Parameterized Algoritms

Exercise 7 — Sheet 6, /W-Hierarchy

Elly, Jean-Pierre, Wendy



Evaluation Results

Please rate the course as a whole

How is the course structured?

Does the lecturer appear dedicated
and motivated during the course?

Is the lecturer responsive to questions
and concerns of the students?

Very good

Very well

Very strongly

Yes, highly

833% 167% 0% 0% 0%
4
1 2 3 4 5
86,1% 1,1% 28% 0% 0%
——
1 2 3 4 5
944% 56% 0% 0% 0%
1 2 3 4 5
944% 56% 0% 0% 0%
1 2 3 4 5

Very bad

Very badly

No, not at all

No, not at all

n=36
mw=1,17
s=0,38

n=36
mw=1,06
s=0,23
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Evaluation Results

| learn a lot in this course.

The amount of work required for
this course is...

How large is the amount of work
for this course?

How much do you like attending
this course?

Very correct

Adequate

Very small

Very much

66,7% 30,6% 28% 0% 0%
— —

1 2 3 4 5
50% 25% 16,7% 5,6% 2,8%
1 2 3 4 5
28% 56% 13,9% 61,1% 16,7%
1 2 3 4 5
58,3% 333% 83% 0% 0%

"
!
1 2 3 4 5

Not correct at all B

Inadequate

Very large

Not at all

n=36
mw=1,36
s=0,54
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Evaluation Results

Difficulty of Contents
Speed

Clarity (using helpful examples)

==

Very easy

Too slow

Very clear

0% 2.8% 27,8% 667% 28%
——
1 2 3 4 5
0% 56% 75% 167% 2,8%
——
1 2 3 4 5
52,8% 41,7% 28% 28% 0%
1 2 3 4 5

Very difficult

Too fast

Not clear at all

n=36
mw=3,69
s=0,58

n=36
mw=1,56
s=0,69
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Evaluation Results

Difficulty of Contents
Speed

Clarity (using helpful examples)

==

Very easy

Too slow

Very clear

0% 2.8% 27,8% 667% 28%
——
1 2 3 4 5
0% 56% 75% 167% 2,8%
——
1 2 3 4 5
52,8% 41,7% 28% 28% 0%
1 2 3 4 5

Very difficult

Too fast

Not clear at all

n=36
mw=1,56
s=0,69

m sheets are too difficult/time-consuming Ji{ ||
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Evaluation Results

Difficulty of Contents
Speed

Clarity (using helpful examples)

==

Very easy

Too slow

Very clear

0% 2.8% 27,8% 667% 28%
——
1 2 3 4 5
0% 56% 75% 167% 2,8%
——
1 2 3 4 5
52,8% 41,7% 28% 28% 0%
1 2 3 4 5

Very difficult

Too fast

Not clear at all

n=36
mw=1,56
s=0,69

= sheets are too difficult/time-consuming JHf ||
= problem solving more fun than paper reading ||||

AKIT



Evaluation Results

Difficulty of Contents
Speed

Clarity (using helpful examples)

==

® implementation tasks

Very easy

Too slow

Very clear

0% 28% 27,8% 66,7% 2,8%

——
1 2 3 4 5
0% 56% 75% 167% 2,8%
——
1 2 3 4 5
52,8% 41,7% 28% 28% 0%
1 2 3 4 5

Very difficult

Too fast

Not clear at all

n=36
mw=1,56
s=0,69

= sheets are too difficult/time-consuming JHf ||
= problem solving more fun than paper reading ||||

® implementation tasks

AKIT



Evaluation Results

Difficulty of Contents

Speed

Clarity (using helpful examples)

==

® implementation tasks JHf

Very easy

Too slow

Very clear

0% 28% 278% 66,7% 2,8%

——
1 2 3 4 5
0% 56% 75% 167% 2,8%
——
1 2 3 4 5
52,8% 41,7% 28% 28% 0%
1 2 3 4 5

Very difficult

Too fast

Not clear at all

n=36
mw=1,56
s=0,69

= sheets are too difficult/time-consuming JHf ||
= problem solving more fun than paper reading ||||

= implementation tasks ||

AKIT



Evaluation Results

Difficulty of Contents
Speed

Clarity (using helpful examples)

