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Outline

…but we can do it randomized in FPT time

Summary

That’s NP-complete…

How to remove popular faces

Nonograms
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…and scientists

[Batenburg & Kosters, ’12]
[Berend et al., ’14]
[Chen & Lin, ’19]

[Yu et al., ’11]
[Batenburg & Kosters, ’09]
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Popular with consumers…

…and scientists

[Batenburg & Kosters, ’12]
[Berend et al., ’14]
[Chen & Lin, ’19]

[Yu et al., ’11]
[Batenburg & Kosters, ’09]
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Curved image?
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Curved Nonograms

Good:
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Previous work for generating nonograms

Creates mostly advanced nonogramsBad:

[Parment, ’15] [de Jong, ’16]
[van de Kerkhof et al., ’19][van de Kerkhof, ’17]

Turn into a
curve arrangement

curved
…compute a curved nonogram
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…but we can do it randomized in FPT time

Summary

That’s NP-complete…

How to remove popular faces
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Removing Popular Faces

[Brunck et al., ’22]
[van de Kerkhof et al., ’19]

We do not want to change existing geometry!
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Can we do it with just 1 resolution curve?
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Resolving a Single Face with One Curve

Face F

O(n2) possibilities to resolve F

Resolution
set S

Resolution curves cross faces
at most one time

=⇒ |F| ∈ O(n)

Curves appear ≤ 2 times
on the boundary of F



Soeren Terziadis · Eliminating Popular Faces in Curve Arrangements10

Outline

Nonograms

How to remove popular faces

Resolution with one curve is NP-complete…

…but we can do it randomized in FPT time

Summary
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We can tell if there is a simple walk in Ω

(with high certainty)
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[Björklund et al., ’12]

a, b ∈ F =⇒ a · b ∈ F

a ∈ F =⇒ a+ a = 0

Randomly chosen from a Field F of characteristic 2

=
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Tb(S, 1, b) = 0

S = {S1, S2, S3}

Set Ω of walks in Ad

start at b
first edge in S1
cross exactly R ⊆ S
m edges long
end at v

Weighted dual graph Ad

Representing Ω as a single value:
Tb(R,m, v) =

∑
W∈Ω

f(W)

W

RepresentingW as single value:
f(W) =

m∏
i=1

wi

Partial solution:
WalkW

b

R

v =
=⇒

∃ simple walk
of lengthm ′

=⇒
One-sided Error

S2

S3

S1

f( )+f( )
F

[Björklund et al., ’12]

== 0

Tb(S,m ′, b) ̸= 0 for somem ′
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Randomized FPT Runtime

Computing Tb(S,m ′, b) in a graph G = (V, E) via dynamic program

adapted from [Björklund et al., ’12]

can be done in O
(
2k · k ·W · |V(S1)| · |E||V |2 · log

(
2|E|

|V |

))
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Computing Tb(S,m ′, b) in a graph G = (V, E) via dynamic program

k := number of
sets S1, . . . , Sk

Error: 1− 1
nW

adapted from [Björklund et al., ’12]

can be done in O
(
2k · k ·W · |V(S1)| · |E||V |2 · log

(
2|E|

|V |

))

k := number of
popular facesS

Resolving all popular faces can be done in
O
(
2kpoly(n)

)
with one sided Error

Randomized FPT

#Vertices in smallest
resolution set
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Outline

How to remove popular faces

Nonograms

…but we can do it randomized in FPT time

Summary

Resolution with one curve is NP-complete…
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Wrap-Up

✓✓

Advanced nonograms can turned into basic nonograms
by adding additional resolution curves.
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Wrap-Up

✓✓

Advanced nonograms can turned into basic nonograms
by adding additional resolution curves.

11

15

1

1 1 1

4

1
1

6
2

1
51

45

1
7

3 22

3
4

4 0
2
66

0

10

3

3

1

1

1

1

1
Implementation

More curves?
Eliminating the error?

Open questions:

Deciding if one curve is sufficient is NP-complete…
σ

…but possible in randomized FPT with
exponentially small one-sided error.f( )+f( )
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Intuition on the One-Sided Error
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The Reduction

The building block curves
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The Edge Gadget

u v

N (u) N (v)

bundle B

bundle A
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