2008—0OS—108
200874724

BN LS YRS (20)

IPSJ SIG Technical Report

L4RA7AOh—RIVIEBITBEENRT Y 1 —5 DR

0 i B & H r2
oW B BR WK %KM

T, Y— " RHBABEERR EDH LD LN B T 2EEBMEENROLESENEE-> TN S.
Fxit, ThoOBENMBEEMRITIFEEDO—2L LT, L4427 ah—%/ T DVFS #lfic L
VEBIMEEITI AT V2 —THBERETS. ARAFVa—F1F, L4 Ry FEMTETEER
IESOEHRETRIZITY, 2—FIZLoTHENUHED ST MERERIK 2 7= 3 #iBR N CROE 72
CPU AEEERIRT A LICXVEENMLERS. £, HETRATF V2 ETREICSCTHD
M Bod L3 2 200, ROMRETRAICRERE LSBICINEMET S 74— Ny 742 A
T2, AT, KRTVa2—F O EFEERVFFBIZOWVTIRS, =% L~Urd OS —1%
TFYVr—var7alZ L 8 LRIFICENRETLZEICL v, 7 uh—X VBT BERVA
T LOFRAMEL D ICEEIMLOFREMICOWTERT 5. FHETIX, 1/0 XU F~—2 RITHHITR
K 32% D CPU HF =R NF—ROBIREZER LT,

Implementation of a Power-saving Scheduler on L4 Microkernel

KAzUHIRO HAvasHI,! JuN KANAL 2 KATSUMI MARUYAMATS
and MITARO NAMIKI

Recently, the low power technology is needed in many fields such as server computers or
embedded systems. We propose a power saving scheduler with DVFS(Dynamic Voltage and
Frequency Scaling) on L4 microkernel. The scheduler reduces power consumption by predict-
ing the performance of each L4 thread based on its run-time information and selecting the best
voltage and frequency that satisfies the performance constraint defined by users. The sched-
uler has the ”learning system” optimizing the performance estimation model automatically
in each environment, and the ”feedback system” compensating the performance estimation
error. This paper describes the design, implementation and evaluation of the scheduler, and
then, considers the applicability of the scheme to L4 microkernel and the possibility of power
saving in microkernel by applying power-aware scheduling to user level OS servers similarly
to applications. In evaluation, we achieved 32% CPU energy reduction of an I/O benchmark.
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HeEetge & U CHERELE 2SI B Bk & e B X D 72
Hlie T €7 L
__f

fmax
ERWEFREEE UL, FETE, R (10) RO
(B) PZHODMRETRIET N E T 4 — KRy 7 DFEL
ZHEAEDERR 3ITTRT S0 E AW TITo 7.
matrix, FFT, SHA xU\read disk FE{TH® CPU =
ANVFX—HBRBOMEFEREZ K 4 1277, ERIZ, &
RERRME % 90%, 70%, 50%IZFRE L& & D, £HK
BT D Em AR B~ TV TRL
Thd. Fiz, MHERMEICN T2 EMEDRBRELAIE
LR E2R 5 17T, 22T, HEERE « o173
FATHERH ¢, OMEREREER e, 1T

t100
= i T (11)
ELTHELTWS.

Yy (10)

-

&3 HENMLHR

EE HRRTRIET L  T4—F 1 w2

FREQ X (10) i3]
FREQ+FB X (10) A%

PMC X (3) )
PMC+FB K (3) B

5.1 CPUAXYFI—7IcHd B5HE
CPURVF=—ZIZB LTI, matrix CFFT 72 &
DX ¥y a2 IARRFE T 1T T LI LT, FREQ
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“lorRea
B O FREQHFR
| memc
1 @ PMCsFB

disk read

5 fERERiZER

HRIZHARPMC FROF R LY EWEEHDENE
BNTW3. Ei, RHAICKEVEERERIT -5%
BETHY, WTFRLoFRITREWO T HIEIERKZ K&
A—N—F B LR BENMENERTE TV,
AFERND, Fry oI ARG EOMRICKERNE
WIZHES DVFSHlflic L - T, X V%R CPU
OERENEERCEAFREENTESWE. —FT,
SHA 2 DX ¥y v a IXAROENT B 7T AZH L
Ti¥, FREQ F R & PMC FHITK & 2213220
Beizorz.

