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Definition l
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Theorem

Which of the two directions
A decidable problem is in FPT if and only if it has a kernelization. is easy to prove?

Proof (of the difficult direction)
= |et A be an algorithm that solves (x, k) in f(k)|x|¢ time

m case 1: f(k) < |x] m case 2: f(k) > |x]|
- solve (x, k) with A in polynomial time - (x, k) itself is already a suitable kernel
- kernelization: return trivial kernel - kernelization: just return (x, k)
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VERTEX COVER kernelization using the theorem

= FPT-algorithm for VERTEX COVER: f(k) € O(1.2529%)

= case-2 situation: f(x) > |x| — kernel of size O(1.2529%)

= we know: there is a kernel of size k? and one with 2k vertices

Is there a polynomial kernel?
= the theorem can only give us super-polynomial kernels

= having a polynomial kernel seems stronger than being in FPT
= today: probably no polynomial kernel for longest path

(unless the problem is already in P)
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OR-Distillation

OR-Distillation algorithm D from HAMP into LONGP

= turns a t-tuple of n-vertex graphs (G, ..., G;) into an n®M-vertex graph G, in time (tn)°)
O Vie[t] (G; is yes-instance of HAMP) < G, is yes-instance of LONGP (for some parameter)
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OR-Distillation algorithm D from HAMP into LONGP

= turns a t-tuple of n-vertex graphs (G, ..., G;) into an n®M-vertex graph G, in time (tn)°)

L] Vie[t] (G, 1S yes—instance of HAM P) < Gy s yes—instance of LONGP (for some parameter)
Observation | \—.‘ -\: o | .. Ig:
If LONGP admits a polynomial kernel, then there is an c o e c

OR-distillation from HAMP into LONGP.

cross-composition

Plan for the following ;% ® . Ig:
= show that the OR-distillation implies HAMP € coNP /poly é (G. n) ~ o
= as HAMP is NP-complete, this implies NP C coNP /poly © cernelization
= as we believe NP ¢ coNP /poly, we should believe that
LONGP does not admit a polynomial kernel core G S eI
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l

Nondeterministic polynomial
m guess certificate for input being a yes-instance there are advice strings a1, ao, . ..

= verify certificate in polynomial time size-n input — algo has access to a,
size of o, is polynomial in n

\/
Complement
= verify certificate for no-instance instead

To prove HAMILTONIAN PATH € coNP/poly
= for every n, define an advice string a,, of length n°) existence is enough
= define no-certificates such that every no-instance has one } no need to construct them efficiently
= give a poly-time algorithm that:
- has access to «,, for graphs on n vertices
- checks for a guess whether it is a no-certificate of the given graph
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= run D on multiple t-tuples of n-vertex graphs
that are no-instances of HAMP
= o, union of the resulting cores
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m (Gq,..., G;) is a no-certificate for each G; if
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A coNP/poly algorithm
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= run D on multiple t-tuples of n-vertex graphs
that are no-instances of HAMP

= o, union of the resulting cores

No-certificates

m (Gy,...,G;) is a no-certificate for each G; if
o, contains its OR-distillation D(Gy, . .., G;)

= todo: every no-instance needs a certificate

A coNP/poly algorithm

= input: graph G with n vertices

= guess a t-tuple (Gy, ..., G;) containing G

m use D and o, to check if it is a no-certificate

t-tuple t-tuple t-tuple
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Todo
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- every no-instance needs certificate tuple
- advice a, should be poly — n°1) cores

- D should run in n°M) time — ¢t € n°1)
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Existence of good advice

Lemma

Thereis a set a,, of "°1) coresand a t € n°1),
such that every no-instance of HAMP has a t-
tuple that is mapped to a core in a,, by D.

t-tuple

t-tuple

t-tuple

HEb:

Rah:

3

[~

Todo

=

=<

Qn

m choose clever set of cores:
- every no-instance needs certificate tuple

n-vertex graphs
HAMP no-instances

OR-distillation D

n©) -vertex cores
LONGP no-instances

- advice a, should be poly — n°1) cores

- D should run in n

O(1)

time — t ¢ n°)

= yuse that disjoint tuples can share a core
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no-instances X
n-vertex graphs

t-tuples

N-vertex cores
with N € n©(1)
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Existence of good advice

