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[bookmark: _Toc58322574]Task 1: Application of Code
[bookmark: _Toc58322575]Algorithms and Data Structures
This program uses a small combination of algorithms and data structures to function. Here is an overlook of all of it.
[bookmark: _Toc58322576]Data Structures
cNode
To utilize stacks and their functions without needlessly complicating the program, there must exist a single data type which is used as the format of the stacks. To accomplish this, the author created cNode, a class containing 3 variables: -Figure 1:cNode class

X: the x coordinate of the point
Y: the y coordinate of the point
Pos: the “position” of the point, used in calculations to find adjacent points.
Pos is calculated in the constructor using the x and y values given. 
Struct
[image: ]The function used to push spaces onto the correct stacks requires the ability to edit all used stacks in the system, in order to achieve this, the author placed both stacks inside of a struct, which could be passed and returned in and out of functions. Figure 2:Struct containing stacks

Stacks
Stacks are the main storage type used. They are used for both the spaces that the AI needs to traverse next and also the objectives found by the system.
When the system finds an empty space or an objective, it pushes that space onto their respective stack. After all the surroundings are analysed, the details of the top of the stack are applied to the Ai character, effectively “moving” it and the current space is popped. 
At the end of the program, if the user selected a map that has an objective on it, the details of the top of the objectives stack are outputted, then the stack is popped on repeat until every objective has been outputted.
[bookmark: _Toc58322577]Algorithms
Finding and reading Adjacent Spots
[image: ]In order to find the position and contents of all adjacent points to the AI character. The system creates 4 cNodes with the x and y coordinates set to the AI characters, but with 1 either added to or deducted from either the x and y coordinate, depending on whichever cNode it is. Once these nodes are created, their position in the text array is automatically calculated in the constructor, meaning that the contents of that space in the array is easily read by opening the element of the text file equal to the position of the desired node.Figure 3: Adjacent nodes being calculated

[image: ]Adding Nodes to StacksFigure 4: The SwitchScan function

Once all 4 adjacent nodes are allocated, they are each individually sent into the “SwitchScan” function, where the text element equal to the position of the selected node. That character is then placed into a switch statement, if it is a blank space (represented by ‘-‘), it is pushed onto the stack, meaning the AI will visit it at some point. If it’s an objective (represented by ‘X’) it’s pushed onto the stack, meaning the AI will visit it and it also get added to the Objectives stack, meaning it will be outputted at the end of the program. 
[bookmark: _Toc58322578]User Guide
To use the program, please follow the following instructions: -
1. Create a 16 by 16 grid using a text file and the following symbols
o: Wall
-: Blank Space
A: AI Character (Only One)
X: Destination (Optional, can have any amount)

To see all the features of the program, create one map with destinations and one without.

2. Name your file with destinations “MapObjective.txt” and your destination-less map “MapDead.txt” and place them next to the source file in the projects folder.
3. Upon booting up the program, select an option using your keyboard.
4. Use the enter key to scroll through the steps on the program until its completion.
Feel free to make more maps and test them in the system, they should function as long as you follow the aforementioned rules. 
[bookmark: _Toc58322579]Test Schedule
To test the program, the author will run through scenarios that test the functions and document the results.
	Test No.
	Test Details
	Setup required
	Procedures
	Expected Result
	Result

	1
	Load a file named “MapObjective.txt” and select it
	· File needs to be in correct position with the correct name
	1. Start program
2. Select “MapObjective.txt”
	Map appears on screen
	[image: ]

	2
	Load a file named “MapDead.txt” and select it
	· File needs to be in correct position with the correct name
	1. Start program
2. Select “MapDead.txt”
	Map appears on screen
	[image: ]

	3
	Load an invalid file and select it
	· File needs to be either incorrectly named or incorrectly positioned 
	1. Start program
2. Select “MapObjective.txt”
	System outputs “Unable to open file”
	[image: ]




