


The Hill Climbing Method
Description
Hill climbing is a part of the local search methods branch of artificial intelligence. Used for a variety of different applications, the Hill Climb method is an iterative algorithm, meaning it repeatedly runs until a solution is found, but after every iteration a change is made to a single element to check if an improvement on the solution has been made. After every successful improvement, the algorithm uses that current solution as the base to start its search for the next improvement, continuously until no more improvements can be applied to the solution [1]. Hill Climbing can be used to provide a good, not always the best, solution to mathematical optimization problems where the end goal is to either minimize or maximise a variable from the given inputs. 
An example of an effective application of the Hill Climb method is the Travelling Salesman Problem. Without the use of the Hill Climb method, the initial solution could be much longer and less efficient than the solution generated using the method. But by using the Hill Climb method, combined with another algorithm [2], it could continuously swap the locations, testing for the shortest route between all the locations, on a complex version of the problem. The variable here which the Hill Climb is attempting to minimise is the distance between all the locations. 
This method is a popular optimization algorithm within Artificial Intelligence, where it is used to reach a goal state after beginning with a single node, testing most possible routes to take to the solution. Compared to some of the other more advanced optimization algorithms, Hill Climbing is used just as much to find the optimal solution, especially at occasions where there is a limited amount of time available to run. A major reason for this is that Hill Climbing can always return a solution to the problem, even if interrupted before the optimal solution is found. 
Hill Climbing cover 3 main types; Simple Hill Climbing, Steepest-Ascent Hill Climbing and Stochastic Hill Climbing [3]. Simple Hill Climbing goes through each neighbour node, one at a time, and as soon as a neighbouring node which optimizes the solution a step is found, that node is selected as the next node. The Steepest-Ascent Hill Climb method is like the original simple hill climbing but differs in that all available options are assessed before the best option is taken. And the last variation, the Stochastic Hill Climb differs in which it does not evaluate all the neighbour nodes before selection, it simply selects a node at random and decides from the improvement to the solution shown if it is to select that node or try again with a different node. 
The Algorithm
Simple Hill Climbing
The Hill Climbing Algorithm is relatively simple compared to many of the other optimization algorithms available for similar purposes. The simple Hill Climbing algorithm can be explained in the following steps [4].
Step 1)
The initial node is evaluated to confirm whether the goal state has been found with a solution. If the solution is found, the algorithm stops and returns successfully. Otherwise, the initial state is set as the current state, ready to move on. 
Step 2)
The algorithm loops until a solution is found or no more changes can be made to the current state to find a more optimal route. The algorithm selects an unused state that could be part of the solution and evaluates whether this change brings it any closer to the solution or not. If the solution is found, then the algorithm can stop as it has been successful, if it is better than the current solution but not at the goal state, the current state is updated to this evaluated state ready to continue to evaluate the next level of steps. But if the evaluated state is not better than the current state, the looping continues on the current node, looking at another possible node to take to find the solution. 
Steepest-Ascent Hill Climbing
Despite being very similar to simple hill climbing, the Steepest-Ascent Hill Climb method attempts to be more effective in finding the optimal solution that is more efficient than the other solutions by following these steps [5]. 
Step 1)
Like the simple hill climb, the initial state is evaluated and if it is the goal state, the algorithm ends. Otherwise, the initial state is set as the current state and is ready to move on. 
Step 2)
The Steepest-Ascent Hill Climb changes from the simple hill climb algorithm here, where there is a Target State set as the best next option to take to find the solution. Evaluating all the possible next states to find the best step towards the solution, and if the current state is not the goal, the algorithm continuously compares the possible states with the target state, replacing the target state with the evaluated state if it is a better option, before comparing the target state with the current state. If it is better, the current state becomes the state stored as the target state, ready to loop through all the next possible options until the solution is found. 
Evaluation
Advantages
As discussed in the previous sections, the Hill Climb method is an effective solution to find the optimum solution in problems where the objective depends on finding the best possible state using an objective function to find the best solution. The use of Hill Climbing because of this feature is widespread due to its simplicity yet effectiveness. Another advantage Hill Climbing has over similar purpose algorithms is that it requires much less conditions to find the best solution than the others, most commonly only using a single rule to navigate, with the performance dependant on the amount of parameters [4]. And one of the biggest advantages of the Hill Climb algorithm is that it can generate a solution to get to the best result rather than just finding the best result.
Disadvantages
Despite most of the time being able to produce an optimum solution, there are 3 drawbacks to using the Hill Climb method [6]. Depending on the problem, the algorithm can get trapped going down a route of nodes to produce a solution which might not be the best choice or a part of the best possible solution. If the algorithm takes the path of nodes and ends up on a local maximum, where all the surrounding nodes are worse states than the current state, the algorithm is stuck on this local maximum rather than finding the best solution to the global maximum, which would provide the best possible solution. This is because the Hill Climb method does not allow a worse state to be taken even if that step may result in a better overall solution. Another problem found by using the Hill Climb method is like the first problem of being stuck at a certain node but differs in that the node’s neighbours could all be the same value, resulting in the algorithm being unable to select the best route to take. These bunch of nodes with the same value are commonly called a plateau or a flax local maximum and can impact on the final solution produced. The final problem to be discussed is if a ridge is encountered. A ridge is another kind of special local maximum which means it has a higher value than its surrounding nodes, but it cannot be reached by changing just a single variable, instead requiring more changes before being able to be find that node, resulting in the algorithm ending prematurely. 
