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Abstract: In recent years, cloud computing has been received much attention. Resources in such clouds are
managed in a large-scale data center which consists of thousands of machines, network switches, and storages.
Virtualization technology at each layer also makes management ever difficult. In this paper, we present a
caching technique for such virtual infrastructure. By taking advantage of reference locality, it achieves high
efficiency as well as maintaining consistency. Our approach is based on classical caching techniques for dis-
tributed objects since resources in the target platform are represented as distributed objects. Consistency is
also managed by timeouts and invalidation protocol following the given policy. In the experiments, we have
shown that overhead and performance improvement for each operation and demonstrated its effectiveness in
virtual machine management.

Keywords: parallel and distributed systems, resource management, cache mechanism, distributed objects,
and cloud computing
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Fig. 1 A virtual resource management platform.
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Table 1 Information and statistics collected in virtual resource management.
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Fig. 2 Overview of Kumoi.

[kumoi> pms.dmap(_.vms) .flatten )
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Fig. 3 Example of small script.
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Fig. 4 A cloud environment with Kumoi.

val coldPool = global.createPool
coldPool.name = "gold pool"
global.add(coldPool)

val pool = global.pools(0)
pool.add(pms.filter(_.cpus >= 8 &&

_.memory >= 16 * 1024 * 1024 * 1024))
pool.add(pool.createElastic(vm))

5 777 8 API OffiHIHF)
Fig. 5 Example usage of cloud API.
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Fig. 6 Cache and RMI implementations.
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@remote trait HotPhysicalMachine {
@persistcache def name(): String
@persistcache def addr(): InetAddress
@persistcache def os(): Hot0S

@persistcache def info(): List[PMInfo]
Q@cache def stats(): List[PMStat]

@cache(3000) def cpuRatio(): Double
Q@cache(3000) def cpuAvailable(): Double
@cache (3000) def memory(): Long
Q@cache(3000) def freeMemory(): Long
@persistcache def maxMemory(): Long

// some shortcuts
@persistcache def vmm(): VMM
@cache def vms(): List[HotVM]

// update (feedback) operations

@invalidate @nocache def shutdown()

@invalidate @nocache def restart()

7 BRE~YTE TV OB
Fig. 7 Example definition of a physical machine object.

© 2013 Information Processing Society of Japan

LIRAE, 7Y 22 FPHOTRTOERZ IR
RETE5.

o AT IV MD—Eexv v F 7V T
EHHEOSW—HOEROA T F vy v aT 5.
Fx vl LB HREIEERIREME LD, Fy oy
VaDEEL—EUEROIA M ZENT 5.

o AV RZEICHF vy a: FROBIRLEEAT, #1
FNDOXAYy RTEIZERE Ty v 295, Frv
YaRROT Y M )IEE L 2T UL R S R wniERIE R
ELBD, Fx v anBERr—EEHEOEHa X b
[T/ E W,

R LTIE, AV Y FEMNTOF vy v v a2 FREHAT
b, TOBHELT, VMEEDOAT YV a—1) 7 kED
F=F b FEBROTIVIT) ALTIE, CPUMHRL &
DEFEDERD KR LD LGEV L PO THDH. F
7o, EEEOWELDH L. A1HTHMLZL ) ICEH~ Y
T T POREII AT BIZHLOTIE R, FEB
DEFEICHD. ZD0, ¥ 7V bOKEEZTRT
Xy iathHlllE, FNFNOX Yy Fae@l TE
BOBFIZT 7L ATHIENNLETHD.

EBEOF v v oy bYICE, RO L) BERERK
MLCTWa, 727 b, Xy K, Bl 7%
Fx (1, ROEOR), E5[HD 450/ F—Tdh
D, AV FIFCH LOEREZELE LTHRMAL TR 5.

(obj, method, signature, args) — res (1)

EHIC, HEOEETIE, 7 XTOF v v I 2TiER A
Vo FHFLETHRFHEENEE Ty v v 2 1288 L
TWh., — T, e Fy vy aTlE, Fyviafk
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NI XAHREE L., SRIE, FALT T MIEoT
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SUE, EWa A P E—BHEOMHFF I A MZX o TRE B,
P87 513 LRU (Least Recently Used) 7 & D &1z
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4.4 F vy OEEERE

¥y v a0 —BUEFPHEELRLDIE, 20045 TH
5. (1) 12334 L BFEOWERPEAT 5546, (2)
b 1OIF—BHEICREL 525 L) REBEEXITHIHBAET
HbH. FENONILEARHTHHL, BHEICOWTERE
THHT 5.

