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[bookmark: _3684jlmz8kh9]Hill Climbing
[bookmark: _g7rs7e73amtr]What is Hill Climbing
Hill climbing is a local search algorithm, this is an iterative process as it continuously moves in the direction that increases the elevation to eventually reach the peak of the hypothetical mountain that the algorithm is trying to reach. The algorithm stops progressing once it reaches a local maximum. A local maximum is a state that is better than the surrounding neighbour states.[1] Hill climbing is unable to backtrack meaning that once it does reach the local maximum it becomes limited to that area and is unable to go back to search for the global maximum, this is because once the algorithm progresses it does not remember the previous states. 
[bookmark: _2s71qpeq62wy]Types of Hill Climbing
There are a few types of hill climbing algorithms. The first type is known as simple hill climbing, this is the simplest type of hill climbing method due to it only evaluating one neighbour node at a time[1], when evaluating it checks if the node allows you to get closer to the maximum and will set it as the current state if it does, this means that all of the other neighbours that weren’t evaluated would just be skipped over. This is a less time consuming method but usually leads to a less optimal solution.
 Another type is known as steepest-ascent hill climbing, unlike simple hill climbing this evaluates all of the neighbour nodes to determine which node leads closer to the goal state.[2] This algorithm is more time consuming but can potentially provide more optimal solutions. 
The final hill climbing solution is known as stochastic hill climbing, this method randomly decides which neighbour node it evaluates and chooses whether or not to set it as the current state[3], if it doesn’t set it as the current state then it will randomly choose again.
[bookmark: _hms1qzg3vavm]

[bookmark: _jz4jxwwdnpmg]Hill Climbing Algorithm
Algorithm for Hill Climbing:
1. Evaluate the starting state, if this is the goal state then stop and return success
2. Set starting state as current state
3. Loop until solution state is found or until there are no more new states to evaluate
4. Select and evaluate new state
a. If the new state is the goal state then stop and return success
b. If the new state is better than the current state then assign new state as the current state
c. If the new state isn’t better than the current state then loop back to Step3
5. Stop
[bookmark: _834cdeqx0onc]Problems with Hill Climbing
The problems with hill climbing typically lead to it being unable to progress towards the global maximum, the main problem that can occur when using hill climbing algorithm is when a local maximum state has been reached, this is because all neighbour states of the local maximum are lower preventing it to continue.[1] This can be dealt with by utilizing a backtracking technique, this is done by maintaining a list of the visited states, once the algorithm reaches a local maximum it is then able to backtrack to previous states to explore a different route instead.

Another problem that can occur is known as a plateau, this is where the algorithm reaches a flat local maximum, this means that all of the neighbour states around it result in the same progress as the current state. This can be prevented by randomly selecting a state that is far away from the current state, doing this will likely get a new state that isn’t in the plateau region.[3]

[bookmark: _lsxer2pwx8c]Eight Tiles Problem
[bookmark: _ebwf22o7axtg]Hill Climbing Algorithm
This is a complete 8-tile puzzle where all of the numbers are in their correct positions with the blank space being in the top right.
[image: ]
This is a 8-tile puzzle that needs to be solved due to the numbers being in the wrong positions. This can be done by using a hill climbing algorithm with the current state being set on the blank tile. It can then search the neighbour tiles to determine which is the correct tile to move. This can be done by using the heuristic function to determine how many are out of place with the current and neighbour tiles. 
[image: ]
Based on the image above we can determine that it is currently h=5. Once it reaches h=0 we know that the solution has been completed by the hill climbing search.
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	Current: h=5

	Potential h values: 6,6,4 


The hill climbing search would choose number 7 because it would go into the correct tile, this means the h value would get closer to the goal of 0.
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	Current: h=4

	Potential h values: 5,3 


The hill climbing search would choose number 8 as it places the number in the correct spot and lowers the h value. Picking number 7 would prevent the work from the previous and make the h value further from 0.
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	Current: h=3