==

® implementation tasks JHf
m discussion of old sheet

Very easy

Too slow

Very clear

0% 28% 278% 66,7% 2,8%
——

1 2 3 4 5
0% 5,6% 5% 16,7% 2,8%
——

1 2 3 4 5
52,8% 41,7% 2,8% 2,8% 0%
1 2 3 4 5

[ |
[ |
= implementation tasks ||
[ |

Very difficult

Too fast

Not clear at all

n=36
mw=1,56
s=0,69

sheets are too difficult/time-consuming Jf ||
problem solving more fun than paper reading |||

discussion of old sheet too long

AKIT



Evaluation Results

0% 28% 278% 66,7% 2,8%

- Very easy |_'__| Very difficult nmzvs’s3,69
Difficulty of Contents s=0,58
1 2 3 4 5
0% 5,6% 75% 16,7% 2,8% _
Too slow |__|_| Too fast nm_v;\/)’s3 17
Speed S=0,56
1 2 3 4 5
52,8% 41,7% 2,8% 2,8% 0% B
Very clear } ' I Not clear at all 21_\351 56
Clarity (using helpful examples) 52069
1 2 3 4 5
+ sheets are too difficult/time-consuming J ||

implementation tasks ||
discussion of old sheet too long ||

® implementation tasks JHf

[ |
® problem solving more fun than paper reading ||||
[ |

m discussion of old sheet JHf O
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Evaluation Results

0% 28% 278% 66,7% 2,8%

- Very easy |_'__| Very difficult nmzvs’s3,69
Difficulty of Contents s=0,58
1 2 3 4 5
0% 5,6% 75% 16,7% 2,8% _
Too slow |__|_| Too fast nm_v;\/)’s3 17
Speed S=0,56
1 2 3 4 5
52,8% 41,7% 2,8% 2,8% 0% B
Very clear } ' I Not clear at all 21_\351 56
Clarity (using helpful examples) 52069
1 2 3 4 5
+ sheets are too difficult/time-consuming J ||

implementation tasks ||
discussion of old sheet too long ||

® implementation tasks JHf
m discussion of old sheet JHf
® good ratio between old and new problems JH{ |

|
= problem solving more fun than paper reading ||||
|
|

AKIT



Evaluation Results

0% 28% 278% 66,7% 2,8%

Very easy |_'__| Very difficult nmz\/sf&eg
Difficulty of Contents 5=0,58
1 2 3 4 5
0% 5,6% 75% 16,7% 2,8%
Too slow |__|_| Too fast nmzv;‘:’fs 17
Speed 5=0,56
1 2 3 4 5
52,8% 41,7% 2,8% 2,8% 0%
Very clear } ' I Not clear at all 2:\351 56
Clarity (using helpful examples) 5=069
1 2 3 4 5
+ ~ m sheets are too difficult/time-consuming JH ||
® problem solving more fun than paper reading |||
® implementation tasks JHf ® implementation tasks ||
m discussion of old sheet i = discussion of old sheet too long ||
® good ratio between old and new problems JH{ | ® too little encouragement to work together |

AKIT



Evaluation Results

Difficulty of Contents

Speed

Clarity

+ .

(using helpful examples)

Very easy

Too slow

Very clear

problem solving and personal advice [ JHf I Il

implementation tasks J{f
discussion of old sheet W

good ratio between old and new problems J4f |

0%

28% 278% 66,7% 2,8%

——
1 2 3 4 5
0% 56% 75% 167% 2,8%
——
1 2 3 4 5
52,8% 41,7% 28% 28% 0%
1 2 3 4 5

Very difficult

Too fast

Not clear at all

n=36
mw=1,56
s=0,69

sheets are too difficult/time-consuming Jif ||
problem solving more fun than paper reading |||

implementation tasks ||

discussion of old sheet too long ||

too little encouragement to work together |

AKIT



Evaluation Results

Difficulty of Contents
Speed

Clarity (using helpful examples)

Very easy

Too slow

Very clear

+ problem solving and personal advice [ JHf I Il

[ |

® hints for new sheet Jif{|

® implementation tasks JHf
m discussion of old sheet JHf
|

good ratio between old and new problems J4f |

0%

2,8%

27,8%

66,7%

2,8%

——

16,7%

2,8%

1

2

3
2,8%

4
2,8%

0%

52,8%

41,7%

Very difficult

Too fast

Not clear at all

sheets are too difficult/time-consuming Jif ||
problem solving more fun than paper reading |||

implementation tasks ||
discussion of old sheet too long ||

too little encouragement to work together |

AKIT



Sheet 6 - Dominating Set on Special Graphs

Given a graph G and an ordering of the vertices V = {w, ..., va}. The length of an edge {vi, vj} is |i — j|.
The parameter k is the maximum edge length. Provide an FPT algorithm to find a minimum dominating set.
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Sheet 6 - Dominating Set on Special Graphs

Given a graph G and an ordering of the vertices V = {w, ..., va}. The length of an edge {vi, vj} is |i — j|.
The parameter k is the maximum edge length. Provide an FPT algorithm to find a minimum dominating set.

