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This report will detail the assignment tasks that have been assigned for this module. In Task 1, detail of the algorithms used to conduct the Depth First Search of the graph that is read from a text file. Explanations of the classes of the role they have in the code, concluding with the Test case scenarios. 
Task 2 will explain what Hill climbing is and the different approaches and complications that can arise and will explain what simulated annealing is.
Task 3 and 4 is the common AI problem called the 8 Tile Puzzle assignment where the puzzle is solved using the standard heuristic of how many tiles out of place and then solving it using Manhattan Distance.
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In the program solution, attempt at an approach of Object Orientated is demonstrated, using three classes with inheritance and dependencies. The LoadFile class is responsible for finding, loading, and copying the file’s details in a multidimensional array for use with the facilityData class of which has been inherited. The facilityData class is responsible for creating and filling dynamic multidimensional arrays for access by other classes, which allows for the next class mrRobot to access the data and is responsible for conducting its search through the multidimensional array, or graph.
In the main.cpp of the program, the search is conducted by using stacks and structs provided the mrRobot class. The main is also responsible for the control of the clearing and pausing of the output window to allow for a better understanding of the program’s output.
When robot is traversing the graph it will note the coordinates if there is a space and pushes it on to the search stack. When it has finishing looking it will pop off the top of the search stack and move to the next position. When it arrives at the next position it will push the node on to the visited stack and update the visited nodes graph, (which is only used for printing the ‘breadcrumbs’ in the graph) to keep a trial of where it has been. The aim of the robot is to find the items allocated in the original text file, which is a text representation of a facility map. The current program has been implemented to allow different size maps/graphs although the buffer may have to be increased if the graph is exceptionally large. The robot will report if there are items missing or cannot find (although where or who it is reporting to has not been defined).  If the robot finds the exit before finding all the items, it will not leave and will look for the rest of the items, if the stack has been searched and it has found all the items it will backtrack through the visited stack to find the exit.

More importantly the robot searches the graphs with efficiency and with no memory leaks or bugs. The algorithms and functions are detailed more accurately in the video accompanying this report.
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	Case
	Result
	Next Step/Fix

	Test if the program compiles
	Compiles with error:
	Press ‘F5’ to force continue(seldom works)

	Test if the robot traverses the graph
	Robot collects all the data as nodes
	Add a logic gate(if node == ‘#’ or end line character)

	Test if the robot traverses the graph
	Robot traverses past the graph. And looks at non ACSII characters
	Added an ‘E’ in the graph to symbolize the ‘Exit”. Added if statement (If node==’E’ then stop looking)

	Test if the robot traverses the graph
	The robot collects all data past the ‘E’
	Add an if statement to stop adding when reached ‘E’

	Test if the robot traverses the graph
	The robot seems to have data stuck on the stack that has already been visited
	Add an if statement (if  node ==’E’, then pop the remaining of the stack)

	Test if the robot traverses the graph
	Robot traverses the stack without any more issues, other than the compilation issue.
	No further tasks on this case

	Checking the allocation and deallocation of Dynamic arrays
	FacilityData not deleting fully,
program ends with a heap stack pointer error
	Move the dynamic allocation from the header file to the cpp file

	Checking the allocation and deallocation of Dynamic arrays with movement of dynamic allocation calls.
	FacilityData now deallocates appropriately and program closes with no errors; in addition: the compilation bug is fixed as a by-product of this 
	No further tasks on this case.

	Testing for readability of a large file
	Reads, large file with no errors. Program terminates when the stack is empty(is intended) but the position of the “robot” is not at the exit
	Try to switch the search from the search stack to the visit stack

	Testing for “robot’s” ability to find the exit.
	Switching to the visit stack when the search is empty to find the end has proved to work although it is visually sensible this is the way of a depth first search.
	No further tasks on this case

	Testing for functionality of “wall” test
	“Robot” no longer stores the’#’ character and as a by-product no use for the ‘E’ logic test.
	No further tasks on this case

	Testing if “robot” has stopped noting duplicate nodes
	The program terminates if there is a duplicate node with a heap corruption
	Try a bubble sort

	Testing if “robot” has stopped noting duplicate nodes
	Bubble sort has worked but the stack place back on upside down
	Copy the stack into another temporary stack and copy it into an array?

	Testing if “robot” has stopped noting duplicate nodes
	Bubble sort is working with the stack being placed back on the way it has entered the member function.
	No further tasks in this case.

