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Rep-cubes:
Dissection of Untolding of Cubes

232 3k

« Xu Dawei, Takashi Horiyama, and Ryuhei Uehara: Rep-cubes: Unfolding and
Dissection of Cubes, 7he 29th Canadian Conference on Computational
Geometry (CCCG 2017),2017/07/26-2016/07/28, Ottawa, Canada.

« Zach Abel, Brad Ballinger, Erik D. Demaine, Martin L. Demaine, Jeff
Erickson, Adam Hesterberg, Hiro Ito, Irina Kostitsyna, Jayson Lynch, and
Ryuhei Uehara: Unfolding and Dissection of Multiple Cubes, Tetrahedra,
and Doubly Covered Squares, Journal of Information Processing, accepted,

2017. (JCDCG3 2016 THE)
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Solomon W. Golomb (1932-2016)

From the viewpoint of Recreational Mathematics, he

invented
Polyominoes: shapes made by unit squares
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Rep-tiles: shapes partitionable to similar shape
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Extension to Folding problem

Natural Question: Is there any polyomino that folds to a cube
and partitioned into some polyominoes s.t. each of which

admits to fold a small cube?

fold
fO|d polyomino
- Polyomino C
fold




New notion: “Rep-cube”

* A polyomino is “rep-cube” of order k
& it folds to a cube and it can be cut into k pieces s.t.
each of them folds to a cube
« A rep-cube is regular ¢ k parts have the same size (area)

| fold
fold polyomino
- Polyomino C
fold




First main results:

Thm 1 7here exists a regular rep-cube of orderk for
k=2,4,5,8,9, 36, 50, 64.

Thm 2 There exists a regular rep-cube of order36gK'? for
any positive integerK and an integerq in
{2,4,5,8,10, 50}. Le., there exists an infinite
number of regular rep-cubes.

Thm 3 There exists a non-regular rep-cube of orderk
fork=2, 10.



Thm 1 7here exists a regular rep-cube of orderk for
k=2,4,5,8,9, 36, 50, 64.
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Thm 1 7here exists a regular rep-cube of orderk for
k=2,4,5,8,9, 36, b0, 64.
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Thm 2 There exists a regular rep-cube of order 369K’ ? for
any positive integerK and an integerq ini2, 4,5, 8, 10, 50}.
l.e., there exists an infinite number of regular rep-cubes.

Proof Take any patternin Thm 1.
Then replace each unit square
by the right pattern for k=36
in Thm 1. We can repeat it

recursively any times.




Thm 3 7There exists a non-regular rep-cube of orderk fork=2, 10.
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Fig. 6 (1) A cylinder of circumference a and height b, (2) a common devel-
opment of two cylinders, (3) the other cylinder of circumference x/2
and height y.
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Thm 4 For any positive real numbers A, a,, &, ..., & Such thatx; a
= A there is a net of a doubly-covered square with area A that
can be cut intok polygons with areas a,, &, ..., &, each of which
can be folded into a doubly-covered square.

Doubly covered squares

e
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Doubly covered square
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Thm b For any positive real numbers A, a,, &, ..., & Such thatx,
a = A, there is a net of a regular tetrahedron with area A that
can be cut intok polygons with areas a,, &, ..., &, each of which
can be folded into a regular tetrahedron.

Regular tetrahedra

cut and squash
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Regular tetrahedron cut




2016 FFF R COEBNE R RBIHE
N
« T L WBLS: rep-cube ZEA L., %< DfHZRL T
* Rep-cube DE[RICHFIET DT & &nr LT
RERREIRE
e lrregular B H D IFERICH D DH ? 3% 3 %3
« KR BRI T RDIBFALE S H?

5% 5% 5 “"
B S

%otﬁ E’J?&%*%’PI@’T ? 4 x4 x4
s [GEAH B ELWTNE - LY T —> 3 VEFELSITA?

Ay



S AR TOXREREE
« Regular?:Rep- Cubeb\%% B & R WB A D FE
1. [7xaWnw] $?:3,6, (A4ICERT DI EIETTZEHH?)
2. [H5] %@:@“T‘L:fﬁ,%%ﬁ/) F-b 0 GITHERTEOE ST L)
3. [HoTHEW] D 121C%BLAEVWHD
« “Uniform”7:Rep-cube D HFED 177 &

e Irregular BH D IZERICH DDA ?
« BRI X T T AD3IAFITE S H?
bE—XITROESZN?HFI2E—XICTER LA ? 3x 3 %3

B

%0&%0(‘:@ E’]@ﬁ‘i%@@’ﬁi? 4 x4x4
s IS H B ELWITNE - LY T —> 3 VEFEITA?




\I I//

/2= ﬁ:ﬁftg

« RegularZzRep-cuben'® 5 BRI & I WNB AR D 94E
L. [HBW] $0%EXT:3,6, - (ELICERLTHDB)
2. [H3] b0xERITIEYEROITE GEITHE+ o)

e lrregular H DDIEY = H o CHET L /22 DA HEWITE
« BRI R T T AD3AFILE S H?
SE—XIEROE LD ?HIC2E—RICTERWLA? 4 a3

XERE SXSXS. *C“- :

e Lol ¥ o LR E’]f&%‘i%)plélgf’f +7 Ax4x4
e [N HBELWITNE - LY T — 3 VRELITH?