Vi

-inst X
Lemma Q?V;r}?ei”g;%hs K ?I K
There is a set a,, of n°1) coresanda t € n°),
such that every no-instance of HAMP has a t-

element of

p—

tuple that is mapped to a core in o, by D. ¢ tuples K n K K n E‘ K K E‘ FI K E—‘
Proof

= total number of possible cores: < 2N

D
N-vertex cores Iz :KI PZ
with N € n©1)
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Existence of good advice

tuple that is mapped to a core in o, by D. ¢ tuples K n K K n E‘ K K E‘ FI K E—‘
Proof

-inst X
Lemma Q?V;r}?ei”g;%hs K ?I K
There is a set a,, of n°1) coresanda t € n°),
such that every no-instance of HAMP has a t-

Vi

element of

p—

total number of possible cores: < 2V’

number of t-tuples: |X|*

D
N-vertex cores Iz :KI PZ
with N € n©(1)

" t
average number of t-tuples mapped to each core: > ';CTL = (%) for t = N?

t
add core to a,, that covers at least (%) tuples

k* different t-tuples contain at least k different graphs — |X’|/2 no-instances covered
repeat with remaining no-instances — done after log | X| steps

AKIT



Existence of good advice

tuple that is mapped to a core in o, by D. ¢ tuples K n K K n E‘ K K E‘ FI K E—‘
Proof

-inst X
Lemma Q?V;r}?ei”g;%hs K ?I K
There is a set a,, of n°1) coresanda t € n°),
such that every no-instance of HAMP has a t-

Vi

element of

p—

total number of possible cores: < 2V’

number of t-tuples: |X|*

D
N-vertex cores Iz :KI PZ
with N € n©1)

" t
average number of t-tuples mapped to each core: > ';CTL = (%) for t = N?

t
add core to a,, that covers at least (%) tuples

k* different t-tuples contain at least k different graphs — |X’|/2 no-instances covered
repeat with remaining no-instances — done after log | X| steps = |a,| = n°W log |X| € n®)

s
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Wrapping up

Proof
= polynomial kernel for LONGP = OR-distillation D

9 Thomas Blasius — Parameterized Algorithms

OR-distillation
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Wrapping up

Proof
= polynomial kernel for LONGP = OR-distillation D

= [emma applies — defines t and advice «,,

9 Thomas Blasius — Parameterized Algorithms

t-tuple
——

t-tuple

t-tuple

——

Hak:

Rek:

l

S

l OR-distillation D

[~

=

=<

J/

VO
Qn
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Wrapping up

Proof
= polynomial kernel for LONGP = OR-distillation D

= [emma applies — defines t and advice «,,

9 Thomas Blasius — Parameterized Algorithms ﬂ(IT



Wrapping up

Proof
= polynomial kernel for LONGP = OR-distillation D

= [emma applies — defines t and advice «,,

= coNP /poly-algo for HAMP on n-vertex graph G:
- guess a t-tuple (G, .. ., G:) containing G
- runDon (G, ..., G:) — core C
- return no if C € o, and yes otherwise
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Wrapping up

Proof
= polynomial kernel for LONGP = OR-distillation D

= lemma applies — defines t and advice a, (poly size)
= coNP /poly-algo for HAMP on n-vertex graph G:
- guess a t-tuple (Gy, ..., G;) containing G (poly size)
-runDon (Gy,...,G;) = core C (runs in poly time)
- return no if C € o, and yes otherwise
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Wrapping up
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= lemma applies — defines t and advice a, (poly size)
= coNP /poly-algo for HAMP on n-vertex graph G:
- guess a t-tuple (Gy, ..., G;) containing G (poly size)
-runDon (Gy,...,G;) = core C (runs in poly time)
- return no if C € o, and yes otherwise
- if G is a yes-instance, we return yes
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Wrapping up

Proof
= polynomial kernel for LONGP = OR-distillation D

= lemma applies — defines t and advice a, (poly size)
= coNP /poly-algo for HAMP on n-vertex graph G:
- guess a t-tuple (Gy, ..., G;) containing G (poly size)
-runDon (Gy,...,G;) = core C (runs in poly time)
- return no if C € o, and yes otherwise
- if G is a yes-instance, we return yes
- if G is a no-instance, we can guess a tuple that maps to a core in o, and return no
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Wrapping up

Theorem

Lemma

There is a set o, of n°() cores and a t € n°(),
such that every no-instance of HAMP has a t-tuple
that is mapped to a core in oy, by D.