	Test if robot is leaving before collecting all the items
	The robot will leave if it finds the exit 
	Add a logic gate to stop this

	Test if robot is leaving before collecting all the items
	The robot will ignore the exit and look for the rest of items 
	No further tasks on this case
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When running the program, it will ask for a file name. Enter the word “store” (case sensitive) and the program will either run into an error(see above) or run until the last know bug of at the end of the code. 
The program will pause at intervals outputting “Press any key to continue”. This ensure better understanding of how the Depth First Search is working.
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In the program solution , a decision in using Multidimensional arrays was made.  When the Loadfile and the facilityData classes have loaded and placed all the appropriate data into theses arrays. The mrRobot class uses x and y values to look up, left, right and down respective to the coordinates and loads them into appropriate stacks. Due to the way the file is read, and the array is built, the Y coordinates work in the opposite direction to the normal convention; where Y + 1 = UP, 
Y + 1 actually moves down the graph. 

When the robot looks around and ignores the walls(#) and end line characters, it adds the acceptable nodes to the stack. When its finished looking it moves to the next position, which is the on top of the stack, the top of the stack loaded into a visited stack with a visited = true value and then is popped off. An example of the process can be seen in the video accompanying this report, titled “Searching with Depth First Search”.
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Hill climbing is an algorithm that tries the find the best possible solution in array of large data sets using originally a guess as a solution and incrementally  or “climbing” the data until the is at a solution or “peak”. The search does not ahead at the next over data set and will never remember the previous data set. Using a heuristic as a range finder or precondition , this allows the search to find the best solution to the Global Maximum. [1]–[5]
Hill Climbing encounters challenges though: 
1. Local Maxima: The local maxima which is a state lower than the Global Maxima or optimal state and the algorithm will think it has reached the best possible state. Causing a halt in the search.
2. Plateaux: The area where the results are the same as before and after, like a flat surface and the search will perform a random ‘walk’
3. Ridges: Where the hill or data slopes of the side of the path or bumps and the search will make slow progress climbing the hill.[1]
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function:
  while:
    if f(current) < f(next):
      current = next
    else:
      break
  return current;
This being the general idea behind a hill climbing search algorithm where if the current node is less the next node replace the value. The prominent thing about this algorithm is that does not care about the previous numbers. As it all needs to know is if the next node is better than it current node.
Although this is a simple hill climbing algorithm there are, however, variants:
· Stochastic Hill Climbing; another common hill climbing variant where it chooses at random of the uphill movements. First Choice Hill Climbing is a variant the uses the stochastic climbing type where it generates random successors until it finds a better one.
· Random Restart Hill Climbing implements several cycles dependant on the success rate, where it restarts the climb with different initial states and is sometimes the best possible solution for larger data sets. 
[bookmark: _Toc63275525]Simulated Annealing
Hill climbing is a way of finding and solving for a better output in large data sets. But it does have its drawbacks and one solution to counter many of these drawbacks is call Simulated Annealing. Annealing normally the process used in metal working where increase the temperature and gradually drop the temperature. In Hill climbing it is mentioned by Russel and Norvig, “A hill climbing algorithm that never make “downhill” moves towards lower states is never going to be complete” this is because the search can get stuck in a local maximum or otherwise; a random walk; where the search chooses a better data set at random is complete it is regarded inefficient. Using Simulated Annealing uses a terminology change to: Gradient Descent, in which lower values are allowed to be part of the searches allowing more effective searches and hill climbing by allowing an extra value of cost to determine the best move up the hill.[3], [6]
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A search can also be conducted using the often-used example of the  “8 tiles problem”. (ref)
Using a heuristic ‘h’ as the number of tiles out of place, the search can determine which is correct move to make.

Below is the set of moves required to make the correct informative search where can only move the (or swap) the blank tile with its one of its neighbours.



This is the desired finished result for the 8-Tiles problem.
	
	1
	2

	3
	4
	5

	 6
	7
	8



Starting tile
	3
	
	2

	6
	1
	5

	 7
	4
	8


	current:
h=5

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


 
Current position is: 1 
h(tiles out of place) = 5
If (space) swaps left then h=5
If (space) swap right then h=6
If (space) swap up then h=cannot move up
If (space) swap down then h=4

	3
	1
	2

	6
	
	5

	 7
	4
	8


	current:
h=4

	h value for potential next positions:
h=5,5,5,3


 
Current position is: 4 
h(tiles out of place) = 4
If (space) swaps left then h=5
If (space) swap right then h=5
If (space) swap up then h=5
If (space) swap down then h=3

	3
	1
	2

	6
	4
	5

	 7
	
	8


	current:
h=3

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


 
Current position is: 7
h(tiles out of place) = 3
If (space) swaps left then h=2
If (space) swap right then h=4
If (space) swap up then h=4
If (space) swap down then h=cannot swap down

