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constrained deadlines.
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THE GENERAL SETTING

Task set T of sporadic (or synchronous periodic) tasks with
constrained deadlines.

Is T feasible on a preemptive uniprocessor?
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AN ALGORITHM FOR FEASIBILITY [BARUAH ET AL., 1990]

PonTus EKBERG FEASIBILITY 1S CONP-COMPLETE UNDER BOUNDED UTILIZATION



AN ALGORITHM FOR FEASIBILITY [BARUAH ET AL., 1990]

A
-
oo
b oo
k3
—d
.
-
4 .
-
g
o
o0
ol
p -
—8
Uand
-
- .
7 el
o
-~
-
oo
4 oo
L
o
o
1ol
o
4 o
-
<
P ad
o
el
B -
-
-
S
—
p 0
-
—
v
3
. >
A o AMERRaans nan — /
P(T)

=lem{p| (¢,d,p) € T}

PonTus EKBERG FEASIBILITY 1S CONP-COMPLETE UNDER BOUNDED UTILIZATION



AN ALGORITHM FOR FEASIBILITY [BARUAH ET AL., 1990]

N FEASIBILITY
* Exp. time algorithm exists
] e
=
o3
] e
-
] s
L and
=
1 ki
=
- ".:"
L ad
-
] o
L ad
] s
s
=3
- .-“:.
— — /
P(T)

=lem{p| (e,d,p) € T}

PonTus EKBERG FEASIBILITY 1S CONP-COMPLETE UNDER BOUNDED UTILIZATION



AN ALGORITHM FOR FEASIBILITY [BARUAH ET AL., 1990]

N FEASIBILITY
* Exp. time algorithm exists
] * IncoNP
] e
=
o3
] e
-
] s
L and
=
1 ki
=
- "—:"
L ad
-
] e
-
] s
s
=3
- .-“:.
— — /
P(T)

=lem{p| (e,d,p) € T}

PonTus EKBERG FEASIBILITY 1S CONP-COMPLETE UNDER BOUNDED UTILIZATION



AN ALGORITHM FOR FEASIBILITY [BARUAH ET AL., 1990]

FEASIBILITY

* Exp. time algorithm exists
* IncoNP

| | e

A >
T T T T T T T T >

P(T)
=lem{p| (e,d,p) € T}

PonTus EKBERG FEASIBILITY 1S CONP-COMPLETE UNDER BOUNDED UTILIZATION



AN ALGORITHM FOR FEASIBILITY [BARUAH ET AL., 1990]

N FEASIBILITY
* Exp. time algorithm exists
] g : / ¢ IncoNP
] o
=
o3
] ::._.
Sl
] S
L and
=
1 ki
=
E =
L ad
-
] e
ra
] /s
=3
- .-“:.
— — /
P(T)

=lem{p| (e,d,p) € T}

PonTus EKBERG FEASIBILITY 1S CONP-COMPLETE UNDER BOUNDED UTILIZATION



AN ALGORITHM FOR FEASIBILITY [BARUAH ET AL., 1990]

N FEASIBILITY
* Exp. time algorithm exists
] g : / ¢ IncoNP
] o
=
o3
] e
-
] S
L and
=
1 ki
=
- "—:"
L ad
-
] e
-
] s
s
=3
- .-“:.
— — /
P(T)

=lem{p| (e,d,p) € T}

PonTus EKBERG FEASIBILITY 1S CONP-COMPLETE UNDER BOUNDED UTILIZATION



AN ALGORITHM FOR FEASIBILITY [BARUAH ET AL., 1990]

FEASIBILITY

* Exp. time algorithm exists
* IncoNP

-— — /
P(T)
=lem{p| (e, d,p) € T}

PonTus EKBERG FEASIBILITY 1S CONP-COMPLETE UNDER BOUNDED UTILIZATION



AN ALGORITHM FOR FEASIBILITY [BARUAH ET AL., 1990]

FEASIBILITY

* Exp. time algorithm exists
* IncoNP

-— — /
] P(T)

? =lem{p| (e,d,p) € T}

PonTus EKBERG FEASIBILITY 1S CONP-COMPLETE UNDER BOUNDED UTILIZATION



AN ALGORITHM FOR FEASIBILITY [BARUAH ET AL., 1990]

FEASIBILITY

* Exp. time algorithm exists
* IncoNP

P'P’I A > g

T T T T T T T T
p—— P(T)

? =lem{p| (e,d,p) € T}

PonTus EKBERG FEASIBILITY 1S CONP-COMPLETE UNDER BOUNDED UTILIZATION



AN ALGORITHM FOR FEASIBILITY [BARUAH ET AL., 1990]

