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Problems

Is there a connection between LexBFS, LexBFS−, G, and G?
If yes, can this be exploited to simplify the algorithm? If no, where is the problem?

(4)

Both papers define cographs. Is it the same graph class?
If yes, how do you know?
If no, is one a strict subclass of the other? Find an example.

(1)

Is the LexBFS algorithm of Bretscher, Corneil, Habib, Paul the same as in the lecture?
What does same mean here? Where do they differ, what are similarities?

(3)

(0) Download the following two papers:
https://epubs.siam.org/doi/epdf/10.1137/060664690
https://www.sciencedirect.com/science/article/pii/0166218X81900135

https://scholar.google.com
Characterize the graphs with twinwidth 0. Find a suitable reference.(5)

Def: True (false) twin of vertex v: vertex w with N [v] = N [w] (N(v) = N(w))
Let G be the set of graphs obtained from a single vertex by adding true or false twins.
Can the graphs in G be efficiently recognized?
I.e., given a graph G, can it be efficiently decided whether or not G ∈ G?

(2)

https://epubs.siam.org/doi/epdf/10.1137/060664690
https://www.sciencedirect.com/science/article/pii/0166218X81900135
https://scholar.google.com/
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Definitions of cographs

Bretscher, Corneil, Habib, Paul:

Corneil, Lerchs, Stewart Burlingham:

?

the definition below is also given in Bretscher et al. → find all characterizations in the papers
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Definitions of cographs

Bretscher, Corneil, Habib, Paul:

Corneil, Lerchs, Stewart Burlingham:

induced

So, not the same graph class?
Isn’t that false?
K4 is a cograph but does contain P4 as subgraph!

the definition below is also given in Bretscher et al. → find all characterizations in the papers
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Definitions of cographs

Bretscher, Corneil, Habib, Paul:

Corneil, Lerchs, Stewart Burlingham:

induced

Cograph means the same in both papers!

the definition below is also given in Bretscher et al. → find all characterizations in the papers
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Twins and cographs

Let G be a graph and u, v ∈ V (G) be distinct vertices.
Definition: u and v are true twins if N [u] = N [v].
Definition: u and v are false twins if N(u) = N(v).

N(v) ∪ {v}

Let G be the set of graphs obtained from a single vertex by adding true or false twins.
Can the graphs in G be efficiently recognized?
I.e., given a graph G, can it be efficiently decided whether or not G ∈ G?
Goal: G is exactly the class of cographs

false twins

true twins
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Twins and cographs

Goal: G is exactly the class of cographs
Theorem 2: G is a cograph ⇔ every induced subgraph of G has a pair of twins.

Let G be the set of graphs obtained from a single vertex by adding true or false twins.
Can the graphs in G be efficiently recognized?
I.e., given a graph G, can it be efficiently decided whether or not G ∈ G?

Claim: G is closed under taking induced subgraphs
Let v ∈ V (G) be the vertex that was added last and call induction on G− v

By induction all induced subgraphs GA of G− v in G
W. l. o. g twin of v in A⇒ GA+v ∈ G

(with at least two vertices)
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Twins and cographs

Goal: G is exactly the class of cographs
Theorem 2: G is a cograph ⇔ every induced subgraph of G has a pair of twins.

Let G be a cograph and u, v ∈ V (G) be two twins.
G− u is a cograph ⇒ by induction G− u ∈ G ⇒ G ∈ G

We show the other direction by induction on the number of vertices:
Every G ∈ G has pair of twins by construction ⇒ cograph by Theorem 2 and Claim

Let G be the set of graphs obtained from a single vertex by adding true or false twins.
Can the graphs in G be efficiently recognized?
I.e., given a graph G, can it be efficiently decided whether or not G ∈ G?

Claim: G is closed under taking induced subgraphs

(with at least two vertices)
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LexBFS

Is the LexBFS algorithm of Bretscher, Corneil, Habib, Paul the same as in the lecture?
What does same mean here? Where do they differ, what are similarities?

?!

(Good) papers have a
text description of the
algorithm that explains
the key ideas.
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LexBFS

Is the LexBFS algorithm of Bretscher, Corneil, Habib, Paul the same as in the lecture?
What does same mean here? Where do they differ, what are similarities?

sounds familiar → continue with assumption that it is the same algorithm
indeeed, same algorithm as in the lecture

But we should continue reading and learn more!
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LexBFS−

Is there a connection between LexBFS, LexBFS−, G, and G?
If yes, can this be exploited to simplify the algorithm? If no, where is the problem?

There seems to be some connection.
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LexBFS−

Is there a connection between LexBFS, LexBFS−, G, and G?
If yes, can this be exploited to simplify the algorithm? If no, where is the problem?

What is a pivot?

maybe not so clearτ is the result of a LexBFS, something we know!

Never stop at a sentence you don’t get!
The explanation is often in the next sentence.
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LexBFS−

Is there a connection between LexBFS, LexBFS−, G, and G?
If yes, can this be exploited to simplify the algorithm? If no, where is the problem?

Never stop at a sentence you don’t get!
The explanation is often in the next sentence.

LexBFS− is a LexBFS on the complement with τ as tie-breaker.

Now, you can verify what you understood by checking how the pseudocode is changed.
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LexBFS−

Is there a connection between LexBFS, LexBFS−, G, and G?
If yes, can this be exploited to simplify the algorithm? If no, where is the problem?

LexBFS− is a LexBFS on the complement with τ as tie-breaker.

So, can we simplify the algorithm?
→ Omit LexBFS− by a LexBFS on the complement (respecting the tie-breaker)?
✓ correctness
X runtime O(n2) for computing the complement instead of O(m)
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Twinwidth

https://dl.acm.org/doi/pdf/10.1145/3486655
Bonnet, Kim, Thomassé, Watrigant: Twin-width I: Tractable FO Model Checking

Graphs of twinwidth 0 are exactly the cographs.

Learning: Papers can be helpful, even if you do not understand the abstract.
Try to skip everything you do not understand and find the part you are familiar with,
e.g., cographs or twinwidth 0 (after reading the definition).

Characterize the graphs with twinwidth 0. Find a suitable reference.

https://dl.acm.org/doi/pdf/10.1145/3486655
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