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* There were two developments that fold to two boxes;

5x1x1 T i 3x2x1 P

(b)

(©)

¢ 8§x1x1 ¢ S5x2x1
Q [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)
(by supercomputer (SGI Altix 4700))

2. Theoretically,
infinitely many




Note:

 Polygons folding to 2 different orthogonal boxes

1X1X5
zaXbhbXc




Note:
Surface areas;

Area Trios Area

22 |(1,1,5),(1,2,3) |46 #1,11),(1,2,7),(1,3,5)

30 B [(1,1,7),(1,3,3) |70 7 |(1,1,47),(1,2,11),(1,3,8),(1,5,5)
34 L\ (1,1,8),(1,25) (94  [(1,1,23),(1,2,15),(1,3,11),
(1,5,7),(3,4,5)

(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 exists an infinitely many developments
that fold to 2 boxes.

[Proof]




Developments of two boxes

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

[Proof]




Developments of two boxes

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

[Proof]
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Developments of three boxes(?)

A polygon that can fold to three distinct boxes...”?
e close solution...
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Developments of three boxes(?)

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

e The number of developments that foldto 1 X 1 X 5 box and
1X2X3boxis 2263.

the latest algorithm runs in around 10 hrs.
e Among them, there is only one pearl development...



Developments of three boxes(?)

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

e The number of developments that foldto 1 X 1 X 5 box and
1X2X3boxis 2263.

the latest algorithm runs in around 10 hrs.
e Among them, there is only one pearl development...

1X2X3




Developments of three boxes(?)

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

e The number of developments that foldto 1 X 1 X 5 box and
1X2X3boxis 2263.

the latest algorithm runs in around 10 hrs.
e Among them, there is only one pearl development...

1X1X5




Developments of three boxes(?)

* In[Abel, Demaine, Demaine, Matsui, Rote, Uehara 2011],
e The number of developments that foldto 1 X 1 X 5 box and

BEITRAE: 1X2X3boxis 2263.
5 -
SRIITCHED the latest algorithm runs in around 10 hrs.

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

Is the “box” cheat
having volume 0?
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Developments of three boxes(!)

In February 2012, Shirakawa 31 2x13x58
(and 1) finally found s e s
a polygon that folds to 3 boxes!!
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| put it at :
http://www.jaist.ac.jp/~uehara/etc/origami/nets/3box.pdf E _________________




Developments of three boxes(!)

In February 2012, Shirakawa
(and [) finally found

a polygon that folds to 3 boxes!!

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




Developments of three boxes(!)

In February 2012, Shirakawa
(and [) finally found

a polygon that folds to 3 boxes!!

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




Developments of three boxes(!)

New croagsag

In February 2012, Shirakawa b B
(and [) finally found

cut lines

a polygon that folds to 3 boxes!! R -

One more box
is obtained by
this squashing!?
/)

[No!!]
This works iff a=2b, i.e.,
from 1 X 2 square to 2 X 1 square

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




Developments of three boxes(!)

In February 2012, Shirakawa
(and [) finally found

a polygon that folds to 3 boxes!!

| put it at N

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

move a part of
the lid to 4 sides!

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



Developments of three boxes(!)

In February 2012, Shirakawa 31 2x13x58
(and 1) finally found s e s
a polygon that folds to 3 boxes!!

non
P
I

e e e e ke o —— ————————

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




Developments of three boxes(!)

In February 2012, Shirakawa | .
(and [) finally found

a polygon that folds to 3 boxes!!

12

fold into 3 different boxes.

[Theorem]
There exist an infinite number of polygons that

[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
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Future works — ]
R ey || B i
e Smallest development? frow B | ERERG
The current “smallest” development requires . . Iy Axd3
532 squares in this method. 7% 8x14

>> the smallest area 46 that may produce
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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Note:

Surface areas;

Area Trios Area

22 [(1,1,5),(1,2,3) |46 1,11),(1,2,7),(1,3,5)

30 N [(1,1,7),(1,3,3) |70 7 |(1,1,17),(1,2,11),(1,3,8),(1,5,5)
34 L \(1,1,8),(1,2,5) |94  [(1,1,23),(1,2,15),(1,3,11),

(1,5,7),(3,4,5)

(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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- HIE30D BRI D EIEZRIZHIN ! [Xu, Horiyama, Shirakawa, Uehara 2015]
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The enumerate approach [t

» The basic idea is similar to finding two boxes of size 1X1X5 and
1X2X3 6l

»  We start from a single 1 square, then add another square adjacent

to it, and extend the set of partial developments, repeat this step,
untill 30 squares.
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The simple BFS gets stuck ]AIST

Simple BFS will stuck due
to the memory overflow.

\

6/29/2016 Xudawei@jaist.ac.ip

S=3(0 Common developments
42




Our solution

Segmentation

N

Divided them into 75 groups.

Step 16 generated 7486799 developments,

L
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Parallel
Computing

Merge

S=3(0) Common developments
43




£ ExrE

Surface areas;

Area Trios Area
22 [(1,1,5),(1,2,3) |46 1,11),(1,2,7),(1,3,5)
30 N [(1,1,7),(1,3,3) |70 7 |(1,1,17),(1,2,11),(1,3,8),(1,5,5)
34 L \(1,1,8),(1,2,5) |94  [(1,1,23),(1,2,15),(1,3,11),
(1,5,7),(3,4,5)
(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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e O(n*ES)EFMI7ILT XL ! (Kane, et al, 2009)
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FREND /\TA—~A(Horiyama, Mizunashi 2017)



