EHRMBH L/ JoE1—F1>F VX574 Vol5 No.2 74-85 (Mar. 2012)

#hE - X ') HAHICK 5B S

4 TvAL -3 3 yORTEL

Fall] 2ot R 222 EE T2 OARfIH E—18
248 2011E7H19H, #$%H 2011E10824H

BE TaaST s Iy Far¥a—F 1 Y FORRE LA 720RB~y D74 7347V -2 arzH
WBRIEN S {ATbILTW A, ok IR~ 2 ¥ 2 ARG U CTEN - ST 2 2L TR~ 2 v ok
BERALZ ATV DD 77 FEROMRENZ T2, B x T VAFERORE~Y Y Y2805 28T
TVHRMRZMESED, 2=FF2A7 +y 7, R/ =8, 7= X-2AOM e~ ¥ Y HHT Sk
THILTT T = a y OFETEMZ T 2505 ThbTCnd,. Ths O TR~ ¥ v 2%k
AN EATES BB 5 2 LI & ) BN 2 R# LT TH L. EROTATIA L= a3 Y TIRR
B o Y BHICr2»RHSRE, BEESKE Ry T —ZARIEHCE V) MESH L. Jx
LEBEAFRZECIE 1 B D) OBEZ OV TA =Ny FEHIET 2 RAPTDNT VLY, #0558 LITE D

i
BT L5120V TIEIIFFEES N TRV, ZCTARTIHEEY Y U251 BEITEINZZEDH LKA
MIRLGEEID, BEOFEFTTOAE) ZHAHT L TEEZIRET LS. XY 2 BHAMH LEAE S5

DARWFETH I EIL) FRLOMEHZEIT 5. AFRTEAET) OBAMHEZT> TS YB3 F74 7
XA V—=2arTAYAT A, WEERHELZ., A 7uXyF~v—27 B L apache {727 7Y
F=arNrFe—rOfEg, Y U1 EFITINTIEDHLFRAMIRLEICHIEIET A
TRA TV =2 a VB ABEEEE AT ) EEELFHIRTE S 2 LAURE N,

*—J— R AL, A T~A TV —Yary, 79 RaAYEa—F1 07

MIYAKODORI: Optimization for Sequence of
Live Migrations by Reusing VM Memory

SORAMICHI AKIYAMA''® TAKAHIRO HIROFUCHI? RYOUSEI TAKANO? SHINICHI HONIDEND'3

Received: July 19, 2011, Accepted: October 24, 2011

Abstract: Many studies use live migration technique to increase efficiency of IaaS Cloud. For example,
gathering and distributing Virtual Machines (VMs) in response to their load can guarantee the performance
of VMs while suppressing energy consumption, memory usage can be more efficient by gathering VMs whose
memory contents are similar with each other, and certain types of applications are executed faster by VM
migration between user’s desktop, compute nodes, and databases. In these studies, aggresive optimization
are executed by making VMs migrate between hosts again and again. However, live migration have draw-
backs that it takes a long time to migrate a VM, and that network load is large due to the large amount
of transferred data. Existing studies about live migration tackle these problems by focusing on only ‘a’
migration, not migrations. In this paper, we propose Memory Reusing. With Memory Reusing, we can reuse
the memory of a VM when it returns back to a host on which the VM have once executed. We developed
a system called MIYAKODORI, where VMs can migrate with Memory Reusing. Micro benchmarks and
application benchmarks showed that MIYAKODORI can reduce the amount of data to transfer and the time
to take, when a VM migrates back.
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Fig. 1 Overview of proposed method.
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Fig. 2 How MIYAKODORI works: Left side illustrates first migration from host A to

host B, where the memory is not reused because there is no cache yet. Right

side illustrates when the VM migrates back from host B to host A, where the

memory is reused. Detailed description of right side is as follows: 1. Stop the

VM to save the memory and the generation table. 2. Save memory of the VM

into host B. 3. A dirty bitmap including pages that have been updated during

the execution on host B is transferred to generation management server. 4. Gen-

eration management server updated generation table (V My, hostB) using the

dirty bitmap. 5. Generation management server compares generation tables
(V My, hostA) and (V Mo, hostB). 6. Pages that have the same generation are

reusable. A bitmap including these pages are transferred from generation man-

agement server. 7. The VM is resumed. 8. Execute migration, where reusable

pages are not, copied via network.
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Table 1 Hardware and sofware specifications of the cluster.