	4
	Load a file named “MapObjective.txt” and observe the Ai character move to the adjacent empty space
	· File needs to be in correct position with the correct name
	1. Start program
2. Select “MapObjective.txt”
3. Press the enter key
	System should output a second map where the Ai moves to an adjacent open tile, previous space should be marked with “|”
	[image: ][image: ]

	5
	Load a file named “MapObjective.txt” and observe the AI character move over a marked destination.
	· File needs to be in correct position with the correct name
· File needs to include a destination
	1. Start program
2. Select “MapObjective.txt”
3. Press the enter key until the program finds an objective
	The System should find a destination; the AI character should move over it
	[image: ]


[image: ]

	6
	System ends after clearing every blank space and destination.
	· File needs to be in correct position with the correct name
· File needs to include a destination
	1. Start program
2. Select “MapObjective.txt”
3. Press the enter key until the program covers every space
	Program should end
	Fail: Due to unoptimised stack usage, the program does recover some previously covered terrain after it should end. After retracing these steps, it does then end

	7
	System outputs destination locations at the end of the program
	· File needs to be in correct position with the correct name
· File needs to include a destination
	1. Start program
2. Select “MapObjective.txt”
3. Press the enter key until the program covers every space
	Program ends at outputs the destinations
	[image: ]

	8
	After reaching a dead end, system backtracks until it finds a new empty space
	· File needs to be in correct position with the correct name
· File needs to include a dead end
	1. Start program
2. Select “MapObjective.txt”
3. Press the enter key until the program  reaches an empty space
	Program backtracks until it finds a new empty space and then continues
	Fail: The program does not backtrack, it instead teleports the AI to the next empty space in the stack.



[bookmark: _Toc58322580]Improvements
In future, this program could be improved first by fixing the problem of the program retracing unnecessary steps at the end of the program, then adjustments could be made to the map printing functions so that it does not accidently delete the initial position of the AI character on the final printing. The biggest improvement would be to cause the program to properly backtrack previously traversed areas in order to find a new, untraversed path instead of simply teleporting to the next untraversed blank space.
[bookmark: _Toc58322581]Task 2: Hill Climbing
The hill climbing algorithm is a looping algorithm which moves towards the next ascending point. It ends automatically when none of the neighbouring nodes have a value higher than itself, meaning it is at the “peak”. It is incredibly memory efficient, as it only saves the current movement and does not keep a record of where it has been [1].
Below is some Pseudo-code demonstrating the method behind the Hill-climbing search: -

current = starting node
Loop
neighbour = highest value of all neighbours to current
If (neighbour => current)
{
current = neighbour
}
Loop
Else
{
End Loop
}
Ending node = current

This pseudocode not only demonstrates how the algorithm works, but it also highlights its potential issues. In the case where a smaller peak is closer to the starting point than the actual global peak (as shown in this grid)
Starting point
Local peak
Global peak
	1
	2
	3

	1
	1
	1

	1
	1
	9


 
Another issue with this approach is that if 2 neighbouring nodes are of equal value while also being the highest neighbour to each other, the algorithm will jump between the two infinitely if there is no higher node attached to either, if there is, the system will move on like normal.
A potential solution to this is to use the simulated annealing approach, where the algorithm can take steps down, depending on how “bad” the move is. As the algorithm goes on, the system becomes less and less tolerant to how “bad” moves can be to be acceptable. A variable known as T is the determinant of how tolerant the system is to a “bad” move. As long as the schedule lowers T slowly enough, the chance of finding the global optimum will eventually reach 1 [1].

schedule = a function that decreases a number relative to i.

