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1. [bookmark: _Toc34256721]Introduction:
In the report the author has defined the practical side of the artificial intelligence and machine learning, with highlighting the depth first search algorithm has been set in his code, providing a structure of the code like the class, function and which data structure has been used
2. [bookmark: _Toc34256722]Depth first search
The depth first search is an algorithm searching or traversing that use for graph or tree data structures, which this algorithm begin from the parent vertex or root node and then as far as possible, explore each branch before backtracking, which travers down to its children and grandchildren vertices in single path until it reaches the end point [1][2][3].
[bookmark: _Toc34256723]2.1 Algorithms used (Depth First Search)
So to solve the maze the author has implementing a function which in this function will check the direction of the starting point like left, right, up and down to get to move for the available way, which this function will check if the next move if it is blocked by # or open by space, and all that check implementing by assigning to the agent. Once the agent finds the space way, which it open, the agent will move.
Then after moving the previous node of the tile will be assigned to a visited node.
After implementing the check for the direction, the author has created another check to check if the next node is the E which will be the end point, which will be the end of the game or the maze.
[bookmark: _Toc34256724]2.2 Structure of the code:
1. FileReader class: to get the text file, checking if the file exists, check if there any errors while opening the file (in C style gave allow us to know what the error is(reference provided in code)) then open it in read mode.
2. Maze class: to get the maze from the file, calculate the height and width of the maze, storing the maze and then display the maze in the console.
3. DFS class: Identify the start point by checking the height and width, setting the agent to start point, applying the DFS approach, and then moving the agent to next available space till find the end point.
[bookmark: _Toc34256725]2.3 Data structure
[bookmark: _Toc34256726]2.3.1  Stack 
The author has used the stack to get the benefit of using the LIFO, which he using it as a container to see status of each node, like when the this container (stack) is empty it will push the visited node, then when we finish we can (pop) the last node that inserted in the container.
[bookmark: _Toc34256727]2.3.2 Vector
Because the vector is a dynamic array which can be increased while the size of the array cannot be change after the implementation, and that why the author choose the vector to implement the maze, which also a reserve space can be given for vector and can store any type of objects, so with that benefit the  which that lead to be that more flexibility in the size of the maze, and we can implement the maze in any size we want.
2.3.2 Test schedule
the test schedule table with figures have been included in appendix (5.1) for the maze.


3. [bookmark: _Toc34256728]Hill climbing
[bookmark: _Toc34256729]3.1 Hill Climbing algorithm
The hill-climbing is a method which belongs to the family of local search and is considered in the numerical analysis as mathematical optimization and used to search for a problems in the field of the Artificial Intelligence, and it is an iterative algorithm begins with an arbitrary solution to a problem to minimize the problem to another solution with less complexity, that is mean trying to find the best solution by making a gradual change in the solution, and If the change in the new solution leads to the best, it will make another change with the same previous method, and then the process is repeated until the point is reached that no further improvements can be found.
The important part in the hill-climbing is the heuristic which is mean that a function to categorizes all the possible alternatives at any sub-step in the search algorithm based on the available information. and by doing that it will help the algorithm to select the best route out of possible routes, and that is why the time complexity of the heuristic algorithms relies on the quality of the heuristic function, which sometimes the good inference can be built by studying the definition of the problem or by generalizing from the experience of the problem category. In this algorithm,  the good thing is that maintaining and handle the search tree or graph no needed because it only maintains one current state[4][5][6].
Type of Hill Climbing: 
· Simple Hill Climbing: It the simplest way to implement. which it only evaluates the state of the adjacent node at one time and identifies the first case that improves the current cost and sets it as the current state. It only checks for its subsequent state, and if it finds better than the current one, move on to the same condition
· Steepest-Ascent hill climbing: This algorithm checks all the nodes adjacent to the current state and identifies one adjacent node closest to the target state. This algorithm consumes more time while searching for multiple neighbours
· Stochastic hill climbing: This type does not check all of his neighbours before moving. Instead, this search algorithm randomly selects one adjacent node and deciding whether it will choose if it is it as a current state or examine another state[4][5].
[bookmark: _Toc34256730]3.2 How to solve the puzzle
In this part the author has solved his given puzzle: 
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Current (h) = 5 	(tiles out of order)
Next position =	1 = 5
3 = 4
6 = 6
Next position means that the available tiles to go from the empty space.
So, by calculating the next direction for each next position, and choosing the lowest tiles out of order
we need to choose the lowest value, which it is in this step we need to choose = 3 (lowest value = 4)


2 Next solution is:
	1
	2
	5

	3
	
	4

	6
	7
	8


Current (h)     =  4 	
Next position =	2 = 5
3 = 5
4 = 3
7 = 5
Next move will be the tile 4 (lowest value = 3).

