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Abstract: In recent years, data center utilizes cloud to advance innovating technology. Resource utilization become one of the
most important problems in the data center. Previous researches used virtualization technology to deal with the problem.
However, they didn’t consider both performance and energy-saving completely. In this paper, we propose a method to reduce
electric power consumption with an efficient performance level. To assure a high precise prediction result for VM behavior
according to the information of CPU, memory and 10 without prior learning, predicted result is smoothed by holt-winters
exponential smoothing method. The system analyzes these statistic information according to working status of each VM. And
electric power control for the system will be implemented. To provide an energy saving control method for OS and processor,
this paper utilizes dynamic voltage and frequency scaling method in VMM layer to control voltage and frequency, according to
the behavior prediction for each VM on KVM. The system implemented the proposal and evaluation, the result showed the
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biggest 26.46% energy-saving.
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Figure 1 The configuration of system.
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PEREDEE, A —T v MEfEAvey) & BHEIIEAEH
fEAvey) . & LCRIET 5. Aveyl 13 (1) & VMO E4THS
FIlc k0GB h%. Aveyt . 1 330(2) £ VMO (TR &
URCTSY S

WEHEMES OERIHEY, HEHEFRES O TRIEP A%
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B MEHTRES O EMEI LSV By,
A=y by WRENYS, ., ROREHERES
DFBMEIC LSV RG] . AV—T > bagl .,
WHEEqr) X DBIRRER(T) R0 & 5 ITRT .

pow,t
v.f _
y‘perf,t - Aperf,tXt + bperf,t (7)
y":;{;p,t = AthrptXe + Denrp (8)
y‘;{w,t = Apow,tXt + bpow,t (9)
v.f _
Dperse = AperrePr + bpersr (10)
v,f _
Dehrpe = AtnrpePr + benrp,t (11)

q'zgw,t = Apow,tPt + bpow,t (12)

AT -2 &V, BEHEMEREIZBIT D Aperee & bperes
AN—T" MZBIT 5 Athrpt & brhrpr, HEBNICET 2
Apow Ebpowr & RD L. H(7)— K (12) TR D7zak K (B)T
KD HEERO TR Z VT, K@A3)—X @15k,

FEVMOEREMERE, AV—7 v N, HEEHZ THTS 2
ENRTXS.
vf _
Bperfrsr = AperttPeer T Dperer (13)
v.f _
Dthrpt+1 = AthrptPes1 + Denrpe (14)
vf —
%pow,t+1 - Apow,tPt+1 + bpow,t (15)

KL@ABNZ XV, VMEMETRIOREFIZ L 5K FEE S - &
ETAL—T v b R ONERVERES BB E B 2 A% - &
FEZ IR 5. —J5, VMOBEMR IS X 5 418 & w5 -
BIETAL—T > bR OVHEMRENHE L £25FIRWEGEE

IZONT, Aveyt . L Avel)  HOL B

— f f
F= {fl(q';;erf,t+1 > Ave;erf,t) &&

(ihepess > Avey O} (16)
@) B O
PEOFRFECESE, RANICEY, HHZ LY
— NN 72 BEIE - B E o, VM B L O0va
7 HL7 T DVFS #4979

foar ={fImin(@)), )| f € F} (A7)
6. 32IE L FHMm
ARTE T, Holt-Winters $550 EHHEIC LD v AT LD FEdk

EFEIZONWTIRRD. AT AOFEE LT, AEER
BElT¥1T 5 SPECCPU 2006 N F~v—7, v hT—27 X
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VFe—ThD httperf, T A AT RUF—TTHD
bonnie++ % WV CTHE ML ORIl & 1T > 7.

6.1 E%E
I3 £ TIOR AR S X, ATEOFDME % 3
T 57-%, AMD FX-8370 7't v ¥ % ## L 7= PC 2B W

THEIEZIT-7-. FX-8370 Yt v ¥id, %wamyyﬁ
i HE 4GHz, TDP 2% 125W, fiv4 256KB « 5 — & 128KB
@%37£ﬁL1%?V?:ﬁMB@LZ%?yV:ﬁMB
D L3 F¥ v amFo. RIFRIZHWZERE T DVFS A
A O E T 5 BT 1400MHz, 2100MHz,
2800MHz, 3400MHz, 4000MHz T& ¥, A EIZAE 27 24
FL, EEREa7OELEEZERE L.

RAMERBRICB T 2|METIEICEY, I—FVEVa—
NTHDH kvm-kmod & I/0 el a2 Il —T a9 5
QEMU-kvm [Z¥REIBIN 21T 5 72. KVM I, Intel VT-x[12] <°
AMD-V[13] &\ 572 CPU DAB LB 2RI+ 2 2
&R RHRICERE S, B L v L A i R OB LR RE
ZEBELZ. KYMIL, (I8~ OEFRIC Linux ORERESS
JINTERIERTE, A®Y, RIAN, ZFTa—Fk
U ) BEREIZIEARAYIT Linux I —R VEEREZ R L T\ 5 7=
B, KVM BEDO A7 — /NS W TH 5. AREF5ETIE
X6 7T —F T/ Fx A HIEL L, x86 O TRIZENE
JE - JRAREHIEY CPU 0F v Ty MRIFE D720
AMD @ FX-8370 # % —/7" v b & L7-.

RWFFETIL, AENGE#EZIB 2757, FX-8370 7'
& v ¥ IZE1F 5 CoolCore[14]7 7 / v ¥ —IZ M-S\ /= DVF
BEIEEERAT 5.

