Amelia Kate Moseley - 1806461

AI and Machine Learning - Search


Student number: 1806461		 Name: Amelia Kate Moseley
Contents
Introduction	3
1 – Task 1 (Depth First Search)	4
2 – Task 2 (Hill Climbing)	4
3 – Task 3 (Eight Tiles Problem)	5
3.1 – Heuristic 1	5
3.2 – Heuristic 2	5
References	6
Appendix	6
(A) – Test Schedule	6
(B) – Eight Tile Heuristic 1	6
(B) – Eight Tile Heuristic 2 – Manhattan distance	8












[bookmark: _Toc58355712]1 – Task 1 (Depth First Search)
The initial plan for the DFS implementation was to use a stack abstract data type  (ADT) , but instead used an implicit representation of a stack by means of recursion. Part of the implementation of the DFS is abstracted away using a wrapper function, this is mainly to be able to set the start position based on the input file without it needing to be specified in main. 
[bookmark: _Toc58355713]2 – Task 2 (Hill Climbing)
Return-Type HillClimbing(input)
{
	CurrentNode – Linked List, either stack or queue (links to NextNode, stores State)
	CurrentNode -> State = problems initial state
	Do
{
		NextNode -> State = values from evaluation function
		If (NextNode -> State) GREATERTHAN (CurrentNode -> State)
{
	Return CurrentNode
}
		CurrentNode = NextNode
	}
	While(condition)
}
Hill Climbing is a form of local search that incrementally moves towards an increasing value by means of an evaluation function, it can been seen as a gradient descent if the evaluation function is minimises a loss rather than increment the quality. [1]
Hill Climbing tends to suffer from three main problems:
· Hill Climbing being a local search can work well on smaller problems, but given a nondeterministic polynomial complete (NP-complete) problem, it is not likely to find the optimal solution, only a local maxima. Once at a local maxima, no further improvement can be made.
· A plateau may be reached where the algorithm essentially wonders randomly around a ‘flat’ area.
· Lastly it may come across a ridge, which will result in it oscillating between states not able to make any real progress.


Based on these problems, there are a number of solutions/improvements that can be implemented to keep the Hill Climb going in the event that a problem occurs:
· Randon-restart Hill Climbing is exactly how is sounds, restart the hill climb from a new random initial start, keeping track of the local maxima it reaches each time it restarts and updating this value if the most recent local maxima is ‘better’ than the previous local maxima. Using this method it is sensible to keep the algorithm going for a fixed number of iterations, or stop if the best value has not increased for a given amount of time. [1]
· Simulated Annealing is the other main method of improving Hill Climbing.
[bookmark: _Toc58355714]3 – Task 3 + 4 (Eight Tiles Problem)
A comparison is to be made between two heuristics for Hill Climbing for use with the Eight Tiles problem. The two heuristics in question are h(), the number of tiles out of place, and h2(), the distance to move for each out of place tile. A comparison between these two given the Eight Tile problem provided didn’t give much to talk about, as there was no difference in the order of the tiles moved or the total number of moves. Despite this, a comparison will be attempted.
[bookmark: _Toc58355715]3.1 – Heuristic 1
With the first heuristic, h(), the time taken to work out which tile to move  is relatively short, all that is done is counting how many tiles are out of place, and then checking how each possible move would affect that number. Based on the move table in appendix B-1 , this heuristic seems like a sensible option to use for Hill Climbing with the Eight Tile problem. A more in-depth analysis may provide a different view of this heuristic; for the purposes of this report, the provided version of the Eight Tile problem was used to evaluate the heuristic. Using the provided problem, there ended up being only 5 moves in total, and there were no instances where a tile that was in place got moved out of place, and no instances with multiple move options resulting in the best value – where a random decision would need to be made, i.e a plateau. Given the simplicity of the problem in terms of the moves it is hard to say with certainty whether this heuristic is really a good option for the Eight Tile problem, and Hill Climbing in general, or not.
[bookmark: _Toc58355716]3.2 – Heuristic 2
The second heuristic, h2(), is based on the Manhattan Distance, counting the distance from the correct place the out of place tiles are. The time taken to calculate the scores of potential each potential move using h2() is longer than h(), but given the example Eight Tile problem provide for the purpose of this report it resulted in the same number of moves in the same order. As mentioned above the results may end up being different if more examples of Eight Tile problems are evaluated, but given the problem provided there is no real benefit using h() versus h2() or vice versa, but if a preferred heuristic were to be chosen it would be h() based of the shorter calculation time.
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[bookmark: _Toc58355718]Appendix
[bookmark: _Toc58355719](A) – Test Schedule
	Code tested
	Date
	Expected Outcome
	Actual Outcome
	Pass/Fail

	Read function (first version using fgetf)
	1/12/20
	Read into char pointer
	Read into char pointer
	Pass

	Display function
	1/12/20
	Output representation of grid onto console
	Missing Last line 
	Fail

	Walk through debugger
	2/12/20
	See why display isn’t printing properly
	Exception thrown from read function, heap corruption, still not sure why
	Fail

	Refactored read function using fstream
	2/12/20
	Read into char pointer
	Read into char pointer
	Pass

	Display function, changed for loop slightly to match example code from moodle
	2/12/20
	Output representation of grid onto console
	Output representation of grid onto console 
	Pass

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	







[bookmark: _Toc58355720](B) – Eight Tile Heuristic 1
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	Tiles out of place before move
	Out of place  per move
	Tile moved
	Tiles out of place after move

	5
	Tile 1: 5, Tile 5: 4, Tile 8: 5
	5
	4

	4
	Tile 2: 3, Tile 5: 5
	2
	3

	3
	Tile 1: 2, Tile 2: 4, Tile 3: 3
	1
	2

	2
	Tile 1: 3, Tile 4: 1, Tile 5: 3, Tile 7: 3
	4
	1

	1
	Tile 3: 0, Tile 4: 2, Tile 6: 2
	3
	0

	
	
	
	












[bookmark: _Toc58355721](B) – Eight Tile Heuristic 2 – Manhattan distance

	Distance
	Total distance per move
	Tile moved
	Distance after move

	1+1+1+1+1+0+0+0=5
	Tile 1: 6, Tile 5: 4, Tile 8: 6
	5
	4

	4
	Tile 2: 3, Tile 5: 5
	2
	3

	3
	Tile 1: 2, Tile 2: 3, Tile 3: 3
	1
	2

	2
	Tile 1: 3, Tile 4: 1, Tile 5: 3, Tile 7: 3
	4
	1

	1
	Tile 3: 0, Tile 4: 2, Tile 6: 2
	2
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