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- Side Story:
| “Stretch minimization problem on a strip paper”, accepted by
| 5 International Conference on Origami in Science, Mathematics, and Education (5OSME)

Kaboozle iIs NP—-complete,

even in a Strip Form

Tetsuo Asano @ JAIST
Erik D. Demaine @ MIT
Martin L. Demaine @ MIT
r WY Uehara @ JAIST

! Lt
Wi
ekt 2
: i 4 ——
FA SN - im0
o 20T
e N =
e
. Y N
", o

..........




What s Kaboozle?

= “Labyrinth Puzzle”

= consists of 4 (square) cards

= pile them and connect the color path
= its generalized version seems to be NP—hard.

= It’ s Difficulty comes from---
1. rotation
2. flipping
3. ordering of the cards

=  Qur interest is---

the boundary of the difficulty of
restricted generalized Kaboozle.
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Restart

what is the essential of the difficulty?




Theonoram:
| | o \J

i IFTolll.

Generalized Kaboozle is still NP-complete
even in a strip form

with specified mountain/valley pattern.







Observation:

For a given mountain-valley pattern, the way of folding

IS unigue If and only if the pattern is pleats, that is,
“MVMVMV...” .







Theorem:

Generalized Kaboozle is still NP-complete
even in a strip form

with specified mountain/valley pattern.

1-in—3 3SAT:

Input: F(X{,X,,...,X,)=C; /AC, A\ ... /AC,,, Where
c=(I1 V12V 13), I =x, or [JI=—x,

Question: determine if F has an assignment s.t. each

clause has exactly one true literal.




Lemma:
Generalized Kaboozle is still NP-complete




Lemma:
Generalized Kaboozle is still NP-complete




Theorem:

Generalized Kaboozle is still NP-complete
even in a strip form

with specified mountain/valley pattern.




Remarks

= “Generalized Kaboozle” is NP-complete even if they

are joined in a strip form with/without mountain—valley
pattern.

= So “determine the ordering” is hard enough.

= What happen if ordering of the cards are fixed and

Iy
2.

(only) rotation is allowed and/or G G, o o, S
(only) flipping is allowed? X1H ] X1H ]
\ N \ :::::::::::::::::::::;}_.{': ;_ """"""""""" //_//_/_
both are NP—complete = % %

My personal interest is--* 5 %
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For any given mountain—valley pattern, find the “best” folded

state, where “best” means that the maximum number of papers

between each pair of papers hinged at a crease is minimized.

upside
down



Combination of n/2
pairs of ()=
Catalan Number C,,

Combination of n/2
pairs of ()=
Catalan Number C_,







also obtained
by enumeration