current = starting node
for (i = 1; i++)
{
T = schedule(i)
If (T == 0)
{
Return current
}
Neighbour = random neighbour of current
E = Neighbour – Current
	If (Neighbour > 0)
	{
	Current = Neighbour
	}
	else
	{
	Current = Neighbour with a chance of eE/T
	}
}
[bookmark: _Toc58322582]Dijkstra's algorithm
Dijkstra’s Shortest Path Algorithm (henceforth referred to as DSPA) is an algorithm that finds the shortest path between two nodes on a graph, for this evaluation, it can be used to find a path between the node we begin on and the biggest node in the set. It does this by travelling to every node and finding the shortest path from that node every neighbouring node, keeping track of the shortest route as it does so. The algorithm ends once it has found the shortest path [2]. For this task, it would be incredibly efficient as due to the fact that DSPA covers every single connected node while searching for the path, as long as there is a path between 2 nodes that is findable, the algorithm will find it. The downsides of DSPA are that it is slower than Hill Climbing due to the fact that it searches every node individually and that it saves where it has been and saves the distances between nodes, making it far less memory efficient than the hill climbing algorithm.
[bookmark: _Toc58322583]Task 3: 8 Tiles Problem (Tiles out of Place)
Index: 
	Incorrect Position

	Correct Position



1. 
	1
	4
	2

	6
	3
	5

	7
	
	8


Starting Point
h = 5
h -> (4, 5, 6)

2. 
	1
	4
	2

	6
	3
	5

	
	7
	8


Moved 7
h = 4
h -> (3, 5)

3. 
	1
	4
	2

	
	3
	5

	6
	7
	8


Moved 6
h = 3
h -> (2, 3, 4)

4. 
	1
	4
	2

	3
	
	5

	6
	7
	8


Moved 3
h = 2
h -> (1, 3, 3, 3)

5. 
	1
	
	2

	3
	4
	5

	6
	7
	8


Moved 4
h = 1
h -> (0, 2, 2)

6. 
	
	1
	2

	3
	4
	5

	6
	7
	8


Moved 1
h = 0
The Tiles out of Place method is effective for this puzzle as the major shortcomings of the algorithm are its tendency to plateaux and get stuck on local peaks instead of global ones. And due to the small nature of the puzzle, the chances of this happening are low. Seeing as it also does not save previous steps, it is also incredibly memory efficient. The method does face a massive potential problem though, as a move that does not immediately put a tile into its correct position will not be usable by the algorithm, making it incredibly easy to create an 8 tiles problem that this method cannot solve without some alterations to the algorithm itself.
	0
	4
	2

	1
	3
	5

	6
	7
	8


This puzzle cannot be solved by the algorithm as it is, as each move the algorithm could take would leave the h value unchanged, so it simply would not move at all.


[bookmark: _Toc58322584]Task 4: 8 Tiles Problem (Manhattan)
[bookmark: _Toc58322585]Original Puzzle
Index: 
	Incorrect Position

	Correct Position



1. 
	1
	4
	2

	6
	3
	5

	7
	
	8



	Node:
	1
	2
	3
	4
	5
	6
	7
	8

	Displacement:
	1
	0
	1
	1
	0
	1
	1
	0


 h = 1+0+1+1+0+1+1+0 = 5
Initial state: h = 5

2a.
	1
	4
	2

	6
	3
	5

	
	7
	8



	Node:
	1
	2
	3
	4
	5
	6
	7
	8

	Displacement:
	1
	0
	1
	1
	0
	1
	0
	0


 h = 1+0+1+1+0+1+0+0 = 4
Potential state 1: h = 4

2b.
	1
	4
	2

	6
	
	5

	7
	3
	8



	Node:
	1
	2
	3
	4
	5
	6
	7
	8

	Displacement:
	1
	0
	1
	1
	0
	1
	1
	0


 h = 1+0+1+1+0+1+1+0 = 5
Potential state 2: h = 5
2c.
	1
	4
	2

	6
	3
	5

	7
	8
	



	Node:
	1
	2
	3
	4
	5
	6
	7
	8

	Displacement:
	1
	0
	1
	1
	0
	1
	1
	1


 h = 1+0+1+1+0+1+1+1 = 6
Potential state 3: h = 6

Potential state 1 has the lowest h value, it will be the next one selected.
2.
	1
	4
	2

