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Section 1. [bookmark: _Toc108773346]Overview
1.1 [bookmark: _Toc108773347]General
This report has been prepared to cover a Maze pathfinding algorithm and discuss two well-known pathfinding algorithms namely: Dijkstra's Algorithm and the A* Algorithm continuing to perform a comparison between the two.

Code has been provided to build a pseudo random, always solvable maze. The author is to add to the code with routines that will move the player to the target of the maze.

This report then reflects on the developing process of the implementation, detailing results obtained and discusses parts of their code, with snippets.
1.2 [bookmark: _Toc108773348]Purpose
To compare Dijkstra’s algorithm and the A* algorithm.
To implement maze solving code within a provided code base.
To reflect on the implementation of the code, the development and results of the code.
1.3 [bookmark: _Toc108773349]Report Sections
Dijkstra’s Algorithm description.
A* Algorithm description.
Comparison of above.
Development of maze pathfinding routines.	
Implementation.
Results.
Code Snippets.


1.4 [bookmark: _Toc108773350]Definitions

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	





Section 2. [bookmark: _Toc108773351]Maze Finding Algorithms
Two commonly recognised pathfinding algorithms are Dijkstra and A*, these are discussed below
2.1 [bookmark: _Toc108773352]Dijkstra’s algorithm
A synopsis of Dijkstra’s algorithm is described in Wikipedia below:
‘… an algorithm for finding the shortest paths between nodes in a graph, which may represent, for example, road networks. It was conceived by computer scientist Edsger W. Dijkstra in 1956 and published three years later.’ [1]
A further, more detailed description of Dijkstra’s algorithm can be found in the book ‘The Shortest-Path Problem Analysis and Comparison of Methods’ by Hector Ortega-Arranz, Diego R. Llanos and Arturo Gonzalez-Escribano. Here, it is described as below:
	‘This algorithm is the basic solution for the shortest-path problem. Dijkstra’s algorithm 	[Dijkstra, 1959] constructs minimal paths from a source node s to the remaining nodes, 	exploring adjacent nodes following a proximity criterion until the shortest path to goal 	node t is found.’ [2, p. 5]
This describes that within Dijkstra’s algorithm, each node is visited with distances from the source recorded. Once the node that is the target (or destination) is reached the path to that node is considered the shortest. To recover the route each node stores its predecessor meaning that to find the route the algorithm navigates back through the nodes which link back to their shortest neighbour node.
As the nodes are visited and the paths back to the source checked, the shortest route is found and that node becomes ‘settled’. Once the node that is settled is the target node then the route is considered completed. 
This does mean that further arrays are required to store tentative distances from the source node, but also to store ‘settled’ nodes to provide the links back to previous nodes.

