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ToscanaMarchtruzzo ↓amazing algorithmsproperties

umbria Puglia
↳ can be easily recognised
· ↳ MaximumCUT

[Hadlock 1975]
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Excluding Kj
· planar graphs do not contain Ks Theorem [Wagner 1937]
* K5 is 3-connected Agraph is K5-minor-free if and only

G is Ks-minor-free if it can be constructed from planar graphs
=> ()

all blocks of Gare Ks-minor-free and by means of3-clique sums.
·

also composing along 15-minor-free graphs·⒗separationspreserves i) have a tree like structure

ii) are 4-colourable I
jpj) inherit many algorithmic properties
of planar graphs·diquesumscangenera
/

WQO ?↓ ↓
↓

Hadwiger's Conjecture
for which I does
this continue ?
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There are functions f,gst. every graphser↳ without an H-minor but with a g(t)-wallWvortex

has an almost embedding relative toWst.
-

↳ H does not embed in[

&* - there are at most f(t) apices↳ there are at most OCtY vortices
,

- each of depth at most f(t)
g(t), f(t) =G(+5)

[Gorsky, Seweryn,W. 2025t]
hs irrelevant vertices

are tree-like ! t06H-minor-free grap

H-Minor Checking p!!(GMST)
S
↳

minor-monotone problems eFPTFellows
, Langston 1988]
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polynomial-time &S

fast parameterized

"⑨approximation schemes 8 algorithms ⑧

H-minor-free graphs
MSO2-MOPEL-CHECKING is inFPT

for graphs of bounded treewidth&GridimensionalitaCourcelle 1990]
and apices in the GMSTMSO/bidim + dp-MOPEL- CHECKING [Thilikos , W. 2025T]

is in FPT for H-minor-free graphs
[Sau , Stamoulis,Thilikos 20257]
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*It computational problem with I
being the class of instances of IT instances I of IT

* quasi-order - onI barrier to
& minors tractability

#is hard on this class- islands of
tractability

Three Questions ↑
1) For which closed classes is Ittractable? polynomial-time algorithm
2) What are the-minimal barriers for IT ? S capture the barriers with
3) Can we obtain a full dichotomy forTunder E ? a -monotone

graph parameter
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consequence of a

Theorem [Marx
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a boundary rooted grid minor has
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↓ no

·
Thea [Protopapas,Thilikos , W. 2025]
any annotated graph (G,R) where
R has bounded bidimensionality
has a tree-decomposition like this

· -
- ↳-G#·



Universal Obstructions

·Hib
parametric great

H, He Hz < ...



Universal Obstructions

·Hib
parametric great

treewidth
↳

H, He Hz < ...

p graph parameter (minor monotone)

-
J =Hi = CHibienb

, cey
is a universal obstruction

Egrids3 for P if there exists a function fst . for all k, G
* if there is je(t) st. Hi G, then p(G)>
* if p(G) F(k) then there is je[t] stHi < G



Universal Obstructions

·Hib
parametric great

treewidth
↳

H, He Hz < ...

p graph parameter (minor monotone)

-
J =Hi = CHibienb

, cey
is a universal obstruction

Egrids3 for P if there exists a function fst . for all k, G
* if there is je(t) st. Hi G, then p(G)>
* if p(G) F(k) then there is je[t] stHi < GConjecture

Every minor-monotone graph parameter-has a finite universal obstruction .



Universal Obstructions

·Hib
parametric great

treewidth
↳

H, He Hz < ...

p graph parameter (minor monotone)

-
J =Hi = CHibienb

, cey
is a universal obstruction

for p if there exists a function fst . for all k, GEgrids3
* if there is je(t) st. Hi G, then p(G)>
* if p(G) F(k) then there is je[t] stHi < GConjecture

Every minor-monotone graph parameter instances I of I- tractabilityhas a finite universal obstruction .

barrier to

class of all minors- islands of
of universal obstruction -> tractability

pis bounded
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⑨
⑧

⑨ 9 1 · *
1 ... -> pathwidth

⑨

· ··Erdoa "Kz-hitting set"
-feedback vertex number

%·
·... treewid

[R &S 1986] (RasEuler
genus

Ks-hitting set For every graph H , H-hitting set
has a finite universal obstruction .

6
[Paul, Protopapas,Thilikos , W.

2024
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