	3
	1
	2

	6
	4
	5

	 
	7
	8


	current:
h=2

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


 
Current position is: 6
h(tiles out of place) = 2
If (space) swaps left then h=cannot swap left
If (space) swap right then h=3
If (space) swap up then h=1
If (space) swap down then h=cannot swap down

	3
	1
	2

	
	4
	5

	6 
	7
	8


	current:
h=1

	h value for potential next positions:
h=1,2,2


 
Current position is: 3
h(tiles out of place) = 1
If (space) swaps left then h=cannot swap left
If (space) swap right then h=2
If (space) swap up then h=0
If (space) swap down then h=2
	
	1
	2

	3
	4
	5

	6 
	7
	8


	current:
h=0

	h value for potential next positions:
-


 
Current position is: 0
h(tiles out of place) = 0

Complete!.
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Another method for solving this puzzle is the Manhattan Search Algorithm .
This method adds all the value of distance from its current position to the solution position and is actioned with the lowest distance computed. [7]
Solution
	
	1
	2

	3
	4
	5

	 6
	7
	8


Starting tiles
	3
	
	2

	6
	1
	5

	 7
	4
	8


Starting tiles:
1 2 3 4 5 6 7 8
1 0 1 1 0 1 1 0
Manhattan Distance = 1+0+1+1+0+1+1+0 =5.

Swap Left			Swap Right			Swap Down
	
	3
	2
	
	3
	2
	
	
	3
	1
	2

	6
	1
	5
	
	6
	1
	5
	
	6
	
	5

	7
	4
	8
	
	7
	4
	8
	
	7
	4
	8


Moves needed to be at solution state:
Tile no:
1 2 3 4 5 6 7 8			1 2 3 4 5 6 7 8 			1 2 3 4 5 6 7 8
1 0 2 1 0 1 0 1			1 1 1 1 0 1 1 0			0 0 1 1 0 1 1 0
Manhattan Distance		Manhattan Distance		Manhattan Distance
             =				=				=	
1+0+2+1+0+1+0+1		1+1+1+1+0+1+1+0		0+0+1+1+0+1+1+0
             = 6				=6				=4

In this step, swapping down is the best option because the step would result in the least Manhattan Distance.


	3
	1
	2

	6
	
	5

	7
	4
	8



Swap Left			Swap Right			Swap Down
	3
	1
	2
	
	3
	1
	2
	
	3
	1
	2

	
	6
	5
	
	6
	5
	
	
	6
	4
	5

	7
	4
	8
	
	7
	4
	8
	
	7
	
	8


Moves needed to be at solution state:
Tile no:
1 2 3 4 5 6 7 8			1 2 3 4 5 6 7 8 			1 2 3 4 5 6 7 8
0 0 1 1 0 2 1 0			0 0 1 1 1 1 1 0			0 0 1 0 0 1 1 0
Manhattan Distance		Manhattan Distance		Manhattan Distance
             =				=				=	
0+0+1+1+0+2+1+0		0+0+1+1+1+1+1+0		0+0+1+0+0+1+1+0
             = 5				=5				=3
In this step, swapping down is the best option because the step would result in the least Manhattan Distance. Swapping up is not displayed here as its going back a step.
	3
	1
	2

	6
	4
	5

	7
	
	8




Swap Left			Swap Right	
	3
	1
	2
	
	3
	1
	2

	6
	4
	5
	
	6
	4
	5

	
	7
	8
	
	7
	8
	


Moves needed to be at solution state:
Tile no:
1 2 3 4 5 6 7 8					1 2 3 4 5 6 7 8
0 0 1 0 0 1 0 0					0 0 1 0 0 1 1 1
Manhattan Distance				Manhattan Distance
             =						=	
0+0+1+0+0+1+0+0				0+0+1+0+0+1+1+1
             = 2						=4
	3
	1
	2

	6
	4
	5

	
	7
	8



In this step, swapping left is the best option because the step would result in the least Manhattan Distance. Swapping up is not displayed here as its going back a step.








	3
	1
	2

	
	4
	5

	6
	7
	8


 Swap Up	
		




Moves needed to be at solution state:
Tile no:
1 2 3 4 5 6 7 8
0 0 1 0 0 0 0 0
Manhattan Distance
             =					
0+0+0+0+0+1+0+0
             = 1
In this step, swapping up is the best option because the step would result in the least Manhattan Distance. Swapping right , which is the only other option in this case, is not displayed here as its going back a step.