The algorithm’s steps are described by Ortega-Arranz et al below:
‘1. (Initialization) It starts on the source node s, initializing distance array D[i]= ∞ for all nodes i and D[s]=0. Node s is settled and considered as the current node        c (c ← s). 
2. (Edge relaxation) For every node v adjacent to c that has not been settled, a new distance from source is found using the path through c, with value D[c] + w(c,v). If this distance is lower than previous value D[v], then D[v] ← D[c] +w(c,v). 
3. (Settlement) The node u with the lowest value in D is taken as the new current node (c ← u). After this, current node c is now considered as settled. 
4. (Termination criteria) If u is the target node the algorithm finishes, since the tentative path to u is now considered the minimum one. Otherwise, the algorithm proceeds to step 2.’ [2, p. 5]
2.1.1 [bookmark: _Toc108773353]Graphical Depiction of Dijkstra’s algorithm
[bookmark: _Hlk108286132]The following few pictures show a Djikstra algorithm traversing a grid to reach a target. There are steps in-between each frame, where all cells(nodes) are visited to be scored. The images chosen are to demonstrate the process.
 Starting point:
[image: ]			[image: ]
All nodes in all directions are tested.
The number of nodes being tested increases as the algorithm moves away from the source.
Reaching the obstacle:
[image: ]			[image: ]
Some nodes are closed off as they become ‘dead-ends’.
Bypass obstacle:
[image: ]			[image: ]
Find Target:
[image: ]	Screenshots from Wikipedia ref [1]. 
It is important to note that in this implementation that diagonal moves are allowed and count as one step.
2.2 [bookmark: _Toc108773354]A* Algorithm
A synopsis of the A* algorithm is given by Wikipedia as:
	‘A* is an informed search algorithm, or a best-first search, meaning that it is formulated 	in terms of weighted graphs: starting from a specific starting node of a graph, it aims to 	find a path to the given goal node having the smallest cost (least distance travelled, 	shortest time, etc.). It does this by maintaining a tree of paths originating at the start 	node and extending those paths one edge at a time until its termination criterion is 	satisfied.’ [3]
Or within the book ‘The Shortest-Path Problem Analysis and Comparison of Methods’ by Hector Ortega-Arranz et al, it expands with:
‘This approach [Hart et al., 1968] uses heuristics that try to avoid nodes not involved in 	the shortest path. Heuristics use domain information in order to look ahead in the 	decision process, trying to improve query times.’ [2, p. 10]
The A* algorithm is a derivative of Dijkstra’s algorithm, however, it has been optimised, with the knowledge of where, in relation to the source, the destination is. Where this aspect is known this optimisation obviously provides a quicker result than Dijkstra testing all nodes. It is possible, due to obstacles and their positioning that A* may also have to test most nodes even when their relative positions are known. 
2.2.1 [bookmark: _Toc108773355] Graphical Depiction of A* algorithm.
The following few pictures show an A* algorithm traversing a grid to reach a target. There are steps in-between each frame, where cells(nodes) in line to the target are visited to be scored. The images chosen are to demonstrate the process.





Cont’d
 Starting point:
[image: ]			[image: ]
All nodes in line with the target are tested, which minimises the tested nodes. However, it is of note that with A* algorithm all nodes are stored.
Reaching an obstacle:
[image: ]			[image: ]
The number of nodes being tested increases as the algorithm moves each way to circumnavigate the obstacle.
Bypass obstacle:
[image: ]			[image: ]
It can be seen that the left-hand side nodes have remained unchanged as the algorithm finds the quickest way is around the bottom right of the obstacle.
Find Target:
[image: ]	Screenshots from Wikipedia ref [3]. 
Far less nodes have to be tested using this algorithm but it does rely on relative positioning to be known. Otherwise, it would implement similarly to Dijkstra’s algorithm.

2.3 [bookmark: _Toc108773356]Comparison of Dijkstra and A*
Both algorithms are examples of Greedy algorithms. Greedy algorithms are defined within Wikipedia as:
‘A greedy algorithm is any algorithm that follows the problem-solving heuristic of making the locally optimal choice at each stage.’ [4]
A comparison is made between the Dijkstra and A* algorithms on Wikipedia in the following way:
‘Compared to Dijkstra's algorithm, the A* algorithm only finds the shortest path from a specified source to a specified goal, and not the shortest-path tree from a specified source to all possible goals. This is a necessary trade-off for using a specific-goal-directed heuristic. For Dijkstra's algorithm, since the entire shortest-path tree is generated, every node is a goal, and there can be no specific-goal-directed heuristic.’ [3] 
From the book ‘The Shortest-Path Problem Analysis and Comparison of Methods’ by Hector Ortega-Arranz et al the comparison is made as such:
‘For example, if the graph of the network is small, the logical choice is to implement a naïve Dijkstra’s algorithm, due to its simplicity and easy understanding. As the size of the network increases, the search space of the queries becomes bigger, and better algorithms may be needed. 
If the network follows a regular pattern and it is known in advance, in most cases it is possible to find a heuristic for the A* algorithm that significantly reduces the search space and query time without getting involved in complex programming for preprocessing-dependent approaches.’ [2, p. 61] 
Dijkstra’s algorithm search pattern radiates out in all directions as below:
[image: ] [2, p. 59]
Whereas, with A* algorithm, due to the directional optimisation the pattern resembles the below:
[image: ] [2, p. 59]
It is of note that the Dijkstra algorithm stores the shortest path tree from a specified source to all possible goals, whereas the A* algorithm only finds the shortest path from a specified source to a specified goal. This means that the A* algorithm keeps all generated nodes in memory, which is a drawback of the A* search.


