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[bookmark: _Toc92918048]Part 1
[bookmark: _Toc92918049]Dijkstra’s Algorithm

Dijkstra’s Algorithm was invented by Edsger W Dijkstra in 1956 and according to the authors of “Shortest Path Problems.”  [1] It is a graph search algorithm that intends to identify the shortest path between a source node and any other node in the graph. The algorithm uses an array to store the distance or cost, from one node along the connecting edge to the next node in the graph.  Initially these distances are unknown and are set to an infinite value, as each node is visited. The weighted edge value replaces the infinite value therefore marking that node as visited, this process continues until all nodes in the graph have been visited and the shortest path identified. In terms of Big I notation Dijkstra’s algorithm would be  , where E represents the number of edges in the graph and N represents the number of verticies in the graph.  
(sectional word count 151)

[bookmark: _Toc92918050]A* Algorithm	

A* was first published by  Hart, Nilsson and Raphael in 1968 and built on Dijkstra’s existing algorithm in order to make it a more efficient for identifying the shortest route between a source and it’s target destination. According to George Heineman [2] the A* algorithm differs slightly from Dijkstra’s algorithm by making uses of heuristic function, this function produces an estimated value to travel between each node, which are then used to decide which node to travel to the next. As a result of using this estimated value there is a trade off against the level of accuracy, precision and meticulousness in order to achieve faster processing speeds. 
(sectional word count 110) 




[bookmark: _Toc92918051]Comparison of Dijkstra’s Algorithm and A* Algorithm

Although both Dijkstra’s algorithm and the A* algorithm will solve the path finding problem and producing the shortest path for the graph, they will do so in a slightly different way. Dijkstra’s algorithm will visit the closest node from the current source node, evaluating the weighted edge values, replacing the stored infinity values with this value repeating this process for each node in the graph until all nodes are marked as being visited. When the algorithm is faced with a choice of two nodes to visit, it will always choose the node that has the lowest weighted edge first and evaluate that node. This means that when faced with obstacles Dijkstra’s algorithm will always solve the path finding problem, however it will do so by evaluate every node. This type of approach suggested that Dijkstra’s algorithm is similar to a Breadth-First-Search but it makes use of the weighted edge values to intelligently decide which node should be visited next. The authors of Algorithms in a nutshell [3] suggest that a Breadth-First-Search methodically searches each node and does not attempt to gather any additional information to aid or quicken the search process.
As Dijkstra’s algorithm uses very little additional information when evaluating the path it is quite possible that it maybe evaluating nodes that are nowhere near the destination node and therefore wasting valuable moves on the path to find the shortest route.  
According to an article published on geeksforgeeks [4] Dijkstra’s algorithm will fail to find the shortest path when there are negative weighted edges. As mentioned previously this algorithm will always choose to visit the node with the lowest weighted edge value next in an assumption that this will lead to the shortest path, however this may not be the case if negative weighted edges are ‘hidden’ further down the path of a higher edge cost node. So the algorithm may incorrectly choose a path that it thinks will be the shortest when choosing the node with the higher cost value would actually result in the identification of a shorter path than that of the lower cost edge. 
The A* algorithm however, makes uses of heuristic functions, these functions produces a best estimate cost value for each node that needs to be visited in the graph and uses these estimates to prioritises which node should be visited next therefore reducing the number of moves that need to be made to find the target, therefore making the A* algorithm more efficient than Dijkstra’s algorithm. Using additional functions that gather more information indicates this algorithm makes intelligent decisions which lead to the reduction of moves required identifying that the A* algorithm adopts a depth-first-search approach.  
Based on the above analysis Dijkstra’s algorithm is better placed over A* Algorithm when there is no knowledge of the graph and the distance between each node cannot be estimated.  
(Sectional word count 481)

(Part one word count 742 of 750)Reflection

[bookmark: _Toc92918052]Developing process

[bookmark: _Hlk92739504]During the planning process for this project, I attempted to implement several mazes solving algorithms the first of which was the one hand on the wall approach (link to appendix) This adopts a depth first approach. As the name suggests one virtual hand remains on the wall either to the left or right, the player then follows a limited number of commands depending on the position of the wall in relation to the player. 
The second algorithm attempted was a breadth-first search (link to appendix). This algorithm increases in its complexity from the DFS algorithm. Searching each vertices in turn to find a path through the maze. In the example code below the player should travel in an upwards direction until such point that it can go no further therefore having to choose to go either left or right. 
The final algorithm attempted was Dijkstra’s algorithm (link to appendix). This relies on the fact that the vertices in the graph are connected to others each connecting pair of vertices has an edge that carries a weighted value which represents the cost of traveling from one to the next. Once the cost of traveling has been established the algorithm can intelligently look for the connecting vertices with the lowest weights which should then produce the shortest path.  

