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Power-Aware Scheduling

High performance Is needed only for a small fraction of time

Dynamic Voltage and Frequency Scaling
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Power-Aware Scheduling

High performance Is needed only for a small fraction of time

Dynamic Voltage and Frequency Scaling
p(f) =co+cif®

Example: Intel X-Scale
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Power-Aware Scheduling

High performance I1s needed only for a small fraction of time

Dynamic Voltage and Frequency Scaling

p(f)=co+af®

Example: Intel X-5Scale
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Power-Aware Scheduling

High performance I1s needed only for a small fraction of time

Dynamic Voltage and Frequency Scaling

p(f)=co+af®
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Power-Aware Scheduling

Scaling the frequency results In modified execution time

Scaling to 50% results in double execution time
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Power-Aware EDF
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Power-Aware EDF

Static frequency scaling

When CPU utilization 1s < [00% use idle time
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Power-Aware EDF

Static frequency scaling

When CPU utilization 1s < [00% use idle time
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Power-Aware EDF

Static frequency scaling

When CPU utilization 1s < [00% use idle time
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Power-Aware EDF
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Power-Aware EDF

Dynamic frequency scaling

Processes use much less than their WCET In general
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Power-Aware EDF

Dynamic frequency scaling

Processes use much less than their WCET In general

select_frequency():
use lowest freq. f; € {f1,..., flfi < - < fi}
suchthat Uy + - - + U, < fi/fm

upon task_release(7;):
set U; to C; / P;;

select_frequency();

upon task_completion(7;):
set U; to cc; / P;;
/[* cc; 1s the actual cycles used this invocation */
select_frequency();
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Power-Aware VBS

Maintain VBS properties (temporal isolation, bounds)

VWe cannot use early completion (different process model)

action oq action ao

by --i ‘J)I. : . ‘:'.'.

Thursday, November 25, 2010



Power-Aware VBS

EDF frequency scaling result:
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Frequency-scaling VBS

Slack

Thursday, November 25, 2010



Frequency-scaling VBS

Static Slack

Slack Action Slack
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Static Slack
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Thursday, November 25, 2010



Frequency-scaling VBS

Static Slack
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Frequency-scaling VBS

Static Slack

Action Slack
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Frequency-scaling VBS

Static slack

f S Zuz ' fmaac
=i\
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Frequency-scaling VBS

Static slack

f S Zuz ' fmax
=i\

Action slack
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Frequency-scaling VBS

Static slack

f S Zuz ' fma:c
=i\

Action slack
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Frequency-scaling VBS

Static slack

f S Zuz ' fma:c
=i\

Action slack
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Power-Aware VBS

Assuming a simple power model (P o V)
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| ook-ahead FS-VBS
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| ook-ahead FS-VBS

With knowledge of future events:

redistribute computation time between periods
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| ook-ahead FS-VBS
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| ook-ahead FS-VBS
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| ook-ahead FS-VBS

process |
modified
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| ook-ahead FS-VBS

process |
modified
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| ook-ahead FS-VBS

Assuming a simple power model (P o V)
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| ook-ahead online FS-VBS
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| ook-ahead online FS-VBS

Assume a simple power model (P o V)

utilization

60% 20% 40% 70% 20%

90% 50% 70% 100%
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| ook-ahead online FS-VBS

Assume a simple power model (P o V)

utilization

knowledge of
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. future events
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T- average utilization 65%
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| ook-ahead online FS-VBS

Assume a simple power model (P o V)

utilization

100 200 400
20% 40% 20%

knowledge of

. . future events
_- _

100 200 400
50% 70% 100%

Modify the limits In each period (whenever possible)
s.t. the utilization approximates the average utilization
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| ook-ahead online FS-VBS

Assume a simple power model (P o V)

knowledge of
future events

average utilization 65%

100

Modify the limits In each period (whenever possible)
s.t. the utilization approximates the average utilization
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Future work

Important aspects: time, space and power isolation

Temporal isolation through VBS

Spatial isolation through memory management

What about power isolation?! Is power consumption compositional?
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Future work

Important aspects: time, space and power isolation

Temporal isolation through VBS
Spatial isolation through memory management
What about power isolation?! Is power consumption compositional?
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Future work

Important aspects: time, space and power isolation

Temporal isolation through VBS

Spatial isolation through memory management

What about power isolation?! Is power consumption compositional?
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