Section 3. [bookmark: _Toc108773357]Implementation of code

From the problem described in the project, it is known that the maze is square and that the start is in the bottom left of the maze and the destination or target is in the top right. Mention is made of the solution being able to deal with mazes of different sizes and so that has been taken into account.
As we know the shape of the maze and where the start and end-goals are, from the previous section it would appear that the A* algorithm would be best suited to this type of maze-learning.
However, the author’s knowledge of creating arrays dynamically to store the type of nodes required for implementing the A* algorithm in C++ is not strong enough to produce reliable code and so, the following algorithms have been implemented.
3.1 [bookmark: _Toc108773358]  Diagonal model
As much as we know that the maze is square with a diagonally opposed start and finish, we also know something of the layout of the obstacles. They are either lines across the maze with a gap or blocks.
This leads to a style of solution, where the player moves up as far as possible until a wall is hit and then depending on the height reached, moves right the same distance. If the target isn’t reached, the row above is polled until a gap is found, the player moves through and then right or left to the diagonal equivalent. If a wall is hit travelling left or right, move up until obstacle passed, and repeat the above. 
As the maze is square, at some point, the Target will be reached. 
It is also of note that there are no diagonal moves allowed, so this is achieved by one move up and one move across, which negates some aspects of optimisation, as to get to square 8,8 for example will be 8 moves up and 8 across from position 0,0 whether done alternatively or all the up moves and then all the across moves. 
3.1.1 [bookmark: _Toc108773359] The Algorithm
The algorithm for the above is as follows:
1. Move player up until against a wall above
2. Move to the equivalent horizontal position
a. Check if target is reached
3. Scan line above for gap (left then right)
4. Move player below gap
5. Repeat from line one.

3.2 [bookmark: _Toc108773360]  Coding Diagonal model.
An optimisation of the above algorithm was found by running the code, whereby, instead of moving to the diagonal each time the player moves up and hits a wall, it is easier to check whether row 1 has been reached, as this is the top row in line with the Target. If using the diagonal each time, further code is required to get the Player back to the diagonal if for example the gap in the wall above is further right than the diagonal, meaning more steps and player moves taken for no tangible gain toward the Target.
The new algorithm is as follows:
1. [bookmark: _Hlk108743330]Move player up until against a wall above
2. Check if top row has been reached
a. If so move player to end of row to Target.
3. Scan line above for gap (left then right)
4. Move player below gap
5. Repeat from line one.
Variables:
CurrentX is used to store the current X position of the player.
CurrentY is used to store the current Y position of the player.
The other variable required is checkX, which is used to locate gaps in the Walls.
The variable Mazesize, does not have to be used but is useful for knowing how far the Player may have to move to reach the target, once on the top row. 
First, I found out where the player is on the grid, by using a switch statement and polling the grid with sets of start positions set in currentX and currentY.
switch (grid->GetGridSquare(currentX,currentY))
	{
	case griditem::wall:
		cout << "Wall\n";
		break;
	case griditem::empty:
		cout << "Empty\n";
		break;
	case griditem::target:
		cout << "Target\n";
		break;
	case griditem::player:
		cout << "Player\n";
		break;
	default:
		cout << "Unknown maze item." << endl;
	}
Using this it was possible to determine that the player starts at Column 1, Row 18 (1,18), and the target is set at Column 18, Row 1(18,1). This also determines the size of the maze, which can be useful for the algorithm to know.
This code was then deleted, as I just needed to know which way round the grid was mapped.
Therefore, in light of the project documentation hinting toward any size maze being solvable, the first bit of code toward this, is as follows:
int currentX = 1, currentY = 1, checkX = 0, mazeSize=1;
	
//Find size of maze by searching for player in column 1 
//(However does increase grid checks by size of maze)

while (grid->GetGridSquare(currentX, currentY) != griditem::player)			//keep checking while gridsquare is not equal to player
{
	currentY++;					//increment y
}
//cout << "Player at " << currentY << "\n";		//for debug
mazeSize = currentY;		//mazesize will equal y position in square maze