[bookmark: _Toc92918053]Complications

During the planning stages I felt the hand on one wall algorithm would work but it became apparent that two inner blocks of wall were causing an issue. After additional research I was able to identify a possible problem in implementing this algorithm. An article published on Wikipedia [5] suggested that this algorithm will find the route to the target vertices if all walls are either connected to outer walls or each other, however this is not always the case with the random maze generator used in this project. On many occasions the player became trapped between two walls as emulated below. 
[image: A picture containing calendar

Description automatically generated]
Figure 3   issue occurring when faced with a wall that does not connect with another
The initial steps of Dijkstra’s algorithm were successfully implemented. This involved identifying gaps within walls, then added these vertices to a node class, linking one vertices to the next.  
The embedded excel document (Doc) demonstrates that gaps are identified, added to the node list and linked to the next node in the list. 
(Sectional word count 390)

[bookmark: _Toc92918054]Reflection

Automation in technology has become so embedded into our daily lives, saving us valuable time and effort. However, there are many examples of automated programs that have failed to start or failed to perform as intended. One such example as identified by Nguyen [6] highlighted an issue the occurred on Amazons website, when many items were automatically reprices as 1p. 
In such situations as this, there are many valuable lessons to be learnt.  From this project I have learnt the importance of the need to completely understand the brief and when understanding is unclear seeking clarification. This valuable skill ensures that projects meet not only the design brief, but also the customers expectations and function as intended. 
(sectional work count 118)
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[bookmark: _Toc92918056]Appendix

#include "GridNavigatorAutomatic.h"
#include <list>
#include <stdlib.h> 

GridNavigatorAutomatic::GridNavigatorAutomatic() : GridNavigator()
{

}

void GridNavigatorAutomatic::Navigate()
{
[bookmark: _//right_hand_on][bookmark: _Toc92918057]	Right hand on the wall
//right hand on the wall
moveresults mr = moveresults::ok;
int j = 18;
int i = 1;
int tracker = 0;

while (mr != moveresults::complete)
{
for (int i = 18; i > 1; i--)// starts at row 18 as row 19 is a wall
{
//cout << "row is currently is: " << i << endl;
for (int j = 1; j < 19; j++) //starts on column 1 as column 0 is a wall.
{
//wall to the right and no wall in front
//->->->->->->
//-------------
if ((grid->GetGridSquare(j, i+1) == griditem::wall)&& (grid->GetGridSquare(j+1,i) != griditem::wall))
{
mr = grid->MovePlayer(movedirection::right);
grid->PrintGrid();
}
//wall to the right and a wall in front
//             |
//             |
//			   |
//->->->->->->->
//---------------
if ((grid->GetGridSquare(j, i + 1) == griditem::wall) && (grid->GetGridSquare(j + 1, i) == griditem::wall))

{
mr = grid->MovePlayer(movedirection::up);
tracker = 0;
i = i - 1;
j = j-1;
grid->PrintGrid();
}

// No wall to the right and no wall in front
if ((grid->GetGridSquare(j, i + 1) != griditem::wall) && (grid->GetGridSquare(j + 1, i+1) == griditem::wall))
{
mr = grid->MovePlayer(movedirection::up);
i = i - 1;
j = j - 1;

grid->PrintGrid();
}
if ((grid->GetGridSquare(j, i - 1) == griditem::wall)&& (grid->GetGridSquare(j-1, i)==griditem::empty))
{
mr = grid->MovePlayer(movedirection::left);
tracker = tracker + 1;
j = j - tracker;
i = i;
grid->GetGrid();

