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I. Introduction

Artificial intelligence or Al includes a relatively young field of science. In the 1950s scientists
and researchers began to think of how the machine could do its work as human beings could [1].
Alan Turing, a British mathematician, first proposed a test to see whether or not a computer is said
to be intelligent[2]. The test results are then known as Turing Test, where the machine is disguised
as someone in a game that can respond to a series of questions asked. Turing assumes that, if the
network can make a person believe that he or she is capable of communicating with others, then it
can be said that the engine is intelligent, just like a human being [3].

To solve a problem in Al, adequate knowledge is required. Not only that, but the system must
also have the ability to reason. The knowledge base and the ability to motivate can be the essential
part of a system that uses Al [4]. Although a system has a lot of knowledge, if it cannot suppose, it
would be useless. Vice versa, if a system has a powerful ability to motivate, but its knowledge base
is not enough, then the solution obtained becomes not maximal[5].

The most important thing in determining the success of Al-based systems is a success in search
and matching. There are two search and tracking techniques used, namely Blind Search and
Heuristic Search [6]. In the Breadth-First Search method, all nodes at level n will be visited first
before visiting nodes at level n + 1. The search starts from the root node and continues to the 1st
level from left to right, then moves to the next level. And so on until the discovery of a solution [7].

Chess is a two player game played on a square board. Generally chess is performed on board
with eight rows and eight columns; however, we will deal with the more general case where the
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board contains m rows and m columns. For this paper, we will assume the orientation of a board is
fixed so that we can label all the squares [8]. Let column 1 denote the leftmost column and row 1
indicate the top row. The game of chess is a game that requires intelligence because it takes a
strategy to regulate the number of possible movements that can be done. In computer science, to be
able to create a computer system that has the same ability as the world chess players is a challenge
that many in-demand [9]. Problems that exist, among others, the system created to develop the
knowledge it has through the continuous learning process. The learning process in this chess game
system requires excellent resources and intricate complexity[10].

Horse seeds on a chessboard have movements resembling the letter L. This chess is one of the
seeds is very difficult to move and is often also the most dangerous seed if not carefully observed
every movement [11]. The simulation of this problem provides an n x n chessboard. The goal of this
problem is to move a horse seed from a particular position on the chessboard to the desired
destination position by simulating all possible shortest possible movement solutions to get to that
goal position. This problem is also one of the classic problems in artificial intelligence (Al). Solving
this problem can use the help of a search algorithm and tracking tree [12].

Il. Method

The problem of horse step movement on a chesshoard is one of the classic issues in Al. In the
game of chess, horse seeds have changes resembling the letter L. This chess seed is one of the most
difficult seeds to move and is often also the most dangerous seed if not carefully considered every
movement [13]. This problem provides an n x n chessboard. The goal of this problem is to move a
horse seed from a particular position on the chessboard to the desired destination position by
simulating all possible moves to get to the goal position without violating the prescribed rules [14].

The simplest way to represent a board is to create an 8x8 two-dimensional array. There are 13
different entities on the chessboard: 6 different pieces for white and black and an empty square. This
implies that a byte (short integer) would be enough for one element representation. Each array
element identifies which entity is occupying the square on the chessbhoard. The next problem is the
encoding of these entities [15].

The container where the horse movement is a chessboard with the size of m x n. This is so that
the user can restrict the movement of the horse, for example only in the space of motion: 4 x 4.
Chessboard 8 x 8 as shown in Figure 1 below :
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Fig. 1.Chess Board 8 x 8

The problem faced is that the horse must be moved from its position to the king's position in a
chessboard m x n. The possible rules of horse seed movement are :

Horses can be moved to the left side. Operation: Row = row + 2, Column = column - 1. Rule:
The column variable value after operation must be> 0, the row variable value <= m, and there is no
pawn seed in that position.
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Fig. 2.Rule of Movement-1

Horses can be shifted to the right. Operation : Row = row + 2, Column = column + 1.
Rule: The column variable value after operation should be <= n and the line after surgery should be
<=m, and there is no pawn seed in that position.

X

Fig. 3.Rule of Movement-2

Horses can be shifted to the upper left. Operation : Line = row + 1, Column = column - 2.
Rule: The column variable value after operation must be> 0, the row variable value <= m, and there
iS no pawn seed in that position.

éﬂ

Fig. 4.Rule of Movement-3

Horses can be moved to the left side down. Operation : Line = row - 1, Column = column - 2.
Rule: The value of column variable and row after operation must be> 0, and there is no pawn seed in

that position.

X

Fig. 5.Rule of Movement-4

Horses can be shifted to the upper right. Operation : Line = row + 1, Column = column + 2.
Rule: The column variable value after operation should be <= m, and the line after operation should
be <=n, and there is no pawn seed in that position.

X

Fig. 6.Rule of Movement-5

Horses can be moved to the right side down. Operation : Line = row - 1, Column = column + 2.
Rule: The column variable value after operation should be <= n, the value of the row variable must
be> 0, and there is no pawn seed in that position.