	6
	3
	5

	
	7
	8



	Node:
	1
	2
	3
	4
	5
	6
	7
	8

	Displacement:
	1
	0
	1
	1
	0
	1
	0
	0


 h = 1+0+1+1+0+1+0+0 = 4
Second state: h = 4

3a.
	1
	4
	2

	6
	3
	5

	7
	
	8



	Node:
	1
	2
	3
	4
	5
	6
	7
	8

	Displacement:
	1
	0
	1
	1
	0
	1
	1
	0


 h = 1+0+1+1+0+1+1+0 = 5
Potential state 1: h = 5

3b.
	1
	4
	2

	
	3
	5

	6
	7
	8



	Node:
	1
	2
	3
	4
	5
	6
	7
	8

	Displacement:
	1
	0
	1
	1
	0
	0
	0
	0


 h = 1+0+1+1+0+0+0+0 = 3
Potential state 2: h = 3
Potential State 2 has a lower h value, it will be selected.
3.
	1
	4
	2

	
	3
	5

	6
	7
	8



	Node:
	1
	2
	3
	4
	5
	6
	7
	8

	Displacement:
	1
	0
	1
	1
	0
	0
	0
	0


 h = 1+0+1+1+0+0+0+0 = 3
Third state: h = 3
4a.
	1
	4
	2

	3
	
	5

	6
	7
	8



	Node:
	1
	2
	3
	4
	5
	6
	7
	8

	Displacement:
	1
	0
	0
	1
	0
	0
	0
	0


 h = 1+0+0+1+0+0+0+0 = 2
Potential state 1: h = 2
4b.
	
	4
	2

	1
	3
	5

	6
	7
	8



	Node:
	1
	2
	3
	4
	5
	6
	7
	8

	Displacement:
	1
	0
	1
	1
	0
	0
	0
	0


 h = 1+0+1+1+0+0+0+0 = 3
Potential state 2: h = 3


4c.
	1
	4
	2

	6
	3
	5

	
	7
	8



	Node:
	1
	2
	3
	4
	5
	6
	7
	8

	Displacement:
	1
	0
	1
	1
	0
	1
	0
	0


 h = 1+0+1+1+0+1+0+0 = 4
Potential state 3: h = 4
Potential state 1 has the lowest h value, it will be selected.
4.
	1
	4
	2

	3
	
	5

	6
	7
	8



	Node:
	1
	2
	3
	4
	5
	6
	7
	8

	Displacement:
	1
	0
	0
	1
	0
	0
	0
	0


 h = 1+0+0+1+0+0+0+0 = 2
Fourth state: h = 2
5a.
	1
	
	2

	3
	4
	5

	6
	7
	8



	Node:
	1
	2
	3
	4
	5
	6
	7
	8

	Displacement:
	1
	0
	0
	0
	0
	0
	0
	0


 h = 1+0+0+0+0+0+0+0 = 1
Potential state 1: h = 1
5b.
	1
	4
	2

	3
	7
	5

	6
	
	8



	Node:
	1
	2
	3
	4
	5
	6
	7
	8

	Displacement:
	1
	0
	0
	1
	0
	0
	1
	0


 h = 1+0+0+1+0+0+1+0 = 3
Potential state 2: h = 3
5c.
	1
	4
	2

	
	3
	5

	6
	7
	8



	Node:
	1
	2
	3
	4
	5
	6
	7
	8

	Displacement:
	1
	0
	1
	1
	0
	0
	0
	0


 h = 1+0+1+1+0+0+0+0 = 3
Potential state 3: h = 3
5d.
	1
	4
	2

	3
	5
	

	6
	7
	8



	Node:
	1
	2
	3
	4
	5
	6
	7
	8

	Displacement:
	1
	0
	0
	1
	1
	0
	0
	0


 h = 1+0+0+1+1+0+0+0 = 3
Potential state 4: h = 3
Potential state 1 has the lowest h value, it will be selected.
5.
	1
	
	2

	3
	4
	5

	6
	7
	8



	Node:
	1
	2
	3
	4
	5
	6
	7
	8

	Displacement:
	1
	0
	0
	0
	0
	0
	0
	0


 h = 1+0+0+0+0+0+0+0 = 1
Fifth state: h = 1
6a.
	1
	4
	2

	3
	
	5

	6
	7
	8



	Node:
	1
	2
	3
	4
	5
	6
	7
	8

	Displacement:
	1
	0
	0
	1
	0
	0
	0
	0


 h = 1+0+0+1+0+0+0+0 = 2
Potential state 1: h = 2
6b.
	1
	2
	

	3
	4
	5

	6
	7
	8



	Node:
	1
	2
	3
	4
	5
	6
	7
	8

	Displacement:
	1
	1
	0
	0
	0
	0
	0
	0


 h = 1+1+0+0+0+0+0+0 = 2
Potential state 2: h = 2
6c.
	