}

switch (mr)
{
case moveresults::complete:
cout << "Maze complete!" << endl;
return;
case moveresults::wall:
cout << "You walked into a wall. Oops!" << endl;
}
}
}
}
}

			



[bookmark: _/*//Breadth_first_search][bookmark: _Toc92918058]Breadth first search
int V = 19; // set to 19 in order to stop the loops at 18 to allow for walls
bool wall = false;// a boolean variable used to evaluate if a wall is encountered
moveresults mr = moveresults::ok;
while (mr != moveresults::complete)
{
	for (int i = 18; i > 1; i--)// starts at row 18 as row 19 is a wall
	{
		cout << "row is currently is: " << i << endl;
		for (int j = 1; j < V; j++) //starts on column 1 as column 0 is a wall.
			{
			cout << "coloum is currently: " << j << endl;
if (grid->GetGridSquare(j, i - 1) != griditem::wall)// if there is no wall above move up ^
{
mr = grid->MovePlayer(movedirection::up);
cout << "move up was made now on row " << i << endl;
grid->PrintGrid();

//the i varibale needs to decrease by 1 but the j variable needs to stay the same as it is no
j = V;
}
else if ((grid->GetGridSquare(j, i - 1) == griditem::empty) && (grid->GetGridSquare(j - 1, i) == griditem::empty) && (grid->GetGridSquare(j + 1, i) == griditem::empty))
{
mr = grid->MovePlayer(movedirection::up);
	grid->PrintGrid();
}
else if ((grid->GetGridSquare(j, i - 1) == griditem::wall) && (grid->GetGridSquare(j + 1, i) == griditem::empty) && (grid->GetGridSquare(j - 1, i) == griditem::empty))

// if left and right are both empty go left
{
mr = grid->MovePlayer(movedirection::right);
	grid->PrintGrid();
}

else if ((grid->GetGridSquare(j, i - 1) == griditem::wall) && (grid->GetGridSquare(j - 1, i) == griditem::wall))
{
	mr = grid->MovePlayer(movedirection::right);
	grid->PrintGrid();
}
else if ((grid->GetGridSquare(j, i - 1) == griditem::wall) && (grid->GetGridSquare(j + 1, i) != griditem::empty))//if there is a wall above and to the right go left
{
	mr = grid->MovePlayer(movedirection::left);
	grid->PrintGrid();
//the i variable needs to stay the same as it is now but the j variable needs to decrease by 1
cout << " there is a wall to the right" << endl;
}
else
{
cout << "Unknown command." << endl;
}

switch (mr)
{
	case moveresults::complete:
	cout << "Maze complete!" << endl;
	return;
	case moveresults::wall:
	cout << "You walked into a wall. Oops!" << endl;
}
}
}
}
}*/




























[bookmark: _/*_Attempt_at][bookmark: _Toc92918059]Dijkstra’s algorithm


int v = 19; // set to 19 in order to stop the loops at 18 to allow for walls
NodeList gapslist ;// creates a node list in which to store the identified gaps
bool wall = false;// a boolean variable used to evaluate if a wall is encountered
int weightcount = 0;


// steps to take
//step 1 - identify the player position
// add player to node list as source noting the x and y position and setting the weight as 0
gapslist.addNode(1, 18, 0);



//step 2 - scan each row and its columns one at a time
for (int i = 18; i > 1; i--)// starts at row 18 as row 19 is a wall
{
	//test code
	//cout << "row : " << i << endl;

for (int j = 1; j < v; j++) //starts on column 1 as column 0 is a wall.
{
	//test code
	//cout << "coloumn : " << j << endl;

/step 3 - search for walls - if a wall is found search that row to find gaps
if (grid->GetGridSquare(j, i) == griditem::wall)
{
	wall = true;
	//test code
	//cout << "wall found at : " << j << "    " << i << endl;
}

while (wall == true)
{
	int v2 = i + 1;

	//test code
	//cout << "variable v2 is : "<< v2 << endl;;
	//cout << "wall boolean is : " << wall << endl;


for (int k = i; k < v2; k++)//a wall is identified so that entire row is searched
{
	//test code
	//cout << "row: " << k  << endl;
	for (int l = 1; l < v; l++)
	{
		//test code
//cout << "coloum: " << l << endl;

