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Abstract With the rapid development of micro-electronics and mobile computing technology y
reducing power dissipation of computing systems has become a hot topic for both academia and
industry. As the resource manager of systems, operating system power management makes decision
based on the characteristics of workload and hardware components, in order to reduce energy
consumption while satisfying the performance constraints of applications simultaneously. Because of
the diversity of applications and complexity of multi-task operating system concurrency, OS dynamic
power management strategy is facing workload uncertainty. One of the key issues becomes the trade-
off between performance and energy consumption. In this paper, the OS dynamic power management
techniques are surveyed from the directions of optimal control strategy and operating system design.
From the perspective of optimal control strategy, an OS power management sub-system model and
two types of dynamic power management strategies, namely dynamic power management and dynamic
voltage scaling are summarized in detail. From the perspective of operating system design, how to
abstract power resources and how to design power management mechanisms and strategies in existing
OS resources management framework are also important issues. Some key ideas and recent progresses
on these issues are discussed. Finally, several challenges and open issues in OS power management are

summarized.

Key words operating system; power management; dynamic power management; dynamic voltage

scaling; low energy consumption
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Fig. 2 Power state machine of a processor.
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Table 1 Comparison of Three Power Management Strategies

1 ZENIBIRETEEREBRHER

Strategy Description

Features & Efficiency

Applicability Workload Features

Timeout
Strategy  threshold, the component is switched

to low power state.

When the idle period exceeds a fixed Safety can be improved by increasing

the timeout threshold, but large

Various kinds Does not consider

of components workload features

threshold may cause energy and

performance penalty.

Predictive Predicts the current idle period based Depends on workload features; more

Strategy

the preset condition is satisfied, the

on the recent idle and active periods. If efficient than the timeout approach,

but less safe.

Interactive Efficient when

devices, such as workload has

keyboard, touch predictive timing

component is switched to low power Normally based on heuristics. screen, and patterns
state as soon as it becomes idle. mouse
Stochastic Assumes stochastic models for Depends on the stochastic model of Hard disk Markov model for

Optimal  component state transition, workload,

Strategy  and cost matrix, searches for the

optimal states through learning,

the components and workloads.
The optimal policies are

approximate solutions

components and
workload is
required for policy

optimization.
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B3 5 e VR B BEAR MDY A 2004 EE 4 Y Linux
WIRM GEEE N Linux BESHERTHER M
X ACPTHEZE R Ry M BN B HE L, T
Rl ROBEIFEEERE R FHLERAAHEISHE
BHE.

mr#r AR B R L &R 48 (system-on-chip)
—BRERA IR S B BIOS, 2 4t B AR A 5 ] D250
HBERGZR TR, 0 AR RFE A, Brock
FANBBMTHISHEEHET R R R FHE
A DPM #8 3 25 5 i 50 25 e YR B AE R0,


http://www.cqvip.com

822

£ 000 http://www.cqvip.com|

HEIHRSER 2008, 45(5)

BARRENAGB 2 . ZRELERMT &%
BMEX BAIMERE—AE. EBEARIFEEE
B A BRABREREEEG SERNR
ERFRER T MRERTRARMSHAN
fFa .

3 BES5RE

MB BB 8 & B R %5 8 SO, BB BRI
REARNERAFRUEREAT . RELHTSHE
FHEERNPEBAHER. BERERRERE
BB AR SR EARE ARG B R ERFER
XKBEAZ-ERBT CEAREZMNAHE
BEFEZRETERR. RIVANIUTILA T H2
BARERERFREENFRES.

D WNEEBREREREE B QSR EH 68
HAE MEFDAT HRBEAASHELN BREN.
BEHRINHBHE. BERENEREEEINES
F LA B R o [ O A 5 1 BT URRD R G G T
B MER AENEERREE.ERRLRE
FER R R BERGE R FEEE B AR

2) DR g e Y SR e A S R AT R A
MBEERRE P ITHEABBME . XEXRE PRI
Hx THERBREWETERE—EHE. LHRE
AR R I, 6% T EH N TR EHTT
04 A AT 3h 25981 F el R A L AR G

3) MIRAE 2R GE BT IR A AR BE , oL TR A T JRAR
BAREEIN R ERBF. 50 S LR
MAERHAARFHREER, W RELI o BREKR
FREFRHITRAIFA B ERERCK. SRS &
F B AR L M B IR L U, X R R AW
HEREX.