The above determines the size of the maze before the main loop starts. However, the project does state that the maze is on a 20x20 grid, with walls around the outer. This makes the maze area 18x18, matching the figures found above.
As a minor optimisation point in my running code for benchmarking, I have commented out the above code and set currentY to 18 directly at the start to remove the need for 18 grid accesses to determine a maze size we already know. To re-instate the code for different maze sizes, currentY just needs to be set to 1 and the code de-commented.
The next part of the code is the overall outer loop, this is coded as:
//main loop below which continues until maze is complete.
do
{
.
.
.
.	
}while (!grid->CheckComplete()); //check that maze is complete - while not complete repeat above code 

The first action within the loop is to move the player as far up the maze as possible:
while ((grid->GetGridSquare(currentX, currentY - 1)) != (griditem::wall))			//Check cell above for Wall
{
	grid->MovePlayer(movedirection::up);	//If OK move up
	currentY--;				//Record current Y position
	//cout << "^ ";				//For debug
}
At this point there is a wall above the player so first, check whether currentY = 1 (ie the top row). If not, check the above line, left then right to determine where the gap is.
if (currentY > 1) //Is player on top row .. if not..
{		//Scan line above for gap - check left and directly above first
checkX = currentX-1; //set check in line with Player position and left one - already hit wall so gap cannot be directly above
while ((grid>GetGridSquare(checkX, currentY - 1)) != (griditem::empty) && (checkX != 0))
//while the cell being checked in the line above is not empty and the edge has not been reached
{
	checkX--;		//keep moving left
	//cout << " < ";		//for debug				
}
//If checkX gets to 0 the edge wall has been reached (ie no gap to left)
if (!checkX)
{
	//cout << "Gap in above row is not left \n Check ";	//for debug
	checkX = currentX + 1;	//Reset checkX to above player and right one.
	
	while ((grid->GetGridSquare(checkX, currentY - 1)) != (griditem::empty))		//check cells in the line above is not empty ... 
	//(no need to check for edge as there must be a gap)
	{
		checkX++;	// keep moving right
		//cout << " > ";	// For debug
	}
}
Now that the gap in the line above has been identified, the player needs to be moved to below the gap.
while (checkX != currentX)     //while current player position is not equal to gap
{
	if (checkX < currentX)	//check if gap is left of the player ..
	{
		grid->MovePlayer(movedirection::left);   //move player left
		currentX--;		//update current player position
		//cout << " < ";		// for debug
	}
	else
	{	//otherwise gap must be to the right so ...
		grid->MovePlayer(movedirection::right);	//moveplayer right
		currentX++;		//update current player position
		//cout << " > ";		//for debug
	}
}
The player is now under the next gap in the above line and can move up, which is the beginning of the do..while overall loop.
Unless the top row has been reached, which is covered in the else statement below:
else//Top row has been reached
{											while (currentX != mazeSize)				//while the x position is less than maze size ...
	{
		grid->MovePlayer(movedirection::right);	//move player right
		currentX++;				//update player position
	}
}

There is no check to hit a wall as this row will be clear of vertical obstacles. Also, as the mazesize is known, we know how far to travel to the Target.
3.3 [bookmark: _Hlk108746399][bookmark: _Toc108773361]  Results of diagonal model
The below screenshots have been taken after running the program and selecting 2, to run the code once for debugging. I have left my debugging ‘cout’ commands and ‘printgrid’ calls in place so that the progress of the Player can be seen and mapped to the stages described in the previous section.



