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| Abstract ;

In recent years, embedded mobile systems have been expanding their application domains
from embedded portable devices which only execute a specialized application such as MP3
player or digital camcoder to digital convergence devices which execute more complicated
applications converged various functionalities such as video and audio play, digital dictionary,
DMB, games, phone, etc. As it requires the increasing hardware performance such as more
faster CPU and more larger RAM, display, disk size, it has brought about a corresponding
increase in power consurnption. However, coupled with relatively small gains in battery capacity
over recent years, the importance of software architecture including intelligent power
management has become paramount. In this paper, we have ported UbiFOSTM with energy
saving techniques on the ARM9-based MBAZ2440 platform. For energy savings, we adapted the
dynamic power management and the device power management schemes based on monitoring
workload. Experimental results with some well-known applications show that proposed low
power technique could save energy up to 24 %.

m keyword : | Low—Power | Power Management Technigues | Real-Time Operating Systems | Monitoring Workload |

« &2 A7 HESAR MEI|u|a7iuArgle] x|fez sHEAFCE
HHS © #070326-002 MArdE 20079 04" 13
M2 Xt 20074 038 26 WAXZK} . o|HE, e-mail : dee@cnu.ackr



70 skREHX88|/=F2X] '07 Vol. 7 No, 6
FREE P 23S FAKD AAY Az
. _

F1¥  PMP(Portable  Multimedia  Player),
Navigation, DMB(Digital Multimedia Broadcasting)
53 22 WAY o)F A2 AR B 87
of #gtatr] flaf $EEg o] n=stE A A E
9 7150l §¥HAA =2 A% CPU F5F3,
W22 (RAM)S A33X(Flash Memory)e] £% %
7}, LCD9) 27] F7hek 28 st=dolF e 874 o]
£ #37) g AAT EGAA g 277 S
=k A

gz B3ss WEg A 4% 874K
of 3t Z7he AladoA] AR AYY g 57
NRLeH, A8 AFe F7Hs Y A2 ARA
F 24z oo Yt wiHIR Fste WHEE
o}F Nae] AL AAgolM AREE AFL AL
8 =g olE FASE Wy A2dS TE3e &
ZE ol 23l ¢ el FHhe| AT Eg] X3
=55 &n 7o 3] 2 2EY hsAd F2 G
2 ol A e 7 4AE Jre &
Edojg} gt Alavle) ¥ ARE nstq B
o e Ao U3 AAE 98 F e AFY
AZEYojo] tiF Q77 B3 P ek o]}
2ol MY ARE Folt =82 e AA Ala"
s=sgo] A 2E =) FE Bokd e H
23l Az Eegoie AX3} NAY ATEG o)) 22
ATEY 0] BB A rFojzo}r gt

B3], AHE AZEY S AL 1Y AR HH3
= AN A FHHoR AFDIIE FoIA ¥ B
o] ATH2].

AAY AZEA g ATEE Al2"AA
CPU7} &x8e Ao 7 Acke Holl Fsty
CPUMNAM £E3h= A™8E Folgie d+2M CPUY
F5 Fukpe) a0 wE AYE A AdEe A

date 54 A9 =471 (Dynamic Voltage Scaling)
¥ 54 A @2 7)H(Dynamic Power Management)
o] glem[3-6], A 0 LCDY AFZAEY &%
Z719} olol W2 2R HH M BeEs] Al
N&EE FAshE FAEY el vt dde de
st A2 48 #2748 (Device Power Management)
o] eH7-101.