4) N TRE BE AR KB MR, X RREH
ARG REFER AR RN T ERBR. AA
BUSEARBITRIERF LR SR, 7T LUE
KEE BT R BN A EX T REILREFH
BANEHRE S HITRIESN S, 2WEWERSR
RERENXBRARITER MAUREREN RERE
FERIR WA, X7 BT BN R AE R R REFEBT R
G AR I HT

BB ENRER T EAR LR &, AR
THE LR G BE 7 SR HE B 8K 140 1k RE AR AL B R FITF
BTEMMRERE &, NRETEILREREY
FREULRESNRF B FEEENIFUE ARG LR,

FATAT A B K 2 7= 1 T 2 10 BEAE B A SR A
WA

8 £ xx W

[1] O S Unsal, I Koren. System-level power-aware design
techniques in real-time systems [C]. In: Proc of the IEEE,
Special Issue on Real-Time Systems. Los Alamitos: IEEE
Computer Society Press, 2003, 1055-1069

[2] Y Guo, S Chheda, 1 Koren, etal. Energy characterization of
hardware-based data prefetching [C]. In: Proc of the IEEE
Int’l Conf on Computer Design. Los Alamitos; IEEE
Computer Society Press, 2004. 518-523

[3] Y Guo, M Ben-naser, C A Moritz. PARE: A power-aware
data prefetching engine [C]. In: Proc of Int’l Symp on Low
Power Electronics and Design (ISLPED’05). Los Alamitos;
IEEE Computer Society Press, 2005, 339-344

[4] Lei Ting, Li Xi, Zhou Xuehai. Performance lossless voltage
scheduling for low energy software [J]. Journal of Computer
Research and Development, 2006, 43 (6): 153 -158 (in
Chinese)

(BE, T, %S, KRERARITPOEEITHEER
BEEABEL] HENHREE ZR, 2006, 43(6): 153-
158)

[5] Yi Huizhan, Chen Juan, Yang Xuejun, et al. A real-time
dynamic voltage scaling algorithm based on syntax tree for
low power [J]. Journal of Software, 2005, 16(10). 1726-
1734 (in Chinese)
(BEWR, B, BEE, & BETEERNENSESEER
TR E ] B3, 2005, 16(10): 1726-1734)

[6] K S Yeo, S S Rofail, W Goh. CMOS/BiCMOS ULSI; Low
Voltage, Low Power [M]. Beijing: Publishing House of
Electronics Industry and Pearson Education Press, 2003

[7] A P Chandrakasan, S Sheng, R W Brodersen. Low-power
CMOS digital design [J]. IEEE Journal of Solid-State
Circuits, 1992, 27(4) . 473-484

[8] J R Lorch. A complete picture of the energy consumption of a
portable computer: [ Master dissertation] [D]. Berkeleys
University of California at Berkeley, 1995

[9] L Benini, A Bogliolo, G D Micheli. A survey of design
techniques for system-level dynamic power management []J].
IEEE Trans on Very lLarge Scale Integration ( VLSI)
Systems, 2000, 8(3): 299-316

[10] D Ramanathan, R Gupta. System level online power
management algorithms [C]. Conf on Design, Automation
and Test in Europe, Paris, France, 2000

[11] P Krishnan, P Long, J Vitter. Adaptive disk spindown via
optimal rent-to-buy in probabilistic environments [C]. In:
Proc of Int’]l Conf on Machine Learning. East Sussex: Omni

Press, 1995. 322-330


http://www.cqvip.com

B BEBREREHRETENKERE

£ 000 http://www.cqvip.com|

823

(12]

[13]

[14]

(15]

(16]

(17]

(18]

(19]

[20]

f21]

[22]

(23]

[24]

D Helmbold, D Long, E Sherrod. Dynamic disk spin-down
technique for mobile computing [C]. In: Proc of IEEE Conf

on Mobile Computing. Los Alamitos: IEEE Computer
Society Press, 1996, 130-142
Wu Qi, Xiong Guangze. Adaptive dynamic power

management for non-stationary self-similar requests (1l
Journal of Software, 2005, 16(8): 1499-1505 (in Chinese)
(Rm, XE. EXBaHACLF TAENSISEER

[J]. #4424, 2005, 16(8): 1499-1505)

M Srivastava, A Chandrakasan, R Brodersen. Predictive
system shutdown and other architectural techniques for
energy efficient programmable computation [J]. IEEE Trans
on VLSI System, Los Alamitos; IEEE Computer Society
Press, 1996, 4(1) . 42-55