CPU Intel Xeon X5460 (4 cores)
Memory 8GB
Disk 250 GB HDD
Network 1 GB Ethernet NIC
(OF] Debian GNU /Linux 6.0
kernel Linux 2.6.32
QEMU 0.13.0
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bFEBRDOEBREZTVIEL CEIES 5 2 & 2 MR L7205, #K
DA I post-copy TUIZEET A5 FRIGAM LT 7)) 7 —
TaryRyFY—=7TRY EFE. EBEOFIEIILDTO L
BYTH5.
(HYyarA4r7ary7 s PIHzRETEA N ADRSLARA L
BlZIAT<RA T L= aryz2fi)).
(2) B~ rTasA Y279,
(3) RKAPMBD®POLHRAMALLTATIAT V=2 a sz
179

A—=BDIATIAT L= a v TREEDH L% L
Wb L TR EHRICEY), B ATDOIATYAT
L—2aryTREAEYDPHAATEA-OEHEYFVS &
AEVEEEDVHIRENLETTHS.

FEEFRER LR 3 1R T. BEIE 3 HOETOTH % Lo
72. B LDA—-B, B>ABIXUHEHYD A - B
MIEIFFECMEZ R L. SR AEVEIHZ Lo, &
HWIEHDTORA T L —2a y BOTHAATE Wi
ETHY, BHEHAT)PEESNTNLENLLTHL.
BRI~ Y v OELTAEY LY HERICIERE SN A
T EPIV L VOIE QEMU IZ[F U/NA b ASER T 5 —
JIEFD 1IN, OB EREL THELEENH L72DTH
b, KMHADOAEYR=VIFIENS D0 THDH20 IO
REIC & o THREVE PN TS,

—FHEH Y D B — A TIE AT Gk 8T%HIH
TE7/2, TNEATVHFHIZE - TERIN TV R WA
F)R=VZFEEL TRV RSTHE, FHETFOH S
R=VICHLTIMEREBVIEEL TV ETD, 74T
A 7L —=2a BICIZIELL s A VEDOIREET AR

K2 VIal—TarvBEEON—FYTBLIUYV T MY TAEE

Table 2 Hardware and sofware specifications of the simulation

environment.

CPU AMD Phenom II X4 955 (4 cores)
Memory 8 GB

Disk 2TB HDD
Network (R L)

oS Debian GNU /Linux 6.0

kernel Linux 2.6.32

QEMU 0.13.0

£3 WHHY/ELTOAEY R
Table 3 Amount of transferred data with/without

MIYAKODORI.
AL —av #EZL | #EH D
A — B (FFFIHAT) | 137MB | 141 MB

B — A (F5FIHW) 138 MB 18 MB
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FEIAATHWS IO T A Wi, BEFETIEIAE
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TARIHTIE post-copy DO~ A 7 0 X2 F~v— 27 OFERIL
A L pre-copy LD D HIRT .
(1) A ECHERLAEBRICT v ¥ 07— 5 2EEAT.
(2)A—=B &4 T<A T L= ar®ir).
(3) B ECHAR LMD R — VR gE LS TH &R
5.
()10BRICB - AL IATIAT L=V a3 V&),
FIE (4) TORAE)EEEB L OB EEHED ) &
LTI L7z, 724 OFEAREE L 200 R—/
#, 1,000 <—2/F, 5000 *—/FD 3FEHEEIT- 7.
EBFREREE 3 1RT. K3 OLERIEAE) FHEEZALHE
BEIATYA T L =23 Y THEREESNTZ AT OFKRT
HAH. 200 = /FE 1,000 =T /I TIEEND WD
5,000 X— ¥ /B TRECEEEDPHEZ TWE DL, 5,000
R=TV /TR AET)EEZAAPERT ETHRL A -8
BELTWANLTHD. HBEZALEET 10,000 X —
VI T A EEEAAREN I -FETHEZTLETW
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B ESHL
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o
S
S

XEVIXE (MB)
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S
S

0
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AEVEETAHEE (R=J/B)

