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Approaches Evaluated
I wcet

I reserve resources for worst case and then sleep
I hard guarantees

I energy-aware
I use control techniques to allocate minimize energy
I soft guarantees
I [POET RTAS 2015], [Maggio et al IEEE CST 2013] [3, 4]

I PowerDial
I adjust application-level parameters to meet performance goals
I soft guarantees
I [PowerDial ASPLOS 2011] [2]

I cross
I combine application accuracy and system resource

management
I simple extension for hard guarantees
I [Flinn et al ACM Trans. Comp. Syst. 2004], [Yuan et al ACM SIGOPS OSR 2003] [1, 5]

I optimal
I found by running every configuration



13/20

Approaches Evaluated
I wcet

I reserve resources for worst case and then sleep
I hard guarantees

I energy-aware
I use control techniques to allocate minimize energy
I soft guarantees
I [POET RTAS 2015], [Maggio et al IEEE CST 2013] [3, 4]

I PowerDial
I adjust application-level parameters to meet performance goals
I soft guarantees
I [PowerDial ASPLOS 2011] [2]

I cross
I combine application accuracy and system resource

management
I simple extension for hard guarantees
I [Flinn et al ACM Trans. Comp. Syst. 2004], [Yuan et al ACM SIGOPS OSR 2003] [1, 5]

I optimal
I found by running every configuration



13/20

Approaches Evaluated
I wcet

I reserve resources for worst case and then sleep
I hard guarantees

I energy-aware
I use control techniques to allocate minimize energy
I soft guarantees
I [POET RTAS 2015], [Maggio et al IEEE CST 2013] [3, 4]

I PowerDial
I adjust application-level parameters to meet performance goals
I soft guarantees
I [PowerDial ASPLOS 2011] [2]

I cross
I combine application accuracy and system resource

management
I simple extension for hard guarantees
I [Flinn et al ACM Trans. Comp. Syst. 2004], [Yuan et al ACM SIGOPS OSR 2003] [1, 5]

I optimal
I found by running every configuration



13/20

Approaches Evaluated
I wcet

I reserve resources for worst case and then sleep
I hard guarantees

I energy-aware
I use control techniques to allocate minimize energy
I soft guarantees
I [POET RTAS 2015], [Maggio et al IEEE CST 2013] [3, 4]

I PowerDial
I adjust application-level parameters to meet performance goals
I soft guarantees
I [PowerDial ASPLOS 2011] [2]

I cross
I combine application accuracy and system resource

management
I simple extension for hard guarantees
I [Flinn et al ACM Trans. Comp. Syst. 2004], [Yuan et al ACM SIGOPS OSR 2003] [1, 5]

I optimal
I found by running every configuration



13/20

Approaches Evaluated
I wcet

I reserve resources for worst case and then sleep
I hard guarantees

I energy-aware
I use control techniques to allocate minimize energy
I soft guarantees
I [POET RTAS 2015], [Maggio et al IEEE CST 2013] [3, 4]

I PowerDial
I adjust application-level parameters to meet performance goals
I soft guarantees
I [PowerDial ASPLOS 2011] [2]

I cross
I combine application accuracy and system resource

management
I simple extension for hard guarantees
I [Flinn et al ACM Trans. Comp. Syst. 2004], [Yuan et al ACM SIGOPS OSR 2003] [1, 5]

