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Parameterized Algorithms

Elly, Jean-Pierre, Wendy

Exercise 3 – Sheet 2, Sheet 3, Kernelization
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CLOSEST STRING (Implementation)
use a bounded search tree
find rules online, e.g. see book

https://www.mimuw.edu.pl/~malcin/book/parameterized-algorithms.pdf
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1. Bound kernel for graphs with max degree f (k)

2. What if G has high max degree?

CONNECTED VERTEX COVER
given: graph G, parameter k
Find a vertex cover A with |A| = k such that G[A] is connected

1. Consider high-degree vertices with degree > k (H) and low-degree vertices (L) separately.
2. How many edges are in L× L?

Why can we not remove vertices
with degree > k?

3. Reduce number of vertices in L that are only adjacent to vertices in H. Why can we not just
remove all these vertices? Make sure that H still needs to be selected.

Kernel size 2k + O(k2)

Poly kernel for C4-free? For Kd;d -
free? For planar?
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at least half of the neighbors can be chosen Why?
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Kernelization

INDEPENDENT SET (Graphs without C4)
given: graph G with no C4 as subgraph, parameter k
Find an independent set A with |A| = k

max degree < 2k

at least 2k2 vertices ⇒ yes-instance

max degree ≥ 2k

at least half of the neighbors can be chosen Why?

choosing a vertex removes at most 2k vertices

yes-instance
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Kernelization

INDEPENDENT SET (Graphs without C4)
given: graph G with no C4 as subgraph, parameter k
Find an independent set A with |A| = k

max degree < 2k

at least 2k2 vertices ⇒ yes-instance

max degree ≥ 2k

at least half of the neighbors can be chosen Why?

choosing a vertex removes at most 2k vertices

yes-instance

=⇒ kernel with 2k2 vertices
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L

H
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Kernel size 2k + O(k2)

L

H

at most k vertices in H
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CONNECTED VERTEX COVER
given: graph G, parameter k
Find vertex cover A with |A| = k such that G[A] is connected

Kernel size 2k + O(k2)

L

H

at most k vertices in H

at most k2 vertices in L that have a neighbor in L

Why?
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at most k vertices in H

Why?at most k2 vertices in L that have a neighbor in L

vertices in L with only neighbors in H

Why?
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Why?at most k2 vertices in L that have a neighbor in L

edges are covered, but vertices might be needed to
make solution connected

vertices in L with only neighbors in H

same neighborhood in H ⇒ only need one of them

Why?



Elly, Jean-Pierre, Wendy – Parameterized Algorithms7

Kernelization

CONNECTED VERTEX COVER
given: graph G, parameter k
Find vertex cover A with |A| = k such that G[A] is connected

Kernel size 2k + O(k2)

L

H

at most k vertices in H

Why?at most k2 vertices in L that have a neighbor in L

edges are covered, but vertices might be needed to
make solution connected

vertices in L with only neighbors in H

same neighborhood in H ⇒ only need one of them
⇒ at most 2k vertices in L with only neighbors in H

Why?
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Kernelization

CONNECTED VERTEX COVER
given: graph G, parameter k
Find vertex cover A with |A| = k such that G[A] is connected

Kernel size 2k + O(k2)

L

H

at most k vertices in H

Why?at most k2 vertices in L that have a neighbor in L

edges are covered, but vertices might be needed to
make solution connected

vertices in L with only neighbors in H

same neighborhood in H ⇒ only need one of them
⇒ at most 2k vertices in L with only neighbors in H

ensure H is chosen: add k leaves (one per vertex in H)

Why?