6.2 FFE

ARFIEIZOWTEHIi 17V, AMD FX-8370 & v %
HWH L2 PC i~ > & LTROZFEN S F~v—7
DEBREIT 7=,

+ SPEC CPU 2006 N> F~—2
Xy PU—2 N F<w—7 : hitperf
T4 AT R Fw—7 : bonnie++

AT LDOBENHNBNR A TMT D720, REFEE

WH LV AT AE#EHA LW AT MBI KT
~— 7 OB X NF—Z I L7z, FHIREZR 1O L
INTART.

# 1 FHmERER

Table 1  Evaluation environment.
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ARFENC L B EEMLREIC BT 2RI A2 79 5 72
®, SPEC CPU2006 N F~v—7, Frv hU—7 X T~
— 27 Toh D httperf, T 4 A7 X F~—27 ThH D bonnie++
EHWTHEINLOFHL ATV, & F~v—27 ZLTIC

W 5.

SPEC CPU 2006 /%> A 7 A PEREFEAT 1< (SPEC: Standard
Performance Evaluation Corporation) (ZX v, CPU, A&V
72 EOMBEYERE A TN 95 L 9 ISR S u7z. AR T
CPU N v Rig Ry F~<—27 O 444namd, AE VY NY K
R F<— 27 @ 462.libquantum % FV TR &2 4T - 7=,

v MU= R F~— 7 BT BRI HTTP &%
By — )L CTh D httperf ZHWTERBRZIT - 72, FHIFE &
LT, E00atHEE» 56 VM Z 8 L httperf 2 v T
ATz, httperf (X1 BBV DY 7 =X MIEER
THZELIZEY, VM IZAWEZIET S Z <‘:75§T“’a°f:. N
T, —BHzbol) 7 MEE 300 &fE LRk
ZITo 7‘:.

T4 AZ MO WA MVFR Y7
B THDLMNE
B A L7z,

UEDRTFv—=27128k 0, (HAERETVM —G &8
ﬁﬁVM®ﬂﬁ%ﬁot.VXTA@@ﬁMﬁ%%%ﬂﬁ
T 570, BEFEZEALEVATALEMA LRV A
TACBTFLER T~V —7 OB R LX—ZFHIL
BWHLAEWS AT AMIBITF KN F~v— 7®(%§IZ/V
F—h1eBE, TRIHT IREBEFELHEA LIV AT

LB LERTFv— OHBETRLF—%K 3 LK 4
WRT. A VM O F~—7 3K 2 TRT

# 2 BB VM O F~v—2
Table 2 Benchmarks of multi-VMs.

2ot & X, RFEN
Y INETER T A= IZ, bonniet+ & B AT

Scenario VM1 VM2 VM3
1 444 namd 462.libquantum -
2 444.namd bonnie++ httperf
3 462.libquantum bonnie++ httperf

CPU AMD FX-8370 (8 cores / 4.0GHz)
AEY 16GB

A8k KVM, QEMU

£ VM @ VCPU 2

ZVM D AEY 512MB
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X 3BV, #lliIrF~—2ThV, HmNRE
FEEEA LIV AT MBI (R TF~v—7 OHE T
INF—DEEY, WHLRWS AT ACBITA{ENF
—J DB N X—% 1 & LEFHOMEMNMEEZR LTS,
—BVMIZK LTCPUNRT Y RO F<—7 A 15.40%,
AEYNRD Y RORF<—7 )8 20.38%, T 4 A7 X F
=N 2460%, Fv U —IRFw—27 W) 17.76%D
Zut v FOBEETRLX— ORI E MR L.
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Realative Value
o O O o
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M 3 VM —HBOFH
Figure 3 Evaluation of one VM.

X 4128 0T, R2ICHESWIEEE VM IZEFENF
~— 7 OHBEDLEOFMFE R TH S . #ililid scenariol, 2,
3 TH Y, HEdhs scenariol, 2,3 ICBIFHIREFELEEMA L

S VAT AOMBTFIAX—OEE, WALV AT A
DOWETFNLF—% 1 L LERHOHMEZRL TS, B
B VM 25 LT scenario 173 20.74%, scenario 2 7% 13.21%,
scenario 3 23 26.46%0> 7" 12 & v B O = 3L X — D HIK
THER LT,

7. &Pz

AFHTIE, KYMEARLERSEIC 1T 28 Ebx By &
L, OB LB L AR~ > v OB ETRICE SV
BEIMEEFTR DOVMM OFEGE, 3 LI SV TR~
o, MELTEABEIMEFIEDZ, VMMAEVMOREEKE
ZEBE L, CPUMRMRE, T 1 AZ10, *v h7—71/0
BT DR EHE R A INET S, % LT, Holt-Wintersi& iz X
D EVMOEMEREL TRIT 5. ZOTRIRER» S, CPU
SR E AL —T Y D EELOOHE = RV F— 5k
LD X il e R AR ET S, ERRERICKD,
ARFIEICONTHEE = 3L X — 2 K 26.46% 0 HIlJs % T
REBHZENTEI.

A%, HEECERALIEIC X D VMEIED THIGE R o=
WCOWTHET 5. 2B, VMI LIZHET A ZOF] R
BLUZHEDNWTeT A RIZBF 2 A - BESIEZ B E T
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Figure 4 Evaluation of Multi-VMs.
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