If LONGEST PATH has a polynomial kernel, then NP C coNP /poly. (via: HAmILTONIAN PATH € coNP/poly)

Proof
= polynomial kernel for LONGP = OR-distillation D

® lemma applies — defines t and advice a;, (poly size)
= coNP/poly-algo for HAMP on n-vertex graph G:
- guess a t-tuple (Gy, ..., G;) containing G (poly size)
- runDon (Gy,...,G¢) — core C (runs in poly time)
- returnno if C € «,, and yes otherwise
- if G is a yes-instance, we return yes

- if G is a no-instance, we can guess a tuple that maps to a core in o, and return no

K

7 1K

N

element of

K] [

~| K

>

D

=]

= from HAMILTONIAN PATH being NP-hard and HAMP € coNP /poly it follows NP C coNP /poly
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Framework

Our proof: polynomial kernel for LONGP = OR-distillation for HAMP = HAMP < coNP /poly

[
G1 G, °® G
cross-composition

[
O
5 o
= )
v I@i
o (G, n)
@)
kernelization
() o
.\:\.\.
core Gy
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Framework

specifically done for HAMP and LONGP nothing special about HAMP here

v
Our proof: polynomial kernel for LONGP = OR-distillation for HAMP = HAMP < coNP /poly

OR-distillation

)
I ; '\. o g:
G G, ° Gt
cross-composition
)
'\. o E :
(G, n) °
kernelization
o )
o3
core Gy
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Framework

specifically done for HAMP and LONGP nothing special about HAMP here

v
Our proof: polynomial kernel for LONGP = OR-distillation for HAMP = HAMP € coNP /poly

R IndRtS

G1 Go
cross composmon

(EXQI@

lkernellzatlonl

core Gy

OR-distillation

AKIT
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Framework

specifically done for HAMP and LONGP nothing special about HAMP here

v
Our proof: polynomial kernel for LONGP = OR-distillation for HAMP = HAMP € coNP /poly

Rt

G1 Go
cross composmon

c
.0
©
@
| |(G.n)
oC n
@)
lkernellzatlonl
core Gy I :
Notes
[ (formalizable via equivalence relation with polynomially many classes)

= “similar” can mean different things (e.g., n vertices)

AKIT
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Framework

specifically done for HAMP and LONGP nothing special about HAMP here

v
Our proof: polynomial kernel for LONGP = OR-distillation for HAMP = HAMP € coNP /poly

Rt

G1 Go
cross composmon

c
.0
©
@
| |(G.n)
oC n
@)
lkernellzatlonl
core Gy I :
Notes
[ (formalizable via equivalence relation with polynomially many classes)

= “similar” can mean different things (e.g., n vertices)
= R does not even need to be decidable — essentially an information-theoretic result

AKIT

10 Thomas Blasius — Parameterized Algorithms



Taking a break and splitting sets

Input: Hypergraph
m vertex set V consists of:

- X0, X1 Y0. Y1, 40,41
= 11 hyperedges: see picture

(xj, yj» zj and their edges are shown multiple times)

SET SPLITTING
m find vertex set X C V that
splits every hyperedge

(every edge has a vertex from X and from V' \ X)

Is this a yes-instance?

®

OO

O OMMON©

ONNOENO

OF® O

3 - ©

GO IO

ONNOENEG

GO IO
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Taking a break and splitting sets

Input: Hypergraph
m vertex set V consists of:

- X0, X1, Yo, Y1, 20,21
® 11 hyperedges: see picture

(xj, yj» zj and their edges are shown multiple times)

SET SPLITTING
m find vertex set X C V that
splits every hyperedge

(every edge has a vertex from X and from V' \ X)

Selection Gadget

= choosing for the x, y, and z-
edges “selects” one column

® NnoO selection works

®

OO

gl O

ONNOENO

gl O

3 - ©

Gl GO

ONNOENEG

e G0
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Taking a break and splitting sets

Input: Hypergraph
m vertex set V consists of:

- X0, X1, Yo, Y1, 20,21
® 11 hyperedges: see picture

(xj, yj» zj and their edges are shown multiple times)