	3
	1
	2

	
	4
	5

	6
	7
	8




Swap Up			Swap Right	
	
	1
	2
	
	3
	1
	2

	3
	4
	5
	
	4
	
	5

	6
	7
	8
	
	6
	7
	8



Moves needed to be at solution state:
Tile no:
1 2 3 4 5 6 7 8					1 2 3 4 5 6 7 8
0 0 0 0 0 0 0 0					0 0 1 1 0 0 0 0 
Manhattan Distance				Manhattan Distance
             =						=	
0+0+0+0+0+0+0+0				0+0+1+1+0+0+0+0
             = 0						=2
In this step, swapping up is the best option because the step would result in the least Manhattan Distance. Swapping down is not displayed here as its going back a step.

Using Manhattan distance as the heuristic has proven to solve the puzzle in exact same amount of moves and as simple a heuristic.

While there are other ways to use Manhattan Distance as a heuristic as Burns et al. use, what they call an ‘incremental Manhattan distance’ where they compute all of the distances of all possible outcomes first and use a look up table. Which in application shows to be a faster way to solve the puzzle.[8]
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#pragma once
#include "stdafx.h"
#include "facilityData.h" 

//homegrown file reader.




class LoadFile: public facilityData
{
	
private:
	int counter = 0;
	FILE *fp = NULL;
	const char *nameOfFacility; //moved from SetFileName as when this was out of scope the nameOffacility would lose its pointer
	char buffer[10000];
	char fileName[sizeof buffer] = { NULL }; 
	char objName[sizeof fileName];

public:
	LoadFile() { SetFileName(); fopen_s(&fp, nameOfFacility, "r");};// upon construction, loads file and checks it.
	~LoadFile();
	void CheckFile(FILE *p);
	void SetFileName();
	const char* GetFileName();
	void StoreAll();
	void Show();
	




	
};
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LoadFile.cpp
#include "LoadFile.h"
#include "facilityData.h"

//this loads a file from user input and concatenates a .txt to avoid errors in the file name, 
//this is also checks and stores the files content into an array for other classes to access



LoadFile::~LoadFile()
{
}

// if the file isnt found it will ask again until user terminates or a file is found.
void LoadFile::CheckFile(FILE *p) 
{
	if (!fopen_s(&p, fileName, "r"))
	{
		
		cout << "file found" << endl;
		
	}
	else {
		cout << "no file found, try again" << endl;
		system("PAUSE");
		SetFileName();
		
	}

}

void LoadFile::SetFileName()
{
	
	cout << "Enter name of Storage Facility" << endl; //reconfigured for user input
	cin >> fileName;
	strcpy_s(objName, fileName);
	//concatenates two strings together, using .txt, this is just to avoid errors, 
	strcat_s(fileName, ".txt");


	nameOfFacility = fileName;
	CheckFile(fp);

}

const char * LoadFile::GetFileName()
{
	return nameOfFacility;
}




//this store the files data into and array and then passes to the inherited class for use
void LoadFile::StoreAll()
{
	char tempbuffer[1000];
	int x_rows = 0;
	int y_cols = 0;
	int itemCount = 0;

	fopen_s(&fp, nameOfFacility, "r");
	do
	{
		fscanf_s(fp, "%c", buffer, sizeof(char) * 64);
		
		
			if (*buffer != '\n')
			{
				tempbuffer[counter] = *buffer;
				y_cols++;

			}
			if (*buffer == '\n')
			{
				tempbuffer[counter] = *buffer;
				x_rows++;
				y_cols = 0;



			}
			if (*buffer == 'I')
			{
				itemCount++;
			}
		
		
		counter++;

	} while (!feof(fp));
 	setupArray(tempbuffer, x_rows +1, y_cols);//faciltyData class takes over of data handling from here
	fclose(fp);
	setNumofItems(itemCount);// sets the items counted from the loop

}

void LoadFile::Show()
{
	

}
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#pragma once

#include "stdafx.h"
/*this class is the main data handler, using dynamic arrays allows for larger or small graphs to be implemented*/

class facilityData  
{

private:


	int sizeOfFacility[2]; // size of rows and columns;

	char **facilityArray;
	//make this a dynamic 2d array;

	int numOfItems;

public:
	facilityData();
	~facilityData();
	void setupArray(char *buffer, int rows, int cols);// making a 2d array with whats been passed into it and printing to screen
	
	char** getFacilityArray();
	int* getFacilitySize();
	void setNumofItems(int itemNum);// setting the numOfItems
	int getNumofItems();
	




