#BxXF-19

HEMREBRER (FRHRBAESHE) RARBESE

V2 54 44 30 HBUE

HPEEES . 82626

HEiEE : EFHE B)

I HARS - 2011~2012

HEES: 23700048

MEFEEL (1) KARREGEEBEO=RBENIET LR

THZTEEREL (X)) A Study on Wide-area Migration of Large-Scale Virtual Machine
Clusters
MELRE
L#l 2% (HIROFUCHI TAKAHIRO)
MILITBUE AEER MR SRR - BRI HAREMA - TEHARE
MEEES : 20462864

MR RO T (Fn30) « KEUR 22 (ARG 2 2 R =R B9~ 2 TIEZ BIR Lz, BE
BENREERBARRBET RN —CT — X2 X T 5701203, HEFE#O T 147~
A7 L—a UHEREZFIA LT, BERIDS LT EOFELREZ T+ 25 2 & < hoF—
B Z\CBET DN AMETH D, L L, BURCIIERILE ~UEEHE R 2 B84 5
WD STV D EIXFWEE, AP TIE, Frox GBS Lo B — (8GR =R
BN 2 e S C, EEOMEH A2 2RI E=R B R T X 5 HilT 2 2 AN L,
AEVRX—=VOEMGEESCAEY T 78 AORFMEEFRA LT, 7 —Xiligik e & BRI 2 51
UTERBIR T 2 13- 2 FIE & BRI Uiz, (BRI ORI B8 2 BRI eI T 51 v b
U — 7 Hifli & BA% Lz,

WFIER R OBEE (F3L) : This project has studied wide-area live migration of large-scale
virtual machine clusters. In order to drive datacenters with renewable energy, it is
necessary to perform load balancing among datacenters in response to fluctuating
production of electricity. However, wide-area load balancing technology using virtual
machines has not yet been established. In this project, we have developed virtualization
mechanisms to efficiently migrate multiple virtual machines over wide-area network,
extending our preliminary work (i.e., a migration mechanism designed for a single virtual
machine). It successfully reduced live migration times and performance degradation by
exploiting redundancy of migration data and locality of memory access. We have also
developed a networking mechanism providing transparent network connectivity for
migrated virtual machines.

S
(AL : 1)
ERERRTR D &
AR ERR 1,500, 000 450, 000 1,950, 000

MR8« KA fE
B OSF - B fFRTE V7 bo =T
F—U— N WHSLE - EGLE, AL, (G, v~ L —va

1. WFZEBRAE YWD 5 AINTIEEINTIINWDS OO, RIZIZH

RABLOEERIZBON TSRS EAL
ARG T A T~ A L — a3 v 2F TWRho T, FRCKEDORARGHHE A =R
Li=T — 4 & % B COaFR AV 8 I T—F X B TRENT D HI S KM T




Hol, WTIOIETH, FFROKEER
v NT—ZIZERB L, IRAEFHFEKO T A T~
A7V —ya v T =2t A TOHRA

BB ENFIE L L CTALEMT TV D, LavL,

BfFEDOT A T~ 7 L— 3 HREITX LAN
REAAE L LTSN TEY, REDIK
A B A RIS BB T A - I, R

P REFENGFIE LT,
2. BFEDO BB

AMFTETIE, IO RAR G ER 2 = LS~
NRANPRBENTHT-DIC, A T~A T L—
voa ORI ETIEIC O W T EAIITH
FRwlTHe ATV RX=VOEEMRCAE Y T
7 ADRPEZFRIH U, RO
FATIRER L TEZ BT 5,

3. WDk

BUNBAFDO T A T~ A T L—3 a Uik
Z AW TR R 21TV, WAN BR B
B AEEH LI L, TORE., £
OB EA % R =R B 5 BRI
&, T FEEEEOBK, ARG E OYERR
KT EWIMENFET DI EnbroT,
F - Em BB ORIV TR R O
T NI — 7 BEE AR T D 2 LB EEL
W2 ERbhoT, T, AEFEKOSE
ITIRRET — X OEBEMICHE R LT — X g
EEHETE, YA ROSDETET—HOD
HRk 2 FERHE 4 5 2 & CHREIR T 2 4]
T 5 Tk, BEOREHEHROEREEE %X
2 DFy MU — I REREFIEIZOWTIFE %
DT, TNENREREDO 0 N2 A T %
F2HE LA BRI L 0 2 0 FEE I S0
I L7,