Vi Vi Vn
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Sheet 6 - Dominating Set on Special Graphs

Given a graph G and an ordering of the vertices V = {w, ..., va}. The length of an edge {vi, vj} is |i — j|.
The parameter k is the maximum edge length. Provide an FPT algorithm to find a minimum dominating set.
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Sheet 6 - Dominating Set on Special Graphs
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Sheet 6 - Dominating Set on Special Graphs
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Sheet 6 - Dominating Set on Special Graphs

can be used to show containment in FPT,
but only implicitly gives us algorithm...
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Sheet 6 - Dominating Set on Special Graphs

Given a graph G and an ordering of the vertices V = {w, ..., va}. The length of an edge {vi, vj} is |i — j|.
The parameter k is the maximum edge length. Provide an FPT algorithm to find a minimum dominating set.

Vi Vn

® Nice path decomposition of width kK — 1:
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Sheet 6 - Dominating Set on Special Graphs

Given a graph G and an ordering of the vertices V = {w, ..., va}. The length of an edge {vi, vj} is |i — j|.
The parameter k is the maximum edge length. Provide an FPT algorithm to find a minimum dominating set.

Vi 7% Vn

® Nice path decomposition of width kK — 1:
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Sheet 6 - Dominating Set on Special Graphs

Given a graph G and an ordering of the vertices V = {w, ..., va}. The length of an edge {vi, vj} is |i — j|.
The parameter k is the maximum edge length. Provide an FPT algorithm to find a minimum dominating set.

length k + 1 v1 can’t have any more edges to vertices farther right — v; can be forgotten
® ® [ [ [ ® ® ®

Vi 7% Vn

® Nice path decomposition of width kK — 1:

AKIT



Sheet 6 - Dominating Set on Special Graphs

Given a graph G and an ordering of the vertices V = {w, ..., va}. The length of an edge {vi, vj} is |i — j|.
The parameter k is the maximum edge length. Provide an FPT algorithm to find a minimum dominating set.

Vi Vo Vi Vn

® Nice path decomposition of width kK — 1:

forget
Vi

AKIT



Sheet 6 - Dominating Set on Special Graphs

Given a graph G and an ordering of the vertices V = {w, ..., va}. The length of an edge {vi, vj} is |i — j|.
The parameter k is the maximum edge length. Provide an FPT algorithm to find a minimum dominating set.

Vi V2 Vik+1 Vn

® Nice path decomposition of width kK — 1:

forget introduce
Vi Vk+1

AKIT



Sheet 6 - Dominating Set on Special Graphs

Given a graph G and an ordering of the vertices V = {w, ..., va}. The length of an edge {vi, vj} is |i — j|.
The parameter k is the maximum edge length. Provide an FPT algorithm to find a minimum dominating set.

Vi V3 Vik+1 Vn

® Nice path decomposition of width kK — 1:

forget introduce forget
Vi Vik+1 %

AKIT



Sheet 6 - Dominating Set on Special Graphs

Given a graph G and an ordering of the vertices V = {w, ..., va}. The length of an edge {vi, vj} is |i — j|.
The parameter k is the maximum edge length. Provide an FPT algorithm to find a minimum dominating set.

Vi V3 Vik+2 Vn

® Nice path decomposition of width kK — 1:

forget introduce forget introduce
Vi Vik+1 V2 Vk+2

AKIT



Sheet 6 - Dominating Set on Special Graphs

Given a graph G and an ordering of the vertices V = {w, ..., va}. The length of an edge {vi, vj} is |i — j|.
The parameter k is the maximum edge length. Provide an FPT algorithm to find a minimum dominating set.

