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Motwotton

e While FO model checking of sporse grapis
v nowadays well-understood...

Deciding First-Order Properties of Nowhere Dense Graphs

MARTIN GROHE, RWTH Aachen University
STEPHAN KREUTZER and SEBASTIAN SIEBERTZ, Technical University Berlin

Journal of the ACM, Vol. 64, No. 3, Article 17, Publication date: June 2017.

o For "dense graphs, we have been storting from
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serofehe U the past decade, such ay from roativer
sumple geometrie unfersection classes.

Exomples of FO model checking in FPT

o Inferval grapihs withv a funide set of fixed unt: Lengtig.

[Gandan, PH, Krdll, Obduzdlek, Schwartz, Teska, 2013/15]

o k~folow proper interval grapis AZ

e The k~fold case following from a muciv wider result:
FO model checking ove posety of bounded widtiv

uv FPT. [Gajowsky, PH, Loksitano;
Obduzalek, Ordyniak, Romanujorn, Soummrapiv, 201 5|

" N
 FO model checking of map gropis un FPT.

[Elckmeyer and Kaworaboyoshi, 2017]
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Examples Il (even more geometry)

» PERMuwtation graphs  (edges < nversions)

SN

Equivalently, intersection grophs of chhoroy between two- parallels.

o Fact: AW sumple grapls unterpretoiple v PERM:
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e FO model checking of PERM grapis of bounded
cgue or IS un FPT.
[PH, Pokrgvka and Roy, 2012]

(UWLg WO)&[QOWMLM(/ Ww"/(’:'-/
e Exact bowndory of FO wuc. troctability on PERM?

e CIRce gropiy = PERM
= wntersection gropis of chorody v a curcle:

e FO model checking of CIR grapis of bouwnded [S

(bt not-cligue) uv FPT.
[PH, Pokrgvka and Roy, 2018]
Again, using posets of bounded widtn.

* What abouwt CAR grophs of bounded cligue size?
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Twun—-widtiv - e breaktivrougiv

Twin-width I: tractable ¥O model checking
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e FO model clhecking of classes of bouwnded
twin~-widtiv i U FPT.

[ Bonnet, Kim, Thomassé, Watrigant, 2020]

— thiy uinclndes all previowsly stoted. resudits.

N N
)
o Poset of width o have twin-widte 27

[ Bonnet, Kim, Thomassé, \Wotrigant, 2020]

o Poset of widtiv d lave twun~widtiv O( d).

[ Balabdn and PH, 2021]
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Back to- e PERMuwtotion graping

o A heredit: cdassy of PERM gropis las FPT FO wodel

checking Uf U excludes some PERM grapin.
[ Bowwnet, Kim, Thomassé, Watrigant, 2020]

A proof sketel...
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o Hren encodled unv an "ordered watriw wiriee FO
wterprets He grapiv .

l e\cw‘dawwwwm&

the mateiung

o Nows bouwnded tww: — tractoble FO model ¢
(note that we wse the uinterpretation of Hhe gr.),

o and uwnbpounded tww: — large mixed munor
(v every order, hence also- v owr ovoler).
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(U every order, hence also- un owr order).

1 PERM grapiv

o Hence, unbounded twws = owr class confoins
ol PERM graphs | (ond tHhat 5 not owr closy)
N

Analogowsly for CARc e grapis

o A heredifory classy of CAIR gropls lvas FET FO wmodel

checking Uf U exclndes some PERM grapi.
[PH and Pokigvia, 2021]
o Note; CAR grapiv representation con be computed un polytume.
[Bowelet, 1985, [Spinwad, 1994]
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A proof sketein...
o AW PERM groplhsy — unfractaiple FO model c.
o Take again an ordered matrix withv a matfehing:
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o Bouwnded tww: - tractable FO model ¢ again,
o and unbpounded twws - large mixed m. again :
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Concluwsirons

o The guestion of FO model checking on supclasses
of PERM grapius turned owt to- be tve right one...

o Swnmlarly to- e case of CIR grapihs, con we
dedunce o sharp bowndary between troctable and,
utractople FO model ¢. onv uinterval gr ?

o The lterally same approacih witihv ordered mateiings and
mixeds minorsy con be applied to- Hhem, but the outcome s not
sotisfoctory (exhibiting periaps ondy o big cligue).

o The problem seemy to- Le v Hhat tie order prescribed uv tive
motrix B not the right one to- exihibit fruly large tww:

« *NEW* (regowding vertex-minory of Rose)
Let B be o hereditonry classy suciv that every grapiv
v B a p-bounded perturbotion of a CIR grapiv.
Then B hay bouwnded twin—-widtiv
('46]&
B exclundes some PERM grapl
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THA!

FOR YOUR ATTENTION }
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