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First Attempt ﬂ(".

Question: Is [X| < 2n for every  Obs: May assume

2-plane drawing? no P<|age edges.

X[ =5(n=2) 2N/ +[T + A —LiZei =8)ICi| —m (%)
Idea: bound N/, /77, A\ intermsof |X|, mand Y Z.(i — 5)|Ci|

Observation:

Maximize | X| in LP | X| unbounded

X[ 4 =4

Idea: Need to
take cells of size
> 6 Into account
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Large Cells

Question: Number of large cells?
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Question: Number of large cells?

AvaEa vdle
# of seg%ents shared

by and O
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Question: Number of large cells?

v vdle
# of seg%ents shared
by N/ and O

Proof:

\ /
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Question: Number of large cells?

v vdle
# of seg%ents shared
by N/ and O

Proof:

® \ / ®
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T

Large Cells e Rt
Question: Number of large cells? Recall: May assume
no plane edges.
AvaEavale 27 <T|0  2A<A|O

# of seg%ents shared
by N/ and O

Proof:

AL A
Yo T AL
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Question: Number of large cells? Want: 7 <3 (i —5)C;
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Question: Number of large cells? Want: 7 <3 (i —5)C;

V|0 + |0 + A|O <Zui-lei
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Large Cells

Question: Number of large cells? Want: 7 <3 (i —5)C;

V|0 + |0 + A|O <Xl
*— > # segments

Idea: count # of segments on large cells
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Question: Number of large cells? Want: 7 <3 (i —5)C;

V|0 + |0 + A|O <Tisi|

Idea: count # of segments on large cells

Proof:

\ /

X
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Large Cells

Question: Number of large cells? Want: 7 <3 .4(i —5)[Ci|

V|0 + 0 + A|O <TosiclCi
*— > # segments

Idea: count # of segments on large cells

Proof:
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Large Cells bt

Question: Number of large cells? Want: 7 <3 .4(i —5)[Ci|

V|0 + 2|0 + A|O <Tisi-lC
*— > # segments

Idea: count # of segments on large cells

Proof:
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AT

Large Cells

Question: Number of large cells? Want: 7 <3 .4(i —5)[Ci|

V|0 + 0 + A|O <TosiclCi
*— > # segments

Idea: count # of segments on large cells

Proof:

— T
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AT

Large Cells bttt

Question: Number of large cells? Want: 7 <3 .4(i —5)[Ci|

V|0 + 2|0 + A|O <Tisi-lC
*— > # segments

Idea: count # of segments on large cells

Proof:

— T

Obs: %Zi26 i |Cil < 2 i56(7i = 5)|Cil
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Large Cells A\‘(IT

Question: Number of large cells? Want: 7 <3 .4(i —5)[Ci|

V|0 + |0 + A|O <Zusi-lei

Idea: count # of segments on large cells = # segments

Proof:

/

Obs: %Zi26 i |Cil < 2 i56(7i = 5)|Cil

—~+» V|0 + 40 + A

O <6-3 56 =5)-[Cil
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Second Attempt

Inequations:
(VW <V
2A S A

2 [T <[7
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V|0 + @0 + A
X =5(n—2) 427 LT + A~ T —5)C] —m

X| >3
X| > 7
X > A

(X| < m

O <6-X 56 =5)ICi
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Second Attempt

Inequations:
(VW <V
2A S A
2 [T <[7
)

O OO0

Want: |X| < 3.3n

T

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

Visualization:
X| >3V X &
X| > [
X| > A
X] < m

V|0 + @0 + A
X =5(n—2) 427 LT + A~ T —5)C] —m

Maximize |X| in LP

O <6-X 56 =5)ICi

10 Miriam Goetze, Michael Hoffmann, Ignaz Rutter, Torsten Ueckerdt — Crossing Number of 3-Planar Graphs



Second Attempt

Inequations:
(VW <V
2A S A
2 [T <[7
)

O OO0

T

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

Visualization:
X| >3V X &
X| > [
X| > A
X] < m

V|0 + @0 + A
X =5(n—2) 427 LT + A~ T —5)C] —m

O <6-X 56 =5)ICi

—» Idea: Maximize |X|in LP  Obtain: | X| < 30n

Want: |X| < 3.3n
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Second Attempt

Inequations:
(VW <V
2A S A
2 [T <[7
)

O OO0

T

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

Visualization:
X| >3V X &
X| > [
X| > A
X] < m

47O +4 IO +15A

| IXI=5(n-2) 12N +LT + A - Z26(i —5)ICi| - m

O <6-X 56 =5)ICi

—~+ Idea: Maximize |X|inLP  Obtain: |X| < 3 33

Want: |[X| < 3.3n Maximize |E|inLP  Obtain: |E| < 5n
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Second Attempt

Inequations: Visualization:

EEHRL:

—» Idea: Maximize |[X|inLP  Obtain: | X| <

Want: |[X| < 3.3n Maximize |E|inLP  Obtain: |E| < 5n
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Overview
Resulis
2-plane
m < bn
(Pach, T6th 1997)
X < 3.3n
(Bekos et al. 2024)
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Overview
Technique (2A<A|O Maximize |X| in LP
LP { 27 < U|O
-\~ Bound on | X|
_ Density Formula
Results
2-plane
m < bn
(Pach, Téth 1997)
X < 3.3n
(Bekos et al. 2024)
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Technique (24 <AlO Maximize |X| in LP

200< |0
LP S | -\~ Bound on | X|

_ Density Formula

Results
2-plane 3-plane
m < 5n < 5.5n
(Pach, Téth 1997)  (Pach, Radoicic, Tardos, Téth 2006)
X < 3.3n <5.5n
(Bekos et al. 2024)
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Technique (24 <AlO Maximize |X| in LP

200< |0
LP S | -\~ Bound on | X|

_ Density Formula

Results
2-plane 3-plane 4-plane
m < bn < 55n < 6n
(Pach, Téth 1997)  (Pach, Radoicic, Tardos, Téth 2006) (Ackerman 2015)
X < 3.3n < 5.5n 2
(Bekos et al. 2024)
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