Vi Vn—k Vn

® Nice path decomposition of width kK — 1:

forget introduce forget introduce introduce
Vi Vik+1 V2 V42 Vn

AKIT



Sheet 6 - Dominating Set on Special Graphs

Given a graph G and an ordering of the vertices V. = {wv1, ..., vo}. The length of an edge {vi, v;} is |i — j|.
The parameter k is the maximum edge length. Provide an FPT algorithm to find a minimum dominating set.

DP algorithm on path decomposition:

| i i ika?
Vi Vi K Vi how does a partial solution look like*

® Nice path decomposition of width kK — 1:

forget introduce forget introduce introduce
Vi Vik+1 V2 V42 Vn

AKIT



Sheet 6 - Dominating Set on Special Graphs

Given a graph G and an ordering of the vertices V. = {wv1, ..., vo}. The length of an edge {vi, v;} is |i — j|.
The parameter k is the maximum edge length. Provide an FPT algorithm to find a minimum dominating set.

DP algorithm on path decomposition:

[ [ [ [ [ [ [ [ [ o . . .

y ® how does a partial solution look like?

1 Vh—k Vn

| - | ceo o oo current size
= Nice path decomposition of width k — 1: of DomSet
@ 0 @ @ @ vertices of current bag

forget introduce forget introduce introduce
Vi Vik+1 V2 Vk+2 Vn

AKIT



Sheet 6 - Dominating Set on Special Graphs

Given a graph G and an ordering of the vertices V. = {wv1, ..., vo}. The length of an edge {vi, v;} is |i — j|.
The parameter k is the maximum edge length. Provide an FPT algorithm to find a minimum dominating set.

DP algorithm on path decomposition:

® how does a partial solution look like?
XDS Xdom Xﬁdom

current size
o000 o0 -+
® Nice path decomposition of width kK — 1: . of DomSet

vertices of current bag
Xps: contained in the DomSet
forget introduce forget introduce introduce Xdom: NOt In DomSet, but dominated
Vi Vik+1 V2 Vk+2 Vn

Vi Vh—k Vn

X_-dom: not in DomSet, not dominated

AKIT



Sheet 6 - Dominating Set on Special Graphs

Given a graph G and an ordering of the vertices V. = {wv1, ..., vo}. The length of an edge {vi, v;} is |i — j|.
The parameter k is the maximum edge length. Provide an FPT algorithm to find a minimum dominating set.

DP algorithm on path decomposition:

® how does a partial solution look like?
XDS Xdom Xﬁdom

current size
o000 o0 -+
® Nice path decomposition of width kK — 1: . of DomSet

vertices of current bag
o ®= what do we have to do for introduce
nodes and forget nodes?

forget introduce forget introduce introduce
Vi Vik+1 V2 V42 Vn

Vi Vn—k Vn

AKIT



Sheet 6 - Dominating Set on Special Graphs

Given a graph G and an ordering of the vertices V = {v,

..., Vn}. The length of an edge {vi, v;} is |i — j|.
The parameter k is the maximum edge length. Provide an FPT algorithm to find a minimum dominating set.

DP algorithm on path decomposition:
‘71 ° ° ° ¢ Vn.—k ° ° ° ;n ® how does a partial solution look like?
XDS Xdom Xﬁdom
current size
o000 o0 -+
® Nice path decomposition of width kK — 1: . of DomSet

@ 0 @ @ @ vertices of current bag

® what do we have to do for introduce
nodes and forget nodes?
introduce introduce

® how do we obtain overall solution?
V42 Vn

forget introduce forget
Vi Vik+1 %

AKIT



Sheet 6 - Dominating Set on Special Graphs

Given a graph G and an ordering of the vertices V. = {wv1, ..., vo}. The length of an edge {vi, v;} is |i — j|.
The parameter k is the maximum edge length. Provide an FPT algorithm to find a minimum dominating set.

DP algorithm on path decomposition:

‘:1 ¢ * ¢ Vn.—k ¢ * ° ;n = how does a partial solution look like?
XDS Xdom Xﬁdom
oo o . B current size
® Nice path decomposition of width kK — 1:

of DomSet

vertices of current bag
o = what do we have to do for introduce

nodes and forget nodes?
forget introduce forget introduce introduce ® how do we obtain overall solution?
Vi Vik+1 V2 Vk+2 Vn

B runtime?

AKIT



Sheet 6 - Connected Dominating Set

Given a graph G, a parameter k, and a tree decomposition of width k, provide an FPT algorithm to find a
minimum connected dominating set. (use dynamic programming on the tree decomposition)

DP algorithm on tree decomposition:

® how does a partial solution look like?