3 Next solution is:
	1
	2
	5

	3
	4
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	8


Current (h)     =  3
Next position =	5 = 2
4 = 3
8 = 4
Next move will be the tile 5 (lowest value = 2).

4 Next solution is:
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Current (h)     =  2
Next position =	2 = 1
5 = 3
Next move will be the tile 2 (lowest value = 1).

5 Next solution is:
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Current (h)     =  1
Next position =	1 = 0
4 = 2
2 = 2
Next move will be the tile 1 (lowest value = 0).

6 Final solution is:
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All the tiles now in their correct order.

[bookmark: _Toc34256731]3.3 Structure of the code:
EightTile: which is to set the grad with the setting the position and value for each tile in the puzzle, and to set the swapping for each direction, also it allows the user to play the puzzle manually.
Hillclimbing: this class to set the hill climbing approach which it to check the available direction for each tile in the puzzle and then choose the best direction which will be the lowest heuristic, and then after choosing the best direction it will make another puzzle to solve with repeating the same method like searching the heuristic value for and store it, then compare with one the lowest.
[bookmark: _Toc34256732]3.3 Data structure
[bookmark: _Toc34256733]3.3.1 Vector
to store the puzzle and make a copy in each movement while it is looking for the heuristic value.

[bookmark: _Toc34256734]5.2 Test schedule
Test schedule and figures have been included in appendix (5.2) for the 8-tile puzzle.
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5. [bookmark: _Toc34256736]Appendix: 
[bookmark: _Toc34256737]5.1 Test schedule
	Test N.
	Description
	Expected result
	Result
	Ref
	Pass

	1
	To open the text file from the directing folder and reading the content of the file and checking if there is any error
	Open the maze file, no error
	Maze opened with no errors
	Figure 1
	Yes

	2
	Calculating the size of the maze and getting the height and width
	Get height and width
	Both set to correct value
	Figure 2
	Yes

	3
	Assigning the size of the maze into vector 
	Get the vector size
	Vector has got the same size of the maze
	Figure 3
	Yes

	4
	To display the maze in the console for the user to see how the agent will get the end point
	Displaying the console
	Console displayed
	Figure 4 
	Yes

	5
	Assigning the agent to the start point (S) with the correct position in the maze
	Get agent position
	Agent position has been set
	Figure 5
	Yes

	6
	Checking the correct position of each direction of the agent (down, left, right, up) by if statement, and another if statement for the block or open space
	Check direction, check the way
	The direction checked, open way has been defined
	Figure 6
	Yes

	7
	Finding the end point and displaying the console to the user
	Find end point, displaying the console
	End point founded, console displayed
	Figure 7
	Yes


[bookmark: _Toc34256324]Table 1: Test schedule

[bookmark: _Toc34256738]5.1.1 Test schedule figures for the maze solution:
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[bookmark: _Toc34256312]Figure 1: open the file
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[bookmark: _Toc34256313]Figure 2: Getting the maze size.
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[bookmark: _Toc34256314]Figure 3: assigning the maze to Vector.

[image: ]
[bookmark: _Toc34256315]Figure 4: Displaying the maze with same height and width.
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[bookmark: _Toc34256316]Figure 5: assigning the agent to the start point S with the correct position
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[bookmark: _Toc34256317]Figure 6: checking the correct position of each direction of the agent (down, left, right, up)


[image: ]
[bookmark: _Toc34256318]Figure 7: Finding the end point.



[bookmark: _Toc34256739]5.2 Test schedule
	Test N.
	Description
	Expected result
	Result
	Ref
	Pass

	1
	In each direction we need to check if we can go or not which is the available ways to move
	Returning value
	Get the return value of each direction
	Figure 8
	Yes

	2
	To check the swapping tile when we check each tile of the puzzle
	Swapping tile
	The tiles swapped correctly
	Figure 9
	Yes

	3
	The copy list is to check the direction for each tile around the empty space
	Get the how many available space
	get the value of available space returned correctly
	Figure 10
	Yes

	4
	Checking the value of the heuristic value in each movement
	Get heuristic value
	The heuristic value returned correctly 
	Figure 11 
	Yes

	5
	Checking if the swapping was correctly for the first solution
	Swapping tile
	The tiles are swapped correctly
	Figure 12
	Yes


[bookmark: _Toc34256325]Table 1: Test schedule

[bookmark: _Toc34256740]5.2.1 Test schedule and figures for the 8-tile puzzle:
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[bookmark: _Toc34256319]Figure 8: checking the value of the direction

[image: ]
[bookmark: _Toc34256320]Figure 9: Swapping the tile to another tile
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[bookmark: _Toc34256321]Figure 10: checking the copy list which storing the direction.
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[bookmark: _Toc34256322]Figure 11: checking the list of the heuristic.
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[bookmark: _Toc34256323]Figure 12: displaying the changes of the first solution.
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