Colouring Sparse Graphs

Francois Pirot

04/11/2019

Under the supervision of

Miguel Couceiro, Eric Cator, Ross Kang, and Jean-Sébastien Sereni.




What is a graph?



What is a graph?

e Nodes / Vertices



What is a graph?

 Nodes / Vertices
 Edges

04/11/2019 Francois Pirot



il

What is a graph?

B e

Two neighbours

 Nodes / Vertices
 Edges

04/11/2019 Francois Pirot



What is a graph?

Two neighbours

 Nodes / Vertices

« Edges A vertex of degree 4

04/11/2019 Francois Pirot



BRUXELLES

Conflans- Reims_
Find'Oise | Aérogort Champagna
es CHETEV,

Chessy TGV vigrylg. £°
Frangois.

Laroch:
Venddme TGV Les Aubrais- Migennes
ridans

Les Sables d"Olonna

St-Etienns
Valence-TGV
Rhéne Alpes Sud
Brivea-Gaillarde

Two neighbours

A vertex of degree 4

‘ Perpignan

04/11/2019 Francois Pirot



Calais-Frethun I
Boulogne/mer

Les Sables d"Olonna

Brivela-Gaillarde

‘ Perpignan

04/11/2019

BRUXELLES

Chessy TGV vigrylg. £°
Frangois

St-Etienne,

Valence-TGV
Rhéne Alpes Sud

Orange

Avignon Centre

Francois Pirot




e

04/11/2019 : Francois Pirot 3



04/11/2019

S ——————-

————————

il
———

Francois Pirot

S

T T

e T, g s e

il

e R i . e TR B

ey I S —
——

T——
e

e m————

———————

e . g e T




T ey S - = » - -l & e ——l
e g e T il - i N -

T e e R e gl

ey I S — e e
e e i S e . g e T

— <
e

il
T T

04/11/2019 : Francois Pirot 3



04/11/2019

Francois Pirot



Y2

F——

04/11/2019

Francois Pirot

e, T i

e

e e S T e T

- o — — e ——— :
—u!'——_-'-—_-q*":‘l‘-—---r- e—r.—ﬂ'-n—-'-—_-—_r g e .—:‘-—v—‘-—_—_l'




04/11/2019

A cheating-proof test

Francois Pirot




04/11/2019

A cheating-proof test

Francois Pirot




T
e

S—
- -~ oo .
— = = S~—— - > -
= = oo -
o - 2 ~— - A =
- —— X -
\\
- E — oo Ao
= . : S~—"

04/11/2019

Francois Pirot




04/11/2019 Francois Pirot 3



- S —— T - )

m} '
TUITIper.,

04/11/2019 Francois Pirot 3



04/11/2019

e e I AR PG O o PP Y

A Y ) | — Y -
- ClNrorMmatiC ryurniper. ¥y — 4

: et 581 S T T e e iy o T e

Francois Pirot :



04/11/2019

-l - i

ST e T o e T S e e W e

——————— el
: o
1 11

Francois Pirot

~




04/11/2019

A cheating-proof test

Francois Pirot




04/11/2019 Francois Pirot 3



04/11/2019 Francois Pirot 3



04/11/2019 Francois Pirot 3



04/11/2019 Francois Pirot 3



Sl == ; . :
Sy — i I — ——— : - - :
—

m} '
TUITIper.,

04/11/2019 Francois Pirot 3



04/11/2019 Francois Pirot 3



The (fractional) chromatic number

* The perfect tool in resource management



The (fractional) chromatic number

* The perfect tool in resource management
e Parallel computing

8
.'/*\’»!/\.

B B

8

S 8



The (fractional) chromatic number

* The perfect tool in resource management
e Parallel computing
* Frequency allocation




The (fractional) chromatic number

* The perfect tool in resource management
e Parallel computing
* Frequency allocation
* Time tables




The (fractional) chromatic number

* The perfect tool in resource management

e Parallel computing

* Frequency allocation
* Time tables

* Many more...

5

3

6

1

5

9

8

4

8

3

=

7

w




The (fractional) chromatic number

* The perfect tool in resource management

e Parallel computing

* Frequency allocation
* Time tables

* Many more...

* Really hard to compute

5

3

6

1

5

9

8

4

8

3

=

7

w




The (fractional) chromatic number

* The perfect tool in resource management

e Parallel computing

* Frequency allocation
* Time tables

* Many more...

* Really hard to compute
 NP-hard

5

3

6

1

5

9

8

4

8

3

=

7

w




The (fractional) chromatic number

* The perfect tool in resource management

e Parallel computing

* Frequency allocation
* Time tables

* Many more...

* Really hard to compute
 NP-hard
e Hard to approximate

5

3

6

1

5

9

8

4

8

3

=

7

4

9

w




Greedy colouring




Greedy colouring




Greedy colouring




Greedy colouring




Greedy colouring




Greedy colouring




Greedy colouring




Greedy colouring




Greedy colouring




Greedy colouring




Greedy colouring




Greedy colouring




Greedy colouring




Greedy colouring

e Worst scenario: A 4+ 1 colours, where A is the maximum degree (here A = 6).

* Sometimes this is best possible.



Greedy colouring

e Worst scenario: A 4+ 1 colours, where A is the maximum degree (here A = 6).

* Sometimes this is best possible.

cligue



Greedy colouring

e Worst scenario: A 4+ 1 colours, where A is the maximum degree (here A = 6).

* Sometimes this is best possible.
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Can we do (much) better?

 Random graphs * From local to global
* No triangle.

* Few triangles.

* No large clique.

<




Thank you!
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