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réduire ’énergie consommée
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“The minimum speed is limited
by the sequential job model

- J. Anderson, S. Baruah
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Find fand & such that P(f, k) is minimized

T Implicit-deadline sporadic tasks

Malleable jobs

DVFS/DPM-enabled processor with » cores

Homogeneous frequency

ﬁ Canonical optimal scheduling
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OS pour ’'embarqué en 2006

e Peu de considérations pour le multi-coeur
e Noyaux actuels ne passent pas a [’échelle [Cerqueira2014]

e Contraintes temporelles et gestion de l'alimentation non intégrés

e Ordonnancement: écart entre la recherche et industrie
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int main ()

{

const
omp_set_num_threads(4);

int num_steps = 1000;

#pragma omp parallel

}

{

}

Iint

nbt = omp_get_num_threads();

int tid = omp_get_thread_num () ;

int i_start = (tid * num_steps) / nbt;

int i_end = ((tid + 1) * num_steps) / nbt;
for (int i = i_start; i < i_end; ++i) {

/* workload executed in parallel x/

}

return O;
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Sequential

stage

master

18

19

int main ()

{

const

int num_steps = 1000;

omp_set_num_threads (4);

{
int
int
int
int

for

. #pragma omp parallel

nbt = omp_get_num_threads();

tid = omp_get_thread_num () ;

i_start = (tid * num_steps) / nbt;
i_end = ((tid + 1) * num_steps) / nbt;

(int i = i_start; i < i_end; ++i) {

/* workload executed in parallel =x/

}
}

return

0;
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Parallel
stage

master

worker

Sequential
stage

worker

worker

6 #pragma omp parallel

T

8 int nbt = omp_get_num_threads();

9 int tid = omp_get_thread_num () ;

10 int i_start = (tid * num_steps) / nbt;
11 int i_end = ((tid + 1) * num_steps) / nbt;
13

13 for (int i = i_start; i < i_end; ++i) {
14 /* workload executed in parallel x/
15 }

16 }

17

18 return O;

19 }
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1 int main()
2
3 const int num_steps = 1000;
Sequential Sequential 4 omp_set_num_threads(4);
stage stage 5
/
master 7. master
\\
\
fork join
18 return O0;
19 }
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int main ()

{

const

int num_steps = 1000;

omp_set_num_threads(4);

#pragma omp parallel

{
int
int
int
int

for

nbt = omp_get_num_threads();

tid = omp_get_thread_num () ;

i_start = (tid * num_steps) / nbt;
i_end = ((tid + 1) * num_steps) / nbt;

(int i = i_start; i < i_end; 4+i) {

/* workload executed in parallel =x/

}
b

return

0;
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1 int main()
2 {
3 const int num_steps = 1000;
Sequential Parallel 4+ omp_set_num_threads(4);
stage stage 5
6 #pragma omp parallel
master [N O
—— 8 int nbt = omp_get_num_threads();
o 9 int tid = omp_get_thread_num () ;
/ worker 10 int i_start = (tid * num_steps) / nbt;
master W 11 int i_end = ((tid + 1) * num_steps) / nbt;
S~ k e 2w g . . .
5 — 13 for (int i = i_start; i < i_end; ++i) {
' 14 /* workload executed in parallel %/
N
ﬁ . Wworker 15 }
fork 16 }
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int main ()

{

const

int num_steps = 1000;

omp_set_num_threads (4);

{
int
int
int
int

for

. #pragma omp parallel

nbt = omp_get_num_threads();

tid = omp_get_thread_num () ;

i_start = (tid * num_steps) / nbt;
i_end = ((tid + 1) * num_steps) / nbt;

(int i = i_start; i < i_end; ++i) {

/* workload executed in parallel =x/

}
}

return

0;
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Plate-forme ciblée -i.MX6q SabrelLite

e Carte embarquée ARM Cortex A9 MP

e Supportée par HIPPEROS
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DVFS et consommation
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Voltage converti en puissance / temps

5 Power measures over a single use case execution
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Temps d’exécution

5 Power measures over a single use case execution
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Pic de puissance

5 Power measures over a single use case execution
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Energie consommée

Power measures over a single use case execution
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Campagne de simulations expérimentales

e Génération aléatoire de taches applicatives a charge variable (U=0.6 > 2.9)

e Pour différents degrés de parallélisme -1, 2, 3, 4 threads

e L’'OS applique la gestion de l’alimentation _— Pt
QpenMP b:;acheerk. '

> <N\
/
N RTOS \\AEVS//
& lib support
Z

e On exécute les systemes ordonnancables ) [
I Mfeaf:rsvmeknt ) %;

e On mesure les résultats
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Energy (joules)

Average absolute energy consumption (232 systems)
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Conclusion

permet de
réduire [’énergie consommée tout en
garantissant les contraintes temporelles
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Conception systemes embarqués, aujourd’hui

{

useful work();
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Communauté temps-réel, conception, vision

in 3 {

useful work();
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Conception systemes embarqués, ma vision

in 3 &§& 1n 3 {

useful work();
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Ma vision, directions futures

in (3 , 3 , 2 C) A

useful work();
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Réaction du systeme

in (3 , 3 y 2 C) A
useful work();

J

S cc useful.c
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Réaction du systeme

in (3 , 3 y 2 C) A
useful work();

J

S cc useful.c

266



Réaction du systeme

in (3 , 3 y 2 C) A
useful work();

J

S cc useful.c
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Réaction du systeme

in (3 ,3 /2 ) {
useful work();

J

S cc useful.c

OK (ordonnancable)
S
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System reaction - resource requirements

in

(3 ;3 r2 C) Ao

useful work();

J

S cc useful.c

‘useful work’

S

Erreur - veulllez allouer 2 coeurs a la fonction

(non ordonnancable) .

269



Merci.
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Merci.
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