ALGORITHMIC LOWER BOUNDS:
FUN WITH HARDNESS PROOFS

Super Mario Bros. Rush Hour

Minesweeper Hardness Made Easy*

Learn when to give up the search for
efficient algorithms; see connections
between computational problems;
solve puzzles to prove theorems, solve
open problems, and write papers.
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COMPUTERS AND INTRACTABILITY
A Guide to the Theory of NP-Completeness

Michael R. Garey / David S. Johnson

W. H. Freeman
1979
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&(Computation

Koiherr A, Hearn

Erik . Demaine

“/A K Peters

July 2009

¥—L&
wz JCK I
=SEE e

(mPACEY B RV AT
TUuD+ KA

EEEFor

Games, Puzzles,
& Computarion

8

R translated by
‘Ryuhéi Uehara

AHER



Presenter
Presentation Notes
http://erikdemaine.org/papers/GPC/


®
Complexity of Games & Puzzles

0 players 1 player 2 players team,
(simulation) (puzzle) (game) imperfect info
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Constraint Logic
[Hearn & Demaine 2009]
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Hamiltonian (s, t)-Path
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100% Speedrun is NP-hard: Mario

The Lost Levels
88 z-1-vutrsy-x 2
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Speedrun is NP-hard: Zelda

Small Key

Artwork of a Small Key from Ocarina of Time
First The Legend of Zelda (1987)
appearance
Appearances The Legend of Zelda

Adventure of Link

A Link to the Past
1 ﬂﬁEEE -1 II:EEEIEIJ' Link's Awakening
3 ; : 3 , : : ., ., : : 3 : : : - Ocarina of Time
1111411111114111411 q P - ' Marors s Mask

; ; ; ; ; ; i 3 > v Oracle of Ages

Oracle of Seasons
The Wind Waker
Four Swords
The Minish Cap
Four Swords Adventures
Twilight Princess

Phantom Hourglass

Spirit Tracks

Skyward Sword

A Link Between Worlds

Breath of the Wild
Found Dungeons

: o . . 7/ U , BREATHS ,WILD (Breath of the Wild)
-«1«1«111«1«1 -T-T x4 Shrines

mmmmmmmmmmmm [~ ‘w0 Use Open small locks
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Speedrun is NP-hard: Metroidvania
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Speedrun is NP-hard: RPG
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Playing is NP-hard: Katamari

1 ( | # PlayStation.c s
| ™y \* Katamari
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Edge-Matching Puzzles
[1890s—]

(No Model.)
E. L. THURSTON.
PUZZLE.

No. 487,798. . Patented Dec. 13, 1892,

*

1 | D77=1

Tl o o
P A
S AN 4
S LK

SR

: :::: &

N

001 DAM GILBERT INC., FROGS TRIAZZLE®
L RIGHTS RESERVED

=



Presenter
Presentation Notes
http://pdfpiw.uspto.gov/.piw?Docid=00487798


ﬁﬂ [Christophef

-

0)

[
g
PR

¥ L@ photo by Matéj Batha
B T

o



Presenter
Presentation Notes
https://en.wikipedia.org/wiki/Eternity_II_puzzle (CC BY-SA image: https://en.wikipedia.org/wiki/Eternity_II_puzzle#/media/File:Eternity_II_1.jpg)


.

NP-hardness of 1 X n Edge Matching

Bosboom, Demaine, Demaine, Hesterberg,

Manurangsi, Yodpinyanee 2017
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NP-hardness of 1 X n Edge Matching

Ul Ui Un
A X 04| out in |; X0;l out | in |1, XX]| discard
U1 Ui Un
S =11, V; t =v,
start vertex tile vertex tile end vertex tile
X1 0;
out [0, X I; | in discard X | discard
X I
(Ul', U]) Or (vi; U])
edge tile edge tile
in path not in path
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