AKIT



Sheet 6 - Connected Dominating Set

Given a graph G, a parameter k, and a tree decomposition of width k, provide an FPT algorithm to find a
minimum connected dominating set. (use dynamic programming on the tree decomposition)

DP algorithm on tree decomposition:

® how does a partial solution look like?

XDS Xdom Xﬁdom

current size
eee . B of DomSet

vertices of current bag

Xps: contained in the DomSet
Xdom: Not in DomSet, but dominated
X-dom: not in DomSet, not dominated

AKIT



Sheet 6 - Connected Dominating Set

Given a graph G, a parameter k, and a tree decomposition of width k, provide an FPT algorithm to find a
minimum connected dominating set. (use dynamic programming on the tree decomposition)

DP algorithm on tree decomposition:

® how does a partial solution look like?

XDS Xdom Xﬁdom

current size
eee . B of DomSet

vertices of current bag

Xps: contained in the DomSet

Xgom: Not in DomSet, but dominated what else do we need to store?

X-dom: not in DomSet, not dominated

AKIT



Sheet 6 - Connected Dominating Set

Given a graph G, a parameter k, and a tree decomposition of width k, provide an FPT algorithm to find a
minimum connected dominating set. (use dynamic programming on the tree decomposition)

DP algorithm on tree decomposition:

® how does a partial solution look like?

XDS Xdom Xﬁdom

current size
eee . B of DomSet

vertices of current bag
_|_

partition of Xps into
connected components

Xbs

AKIT



Sheet 6 - Connected Dominating Set

Given a graph G, a parameter k, and a tree decomposition of width k, provide an FPT algorithm to find a
minimum connected dominating set. (use dynamic programming on the tree decomposition)

DP algorithm on tree decomposition:

® how does a partial solution look like?

XDS Xdom Xﬁdom

current size
eee . B of DomSet

vertices of current bag
_|_

partition of Xps into
connected components

?

connection either in current Xpg or
over already forgotten DS-vertices

Xbs

AKIT



Sheet 6 - Connected Dominating Set

Given a graph G, a parameter k, and a tree decomposition of width k, provide an FPT algorithm to find a
minimum connected dominating set. (use dynamic programming on the tree decomposition)

DP algorithm on tree decomposition:
How do we keep track of connected components?
® how does a partial solution look like?

XDS Xdom Xﬁdom

current size
eee . B of DomSet

vertices of current bag
_|_

partition of Xps into
connected components

?

connection either in current Xpg or
over already forgotten DS-vertices

Xbs

AKIT



Sheet 6 - Connected Dominating Set

Given a graph G, a parameter k, and a tree decomposition of width k, provide an FPT algorithm to find a
minimum connected dominating set. (use dynamic programming on the tree decomposition)

DP algorithm on tree decomposition:
How do we keep track of connected components?
® how does a partial solution look like?

® [ntroduce node: update
Xps  Xdom X-dom " partition if added to Xps Xos .
current size
eee . ' of DomSet 2 é
vertices of current bag Xbs ?"p"‘ —
partition of Xps into Xbs .

connected components

connection either in current XDS or @ @

over already forgotten DS-vertices

AKIT



Sheet 6 - Connected Dominating Set

Given a graph G, a parameter k, and a tree decomposition of width k, provide an FPT algorithm to find a
minimum connected dominating set. (use dynamic programming on the tree decomposition)

DP algorithm on tree decomposition:
How do we keep track of connected components?
® how does a partial solution look like?
® [ntroduce node: update
Xps  Xdom X-—dom s partition if added to Xps
current size
eee . ' of DomSet é

vertices of current bag Xbs

partition of Xps into _y
connected components

connection either in current XDS or @ @

over already forgotten DS-vertices

AKIT



Sheet 6 - Connected Dominating Set

Given a graph G, a parameter k, and a tree decomposition of width k, provide an FPT algorithm to find a
minimum connected dominating set. (use dynamic programming on the tree decomposition)

DP algorithm on tree decomposition:
How do we keep track of connected components?
® how does a partial solution look like?