SET SPLITTING
m find vertex set X C V that
splits every hyperedge

(every edge has a vertex from X and from V' \ X)

Selection Gadget

= choosing for the x, y, and z-
edges “selects” one column

® NnoO selection works

©) R

D e © 6

01 04

gle 6

One - 04

Gl GG

QIO 64

gl GG
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Taking a break and splitting sets

Input: Hypergraph
m vertex set V consists of:

- X0, X1, Yo, Y1, 20,21
® 11 hyperedges: see picture

(xj, yj» zj and their edges are shown multiple times)

SET SPLITTING
m find vertex set X C V that
splits every hyperedge

(every edge has a vertex from X and from V' \ X)

Selection Gadget

= choosing for the x, y, and z-
edges “selects” one column

® NnoO selection works

%

®

D e B ©

ONNOIRNO)R

gle 6

@no - 04

Gl GG

@10 64

gl GG
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Taking a break and splitting sets

Input: Hypergraph
m vertex set V consists of:

- X0, X1, Yo, Y1, 20,21
® 11 hyperedges: see picture

(xj, yj» zj and their edges are shown multiple times)

SET SPLITTING
m find vertex set X C V that
splits every hyperedge

(every edge has a vertex from X and from V' \ X)

Selection Gadget

= choosing for the x, y, and z-
edges “selects” one column

® NnoO selection works

%

®

GlD I © ©

01 04

gle 66

® 0 © KX

Gl GO

QIO 64

e 6

AKIT



Taking a break and splitting sets

Input: Hypergraph
m vertex set V consists of:

- X0, X1, Yo, Y1, 20,21
® 11 hyperedges: see picture

(xj, yj» zj and their edges are shown multiple times)

SET SPLITTING
m find vertex set X C V that
splits every hyperedge

(every edge has a vertex from X and from V' \ X)

Selection Gadget

= choosing for the x, y, and z-
edges “selects” one column

® NnoO selection works

%

®

Gl I B ©

@ 04

gle 66

@no - 04

Gl GO

ONOIENO)R

e 6
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SET SPLITTING has no polynomial kernel

Goal: show that SET SPLITTING parameterized by n = |V/| has no polynomial kernel (unless...
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SET SPLITTING has no polynomial kernel

Goal: show that SET SPLITTING parameterized by n = |V/| has no polynomial kernel (unless...

Plan
m assume there is a kernelization algorithm producing a polynomial kernel

= show that this implies an OR-distillation from SET SPLITTING into itself
= as SET SPLITTING is NP-hard, this would imply NP C coNP /poly

12 Thomas Blasius — Parameterized Algorithms ﬂ(IT



OR-Distillation of SET SPLITTING into itself

Given X1 || X2 || X3 Xt
m t instances of SET SPLITTING H4, ..., ‘H ., each on n vertices
! ‘ Hi||Ho || Hs He
Todo
= create instance H of size max [x;|°®) that “or's Hy, ..., He
H
important: |y| € |x;|©(1)
V4
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OR-Distillation of SET SPLITTING into itself

Given
m tinstances of SET SPLITTING H1, ..., H;, each on n vertices

X1 X2 X3 Xt

includes vertices and edges
Todo #edges can be exponential in #vertices

important: |y| € |x;|©(1)
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OR-Distillation of SET SPLITTING into itself

Given
m tinstances of SET SPLITTING H1, ..., H;, each on n vertices

X1 X2 X3 Xt

= [Kernelization algorithms reduces instance H with k vertices to

instance of size k(1)

includes vertices and edges 7:\[
Todo #edges can be exponential in #vertices
- create instance M of size max [x;[°() that “or's M, .., H: | vem=— |
H
important: |y| € |X,-|0(1)
y
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OR-Distillation of SET SPLITTING into itself

Given
m tinstances of SET SPLITTING H1, ..., H;, each on n vertices

= [Kernelization algorithms reduces instance H with k vertices to

instance of size k(1)

includes vertices and edges
Todo #edges can be exponential in #vertices

13 Thomas Blasius — Parameterized Algorithms

Hl

Hz

H3

’Ht

1—

\4

H

goal: |x;|9(1) vertices

| tom—

H
y

important: |y| € |x;|©(1)
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OR-Distillation of SET SPLITTING into itself

