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Sebastian Röder · Cased drawings5

Cased drawings

Halo
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Sebastian Röder · Cased drawings6

Quality of casings

Prevent: 1. Edges hidden by too many tunnels
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Sebastian Röder · Cased drawings8

MinMaxSwitches is NP-complete

Minimize maximum number of switches per edge
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Sebastian Röder · Cased drawings9

MinMaxSwitches is NP-complete

Reduction from NAE 3SAT

Not-all-equal 3SAT (NAE 3SAT)

φ :=
∧m

i=1 NAE(ℓi,1, ℓi,2, ℓi,3)

NAE(x, y, z) := x ̸= y ∨ y ̸= z ∨ z ̸= x

Proof idea: φ = NAE(¬v1 ∨ v2 ∨ v3) ∧ NAE(¬v2 ∨ ¬v3 ∨ v4)

c1

v1 v2 v3 v4

c2
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Sebastian Röder · Cased drawings10

Proof overview

c1

v1 v2 v3 v4

c2

v1 c1

v1 ∈ {true, false}

tru
e
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Sebastian Röder · Cased drawings12

Crossing gadget

c1

v1 v2 v3 v4

c2

T . . . tunnel
B . . . bridge

Obs. 1 Triangles induce at least 1 switch
?
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Sebastian Röder · Cased drawings12

Crossing gadget

c1

v1 v2 v3 v4

c2

T . . . tunnel
B . . . bridge

?
Obs. 1 Triangles induce at least 1 switch

Obs. 2 6 triangles in gadget

Obs. 3 6 edges in gadget ⇒ at least 1 switch per edge
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Sebastian Röder · Cased drawings14

Reduction

c1

v1 v2 v3 v4

c2

T . . . tunnel
B . . . bridge

NAE(¬v1 ∨ v2 ∨ v3) ∧ NAE(¬v2 ∨ ¬v3 ∨ v4)

v1 v2 v3 v4

c1 c2
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Theorem. Any graph is 2-bend 1-switch-planar.
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... all graphs that can be encased with at most k
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Sebastian Röder · Cased drawings17

Results

open

O(m4)

open

open
open
open

open open open

O(m4)open
open

Stacking Realizable

NP-hard NP-hard NP-hard

NP-hard

NP-hard

MinTotalSwitches
MaxTotalSwitches
MinMaxSwitches
MinSwitchEdges

Stacking Weaving Realizable

open open

open
open
open

open open open

Tractability
MinTotalSwitches
MaxTotalSwitches
MinMaxSwitches
MinSwitchEdges

open
open n/a

n/a

NP-hard

VC(χG)
tw(KδG)

*

* with restrictions

k-switch-planar graphs
MILP implementation

tw(KδG) tw(KδG)

*
Hardness Weaving
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Sebastian Röder · Cased drawings18

MILP implementation

250 random graphs with spring embedding

Large: 50− 150 crossings

Small: ≤ 50 crossings

MinTotalSwitches

MaxTotalSwitches

MinMaxSwitches

MinSwitchEdges

Weaving Stacking Realizable
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