B =R AL AdATAN A4 71Ye g4
371 9gt AN SAA A UbiFOS™M3} & =8 7
g3 AdE AMY 7MW 54 A L] v 3
2] AE B 718 sl gk 33dME & =8
oA AAStLA S DA SGAAAA A F #
o 719 AAE 71ge] dA 2 A JlEel dis
=31, 4304 20 wE Ay Aol sl 71& ek
53X A&7 FFAT I ds) rledok

.‘

1. AR LM UbiFOS™
ANZF LAAAQ UbiFOS™ & delgj27) #7e
A~

A Psta, 256DA S 71N AP AAE &

2AEYS ATk £ Hlazd AP B2 B
971% 3 mf2eE FHe #alsy] 9% 7 27
vl2e g3 24 Z7] W2 &F fAUSE 714
I o, Blza 3 BAE Y HAA wd g
(Message Mail Box)$} #lA1A] #(Message Queue), ™|
ANA LE(Message Port), 123 EE(Task Port)E,
g3 7t 57138 fl8) MnkE(Semaphore) st o|HE
Z Y (Event Flags)E AF3c =8, A4dd A4
9% 54 A B Ees Ad@dbl (2 11+ 2
AIZF £ G A A UbiFOS™9] AA 74& veld Ro)
11l



HAZE 2SHMoIA i BHEto) JIutst MY JiHe MA H ¥ 71

[ Application ]

“ Graphic User interface (GUD J[

WIBISAS i
wawabeuei
ALOMIBDN

Device Drivers

(uss y(Cuat Y (o )(atar Y (Coro J(se )
("o )((mmc (R ) (nano y (T NOR ) and more

[ Target Hardware J

I8 1. MAIZE 2HK UbiFOS™ FHE

2. & =& 7|

2.1 S5 Y 2| Y

%4 A9 e 71H(Dynamic Power Management,
DPM) IBM 3} MotaVista Softwarecll 4] A8 - & o]
71 & CPUY frequency®t Bus Clockd] 58 23
ste] A Al 2njAEE FAaATE A A
7o g A2Hd gAsEe $4X2ad 7} tut
o|2e| A 473t Bus Clock 744 @i st 4u|4
& A2N7E §B8AE 2E A # 7IYeltibl

ANz datelvs AA #e)AHPolicy Manager) S
3 Alx"dA AFsHE CPU Frequency®t Bus
Clockel 23 7z g&Z2a¥o] 873t= CPU
Frequency$}t Bus Clocke] HE2 Aod AAE
(Policies)& AAIgtct AAE A9 oA A A=t
e S8 aRL sk 4 g3 5 iz
7} 873k CPU Frequency$} Bus Clocks 331t}

vl BE3 7Y @eh)E CPU 75 F39F A
St o) 7158 IBMe 46LPA Aol 54 A &
g 713< 343 PowerPC Linux 24 3 A& €4
3la] MPEGE MP3 75 Al 2658%9] ARAY 7=
A7} 9l8-& Estgriel

2.2 ¥x| ¥4 ) 71

Az A8 #Az 71H(Device Power Management,

DPM)e Aj2elo] AEzta glo] A8 LulE Zole
27 2 e, Aul2eTh gl uels
= $FEE(de Mode) 2 387l Bl2A2 R E
Oulo| 2 AMEa o] E9S wf 27% Hulo|=E
7HEAFIE B}, & T2 a9 5 o FEHE
AFAe guFos FFAAY tutelx =atolH
7b 9% dupels F FFE "art A duloj2e
AEE By, 784 G fjo]zdle AEE By
) %=(Shut Down) &ae]Folch, 4] 44 #e 7
Ae H437) gsiMe Baazt edEe T4 oF
3 A S 7iX Y, A FY W] dF rhssirhe
744l dasit) wetA AAF AR 7o R gt
AAR AL 7HA 1 ek 7 et Ao R E v~
3 FolA AHEH D Qe A 7HARHtimeout) B ) 3
t}. o] AHE AT F<F tiupo] 2 AR 24 o]
E 7% dupo| A8 M5k gl AHla 23]
e wl 7HEElE A #el 7]geltiiol