I optimal
I found by running every configuration



14/20

Results

0.9
1.0
1.1
1.2
1.3
1.4

N
or

m
al

iz
ed

L
at

en
cy

x264

bodytra
ck

sw
aptio

ns
ferre

t

str
eamcluste

r
radar

Ge
oM

ea
n

0
.2
.4
.6
.8

1.0

N
or

m
al

iz
ed

E
n

er
gy

wcet



14/20

Results

0.9
1.0
1.1
1.2
1.3
1.4

N
or

m
al

iz
ed

L
at

en
cy

x264

bodytra
ck

sw
aptio

ns
ferre

t

str
eamcluste

r
radar

Ge
oM

ea
n

0
.2
.4
.6
.8

1.0

N
or

m
al

iz
ed

E
n

er
gy

wcet PowerDial



14/20

Results

0.9
1.0
1.1
1.2
1.3
1.4

N
or

m
al

iz
ed

L
at

en
cy

x264

bodytra
ck

sw
aptio

ns
ferre

t

str
eamcluste

r
radar

Ge
oM

ea
n

0
.2
.4
.6
.8

1.0

N
or

m
al

iz
ed

E
n

er
gy

wcet PowerDial cross



14/20

Results

0.9
1.0
1.1
1.2
1.3
1.4

N
or

m
al

iz
ed

L
at

en
cy

x264

bodytra
ck

sw
aptio

ns
ferre

t

str
eamcluste

r
radar

Ge
oM

ea
n

0
.2
.4
.6
.8

1.0

N
or

m
al

iz
ed

E
n

er
gy

wcet PowerDial cross

energy − aware



14/20

Results

0.9
1.0
1.1
1.2
1.3
1.4

N
or

m
al

iz
ed

L
at

en
cy

x264

bodytra
ck

sw
aptio

ns
ferre

t

str
eamcluste

r
radar

Ge
oM

ea
n

0
.2
.4
.6
.8

1.0

N
or

m
al

iz
ed

E
n

er
gy

wcet PowerDial cross

energy − aware MEANTIME



14/20

Results

0.9
1.0
1.1
1.2
1.3
1.4

N
or

m
al

iz
ed

L
at

en
cy

x264

bodytra
ck

sw
aptio

ns
ferre

t

str
eamcluste

r
radar

Ge
oM

ea
n

0
.2
.4
.6
.8

1.0

N
or

m
al

iz
ed

E
n

er
gy

wcet PowerDial cross

energy − aware MEANTIME optimal



15/20

Results

A
cc

u
ra

cy

x264

bodytra
ck

sw
aptio

ns
ferre

t

str
eamcluste

r
radar

Ge
oM

ea
n

0
.20
.40
.60
.80

1.00
PowerDial cross MEANTIME



16/20

Changing accuracy goals

0

0.5

1

L
a

te
n

cy
(s

)

0.5

1

1.5

2

E
n

er
g

y
(J

)

0 5 10 15 20 25 30 35 40 45 50

0.92

0.96

1.00

time [job]

A
cc

u
ra

cy



17/20

Phases

18
20
22
24

L
a

te
n

cy
(s

)

0

20

40

E
n

er
g

y
(J

)

0 15 30
0.8

0.85
0.9

0.95
1

time [job]

A
cc

u
ra

cy



18/20

Table of Contents

Introduction
Problem
Techniques
Radar Example

The MEANTIME Framework
Overview
Governor

Evaluation
Setup
Results
Changing Energy

Conclusion



19/20

MEANTIME: Achieving Both Minimal Energy and
Timeliness with Approximate Computing



19/20

MEANTIME: Achieving Both Minimal Energy and
Timeliness with Approximate Computing



19/20

MEANTIME: Achieving Both Minimal Energy and
Timeliness with Approximate Computing



19/20

MEANTIME: Achieving Both Minimal Energy and
Timeliness with Approximate Computing



19/20

MEANTIME: Achieving Both Minimal Energy and
Timeliness with Approximate Computing



19/20

MEANTIME: Achieving Both Minimal Energy and
Timeliness with Approximate Computing



19/20

MEANTIME: Achieving Both Minimal Energy and
Timeliness with Approximate Computing



19/20

MEANTIME: Achieving Both Minimal Energy and
Timeliness with Approximate Computing



19/20

References I

J. Flinn and M. Satyanarayanan. “Managing battery lifetime
with energy-aware adaptation”. In: ACM Trans. Comp. Syst.
22.2 (May 2004).

H. Hoffmann, S. Sidiroglou, M. Carbin, S. Misailovic,
A. Agarwal, and M. Rinard. “Dynamic Knobs for Responsive
Power-Aware Computing”. In: ASPLOS. 2011.

C. Imes, D. H. K. Kim, M. Maggio, and H. Hoffmann.
“POET: A Portable Approach to Minimizing Energy Under
Soft Real-time Constraints”. In: RTAS. 2015.

M. Maggio, H. Hoffmann, M. D. Santambrogio, A. Agarwal,
and A. Leva. “Power Optimization in Embedded Systems via
Feedback Control of Resource Allocation”. In: IEEE Trans.
on Control Systems Technology 21.1 (2013).



20/20

References II

W. Yuan and K. Nahrstedt. “Energy-efficient soft real-time
CPU scheduling for mobile multimedia systems”. In: ACM
SIGOPS Operating Systems Review 37.5 (2003), pp. 149–163.


	Introduction
	Problem
	Techniques
	Radar Example

	The MEANTIME Framework
	Overview
	Governor

	Evaluation
	Setup
	Results
	Changing Energy

	Conclusion