RAT V=2 arET)IENTE otz WELLLE
HEH ) RIS 2 &, BEDFIAE) ke dik-> T
BY, FRIC AT FHFZARFEDI RS THIEASHHE T
HbH., TNEHEZALFEDSENE AT DT L AEDFH
FHTZ 226 Ths. —HEELIE—DFETL L)
IR TIEFARRE R A ) AR W72 A E ) fink
BEOHIHIL 5 EREICE EE 5T A,

M3 OARIEAE)HFEAAREL T T~A T L —
YarilhrotKHOMBRTHL. FTATIA T L —
2a DDA T RTAE) I —I10h 50
MTHhb70, AE)ImEED YT 7 &R U ENZ R L7,

Db~ A 7uaxXyFY—=7I2 X ) RBFOREIITA T
VAT VL= a3 IlBIA AT EREEB X OB 2
HIWETE 5 Z D HERR S 7z,

533 77UG—a3 NFv—7

BBRICEBOT ) r—3va vl ARV FR—2 %
1To7z. Xy F~—271213 apache B & U httperf[10] = H
W, B web R— Y DFiAIAB LT ¥ A7 & L7z, httperf
X web = NOWEELX MBI F~v =2 Y= LTHY, 1
EIERT A4 a VR T 72 ATH7 74V %
WELLET—20— FOVEEDSTHETH 5.

BAKIIZIZ 256 KB D7 7 4 )V % 1,024 flJH & L apache
DEBTA L7 M) TICERELL., T 7 74 VITH
L httperf ZfHWTUTOLEBETT 7 A L7,
(1)100 227 ¥ a v /.

(2) 1,024 D7 7 4 V% 17 H A 5 NEICHUE.
(3)10,240 2427 ¥ 3 YT T,

T 7k ARG 30 W TREIIL» S BEIKIZT A TS
Jl—Yaryl, EHIC0MTREHITICRSTAT~A T
L—var&iro7z. 100 247 ¥ a v /BT 10,240 2 4
7 va ENET HIZIEH 100 B b iz, N Fv—
7 O TETIZTEDORA MRS TL ALY HETH
4. 723 apache B £ U httperf (2 & b I2BE T 40~

35

L3P
EF- T o10)

BEESE (¥)

0

200 1000 5000
XEVBETRAHEE (R—TJ /)

3 AE)FHEIALRMEE L AT fnki /BEYR OB

Fig. 3 Amount of transferred data and total migration time with memory update

frequency.
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Fig. 4 Results of application benchmarks with pre-copy and post-copy live migration.

v ETEIWES .

4 OFEE DT pre-copy T DER, £ XA post-copy
MTOHKRETHL. BAEIF3IHOETOFEEYE & 72,
post-copy ITHO X EV#Ekm e 1L, X—=TY 7+ =)V LD
PLBR X I AT DA A E ) DI S O 3 ¥ — THi%
EN7-ETHLH. WPoOITE L EBERIORTOIA T
YA TV are, g LIFEHIC0BBTOTA TV
A7V —=2aryaeRT. WITNOMEER LOITE, Ji
DBIUHEED ) DT EDEIZF LEEZRLTWS. Zh
FEMEMERE Ck 7D L RIS T MBO T4 7~ A 7L —
Ta vy T AT PBEILIC VD X E) HRHATE
BWIzOTHA.

—FH#REH ) OJF V) Tld pre-copy &, post-copy Fl & %
ICHEEEATRE (> T b, 21T web — T DFiAiA
REDTTANT 7 XATIRLIET 7ASNZT 74 )
MWAE) EIZF Yy vadnbizn, 2BAUEOT 7+
ATIEAE) 2 rRL T TLORSETHL, KRRV T
=7 TIE 1,024 D7 7 A VK LR 100 2427 ¥ 3
YOMFNCT 72 AT 5720, K 10BOWET7 7 4 VS
IRTF v v radngd, EFEICHESHEDoZAEY -
TOBERRIZE A 10 BB RITZEORIZEAL
BEINL W2 RSNz, OO 10 BETO AT
FERAKRHEEL 7,000 X— T /BRE, TNLEDO X E)
T EIALMPEIL 300 =V /BRETH o7z, L7zSoT
SR TIHIZEAETRTOXAEYDFHFHTE L7204
VEREE AR E CHIRTE TV, 7238 post-copy DY
A1 pre-copy B & D) S HIHEFR AR S VW DIE, post-copy Bl
DFEZENNEF =34 FASERES 5 X — T %225 L&V iERE
MRV OMARZ LTIERFEHO X E) kI hTwn
L5 THDH. KEHOR—TJIZEH SN\ 720 FH
95 LHnk SNy, F 72 pre-copy BIZBWTIE~Y A 7
ONRYFY—7 TRLAZEB)BEIE L 2 €Y ikt
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FREOMEN % RS, EBRICARFEERICBWTH X EY LAk
OIS FEERER 12 DoWT H Ao/,
UETAE)HHHBLUHENET 7Y r—2a v |2
BWTLTAT~YA T L= 3 VIZBIT Alke L B
MAHRTE S I EATRENT.