R TIE, BAMICEF Yy 20 —BHHEHICY 1 L
Ty MNERERCS, 46T NEREHERTLE, 2
FTAT Y RNET=NHTE Y v 20— EWHEZREIHD
72HDFER 70 b AV EEHT 50BN <, IS
FETE L, TONE, MEIC—EEEEMT S L3
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e Onocache . ¥ ¥ v I 2% L7\,

e Qcache(timeout) . & L2 ¥ v v 295
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e Opersistcache ! AKMEMWIIF v v 2§52 & &FFN]
T5. 72720, BEZ0BOEREZZIT TN,
REWBETIR, Fv vy 2 3HAAAEAT vy Y1l
LCHEfEL, 7— % b BB LT S 2 OB
EATOBAEIIEF vy Y2, S NICEBEREET.
CHUE, BT AN Y AT ARGHILE AT DF ¥y
YakBRBY), ENFTNOBROEHFIRMEORKER L TS
LHZENEL WO THL, FD7-8, write-back TED
L9 %Fx vy TR LTEIERZITY, R4, T—2YlIC
LM 5 L9 Rl v AT 4 THEICIT b N S il
ERHATE v, 72, BHREEL —2MmNNy 77 L
Ny F#ERATHIEDMETHLA, A7) 7 hOjtilE
BB SN L FHFLTC0wDE EERD

nNh7:0, 2H5E5517bhwv,

4.5 T vy a1 DOEML

Frv v aTlE, BEMNEIEFER (timed order) &

REIR (causal order) BRKELELE R L2 DD, Z

D7z, RigLTIEF v v y20—EBEEEZRO7-012,

At (invalidation) FX\ZHFH T 5.

AR EIFE B C©, KRR E CHIEIC R 2356

ELT, ROL) B HITons.

o VM %28 L /-EEDZE | VM Ziles§ 5L, 7272
BLITEBTFO VM OV A MRS NS Z & % HifET
B, Fxviany A LTy MEHAFEL L HNT
WD L IS N VIR T 5

o X aUT A EDT IV REREERLIFGE I TV
L AMEREZHEL 2D 0D, 72725 IS
F12iE, Lo Ko, HRZE 2205 0DFHIC
TR ATELRNIET 5.

o BENRELAZE (| WEPEAELLLEILE, 74
L7 MR FE CORM, BEOREIZRE DN R,

F72, ¥y v v a0 ERENIAT D 72012, L,

DT 4->o0HATOEMILZREL TW5.

e InvalidateSubObject(obj, methods) | 73 =7
NORFED AV v FOAR WS 5. 728 21F, M8
DOBID L H1Z, VM OLH 2 ZHE L7235412, name()
Ay KR toString() AV v FE2EMLT 555674
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abstract class LibvirtHotVM
extends UnicastRemoteObject with HotVM {
def name_=(n: String) {
// change its name to n
invalidateSubObject (this, List("name", "toString"))
}

def migrateTo(dest: HotPhysicalMachine) {
// do some migration work
invalidateMulti(List(this, vmm, local,
dest.vmm, dest))

8 Frv ot

Fig. 8 Example code of cache invalidation.

WA 5. 2B, 8 IHMOHEE L, FEBED
OJ— F&HHLL T3,

e InvalidateObject(obj) ! 4 7 ¥ = 7 &% M)
t345. VM 2T 25512, VM E=% OfEH)H
DVM O—E) A N HHT 5565 EIEHT5.

e InvalidateMulti(multi) : ¥+ 7Y =7 b &k
ML 5. 7oL ziE, M8 ook H1Z, VM 2 #3%
LB E IS 5. VM OB%TIE, B%T5 VM
HE, BIUORELEBRLOWIRHEKE L VM
EZSD5 O ELT 5.

e InvalidateGlobal . 7 747 Y hDF v v ¥ agfk
WAL 5. ERICIRE L0 TIlE, IREEEHEIH
MW B8 1T 5.

DbED 4 >OWRLIIER~ v 747V 27 b DFERE
I— PP CTHHICHE T2 Z R TE L. 7z, 7TDX
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IZiThE2 2L b TEL25, 1 FHE 4FHOYEICHIR
ENLH., I, T/ 77— aryTlavadD 7)) IT747
BLUPHEECEHEVILICHEL TS,
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HZEHNIH A, LoT, WML EERT L0121,
=T EDTITAT Y IEHREF Yy 2L TWD
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fITIEZ 747~ b O RMI#BEDHERIERO A ZEFHL,
WINHEB L 72T XRTDO2 I4 7 7 ML x v -
REETH. LoT, EAMEFHLTE20LE ) DT 1L
FVTET AT Y MITIT) . L Lers, 794
Ty MITHF Yy PaREBERTLIAMNE, Ny ak
D7zONE L, FERE LT, EBRLOI A MIKEL Ay
= VBT 5.