C - Hwang, A Wu. A predictive system shutdown method
for energy saving of event-driven computation [C]. In: Proc
of Int’l Conf on Computer-Aided Design. Los Alamitos;
IEEE Computer Society Press, 1997. 28-32

Tang Zhifang, Shi Haitao, Lu Huaxiang, etal. System-level
power management algorithm based on BP neural network
[J]. Computer Engineering, 2006, 32 (4): 214-216 (in
Chinese)

(BEF, 6Bk, 848, ¥ ETBPHZMENRRR
BEERER]. HEHIR, 2006, 32(4): 214-216)

E Chung, L Benini, A Bogliolo, et al. Dynamic power
management for nonstationary service requests [C]. In: Proc
of Design and Test in Europe Conf. Los Alamitos: IEEE
Computer Society Press, 1999, 77-81

B M Gordon, Supply and

R Gonzalez, M Horowitz.

- threshold voltage scaling for low power CMOS [J]. IEEE

Journal of Solid-State Circuits, 1997, 32(8): 1210-1216
M Weiser, B Welch,

reduced CPU energy [C]. In:

A Demers, et al. Scheduling for
Proc of the 1st Symp on
Operating Systems Design and Implementation. San
Francisco; USENIX Association Press, 1994. 13-23

M Weiser, B Welch, A Demers,
reduced CPU energy [C].
Systems Design and Implementation ( OSDI),
CA, 1994

K Govil, E Chan, H Wasserman. Comparing algorithms for

et al. Scheduling for
The 1st Symp on Operating

Monterey,

dynamic speed-setting of a low-power CPU [C]. In: Proc of
the 1st Int’l Conf on Mobile Computing and Networking.

New York: ACM Press, 1995

T Pering, T Burd, R Brodersen. Voltage scheduling in the
IpARM microprocessor system [C]. In: Proc of IEEE Int’l
Symp on Low Power Electronics and Design. Los Alamitos:
IEEE Computer Society Press, 2000. 96-101

J R Lorch. PACE: A new approach to dynamic voltage
scaling. [J]. IEEE Trans on Computers, 2004, 53(7): 856—
869

T Pering, T Burd, R Brodersen. The simulation and
evaluation of dynamic voltage scaling algorithms [C]. In:
Proc of IEEE Int’l Symp on Low Power Electronics and

Design. Los Alamitos: IEEE Computer Society Press, 1998

[25]

[26]

[27]

(28]

[29]

£30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

F Yao, S Shenker.
reduced CPU energy [C]. In:

A scheduling model for
Proc of IEEE Annual
Foundations of Computer Science. Los Alamitos: IEEE
Computer Society Press, 1995, 374-382

W Kwon, T Kim. Optimal voltage allocation techniques for

A Demers,

dynamically variable voltage processors [C]. In: Proc of the
40th Conf on Design Automation. New York: ACM Press,
2003

R Jejurikar, R K Gupta. Energy aware EDF scheduling with
task synchronization for embedded real time systems [R].
University of California at Irvine, Tech Rep: 02-24, 2002

P Pillai, K G Shin. Real-time dynamic voltage scaling for

low-power embedded operating systems [C]. In: Proc of the

18th Symp on Operating Systems Principles. New York:
ACM Press, 2001, 89-102
W Yuan, K Nahrstedta, S V Advea, et al. Design and

evaluation of a cross-layer adaptation framework for mobile
multimedia systems [C]. In: Proc of SPIE/ACM Multimedia
Computing and Networking Conference ( MMCN). New
York: ACM Press, 2003

K Flautner, R Uhlig, S Reinhardt, et al. Thread-level

parallelism and interactive performance of desktop
applications [C]. In; Proc of Conf on Architectural Support
for Programming Languages and Operating Systems
(ASPLOS-IX). New York: ACM Press, 2000. 129-138

K Flautner, T Mudge.
setting for Linux. [C]. In: Proc of the 1st USENIX Symp on
Operating Systems Design and Implementation (OSDI). San
Francisco; USENIX Association Press, 2002, 105-116

J R Lorch. Operating System Modifications for Task-Based

Speed and Voltage Scheduling [C]. In: Proc of the 1st Int’l

Vertigo: Automatic performance-

Conf on Mobile System Applications and Services (Mobisys) ,
New York: ACM Press, 2003. 215-229

