
Linked Planar 3SAT
[Pilz 2018]

𝑣𝑣1 ∨ 𝑣𝑣3 ∨ ¬𝑣𝑣4 ∧ ¬𝑣𝑣1 ∨ ¬𝑣𝑣2 ∨ ¬𝑣𝑣3
∧ ¬𝑣𝑣3 ∨ 𝑣𝑣4 ∧ 𝑣𝑣2 ∨ 𝑣𝑣3 ∨ 𝑣𝑣4

¬𝑣𝑣1 ∨ ¬𝑣𝑣2 ∨ ¬𝑣𝑣3 ∧ 𝑣𝑣1 ∨ 𝑣𝑣3 ∨ ¬𝑣𝑣4
∧ ¬𝑣𝑣3 ∨ 𝑣𝑣4 ∧ 𝑣𝑣2 ∨ 𝑣𝑣3 ∨ 𝑣𝑣4

Planar 3SAT Linked Planar 3SAT
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Linked Planar 3SAT
[Pilz 2018]

¬𝑣𝑣1 ∨ ¬𝑣𝑣3 ∨ ¬𝑣𝑣4 ∧ ¬𝑣𝑣1 ∨ ¬𝑣𝑣2 ∨ ¬𝑣𝑣3
∧ ¬𝑣𝑣3 ∨ ¬𝑣𝑣4 ∧ 𝑣𝑣2 ∨ 𝑣𝑣3 ∨ 𝑣𝑣4

𝑣𝑣1 ∨ ¬𝑣𝑣2 ∨ ¬𝑣𝑣3 ∧ 𝑣𝑣1 ∨ 𝑣𝑣3 ∨ ¬𝑣𝑣4
∧ 𝑣𝑣3 ∨ ¬𝑣𝑣4 ∧ 𝑣𝑣2 ∨ 𝑣𝑣3 ∨ 𝑣𝑣4

Planar Monotone 3SAT Sided Linked Planar 3SAT

𝑣𝑣3 ∨ ¬𝑣𝑣4

𝑣𝑣1 ∨ ¬𝑣𝑣2 ∨ ¬𝑣𝑣3
¬𝑣𝑣1 ∨ ¬𝑣𝑣2 ∨ ¬𝑣𝑣3

¬𝑣𝑣3 ∨ ¬𝑣𝑣4
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Linked Planar 3SAT is Hard   [Pilz 2018]

clauses
variables
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Linked Planar 3SAT is Hard   [Pilz 2018]
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Linked Planar 3SAT is Hard   [Pilz 2018]
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Sided Linked Planar 3SAT-3 is Hard   
[Pilz 2018]

clauses
variables

parsimonious
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Linked Planar Monotone 3SAT is 
Hard   [Pilz 2018]

clauses
variables
(2 parities)

parsimonious
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Linked Planar Monotone 3SAT-3 is 
Hard   [Pilz 2018]

clauses
variables
(2 parities)

parsimonious
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Linked Planar E3SAT is Hard
[Pilz 2018]

clauses
variables
(2 parities)

16𝑛𝑛-monious
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Reducing from Sided 
Linked Planar 3SAT-3

clause check line
variable choice sequence

𝑐𝑐𝑖𝑖,𝐹𝐹,1

𝑐𝑐𝑖𝑖,𝐹𝐹,2
𝑐𝑐𝑖𝑖,𝑇𝑇,1

false true

𝑥𝑥𝑖𝑖
¬𝑥𝑥𝑘𝑘

check

𝑥𝑥𝑗𝑗

𝑥𝑥𝑖𝑖
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PushPush-1 is NP-hard in 3D
[O’Rourke & Smith Problem Solving Group 1999]

crossover/adjustment needed

Presenter
Presentation Notes
Slide 9 from Lecture 4 / Figure 1 of http://erikdemaine.org/papers/CCCG2000b/



(Push)Push-1 is NP-hard in 2D
[Demaine, Demaine, O’Rourke 2000]

𝑥𝑥𝑖𝑖 = 𝑇𝑇

𝑥𝑥𝑗𝑗 = 𝐹𝐹

𝑥𝑥𝑘𝑘 = 𝑇𝑇

clause
gadget

block
other

lock
gadget

N N

E E

SS

W W

crossover/adjustment needed
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(Push)Push-1 is NP-hard in 2D
[Demaine, Demaine, O’Rourke 2000]
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(Push)Push-1 is NP-hard in 2D
[Demaine, Demaine, O’Rourke 2000]

lock
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lock
gadget

lock
gadget

crossover/adjustment needed
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gadget
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Super Mario Bros. is NP-Hard
[Aloupis, Demaine, Guo, Viglietta 2014]

𝑥𝑥 OR ¬𝑦𝑦 OR 𝑧𝑧 & 𝑥𝑥 OR 𝑦𝑦 OR ¬𝑦𝑦 &
(¬𝑥𝑥 OR ¬𝑦𝑦 OR ¬𝑧𝑧) & (¬𝑥𝑥 OR ¬𝑦𝑦 OR ¬𝑧𝑧)

adjustment needed
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Super Mario Bros. is NP-Hard
[Aloupis, Demaine, Guo, Viglietta 2014]

𝑥𝑥 OR ¬𝑦𝑦 OR 𝑧𝑧 & 𝑥𝑥 OR 𝑦𝑦 OR ¬𝑦𝑦 &
(¬𝑥𝑥 OR ¬𝑦𝑦 OR ¬𝑧𝑧) & (¬𝑥𝑥 OR ¬𝑦𝑦 OR ¬𝑧𝑧)

adjustment needed
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Super Mario World is NP-Hard
[Aloupis, Demaine, Guo 2012] clause

Super Mario World

adjustment needed
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Super Mario World is NP-Hard
[Aloupis, Demaine, Guo 2012] clause

Super Mario World

adjustment needed
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Legend of Zelda is NP-hard
[Aloupis, Demaine, Guo 2012]

crossoverclausevariable

A Link to the Past adjustment needed
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Legend of Zelda is NP-hard
[Aloupis, Demaine, Guo 2012]

crossovervariable

A Link to the Past adjustment needed

clause

Presenter
Presentation Notes
Slide 12 of Lecture 5 / http://arxiv.org/abs/1203.1895



Metroid is NP-complete
[Aloupis, Demaine, Guo, Viglietta 2014]

crossover

clause

adjustment needed
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Metroid is NP-complete
[Aloupis, Demaine, Guo, Viglietta 2014]

crossover

clause

adjustment needed
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clause

in

variable

true

false

Pokémon is NP-Hard
[Aloupis, Demaine, Guo, Viglietta 2014]

crossover

crossover/adjustment needed
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