4. WFFERR

B2, EEOEE~ > & R E RS
BT A EEOFREE TR BB OFR
v U — 7 & H O CBE AR B T O B
IRVERERHMl 2 T o 7, BWIEEDO Ry T —7
IZBWTI, RIRHCFEITT 2iERESEE » >
a UBAEEICRE{ET D 2 & T, (RAEEHE
B eroBERMZ2ER X2 03D
holz, F-BEERE R RO 2B BN
WBETHHZ b bhoT,

B, ER R A R E T S BRI,
T — H RS R A HI T D FIEIC O W THFSE

wED T, ARFHRBEOBIEZ MRHT L 726K,

U—rnu—REETHTH-TH, BHSH
RN AEY R—=URHYUEFETDH LN

bhote, = THIBHFEKED AE Y X—
ZHOENPLOF v v a2 L TBLZET, &
WBBEIOEIZ &7 ) 7 — Z rik & % Hl
T HOMMEZ R Lz, [AEROFIEE AT «
AR L THER L, EOF M FHGSE
BRICEBWTHER Lz, £7-. (KEHEKD 2
FVICBNWTN—=UF vy 2l LTHEA
SN TWARERE T L, I FERE O )
REICERIHERR 21T 5 M 2 B LT,
B, IEE R = RSB E) L
7B b Ry b U — 7 B ZE M A BB T HE
FFC&X D FIEICOWTHFE A2 DT, Client
Mobile IPv6 7u haLd 7Y T RXy
=R bR T A=V ESF A
0S DRV ITARA - 0S b THLET %Mk %
BA%E U7z, IAHF RN A AT D2 &7
HBBEC hox VT aAgEE L, £
BoORAEHE#Z ZRBENT AL, —D
TORMIZEBBENTDH 2 L2 AREIC LT,

S 2

Mobile IPv6 Kagemusha

bl

—
~~ Home

fope ‘ Guest 0S

AgeNt""Mobile IPv6
Binding Update/Ack.

IR AR RRLAICBB LRIty T — VR E R
EiBH I HE T HHEAE (Kagemusha) D E

B, E=EBEOBICRAET DMK T
AR 2 FIEICOWTHFE 2 T o7z, HRA
k2 =R OBEEREIC BT, RIEF ¥
YA ENTWARNWAEY R—IIZx LT
FANOS BT I7EATBHE, AT A=Y
DBE T HERE SIS ETORZ A 0S
RO ETHEILE LT LE 9, BrICFEEG T
IINCEE ORI BN BB T 255 1C%
DENRK X, F 2T, RABG B ~—
T H NIV RT BRI DT & T,
RBAEYR=DIZT 7R A LT AR 0S
Lo AOREELEL, FEYVOTaER
DFEATZMRe T 5 FIEEZRI LT,

TEREHAS (BRI THIHIHAS) OBMESHI

ALy FIDAR—ZHEF0x180d (L L TA—Z T4 )L M ERELIEES

R ~OSHZ(us)
--200 400 600

ﬁ VM EXITHE (F32198-242us)
ffi#klﬁnvtntjnt:kJ«::>
COMRIAVM EXI
22 hOSERI(us)

600 800 1000




LU EDWIERRZ WA DFEETREL, &
SEEFICE T, R, G AT

%#%/anﬁﬂ%?é%%%%%bt
W, BEO, R b eI EEERE oM
ﬁﬁﬁiiiﬁ%%%b “im LlE, ThEh v
RY T LT LE 25 Lz,

5. BRI IE
(r7efRH .
=Y

Feor i B ONE R SR 1

CEREam3C) (Rt 10 )

