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hounded treewidth Theorem (Courcelle 1990)

| Model checking Monadic Second Order logic Is fpt
eXdUdinlg a minor o&ﬁmel{ég\gcsjs of bounded treewidth
excl. a topological minor a‘gOrlth__W(.:’
| combinatorial,

bounded expansion & logical behavior

: ¥ J Theorem (Grohe, Kreutzer, Siebertz, 2017)
nownere dense Model checking First-Order logic is fpt

on every nowhere dense class.

Furthermore, for a monotone graph class C,
model checking FO is fpt & C Is nowhere dense
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Example: treewidth — cliquewith/rankwidth

* retain many good properties of treewidth

» applicable to dense graphs

Theorem (Cou

rcelle, Rotics, Makowsky 2000+Ourr

Model checking MSO s fpt on classes of bounded ran

Say

mour 2006)
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e TOND SPARSITE

Project: extend from monotone classes to hereditary classes

monotone hereditary
bounded treewidth — bounded cliquewidth
{ l
exc\udin% a minor !
d
excl.a top. minor -# !
!
bounded expansion
e

nowhere dense

Quest (Grohe): which hereditary classes have fpt model checking!



TWIN-WID | H

monotone hereditary
bounded treewidth ~ —  bounded cliguewidth
i l
exc\udinf a minor ;- !

bd. sparse twin-width

elass of
oraphs with

nowhere dense
max. degree d




GRAND UNIFCATION

Common generalization of Sparsity theory and Iwin-width

bounded treewidth ~ —  bounded cliguewidth
i {

exc\udinf 2 miner - /

bd. sparse twin-width

nowhere dense
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Analogues of the fundamental parameters
studied Iin Sparsity [ heory:

degeneracy

oeneralized coloring numbers:
star-chromatic number, weak coloring numbers
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* flip-width parameters

- dense analogues of the fundamental parameters studied in sparsity theory

- Include degeneracy, twin-width, and clique-width as a special cases.

» notion of classes of bounded flip-width and almost bounded flip-width



ERAND UNIFHCATIORE

bounded treewiath ~ —  bounded cliguewidth

d d
excluding a minor - !
l

bd. sparse twin-width

nowhere dense




Y 1O DEFINE GRAPR PARAIME T

* through decompositions

* through obstructions




EGENERAC T

A graph Is d-degenerate
T every subgraph has a vertex of degree < d

Or: there Is an ordering such that every vertex has <d neighbors before it

dichotomy:

. v




Y 1O DEFINE GRAPR PARAINMIE S

* through decompositions
* through obstructions

* through games



£ LS AND ROBET

>eymour and [homas (1993 = .
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K COpS

a robber

moves along edges
at infinite speed

Theorem Number of cops needed = treewidth + |
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robber moves at speed r

copwidth(G):= number of cops needed to capture robber



Fact. copwidth|(G) = degeneracy(G)+ |
=Richerby & Thilikos 2008]



degeneracy(G)+ |

v

copwidth(G)




copwidth|(G) > degeneracy(G)+|

(3 1S NOt d-degenerate = d+| cops do Aot sUHICE




Theorem copwidth|(G) = degeneracy(G)+ |
copwidthe(G) = treewidth(G)+ |

copwidth(G) = ©(r)-weak coloring number(G)

Theorem. Let C be a graph class. [ hen:

C has bounded expansion

;
for all reN, copwiathq(C)<eo

|

sup copwidth(G)

GeC



GOING DENSE

blocking a vertex =  isolating a vertex =) flib X and Y in G



GOING DENSE
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blocking k vertices — k-flip of G:
partition V(G)= Aju...UAk

For each pair AiA
flip or not
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With radius r and flip power k
In each round:

* Flipper announces next k-flip Gk of G
* [hen runner runs at speed r in previous K-flip Gi.j of G

* Runner looses If new position Is isolated in Gk

flipwidth(G) := minimum k needed to capture runner



s UaNhd

4-flip




s UaNhd

speed r =oo, flip power k=4

| A7
g7
/% Z

)

next flip: M
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s UaNhd

speed r =oo, flip power k=4
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next flip:




s UaNhd

speed r =oo, flip power k=4
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s UaNhd

speed r =oo, flip power k=4
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next 4-flip: %




s UaNhd

speed r =oo, flip power k=4
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s UaNhd

speed r =oo, flip power k=4
next 4-flip: M

A




s UaNhd

speed r =oo, flip power k=4

flip-width( W77 \<4




RADIUS oo

Theorem  f{lip-widthe(G) = clique-width(G)

characterization of cligue-width via games

Corollary A class C has bounded clique-width
&

flip-widthe (C)<oo



rank-width(G) < flip-widthe(G) < O(2rank-width(G))

rank-width(G)<k
Y

ex|sts cubic tree [:

* V(G) = Leaves(T)

V(G) = Ae U Be

Ad|c|Ae Be] has rank <k

= J O(%)-1lip G of G se

i eeryedoseecof |

barating Ae from Be




flip-widthee(G) < O(2rank-width(G))

rank-width(G)<k
4

~or every node ve V()

q O 29-TIip G of G
Dalrwise separating Ay, By, C,




flip-widthe(G) < O(2rank-width(G))

rank-width(G)<k
4

next flip:



flip-widthe(G) < O(2rank-width(G))

rank-width(G)<k
4

next flip:



fl

flip-widthe(G) < O(2rank-width(G))

rank-width(G)<k

D-WIC

U
thee(G) < O(24)

next flip:

&
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small
rankwidth

\4

strategy for
Flipper

s 4

small flip-widthe

tangle of
large order

*

\4

strategy for
Runner

\4

arge flip-widthe

*Oum, private communication



BOUNDED FLIP-WID [+

Definition A grap
flip-widt

n class C has bounded flip-width 1t

Nr(C)<oo for all reN.

Bounded tree-width 3 Bounded clique-width
= bounded cop-widthe = bounded flip-widthe
i

3ounded expansion
= VreN bounded cop-width,




BOUNDED FLIP-WID IH

Examples s ([gccoc of
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twin-width

bounded treewidth

— bounded cliguewidth

{
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nowhere dense

bd. sparse twin-width
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VYD | 1 OF ORDERED GRATSSES

Variant of flip-width for ordered graphs G=(V,E,<)

Flipper performs k-flip on (V,E) and cuts < into k intervals
Runner moves along edges at speed | or within intervals at speed oo

Theorem flip-width<(G) = twin-width(G)

(Game characterization of twin-widath



TWIN-WID | H

permutation

e Klazar 2000, Marcus& Tardos 2004, Guillemot&Marx 2014
(dichotomy for permutations)

* Bonnet, Kim, Thomasse, Watrigant 2020 (twin-width)

* Bonnet, Giocanti, O. de Mendez, homasse, Simon, T. 2022

(dichotomy for ordered graphs)

e

decomposition

of small twin-width

|

Strategy for
Flipper

v

Small flip-width<

gii=eis
g
large grid-minor

\4

Strategy for
Runner

v

Large flip-width<



bounded treewidth =) bounded cliguewidth QueStiOﬂS'
excluding a minor - ?

P 1 Model checking
-P | approximation
* Decompositions

* Obstructions

* Dense variant of excluding a minor

bd. sparse twin-width

nowhere dense

THANK 1O

Looking for students, postdocs — starting from 2024

szymtor@uw.edu.pl
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