};
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facilityData.cpp
#include "facilityData.h"






facilityData::facilityData()
{
}

/*destructor: freeing the allocated dynamic memory*/
facilityData::~facilityData()
{
	for (int i = 0; i < sizeOfFacility[0]; ++i)
	{
		delete[] facilityArray[i];
	}

	delete[] facilityArray;
}
/* this creates a dynamic memory based on the amount of rows and columns and fills it with the buffer data*/
void facilityData::setupArray(char *buffer, int rows, int cols)
{
	facilityArray = new char*[rows];

	cout << endl;
	int count = 0;
	for (int i = 0; i < rows; i++) {
		if (buffer != "\n")
		{
			facilityArray[i] = new char[cols];
		}
	}

	cout << "dataAllocate: " << endl;
	for (int i = 0; i < rows; i++) {

		for (int j = 0; j < cols; j++)
		{

			facilityArray[i][j] = buffer[count];

			count++;
			
			cout << facilityArray[i][j];
			

		}

	}

	system("PAUSE");
	sizeOfFacility[0] = rows;
	sizeOfFacility[1] = cols;
	


}



char** facilityData::getFacilityArray()
{

	return facilityArray;
}



int * facilityData::getFacilitySize()
{
	return sizeOfFacility;
}

void facilityData::setNumofItems(int itemNum)
{
	numOfItems = itemNum;
}

int facilityData::getNumofItems()
{
	return numOfItems;
}
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#pragma once

#include "stdafx.h"


/*This class is the stack handler and graph searcher, the "robot" searches the graph,
loaded the file and stores the information in two stacks as it traverses the graph: 
one for visisted node(nodes that the "robot" has actually been to) and the search stack(the nodes (that have been found(noted))*/

/*ADDTIONAL NOTE: The way the graph is read and stored mean the normal conventional direction of the y axis is flipped
so y-1 = UP and y+1 equals DOWN*/



class mrRobot
{
private:

	typedef struct {
		int x;
		int y;
		char pos;
		bool visited = false;
	}R_position;

public:
	mrRobot();
	~mrRobot();
	void setSearchData(int * size, char** data);// stores the into corresponding arrays
	char** getSearchData();// returns the graphData(nodeData)
	void setStartNode(char startNode);	// set the first node to start the search
	void lookUp();// tells the robot to look up -y on the graph
	void lookDown();// tells the robot to look down +y on the graph
	void lookRight();// tells the robot to look right +x on the graph
	void lookLeft();// tells the robot to look left -x on the graph
	void checkIfItem();// check if the current node is an item node 'I'
	void updateVisitedGraph();// updates the visited node graph. 
	bool** getVisitData(); // returns visitData graph

	
	int getItemsCollected();// returns items 'I' collected
	void printStack(stack<R_position> &s);// Recursive Function that prints any stack, used to print the visited nodes pushed onto the visited stack

	// compares all noted nodes on the search Stack and does a bubble sort to push the repeated node to the top of the stack and pops it off
	void noteCheck(stack<R_position> &c);


	stack<R_position> R_Stack;
	R_position R_pos;
	stack<R_position> R_visited;

protected:
	
	int item_Counter = 0;
		
	int *graphSize;

	char** nodeData;
	
	bool** visitedNode;
	  	
};
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#include "stdafx.h"
#include "mrRobot.h"






mrRobot::mrRobot()
{
	
}

// Destructor that frees the dynamically allocated memory
mrRobot::~mrRobot()
{
	for (int i = 0; i < graphSize[0]; ++i) {

		delete[] visitedNode[i];
	}

	delete[] visitedNode;


}

// sets the search data by creating a dynamic array
void mrRobot::setSearchData(int * size, char** data)
{
	

	visitedNode = new bool*[size[0]];





	for (int i = 0; i < size[0]; i++) {

		visitedNode[i] = new bool[size[1]];
		
	}
	for (int i = 0; i < size[0]; i++)
	{
		for (int j = 0; j < size[0]; j++)
		{
			visitedNode[i][j] = false;// presets all the nodes to false, so the robot can determine which nodes is hasnt visited yet
		}
	}

	nodeData = data;
	graphSize = size;



}

char ** mrRobot::getSearchData()
{
	return nodeData;
}

void mrRobot::setStartNode(char startNode)
{
	int i = 0;
	int j = 0;
	//using a for loop doesnt seem to work here, so a do while loop has been implemented 
	//this looks for the 'startNode' makes its visited value true and pushes it on the search stack, to make the search start.
	R_pos.pos = nodeData[i][j];
	do {




		if (j <= graphSize[1])
		{
			j++;
		}
		else if (i < graphSize[0])
		{
			i++;
			j = 0;
		}
		R_pos.y = i;
		R_pos.x = j;
		R_pos.pos = nodeData[i][j];

		if (R_pos.pos == startNode)
		{


			visitedNode[i][j] = true;