Suggested Improvements
Despite there being problems with the Hill Climb method, the solutions for dealing with these common problems are known and can be implemented [6]. The problem of reaching a local maximum and ending up stuck can be solved by either utilizing a backtracking technique which would store all the visited states in a list, allowing the algorithm to backtrack to a previous state to explore a new possible solution. The Plateau problem can be solved by allowing the algorithm to move or ‘jump’ to another random node on a different path which would hopefully not be a plateau state. The final problem of the ridge can be overcome by using two or more rules for evaluating the state, allowing the algorithm to move in several directions at the same time. 
Hill Climbing for the 8 Tile Puzzle
The following is an example of how the Hill Climb Method would solve the 8 Tile Puzzle Problem:
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Move 3
Evaluate all available options: Left, Can’t Go Down, Right, Up
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Move 4
Evaluate all available options: Can’t Go Left, Can’t Go Down, Right, Up
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Move 5
Evaluate all available options: Can’t Go Left, Down, Right, Up
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Suitability for This Problem
The Hill Climb algorithm can be implemented to be used to solve the 8 Tile Puzzle problem thanks to many of the features between both the algorithm and the problem. One notable feature of the problem is that because each turn, the user can only move one step closer to the solution, for example the 0 tile swapping with another number tile, meaning more simplicity than in puzzles which are of greater complexity, and coupled with the simplicity of the hill climb algorithm, can both be used together without great adaptation and without much computational power required. Also adding on to the previous point, there are only a maximum of 4 possible moves; Up, Down, Left or Right for the 0 tile to move at any time. But the only position for 4 possible moves is the middle, with the top, left, right and bottom tiles having only the 3 options and the corners only having 2. This reduced complexity results adds to the suitability of this algorithm for this puzzle as it has eliminated the ridge problem due to the reduced options for possible movement. The chances of the plateau and the local maximum problems for this puzzle are also reduced and possibly avoided due to the simplicity of the puzzle allowing one to backtrack to the previous state if implemented, which can open the other options in the event of an equal weighting between the possible states. Because of these factors, the Hill Climb algorithm is well suited to being used to solve the 8 Tile Puzzle problem. 
The A* Method
Description
The A* Search method is an algorithm used for graph traversal and in path-finding. This method is amongst the most popular and widely used techniques due to its ability to efficiently find the shortest path to the destination. Like the Hill Climb Method, the A* Method also uses the Heuristic Function to calculate the best path to be taken to reach the goal state. Although on the other hand, the A* method uses another 2 functions, represented by ‘f’ & ‘g’ to calculate its solutions[5]. The ‘g’ function allows the algorithm to calculate the next step to take by not only using the ‘h’ function, but by looking back on the path the solution has come on to get this far. This helps the method get the best possible solution it can find to the goal state. But if there is no concern over the best way to get to the solution, ‘g’ could be initialised as 0 and any route to the solution will be found. Also, the A* method can be used to find the ‘cheapest’ resource path to the solution if used to traverse nodes with an assigned cost of moving between each other, allowing this algorithm to be useful in either circumstance [1]. 
Evaluation
The A* search is relatively quick when it comes to finding the shortest distance to the goal state because it evaluates the best direction to evaluate at each state rather than searching every possible state in order. As a part of this search, the algorithm aims to minimise the ‘cost’ of the solution to the goal, leading to producing an efficient and fast path to the goal. Yet despite these benefits of being quick and efficient, the algorithm relies heavily on calculations that are based on using approximations to calculate the best path. As a result, the final solution could be slightly inaccurate in solving complex problems from these approximations, depending on the accuracy of the variables used at the beginning [4]. 
Compared with The Hill Climbing Method
The first comparison between both Algorithms must be the contrast in simplicity between the two. The Hill Climb algorithm on the one hand is amongst the simplest algorithms to provide an effective solution, while on the other hand, the A* algorithm is compared with the Hill Climb Method, a complex algorithm to implement but also can provide an effective solution to a problem. Although the A* method can be an effective solution to implement in the event of the problem being a map with many obstacles, producing an efficient solution between the start and the goal while depending on the implementation of the Hill Climb Method, can get stuck on Local Maximums, Plateaus or Ridges should it come across an obstacle. Both algorithms use heuristics to plan ahead and make the better decision to potentially provide the shortest path. After comparing both methods, the simplicity of the Hill Climbing Algorithm gives it the edge over the slightly more complex A* Search Algorithm. 
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