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General Aspects

Introduction

m System design implies a tradeoff between performance and power
consumption.

m Software components and applications have a significant influence on overall
power consumption.

m Power management has become one of the key challenges in the design of
battery powered mobile devices.

Power Management Approaches

= Dynamic Power Management (DPM) algorithms: time-out based; behavior
prediction; random (simulations);

= Dynamic Voltage and Frequency Scaling (DVFS): dynamically altering
the processor voltage and frequency (e.g. IBM’s PowerTune, AMD’s
PowerNow and Intel’s Enhanced SpeedStep)
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Motivation

O

The problem: assign power consumption values to user-level applications
which are making use of different power consuming components.

Example:
|
H
H

Two applications: a music player and a web browser

User’s desire: to keep both applications running for the next two hours.
Supposing that audio decoding has negligible impact on power consumption (e.g.
low power chip) - the player can decide to keep the audio quality unaltered.

But the browser might decide to disable all video rendering

Conclusion: without the ability to determine the application’s impact on power
consumption, the music player application would have probably decided to lower
the audio quality although it was not necessary.
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Motivation — Algorithmic driving force *
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* As presented in eMuCo Technical Report
SYSTOR 2009 The Israeli Experimental Systems Conference

Page 5



Related Work

[1] =2 understanding applications characteristics is
important for designing efficient power management
(PM) systems.

[2] = dynamic compilation technique for scheduling
DVFS changes is proposed.

[3] = a design framework (GreenRT), for developing
power-aware soft real-time applications.

[4] = a unified power management framework is
proposed which presents a software architecture for
unified hardware and software PM.

Our work
m Similar to [4] - share the same goals

m Major difference: we propose on-the-fly power and
system monitoring

m  Generic feedback loop to higher layers
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Power Efficiency Concepts

m We address different power consumption sources, Parameters

abstracted as “components”. Physical os Application
Battery: Battery:
] ] ] I[mA] - current Power states
m Each pOWeEr consumptlon source has its own proﬂle E[E:;]\'"'-"‘I]"':Ztt@"?-’ cl-spac-itv S
- battery voltage Norkloac
or “ﬂngerp rint"_ P [mW] - discharge rate type
T - temperature
) ] . CPU: CPU: Workloac size
m Profiles can be grouped in power consumption UG CPuload |
- fan speed C councers sade
classes: system (usage) and battery xl::lrtﬁt@ Memory patterns
; usage
(co n S u m pti o n ) pa ra m ete rs . RSSI - power strength Thread info Threads
Security model WLAN: count
] . Display: bandwidth
m Each profile has an associated set of parameters it error rate
\-’olum;: level
B Power State CO:”SPa"g';eﬂt Idle ; Workload : Idle
: j ;
m Usage pattern
s Energy consumption "
m Only key states are considered. ©
©)
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Power Efficiency Concepts — Measurements

Battery Parameters

m Higher level metrics:
O battery discharge Battery capacity [nWh]
O battery lifetime 4200
0 battery efficiency
o

4150
battery discharge rate N‘\Fﬁ
4100

4050 k
battery capacity [mWh], H\\
4000 JA‘(_F_UM_‘—H_HT“_‘_"

maximum battery capacity [mWh],

charge/discharge rate [mW], 3490

currentdrawing [mA], 2900

battery remaining life time [s],

3950 : : : : :
battery temperature [oC] 1 £01 1001 1501 2001 2501 Time [s]

Temperature measurements

m  Some hardware components generate more heat as their power consumption increases.
m Temperature indication — hardware dependent - hard to link

m Informal measurement
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Power Efficiency Concepts — Framework aspects

e 1 prerequisites

The framework is based on: The first step is system profiling.
m  measurements

m  metrics

m system states

m high level power efficiency

m System decomposition — defining energy consuming
components in order to analyze them in isolation.

m  Component profiling — a profiling application runs
specialized tests which aim to isolate component
specific states in a step-like pattern.

m  Configuration — power fingerprint knowledge base is
stored on the device.

m  Monitoring: the framework dynamically identifies
the states, logs all monitored data and calculates
the power fingerprint.

metrics

An optional step: application instrumentation.