Start – move up as far as possible:
[image: ]
Move player to Gap and up:
[image: ]
Move player to Gap and up:
[image: ]
Move player to Gap and up:
[image: ]
Move player to Gap and up:
[image: ]
Player is now on the top row and can just move to the far right of the row to complete.
[image: ]
The grid accesses are high due to the printGrid calls. But deducting the 2400 from the PrintGrid and the initial 18 checks to find the size of the grid gives a truer number of 47 accesses and 52 grid moves, with no wall hits.
3.4 [bookmark: _Hlk108358395][bookmark: _Toc108773362]Left-hand following method
A commonly known way to solve a maze is to use the left-hand edge method:
This involves following the wall to the left-hand side of the Player continuously. As long as the destination is against the wall, at some point the target will be found, as below: 
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In the above maze, the target ‘T’ can be situated anywhere and will be located with this method. 
However, this method cannot be used if the target is in free space or situated away from the wall, as below:
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Here, there is no left-hand wall to take the player to the Target. It would be an endless loop around the outside.
Therefore, this method is not suitable for all mazes, but as we know that the Target in this instance is always the top right, this method will work.
3.4.1 [bookmark: _Toc108773363] The algorithm
The algorithm for the left-hand following is as follows, when starting from bottom left corner:
1. Travelling up: 
a. If there is a gap on the left – turn left, facing left
b. If there is a wall above – turn right, facing right
2. Travelling right:
a. If there is a gap above – turn left, facing up
b. If there is a wall to the right – turn right, facing down
3. Travelling left:
a. If there is a gap below – turn left, facing down
b. If there is a wall to the left – turn right, facing up
4. Travelling down:
a. If there is a gap on the right – turn left, facing right
b. If there is a wall below – turn right, facing left
In each direction there are two checks – one to the immediate left and one in front of player. The instructions above are mapped onto the grid, eg, when travelling down the player is checking left, but on the grid, it is the cell to the right of the player that is checked.
Some optimisation can be done here to minimise checks when the player is against the outer walls. As we know there are no gaps in the outer walls, we don’t need to check them.

3.5 [bookmark: _Toc108773364]  Coding Left-hand method
This code uses currentX and currentY, similar to the other code, but it also uses a variable named direction, which is used to store the direction in which the player is moving. This makes it easy to determine which side of the cell is effectively the left-hand side that needs to be followed.
The variables ‘turn’ and ‘block’ are in effect Boolean, and are set if the player can turn into an empty cell or if the player is blocked by a wall.
Declare and set variables:
int direction = 0, currentX = 1, currentY = 18, turn = 0, block = 0;		//set direction to UP - Arbitrarily, 0=UP, 1=Right, 2=Left and 3=Down
The first part of the code is the Do – while loop as seen in the last code:
//main loop below which continues until maze is complete.
do
{
.
.
.
.	
}while (!grid->CheckComplete()); //check that maze is complete - while not complete repeat above code 
I then implemented a case statement against the variable named direction.
switch (direction)
{// - - - - - Below is for direction up
case 0:
{
	turn = 0;	//Reset turn
	block = 0;	//Reset block
	if (currentX>1) 
	if (grid->GetGridSquare(currentX - 1, currentY) == griditem::empty)
 		turn = 1; //Check for path to left (gap left - turn possible)
	if (grid->GetGridSquare(currentX, currentY - 1) == griditem::wall) 
		block = 1;	//Check for wall above player (blocked)
 
	if (!turn && !block)	//if there is no gap left and no wall above...
	{
		grid->MovePlayer(movedirection::up);//move player up
		currentY--;		//Record new player position (up one) 
		cout << "^\n";		//For debug
	}
	else
	{
		if (turn)	//If there is a gap on the left 
		{
			grid->MovePlayer(movedirection::left); 
							//Move player into gap
			currentX--;	//Record new player position (left one)
			direction = 2;	//Change direction to move left
			cout << "Go left into gap\n";	//For debug
		}
		else
		{
			if (block)	//If there is a wall above player 
			{
				direction = 1;//Change direction to move right
				cout << "Change direction to right\n";//For Debug
			}
		}
			
	}
}
break;
It is important to note that turn has a higher precedent than block. So if the player is able to turn and has a block ahead, the turn has to be taken. This is implemented by the if .. then .. else statements, with turn being acted upon first.
The other case values represent the other 3 directions. The code is similar, except that the directions checked and the player moves alter depending on the direction being travelled. The full code is in the appendix of this document.
3.6 [bookmark: _Toc108773365]Results of Left-hand model

The below screenshots have been taken after running the program and selecting 2, to run the code once for debugging. I have left my debugging ‘cout’ commands and ‘printgrid’ calls in place so that the progress of the Player can be seen and mapped to the stages described in the previous section.
Start moving up:
[image: ]     [image: ]
Steps omitted here as there is a ‘printgrid’ for every move.

