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Problem of the Hamilton Path with Knight in Chess in n-Dimensions

FIIFEEEFE 3F FELFX

Tamagawa Academy 12th Kazuhiro Kuriyama
Definition

The movement of the Knight
Aj{ﬂ of the chess is defined to

move two blocks to four
i of immudl ] directions perpendicularly
and horizontally, and to

LA move one block moves
perpendicularly from there.

A Path going along
all points of the
graph once is called
Hamiltonian Path.
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Precedent Research
As the end square was different from the starting square, the research we performed was called the

Hamiltonian Open Path, but the research of the Hamiltonian Closed Path,which the end point and the starting

point is the same, was performed in the name called "Closed Knight 's Tour” in UK. | did not notice until recently.

Knight’s Tours in Higher Dimensions,Joshua Erde,
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INaiNgs or the Aamiitonian Fatn oy the movement of the Knignt In two aimensions

Initial level : Trial and error @ | inspected whether squares of n x n
. ] had Hamiltonian Path by constituting
18 | them concretely. (left-hand figures.)
As a result, | confirmed that the
Hamiltonian Path existed in the
poy  square with block from 5x5 to 20x20.
In addition, | showed that there was
not Hamiltonian Path in squares of
——————————————— - I 2x2,3x3nor 4x4.

Generalization : Idea for the proof

| showed that the Hamiltonian Path which starts
in (1,1) , and finished in (n,3) exists in the square
of 5 X n(n=5k,5k+1,5k+2,5k+3,5k+4) by
connecting rectangle shown in the right diagram.

Using this result, | showed that the Hamiltonian
Path which starts in (1,1) , and finishes in (n-2,1)
exists in the square of n X n.

| guessed n X n is made of (n-5) X (n-5), :
and 5 X 5. Then | put it out for case about
remainders when | divided 5 into n and proved it.

Conclusion 1

In the case of n x n, If n >= 5,there is
the Hamiltonian Path that (1,1) is the
starting point, and (n-2, 1) becomes the
end point.




Findings of the Hamiltonian Path by the Movement of the Knight in the High Dimension
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Movement of the Knight in the n dimensions (TT T W
| choose an axis to move one block and another axis to move two block from n-axes. =E.||'V
I= 1

Then | decide which direction to move , plus and minus.
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In the two dimensions, as for 4 X 4, Hamiltonian Path E EE
was found not to exist, but, as for 4 X 4 X 4 of three '
dimensions and 4 X 4 x 4 X 4 of the four dimensions,
Hamiltonian Path was found to exist. L
. . » I
From this, | conjectured that the condition [157] 224
Hamiltonian Path exists in n X n x " x n x_n ECEE .
was n >= 4 when the number of dimensions is EERE 101w 26

more than 3 125] 122 131256 IIW 142 [241] 10d] 103
ra2fass | 2 121 13 | 129] 133 252 | [so [ rodrer

a(b) refers to case of the b dimension with the a-squares in all directions
Outline of the proof

1. | proof that in the case n=5,if n(2) with any n has the Hamiltonian Path which starts in

(1,1) and ends in (n-2,1), n(m) (m:m >= 2,an integer) also has the Hamiltonian Path.

2. Inthe case of n = 5, | proof that n(2) has the Hamiltonian path which starts in (1,1) and
ends in (n-2,1).

3.In the case of n=4, | show that the Hamiltonian Path which starts in (1,1,1) and finishes in

(3,1,4) exists in 4 (3). If it is true,I show that Hamiltonian path exists in 4(m) (m:m >= 3).

Conclusion 2

The condition for n(m) to have the Hamiltonian Path is
n>4andm>=3orn>=5andm=2