2.3 S5 &Y xH 7|4

—e

23 A zd 71'4(Dynamic Voltage Scaling,
DVS)L AXZF A2do] A aFEE vkl g
Aok 27 (deadline constraint) & TEAI7|= H W
|4l CPU 53¢t 120 e 35 d¢S 22s
E 7Igelth o] e o] AAZ HAFE]
259 Ho AsPA7HWorst Case Excution Time)d
o 3fo] adrhs HelA Alsly A8 254 4
3 S-F A 7HSlack Time) AXFE S8 A7
Apar AL Foeg 2dee Aol A
235 g 54 A 2A 7Y LaEEE
S gig Mgt 2 CPU 28 271 A4 245
Aol we} ZA @ Zekel Sme S el gag
og 7Y £ g} e Xl duEFe] B4 B
Ago] Hot AYPAZLE aFshe FoF A Aluele
of s z ejx=0) st HA FF AL} 2F &
& AN

dukg o2 BAaES A AYPA7He 0 gl
A ENE o)]5e] Heot AgAZtRT ooz 29l
el E Baage] APzt Ao wE {74

oX

pas}

o
=
o e P & o



zERRlBt dA gFEo] AN FFIFHRE
€ AREE A5 & 5 Yk

el 53 A =4 gAY {FFAIE H
A9 AA FYPANHE A o] AR =2kl
ZAZ o fF Ak 3% o1gA S-E &
FAZLE gl £ Az ool G & F Ao
2 fFFATE 71FR 23 s FEAI7E CPUY
Fulroh o e AlR A F(starting voltage) S
ZAslo] CPUAA M Ee AEE 57 B
ojcH1l.

4 A 2AVEL 7 AY 2HE olk &
A sl wet 34 Baz 2 dAY 23 7
(InterDVS)#} 23 W A 24 78 (IntraDVS)E
75 #cH12),

o o >

N, EUE Bl 7|uEt XM Tlge| M7
TEE

1. KT8 7| A 12 AR
B =29 A0 71E TR A% 28 Age

e s 2o

o AAE Y& ALl A8 & AL EFA
A Adg WA ok sh=A o

o =0} AlaRlolN F5 Falgo] ae WY 2
o] VA A%

o AX AY #A2) 7Y HEE A8 A=A 7
FHE $4zZa a0 A e AA
(timeout) e 27 43

whe) MY AL IR 71T AN AN £
A UbiFOS™e] 79 4 1ol A4 719e 48
F 9deAst g 2 28 ggolan. Aag sle

2 @& 9750 45T Y= B4 A¢ 23 Pob
& AR AN LGAAN AgsE 2487 7149

EDF(Earliest Deadline First), RM(Rate Monotonic) &
& AHg3H, CPU 1% F94¢ 1o g dehzd
gAUZEo] s=gdioAe] Ate nHsa g o
Hel(ideal) 4%S 7HAst A= o] fik old 24|
g0l Fd AGAEE mEsld Y JYPez
AAR T3 AY B 7|HE 71E HAARE B A A
25 g2 gAske $2E AgsiA = ArHsI6].
Yy, B =82 3 7ES 17 7ol gAE
AXNZ FFAAE A28 UFE  olF A&F
(embedded mobile system)2 SR Z /g Fo g o
HURFY A2 g dd AT A TEEE
o] $EEZZ Y BERZ FAHE AL 1Y,
gAa3 7oA FEAH wet ej239 CPUS Bus
Clocks &33he 71€9] 558 A9 49 71¥e A&
#7)dle dgEol Hul, thF Hlaa BT wof
shte) el2zart A A8 Ak RF-EE AR E
ALoe B2z 2 54 48 #AHE 3 AAWY 7)
o8 AR APE AEAIE del AL Yok
g, A Eof WY olF Alxdo] AMEA &7
el $4Z2 Y] BEFErt FUsiEA CPUA
7 v|2e] £3% 1CDY A7) 7t 5 Al2"dA &
e Ao giRE-S AAPA rlolx FR|Fo
H AXEA ole] WE A Aagle] Anpdy T3
7hskar Utk o2 <13 Zh tiupo]s FREAM &
Hshs RS AEAT = FX AY e 7P AE
o] 8 ot Z IFHHUL olF A AAF BFE
A3 AJzEAl gHtimeout) A o S(predictive) 43,
&8 = d(stochastic modeling) ¥ F F&o| golgt
A ZEAl3Htimeout) S e aATHIOL