	1
	2

	3
	4
	5

	6
	7
	8



	Node:
	1
	2
	3
	4
	5
	6
	7
	8

	Displacement:
	0
	0
	0
	0
	0
	0
	0
	0


 h = 0+0+0+0+0+0+0+0 = 0
Potential state 3: h = 0
Potential state 3 has the lowest h value, it will be selected
6.
	
	1
	2

	3
	4
	5

	6
	7
	8



	Node:
	1
	2
	3
	4
	5
	6
	7
	8

	Displacement:
	0
	0
	0
	0
	0
	0
	0
	0


 h = 0+0+0+0+0+0+0+0 = 0
Sixth state: h = 0
The value of h is now 0, the program has concluded.
The Manhattan approach is mostly similar to the Tiles out of Place algorithm as neither uses much memory. It is slightly worse in the fact that it must calculate all the possible moves and the needed procedures to get to the finished puzzle, making it slower than Tiles out of Place. For optimisations, the Manhattan approach does not fall into the trap that caught the Tiles out of Place algorithm, as instead of seeing the tiles being out of place as a binary (in place/out of place), Manhattan instead calculates how far the tile is from its desired goal and uses that to calculate h, making it more robust and harder to break, as well as more precise in knowing what to do in order to reach the desired state.
[bookmark: _Toc58322586]The “Unsolvable” Puzzle
To demonstrate these improvements, the author will demonstrate how the Manhattan approach would solve the previously mentioned puzzle that was deemed unsolvable by the Tiles out of Place method.
Index: 
	Incorrect Position

	Correct Position



1. 
	
	4
	2

	1
	3
	5

	6
	7
	8



	Node:
	1
	2
	3
	4
	5
	6
	7
	8

	Displacement:
	2
	0
	1
	1
	0
	0
	0
	0


 h = 2+0+1+1+0+0+0+0 = 4
Initial state: h = 4
2a.
	1
	4
	2

	
	3
	5

	6
	7
	8



	Node:
	1
	2
	3
	4
	5
	6
	7
	8

	Displacement:
	1
	0
	1
	1
	0
	0
	0
	0


 h = 1+0+1+1+0+0+0+0 = 3
Potential state 1: h = 3
2b.
	4
	
	2

	1
	3
	5

	6
	7
	8



	Node:
	1
	2
	3
	4
	5
	6
	7
	8

	Displacement:
	2
	0
	1
	2
	0
	0
	0
	0


 h = 2+0+1+2+0+0+0+0 = 5
Potential state 2: h = 5
Potential state 1 has the lowest h score, it will be selected.
2.
	1
	4
	2

	
	3
	5

	6
	7
	8



	Node:
	1
	2
	3
	4
	5
	6
	7
	8

	Displacement:
	1
	0
	1
	1
	0
	0
	0
	0


 h = 1+0+1+1+0+0+0+0 = 3
State 2: h = 3 
3a.
	1
	4
	2

	3
	
	5

	6
	7
	8



	Node:
	1
	2
	3
	4
	5
	6
	7
	8

	Displacement:
	1
	0
	0
	1
	0
	0
	0
	0


 h = 1+0+0+1+0+0+0+0 = 3
Potential state 1: h = 2
3b.
	1
	4
	2

	6
	3
	5

	
	7
	8



	Node:
	1
	2
	3
	4
	5
	6
	7
	8

	Displacement:
	1
	0
	1
	1
	0
	1
	0
	0


 h = 1+0+1+1+0+1+0+0 = 4
Potential state 2: h = 4 
Potential state 1 has the lower h value, it will be selected.
3.
	1
	4
	2