			R_Stack.push(R_pos); // pushing the start position onto the stack.

			cout << "top of stack element: " << R_Stack.top().pos << endl; //double pointer as the element is in a 2d array
			//cout << "top of stack x: " << &R_Stack.top().x << endl; //causes a heap corruption, unable to determine why
			//cout << "top of stack y: " << &R_Stack.top().y << endl;


		}



	} while (R_pos.pos != startNode);
}






void mrRobot::lookUp()
{


	cout << "Look Up: ";
	if (R_visited.top().y != 0)
	{
		/* using graph axis mathematics, the R_pos is a single struct class member, which assimilates the current position by using the 
		top of the search stack, and assimilating the visited node value, and searching with those values implemented.*/
		R_pos.pos = nodeData[(R_visited.top().y) - 1][R_visited.top().x];
		R_pos.visited = visitedNode[(R_visited.top().y) - 1][R_visited.top().x];
		R_pos.x = R_visited.top().x;
		R_pos.y = (R_visited.top().y) - 1;
		if (R_pos.visited != true)
		{
			if (R_pos.pos == ' ')
			{
				cout << "space at :" << "Y: " << R_pos.y << ", X: " << R_pos.x << endl;
			}
			else
			{
				cout << R_pos.pos << endl;
			}
			if (R_pos.pos == '\n' || R_pos.pos == '#')
			{
				cout << "Non Valid character: (" << R_pos.pos << ") not pushing onto stack" << endl;
			}
			else {
				cout << "pushed: " << R_pos.pos << endl;
				R_Stack.push(R_pos);
			}
		}
		else {
			cout << "node visited already" << endl;
		}
	}
	else
	{
		cout << "at zero Y element of graph" << endl;
	}


}

void mrRobot::lookDown()
{
	cout << "Look Down: ";
	if ((R_visited.top().y) + 1 < graphSize[0])
	{
		R_pos.pos = nodeData[(R_visited.top().y) + 1][R_visited.top().x];
		R_pos.visited = visitedNode[(R_visited.top().y) + 1][R_visited.top().x];
		R_pos.x = R_visited.top().x;
		R_pos.y = (R_visited.top().y) + 1;
		if (R_pos.visited != true)
		{
			if (R_pos.pos == ' ')
			{
				cout << "space at :" << "Y: " << R_pos.y << ", X: " << R_pos.x << endl;
			}
			else
			{
				cout << R_pos.pos << endl;
			}


			if (R_pos.pos == '\n' || R_pos.pos == '#')
			{
				cout << "Non Valid character: (" << R_pos.pos << ") not pushing onto stack" << endl;
			}
			else {
				cout << "pushed: " << R_pos.pos << endl;
				R_Stack.push(R_pos);
			}
		}
		else {
			cout << "node visited already" << endl;
		}

	}
	else
	{

		cout << "at last Y element of graph" << endl;
	}

}

void mrRobot::lookRight()
{
	cout << "Look Right: ";
	if (R_visited.top().x < graphSize[1])
	{
		R_pos.pos = nodeData[R_visited.top().y][(R_visited.top().x) + 1];
		R_pos.visited = visitedNode[R_visited.top().y][(R_visited.top().x) + 1];
		R_pos.x = (R_visited.top().x) + 1;
		R_pos.y = R_visited.top().y;
		if (R_pos.visited != true)
		{
			if (R_pos.pos == ' ')
			{
				cout << "space at :" << "Y: " << R_pos.y << ", X: " << R_pos.x << endl;
			}
			else
			{
				cout << R_pos.pos << endl;
			}


			if (R_pos.pos == '\n' || R_pos.pos == '#')
			{
				cout << "Non Valid character: (" << R_pos.pos << ") not pushing onto stack" << endl;
			}
			else {
				cout << "pushed: " << R_pos.pos << endl;
				R_Stack.push(R_pos);
			}
		}
		else {
			cout << "node visited already" << endl;
		}