Until a wall (block) is reached, whereupon a change direction to the right occurs:

[image: ]        [image: ]
Move to right until a gap, go up into it and change direction to up:
[image: ]       [image: ]


Find gap and go left and change direction to left and move until a wall…
[image: ]         [image: ]
In a dead end, direction changes twice…
[image: ]        [image: ]
And player moves to the right again…
[image: ]
This pattern repeats on the next line above and the player moves to the left, away from the target, reaches the dead-end and only then heads toward the target. This could be optimised out with a check if the top row has been reached however, that would not be a true implementation of the left-hand method and so the longer way is maintained.
Maze completed below:
[image: ]
There are a vast number of Grid accesses, but this is in part because the grid is printed on every move, and change direction. With 86 moves and 5 direction changes, there are around 36,400 grid accesses attributable to these actions, so a truer figure of grid accesses would be 149.




3.7 [bookmark: _Toc108773366]Results
The ‘printGrid’ calls and the debugging ‘cout’ commands were then commented out. Running the benchmarking option ‘3’, three times to determine the efficacy of the code produced the following results:
3.7.1 [bookmark: _Toc108773367] The diagonal method
Run 1:
[image: ]
Run 2:
[image: ]




Run 3:
[image: ]
It is also of note that the code ran the 10,000 random maze generations and solved them in 0.75 seconds. It also only used 4 integer variables to run.
3.7.2 [bookmark: _Toc108773368] The Left-Hand method
Run 1:
[image: ]








Run 2:
[image: ]
Run 3:
[image: ]
This code ran marginally slower at 0.86 seconds and as can be seen, the grid accesses are much higher. Also, a further two variables were required.
3.8 [bookmark: _Toc108773369]  Evaluation of diagonal model
This code is ‘feeling’ its way when moving up, using grid accesses, and then ‘feeling’ its way across any wall above it as it progresses. However, when moving left and right, there is no need to check the grid as we know the way will be clear.
The maximum accesses never breached 100, and the minimum moves were 34, which shows that the algorithm is quite efficient and does not utilise much memory. It would however, struggle if the maze was more open space, with random source and targets.
It is true that this code has been optimised to some degree to match the style of the obstacles. If the maze had vertical obstacles in it then when walls are hit moving right or left, there would have to be code that would move down and around that wall to circumnavigate it. 
It is also of note that it does not learn the maze, it just uses a simplification of the pattern to navigate through.
As the author is unsure how to create dynamic arrays with an OOP style program, to store the vectors needed to link the nodes back form the target to the source, this was the most logical solution to solving the maze.
However, the code is quick and utilises minimal additional memory to run, which was mentioned as a drawback against Dijkstra’s algorithm and A* earlier in this document.
	
3.9 [bookmark: _Toc108773370]  Evaluation of Left-hand model
The code here, is having to check two things for each cell, can it turn left and is its path blocked. It has to do this for every move (except the outer wall turn checks being not required). 
We can see that the maximum grid accesses are 336, so there are 3 times as many grid accesses. Also, although the minimum moves are the same at 34, the maximum moves are 92 for the diagonal method but 170 for the left-hand method.
This shows that this method is quite slow, does not use any form of optimisation but will ultimately always find the Target, as long as the target is against a Wall.
There may be ways to reduce the code, using logic and the direction number could be made that every time a gap is found the direction is just reduced by one, and a wall, add one. However, there was not time to optimise the code in this instance.

3.10 [bookmark: _Toc108773371]Conclusion
It is also true that depending on the maze, if particularly convoluted and maybe with only one solution as the ‘corridors’ bind the player to one solution, there is no advantage to Dijkstra’s algorithm and the A* algorithm. Indeed, in this project there are no diagonal moves allowed and so there are no gains to be had from such optimisations thereby meaning that the moves would be unlikely to be less and grid accesses are likely to be more as Dijkstra and A* have to poll many more nodes to complete.
If there were random source and targets, pure Dijkstra’s algorithm would be best, although some weighting could be given to the centre cells, as statistical probability would form bell curves about the likelihood of the source and target positions (ie it would be unlikely for the source to be in one far corner from the target.
The A* algorithm would have been best suited although in the top sections of the maze, which are a little like corridors, the algorithm would have tested each node around the path of the corridor which is likely to increase the grid accesses.
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Section 4. [bookmark: _Toc108773373]Appendix - Code
4.1 [bookmark: _Toc108773374]Diagonal Method
void GridNavigatorAutomatic::Navigate()
{
	int currentX = 1, currentY = 18, checkX = 0, mazeSize=1;
	//Find size of maze by searching for player in column 1 (However does increase grid checks by size of maze)
	//while (grid->GetGridSquare(currentX, currentY) != griditem::player)						//keep checking while gridsquare is not equal to player
	//{
	//currentY++;			//increment y
	//}
	//cout << "Player at " << currentY << "\n";	//for debug
	mazeSize = currentY;			//mazesize will equal y position in square maze
	//main loop below which continues until maze is complete.
	do
	{	//Move up as far as possible until wall is met
		while ((grid->GetGridSquare(currentX, currentY - 1)) != (griditem::wall))						//Check cell above for Wall
		{
			grid->MovePlayer(movedirection::up);		//If OK move up
			currentY--;				//Record current Y position
			//cout << "^ ";			//For debug
		}
		//cout << "\nMoved up as far as poss. Current y = " << currentY << "\n";	//For debug
		//grid->PrintGrid();					//For debug
		