X

Fig. 7.Rule of Movement-6

Horses can be moved down the left side Operation : Line = row - 2, Column = column - 1.
Rule: The value of column variable and row after operation must be> 0, and there is no pawn seed in
that position.
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Fig. 8.Rule of Movement-7

Horses can be shifted down the right side. Operation : Line = row - 2, Column = column + 1.
Rule: The column variable value after operation must be <= n, the value of the row variable must
be> 0, and no other chess seeds in that position.

3‘3

X

Fig. 9.Rule of Movement-8

The solution of the horse problem is by using the tracking tree and the Breadth-First Search
(BFS) method. BFS method is used because the solution of the problem can be more than one and
will get the solution with the shortest path (shortest path).

The steps to find solutions to the problem are as follows: Set the initial position as the root node
(node 1) of the tree. White Horse (B1) = Initial Position. White Paws (C2, C3, C5, E4, F3) =
Obstacles. Black King (E5) = Purpose.

B c D iE

Fig. 10. Initial Positioning

Develop all possible child nodes (level 2 nodes) from the root node by making all possible moves
and obeying the movement rules. The rules of movement in question are the 8 points of movement
rules described above plus the rule that the horse shall no longer occupy previously occupied
positions in the same path. Each searches 8 points; each vacant position will be stored in an array of
horses. When developing a node and found that the node being examined and to be developed is
currently the destination position, then save the node level to shortest and store it in the shortest
solution array.
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Table 1. Finding the Shortest Solution

No. Step Figure
1 Root Node (Initial)
Position (B1)
2 Node Level 2

Position (A3)

3 Node Level 3
Position (C4)

4 Node Level 4
Position (E5)
Save As
(nShortest = 3 Steps)
(Temporary solution)
Position (E5)

If the node being examined and developed now has a level one level more excellent than the
shortest variable value then the Check = True set for all nodes (meaning there will be no child nodes
to be checked and developed.) The search ends. Repeat step b and step ¢ for all nodes to generate
level nodes 3, 4 and so on. Child node development stops when no nodes can be expanded again.

The result of the solution of horse problem above by using the Breadth-First Search method is as
follows :

Root Node
(Initial Position)

Node @ D2

level 2 / \
el @ w K
level 3 ) =7 AN [ S,
OO0 CCCICOOE BE Go0E
level 4 ‘___,--"
JE ARRAY SOLUTION :
Since the shortest solutionis found in ;:{% ﬁ) ?2&;4)
the 3rd level search, the search will be 3= (B4, D2) - (C4, B3, F1)
stopped when the node being examined is 4= (B1, A3, C4) - (B6, D6, A5, A3, E5, E3, D2, B2) SOLUSI
the 4th level. 5= (B1, D2, C4) - (B5, D6, A5, A3, E5, E3, D2, B2) SOLUSI
5=(B1, D2, B5) - (A5, C5, D1, A1)
7=(B1,D2 F1)-(E3, G3, D2, HZ)

Fig. 11. BFS search on horse problem
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111. Result

the The design algorithm of horse step simulation software in the chessboard can be divided into
2 (two) parts, namely solution search algorithm and supporting function Algorithm. For example,
the input data is as follows :
a) Chess board size = 8 x 8.
b) The position of horse seed = C2.
c) The position of seed king = G7.
d) Pawn seed position = B5, D3, D4, D5, F3, F5, H3, and H5.

There are eight operations to develop each node in the tracking tree :

e) Slide the seed horse to the left. (Row = row + 2, Column = column - 1).

f) Slide the seed horse to the right. (Line = row + 2, Column = column + 1).

g) Slide the horse seeds to the top left. (Row = row + 1, Column = column - 2).

h) Slide the seeds of the horse to the lower left. (Line = row - 1, Column = column - 2).
i) Move the horse to the right side up. (Line = row + 1, Column = column + 2).

j) Move the horse to the right side down. (Line = row - 1, Column = column + 2).

k) Slide the horse down on the left. (Row = row - 2, Column = column - 1).

I) Slide the horse down to the right. (Line = row - 2, Column = column + 1).

This operation must comply with the following rules :

m)Position after shift should not be outside the chessboard.
n) Position after shift should not be equal to the area of pawn seed (hindrance).
Position after the shift has never been traversed before (on the same track in the tracking tree).

This ensures that horse seeds will not occupy previously occupied positions. Display the input form
for the case example as shown in Figure 12 below :

Fig. 12. Solution Form (example case 1)

The simulation of the resulting solution is as shown in Figure 13 below :

Fig. 13. Simulation from Solution-1
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V. Conclusion

After completing the simulation software of the legal movement of the horse in the chess board,
the authors draw the following conclusions Breadth First Search (BFS) search method can be used
to search shortest step solution on horse chess. The software can implement the concept of a tracking
tree based on the idea of Artificial Intelligence (Al) in solving a problem using the Breadth First
Search (BFS) search method. The software can simulate all the steps of any shortest solution found.
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