B =R 71&9 g3 3 4 48 B/
B3 53 A werHes WAste AAZE
A4 Al UbiFOS™ol| ZEge]2 gAstdon, g
3] olF Alxdof gA=E Z tufe]2Ee] 4R A
ZAEANZ A 3R] A4y BYriy w1
2 ket

’

o @ o oof 2 |8 o2

L o off Mo mo



AAZH 2SHFOIA ZHeH

B Dol JIuE RN Tldel HA % 78 73

[ . ]

2. AA|ZH 2EHH UbiFOS™MOIM ElAT ) &
X g 2| 7|%H(Intra Dynamic Power
Management)e| &

B =R A B3] 7|9 449 #e 7Y
S AXZE £GAA UbFOS™e 7&3sl7] 98 ej=
Az E5A A9 B 71HE H23 54 A #g
Hoz Wit gAgpen, Rz TEHe
Ay olF AaeE 1t AIZHAIFHtimeout) A
Yol wpe} A e TR, e S oet [E
1% 2ol g2 W 4 1Y A& A% +54F
# oo g FERYS AA L Fastach

[& 1]e1A Highest, High, Middle, Low, Lowest=
CPU 75 #3459 58 71802 TRE Joz ¢
& MHzolth

¥ 1. IntraDPM 75 Haint MY

FEXH L Workoad
’ L
2EME High Workload Low | Workload suspend
Battery High Highest High Middle
Battery Low High Middle Low
Battery "
Critical Middle Low Lowest

User / Application
Space

Application Using
DPM

33 2. 5X My A 7E0Y

EEPEEEERE U PERVER L
delo] AP B FEASE 243y, 4 ¢4
23l vle] 38 FERAL YA FY3ke £
A 49 ¥e) FREYOI,

[2% 319 54 A9 BeAe SEZRIY 782
A a7EE AT A A22Y wiEe S

FAst] FEZE Y WA 754 CPU 75 5%
9} 7o) ohe AP 2P,

Workload “\Workload

High Low

2. EfA3 L) SH MY #H2| A API

&2 44y

EA U S M =3 3 20|18
&

REME MY g
IntraDPM_Get_Policies) |7E54& H0= &%

FE0| wat TEFae MU

AHsIE B4

HiEjIZS HoieE &%

IntraDPM_Init()

IntraDPM_Set_Policies()

IntraDPM_Frequency_Set() |

I'I'

BatterylLevel_Check()

[ 2] 8 =RdA +d3 923 U] 13 & 7]
Wy BEE AN APIR $4Z2 0 22 agee
TEFRANE AA = IntraDPM_Set_Policies() 35
23 FEAYE 44 2 WAL 5 glen,
IntraDPM_Get_Policies() &% 23] @4 AAdE 7+
FA8L Ao & F ok 8, Ad U gaa
W 54 AE #Helxe A38 75AEY shelA
BatterLevel_Check() &8 3} viela] zHaFs g2l
&L A ZHA gH timeout) R u}}
IntraDPM_Frequency _Set() &% %3 CPU +%



74 S2ZHX85=FX| '07 Vol. 7 No. 6

Foheol Hebe 2A9

3. AARZF 2EHH UbiFOS™ollN x| ® B
2] 7)8(Device Power Management)2| 718
2 =29 A4 A4S 48371 A WY o

T Ao AR Mol & tjupo]xQl CPUS
LCD 52 A17HAIH(timeout) A3l wha} 2]
&g PR3}, shutdown B HE 483l AR AE
& AEAIE AR HY B EE FEsth
Performance
Usage Information Requirement
Information
Hardware ) o
Components Device Power Manager Applicativns ’
T
CPucontrol | Power Management | B
LCDRAM etc. On/OFf Actions Status information

