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[bookmark: _Toc32961067]Task 1
[bookmark: _Toc32961068]Input / Output
For usage of the application, a file Maze.txt has been included. This file contains a 16x16 grid of letters that represent the mazes structure and is read in by the method ReadMaze. The letters represent as follows:
· X – This is a wall or non-traversable location.
· O – This is an empty, traversable, location.
· S – This is the starting position for the maze.
· K – This is the destination that the agent must seek.
The maze is printed to the screen by the DisplayMaze method which writes the maze letter by letter in accordance to what was read in from ReadMaze with the exception of the agents current position being written in red.
[bookmark: _Toc32961069]Traversal
Traversal of the maze operates using the principle of a depth first search, in this instance a stack is used to store the nodes to be visited whilst a vector is used to store which nodes have been visited. Below is the outline of how this was implemented.
Traversal of the maze by the agent is performed by the recursive method Traverse. The Traverse method utilises both a stack and a vector in order to facilitate its operations; the stack is used to store locations to be visited whilst the vector stores locations that have already been visited.
In order to simulate and allow the progress to be seen by a user, the Traverse method makes the thread sleep for 250ms before calling DisplayMaze to update the view for the user.
Then due to the recursive nature of the method and the nature of the stack being used, the method checks if the current position is one that has already been visited before, this way it can establish if the agent is moving back along a path it already came. In this situation we will pop the location off of the locations to visit stack. We cannot pop this off the stack on the first pass as this will cause the agent not to travel back the way it came, but to jump straight to the next node in the depth first search.
The Traverse method pushes the current location onto the locations visited vector (whether or not it was just popped off the locationsToVisit stack, this way we can track that it has been revisited). Then the agents position is checked against the destination.
If the destination has yet to be reached; the Traverse method then calls to the FindTraversibleAdjacents which checks each node adjacent to the current node to check that it is a valid traversable location, and has not been added to the locationsVisited, then pushes each that meet both conditions onto the locationsToVisit stack.
The Traverse method then peeks at the top location of the stack to move the agent to that position before calling the Traverse method to set up the recursion.
This implementation results in the agent searching the maze until it finds its destination; when it hits dead ends it will back-track along the path that it traversed to get to the dead end before trying another direction.  
In the event that no destination is present in the maze, the agent will search the entire map and never find a destination. 
Fig.1 – Agent searching the maze for the destination
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Fig.2 – Agent completed the search for the destination and reporting steps taken
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Fig.3 – Agent searched the entire maze but there was no desination to find
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[bookmark: _Toc32961070]Task 2
[bookmark: _Toc32961071]Hill Climb Algorithm
Hill climbing is a local search algorithm that iteratively checks adjacent nodes to check for an improved heuristic. The heuristic is a value of how far away from the ideal solution the current state is. 
This is easiest demonstrated in an 8 tile puzzle whereby the heuristic is the number of tiles that are out of sequence. Hill climbing can be applied to the puzzle to iteratively perform moves that will incrementally bring the state closer to the solution by choosing, from potential moves, the move that would result in the state possessing the best heuristic value.
Following is an example the operation of the hill climbing algorithm on the 8 tile puzzle provided.
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	Current:
h=5

	Next positions:
h=6, 6, 4







	1
	 2
	5

	3
	4
	8

	6
	 7
	


	Current:
h= 4
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[bookmark: _Toc32961072]Implementation
[bookmark: _Toc32961073]Input / Output
When the user begins the application they will be prompted which kind of puzzle they would like to view solved; 
· MYPUZZLE – this method sources the 8 tile puzzle from the included text file MyPuizzle.txt which contains the puzzle:

	1
	 2
	5

	3
	4
	8

	6
	 
	7



· FAKERANDOM – this method creates a solved 8 tile puzzle then performs 5 pseudo random tile movements in order to generate a new 8 tile puzzle. 
· TRUERANDOM – this method creates a random 8 tile puzzle where each tile has a random number assigned to it provided it hasn’t already been assigned. The tile is checked to ensure that it is mathematically solvable, if it isn’t a new one is generated instead.
The text file used for MyPuzzle is read in character by character for a 3x3 array, however as we store the tiles in a 2d array of type int and the type read in is character we must remove the ascii value ‘0’ from the character to get a correct numerical representation for int (rather than 0 being 48).
The DisplayPuzzle method is what is used to print the puzzle to the console, it also prints out the current number of moves that have been made.
The ExecutePuzzle method also also outputs information before terminating; this information is either how many moves had been taken when the puzzle was solved or if the algorithm had hit a local maximum and could not solve the puzzle due to limitations of the algorithm.
[bookmark: _Toc32961074]Executing Puzzle
The execution of the puzzle operates on the principles laid out in the hill climbing algorithm, whereby at each node the algorithm will determine which of the adjacent nodes would provide the most improvement to its heuristic value (in this case, values out of sequence) and will move to that node before re-evaluating from there.
The implementation of this was that the ExecutePuzzle method would first call DisplayPuzzle to render the puzzle for the user, calculate how many numbers were out of position, assigning it to currentOutOfPosition, and would then loop the following whilst this value was greater than 0.
First the method would check if a local maximum has been hit by checking the state of variable hitPlateau, and if false would continue, if true then the loop would be broken.
The method would then call the CalculateMoves method which would perform each potential move (if possible0), to then find the heuristic value that move would lead to; the move with the best heuristic is performed permanently and the move counter incremented.
The ExecutePuzzle method would then update the currentOutOfPosition variable with an updated count from CalculateOutOfPosition.
If the current best hasn’t been set, it will be set to this value, if it has it will be compared against. 
If there are not less out of position than the current best; this is a signal that the algorithm has likely hit a local maximum and the movesWithoutImprovement variable is incremented. If this variable reaches 10; the hitPlateau variable is activated which will prevent further execution as the limitations of the algorithm mean it cannot get better.
If there are less out of position then the currentBest is set to this value and the movesWithoutImprovement value reset to 0. 
This loop in the ExecutePuzzle method results in the best move being taken repeatedly, the puzzle redrawn and then repeated until the puzzle is either solved or hits a local maximum.
[bookmark: _Toc32961075]Generate Fake Random Puzzle
The generation of the fake random puzzle is handled by the GenerateFakeRandomPuzzle method with the integer parameter being the number of moves to make to “generate” the puzzle
This method first calls GenerateSolvedPuzzle which populates the tiles array in sequence, matching a solved puzzle. 
Then for the number of moves away from completion; the method would take a random number of 0-3 and use the results as up, left, down and right respectively. It will check that there is a valid tile in that direction and ensure that it was not the tile that it just came from in order to reduce the likelihood of an outcome such as right,left,right,left which would result in the puzzle being solved to begin with. 
This method is not very random and will be prone to issues such as a 4 move randomisation could result in the tiles moving in a 4 tile square back to origin.
[bookmark: _Toc32961076]Generate True Random Puzzle
To generate a true random puzzle, the GenerateTrueRandomPuzzle method loops through every tile spot and generates a random number between 0 and 8, storing each number in vector usedNumbers so as to avoid duplicate numbers in the puzzle. 
Once the puzzle has been generated, the method calls EnsureSolvable which returns whether the result of CalculateInversions % 2 is 0. This mathematically proves that the puzzle is solvable as an 8 tile puzzle with an odd number of inversions is impossible to solve whilst one with even inversions is solvable. 
An inversion is an instance where a number appears in the sequence before numbers that are lower than it. The puzzle found in myPuzzle.txt for example has 5 preceding 3 & 4 and 8 preceding 6 & 7 for a total of 4 inversions.
If EnsureSolvable returns false then another random puzzle is generated, if it is true then the puzzle is used for execution.
[bookmark: _Toc32961077]Conclusion
Through the demonstration above, it can clearly be seen that whilst the hill climbing algorithm itself is applicable to the 8 tile puzzle and can solve some instances of this, such as the example problem; it is possible that the randomisation of an 8 tile puzzle can lead to a solvable puzzle that the hill climbing algorithm alone cannot resolve without further consideration, approaching a local maximum rather than the global maximum.
There are a few common variants of hill climbing that are used to combat such local maximum such as:
· Stochastic hill climbing – The moves with a better heuristic that can be made at any time are chosen from at random, rather than the best move.
· First-choice hill climbing – The first move that is calculated (randomly) that has a better heuristic than the current heuristic is the one chosen.
· Random-restart hill climbing – When a local maxima is hit, the hill climb is restarted but from a different starting point. 

Fig.4 – MYPUZZLE mid execution
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Fig.5 – MYPUZZLE upon completion
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Fig.6 – FAKERANDOM mid execution. Upon completion looked itdentical to fig.5
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Fig.7 – TRUERANDOM instance that made no improvement after generation (Began at local maximum as no move was better than any other so did the first move it could repeatedly)
[image: ]
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Agent visited the following co-ordinates before finding the goal:
Starting Location: (6),(@)
Step 1: (5),(0)

Step 2: (4),(0)
Step 3: (4),(1)
Step 4: (4),(2)
Step 5: (5),(2)
Step 6: (6),(2)

Step 7: (7),(2)
Step 8: (8),(2)
Step 9: (8),(3)
Step 10: (8),(4)
Step 11: (8),(5)
Step 12: (7),(5)
Step 13: (6),(5)
Step 14: (5),(5)
Step 15: (4),(5)
Step 16: (4),(6)
Step 17: (4),(7)
Step 18: (4),(8)
Step 19: (3),(8)
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Agent completed its search but did not find the goal!

Would you like to RESTART the maze or EXIT?




image6.png
Moves Made: 1
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Moves Made: 5
Puzzle solved in 5.

Press Select A Puzzle To View: MYPUZZLE - FAKERANDOM - TRUERANDOM
You may quit with EXIT
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Moves Made: 1
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Moves Made: 10

Puzzle autosolve hit its local maximum and cannot solve this.
Note - mathematically, this puzzle IS solvable.

Press Select A Puzzle To View: MYPUZZLE - FAKERANDOM - TRUERANDOM
You may quit with EXIT
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