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O(n9) [Baptiste, Brucker,
Knust, Timkovsky 04]
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Maher Mallem, Claire Hanen, Alix Munier-Kordon Sorbonne Université, CNRS, LIP6, F-75005 Paris December 14th 2023 3 / 13



Scheduling
Problem definition

Motivation

Parameterized
Complexity
General

Pathwidth

Pathwidth & maximum delay

Further work

Classical complexity theory

1|pj = 1, rj , dj |?

1|prec, pj = 1, rj , dj |? P |chains, pj = 1, rj , dj |?

1|rj , dj |?

1|prec, rj , dj |?

1|chains(`i,j ), pj = 1, rj , dj |?

P |prec, pj = 1, rj , dj |?

pj
prec

P,
ch

ain
s

chains, `i ,j

pr
ec

pj

P

prec

O(n log(n)) [Simons 78]
O(n9) [Baptiste, Brucker,
Knust, Timkovsky 04]

NP-complete
[BKL 77]

NP-complete
[Ullman 75]

NP-complete [Yu 96]

Maher Mallem, Claire Hanen, Alix Munier-Kordon Sorbonne Université, CNRS, LIP6, F-75005 Paris December 14th 2023 3 / 13



Scheduling
Problem definition

Motivation

Parameterized
Complexity
General

Pathwidth

Pathwidth & maximum delay

Further work

Classical complexity theory

1|pj = 1, rj , dj |?

1|prec, pj = 1, rj , dj |? P |chains, pj = 1, rj , dj |?

1|rj , dj |?

1|prec, rj , dj |?

1|chains(`i,j ), pj = 1, rj , dj |?

P |prec, pj = 1, rj , dj |?

pj
prec

P,
ch

ain
s

chains, `i ,j

pr
ec

pj

P

prec
O(n log(n)) [Simons 78]

O(n9) [Baptiste, Brucker,
Knust, Timkovsky 04]

NP-complete
[BKL 77]

NP-complete
[Ullman 75]

NP-complete [Yu 96]

Maher Mallem, Claire Hanen, Alix Munier-Kordon Sorbonne Université, CNRS, LIP6, F-75005 Paris December 14th 2023 3 / 13



Scheduling
Problem definition

Motivation

Parameterized
Complexity
General

Pathwidth

Pathwidth & maximum delay

Further work

Parameterized complexity classes

FPT

W [1]

W [2]

. . .

XNLP

para-NP XP

det. time f (k) · poly(n)

nondet. time f (k) · poly(n)
& space f (k) · log(n)

nondet. time f (k) · poly(n) det. time nf (k)

Maher Mallem, Claire Hanen, Alix Munier-Kordon Sorbonne Université, CNRS, LIP6, F-75005 Paris December 14th 2023 4 / 13



Scheduling
Problem definition

Motivation

Parameterized
Complexity
General

Pathwidth

Pathwidth & maximum delay

Further work

Parameterized complexity classes

FPT

W [1]

W [2]

. . .

XNLP

para-NP XP

det. time f (k) · poly(n)

nondet. time f (k) · poly(n)
& space f (k) · log(n)

nondet. time f (k) · poly(n) det. time nf (k)

Maher Mallem, Claire Hanen, Alix Munier-Kordon Sorbonne Université, CNRS, LIP6, F-75005 Paris December 14th 2023 4 / 13



Scheduling
Problem definition

Motivation

Parameterized
Complexity
General

Pathwidth

Pathwidth & maximum delay

Further work

Parameterized complexity in machine scheduling

[Bodlaender, Fellows 1995]

#machines m: P|prec, pj = 1|Cmax is W[2]-hard.

[Mnich, Wiese 2015]

Maximum processing time pmax : P||Cmax ∈ FPT.

[Hermelin, Karhi, Pinedo, Shabtay 2018]

#distinct dj , #distinct pj , #distinct wj : 1||
∑

wj Uj ∈ FPT with two of the
three.
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O(4µ ·n+n · log(n))
[MAPSP 22]

O(16µ · n4)
[Munier 21]

para-NP-hard(µ = 2)
[ROADEF 22]
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ec

P2

P pj

` i ,j

` i ,j

P
,p

re
c

P
,p

re
c

pj` i ,j

O(n log(n)) [Simons 78]
O(n9) [Baptiste, Brucker,
Knust, Timkovsky 04]

O(4µ ·n+n · log(n))
[MAPSP 22]

O(16µ · n4)
[Munier 21]

para-NP-hard(µ = 2)
[ROADEF 22]

para-NP-hard(µ = 4)
[Hanen, Munier 23]

O((2`max + 2)2µ`max ·
µ2 · `max 2 · (µ`max )! ·

n + n · log(n)) [IPEC 22]
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