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[bookmark: _Toc92797936]Introduction
Dijkstra’s and A* algorithm are both pathfinding algorithms that aim to find the shortest path by using weighted graphs as stated by Biyela and Rawatlal [1]. A undirected weighted graph as displayed in figure 1 has nodes (also called vertices) which are represented by the circles A-G and edges which are connecting each node that have a cost (weight) assigned to each edge, for example node A to B has a cost of 4. 
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[bookmark: _Toc92797937]Dijkstra's Algorithm
Dijkstra’s algorithm is a algorithm that is used in order the shortest path from a start node to all other nodes [2]. The cost of the path is calculated by adding the cost of each edge leading to the node. 
The way the algorithm works is by initialising the cost of every node to infinity [3] because the cost hasn’t been calculated yet, with the cost of the start node being 0. By using the graph in figure one in this case A will be the start node. A unvisited and a visited list of nodes is crated in order to keep track of the shortest path to reach that node.
The first step is then to select all neighbouring nodes (nodes connected) and if the cost to visit is lower than the current cost then assign the node with that value. In the figure 1 the cost from A to B is 4 and A to C is 2. 
The next step is to pick the node which currently has the shortest path from the start node. The cost from A to C is lower than A to B therefore C is used next. Then all unvisited neighbouring nodes from C are calculated. So C to D is calculated by adding the cost from each node leading to D from A. Which is 2 + 6 therefore D is set to 8. The same is done for C to F which equals to 7. C is then added to the visited list because all nodes from C have been visited. 
The previous step is repeated chooses the node from the unvisited list with the lowest cost by using a best-first search [4]. B is the node with the lowest cost therefore all neighbouring nodes are calculated. B to F is equal to 6 which is a lower cost that is currently assigned to F therefore the cost of B to F is assigned because it is lower. 
The step above is repeated until all nodes are visited. The outcome of the algorithm will have the shortest path to every node from the staring node as displayed in figure 2. 
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[bookmark: _Toc92700501][bookmark: _Toc92714117][bookmark: _Toc92873235]Figure 2: Completed Graph
[bookmark: _Toc92797938]A* Algorithm
The A* Algorithm finds the shortest path from the start node to the end node. Unlike Dijkstra’s the A* algorithm searches the less lower costing nodes first rather than searching all nodes. According to Rachmawati and Gustin [5] A* algorithm will provide a faster solution when used on a large scale.
With the A* algorithm each node has a heuristic value [6]. The heuristic estimate is how this algorithm decides what path is the less costly path. This is one of the biggest differences between Dijkstra’s and A* algorithms. The heuristic value of the nodes are an estimate for the cost of the path from that node to the end node. 
The way this algorithm decides what the optimal route is, is by calculating the distance from the start node to the neighbouring nodes but unlike Dijkstra’s. The formula A* uses [7] is as follows:

The heuristic values which are h are added to the g the distance from the start node to current node which is n in order to get the final cost which is f. A* will then use the lower costing node and use that as the current node to continue searching. 
The final cost for each of the current nodes neighbouring nodes is calculated in order to find the next current node, once the final costs are calculated the node with the lowest will become the new current node and the previous will be closed. Therefore whatever open node has the lowest final cost will become the current node until a path is found to the end node, this will then be the shortest path.
[bookmark: _Toc92797939]Conclusion 
To conclude, both Dijkstra’s and the A* algorithms have similar ways to find the shortest path. By using a heuristic value the A* algorithm will only attempt to find the quickest path from start to finish, where as Dijkstra’s will find the cost to all available paths.