	}
	else
	{

		cout << "at last X element of graph" << endl;
	}


}

void mrRobot::lookLeft()
{
	cout << "Look Left: ";
	if (R_visited.top().x != 0)
	{
		R_pos.pos = nodeData[R_visited.top().y][(R_visited.top().x) - 1];
		R_pos.visited = visitedNode[R_visited.top().y][(R_visited.top().x) - 1];
		R_pos.x = (R_visited.top().x) - 1;
		R_pos.y = R_visited.top().y;
		if (R_pos.visited != true)
		{
			if (R_pos.pos == ' ')
			{
				cout << "space at :" << "Y: " << R_pos.y << ", X: " << R_pos.x << endl;
			}
			else
			{
				cout << R_pos.pos << endl;
			}


			if (R_pos.pos == '\n' || R_pos.pos == '#')
			{
				cout << "Non Valid character: (" << R_pos.pos << ") not pushing onto stack" << endl;
			}
			else {
				cout << "pushed: " << R_pos.pos << endl;
				R_Stack.push(R_pos);
			}
		}
		else {
			cout << "node visited already" << endl;
		}

	}
	else
	{

		cout << "at zero X element of graph" << endl;
	}



}

void mrRobot::checkIfItem()
{
	//simply checking if search stack.top has and item, incrementing the counter
	if (R_Stack.top().pos == 'I')
	{
		item_Counter++;
		cout << endl << endl << "Item found, " << endl << " Items Total:   " << item_Counter << endl;
		system("PAUSE");

	}

}

void mrRobot::updateVisitedGraph()
{
	//takes the top of the search stacks x and y values and makes that array position true;
	visitedNode[R_Stack.top().y][R_Stack.top().x] = true;
	
}

bool ** mrRobot::getVisitData()
{
	return visitedNode;
}



int mrRobot::getItemsCollected()
{
	return item_Counter;
}

void mrRobot::printStack(stack<R_position> &s)
{
	/*this recursive function, uses a temp struct and copies the top and pops it then calls itself until the stack is empty.
	Then returns to continue the rest of the function in the function stack. It then prints out the struct and then pushes it back on
	the search stack before the function exits to preerve the order of the stack
	and repeats until all functions in the function stack have finished*/

	if (s.empty())
		return;

	R_position temp = s.top();


	// Pop the top element of the stack
	s.pop();

	// Recursively call the function PrintStack
	printStack(s);

	// Print the stack element starting
	// from the bottom
	if (temp.pos != ' ')
	{
		cout << " " << temp.pos;
	}
	else {
		cout << " " << "space";
	}
	cout << " at x: " << temp.x << " y: " << temp.y;

	// Push the same element onto the stack
	// to preserve the order
	s.push(temp);

}

/*checks all nodes to find a duplicate, this was attempted recursively but the function wouldn't keep 
the values for long as they would go out of scope,
so a more convuluted way was brewed.

This function copies the search stack a into temporary stack then pops that stack in order onto a temporary array.
This preserved the order and helped to find the duplicate and erase it without affecting the order of the stack. */
void mrRobot::noteCheck(stack<R_position> &c)
{
	if (c.size() < 2) //no point checking if there's only one node to check
		return;

	int entrySize = c.size();
	R_position *temp = new R_position[c.size()];
	

	stack <R_position> tempStack;
	while (!c.empty())
	{
		tempStack.push(c.top()); // copies c stack upside down 
		c.pop();
	}

	for (int i = 0; i < entrySize; i++)
	{
		temp[i] = tempStack.top();// copies tempstack upsidedown( c stack right way up)

		if (!tempStack.empty())
			tempStack.pop();
	}


	for (int i = 0; i < entrySize; i++)
	{
		for (int j = i + 1; j < entrySize; j++)
		{
			if (temp[i].x == temp[j].x && temp[i].y == temp[j].y)// checks for duplicate coordinates 
			{

				for (i = i; i < entrySize; i++)
				{
					if ((i + 1) >= entrySize)// this is to avoid swapping the last array with a null pointer or junk data
					{
						continue;
					}
					else
					{
						/*simple bubble sort, copying the current into next and so on, but the trick here is: in this for loop i = i. 
						Starting from the place of the duplicated member of the array, the all of the members before it are left untouched */
						temp[i] = temp[i + 1];
					}
				}

			}
		}
	}

	for (int i = 0; i < entrySize; i++)
	{
		if (&temp[i] != nullptr)// simple check to avoid errors
			c.push(temp[i]);
		if (temp[i].x == temp[i + 1].x && temp[i].y == temp[i + 1].y)
		{
			c.pop();// remove the top element of the top as the one below it is the duplicate.
		}


	}

	delete[] temp;// free the dynamic memory.