® [ntroduce node: update
Xbs  Xdom X-—dom partition if added to Xps

current size
nesl RS oioomse @Q% A&
vertices of current bag Xbs

partition of Xps into _y
connected components

connection either in current XDS or @ @

over already forgotten DS-vertices

AKIT



Sheet 6 - Connected Dominating Set

Given a graph G, a parameter k, and a tree decomposition of width k, provide an FPT algorithm to find a
minimum connected dominating set. (use dynamic programming on the tree decomposition)

DP algorithm on tree decomposition:
How do we keep track of connected components?
® how does a partial solution look like?

® [ntroduce node: update
Xbs  Xdom X-—dom partition if added to Xps

current size
IU] | e @Q% A L
vertices of current bag Xbs

partition of Xps into
connected components

?

connection either in current X
over already forgotten DS-vertices

AKIT



Sheet 6 - Connected Dominating Set

Given a graph G, a parameter k, and a tree decomposition of width k, provide an FPT algorithm to find a
minimum connected dominating set. (use dynamic programming on the tree decomposition)

DP algorithm on tree decomposition:
How do we keep track of connected components?
® how does a partial solution look like?

m forget node: throw away partial solution if forgotten vertex is

Xps  Xdom X-dom only the one in its component

current size
eee . B of DomSet

vertices of current bag
_|_

partition of Xps into
connected components

?

connection either in current Xpg or
over already forgotten DS-vertices

XDS XDS

AKIT



Sheet 6 - Connected Dominating Set

Given a graph G, a parameter k, and a tree decomposition of width k, provide an FPT algorithm to find a
minimum connected dominating set. (use dynamic programming on the tree decomposition)

DP algorithm on tree decomposition:
How do we keep track of connected components?
® how does a partial solution look like?

m forget node: throw away partial solution if forgotten vertex is

Xps  Xdom X-dom only the one in its component

000 . oo 4 current size

of DomSet
vertices of current bag X
Xbs DS C> can not be connected
+ to the rest of the DomSet
partition of Xps into anymore!
connected components

?

connection either in current Xpg or
over already forgotten DS-vertices

AKIT



Sheet 6 - Connected Dominating Set

Given a graph G, a parameter k, and a tree decomposition of width k, provide an FPT algorithm to find a
minimum connected dominating set. (use dynamic programming on the tree decomposition)

DP algorithm on tree decomposition:
How do we keep track of connected components?
® how does a partial solution look like?

m forget node: throw away partial solution if forgotten vertex is

Xps  Xdom X-dom only the one in its component

current size
eee . B of DomSet

vertices of current bag
_|_

partition of Xps into
connected components

?

connection either in current Xpg or
over already forgotten DS-vertices

C, can not be connected
to the rest of the DomSet
anymore!

Xbs

AKIT



Sheet 6 - Connected Dominating Set

Given a graph G, a parameter k, and a tree decomposition of width k, provide an FPT algorithm to find a
minimum connected dominating set. (use dynamic programming on the tree decomposition)

DP algorithm on tree decomposition:
How do we keep track of connected components?
® how does a partial solution look like?

® join node: combine two partial solutions if Xps is identical
XDS Xdom Xﬁdom

current size
eee . B of DomSet

vertices of current bag
_|_

partition of Xps into
connected components

?

connection either in current Xpg or
over already forgotten DS-vertices

Xbs

AKIT



Sheet 6 - Connected Dominating Set

Given a graph G, a parameter k, and a tree decomposition of width k, provide an FPT algorithm to find a
minimum connected dominating set. (use dynamic programming on the tree decomposition)

DP algorithm on tree decomposition:
. . _ How do we keep track of connected components?
® how does a partial solution look like?

® join node: combine two partial solutions if Xps is identical
XDS Xdom Xﬁdom

current size
eee . B of DomSet

wiodormis PR~ P

partition of Xps into
connected components

?

connection either in current Xpg or
over already forgotten DS-vertices

® merge connected components accordingly:

AKIT



Sheet 6 - Connected Dominating Set

Given a graph G, a parameter k, and a tree decomposition of width k, provide an FPT algorithm to find a
minimum connected dominating set. (use dynamic programming on the tree decomposition)

DP algorithm on tree decomposition:
. . _ How do we keep track of connected components?
® how does a partial solution look like?