	3
	
	5

	6
	7
	8



	Node:
	1
	2
	3
	4
	5
	6
	7
	8

	Displacement:
	1
	0
	0
	1
	0
	0
	0
	0


 h = 1+0+0+1+0+0+0+0 = 2
State 3: h = 2
4a.
	1
	
	2

	3
	4
	5

	6
	7
	8



	Node:
	1
	2
	3
	4
	5
	6
	7
	8

	Displacement:
	1
	0
	0
	0
	0
	0
	0
	0


 h = 1+0+0+0+0+0+0+0 = 1
Potential state 1: h = 1
4b.
	1
	4
	2

	3
	7
	5

	6
	
	8



	Node:
	1
	2
	3
	4
	5
	6
	7
	8

	Displacement:
	1
	0
	0
	1
	0
	0
	1
	0


 h = 1+0+0+1+0+0+1+0 = 3
Potential state 2: h = 3
4c.
	1
	4
	2

	3
	5
	

	6
	7
	8



	Node:
	1
	2
	3
	4
	5
	6
	7
	8

	Displacement:
	1
	0
	0
	1
	1
	0
	0
	0


 h = 1+0+0+1+1+0+0+0 = 3
Potential state 3: h = 3
Potential state 1 has the lowest h value, it will be selected.
4.
	1
	
	2

	3
	4
	5

	6
	7
	8



	Node:
	1
	2
	3
	4
	5
	6
	7
	8

	Displacement:
	1
	0
	0
	0
	0
	0
	0
	0


 h = 1+0+0+0+0+0+0+0 = 1
State 4: h = 1
5a.
	
	1
	2

	3
	4
	5

	6
	7
	8



	Node:
	1
	2
	3
	4
	5
	6
	7
	8

	Displacement:
	0
	0
	0
	0
	0
	0
	0
	0


 h = 0+0+0+0+0+0+0+0 = 0
Potential state 1: h = 0
5b.
	1
	2
	

	3
	4
	5

	6
	7
	8



	Node:
	1
	2
	3
	4
	5
	6
	7
	8

	Displacement:
	1
	1
	0
	0
	0
	0
	0
	0


 h = 1+1+0+0+0+0+0+0 = 2
Potential state 2: h = 2
Potential state 1 has a lower h value, it will be selected.
5.
	
	1
	2

	3
	4
	5

	6
	7
	8



	Node:
	1
	2
	3
	4
	5
	6
	7
	8

	Displacement:
	0
	0
	0
	0
	0
	0
	0
	0


 h = 0+0+0+0+0+0+0+0 = 0
Final state: h=0
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[bookmark: _Toc58322588]Appendix 1:
[bookmark: _Toc58322589]Code Listing
[bookmark: _Toc58322590]Nodes.h
#pragma once

class cNode
{
public:
	cNode(int xInput, int yInput);
	~cNode();
	int x;
	int y;
	int pos;
private:

};

cNode::cNode(int xInput, int yInput)
{
	x = xInput;
	y = yInput;
	pos = (WIDTH*y) + x;

}

cNode::~cNode()
{
}


[bookmark: _Toc58322591]Source.cpp

// reading a text file
#define WIDTH 16
#define HEIGHT 16
#include <iostream>
#include <fstream>
#include <string>
#include <sstream>
#include <stack>
#include "Nodes.h"
using namespace std;

//Defining struct
struct SwitchReturn
{
	stack<cNode> Nodes;
	stack<cNode> Objectives;
};

SwitchReturn SwitchScan(char *text, SwitchReturn s, cNode Space)
{
	switch (text[Space.pos])
	{
	case '-':
		s.Nodes.push(Space);	//Adds node to node list
		break;
	case 'X':
		s.Objectives.push(Space);	//Adds node to Objectives list
		s.Nodes.push(Space);	//Adds node to node list
		break;
	default:
		break;
	}	
	return s;
}

int main(void) 
{
	//Declaring variables
	char text[WIDTH * HEIGHT];
	string line;
	string input;
	int choice;
	string mapSelect;
	cNode aiCharacter(1,1);
	cNode originalAi(aiCharacter.x, aiCharacter.y);
	bool loop = true;
	SwitchReturn switchStruct;
	bool includesDestinations;
	
	while (loop == true)
	{
		cout << "Please select a file:" << endl << "1: Objective Map" << endl << "2: Dead End Map" << endl << "3: Exit" << endl;	//Output menu
		getline(cin, input);	//Get Input
		cout << endl;