I8 4. B3| HY ma| 7x0Y

[23 415 FA A Be) T2R22 Fx] AY &
2] ZHDevice Power Manager)t 2t tjulo]£of ujz}
ANZHAF(timeout) & Fo Al2¥ HAXUEE On/Off
gt AH|AHFg A,

E 3. Hx Hy

2| 2 AP

g
ho|

% & 4 g

DevPM_Init() AR T w2705 e

DevPM_Register() e paxiol x| S5 EHe

DevPM_Unregister() HE Faxiol F&| aidl B

DevPM_Suspend() HX| MH Oftér

DevPM_Wakeup() Hx| HH OnEl

B 4. LCD #X| mjof & AP

# o 4 8
LCD Hx| z7i3t &%

LCD_Init()

LCD_Suspend() LCD x| Off &=

LCD_Wakeup() LCD Ex| On &4

LCD_Set_Brightness() LCD &M 97| =W &

[ 3]& A A= ga) 99 APl g4z, [F 4=
LCD A& Aojste API d=roltt, 713 WRalA Al
28 27)3} Ao DevPM_Init() 848 S8} ¥z A
#AE 27]38t 2 DevPM Register() 32 53l
Y #Y7 923 AXES 55 LCD AAE
2 go] dushd, g4 ulfolA LCDAAE 553
I FE A AA On/Offsl=
LCD_Suspend) &9} LCD_Wakeup() ¥52
DevPM_Suspend() 3¢} DevPM_Wakeup() €<l
S5

Fx AY BAE 55 FX G AAG
(timeout) A&l whe} zt FAEG Alojsh= P8 &
8] On/Off A1Z1tk. 2 2] DevPM Unregister() ¥+
A2 A Be Aol 5289 AR E A= FolL,
LCD _Set_Brightness() 4+ LCD] 9 971§ &
Asle ghrolth

| =8
FAES

4, XAEF pHEof 7|8teH XEE T 13

23 T4 A8 #e 7)Y A A8 B 7)
e FHgae AA 2 FEIACh

(% 5l& AZHASHtimeout) B3 PHEE APIE,
Timeout_Init) = AlzdolA AHEE timeout 7k
S UZE(default) FOE AASE 5ot L/
2agvis 34Z2 09 75 A Timeout_Set() T4
£ %3 A7ASHtimeout) 32 AR 2 WAY 5 9l
o0 Timeout_Get) 8+E& E8 & 9o & F 4
t}.



HAIZE 2SHFOIN ZtefE HEo| 7|det [T v 4A ” ¥ 75

I 5. AiZtd|gKtimeout) Hlo| &3 API

g % g 9

Timeout_tnit() timeout 2t £7|8t &l
Timeout_Set() timeout 3t 4% &4
Timeout_Get() timeout 2t Y= B4

Workioad High
(HEe g ®}E X))

DevPM |

’e’gtrat)PM
Manager B AIZHAM F Manager

38 5. Il ot M oY

[23 5l & =EddA 7ag gl 7juket A
g e BN Aot

AR 719 e g 2ok 94 $EEea
A= Bz | 534 A48 #els A% +5 Ay
T& Ao BE CPU +% Fi59 AgE A3
I, 8 vt e FXE AX A FeAd] §
£319, Timeout_Set) ¥+& T3 AIZHAE 71H&
A A, BAIZFE A3,

A8 Al thew 2

ahte] e Yoy FYEE $8Z2adg R
A Al2®"l %713} Alojl= Workload High 7% A%
o= sk, Avhs Alzbe] Aahet Fofl AMgAF YF
I 22 5 AP Ao & AT 2=z N FH A
g #Eae Azd 2719 %5 A Workload
Low 7% A& 43 CPU 7% F5o} Agte
2 A9} gkef I ARF Ul 2] a3 I B¢
= Workload High el 2 8983, £33 3¢ 239

