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Some nets are available at http://www.jaist.ac.jp/—~uehara/etc/origami/nets/index-e.html
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Geometric Folding Algorithms: Linkages, Origami,
Polyhedra

by J. O'Rourke and E. D. Demaine, 2007.
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|, translated it to Japanese (2009).



There were two developments that
fold to two boxes;

* Are they exceptional?

* |Is there any development
that fold to 3 or more
boxes??

[Biedl, Chan, Demaine, Demaine, Lubiw, Munro, Shallit, 1999]



Developments of two boxes

In [Uehara, Mitani 2007], randomized algorithm
that looks for such polygons by brute force;

Polygons folding into 2 boxes:

1. There are
many (~9000)

2. Theoretically,
infinitely many




Example:
1X1+1%x5+1x%x5

Note: =1x2+2x3+1x%x3

=11 (surface area: 22)

Polygons folding to 2 different orthogonal
boxes

g !

@ » We fold/(cut) at an edge of
unit squares
» Surface area:

1x1%5 2(ab+bc+ca) 1x2%3
=a X b X c |+Necessary condition: =a Xpb xc

to have many
combinations...

ab+bc+ca=a'b'+b'c'+c'a’ ﬁ It seems to be better




If you try to find for three boxes,

N Ote If you try to find for four boxes,
Surface areas; 7
Area Trios Area / Tr)@/
22 [(1,1,5),(1,23) |46~ 11,11),(1,2,7),(1,3,5)
30 \\ (1,1,7),(1,3,3) |70 7~ |(1,1,17),(1,2,11),(1,3,8),(1,5,5)
34 | \(1,1,8),(1,25) (94  |(1,1,23),(1,2,15),(1,3,11),
known results (1,5,7),(3,4,5)
38  [(1,1,9),(1,3,4) |118 [(1,1,29),(1,2,19),(1,3,14),
(1,4,11),(1,5,9),(2,5,7)




. Developments of two boxes
[Thm] There exist an infinitely many developments
that fold to 2 boxes.

[Proof] 1. copy this area, and
2. paste it ktimes as in figure.




+ Developments of two boxes
e
[Thm] There exists an infinitely many polygons...

[Proof]

1 x 1 x ((2j+2)k+11)




. Developments of two boxes

[Thm] There exists an infinitely many polygons...

[Proof]

1% j x (4k+5)

_________

________




Developments of three boxes(?)

A polygon that can fold to three distinct boxes...?
close solution...

1X5X%X5
|

1X3X%X8 %2

1X1X17 11




Developments of three boxes(?)

In [Abel, Demaine, Demaine, Matsui, Rote, Uehara 2011],

The number of developments that fold to
1X1X5boxand 1X2X3boxis 2263.

the latest algorithm runs in around 10 hrs.

Among them, there is only one pearl
development...



Developments of three boxes(?)

In [Abel, Demaine, Demaine, Matsui, Rote, Uehara 2011],

The number of developments that fold to
1X1X5boxand 1X2X3 boxis 2263.

the latest algorithm runs in around 10 hrs.

Among them, there is only one pearl
development...

1X2X%X3




Developments of three boxes(?)

In [Abel, Demaine, Demaine, Matsui, Rote, Uehara 2011],

The number of developments that fold to
1X1X5boxand 1X2X3boxis 2263.

the latest algorithm runs in around 10 hrs.

Among them, there is only one pearl
development...

1X1x%x5
———y




Developments of three boxes(?)

In [Abel, Demaine, Demaine, Matsui, Rote, Uehara 2011],

w=HE@E:  he number of developments that fold to
SBYTIOTHES |x 1 x5 box and 1%2 X3 box is 2263.

\/7 the latest algorithm runs in around 10 hrs.

< the b’ cheat NTTONG them, there is only one pearl
having volume 07? evelopment_ .

Since each column
has height 2

If you don't like %, except both sides
refine each square

into 4 squares

1x11X%x0




Developments of three boxes(!)

in February 2012,§, —---
Shirakawa (and 1)

finally found that:
There exists
a polygon that
folds to 3 boxes!!

[Basic Idea] From a development of |
2 boxes, we make one more box. |

| put it at
http://www.jaist.ac.jp/~uehara/etc/origami/nets/3box.pdf




Developments of three boxes(!)