		//Save input as variable
		stringstream stream;
		stream.str(input);
		stream >> choice;
		stream.clear();

		//Select which map is being opened with a switch
		switch (choice)
		{
		case 1:
			mapSelect = "MapObjective.txt";
			includesDestinations = true;
			loop = false;
			break;
		case 2:
			mapSelect = "MapDead.txt";
			includesDestinations = false;
			loop = false;
			break;
		case 3:
			exit(0);
			break;
		default:
			cout << "Please select a valid option: " << endl<<endl;
			loop = true;
			break;
		}
	}

	//Output map
	ifstream myfile(mapSelect);
	if (myfile.is_open())
	{
		int count = 0;
		while (getline(myfile, line))
		{
			cout << line << endl;

			line.copy(&text[WIDTH * count], WIDTH, 0);
			count++;
		}

		switchStruct.Nodes.push(aiCharacter);	//Load initial position of AI Character

		while (!switchStruct.Nodes.empty())	//Repeat until stack is empty
		{

			//Set nodes to the nodes in relative positions to current AI character
			cNode nAbove(aiCharacter.x, aiCharacter.y-1);
			cNode nLeft(aiCharacter.x-1, aiCharacter.y);
			cNode nRight(aiCharacter.x+1, aiCharacter.y);
			cNode nBelow(aiCharacter.x, aiCharacter.y+1);

			//Output surronidngs
			cout << "Above: "<< text[nAbove.pos]<<endl;
			cout << "Left: " << text[nLeft.pos] << endl;
			cout << "Center: " << text[aiCharacter.pos] << endl;
			cout << "Right: " << text[nRight.pos] << endl;
			cout << "Below: " << text[nBelow.pos] << endl;

			//Scan surroundings
			switchStruct=SwitchScan(text, switchStruct, nAbove);
			switchStruct = SwitchScan(text, switchStruct, nLeft);
			switchStruct = SwitchScan(text, switchStruct, nRight);
			switchStruct = SwitchScan(text, switchStruct, nBelow);

			//Set area just visited to '|'
			text[aiCharacter.pos] = '|';

			aiCharacter = switchStruct.Nodes.top();	//Set aiCharacter to top stack
			switchStruct.Nodes.pop();	//Remove Top item of stack

			
			getline(cin, input);	//Pause


			for (int y = 0; y < HEIGHT; y++)
			{
				for (int x = 0; x < WIDTH; x++)
				{
					if (x == originalAi.x&&y == originalAi.y)	// checks if the current position is the same as the original position of the ai
					{
						if (originalAi.x != aiCharacter.x||originalAi.y != aiCharacter.y)	// checks if the ai is in it's original position
						{
							cout << "|";
						}
					}
					else
					{
						if (y == aiCharacter.y && x == aiCharacter.x)	//checks if the current spot is the aiCharacter
						{
							cout << "A";
						}
						else
						{
							cout << text[WIDTH * y + x];
						}
					}
				}
				cout << endl;
			}
		}

		//output all objective positions if the file includes them

		if (includesDestinations)
		{
			//Output all Objectives
			cout << "Objectives: " << endl;
			int objecSize = switchStruct.Objectives.size();	//assigns variable equal to the size of the stack
	
			for (int i = 0; i < objecSize; i++)
			{
				cout << switchStruct.Objectives.top().x << "," << switchStruct.Objectives.top().x << endl;
				switchStruct.Objectives.pop();
			}
		}
		myfile.close();
	}

	else cout << "Unable to open file";
	cout << endl << endl << endl;
	return 0;
}
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