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Dynamic voltage and frequency scaling (DVFS) is performed to reduce energy consump-
tion in virtualized data centers used as the platform of cloud computing. However, DVFS
provides inefficient energy savings in existing VM environments, because of a characteristic
of multi-core CPUs that DVFS cannot save a lot of energy unless the frequencies of all cores
are lowered. In this paper, we propose a energy-conscious Virtual CPU (VCPU) scheduler
that takes the characteristic of multi-core CPUs into account. Our scheduler, named Accele
scheduler , schedules VCPUs with considering the frequency of them to increase the prob-

ability that all cores run VCPUs having lower frequencies simultaneously. As a result, the
frequencies of all cores are lowered simultaneously in high probability, and therefore we
can gain higher energy savings with DVFS. We evaluate Accele scheduler with SysBench
and SPEC CPU2006 by comparing Xen’s Credit scheduler. The evaluation showed that
Accele scheduler reduced the energy consumption of the CPU by up to 22.8% compared
with Credit scheduler.
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HAaGbHE CHBEEITo .

<Y VERBIZR D@D TH S, CPU I AMD Opteron Quad-Core 2384, X €V ¥ 16GB
DDR2 SDRAM #ffH L7:. & VM ICEIh 52 %5 X BV AEIEL, VCPU #2' 2 D56k
2GB, VCPU #%4 D13 3GB & L7, Y CPU O 2 75 % VM @ VCPU #35FE L
CL, a7#0s2 086, 405460 280 TEBZIT-7%. CPU DIHEE I OHIEICIE,
PP Ty 7thoEIIERE A, AERPIE 1kHz & L7,

52 RRER

FERRERZM S WO, XEd>H ) AFS, Yid&g U A Bl T, HEI RV
¥ —, MNP, EDP Offix £ L T3, /&L, Credit A7 Y2 —708H% 1 &
L7MHETH S, 77 7XD, a7#2, 4 WHFITBWT, £TDTF Y 4T Accele 277
Pa—TDMBIANE =D, Credit A7 P 2—FDFAIV/NEL BoTwB I bk
3, HEIRLX—DWADIERAKT22.8%, INTI12.1% Lol ZDI D5, Accele
AT Y 2= 7P HEIFLVX -2 RESHIHTE TSI L35,

EIAW, WHIFAX =D LT T, V—2r8u— FOEFRMEML Tw»
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(@) a7 2 (b)y a7 4
B5 &YFUACHITIEBIRILE—, NIPEE, EDP OB

ZEILE BN = AETBEREEZZS5NS, Accele ArY 2 —T1%, a7 DRI
Baiz b K)ICVCPUZ AT Y 2a— Y v 7 T57kD, XEYNY VY FRT—7a— )
BED a7 TRICA 7Y 2= ¥ 7 ENBHERIE G, ZHUTX o T, XBYNRICHT
L7 RADHEL, V=70 —FDAL—=7v FPMETLTCLFIH. EB MFEFEICE
WT, $VF 27 CPUTEHAEBYNADFERICEI DT AT LADNT =2V AW TDI5
EHEINT B,

T, WEIRLY—LUMIKRHEORA%2EE L H o 5{ETH 2 EDP % i T
L, BTCOTFIVAIIEBWT, Accele A7 P a—TDHMBNE L mo>Tw5%, Lkdo
T, WHFRROHME DHEZ AL X —DBDOIRDTTHRE L, fHELE LT Accele &
FPa—7%{) & CPUDTRILT =R NI Ehbhrol, TDI Eh 5 Accele
AP a—51F, MBIV —2RP I, SSICZRAVF—RLEDOONB L VWA S,

oI, Aa7E2O0DBAL4ODBEERIKTAE, RO LB 5, £, HE
IRVFX—IZBLTIE, 3784 DBAEDID, Credit A7Y 2 —7 L TN WL
oTWw5, Ziud, 22fiTHRRAED, a7EBEhbE, BRICETD T DK
BOMii ) HERDSINS a2 B2 o5, WIS, QI Z KT 2 &, 2784 0
ABDFD, Credit 272 22— FIRT ZQERINAE S o T3, Tk, a78#0%
WA, FFFICAT S a— )V TENBIRAEYNY Y R —oa—FOEB%L 257
b, XEV TV ADBEANKEL kDb tEIioNS, wLF a7 CPUDaATHIFS
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6 FUA1IKBITZEIAT7ARBOEHELE OEMERFE

SIZHML T EFEbNTV 70, Sl XEIYNZDE G E LT a7 CPU DE
BRI ON ST %2 BBICT AT a— 9 BRETHE EELOND,

ZZT, Accele A7 Y a— IR AEBD a7 ZFAKHCAT P2 —) vy 7 LTw3E I L
ZRTID, PFUL 1 DERICEITS VCPU AP a—Y vrou 2k L7, R
ZK 6 1R Y. XiiliZ& 2 7D VCPU OB DMA ALY, Y llld&HAtabEssy —
70— FOETRHEFRICED 2HG2RT. BRDOI 77056, Accele 7Y 2—5 T
1%, a 72, 4 DGAHICHL D VCPU 23R 77 ¥ 2 — 1 ¥ 7 ENTW» 3RS E L
ZEWbD D, aT2 DA, £7TD VCPU ¥ 2.5GHz THi> T\ 2 L& E TR 4
KD 44.4%, 0.8GHz THii> T\ W23 49.6% & 72> TE Y, BIERED 94.0% &\ 9 &
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DDT7 L —LT—27 T2 VirtualPower ZHELEL T3, &7 2+ 0S » VCPU I/ L
THATT % DVFS Bl O Mm% VMM 287 v 7§ 2% 2 £C, VM 79 Bl % ZE L 7%
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