//step 4 - check if empty //if empty add to gapslist //else check next grid square - until grid square is 19 of the row
if (grid->GetGridSquare(l, k) == griditem::empty)
{
weightcount = weightcount + 1;
int x = l;
int y = k;
int w = (l + k);
//cout << x << "x cor " << y << "  y cor  " << w << " weight " << endl;
gapslist.addNode(x, y, weightcount);
								}
							}

						}
// once all of the coloumn in that row have been checked check next row wall = false;
//cout << "wall boolean is : " << wall << endl;
i = i - 1;
j = 1;
					}
				}

			}
//step 5
// identify the target
// add target to node list as source noting the x and y position and setting the weight as 0
gapslist.addNode(18, 1, 0);

////prints the node list and grid - used for testing
gapslist.printNodeData();
grid->PrintGrid();
//gapslist.deleteAll();
		}	*/}


	
	
Node.h – Dijkstra’s algorithm
#pragma once
#include <iostream>
using namespace std;
#include <list>
#include <tuple>

struct Node
{
	struct Node* next; //links the node to the next node
	int xpos; //stores the xposition of the vertices
	int ypos; //stores the yposistion of the verticies
	int weight;// stores the weighted edge value which is xpos+ypos
	
};

class NodeList
{
private:
	Node *head,*tail;
public:

	NodeList();

	void createHead(int x, int y, int w);
	void addNode(int x, int y, int w);


	void printNodeData();
	int getYpos(int index);
	int getXpos(int index);
	//int getLength();


	void deleteAll();


};




		
		
Node class.cpp – Dijkstra’s algorithm
#pragma once
#include <iostream>
using namespace std;
#include <list>
#include <tuple>

struct Node
{
	struct Node* next; //links the node to the next node
	int xpos; //stores the xposition of the vertices
	int ypos; //stores the yposistion of the verticies
	int weight;// stores the weighted edge value which is xpos+ypos
	
};

class NodeList
{
private:
	Node *head,*tail;
public:

	NodeList();

	void createHead(int x, int y, int w);
	void addNode(int x, int y, int w);


	void printNodeData();
	int getYpos(int index);
	int getXpos(int index);
	//int getLength();


	void deleteAll();


#include "Node.h"

NodeList::NodeList()
{
	head = NULL;
	tail = NULL;
}

void NodeList::createHead(int x, int y, int w)
{
	Node* head = new Node;
	head->xpos = x;
	head->ypos = y;
	head->weight = 0;
	head->next = NULL;
}

void NodeList::addNode(int x, int y, int w)
{
	Node* tmp = new Node;
	tmp->xpos = x;
	tmp->ypos = y;
	tmp->weight = w;
	tmp->next = NULL;

	if (head == NULL)
	{
		head = tmp;
		tail = tmp;
	}
	else
	{
		tail->next = tmp;
		tail = tail->next;
	}
}

	

void NodeList::printNodeData()
{
	Node* tmp = new Node;
	tmp = head;
	while (tmp != NULL)
	{
		cout << "x cor: " << tmp->xpos << " y cor: " << tmp->ypos << " weight: " << tmp->weight << endl;
		tmp = tmp->next;
	}
	
}

//Function for finding the node
/*int NodeList::getXpos(int index) {

	int count = 0;
	Node* tmp = new Node;
	tmp = head;
	int xpos = 0;
	int ypos = 0;
	int output = 0;

	while (tmp != NULL)
	{
		if (count == index)
			return tmp->xpos;
		count++;
		tmp = tmp->next;
	}
}*/

int NodeList::getYpos(int index)
{
	int count = 0;
	Node* tmp = new Node;
	tmp = head;
	
	while (tmp != NULL)
	{
		if (count == index)
			return tmp->ypos;
		count++;
		tmp = tmp->next;
	}
}

/*int NodeList::getLength()
{
	int count = 0;
	Node* tmp = new Node;
	tmp = head;

	while (tmp != NULL)
	{
		count = count + 1;
		tmp = tmp->next;
	}
}*/

void NodeList::deleteAll()
{
	Node* current = head;
	Node* next = NULL;

	while (current != NULL)
	{
		next = current->next;
		free(current);
		current = next;
	}
	delete current;
}
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