9 #7b4 02 Behe Alztol 2 Tl 54 &
3 830] gl ¢ Workload Suspend 75 73]
e CPU 78 Fobst 1k 24ste, 33 A
B Y AR d HAe LEOM B

=
n>
(1L
low

3

R

2

& A A ZG ol 7)akek AHE 7|H
2 b vl &S A7) 8 ARMO0T 71w
2] MBA2440(S3C2440)[11] ®.x=of J2ME(Java 2
Platform Micro Edition)E#Z<] CLDC(Connected
Limited Device Configuration)2t MIDP(Mobile
Informaiton Device Profile) 7]¥ke] KVM(Kilobyte
Virtual Machine)[13-15] el TF55HE FHF4
(PushPush) AlY 2&Z2782 AY gaoz 549
ok 2 olfrE A o) F A 2"e 3 ol Fo)Ee
A1 VM(Virtual Machine)& $8Z213 F5& 4
& ®o] ARt glow, FUEA AHEEE VME
gjs-o] shte] BlAA 9ol shte] $8EZ2 o)
A8k Y2 A7) wlolt) =g, UFE olF
Az"oA AF AR7F & CPUY LCD tHlol 22
Yoz B =FoA Fdd A1y 7HE HE3
Agsrt.

ey MBAZ40R.E = %7FE.E(Bvaluation Board)
24 wiEEl 2 FAskA| ¥l A 2Ho| Brtsait
T AGAteE ndste [# 69 2& 2EdEk 4
AL FA HAES FY3ch 3, AP
MBA2440 2=+ ARMI20T 7]w+e] S3C2440MCUSF
3IMB SDRAM, 320 * 240 =7]¢] LCD, 64MBe]
NandFlash, 16MB NorFlash& T35} it CPU9
5 FuE 399MHz ~ %6MHz7HR| FH o] 7hs5atx]
gk e i A 2L ErbesdGvagas), 4
tjute] ~ FXE9 On/Off7t 7Fe3leh 12 LCDY
IH 9] 24L& Erbesith

AL AT NAAG ghe FHF4] AQe) AtE
T 1% 59 7] 4ol L 39 Workload Low=, L
o] & 3% B9 ) Aol 9l& 7% Workload Suspend

o

=l
K|

B
oy



76

rol

123X 53|&=2%] '07 Vol, 7 No. 6

2 FA}RE P

42 Ao g FAL oo]AAEALY] 341IA H

g HeuEE AHEte] dA AlRF FF 2R 30000

3) ole) 7k AF w3 ARE S FAYE
g

H 6. MHe 7l AHS ¥ 75 N uy

+ 8 Workioad Highi Workioad Low | Worioad Suspend

— - -
ARktimeoun| 27T 12 3z

399MHz 266MHz 96MHz

izt
ws oA LCD On LCD On LCD off

Wacklaad High ]

0.800
0.700
0.600

— 0.500

g 0.400

) 0.300
0.200
0.100
0.000

1 5001 10001 15001 20001 250071 30001
HolEf 28 =

(a)

F Workload Low

0.800 .
0.700
0.600
@ 0.500
ar ©.400
R 0.300
0.200
0.100
0.000

1 5001 10001 15001 20001 25001 30001
ColH 28 &

(b)

Workload Suspend |

0.900
0.800 +
0.700
0.600

< 0.500

2,.5 0.400
0.300
0.200
0100
0.000

1 5001 10001 15001 20001 25001 30001
Cjolel £ 5

(c)