F7-, FATHZEY O Linux L TOEHEM L ik
LTbH, CPURVF=—2IZOWTIHIZIEREDR
ENELNTWS. CPU Ry 727 0sT ADFET
IZDOWTHE, OS #EIRTFT 2 ERBMBD TH7RW
=8, A 7 aih—>RNL 0SBV TH Linux & [F%
DFERB/BONDIDITERTHDE E VRS,

5.2 I/0ORXVFI—7lcxtd Z5HE

disk read Ti¥, L*Linux, LP49 ONHFIZHBT,
74— K3y 7 @ ARHZ FREQ RN PMC Iz~
BVWE IR LF—PREBB/ LN TS, FiZ, LiLinux
IRV THERERIE R 90%ICER E L34 Tk, FREQ
FRUTHAR 32% DIHE = R X —HlBE EHRL TNW5.

disk read EITHIZIX, T4 AT 77 ZAREI VA
FZ XD B D OS — "PHEEEICEMET D Z Lok

3. L*Linux RU'LP49 ETOF 4 A7 %AW 126
173 OS WE DI, MAVWEEFEIIRLE L0
D, EOEAHZFIEIFAFETHD. L4128V T,
FTRTOEN AT AN RT3 —FNHNED IRQ A
Ly F&LTRESN, BIVALMBREETD EXRT
BNV RIY—RNT LA NEDA vy =22 TR
HEETT 5. KERICBVTIE, disk read DEFT
FMEEICET 3 IRQ X Ly ROETEROEIEHM
L*Linux Ti¥ 91.6%, LP49 Ti% 87.6% & iz 9 Bl
KEEDTWSZ Latbhole. ZRHEDIRQ ALy
RiZ, "—RTF 4 A7 T BT —F DAIGEIT L -
TETHEFMOREEZHEE L TR Y, EMEELA CPU
JABEIC X HFHEIZ 100%IEVIRIEE 725, 74—
RSy 7 CrE, SEMERENEEMREL Y bEVEA
WA E TRt 572, PERERIEAS 100% & v
BEWSREIDO7—ATIXIRQ A Ly FIZIFETRTH
EATRH 2 RIBABECEIET 2 Z L1t b, K61,
LLinux iZ317 5 IRQ A Ly RO & 0FE(ThE
FINREZRT. 22T, EmAKKE 8(2.0GHz), &
1A B %% 0(0.8GHz) &1 %. X, FREQ+FB
RO PMCHFB FRIZBWTIE, T ToOMRERME
125 LTHRIE T TR 2 BB AR TEEL T»
DT LNHERTED. BRMIC, 74— KRy
AT2ZLickoT, HEEET 2B Z L EKR
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@ CPUABIMLERBTE LI LIZR2D. ZhiT,
IRQ AV y REEBICEHBENA G Va—) 7452
ETI/O T vy T ADETIZIRIT 5 EE 2 EHHIE
EEBELEFRTHY, KVRATADOVA 70 H—F
NA~DEREERTRERTHD LS.

25

RATEM [s]
«w B & 8

°

R RI2| =2
PMC+FB

6 IRQ ALy FOREHKT & DETRHMAR (L Linux)

FATHZED 12BNV ThH, FA R HEMALT TS
L LTI 4 — KRy 7 28H LT BAICHERE
BAPRBPHBON TS, FHLIENA—FTF 4 27R
FHE S EOFE R S & 0 ARG & OB R B & 1T
ST LIXREETH DM, WITho OSHEEEZ Lo TL
Th, [JOXRvIRTBRITTAHINTHT 41— KRy
7 DERIIHRMTHD Z ENERTE D, Hlio<A
7uaH—F N 0SS VT, EIVRABRNC T
EDOSHBZDLONRRA Ly RELTHEShTE
D, RV a—FIC L DMRLERBEHRIHEMBAETH
278, XY REREEEREIC L ZEBEHNRSY
FTEDLEEZXD. ZODH, KFETHWEZT 4 X
JRPABRT AT T AOMIZYH, Ry MU —7 0E
L, OS Y —EREEHEICHEMATH LD DRy
Fv—7 70 s T LR L TCENEEZITo TV 2
EREFEELEZD.

6. b Wic

AT, d~A7ul—FVERBE LEEE
NRY P 2—F OREHE FEE, RUFHTIZ W T~
<A 7 Bh—3 0SIZBIT BEEHLOTREMIZS
WTEREToT. FHETE, HIZI/0 v Fv—2
FEATRFIZ T 4 — RNy 7 K 2 BE R EEHHR
EFREL, v 70 —FRNMIHTIERRT P a—35
OFERA%ER L. KVAT LT, BKlovsrab—
ZNVOBERMENEE SN DMAIARLE EDSFICE
WTHBIEENT E LCOFIARHFTE 5.

AR TEELLEBHAT D 2—5 T, BHO
B2 70r 7 APWHETEND L I RIBAZEE
LTRLY, B—X Ly ROBWEDARZHRE LIZE

HEIEHEZIT > TV, BT 2 75 ADRBETICN
LTh, MR EH T REREBNIA Va2
VT EFERTHILIIASHOBEDO—OTHD. &5
12, MBPIARY AT LI E~OBERAEEEL, YTV
FALEEEZERLIZEBHAr Va—) v S DEER
BRETLTWS. BV AT AZBWTIL, 7usJah
2—FIZL Y ED LN HERERIN I -T2 &
MMEBEINTWRY. UTAEZA LT 0 ST AOrRH
H & AR 2T MTEIT BIERERREOEA L #HA L,
LV ERNREBHBEN 2 ERT D Z LIZSHOBIE
BEO—DOTH 5.
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