J R Lorch, A Smith. Software strategies for portable
computer energy nmanagement [J]. IEEE Personal
Communications, 1998, 5(3): 60-73

D grunwald, P Levis, K Farkas, et al. Policies for dynamic
clock scheduling [C]. In: Proc of the 4th Symp on Operating
Systems Design & Implementation. San Francisco; USENIX
Association Press, 2000. 66

S Kang, Y C Huayong Wang, X Wang, et al. Skyeye: An
instruction simulator with energy awareness [C]. In: Proc of
the 1st Int’l Conf on Embedded Software and System.
Berlin: Springer-Verlag, 2005

R Neugebauer, D Mcauley. Energy is just another resource;
energy accounting and energy pricing in the nemesis OS [C].
In: Proc of the 8th IEEE Workshop on Hot Topics in
Operating Systems ( HotOS-VIII). Los Alamitos; IEEE
Computer Society Press, 2001

A Vahdat, A Lebeck, C Ellis. Every joule is precious: The
case for revisiting operating system design for energy
efficiency [C]. In: Proc of the 9th ACM SIGOPS European

Workshop. New York: ACM Press, 2000. 31-36


http://www.cqvip.com

824

£ 000 http://www.cqvip.com|

HEHIMESEE 2008, 45(5)

[38] H Zeng, C S Ellis, A R Lebeck, et al. Ecosystem:
Managing energy as a first class operating system resource
[C]. In: Proc of the 10th Int’l Conf on Architectural
Support for Programming Languages and Operating Systems
(ASPLOS X). New York: ACM Press, 2002, 123-131

[39] H Zeng, C S Ellis, A R Lebeck, et al. Currentcy: A
unifying abstraction for expressing energy management
policies [C]. In: Proc of USENIX 2003 Annual Technical
Confe;ence. San Francisco; USENIX Association Press,
2003, 43-56

[40] Hewlett-Packard, Intel, Microsoft, et al. Advanced
Configuration and Power Interface Specification V3.0 [OL].
http://www. acpi. info/, 2003

[41] Microsoft. OnNow: The Evolution of the PC Platform
[OL]. http://www. microsoft. com/hwdev/pcfuture/OnNow.
HTM, 1997

[42] P Yao. Power Management Features of Windows CE. NET
[OL]. http://msdn. microsoft. com/library/, 2002

[43] P Mochel. The State of Linux Power Management [OL].
http://www. linuxsymposium. org/2006/proceedings. php,
2006-11-01

[44] B Brock, K Rajamani. Dynamic power management for
embedded systems [C]. In: Proc of the IEEE Int’l SOC
Conference. Los Alamitos: IEEE Computer Societ}; Press,
2003

Zhao Xia, born in 1972. Ph. D. candidate
and associate professor. Senior member of
China Computer Federation. Her main
research interests include low energy

software, system software, and software

engineering.
B, 1972 4 R4 BIEE PETENESER
&5, EBRRY BRI RRE RER G SR TLRESE.

Research Background

Chen Xiangqun, born in 1961. Professor

and senior member of China Computer
Federation. Her main research interests
include system software and software
engineering, etc.

BRI BE, 1961 4/, B2, TEHBI¥LRALR EEH
REFMNEZREF SR TR (cherry@sei. pku. edu. cn).

Guo Yao, born in 1976. Lecturer. His

main research interests include system
software, low power system design,
software

compiler  technology and

y o engineering, etc.
WO, 1976 ALY EEMR M NRZRM MK
RERIT WEEA KOG TREE.

Yang Fuqing, born in 1933. Professor and
Member of the

Chinese Academy of Sciences. Honorary

doctoral supervisor.

president and member of Steering
Committee of China Computer Federation.
Her a1 research interests include system software and
software engineering, ezc.

BE& 19334 . LAWK, PEB ERE L, P
i BENES2EHETNEIERRER . FEHETMA

RERMHSHA TR,

This work is supported in part by the National Natural Science Foundation of China under grant No. 2004AA1Z2024, No.
2007AA010304, and No. 2007AA01Z462 (Research on key techniques of embedded operating system and desktop operating

system security).

With the rapid development of mobile computing technology, it becomes critical to reduce power dissipation on battery-

powered systems with operating system design techniques. In this review paper, we present the state-of-the-art in this growing

field, and introduce the key techniques from two directions: optimal control strategy and operating system resource

management. Finally, we discuss the challenges and open issues in this field.
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