In February 2012, b{‘_'”

Shirakawa (and |) o

finally found that: I
There exists

a polygon that
folds to 3 boxesl!

[Basic Idea] From a development of
2 boxes, we make one more box.

| put it at
http://www.jaist.ac.jp/~uehara/etc/origami/nets/3box.pdf




Developments of three boxes(!)

In February 2012, b[w

Shirakawa (and |) o

finally found that: I
There exists

a polygon that
folds to 3 boxesl!

[Basic Idea] From a development of
2 boxes, we make one more box.

| put it at
http://www.jaist.ac.jp/~uehara/etc/origami/nets/3box.pdf




Developments of three boxes(!)

In February 2012,

N
Shirakawa (and 1) |—?I/
finally found that:

Cut lines

There exists
a polygon that

[Basic Idea] From a development of
2 boxes, we make one more box.

| put it at

One more box
Is obtained by
folds to 3 boxes!! | this squashing!?

New crsasss

=

-

[No!!]
This works iff a=2b, i.e.,

~

from 1 X 2 square to 2 X 1 square

J

http://www.jaist.ac.jp/~uehara/etc/origami/nets/3box.pdf



Developments of three boxes(!)

In February 2012,
Shirakawa (and 1)
finally found that:

There exists
a polygon that
folds to 3 boxesl!

[Yes... with a trick!]
This idea works;

[Basic Idea] From a development of move a part of
2 boxes, we make one more box. the lid to 4 sides!
| put it at \

http://www.jaist.ac.jp/~uehara/etc/origami/nets/3box.pdf



Developments of three boxes(!)

in February 2012,§, —---
Shirakawa (and 1)

finally found that:
There exists
a polygon that
folds to 3 boxes!!

[Basic Idea] From a development of |
2 boxes, we make one more box. |

| put it at
http://www.jaist.ac.jp/~uehara/etc/origami/nets/3box.pdf




Developments of three boxes(!)

In February 2012, ¢= < =
Shirakawa (and |) i I
finally found that:

There exists
a polygon that [Theorem]

There exist an infinite number of polygons
folds to 3 boxes!! | that fold into 3 different boxes.

[Generalization]
* Basic box is flexible for the edge lengths.
» Zig-zag pattern can be extended.

| put it at
http://www.jaist.ac.jp/~uehara/etc/origami/nets/3box.pdf



Future works

Smallest development? i T i
The current “smallest” L 3 H :
development requires m s J
532 squares. | ERERE

>> the smallest area 46 that may produce B [ 2x a3
three boxes of size (1,1,11), (1,2,7), (1,3,5).  *>*
(Remind:
2263 polygons of area 22 folding to (1,1,5), (1,2,3))

Is there a polygon that folds to 4 or more boxes?
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If you try to find for three boxes,

N Ote If you try to find for four boxes,
Surface areas; 7
Area Trios Area / Tr)@/
22 [(1,1,5),(1,23) |46~ 11,11),(1,2,7),(1,3,5)
30 \\ (1,1,7),(1,3,3) |70 7~ |(1,1,17),(1,2,11),(1,3,8),(1,5,5)
34 | \(1,1,8),(1,25) (94  |(1,1,23),(1,2,15),(1,3,11),
known results (1,5,7),(3,4,5)
38  [(1,1,9),(1,3,4) |118 [(1,1,29),(1,2,19),(1,3,14),
(1,4,11),(1,5,9),(2,5,7)
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Surface areas;

Aok R

If you try to find for three boxes,

If you try to find for four boxes,

.

Area

Trios

Area /

T8

22,

(1,1,9),(1,2,3)

46

,1,11),(1,2,7),(1,3,9)

30 |\

(1,1,7),(1,3,3)

70 ~

(
(1,1,17),(1,2,11),(1,3,8),(1,5,5)

34

(1,1,8),(1,2,5)

known results

94

1,1,23),(1,2,15),(1,3,11),
1,5,7),(3,4,5)

38

(1,1,9),(1,3,4)

118

1,1,29),(1,2,19),(1,3,14),
1,4,11),(1,5,9),(2,5,7)
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