®
Vertex 3-Coloring

|Garey, Johnson, Stockmeyer 1976]

O O variable gadget
X Xi

Xk colors gadget

clause gadget
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Slide from Lecture 9. Figure drawn by Erik based on http://dx.doi.org/10.1016/0304-3975(76)90059-1
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Planar Vertex Cover

|Lichtenstein 1982]

variable

Example: B =(a+b+c)(b+b+d)
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Presentation Notes
Slide from Lecture 7. http://dx.doi.org/10.1137/0211025
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Planar (Directed) Hamiltonian Cycle
Llchtenstem 1982

L E II T D

variable
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Slide from Lecture 7. http://dx.doi.org/10.1137/0211025


®
Planar Directed Max- Degree -3

XOR gadget

(%1 V X3)
A (X1 V x5 V X3)
* A(xz Vx3)

clause gadget
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Slide from Lecture 8. http://www.aya.or.jp/~babalabo/DownLoad/Plesnik%208.4.192-196.pdf


Planar Bipartite Max-Degree-3
[Itai, Papadimitriou, Szwarcfiter 1982}

>V o >in kut
—( > ® ”°&’<
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Slide from Lecture 8. http://dx.doi.org/10.1137/0211056


Independent Set
|Papadimitriou & Yannakakis 1991]

o—O

variable clause
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Slide from Lecture 10. Figure drawn by Erik Demaine based on http://dx.doi.org/10.1016/0022-0000(91)90023-X


3SAT-3
e.g. |[Papadimitriou & Yannakakis 1991]

Xi = Xi+1
X V Xipq
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Slide from Lecture 10. Figure drawn by Erik Demaine based on reduction described in http://dx.doi.org/10.1016/0022-0000(91)90023-X


Planar 3SAT is NP-hard

|Lichtenstein 1982]
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Figure drawn by Erik Demaine based on Figure 4 of http://dx.doi.org/10.1137/0211025


Planar 3-Coloring
|Garey, Johnson, Stockmeyer 1976]

crossover gadget
[Michael Paterson]
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Slide from Lecture 7. http://dx.doi.org/10.1016/0304-3975(76)90059-1
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Grid Tiling [Marx 2007]
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Marx 2014
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Figure from Daniel Marx lecture notes: http://cs.brown.edu/people/klein/ICERM/lower_bounds.pdf
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Clique - Grid Tiling

(Vf& Vf)

Each diagonal cell defines a value v;. ..
Marx 2014
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Figure from Daniel Marx lecture notes: http://cs.brown.edu/people/klein/ICERM/lower_bounds.pdf


Clique - Grid Tiling

(Vf?')

... which appears on a “cross”

Marx 2014
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Figure from Daniel Marx lecture notes: http://cs.brown.edu/people/klein/ICERM/lower_bounds.pdf


Clique - Grid Tiling

(vi-)
vi) | v | Gv) | Gw) | v
(vi, -)
(vi ) (Vs vj)
(vi, -)

vi and v; are adjacent for every 1 </ < j < k.

Marx 2014
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Figure from Daniel Marx lecture notes: http://cs.brown.edu/people/klein/ICERM/lower_bounds.pdf


Clique - Grid Tiling

(vi-) (v )

(vi) | (viovi) | (vi) | (vow) | (5 vi)
(vi, -) (v -)

(vi) | (viov) | (bv) | (v )  Vj)
(vi, -) (v -)

vi and v; are adjacent for every 1 </ < j < k.

Marx 2014
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Figure from Daniel Marx lecture notes: http://cs.brown.edu/people/klein/ICERM/lower_bounds.pdf


Grid Tiling -
k-Outerplanar List Coloring

Cygan,
Fomin,
Kowalik,
Lokshtanov,
Marx,
Pilipczuk,
Pilipczuk,
Saurabh
2015
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Figure from upcoming book “Parameterized Algorithms” by Cygan, Fomin, Kowalik, Lokshtanov, Marx, Pilipczuk, Pilipczuk, Saurabh (Springer, 2015)
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Grid Tiling with <
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Marx 2014
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Figure from Daniel Marx lecture notes: http://cs.brown.edu/people/klein/ICERM/lower_bounds.pdf


Grid Tiling — Grid Tiling with <
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Pilipczuk,
Pilipczuk,
Saurabh
2015
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Figure from upcoming book “Parameterized Algorithms” by Cygan, Fomin, Kowalik, Lokshtanov, Marx, Pilipczuk, Pilipczuk, Saurabh (Springer, 2015)
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Grid Tiling with < — Scattered Set
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2015
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Figure from upcoming book “Parameterized Algorithms” by Cygan, Fomin, Kowalik, Lokshtanov, Marx, Pilipczuk, Pilipczuk, Saurabh (Springer, 2015)


Grid Tiling with <
— Unit-Disk Independent Set
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Cygan, Fomin, Kowalik, Lokshtanov, Marx,
Pilipczuk, Pilipczuk, Saurabh 2015
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Figure from upcoming book “Parameterized Algorithms” by Cygan, Fomin, Kowalik, Lokshtanov, Marx, Pilipczuk, Pilipczuk, Saurabh (Springer, 2015)
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