	Potential h values: 4,4,2 


The hill climbing search would choose number 5 as it lowers the h value and brings it closer to the complete solution. Picking either of the other options would take it further from the solution.
[image: ]

	Current: h=2

	Potential h values: 3,1 


The hill climbing search would choose number 2 as it lowers the h value and brings it closer to the complete solution. Picking number 5 would set it back.
[image: ]

	Current: h=1

	Potential h values: 0,2,2 


The hill climbing search ai would choose number 1 as it completes the solution. Picking either number 2 or 4 would set it back.
[bookmark: _7sic05qk7sz6]Manhattan Distance
Manhattan distance is an alternative to hill climbing and is another way to solve the 8-tile puzzle. This is done by how far the numbers are from the correct tiles that they are supposed to be on.[5]
[image: ]
Above is the 8-tile puzzle that will be solved using manhattan distance.
[image: ]
This is what the 8-tile grid should look like once it has been fully solved.
By using manhattan distance we can calculate the initial h value.

	1
	2
	3
	4
	5
	6
	7
	8
	h value

	1
	1
	0
	0
	1
	0
	1
	1
	5
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	Tile
	1
	2
	3
	4
	5
	6
	7
	8
	h value

	Current
	1
	1
	0
	0
	1
	0
	1
	1
	5

	6
	1
	1
	0
	0
	1
	1
	1
	1
	6

	4
	1
	1
	0
	1
	1
	0
	1
	1
	6

	7
	1
	1
	0
	0
	1
	0
	0
	1
	4


By calculating the tile distances for each tile on each state, Manhattan distance is able to determine that number 7 is the correct state to go for.

[image: ]

	Tile
	1
	2
	3
	4
	5
	6
	7
	8
	h value

	Current
	1
	1
	0
	0
	1
	0
	0
	1
	4

	7
	1
	1
	0
	0
	1
	0
	1
	1
	5

	8
	1
	1
	0
	0
	1
	0
	0
	0
	3


By calculating the tile distances for each tile on each state, Manhattan distance is able to determine that number 8 is the correct state to go for.
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	Tile
	1
	2
	3
	4
	5
	6
	7
	8
	h value

	Current
	1
	1
	0
	0
	1
	0
	0
	0
	3

	4
	1
	1
	0
	1
	1
	0
	0
	0
	4

	8
	1
	1
	0
	0
	1
	0
	0
	1
	4

	5
	1
	1
	0
	0
	0
	0
	0
	0
	2


By calculating the tile distances for each tile on each state, Manhattan distance is able to determine that number 5 is the correct state to go for.
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	Tile
	1
	2
	3
	4
	5
	6
	7
	8
	h value

	Current
	1
	1
	0
	0
	0
	0
	0
	0
	2

	5
	1
	1
	0
	0
	1
	0
	0
	0
	3

	2
	1
	0
	0
	0
	0
	0
	0
	0
	1


By calculating the tile distances for each tile on each state, Manhattan distance is able to determine that number 2 is the correct state to go for.
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	Tile
	1
	2
	3
	4
	5
	6
	7
	8
	h value

	Current
	1
	1
	0
	0
	0
	0
	0
	0
	1

	5
	1
	0
	0
	0
	1
	0
	0
	0
	2

	4
	1
	0
	0
	1
	0
	0
	0
	0
	2

	2
	1
	0
	0
	0
	0
	0
	0
	0
	0


By calculating the tile distances for each tile on each state, Manhattan distance is able to determine that number 1 is the correct state to go for.

[bookmark: _p7snn5htw1pm]Critical Evaluation of Hill Climbing & Manhattan Distance
I believe that hill climbing is a fairly effective method for the eight tile puzzle because it’s able to determine which states are correct to go to. One problem with hill climbing for this however is if it somehow manages to reach a local maximum, this would prevent it from finding the full solution but can potentially be prevented with backtracking. I believe that manhattan distance is more suitable for this compared to hill climbing because I believe that it is able to solve the puzzle more reliably.
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