m User-provided indications on power component
usage (e.g. set power modes).
m Fine grained component split.
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System Profiling Experiments ‘

Performed experiments Power consumption distribution

m Power consumption distribution among components

CPU and memory o
m CPU core temperature |
o idle
| CPU load m S acklight
= CPU performance or )
timestamp counters mGSM
m Memory usage : 20%
= CPU fan’s rotation speed m Power profiles for CPU: integer and memory operations.
m CPU p-state and thread System: Intel Pentium IV dual-core 2.0 GHz mobile
information. processor
W LA N {0000 . . . . . . . . . Time [5]
. RSSI (Rad|o Slgnal Strength s 101 201 501 4 S 501 7 =uyl E1n |

Indicator) of the
infrastructure access

-14000

-16000

m  Security model used for i e
wireless connection -18000 ' 1‘

m Connection bandwidth and ~20080
error rates. 22000

-24000

Discharge rate [miv]
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System Profiling Results
WLAN Current Consumption Screen backlight

Screen backlight

| [mA] WLAN current consumption V [mV]
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m Typically, mobile devices have different luminosity levels for screen backlight.

m The screen backlight power profile was obtained by running the power benchmark for
a Fujitsu-Siemens LOOX T830 PocketPC device running Windows Mobile 5.0 OS.

m A linear dependency is observed (as expected).
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Framework Architecture
Main goals and Constraints

power efficiency monitoring

: applications in order to

= to provide e - improve the
a higher level representation operating system's

and feedback loop system or drivers efggi“:::y.

m platformn agnostic J

of abstract interfaces

Specialized components = High level domain specific application metrics.
accountable for power
consumption:

= CPU = WLAN
= Audio = Bluetooth

= Display = File
System
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= Predictions of remaining power depending on the history of the
system usage.




Framework Architecture

m lLayered architecture

m Generic interfaces

m System porting layer

m Standard applications on top

Profiling Applications

m They determine the system
characteristics in terms of power

efficiency,

m and a set of relevant system states in

isolation.

m Profiling information is stored on the

device.
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Framework Architecture — Monitor and Kernel

m Pan /

Z] _— -

m Runs in its own execution thread. ramaver el T > e O S

+  Geillessvmaentfod) @ doohle furend
. +  oalfessummentChamge frt) :dowhle

m Collects data from different components. il ﬂx zﬁx

m Both polling and notification mechanisms.

m Translation between the framework’s data e Rl i -
representation and the one provided by the 1 I | 1 I I
platform iS realized in the porting |ayer- CPU Monitar Audia Monitor File System Manitor WLAH Monitor Display Manitar Bluetaoth Monitar

compasite structure Kernel /

Compane .-rtwlodelg;| ''''''''''''''''''''''''' 1
Ppo‘fleﬁpp 3 i
________________________ m Defines generic interfaces and metrics.
! W |
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E & UnregislerAppIicatilJ(n(int,i?‘lt):\foid nusen + onstopﬂperationEint.int.int;:\mid i Framevrark:: Manitor IeVeI metrlcs
| A | K-
— | m Responsible for the metric split among
_______ | execution threads and applications.
+ catbata0. double avem .| m Prediction unit based on history data.
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Framework Architecture — Putting it all together

Basic Model Model Behavior

m A system is composed out of n Application registration mode EnerdgiyS tcr(i)sztliTnption
components: C,.

m Every component C, has a set of Framework  Lndividual Profile
. components  Specified
states and associated power
consumption values (S;, V). Fair split across
Yes No No . .
applications
m For every component, the states
and values are determined by Depending on the time
profiling means. Yes Yes No spent executing calls
to each component
m r rticular ver )
States are particular to every The profiled state-
component Yes Yes Yes

value pairs are used

Model Considerations - CPU

m Idle or asynchronous processing time is shared among components.
m Output:

m Energy consumption per application/component

m  Global (system level) power metrics

m Higher level metrics per application/components
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Conclusions

Constructing power-aware applications is important
Most approaches do not provide an open and generic solution

We proposed basic concepts and architecture for an unified approach for both power

consumption measurements and higher level power efficiency metrics
Next steps
* Model completion for all components

* Integrate the framework in different system architectures
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