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Introduction
[bookmark: _GoBack]I’ve been asked to create & test a set of C/C++ functions and or classes to help successfully implement an AI agent that systematically progresses through a given maze in the form of a text document. To go along with the maze, I am required to implement depth first search (DFS) to show the agent completing the maze. I’ve also been given the task of describe the method of hill climb along with implementation inside of a game known as the 8-tile puzzle game.  
Body
Importance of algorithms
The importance of algorithms for a chosen solution and given problem is dependant on what your wanting to achieve. Not only saving the person trying to solve the problem an awful lot of time but efficiency and precision. Being able to have the option to mathematically solve a complex and complicated problem in the matter of second is essential for programming in computer science and within ai & machine learning.
	Algorithms
	Data structure

	Breadth first search(BFS):
	Uses queue data structure.

	Depth First Search(DFS):
	Uses Stack data structure.

	A* search:
	Calculate shortest distance (initial state) – (final state)

	Binary search
	Lower bond & upper bond



Maze text file
I began by setting up a maze in notepad++ and deciding what special characters would be my chosen means of navigation when traversing through the maze. I opted for ‘0’ = walls, ‘s’ = start, ‘f’ = finish, ‘*’ for the available path and lastly ‘.’ to represent the crumbs of the maze.
Here I had begun with the setting up of my function headers and global variables to organise the structure I wanted. I had gone with a pointer to a pointer to the char maze(**maze). I made enum to organise what special characters would be instantiated to.
Allocating memory & file reading
The first function known as AllocateMaze() allows me to dynamically allocate memory for my 2Dimentonal array. I started with allocating the rows and then moved onto the columns. Visited copies the same but for the visited 2D array. 
I do this by looping through using the new operator to alloc the required memory for the size of the maze.
I then need to read through the file character by character to read the file’s obstacles I will be faced with. If the user failed to input a file name, then quit out of the program.
Depth first search
I Implemented DFS in order to triverse through the maze I need to check sides to see if a move is possiable. If able to do so I increment or decrement on either x or y dependant on trivertial. Making sure I go clockwise first when going through the search.
[image: ]
Initial maze.txt
Visited (3 = trail)
DFS crumbs = ‘.’
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8-Tile puzzle
Local Search method
Many problems that have optimization, a state referred to as state space is the space in which all possible complete versions of the solutions exist.
Examples of local searches: Hill Climbing, Simulated annealing, Tabu search and reactive search optimization.
Hill Climbing [1]
Hill climbing is a local heuristic search and is often used for mathematical optimization problems within the field of Artificial intelligence & machine learning. It does this by going through the search algorithm, finding a good solution in a reasonable timescale. Similarly, to hill climbing is a greedy algorithm as both search a step at a time to reach the goal state. 
Hill climbing may not find the most optimal outcome, but it will rank possible alternatives to select the best route outcome.
To achieve this algorithm, you must do as followed:
· Initialize CURRENT to starting state
· LOOP
NEXT = highest-valued successor of CURRENT
If the value of NEXT < CURRENT. RETURN CURRENT.
Else CURRENT = NEXT.
· Once CURRENT = GOAL. Break out of LOOP.
[image: Image result for the state space hill climbing]Hill climbing search can be excellent for getting a fast-local search of a best solution. This algorithm is good for a local optimised search but approaches to improve can be made here. Such as the chance an infinite loop due to being stuck in local optima.
[2]

Here I show what the goal state of the 8-puzzle tiles is in comparison to the best case being finished in zero moves as no tiles are out of place H(0). Since this is a rare chance, I’ve chosen to show best case outcome when H(1) and only required a single movement in order to reach the goal state. 
After that I’ve shown a worst-case scenario on where the outcome of the puzzle’s heuristic was H(8). Implying that the number of tiles out of place here are 8. 
Note: We don’t count the 0 and or blank space when dealing with heuristic of 8 puzzle problem.
Worst case H(8):
H= Heuristics.
H(n): Number of misplaced tiles.