® join node: combine two partial solutions if Xps is identical
XDS Xdom Xﬁdom

current size
eee . B of DomSet

wiodormis PR~ P

partition of Xps into

connected components ; ; ; '\
connection either in current XDS or

over already forgotten DS-vertices

® merge connected components accordingly:

AKIT



Recap: Parameterized reduction

Reduction from problem L to problem L’

instance (I, k)

' / k/ . /
o il 2 instance (I', k')  with kK’ < g(k)

of problem L’

= map each instance (I, k) of L to instance (I', k") of L' with k' < g(k)

AKIT



Recap: Parameterized reduction

Reduction from problem L to problem L’

: equivalent
instance (I, k) inst;nce (I' k')
of problem L o problem’ﬁl

= map each instance (I, k) of L to instance (I', k") of L' with k' < g(k)
m (I, k) yes-instance < (I', k') yes-instance

with k' < g(k)

AKIT



Recap: Parameterized reduction

Reduction from problem L to problem L’

: equivalent
IISEER (b FPT time £(k) - |1]O®) instance (I, k')
of problem L of problem £

= map each instance (I, k) of L to instance (I', k") of L' with k' < g(k)
m (I, k) yes-instance < (I', k') yes-instance
= the map must be computable in FPT-time f(k) - |I|°)

with k' < g(k)

(f and g computable)
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Recap: Parameterized reduction

Reduction from problem L to problem L’

: equivalent
IISEER (b FPT time £(k) - |1]O®) instance (I, k')
of problem L of problem £

= map each instance (I, k) of L to instance (I', k") of L' with k' < g(k)
m (I, k) yes-instance < (I', k') yes-instance
= the map must be computable in FPT-time f(k) - |I|°)

Implications
= FPT algorithm for L' = FPT algorithm for £

with k' < g(k)

(f and g computable)
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Recap: Parameterized reduction

Reduction from problem L to problem L’

: equivalent
IISEER (b FPT time £(k) - |1]O®) instance (I, k')
of problem L of problem £

= map each instance (I, k) of L to instance (I', k") of L' with k' < g(k)
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H IerarCh ICaI PrOblemS s there a parameterized reduction from VERTEX COVER to

INDEPENDENT SET? If so, provide one. If not, argue why not.*
® Show W/l]-hardness for:

MuLTICOLORED BIcLIQUE Given a colored bipartite graph G = (V, E) with k colors, does
G contain the complete bipartite graph K « as an induced subgraph, where every side of
the bipartition is colorful?

Ra%e¥

AKIT



H IerarCh ICaI PrOblemS s there a parameterized reduction from VERTEX COVER to

INDEPENDENT SET? If so, provide one. If not, argue why not.*
® Show W/l]-hardness for:

MuLTICOLORED BIcLIQUE Given a colored bipartite graph G = (V, E) with k colors, does
G contain the complete bipartite graph K « as an induced subgraph, where every side of

the bipartition is colorful?
ok

LONG INDUCED PATH Given a graph G = (V, E) and a parameter k, does G contain an
induced path of length k?

200,01

AKIT



H IerarCh ICaI PrOblemS s there a parameterized reduction from VERTEX COVER to

INDEPENDENT SET? If so, provide one. If not, argue why not.*
® Show W/l]-hardness for:

MuLTICOLORED BIcLIQUE Given a colored bipartite graph G = (V, E) with k colors, does
G contain the complete bipartite graph K « as an induced subgraph, where every side of

the bipartition is colorful?
ok

LONG INDUCED PATH Given a graph G = (V, E) and a parameter k, does G contain an

induced path of length k?
Kk -k

m Determine the parameterized complexity (W |t]-completeness for some t) of:

INDEPENDENT DOMINATING SET: Given a graph G = (V, E) and a parameter k, does G

contain an independent set S of size k s.t. each vertex in V' \ S is adjacent to a vertex in §7?
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parameterized reduction ®
3
R\
: P\
instance of \©
VERTEX COVER solve with FPT algorithm
H
parameter k g 5
VERTEX COVER € FPT “ce

INDPENDENT SET € W[1] = VERTEX COVER € W/|[1]

parameter 2
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parameterized reduction ®
3
R\
: P\
instance of \©
VERTEX COVER solve with FPT algorithm
H
parameter k g 5
VERTEX COVER € FPT “ce

INDPENDENT SET € W[1] = VERTEX COVER € W/|[1]

repeat analogously for every FPT-problem — FPT C W/[1]

parameter 2
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= make two copies for each vertex (left and right)
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DOMINATING SET
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weft (of circuit): largest number of nodes with in-degree > 2 on a directed path

weight (of assignment): number of 1s for input nodes
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