6. GEIm

RETIIHE O & RS- 2 E) OEH, B
ITUOEBIZEDF— N~y RIZOWTHL L.

6.1 HLEDEATEEL X T L

MR~ L D 1 EEFTEIN/ 2L DH B AR M
MELRALLI BRI TAZICHNWEETH A, T IIIARWF
ROHRE L THEMmTHRZZDDTH A, 2k 21 3FHkAD
BB L TR~ Y Y8y F U 7Y AT 4 2] D544 T
b, KVATLRELDOAE) BT A FIVIREEDOKAH
T VEERTAREY =N, T T4 TR Y v
1 BORENTLEE—NEFHD, HLEMAY VD
BT T AUSEREE S — 35 5 AV =3, it
TONEERS =D FEy— NN A L =23 7
b, Thbbr I A5 LROANROL R VIREETIZZ KD
IR~ ¥V DSEE — SRR S, IS BT O R IR TE
TRELDEE —NNGEEN L, 2z &) KB R
IR~ Y Y R FEAT L TR W EA — N E 2y Ff
REWC LIHBE T AV T —2{lild 5. KAV AT LA TEREL
IT3alb—varyliy—2s0—-F2EFLEZETH, 1
Bl 720 22225 30 O~ A 7 L—2ardatibh
7z [2].
HEIE1EFET LB P ORXAE) 2R 5T 52 L
WX DEHILEIT ) 720, RANR T T A5 4RD X EY
FHEDIEFICH VY A7 A TIEEAHAPEICIE 2250
T, 727210,
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(1) #EIZ L2 AE ) IHEZHIMT 5 LRIITETSH 5.
(2) AEVIEEBP VY AT LZEHA LR ETD, it
KDFTAT<YA T L= a3y EEEOEREERT.

(1) 2V TIERAITREL <R D. (2) DBEITITH
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BINEVENZ B,

IRHEDLZORANOBEFELELLTLIIHE
d, BEICEBFREZELTOTERLTFARY FIZT %0
X CHEANSIRETH 5.

6.2 RIEINALXT)DER

EBIZE) IA T A 7L —3 a3 L2807 L BEER S
SRR 7m0, BRIHESND AEY AR A MO
2y b7 =2 X)L EA LOBVEEEEICREIND
CEPRETHD. BIEOFEETEIH LB~ v DAE
JIZRAM 74 A2 BIErR=V% &L 774 Ve LR
FEha, ¥4 1GBOXE) 2HoRE~ Y v % 1
EFAT LA A M, SR~ v oXE) 2R/ FT 5
ZZHOIZ1IGB DX i 4. LFilROFEERON
TWhHD, BESNTATY) POAE LB SNz —
VERHTHIENEF L,

BIEENTAEY IIEEONR—Y T L IR THETH
L. THEDTTOREEICE S,

(1) O BEHEA 7L -2 a Y IZBTAAE)DD
V—R—= T I2fThhb.

(2) Linux TIE RAM 74 A2 LD 7 7 4 VIZH ) BTH
N7z X E ) 1% madvise(2) Z H\WTR—2 T & DENK
WHHETH 5.

(2) DFEEIF QEMU I EROETH 2R 5 721F THhE
ThHbH. F72 madvice T2 X F1) R— T OIFFLIED
TAPLRELBWVEEZONL, ZNEH—RVaL
Ta LR )R-V MO RERE 72 & D EO L)
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N= TV ERRT DIEUTOFIESLETH D, 72721
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ERET 5.

(3) HACE A — NS UHAR— P ERFEL TV A KRA MIC
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B RS A,
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W, FELWEIZOWTIE 6.3.3 HAESRRE W, (1) T
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