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Conway’s Game of Life  [1970]
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Life is PSPACE-hard  [Paul Rendell 2000]

Turing machine simulation

Presenter Notes
Presentation Notes
http://rendell-attic.org/gol/tm.htm



Life is PSPACE-hard  [Paul Rendell 2000]

universal Turing machine simulation
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Life is Undecidable  [Paul Rendell 2001]
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Life is Undecidable
[Berlekamp, Conway, Guy 1982]
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Life is Undecidable
[Berlekamp, Conway, Guy 1982]

turn
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Life is Undecidable
[Berlekamp, Conway, Guy 1982]

multiple turns/delay
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Life is Undecidable
[Berlekamp, Conway, Guy 1982]

shift
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OR

Life is Undecidable
[Berlekamp, Conway, Guy 1982]

AND OR
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Life is Undecidable
[Berlekamp, Conway, Guy 1982]

kick back
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Life is Undecidable
[Berlekamp, Conway, Guy 1982]

thinning/
crossover
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Life is Undecidable
[Berlekamp, Conway, Guy 1982]

split/
NOT
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Life is Undecidable
[Berlekamp, Conway, Guy 1982]
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Life is Undecidable
[Berlekamp, Conway, Guy 1982]
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Life is Undecidable
[Berlekamp, Conway, Guy 1982]

precise 
glider 

positioning

boomerang

Presenter Notes
Presentation Notes
Figures 34 & 35 of “Winning Ways for Your Mathematical Plays” by Elwyn R. Berlakmp, John H. Conway, Richard K. Guy, 2nd edition, volume 4



Life is Undecidable
[Berlekamp, Conway, Guy 1982]

destroy terminator

destroy gun

self-destruction
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DCL
Switch
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Reduction from Q-CNF-SAT
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DCL is 
PSPACE-
complete
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Removing Degree-2 Vertices
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Planar DCL
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Planar
DCL
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Reversi/Othello
[<1883]
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Reversi/Othello is PSPACE-complete
[Iwata & Kasai 1994]
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Reversi/Othello is PSPACE-complete
[Iwata & Kasai 1994]

shift

turn/
degree 2
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Reversi/Othello is PSPACE-complete
[Iwata & Kasai 1994]

double visit
⇒ black wins

double visit
⇒ white wins
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Reversi/Othello is PSPACE-complete
[Iwata & Kasai 1994]

white chooses black chooses
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Constraint Logic
[Hearn & Demaine 2009]
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Constraint Graph
Satisfaction is
NP-complete
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Bounded NCL is
NP-complete
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Bounded Crossover Gadget
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complete
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Bounded Crossover Gadget
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Protected OR

free edge
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Amazons
[Walter Zamkauskas 1988]
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