Given X1 || X2 || X3 Xt
m tinstances of SET SPLITTING H1, ..., Hs, each on n vertices
! o Ha || Ha || Hs H,
= Kkernelization algorithm: reduces instance H with k vertices to
. ; cross-composition
instance of size k() 1 v
includes vertices and edges 7:\[ goal: |x;|9(1) vertices
Todo #edges can be exponential in #vertices
= create instance 7 of size max |x;[°() that ‘or's Hs. ..., e | v |
'H
= create instance H with max |x;[°@ vertices that “or's Ha, ..., H mportant: ] € /00
= important: number of vertices of H must not depend on t Y
13 Thomas Blasius — Parameterized Algorithms
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Cross-Composition

Goal (reminder):

m given {H1,..., H+} (n vertices each)
® build H with n°(1) vertices

B 7 is the “or’ of Hy, ..., H:
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Goal (reminder):

CrOSS'CompOSitiOn m given {H1,..., H+} (n vertices each)

® build H with n°1) vertices
® 7 is the “or’ of H1, ..., Hy

Construction with selector gadget for t = 4
mletV ={vi, ..., vy} forall H; = V =V U {xorx1, vowa, Zonzi}

= in 4, create edges {xp, X1}, - -

& ©

Gl @I
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Goal (reminder):

CrOSS'CompOS”:lOn m given {H1,..., H+} (n vertices each)

® build H with n°1) vertices
B 7 is the “or’ of Hy, ..., H,

Construction with selector gadget for t = 4
mletV ={w, ..., Vot forall H; — V =V U {xeyxi, Vouva, Zonzil

= in 71, create edges {x0, x1}, Do i}, 00

= consider a single edge E ={w, ..., ve} € Hq

®
©
®

gl 6 6 6
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Cross-Composition

Construction with selector gadget for t = 4

letV ={w,..., v, } for all ’H,’%V:VU{X(),XL.VOJ/I:-}
in H, create edges {x0, x1}, 004}, 120020

consider a single edge £ = {vy, ..., ve} € Hq

create edges £, = E U {xg, w4, 2|} and £, = E U {x1, v, i}

Goal (reminder):
m given {H1,..., H+} (n vertices each)

® build H with n°1) vertices
B 7 is the “or’ of Hy, ..., H,

®
©
®

® O

m»
L
m»
o

Qe @G
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Goal (reminder):

CrOSS'CompOS”:lOn m given {H1,..., H+} (n vertices each)

® build H with n°1) vertices
B 7 is the “or’ of Hy, ..., H,

Construction with selector gadget for t = 4
mletV ={w, ..., Vot forall H; — V =V U {xeyxi, Vouva, Zonzil

= in 71, create edges {x0, x1}, Do i}, 00

= consider a single edge E ={w, ..., ve} € Hq

®
©
®

® O

= create edges £, = E U {xg, w0, 25} and E, = E U {xi, va, z0}
m for edges in Hz, H3, H4: use {Xl, yo,-}, {Xo, yl,-}, {Xl, yl,-} for Ea

(and their complements for Ep,)

m»
m»
o

a

Qe @G
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Goal (reminder):

CrOSS'CompOS”:lOn m given {H1,..., H+} (n vertices each)

® build H with n°1) vertices
B 7 is the “or’ of Hy, ..., H,

Construction with selector gadget for t = 4

®
©
®

mletV ={wv,..., va} for all H; — V =V U {xevxa, yonya, Zonzi}
= in 71, create edges {x0, x1}, Do i}, 00

= consider a single edge E ={w, ..., ve} € Hq

® O

= create edges £, = E U {xg, w0, 25} and E, = E U {xi, va, z0}
m for edges in Hz, H3, H4: use {Xl, yo,-}, {Xo, yl,-}, {Xl, yl,-} for Ea

(and their complements for £p)

m»
m»
o

a

Observation for a solution candidate X C V

Qe @G
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Goal (reminder):

CrOSS'CompOS”:lOn m given {H1,..., H+} (n vertices each)

® build H with n°1) vertices
B 7 is the “or’ of Hy, ..., H,

Construction with selector gadget for t = 4
mletV ={w,...,v,tforall H; —» V =V U {xerxq, vowvi Zonza

