player.pop();
		}

		//Allows the user to press a key to see updated movement after every node check
		cin.get();
	}
}

int main(void) 
{
	int option = 0;
	string input;

	while (true)
	{
		//Menu allows the use to pick which map they want
		cout << "Welcome, please select an option" << endl;
		cout << "1. Map 1" << endl;
		cout << "2. Map 2" << endl;
		cout << "3. Exit" << endl;
		getline(cin, input);
		stringstream(input) >> option;

		// Switch statement for different file options
		switch (option)
		{
		case 1:
			FileReader("Map.txt");
			break;
		case 2:
			FileReader("Map2.txt");
			break;
		case 3:
			exit(0);
			break;
		}
	}

	cin.get();
	return 0;
}
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Blint main(void)
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string input;

while (true)

//Menu allows the use to pick which map they want
cout << "Welcome, please select an option” << endl;
cout << "1 Map 1" << endl;

cout << "2. Map 2" << endl;

cout << "3. Exit" << endl;

getline(cin, input);

Stringstream(input) >> option;

/1 Switch statement for different file options
suitch (option)

{
case 1:
FileReader("Map. txt");
i break;
case 2:
FileReader("Map2. txt”
i break;
case 3:
exit(0);
break;
i
cin.get();

return 0;
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function HILL-CLIMBING( problemm) returns a state that is a local maximum

current — MAKE-NODE(problem INITIAL-STATE)
loop do
‘neighbor —a highest-valued suceessor of current
if neighbor.VALUE < current. VALUE then return current. STATE
current — neighbor
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//File reader for the text files
Blvoid FileReader(string filenanc)
€
| char text[WIDTH * HEIGHT];
string line;

/1 = for walls

/1 s for shelves

/1 ¢ for treasure

/1 % for floor

/1 p for player

ifstrean myfile(filenane);
Stack<position> player;
Position PlayerP;
player.push(Player?);
Position Nexthove;

// File Reader
if (myfile.is_open())

int count = 0;
while (getline(myfile, line))

cout << line << endl;

Line. copy(&text[WIDTH * count], WIDTH, @);
| countst;

i

| myfile.close();

else cout << "Unable to open File;




