ALGORITHMIC LOWER BOUNDS:
FUN WITH HARDNESS PROOFS

Super Mario Bros. Rush Hour

Crossover gadget for NP-hardness AND gadget for PSPACE-hardness

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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Topics: NP, PSPACE, EXPTIME, EXPTIME,
EXPSPACE, 3SUM, approximation, fixed
parameter, games & puzzles, 3SUM, key
problems, gadgets, and proof styles.

Fall 2014
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OR gadget for NP-hardness

6.890 taught by Professor Erik Demaine
Grad H, AUS, and Theoretical CS Concentration

Tuesday & Thursda 5:00pm in room 2-105
http://courses.csail. mit.edu/6.890/

sign up for our mailing list to join the class
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COMPUTERS AND INTRACTABILITY
A Guide to the Theory of NP-Completeness

Michael R. Garey / David S. Johnson
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Games, Puzzles,
&(Computation

Kobwert A, Hearn

Erik D). Demaine
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.~ AK Peters

July 2009
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* NewsScientist g reddit technology B F- X477 o] ¢

review News for Nerds. Stuff that matters.
TOP STORIES

Classic Nintendo Games are (NP-)Hard

Greg Aloupis® Erik D. Demainef Alan Guo'

March 26, 2012
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B . :
Super Mario Bros. is NP-Hard
|Aloupis, Demaine, Guo 2012]

The Lost Levels
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) Super Mario Bros. is NP-Hard

|Aloupis, Demaine, Guo 2012} clause
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Super Mario Bros. is NP-Hard
|Aloupis, Demaine, Guo 2012}
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Super Mario Bros. is NP-Hard
|Aloupis, Demaine, Guo, Viglietta 2014]

clause

Super Mario Bros.
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Super Mario Bros. is NP-Hard
|Aloupis, Demaine, Guo, Viglietta 2014]
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Check out Checkin

Clause check

(XOR—YORZ) & (XxORYOR 1Y) &
(X OR =y OR —1Z) & (=X OR =y OR —Z)
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Super Mario Bros. is NP-Hard

|Aloupis, Demaine, Guo, Viglietta 2014]

crossover
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Constraint Graphs

Machine = graph,
red & blue edges
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Constraint Graphs

Machine state
= orientation

constraint graph
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Constraint Logic

Rule: at least 2 units
incoming at a vertex

Move: reverse an edge, preserving Rule
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AND vertex

1 1 inputs

2 output

F T

not your usual Rule: at least 2 units
AND gate! Incoming at a vertex
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OR vertex

2 2 inputs

2 output

1) T

not your usual Rule: at least 2 units
OR gate! incoming at a vertex
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Rush Hour is PSPACE-complete
|Flake & Baum 2002; Hearn & Demaine 2002]
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Rush Hour is PSPACE-complete
|Flake & Baum 2002; Hearn & Demaine 2002]
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®
Complexity of Games & Puzzles

Rengo Kriegspiel?

0 players 1 player 2 players team,
(simulation) (puzzle) (game) imperfect info
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= | Games, Puzzles, _
ConStraint Logic &Computz.ltlon
|[Hearn & Demaine 2009] P
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