= in 71, create edges {x0, x1}, Do i}, 00

= consider a single edge E ={v1,...,vs} € H4

®
©
®

® ©

= create edges £, = E U {xg, w0, 25} and E, = E U {xi, va, z0}
m for edges in Hz, H3, H4: use {Xl, yo,-}, {Xo, yl,-}, {Xl, yl,-} for Ea

(and their complements for £p)

m»
L
m»
o

ONE,

Observation for a solution candidate X C V
m X contains exactly one of x;, one i, and one [zj

O O
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Goal (reminder):

CrOSS'CompOS”:lOn m given {H1,..., H+} (n vertices each)

® build H with n°1) vertices
B 7 is the “or’ of Hy, ..., H,

Construction with selector gadget for t = 4

®
©
®

mletV ={vi,...,vo}forall H; — V =V U {xovx1, Weuvi, Zomzi}
= in 71, create edges {x0, x1}, Do i}, 00

= consider a single edge E ={v1,...,vs} € H4

® O

= create edges £, = E U {xg, w0, 25} and E, = E U {xi, va, z0}
m for edges in Hz, H3, H4: use {Xl, yo,-}, {Xo, yl,-}, {Xl, yl,-} for Ea

(and their complements for £p)

m»
L
m»
o

Observation for a solution candidate X C V
= X contains exactly one of x;, one g, and one iz }

m say H, is selected if xg, wo, 25 € X or x3, 4, 20 € X

ONE,

exactly one of Hi...H4
is selected

O O
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Goal (reminder):

CrOSS'CompOS”:lOn m given {H1,..., H+} (n vertices each)

® build H with n°1) vertices
B 7 is the “or’ of Hy, ..., H,

Construction with selector gadget for t = 4

®
©
®

mletV ={vi,...,vo}forall H; — V =V U {xovx1, Weuvi, Zomzi}
= in 71, create edges {x0, x1}, Do i}, 00

= consider a single edge E ={v1,...,vs} € H4

® ©

= create edges £, = E U {xg, w0, 25} and E, = E U {xi, va, z0}
m for edges in Hz, H3, H4: use {Xl, yo,-}, {Xo, yl,-}, {Xl, yl,-} for Ea

(and their complements for £p)

m»
L
m»
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Observation for a solution candidate X C V
= X contains exactly one of x;, one g, and one iz }

m say H, is selected if xg, wo, 25 € X or x3, 4, 20 € X

SNE,

exactly one of Hi...H4
is selected
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® ©

= create edges £, = E U {xg, w0, 25} and E, = E U {xi, va, z0}
m for edges in Hz, H3, H4: use {Xl, yo,-}, {Xo, yl,-}, {Xl, yl,-} for Ea

(and their complements for Ep,)
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L
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Observation for a solution candidate X C V
= X contains exactly one of x;, one g, and one iz }

m say H, is selected if xg, wo, 25 € X or x3, 4, 20 € X

SNE,

exactly one of Hi...H4
is selected

= X splits £; and E, < M4 not selected or X splits E

O O
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= create edges £, = E U {xg, w0, 25} and E, = E U {xi, va, z0}
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Goal (reminder):

CrOSS'CompOS”:lOn m given {H1,..., H+} (n vertices each)

® build H with n°1) vertices
B 7 is the “or’ of Hy, ..., H,

Construction with selector gadget for t = 4

®
©
®

mletV ={vi,...,vo}forall H; — V =V U {xovx1, Weuvi, Zomzi}
= in 71, create edges {x0, x1}, Do i}, 00

= consider a single edge E ={v1,...,vs} € H4

® ©

= create edges £, = E U {xg, w0, 25} and E, = E U {xi, va, z0}
m for edges in Hz, H3, H4: use {Xl, yo,-}, {Xo, yl,-}, {Xl, yl,-} for Ea

(and their complements for Ep,)

m»
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SNE,

Observation for a solution candidate X C V
= X contains exactly one of x;, one g, and one iz }

m say H, is selected if xg, wo, 25 € X or x3, 4, 20 € X

exactly one of Hi...H4
is selected

= X splits £; and E, < M4 not selected or X splits E
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Goal (reminder):

CrOSS'CompOS”:lOn m given {H1,..., H+} (n vertices each)