Workload Suspend |

0.800
0.700
0.500

50500

1 0.400

® .300
0.200
0100
0.000

1 5001 10001 15001 20001 25007 30001
HholE| 28 &

(d)
8 6. & Mk Yol ME Y Zat

|

(29 6]& & =M 78F A= 7|¥E A8
o] Agg 3% Aol

Workload High(a)2} Workload Low(b)¢] 9=
CPU 7% Fow wAs zoz 399MHzoA
266MHzE WA RS 3¢ AAl A2yl 32 3
AF9 Asy) ou)3 AL A 4= A Workload
suspend®) 7% %BMHze] CPUT-5 F32 LCD off
Z A w7t AR ¥dE AP 5 vk Suspend
I(0) 2&elA £3F AFH7F Fold X2(1692651)
7] 92g 718 2202 Workload High’del2 24
WA LCD7F OnslE #7telth

E 7. 75 M0 GE BR AQ MF | WY V&8

£ Workioad High| Workoad Low | Workioad Suspend

b3
o A5 MR 0.636 0.624 0.528 / 0.486
T UEE 0% 2% 17% | 24%




HAIZH SSHAOIA KA B 71U XHH 7o 4A W ¥ 77
e~

[ 71& A 7-A Htimeout) M= 1o 79 75
AT 75 A doA ARHE FTFAF S el
ik, Zejako] B A9 (Workload High) &, Al2=¥
o] fF A glo) A%AQ AP aHe] glg B¢ &
25 #HEF AFE 063602, AZHARHimeout) A3
o o8 12 B¢ Zg#e] & 4 -$+(Workload Low)
AT AR AFE 062U 2% 2% APo) 2EHA
on, 1 o]%F 3x7} Ado| Tl & o] g 5
(Workload Suspend) 2EH¥ B AFE 0528%
048602 7z} 17%(c)9t 24%(d)Y] 48 Ago] 7=
2P
0.5282) 7%= Workload Suspend’2eie| A 54 Al
ol Zg o] Ul Workload Highel2 Hojgt
$-0)m 04867 A= 53 AR A8l fle
olt}. o] & B3 & AI7H1Z) B¢ A 20|
A%E 2R A 2 H2%) 7 v g v,
o} 71 Az Bot B 8o Y A Solle AR
AEEHAURE FAT
HEet AY 230] gl
Ay B2EE 79 £ Uk

>

£2 o od o
o

> B ™ o
o

N

Z

N
4
30
o
£

=}
2
W
B
fr
)

-

i

<

2B

2 ERo B39 7152 7 Wad olF A2
o &8 HY Zvlo) w2 BAE 2ZTEIH By
o2 sty 9% 54 A wey, 4x AY #=), F
A A 2837 2L AXY 71PS AAQsEeH, o
Z AN FFAA L A A glol ALE F Y=
53 A" @ 7IEe AX A4 gel s %86
o $4z2 ¥ A HE s AYF BF
of 7Iwdt AAH JIHE A 2 783

B =R AAY 7|He Adst] s8] AR &4
AAQ UbFOS™d 25 Felz F7}8}: MBA2440
=do] SPE FAGt WY olF Alz=de §
fzea9 sl AY $EZeaRL 5o A
stk Zdel wet f-5Hd F YA, N 4%
oo AHNY ZEFIHE HIF F giglon, A
24 A £ glo] LEFHE F718k9 A

Ay FHo) e Reith

F3 A3 A AY 2H 2 39 9] 2Ho] 7}
53 ZYF0 £ =79 AHE 71Ee gAst] 4
stz 53 $9 8] 24 7]H(Dynamic Backlight
Luminance Scaling)& 45t A A 59 o
3 A7she Aojch

% AaR ¥

[1] T. S. Marcus, M. Bashir, and A. Hashirmi,
System-Level — Design  Techniques  for
Energy-Efficient Embedded Systems, Kluwer
academic publishers, Boston, 2004.