FEASIBILITY

* Exp. time algorithm exists
* IncoNP

pp- £

Tl T — — {
- P(T)
pp if U(T) <e< 1 =lem{p| (¢,d,p) € T}

PonTus EKBERG FEASIBILITY 1S CONP-COMPLETE UNDER BOUNDED UTILIZATION



AN ALGORITHM FOR FEASIBILITY [BARUAH ET AL., 1990]

FEASIBILITY

* Exp. time algorithm exists
* IncoNP

c-FEasiBiLITY (U(T) < ¢)

* Pseudo-poly. time algorithm if ¢ < 1

] ¢ IncoNP
pp- T g
A — — {
] P(T)
pp if U(T) <e< 1 =lem{p| (¢,d,p) € T}

PonTus EKBERG FEASIBILITY 1S CONP-COMPLETE UNDER BOUNDED UTILIZATION 3



AN ALGORITHM FOR FEASIBILITY [BARUAH ET AL., 1990]

FEASIBILITY

* Exp. time algorithm exists
* IncoNP

* Weakly coNP-hard
[Eisenbrand & Rothvof}, SODA’10]

c-FEasiBiLITY (U(T) < ¢)

* Pseudo-poly. time algorithm if ¢ < 1

] ¢ IncoNP
pp- T g
A — — {
] P(T)
pp if U(T) <e< 1 =lem{p| (¢,d,p) € T}

PonTus EKBERG FEASIBILITY 1S CONP-COMPLETE UNDER BOUNDED UTILIZATION 3



AN ALGORITHM FOR FEASIBILITY [BARUAH ET AL., 1990]

FEASIBILITY

* Exp. time algorithm exists
* IncoNP

* Weakly coNP-hard
[Eisenbrand & Rothvof}, SODA’10]

* Conjectured pseudo-poly. time

c-FEasiBiLITY (U(T) < ¢)

* Pseudo-poly. time algorithm if ¢ < 1

] ¢ IncoNP
pp- T g
A — — {
] P(T)
pp if U(T) <e< 1 =lem{p| (¢,d,p) € T}

PonTus EKBERG FEASIBILITY 1S CONP-COMPLETE UNDER BOUNDED UTILIZATION 3



AN ALGORITHM FOR FEASIBILITY [BARUAH ET AL., 1990]

FEASIBILITY

* Exp. time algorithm exists
* IncoNP

* Weakly coNP-hard
[Eisenbrand & Rothvof}, SODA’10]

* Conjectured pseudo-poly. time

c-FEasiBiLITY (U(T) < ¢)

* Pseudo-poly. time algorithm if ¢ < 1

] * In coNP
1 e Conjectured poly. time for all ¢ < 1
pp- T g
‘"~ —> /
— P(T)
pp if U(T) <e< 1 =lem{p| (¢,d,p) € T}

PonTus EKBERG FEASIBILITY 1S CONP-COMPLETE UNDER BOUNDED UTILIZATION 3



AN ALGORITHM FOR FEASIBILITY [BARUAH ET AL., 1990]

FEASIBILITY

* Exp. time algorithm exists
* IncoNP

* Weakly coNP-hard
[Eisenbrand & Rothvof}, SODA’10]

. .@eﬂjeetﬁ*ed_pse.ﬂée—pel_}l_tme_’ — 4
* Strongly coNP-hard [ECRTS’15]

c-FEasiBiLITY (U(T) < ¢)

* Pseudo-poly. time algorithm if ¢ < 1

] * In coNP
1 e Conjectured poly. time for all ¢ < 1
pp- T g
‘"~ —> /
— P(T)
pp if U(T) <e< 1 =lem{p| (¢,d,p) € T}

PonTus EKBERG FEASIBILITY 1S CONP-COMPLETE UNDER BOUNDED UTILIZATION 3



AN ALGORITHM FOR FEASIBILITY [BARUAH ET AL., 1990]

4
.'o-"
1 [l
-

] s

~‘."
] ¥ .

=
1 g c-FEAsIBILITY (U(T) < 0)
-2
] ‘_:-v"' * Pseudo-poly. time algorithm if ¢ < 1
E “:::" : : : * In coNP
o .
1 /& e Conjectured poly. time for all ¢ < 1
>

PonTus EKBERG FEASIBILITY 1S CONP-COMPLETE UNDER BOUNDED UTILIZATION 3



AN ALGORITHM FOR FEASIBILITY [BARUAH ET AL., 1990]

4
u(m
1 c-FEasiBiLITY (U(T) < ¢)
1 * Pseudo-poly. time algorithm if ¢ < 1
1 : : : * IncoNP
1 e Conjectured poly. time for all ¢ < 1
A e ()

