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Dijkstra’s Algorithm & A* Algorithm
Dijkstra’s Algorithm is a pathfinding algorithm that attempts to find a route between different connected nodes that has the least total resistance. This is equivalent to the shortest route between any nodes. 
[image: ] I will use this example for explaining how the algorithm works. The algorithm begins at a node, and it attempts to calculate the shortest route from the beginning node to every other node in the network. At the start, the algorithm doesn’t know the resistance to any other nodes, so it treats them as if they have an infinite resistance. Firstly, the algorithm checks all connecting routes to the node it is at, in this example it would check the route A-B and A-C. The resistance between the nodes will be recorded.
	Node
	Shortest Distance
	Previous Node

	A
	0
	A

	B
	6
	A

	C
	2
	A


Once the algorithm has determined the resistances to call directly connected nodes, the current node is marked as complete.[1] After this, the algorithm moves onto the next node that isn’t marked as completed by prioritising the node that has the current shortest distance. In this case it would be C as it has a lower distance than B as well as all other nodes as their current distance is infinite. When on C, the same process will repeat, this means that the distance to all connecting nodes will be calculated while also adding the total distance to the starting node, A. Here the distance to node F will be 8 as it includes both the distance of C-F (6) but also the distance of A-C (2). Node
Shortest Distance
Previous Node
B
6
A
↓
Node
Shortest Distance
Previous Node
B
5
C


When checking the route from C-B, the algorithm will notice that the total distance of A-C-B is lower than directly moving from A-B, because of this, the information stored about B is overwritten.
	


Once the algorithm has checked all directly connected nodes, it marks C as complete and again moves on to the next node that isn’t marked as completed prioritising the nodes with the lowest distance.[2] This node doesn’t need to be connected to the previously checked node but needs to be directly connected to any previously completed nodes. This process will then repeat until all routes to each node from the starting node is checked. Node
Shortest Distance
Previous Node
A
0
A
B
5
C
C
2
A
D
6
B
E
11
B
F
8
C
G
16
F
H
8
D
I
12
F
J
12
H
K
14
J
L
17
K


Once the algorithm is done, it will have a table like this stored, from this, the distance from any node to the starting node can be traced by reading backwards, starting at the end node, and reading the previous node for each node.

	The A* algorithm is an expanded version of Dijkstra’s algorithm, while it works in the same method, a different value is taken into account.[3] I will use the terms ‘path distance’ for the distance between the nodes and ‘physical distance’ for the literal distance between the end goal and each node as a direct straight line.
The physical distance will be represented as a pink number while the path distance is black. All physical distances are measured from the end goal. In this case the end goal is node L.



The physical distance is used as it prevents situations where Dijkstra’s algorithm will go in the complete opposite direction to where the goal is because it only follows the direction of least resitance, and since it doesn’t know what the path distance to the goal node is until it is at a connecting node, it treats it as if its distance is infinite, meaning it can waste time following a path that may not even get to the end goal and will only turn around when the total path distance on the route is it following is greater than the path distance heading towards the goal. The physical distance is not used when determining the path distance between nodes, however it is used when prioritising which is the next node that should be completed next, this is done by simply adding the total path distance to the physical distance. This means that better routes will still be used between nodes even if the total combined distance may be greater because the path distance is still lower. This makes the algorithm prioritise nodes that are closer to the target as it will lower the priority of nodes that head in another direction even if they have a lower path distance. 
















Maze Navigation Implementation
	When I was looking at the maze that was being generated each time I ran the program, I noticed that the maze was generating in a similar way each time. While the gaps in walls were in different places It was clear that the maze generated with 3 walls at the top, followed by a rectangles section and one final wall at the bottom. Due to noticing this, I decided to make my automatic solution tackle the maze in different sections. I did this so I could try to get slight increases in efficiency by taking advantage of knowing what the general structure of the maze would look like. I broke break down what my solution does based on the player’s ‘Y’ level (vertical position, where 18 is on the bottom line and 1 is on the top line) in the maze. For my first section I check if the player is above Y18 (player is on Y 18), if they are, they move up 1 line as there is no obstacle on this line, if the player is on Y 17, it checks where a gap is in the wall at Y 16, since the player will always be on the far left at this point, it only checks directly above the player and to the right. Once a gap is found, the player navigates until they are under the open gap and moves up to Y 13.
[image: ] 	Starting at Y 12, there is the rectangles section of the maze. Here the player will check for a gap but the direction it checks is determined by the players X position. If the player is on the left, or in the position of X 18, they will check to the left before checking right, this is done as if a gap is found on the side closer to the player, it on average should require less moves to navigate to the gap. 
In my implementation I weighted the checking to prefer checking to the right first as on average, it would be more efficient to move to the right, since the target is always on the far right. I did this my rather than using the direct centre to determine checking direction, I used X 6 as the point where the prioritised check direction flips. With this I found a reduction in average moves after 10,000 runs rather than X 10 as the direction pivot. Once the gap is found, the player moves under it, and moves up to Y 7 as there will be no other obstacle blocking the way.

[image: ]With the 3rd Wall I noticed that the gap will always generate at either X 1 or X 18, knowing this I have the player check if the gap is on the same side as the player, if not, the player will navigate to the other end without checking to save an access as the gap can only be in 2 places. Once the gap is above the player, they move up to Y 5. 
At Y 5, since the player’s location is known to be either X 1 or X 18, the player will only check right or left respectively. Once the gap is found, the player navigates to it and moves up onto Y 3.
On Y 3, the player does another weighted check when looking for gaps with X 6 being the pivot, this is because since the target is on the right, it is more efficient to move to the right since it avoid moving left just to move right again on the top line. The player then navigates to the gap and moves up onto Y 1.
When on Y 1 all the player needs to do is navigate to X18 and they will be on the target.

[image: ]With this solution, I get roughly the same results each time I do 10,000 runs with only the maximum accesses moving between 55 – 60 and maximum moves moving between 88 – 98. This solution never gets any wall hits as all moves are into either always clear spaces or into gaps that were calculated using the GetGridSquare function.
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if (currentPlayerfosX < 6 || currentPlayerPosX == 18)
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gaplLocation = checkForGap(12, currentPlayerPosX, 0);
57 (gaplocation == 8) { gaplocation = checkForGap(12, currentPlayerPosk, 1); }
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else if (currentPlayerPosX >= 6 || currentPlayerposx

<

1)

gaplLocation = checkForGap(12, currentPlayerPosX, 1);
57 (gaplocation == @) { gaplocation = checkForGap(12, currentPlayerPosk, 0); }





