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ABSTRACT

The sheer volume of options quickly overwhelms a uniformed control strategy that chooses one random or every node to
expand at each stage. The size of this task rises exponentially, making it an NP-complete problem. A search strategy
incorporating such information is known as a heuristic search method. Heuristic information is used by many Al systems to
lower search costs. These techniques might be quite expensive to uncover because they are frequently successful. Finding
effective strategies for problem-solving will be even more crucial as computer power continues to grow. The 8 puzzle problem
in this research is solved with the use of the heuristic function. This method seems to be more optimistic because there are just
8 puzzles, as opposed to the infinite number of answers that may be found via an exhaustive search.
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1. INTRODUCTION

The concept of artificial intelligence is the idea and creation of systems that can perform different tasks that necessitate human
intellect is known as artificial intelligence (Al). Machines can now think, pick up new expertise, and adapt to different
circumstances owing to artificial intelligence (Al). It refers to a group of algorithms or computational techniques that try to
give computers traits or skills comparable to those held by humans [1,2]. This terminology is mostly employed in sectors
involving comprehending and executing intelligent jobs, among others.

Intelligent heuristics are required to efficiently search through data by artificial intelligence systems. This technique relies
heavily on heuristic data, which can help with a variety of Al issues. An Al system can calculate the cost of achieving a
specified objective from any given condition by using informed searching techniques. Heuristics [4-8] are the name for this
function. We might be able to successfully analyze and repair frequent problems with our machines by knowing how these
notions interact.

2. EXPANSION OF INFORMED SEARCH CONCEPT

We must first define a search problem before starting the heuristic search. A search problem often relates to the state space,
starting point, and final goal that we're trying to attain. The solution to this problem typically entails performing actions or
employing algorithms to quickly change these variables into one another. Heuristics are techniques that may be used to
enhance an algorithm's performance while maintaining a reasonable its efficiency [9-16].

The heuristic search method is a way to make information searches more effective. It accomplishes this by advising which
route to take first when several possibilities are available. This occurs, for instance, when the traversal process is started and
the initial node is expanded. With the aid of the subject knowledge it includes, you may decide more effectively where to
search next to get what you're looking for. I'll describe how heuristic search functions in this part and then give an
implementation example so you can understand its effects firsthand.

3. CONCEPT OF HEURISTIC FUNCTION

Heuristics are rules of thumb that work well in many cases, but they're not guaranteed to be successful every time. We assess
their strength in comparison to other potential heuristic options in order to enhance the likelihood of success. Heuristics can
take numerous forms, such as counting the number of tiles that are misplaced when arranging a game board or estimating the
separation between two points. We will emphasize the idea of the Number of Misplaced Tiles in this examination.

It is feasible to calculate how far a node is from the objective by using a heuristic evaluation function on that node. Making
more informed choices about which nodes to look at throughout the search process is possible with this knowledge. It would be
logical for a search strategy to concentrate on looking at this node as the lower the value of this function for a particular node,
the more probable it is that that node provides an ideal path towards the objective. [19]

4. EIGHT-PUZZLE PROBLEM WITH HEURISTIC SEARCH

Consider a problem which is analogous to the 8 puzzle. In this case, there are nine pieces out that eight of them have numbers
from 1-8 assigned to them and one piece (the empty space) has no number. We can move these pieces around by using four
possible moves--UP, LEFT, DOWN, RIGHT--to get them into the goal state. For each step we take in solving this problem,
our heuristic value changes (henceforth referred to as h).
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It normally takes 20 moves to find a solution to a problem. This is due to the search tree's depth, which is approximately 20,
and the fact that each node (which represents a choice or potential solution) branches off after taking into account its
neighboring nodes. The location of the blank square in relation to other squares on the grid determines the branching factor,
which expresses how many choices are looked at before making a final decision. In general, if it's discovered in the middle of
the grid, there will be four branching; if it's found close to one edge, there will be three branching; however if it's found in a
corner, there will only be two branching. [19]

If all 320 states—or around 3.5 billion—were examined in an exhaustive manner, finding a particular piece of information may
take quite a while. This is due to the fact that there are only 9! or 362,880 potential states. This search would be much easier to
control and more effective if repetitive state were avoided. [19]

Limiting back on the number of steps needed to find a solution is one technique to enhance problem solving. We may
accomplish this with the use of a heuristic search, which gives us an estimate of the number of steps we must take to go from
where we are now to where we want to be. In this section, we'll examine a number of potential strategies for the 8-puzzle. [19]
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Figure 1: Problem Statement (Start & Goal State).

The search problem will be resolved using the chosen heuristic function. The algorithm applies the four operations to the initial
state in order to arrive at the intended goal. It then goes through each step along this path to get the heuristic value, compares it
to all other states acquired, and selects the most favorable one as its new destination. Making ensuring that the starting point
and the intended destination match is crucial while attempting to accomplish a given aim. In this instance, several tiles in the
starting state are out of place and don't match up with those in the goal state.
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Figure 2: Traversing at depth 2
The first step is to move the tile up, so that the newly-obtained state has four misplaced tiles. This can be done by moving it
down and right as shown in Figure 2. We compared the obtained state spaces by their heuristic values and conclude that Node
C, which has a low heuristic value of 2, should be moved to the right. Then we expand Node C so it has a lower heuristic value
of h(n)=2.
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Figure 3: Traversing at Depth 3.

After moving the tile down of selected node (Node C), we found that its heuristic value was 1. After moving the tile towards
the remaining three directions, our heuristic value at that depth was 3. We then compared this number with all of the state
space or nodes obtained and chose Node D as having a less heuristic value than it did when we first entered it into
consideration. Moving to Node D will expand out from there in accordance with our chosen algorithm.
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Figure 4: Traversing at Depth 4 Reached Goal state with Heuristic information of 0.

After expanding the node selected (Node D) and selecting a tile towards the right, it was seen that this move had no heuristic
value- meaning that it reached the goal state or removed any misplaced tiles.

5. CONCLUSION

We have found that as in the uniformed search, we need to explore every state at every depth, if we want to find our goal.
However, an informed search uses heuristic values about states or nodes which can help us reach our destination more quickly
without having to expend too much energy. By using this information, we are able to choose the most efficient path—
overcoming one of the drawbacks of uniformed searches.
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