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Setting

Straight-line Bichromatic Perfect Matchings with crossings
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Setting

Straight-line Bichromatic Perfect Matchings with crossings
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Setting

Straight-line Btehrematie Perfect Matchings with crossings
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Setting

Straight-line Btehrematie Perfect Matchings with crossings

[Pach & Solymosi, 1999

cr(Mp) = (5)

Max-crossing matching, M}
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Setting

Straight-line Bichromatic Perfect Matchings with crossings
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Straight-line Bichromatic Perfect Matchings with crossings
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Setting

Straight-line Bichromatic Perfect Matchings with crossings

“ Total number of crossings =
NS " _n
S (2) =3

‘2‘&.’:’
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Question

For which values of k does every bichromatic convex point set
P = RUB, |R| = |B| =n, admit a max-crossing perfect
matching (M) with at least k crossings?
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Question

For which values of k does every bichromatic convex point set
P =RUB, |R| =|B| =mn, admit a max-crossing perfect
matching (M) with at least k crossings?

Step 1. Let () be a convex point set with a special coloring. Then

r%_% fn=0 mod4
3n° _mo 4 1 e —
CT(M5)=< 3, >ty fn=1 modd
.21 ifn=2 modA4
\%_%4-% ifn=3 mod 4
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Question

For which values of k does every bichromatic convex point set
P =RUB, |R| =|B| =mn, admit a max-crossing perfect
matching (M) with at least k crossings?

Step 1. Let () be a convex point set with a special coloring. Then

(30 _ 1 ifn=0 mod 4
30 _no 1 e — 1 d 4
(M) =4 8, 28 "Tn=4mo
T—§—§ IanQ m0d4
(30— n gl ifp =3 mod 4
>tep 2. cr(My) > cr(Mg)
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Question

For which values of k does every bichromatic convex point set
P =RUB, |R| =|B| =mn, admit a max-crossing perfect

matching (M) with at least k crossings? 32 n
— v g Tt
Step 1. Let () be a convex point set with a special coloring. Then
(30 _ 1 ifn=0 mod 4
30 _no 1 e — 1 d 4
Cr(Mé):< 382 g—l—élg I n= mo
= —5—5 fn=2 mod4
(30— n gl ifp =3 mod 4
>tep 2. cr(My) > cr(Mg)
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Step 1
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o ® o :
o o Balanced 4 - block coloring ()
® o
o o
o o
o [
o [
[ [
® o
o ®
® o ©
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Step 1

Balanced 4 - block coloring ()
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Step 1

Balanced 4 - block coloring ()

/o

~
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S 0SS 0|3
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W
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N

_|_
— 00|

NS N
_|_

O DN

mod
mod

mod

mod

=~ =~ &= &=
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Step 2 cr(Mp) = cx(Mg).
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Step 2 cr(Mp) = cx(Mg).
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Step 2 cr(Mp) = cx(Mg).
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Step 2 cr(Mp) > Cr(Mé).
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Step 2 cr(Mp) > Cr(Mé).

Bichromatic Perfect Matchings with Crossings

Oswin Aichholzer, Stefan Felsner, Rosna Paul, Manfred Scheucher, Birgit Vogtenhuber




Step 2 cr(Mp) = cx(Mg).

m red o\ ® m red
m blue

m blue

Bichromatic Perfect Matchings with Crossings

Oswin Aichholzer, Stefan Felsner, Rosna Paul, Manfred Scheucher, Birgit Vogtenhuber




Step 2 cr(Mp) > Cr(Mé).

S m red

m + 1 red o| ©® m blue
°
m—l—lblue. .
Y

O
® O
O
m red °o|® m+1red 4 red o|® m red
m blue m + 1 blue 4, plye m blue
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Step 2 cr(Mp) = cx(Mg).

m red o\ ® m red
m blue

m blue
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Step 2 cr(Mp) = cx(Mg).

x1 blue e e Vi blue
To red ® ® Y2 red
o Py o d
m red mre
m blue m blue
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Step 2 cr(Mp) = cx(Mg).

m red
" red m blue
m blue & red
” red L9 blue
Yo blue ®

x1 blue y1 blue

Lo red
m red ® m red
m blue m™m blue
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Step 2 cr(Mp) = cx(Mg).

m red
" red m blue
m blue & red
” red L9 blue
Yo blue ®

x1 blue y1 blue

Lo red
m red ® m red
m blue m™m blue
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Step 2 cr(Mp) = cx(Mg).

m red
(m;an) m red m blue
x1 red
m blue o blue
Y1 red k
Yo blue P

x1 blue y1 blue

Lo red
m red ® m red
m blue m™m blue
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Step 2 cr(Mp) = cx(Mg).

(m+a:1) m blue

x1 blue y1 blue
To red ® Y2 red
m red ¢ m red
m blue m blue
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z1 blue S y1 blue
To red ® Y2 red
m red ¢ m red
m blue m blue
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Step 2 cr(Mp) = cx(Mg).

(m+331) _I_(m—l—a:Q) m blue

z1 blue S y1 blue
To red ® Y2 red
m red ¢ m red
m blue m blue
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z1 blue S y1 blue
To red ® Y2 red
m red ¢ m red
m blue m blue
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L9 red ® S ® Y2 red
m red ® o|© m red

m blue
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L9 red ® S o Y2 red
m red ® o|© m red

m blue
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L9 red ® S o Y2 red
m red ® o|© m red

m blue
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Lo red
m red
m blue

LI
-
—
< -
. b .
.