PonTus EKBERG FEASIBILITY 1S CONP-COMPLETE UNDER BOUNDED UTILIZATION 3



AN ALGORITHM FOR FEASIBILITY [BARUAH ET AL., 1990]

4
] 0.9
u(T)
1 c-FEasiBiLITY (U(T) < ¢
1 * Pseudo-poly. time algorithm if ¢ < 1
1 : : : * IncoNP
1 e Conjectured poly. time for all ¢ < 1
A e ()

PonTus EKBERG FEASIBILITY 1S CONP-COMPLETE UNDER BOUNDED UTILIZATION 3



AN ALGORITHM FOR FEASIBILITY [BARUAH ET AL., 1990]

A
1 0.99
] : : 0.9
u(T)
1 c-FEasiBiLITY (U(T) < ¢
1 * Pseudo-poly. time algorithm if ¢ < 1
1 : : : * IncoNP
1 e Conjectured poly. time for all ¢ < 1
- ———eeeeeeeeee f

PonTus EKBERG FEASIBILITY 1S CONP-COMPLETE UNDER BOUNDED UTILIZATION 3



AN ALGORITHM FOR FEASIBILITY [BARUAH ET AL., 1990]

0.99

0.9
u(T)

c-FEasiBiLITY (U(T) < ¢
* Pseudo-poly. time algorithm if ¢ < 1
* IncoNP

e Conjectured poly. time for all ¢ < 1

PonTus EKBERG FEASIBILITY 1S CONP-COMPLETE UNDER BOUNDED UTILIZATION 3



AN ALGORITHM FOR FEASIBILITY [BARUAH ET AL., 1990]

0.99

0.9
u(T)

c-FEasiBiLITY (U(T) < ¢
* Pseudo-poly. time algorithm if ¢ < 1
* IncoNP

e Conjectured poly. time for all ¢ < 1

(

.05
14

.
Y ©

PonTus EKBERG FEASIBILITY 1S CONP-COMPLETE UNDER BOUNDED UTILIZATION 3



AN ALGORITHM FOR FEASIBILITY [BARUAH ET AL., 1990]

0.99

0.9
u(T)

c-FEasiBiLITY (U(T) < ¢
* Pseudo-poly. time algorithm if ¢ < 1
* IncoNP
. Coni oot timmeforal
0.05
> (¢ Weakly coNP-hard for all ¢ > 0

PonTus EKBERG FEASIBILITY 1S CONP-COMPLETE UNDER BOUNDED UTILIZATION 3



ProviNG HARDNESS FOR c-FEASIBILITY

PonTus EKBERG FEASIBILITY 1S CONP-COMPLETE UNDER BOUNDED UTILIZATION



ProviNG HARDNESS FOR c-FEASIBILITY

FEASIBILITY

PonTus EKBERG FEASIBILITY 1S CONP-COMPLETE UNDER BOUNDED UTILIZATION



ProviNG HARDNESS FOR c-FEASIBILITY

FEASIBILITY

c-FEASIBILITY

PonTus EKBERG FEASIBILITY 1S CONP-COMPLETE UNDER BOUNDED UTILIZATION



ProviNG HARDNESS FOR c-FEASIBILITY

FEASIBILITY

c-FEASIBILITY

PonTus EKBERG FEASIBILITY 1S CONP-COMPLETE UNDER BOUNDED UTILIZATION



ProviNG HARDNESS FOR c-FEASIBILITY

FEASIBILITY

c-FEASIBILITY

PonTus EKBERG FEASIBILITY 1S CONP-COMPLETE UNDER BOUNDED UTILIZATION



ProviNG HARDNESS FOR c-FEASIBILITY

FEASIBILITY

T is feasible < T, is feasible
U(T) <e¢

c-FEASIBILITY

T, is computed in poly. time
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FEASIBILITY o< c-FEASIBILITY, STEP 1
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FEASIBILITY o< c-FEASIBILITY, WITH LOG-SCALE GLASSES

(MP(T)] ([3]P(T)] ([6]P(T)] ([7]77(T)]
N/

log(?)
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WHEN 1S FEASIBILITY DECIDABLE IN PoLry. TIME?

If deadlines are implicit. [Liu & Layland, 1973]

If deadlines are constrained and periods are harmonic.
[Bonifaci et al., 2013]

iod
IfU(T)<c<1 and w<q(n).

. . ~X
min period
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max period

fUT) <c<l1 and < q(n).

. . ~X
min period
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CONCLUSION

Asynchronous
periodic

Synchronous
periodic
(or sporadic)

Utilization
General case bounded by a
constant c,
0<e<1
Strongly Strongly

coNP-complete

coNP-complete

Strongly
coNP-complete

Weakly
coNP-complete
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PonTus EKBERG

VThank you!
&

JQuestions?
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