® build H with n°1) vertices
B 7 is the “or’ of Hy, ..., H,

Construction with selector gadget for t = 4
mletV ={w,...,v,tforall H; —» V =V U {xerxq, vowvi Zonza

= in 71, create edges {x0, x1}, Do i}, 00

= consider a single edge E ={v1,...,vs} € H4

®
©
®

® ©

= create edges £, = E U {xg, w0, 25} and E, = E U {xi, va, z0}
m for edges in Hz, H3, H4: use {Xl, yo,-}, {Xo, yl,-}, {Xl, yl,-} for Ea

(and their complements for Ep,)

m»
L
m»
o

Observation for a solution candidate X C V
= X contains exactly one of x;, one g, and one iz }

m say H, is selected if xg, wo, 25 € X or x3, 4, 20 € X

SNE,

exactly one of Hi...H4
is selected

= X splits £; and E, < M4 not selected or X splits E

OO

m ‘H has a solution < oneof Hy,...,Hs has a solution
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Concluding remarks on SET SPLITTING

The cross-composition we have seen XL X2 || 3] | X
= creates 7 in time (3 [H;])°® form H;, ..., H: (n vertices each) Ha||Ha || Hs Hy
1 OSSO |

’}:Z goal: |x;|9(1) vertices

| tom—

H
y

important: |y| € |x;|©(1)

15 Thomas Blasius — Parameterized Algorithms ﬂ(IT



Concluding remarks on SET SPLITTING

The cross-composition we have seen XL X2 || 3] | X
= creates 7 in time (3 [H;])°® form H;, ..., H: (n vertices each) Ha||Ha || Hs Hy
m assumes t is a power of 2 l cross-composition

v

’}:Z goal: |x;|9(1) vertices

| tom—

H
y

important: |y| € |x;|©(1)
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Concluding remarks on SET SPLITTING

The cross-composition we have seen XU X2 || B | X
= creates H in time (3_ [#;])°® form Hy, ..., H,. (n vertices each) Ha||Ha || Hs Hy
® assumes t is a power of 2 (add additional no-instances if not) 1 cross-composition

v

’}:Z goal: |x;|9(1) vertices

| tom—

H
y

important: |y| € |x;|©(1)
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Concluding remarks on SET SPLITTING

The cross-composition we have seen

= creates H in time (3_ [#;])°® form Hy, ..., H,. (n vertices each)
® assumes t is a power of 2 (add additional no-instances if not)

= creates H with n+ 2 log, t 4 2 vertices
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Concluding remarks on SET SPLITTING

The cross-composition we have seen XU X2 || B | X
= creates H in time (3_ [#;])°® form Hy, ..., H,. (n vertices each) Ha||Ha || Hs Hy
® assumes t is a power of 2 (add additional no-instances if not) 1 cross-composition

v

= creates H with n + 2 log, t + 2 vertices

7:\[ goal: |x;|9() vertices
- only 29 strings of length < £ = logt € max|x;|°(%)

| tom—

H
y

important: |y| € |x;|©(1)
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Concluding remarks on SET SPLITTING

The cross-composition we have seen XU X2 || B | X
= creates H in time (3_ [#;])°® form Hy, ..., H,. (n vertices each) Ha||Ha || Hs Hy
® assumes t is a power of 2 (add additional no-instances if not) 1 cross-composition

v

= creates H with n + 2 log, t + 2 vertices 9 | goal: [x;|°() vertices

- only 29 strings of length < £ = logt € max|x;|°(%)

| tom—

H
_ e
Y

15 Thomas Blasius — Parameterized Algorithms ﬂ(IT




Wrap-Up

Kernelization
® peing in FPT and having a kernelization algorithm is equivalent

= having a polynomial kernel is a strictly stronger requirement (unless NP C coNP/poly)
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Wrap-Up

Kernelization
® peing in FPT and having a kernelization algorithm is equivalent

= having a polynomial kernel is a strictly stronger requirement (unless NP C coNP/poly)
= thus: kernel size gives a finer separation within FPT
= important: all this only works if the definition of kernelization requires polynomial (not FPT) time

Proving kernel lower bounds
m cross-composition + kernelization gives OR-distillation

= OR-distillation for NP-hard problem implies NP C coNP /poly
= proving hardness: find a cross-composition
m there are also AND-distillations
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