[bookmark: _Toc92797940]Implementing an algorithm to solve a random maze
The maze that needs solving although is random the layout is the same the maze will look similar to Figure 3, every maze will be 20x20 including the outer walls. Each time generated the target marked as T and the player marked as P will always start in the fixed position of 18,1 for the player and 1,18 for the target. The goal is to move the player to the target in the fewest moves without hitting any walls and without accessing the maze unnecessarily.[image: A picture containing text, electronics
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[bookmark: _Toc92714118][bookmark: _Toc92873236]Figure 3: Random Maze
Although the player position is always the same, the code displayed in Figure 4 will find the player and sent the integers ‘i’ and ‘j’ to that position. Each square of the grid will get viewed until the players position is found. 
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[bookmark: _Toc92714119][bookmark: _Toc92873237]Figure 4: Player position
The two solutions that successfully finds its way through the maze works by using knowledge of how the maze is generated, assuming the player starts at the bottom left and the target starts in the to right, and there is never any need for the player to move down. The first solution displayed in Figure 5 will go up until the player hits a wall and then right until it either can move up or hits the outer wall if that’s the case the player will go left until it can move up. The results after running the code 10,000 are displayed in Figure 6. The maximum moves and accesses are high for this solution as the player will waste moves and access due to having to backtrack.
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[bookmark: _Toc92714121][bookmark: _Toc92873239]Figure 6: Results of first solution
In order to improve the first solution two method were made the one displayed in Figure 7 to check the if row above the player had any empty spaces to the right in order to decide whether the player should move right or not to prevent backtracking. The other method checked to see if the target was on the same line as the player and move right if so. The results of this solution as shown in Figure 8 have a lower average and maximum moves but it has a considerably higher amount of accesses.
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[bookmark: _Toc92873240]Figure 7: Check right method
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[bookmark: _Toc92873241]Figure 8: Results of check right method
In order to lower the amount of accesses the method that checks the target will only be viewed if the player is on the same row as the target. Also a while loop is added as displayed in Figure 9 that will move the player directly under the empty space rather than just one move to the left or right. The results of this solution displayed in Figure 10 show a similar move count but a much lower access count.
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[bookmark: _Toc92873242]Figure 9: Move player loop
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[bookmark: _Toc92873243]Figure 10: Results of move player loop
No walls are hit because the code checks the space is empty before moving the player.
The accesses could be lowered if the player position wasn’t searched for which is possible in this example because the positions are fixed the results without searching for the player are shown in Figure 11.
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[bookmark: _Toc92873244]Figure 11: Results of known player position
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int GridNavigatorAutomatic::CheckRightEmpty(int i, int j)
{

	int k = 0;
	for (int h = 18 - i; h != 0; h--)
	{
		k++;
		if (grid->GetGridSquare(i + 1, j - 1) == griditem::empty) //check if any grid squares above and to the right are emtpy
		{
			return k;
			break;
		}
		i++;
	}

	return 0;

}

int GridNavigatorAutomatic::CheckRightTarget(int i, int j)
{
	int k = 0;
	for (int h = 18 - i; h != 0; h--)
	{
		k++;
		if (grid->GetGridSquare(i + 1, j) == griditem::target)
		{
			return k;
			break;
		}
		i++;
	}
	return 0;
}


void GridNavigatorAutomatic::Navigate()
{


	moveresults mr = moveresults::ok;
	int i = 0, j = 0, k = 18;
	while (grid->GetGridSquare(i, j) != griditem::player) // Although the players position is fixed this loop will set i,j to player location
	{
		i++;
		
		if (i == k) // go to the next line once all rows have been searched
		{
			i = 0;
			j++;
		}
	}
	while (mr != moveresults::complete) //keep searching untill the player reaches the target
	{

		if (grid->GetGridSquare(i, 1) == griditem::player) // check if the player is on the top row
		{
			int h = CheckRightTarget(i, j);
			while (h != 0)
			{
				mr = grid->MovePlayer(movedirection::right);
				i++;
				h--;
			}

		}
		else if (grid->GetGridSquare(i, j - 1) == griditem::target) // move up if the target is to the above the player
		{
			mr = grid->MovePlayer(movedirection::up);
		}
		else if (grid->GetGridSquare(i, j - 1) == griditem::empty) // move up if there is no wall above the player
		{
			mr = grid->MovePlayer(movedirection::up);
			j--;
		}
		else if (CheckRightEmpty(i, j) > 0) 
		{
			int h = CheckRightEmpty(i, j);
			while (h != 0) // move right until player is under a empty space
			{
				mr = grid->MovePlayer(movedirection::right);
				i++;
				h--;
			}
		}
		else if (CheckRightEmpty(i, j) == 0) 
		{
			while (grid->GetGridSquare(i, j - 1) == griditem::wall) // move left  until player is under a empty space
			{
				mr = grid->MovePlayer(movedirection::left);
				i--;

			}
		}
	}

	

	

}
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