Bichromatic Perfect Matchings with Crossings

Oswin Aichholzer, Stefan Felsner, Rosna Paul, Manfred Scheucher, Birgit Vogtenhuber




Step 2 cr(Mp) = cx(Mg).

cr(Mp) = ("57) +(757) +ras

+("37) +("3) + vy
+(2m + x1 + 22)(2m + Y1 + Y2)

Lo red
m red
m blue

LI
-
—
< -
. b .
.
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Step 2 cr(Mp) > Cr(Mé).

cr(Mp) > (m;ml) "‘(m;w) TL122 x1 red

) H () s
+(2m + x1 + x2)(2m + y1 + yo)

> 6m? + Sm(:vl +To +Y1 + yz) ................

—2m + x1Yy1 + T1Y2 + T2Y1

z1 blue 0N L ey blue
+x129 + + T2y2+ : G
2 21 22 32/13/2 2Y2 2o red -\\. PY Y2 rej
5+ +y]+ys—x1—T2—yY1—Y2 m red i Irael
2 m blue ERRINC
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Step 2 cr(Mp) > CI‘(M(S).

Consider a balanced 4—block coloring ) with n = 4m + x1 + 22 + y1 + ys.
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Step 2 cr(Mp) > cer(My).
Consider a balanced 4—block coloring ) with n = 4m + x1 + 22 + y1 + ys.
Then by Step 1,

cr(My) =% — 5 +c
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Step 2 cr(Mp) > cer(My).
Consider a balanced 4—block coloring ) with n = 4m + x1 + 22 + y1 + ys.
Then by Step 1,

cr(My) =% — 5 +c

= 6m® + 3m(z1 + T + Y1 + yp) + AT T2t T2ps)

3(x1xoty1y2 | 3(xi+x3) | 3(yi
+ 1 -+ 3 +

+y§)_ oz T2 Y1 Y2
) 2m—F —F -5 —5+c
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Step 2 cr(Mp) > Cr(Mé).
Consider a balanced 4—block coloring ) with n = 4m + x1 + 22 + y1 + ys.
Then by Step 1,
r(Mg) = 34 5 4o

= 6m® + 3m(z1 + T + Y1 + yp) + AT T2t T2ps)

3(z1T2+Yy1Y2 S(CU%‘HUg) 3@%"'93) - _ X1 T2 Y1 Y2
+ 1 T—g T3 2m—5 —F -5 -5 +c

oo
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Step 2 cr(Mp) > Cr(Mé).

CI’(MP)—CI‘(Mé/) Z (x1y1+Toy1+x1y2+Toys) 4 (a:%+a:§) i (y%%—y%) 4 (x122+Y1Y2) .

1 3 3 7] C.
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Step 2 cr(Mp) > Cr(Mé).

CI’(MP)—CI‘(Mé/) Z (x1y1+Toy1+x1y2+Toys) 4 (a:%+a:§) i (y%+y§) 4 (x122+Y1Y2) .

1 3 3 7] C.

As S C P, at least one among x1,x2,y1, ¥y is at least 1.
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Step 2 cr(Mp) > Cr(Mé).

CI’(MP)—CI‘(MCS) > (x1y1+Toy1+x1y2+Toys) + (:B%—I—:Ug) 4 (y%%—y%) 4 (x1x24+Y1Y2) —c.

4 3 3 4

As S C P, at least one among x1,x2,y1, ¥y is at least 1.

cr(Mp) —cr(My) > g —¢>0

1
8
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Step 2 cr(Mp) > Cr(Mé).

CI’(MP)—CI‘(MCS) Z (x1y1+Toy1+x1y2+Toys) 4 (51334—333) i (y%+y§) 4 (x122+Y1Y2) .

1 3 3 7] C.

As S C P, at least one among x1,x2,y1, ¥y is at least 1.

cr(Mp) —cr(My) > g —¢>0

1
8
As cr(Mp) > cr(Mp),

cr(Mp) —cr(My) >0
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Step 2 cr(Mp) = cx(Mg).

S m red

m + 1 red °\°® m blue
m -+ 1 blue O O

o| ©® m + 1 red
m + 1 blue

m red
m blue
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Step 2 cr(Mp) > Cr(Mé).

S m red

m + 1 red °\°® m blue
m -+ 1 blue O O

cr(Mp) > cr(My).

o| ©® m + 1 red
m + 1 blue

m red
m blue

Bichromatic Perfect Matchings with Crossings

Oswin Aichholzer, Stefan Felsner, Rosna Paul, Manfred Scheucher, Birgit Vogtenhuber




Step 2 cr(Mp) > Cr(Mé).

S m red

m + 1 red °\°® m blue
m -+ 1 blue O O

cr(Mp) > cr(My).

o| ©® m + 1 red
m + 1 blue

m red
m blue
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Summary

o Every bichromatic point set in
convex position admits a
matching with at least

2 .
3% — 4 -+ c crossings.

o For any k£ > %, there exists Thank yOU! I

bichromatic convex point sets
that do not admit any perfect
matchings with k crossings.
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Uncolored general point set

Always exists Not always exists
S E ———
0 Z=n? — O(ny/n) 2n?

Aichholzer et. al, Perfect matchings with crossings, Combinatorial Algorithms, 2022.
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QUESTION:

For which values of k, does there exists a bichromatic
perfect matching with k crossings on all bichromatic
point sets of size 2n?

3 bichromatic point sets of size 2n which do not admit
bichromatic perfect matchings with &k crossings for

20m,2
k> =o-.
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Step 2 cr(Mp) > Cr(Mé).
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