		//Check that top row has not been reached
		if (currentY > 1)	//Has player reached top row .. if not…
		{		//Scan line above for gap - check left and directly above first
		         checkX = currentX-1;        //set check in line with Player position and left one –
			                              // already hit wall so gap cannot be directly above
		         while ((grid->GetGridSquare(checkX, currentY - 1)) != (griditem::empty) && (checkX != 0))	     
                                                 //while the cell being checked in the line above is not empty and the edge has not been reached
		        {
			checkX--;		//keep moving left
			//cout << " < ";	//for debug				
		         }
		         //Then check right if edge is found left (ie no gap)
		         if (!checkX)	//If checkX has reached 0 there is no gap to the left... check right
		        {
		        //cout << "Gap in above row is not left \n Check ";	//for debug
			checkX = currentX + 1;		//Reset checkX to above player and right one.
			while ((grid->GetGridSquare(checkX, currentY - 1)) != (griditem::empty))						//while the cell being checked in the line above is not empty ... 
				//(no need to check for edge as there must be a gap)
			{
				checkX++;		// keep moving right
				//cout << " > ";	// For debug
			}
		        }
		//cout << "Gap in above row is at " << checkX << "\n";	// For debug
		//cout << "Player at " << currentX << "\n Move ";		// For debug
 
		//Move Player to Gap
		

		while (checkX != currentX)								//while current player position is not equal to gap
		{
			if (checkX < currentX)			//check if gap is left of the player ..
			{
				grid->MovePlayer(movedirection::left);      //in which case move player left
				currentX--;			      //update current player position
				//cout << " < ";		      // for debug
			}
			else
			{			//otherwise gap must be to the right so ...
				grid->MovePlayer(movedirection::right);	//move player right
				currentX++;			//update current player position
				//cout << " > ";		//for debug
			}
		}
	}
	else//Top row has been reached
	{								
		while (currentX != mazeSize)	//while the x position is less than maze size ...
		{
			grid->MovePlayer(movedirection::right);	//move player right
			currentX++;				//update player position
		}
	}
	//cout << "Player at " << currentX << "\n";			//for debug
}while (!grid->CheckComplete());		//check that maze is complete - while not complete repeat above code 
	
//grid->PrintGrid();			//for debug
//cout << "TARGET FOUND\n";		//display that Target found - for debug
	
}

4.2 [bookmark: _Toc108773375]Left Hand Method
void GridNavigatorAutomatic::Navigate()
{
int direction = 0, currentX = 1, currentY = 18, turn = 0, block = 0;		//set direction to UP - Arbitrarily, 0=UP, 1=Right, 2=Left and 3=Down
do
{
	switch (direction)
	{
	// - - - - - Below is for direction up
	case 0:
	{
		turn = 0;	//Reset turn
		block = 0;	//Reset block
		if (currentX>1) if (grid->GetGridSquare(currentX - 1, currentY) == griditem::empty) turn = 1;				//Check for path to left (gap left - turn possible)
		if (grid->GetGridSquare(currentX, currentY - 1) == griditem::wall) block = 1;						//Check for wall above player (blocked)
 
		if (!turn && !block)	//if there is no gap left and no wall above...
		{
			grid->MovePlayer(movedirection::up);		//move player up
			currentY--;				//Record new player position (up one) 
			//cout << "^\n";			//For debug
		}
		else
		{
			if (turn)	//If there is a gap on the left 
			{
				grid->MovePlayer(movedirection::left);	//Move player into gap
				currentX--;			//Record new player position (left one)
				direction = 2;		//Change direction to move left
				//cout << "Go left into gap\n";	//For debug
			}
			else
			{
				if (block)	//If there is a wall above player 
				{
					direction = 1;//Change direction to move right
					//cout << "Change direction to right\n";//For Debug
				}
			}
				