}




[bookmark: _Toc63275538]main.cpp
#include "LoadFile.h"
#include "mrRobot.h"
int main()
{
	LoadFile file; // upon creating this the user inputs the filename
	file.StoreAll();// stores all the data in an array	


	int* facilitySize = file.getFacilitySize();// gets the facilitySize in a local variable for use later

	static char** facilityGraph = file.getFacilityArray();// same here

	bool** visitGraph;// and again
	mrRobot itemMan;	// the is class responsible for travering the graph

	itemMan.setSearchData(file.getFacilitySize(), file.getFacilityArray());// sets the local variables with data from the file 

	itemMan.setStartNode('S');// self explanatory

	visitGraph = itemMan.getVisitData();// sets the graph of visited nodes

	bool contextual = false;// this is just a stop the while loop cout-ing a contextual bit of text every loop

	//beginning of the graph search loop
	while (!itemMan.R_Stack.empty())
	{

		itemMan.updateVisitedGraph();// updates all of the graphs nodes, whether they have been visited or not

		
		//system("PAUSE");
		system("CLS");

		/* this for loop is responable for printing the visited nodes,
		the current position and the rest of the graph data*/
		for (int i = 0; i < facilitySize[0]; i++) {

			for (int j = 0; j < facilitySize[1]; j++)
			{
				if (i == itemMan.R_Stack.top().y && j == itemMan.R_Stack.top().x)
				{
					cout << 'O';


				}
				else if (visitGraph[i][j] == true && facilityGraph[i][j] != 'E')
				{
					cout << '.';
				}
				else
				{

					cout << facilityGraph[i][j];

				}

			}

		}


		if (contextual == false)
		{
			cout << "node(s) visited: ";
			contextual = true;
		}
		contextual = false;


		// responsible for checking if at the exit of the graph, and popping off the last node of the search stack and adding to the visit stack 

		if (itemMan.R_Stack.top().pos == 'E')
		{
			cout << endl << endl << " AT EXIT" << endl;
			system("PAUSE");
			if (itemMan.getItemsCollected() < file.getNumofItems())
			{
				cout << "Items missing, look for the rest" << endl;
				system("PAUSE");
				itemMan.R_visited.push(itemMan.R_Stack.top());
				itemMan.R_Stack.pop();

			}
			else
			{
				itemMan.R_visited.push(itemMan.R_Stack.top());
				itemMan.R_Stack.pop();
			}

		}
		else // traverses the graph 
		{
			itemMan.printStack(itemMan.R_visited);
			itemMan.checkIfItem();// checks the top of the stack if it is an item
			cout << endl << "current node: " << itemMan.R_Stack.top().pos << endl;
			cout << "at x: " << itemMan.R_Stack.top().x << endl;
			cout << "at y: " << itemMan.R_Stack.top().y << endl;
			itemMan.R_visited.push(itemMan.R_Stack.top()); 
			

			cout << "pushing current node : " << itemMan.R_Stack.top().pos << "onto visit list: " << endl;

			cout << "popping current node: " << itemMan.R_Stack.top().pos << endl;
			itemMan.R_Stack.pop();
			system("PAUSE");
			itemMan.lookUp();
			system("PAUSE");
			itemMan.lookDown();
			system("PAUSE");
			itemMan.lookRight();
			system("PAUSE");
			itemMan.lookLeft();
			system("PAUSE");
			itemMan.noteCheck(itemMan.R_Stack);// this is responsble for check if a node has already been noted.
		}

	}
	/* this is just test item check, as the searcher always finds all the items at the moment
	uncomment if would like to see what happens if robot can't find all the items.*/
	//file.setNumofItems(6);

	//simple cout for notifying that stack is empty
	if (itemMan.R_Stack.empty())
	{
		cout << "STACK EMPTY!" << endl;
		if (itemMan.getItemsCollected() < file.getNumofItems())
		{ 
			//report the missing items(theoretically)
			cout << file.getNumofItems() - itemMan.getItemsCollected() << "missing items, Reporting..." << endl; 
			system("PAUSE");
		}
		else
		{
			// if current node is not the exit and have all the items go find it by traversing the visisted stack
			while (itemMan.R_visited.top().pos != 'E')
			{				
					cout << "Great you have all of the items, Find the exit" << endl;
					system("PAUSE");
				itemMan.R_visited.pop();
				system("CLS");
				for (int i = 0; i < facilitySize[0]; i++) {

					for (int j = 0; j < facilitySize[1]; j++)
					{
						if (i == itemMan.R_visited.top().y && j == itemMan.R_visited.top().x)
						{
							cout << 'O';

						}
						else if (visitGraph[i][j] == true && facilityGraph[i][j] != 'E')
						{
							cout << '.';
						}
						else
						{
     							cout << facilityGraph[i][j];

						}
					}
				}

			}if (itemMan.R_visited.top().pos == 'E')
			{
				cout << "You found the EXIT!" << endl;
				system("PAUSE");
			}
			

		}
	}
		


	


	return 0;

}