[2] B, “ARY A2z A0y AZEYS, &
ZEAES| A (AREAD, A8HE, #1235, pps-T71,
2001

[31 K Govil, E. Chan, and H Wasserman,
"Comparing  Algorithms  for  Dynamic
Speed-Setting of a Low-Power CPU,” in Proc.
ACM Int'l Conf. on Mobile Computing and
Networking, pp.13-25, 1995,

[4] T. Pering, T. Burd, and R. Brodersen, "The
Simulation and Evaluation of Dynamic Voltage
Scaling Algorithms,” in  International
Symposium on Low Power Electronics and
Design (ISLPED), pp.76-81, 1998.

[5] http://www.research.ibm.com /arl/projects/dpm.
htmi

[6] B. Brock and K. Rajamani, "Dynamic Power
Management for Embedded Systems,” Proc. of
IEEE Int1 SoC Conf. (SoCC 2003), pp.416-419,
Sep. 2003.

[71 A Karlin, et al, "Competitive randomized
nonuniform problems,” Algorithmica, Vol.11,
No6, pp.130-142, June 1994,

[8] R. Golding, P. Bosch, and J. Wilkes, "Iddleness
is not Sloth” USENIX Winter Conference,
p.201-212, 1995,



78 S&IEEIX8t5|=2X] '07 Vol. 7 No. 6

[9]1 E. Y. Chung, L. Benini, and G. D. Micheli,
"Dynamic power management using adaptive
leamning tree,” Proceedings of the Interational
Conference on Computer Aided Design,
pp.274-279, 1999,

[10] Wang Yue, Zhao Xia, and Chen Xiangqun, "A
Task-Specific Approach to Dynamic Device
Power Management for Embedded System,” in
ICESS'05, Vol.00, pp.158-165, 2005.

[11] http://www.aijisystem.com..

[12] Aed, 2AE, ‘A8 A7F 229U S o &4
AAE 244 AN Zeadg B4 A¢ 24
G2 F, FFARANE =T (K27 R o
£), A2938, A1138, A123, pp601-610, 2002.

[13] Kim Topley, J2ME In a nutshell, O'Reilly &
Associates, 1st Edition, 2002.

[14] Sun Microsystems, JSR-139, Connected
Limited Configuration( CLDC)
Specification, Version 1.1, 2003.

[15] Sun Microsystems, JSR-118, Mobile

Device

Infoormation Device Prdfile  Specification,
Version 2.0, 2002.
RS

R £ 3(Moon-Haeng Cho) H3|H

T 2004 29 - sk FSE
&3 (F8HAD

» 2006 2€ ¢ gt AR
T8 (FEAAD

$ 2006 38 ~ &) FEUEgn
AFE e Al Ag)

<R 1 HAZE AFH, AARE YA, 24
3

A 9 Z(Myoung-Jo Jung) 3|

< 20039 24 : st AF
a3} (FaHAAh

= 20039 39 ~ A FduE

E]38ta} At st

o> 1 AN AFH, A

A, 24% 24A

’

AN AR, AP

rio

ik

3

e
<#HAl

Az

™

o *

A

=

7} £ 3)(Yong-Hee Kim) 3|2

< 0039 2¢ @ g ATH
F&a} (A

» 20039 39 ~ dA: FEuE
i AFEFEI] Aty Zjst
<BAEOES ¢ AXZE A" A

A3 BAA, 23318 HFD

°] @ #(Cheol-Hoon Lee) 5|9

&3 (FEAD

19884 24 @ A= HET e A
7R AAE s (FAAD

- 1992 24 @ g HEed A
712 A8 (T3

193343 39 ~ 1986 2¥ 1 A AHAL AFEAIAE R
A7Y

=192 39 ~ 19943 29 1 A AR AFEAIRIE
AdaT4

19949 29 ~ 1995\ 249 : Univ. of Michigan 24
a74

(19593 29 ~ A S n AFETEH 1

« 2004 29 ~ 2005 2€¥ : Univ. of Michigan %%
aT4

<BAEE ¢ AN AE, FGAA, 2735 A
e