		}
	}
	break;
	// - - - - - Below is for direction right
	case 1:
	{
		turn = 0;	//Reset turn
		block = 0;	//Reset block
		if (currentY>1)
		if (grid->GetGridSquare(currentX, currentY - 1) == griditem::empty) turn = 1;					//Check for path above (gap above - turn possible)
		if (grid->GetGridSquare(currentX + 1, currentY) == griditem::wall) block = 1;						//Check for wall to right of player (blocked)
 
		if (!turn && !block)	//if there is no gap above and no wall to right...
		{
			grid->MovePlayer(movedirection::right);	//move player right
			currentX++;			//Record new player position (right one) 
			//cout << ">\n";			//For debug
		}
		else 
		{
			if (turn)	//If there is a gap above 
			{
				grid->MovePlayer(movedirection::up);		//Move player into gap
				currentY--;		//Record new player position (up one)
				direction = 0;	//Change direction to move up
				//cout << "Go up into gap\n";	//For debug
			}
			else 
			{
				if (block)		//If there is a wall above player 
				{
					direction = 3; 	//Change direction to move down
					//cout << "Change direction to right\n";//For Debug
				}
			}
		}
	}
	break;
	// - - - - - - Below is for direction left
	case 2:
	{
		turn = 0;	//Reset turn
		block = 0;	//Reset block
		if (currentY<18) if (grid->GetGridSquare(currentX, currentY + 1) == griditem::empty) turn = 1;				//Check for path below (gap below - turn possible)
		if (grid->GetGridSquare(currentX - 1, currentY) == griditem::wall) block = 1;						//Check for wall to left of player (blocked)
 
		if (!turn && !block)	//if there is no gap below and no wall to left...
		{
			grid->MovePlayer(movedirection::left);	//move player left
			currentX--;				//Record new player position (left one)
			//cout << "<\n";			//For debug
		}
		else
		{
			if (turn)		//If there is a gap above 
			{
				grid->MovePlayer(movedirection::down);	//Move player into gap
				currentY--;		//Record new player position (down one)
				direction = 3;	//Change direction to move down
				//cout << "Go down into gap\n";	//For debug
			}
			else
			{
				if (block)	//If there is a wall above player 
				{
					direction = 0;	//Change direction to move up
					//cout << "Change direction to up\n";		//For Debug
				}
			}
		}
	}
	break;
	// - - - - - - Below is for direction down
	case 3:
	{
		turn = 0;	//Reset turn
		block = 0;	//Reset block
		if (currentX<18) if (grid->GetGridSquare(currentX + 1, currentY) == griditem::empty) turn = 1;				//Check for path to right (gap on right - turn possible)
		if (grid->GetGridSquare(currentX, currentY + 1) == griditem::wall) block = 1;						//Check for wall below player (blocked)
 
		if (!turn && !block)	//if there is no gap right and no wall below...
		{
			grid->MovePlayer(movedirection::down);	//move player down
			currentY++;			//Record new player position (down one) 
			//cout << "v\n";		//For debug
		}
		else
		{
			if (turn)	//If there is a gap above 
			{
				grid->MovePlayer(movedirection::right);	//Move player into gap
				currentX++;		//Record new player position (right one)
				direction = 1;	//Change direction to move right
				//cout << "Go right into gap\n";	//For debug
			}
			else
			{
				if (block)	//If there is a wall below player 
				{
					direction = 2;	//Change direction to move left
					//cout << "Change direction to left\n";	//For Debug
				}
			}
		}
 
	}
	break;
	default:
		cout << "Unknown direction." << endl;
	}
	//grid->PrintGrid();			//For debug
} while (!grid->CheckComplete());
//cout << "Target Reached\n";			//For debug
}
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