® f%ﬁleﬂ@%%ﬂxﬁﬁﬁxﬁﬁ
U= 7 3V FE WA A F 2
kf~<§ﬁf?4'jf<74'ffl/~<i/51//Q)EEA
CINSESTAN &y U 2/t;w&y
AT I UIRY T A (ComSys2012)
SCEE. pp.2-12, AHA. Dec 2012
http://id. nii. ac. jp/1001/00087509/
@ JRHEZE PHEFB R, T, g
B 2. (AR~ S Tk L O me e
Client Mobile IPv6 b VU o 7 s,
B 2% CF B, pp.
1239-1252. Vol. J95-B. No. 10, &Hif .
Oct 2012
http://ci.nii.ac. jp/naid/1100095173
94

® Soramichi Akiyama, Takahiro Hirofuchi.

Ryousei Takano., Shinichi Honiden .

MiyakoDori : A Memory Reusing
Mechanism for Dynamic W
Consolidation . IEEE Fifth

International Conference on Cloud
Computing, pp. 606——613, #FHiA. Jun
2012
10. 1109/CLOUD. 2012. 56

@ Takahiro Hirofuchi, Hidemoto Nakada,
Satoshi Itoh., Satoshi Sekiguchi .
Kagemusha: A Guest—Transparent Mobile
IPv6 Mechanism for Wide—Area Live VM
Migration . Proceedings of the
IEEE/IFIP Network Operations and
Management Symposium 2012 (IFIP/IEEE

International Workshop on Cloud
Management. pp. 1319-1326. & A .
Apr 2012

10. 1109/NOMS. 2012. 6212069
® %mfﬁ\r@mf\%%Tm\xmm
AR AU R X D
6?47747V~75V®%ﬁm\
ERUH S/ GE 2V a—T 4 v
AT I pp. T4-85, & HA  Mar 2012
http://id. nii.ac. jp/1001/00081515/

® Takahiro Hirofuchi. Hidemoto Nakada.
Satoshi Itoh . Satoshi Sekiguchi .
Reactive Cloud: Consolidating Virtual
Machines with Postcopy Live Migration,
IPS]J Transactions on Advanced
Computing Systems, pp. 86-98, &t
Mar 2012
http://id. nii.ac. jp/1001/00081516/

(FR¥ER] Gti124F)

@O Akiyama Soramichi. Fast Wide Area Live
Migration with a Low Overhead through
Page Cache Teleportation. The 13"
TEEE/ACM International Symposium on
Cluster and Grid Computing, 2013 &5
H 14 H . Delft University of
Technology (A7 %)

@  RMRZ, WA E—T 7 4V M A2
WERA have—MI 4T~ 7L —
a COMRER ETFE 2B a—F Y
AT I v RY T A (ComSys2012) |
TEHAEEE4 . 20124 12 A 07 H.,
WRFHIHF v 3 A (FER)

3 Takahiro Hirofuchi . Kagemusha: A
Guest—Transparent Mobile IPv6
Mechanism for Wide—Area Live WM
Migration . The IFIP/IEEE
International Workshop on Cloud
Management, IEEE, 201244 H 20 H.
~UA (TAV)

@ IR, R~ Y U DR T A T~ A
JL—aryEERBT LA NERR
Mobile IPv6 kiU ZHEH#E, 1 ¥
— Xy "L T77 LR 2011, HRY 7
Fo = 7RS4 2011410 A 28 H,
JUNBEFER T (f@ i B)

® Takahiro  Hirofuchi .
consolidation of virtual machines
enabled by postcopy live migration,
The b5th international workshop on
Virtualization technologies in
distributed computing. ACM. 2011
F6H8H, hrsBarXrvark
V= (T AU H)

® FllizeE, ATV OFHMMIC X BEE
DOUERRIKTEMA 2794 T ~A 7 L —
var, FERETRIR Y AT AV VR
T L SACSIS2011, HHALEL 725 2011
5126 0, BREFRa g Uk
—/L (HRER)

Reactive

(D)

R bR— A
http://grivon. apgrid. org/



6. WFITEAR

(D) WFgefzE

JRPE 2277 (HIROFUCHI TAKAHIRO)
MSEATBOE NFEEHATE A WIICAT « 15
WIHFZeEiY - ETLAFEE

igeE&s: 20462864