Goal case H(0):
Best case H(1):
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Below Shows my illustration of how hill-climbing would solve the 8-puzzle problem.
I started with my initial case, I then procced to work out the number of tiles out of place from the goal state. (The goal state is same as goal state from above example)
I then used hill climbing to go through a while loop to check that if initial state = goal state then break out of that loop. Since it’s not we continue in loop setting CURRENT = the initial state and NEXT = highest valued successor of CURRENT. The Highest valued successor in this case would be the puzzle in the middle H(4). Now, I see that H(4) is less than the initial state H(5) right? I set a variable of CURRENT = initial state and so we set CURRENT = NEXT and continue through loop.  
Initial case H(5):
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H(2)
Here we end up going back or there is highest valued successor.
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8-Puzzle Problem code
[image: ]When setting up I wanted to initialize all the tiles with random numbers. I had chosen to use vector<int> listing numbers in order of 0-8. Once done so I used shuffle function with <algorithm> header in order to shuffle that vector. I then loop through the tiles[i][j] assigning them each a vector element in order as elements are shuffled I did it in chronological order.

I had a typedef struct node for a linked link of solutions or known states. Linking through to next/neighbor nodes along with data containing the path cost for that current node.

When implementing a time feature, I had a few options but I had chosen to go for a system clock now function with a seed in order to get the clocks per seconds for when the user starts the puzzle and then gather elapsed time when user completes puzzle.[image: ]
The heuristic need to loop through the currentNodes 2d array and if it’s != solved 2d Array then increament and return the value.

[image: ]
A function for the manhattan distance. Where the formula is abs(x1 – goalY) + abs(x2 – goal2).
tiles[x] – solved[x] + tiles[y] – solved[y]. 
Such things like finding the tiles distance from solved solution will give me the result I need known as hamming which can be used along function heuristic H() to find the state with the least number of possible moves until solved. Stay in a loop such as a local search like simple hill climb and only change next state if > current state. Here you keep narrowing down the heuristic for the 8-puzzle problem and once you define your search you’ll get a good solution for the problem although not the best!
[image: ]

Conclusion
To conclude, algorithms within AI & machine learning is essential for time, efficiency and managing large sets of data for optimal outcome. Depth first search along with uninformed searches are good for if you don’t know the finial goal. These types of searches will allow for the problem to be found quickly when no solution state is required. Using local search will be fast and effective for a puzzle like 8 puzzle or n queens due to narrowing down of nodes to keep low memory usage.
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Press '1' To Enter a Maze.tx
Press '2' To Show Complete Maze:
Press '3' To Show Visited Maze:
Press '4" To Quit:

Press "5’ To Delete maze memory:

}

B if (*current

blank)
{

*current
//Check up
(depthFirstSearch(row,

crumb;

*current = crumb;
return 1;
»
- 3 x |Output

Show output from: Debug
"MazeSolver.exe' (Win32)
"MazeSolver.exe' (Win32)
"MazeSolver.exe' (Win32)
"MazeSolver.exe' (Win32)
"MazeSolver.exe' (Win32)
"MazeSolver.exe' (Win32)
‘

Autos | Locals CallStack. Breakpoints  Exception.

Ready tn1 cal cni s

O ® m ¢ o L |

Quick Launch (Ctrl+Q) P - o x

Loaded
Loaded
Loaded
Loaded
Loaded
Loaded

Comman,

Jack Partridge - [JP!

cax

*C:\indows\SysHOW64\Ntd11.dl o
*C: \Windows\SysOK64\kernel3:
*C:\Windows\SysWOK64\Kernel6z
*C: \Windows\SysWOW64\verunt n
*C: \Windows\SysO4\ucrtbase
*C:\Windows\SysOK64\msvcp14€

»

Immediat.. Output ErrorL

4 Publish &

Jack Partridge-017918 Al & Machin. jack partridge

cally allocate memory for my

nentonal array. | started with alloca onto the columns. V

ut for the visited 2D array.

1 do this by looping through using the n quired memory for the size of the

operator to allog the .

maze.

I'then ny r to read the file's o I be fa

with. If the user fail

to read through the file character by charac

name, then quit out of the program.

Enter a
Show Complete Maze
Sho
Quit

6000000060
***+00000
0*00000
0000000
©0000" 00000
0000000000
~000000000
-000000000
00000

000" ~0000
000000000
000000
000.0000000
©00.0000000
000

& = - o

~ W) B0 O