F-BIOMEE LT, —#NIZoEE 7Y s bTIEA
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l YE—FAVYFOFUHL
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I i

¥ |
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‘,' F Proxy ','
/ {

i
{

HotVMimpl

CachedinvocationHandler

+invoke(proxy, method, args): Object
+invokeRemoteMethod(proxy,

il IE %3
1 !
method, args): Object i Unicast i
—li i RemoteObject |
if H
¢ | aE |
47 ]

I
HotVMProxy (E&752) F
= n

NIFSOBIT
+start(remoteRef) UL +dispatch(obj, call)
+invoke(proxy, method, args): Object
FYD—HFEHRTO

dispatch()DFFUNHL

(a) Java RMI PNEBICF23E

invoke()DFFUHL
RemotelnvocationHandler
T FYRT—IRETOAYYFIFUHL

(b) Proxy ffg 2= FIH L 7-9£%

9 FyviagioEE (VM A7V FOgE)

Fig. 9 Cache implementations.
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¥ 2 OERILIE idempotent ZIRIETH 5728, HERMAT
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o Y —/NAITHOERIME - F— HDFHHEFET, EIRIAT
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T 5.

o 7T7AT > MUADEINME: 7 747~ MIITY, A%
RICEEEZBIE L, $Y v a2 2lETLIEWE
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X, BEDO2 54T 2 P TOF X v T 2D coherence L
BIZEB L 2w, Fx v 2® coherence |X, ¥4 LT
MERE & HERDLAREEIC L o> T—E DNz 5. DL
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53D % Scala ICEEREL, T4 OFEEEFIHTE L5
OWTCIRY) 7L 2 aryTT 7 AMEEEREL, AVY R
IO LT, BELZERSLHZ TV A, Kumoi &
RV — A3 — K 36,276 77D 2,017 7A  RMI & F % v
VAl L EREII LTV A.,
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A LREETHRIFT AL IRET A2 LT, FETRIZ) 7L
sraryaxfRL, BWIcT oy 2 2iTo 7.

6. ¥l HEEEDEE
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EHRIMATE CHERET D L) ICRFEILTH B, Z0HHIC
DWVT, KETHIT 5.

Kumoi Ot F 2V 7 1 #¥hEl%, 3.2 HioX 4 [Z/R L7z &
912, LDAP & MySQL Zfifl L THHEE L TWwa. FMHE
&, 9 Java ® JAAS (Java Authentication and Autho-
rization Service) #EREZ i L, LDAP ¥ — /N CiRaF % 1T
I, RIZ, FZOREHE D LI, B~y ATV
FDA Yy FIFOCH L ZEI2T 7 & AMERRDSH 5 0 & ) P
A %479 . BEDFEETIE, ACL (Access Control List)
BHEEE L7277 L AMROMER 247> TH Y, MySQL
=N ETT 7R AMERD D B 0089 HERR L, Java O
YRRy 7 AR THIEIL TV 5.

Kumoi D&~y 74 7Y =7 b ORENEEX, FEBED
BROBHEE KL TBY), BREOSHEE /856720
W27 7 AMERRD T = v 7 %2479 . B 10 IZEEH % H 1T
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Wi VM O—EZBET 256, RDL) %AV v FIFY
WL ENSBICLEET S,

kernel.local() .vmm() .vms ()

ZOBITIE, T, kernel M local() AV v N&EMWF
HLTWwW5A., Kumoi Tld, ' —RIVHE LA 7V =7
e LTHMZIEEINTEY, kernel D4 7T =7 b
249 5. KRIZ, local() AV v N T, ¥z VEREDHL
T LTV A WIS I 2 4 7Y = 7 b 2 JUS
LTwa, 512, WHEEHEED vmn(O * Vv FEIFOH
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R EREEY—/N

TOERERDFVY ca
Shell ca.check()
Ref kernel

—

kernel.local() | |

e fom
List(Ref vm)
I VERE h—IVIRE

10 RMI & BB O B £R
Fig. 10 RMI and authorization.

ca.check(’Read, Kernel, kernel, "local", auth)
ca.check(’Read, HotPhysicalMachine, local,
"ymm", auth)
ca.check(’Index, VMM, vmm, "vms", auth)
11 Kumoi FEENFH TITHI TV % B L

Fig. 11 Internal process of authorization.

vms ) AP LT, LHRCHKEHLTNE VM DO—
e )AMCTHETLILENTES.

YEAS, Kumoi DEE~ Y 7+ 7T 27 b L FEEFED
RS E KL TWwb 2 ehd, VMO—EX T 5
2 TH 3|0 RMIFOH LabBEET A, T2, 77
L AMERDF = v 7 Ay FTEIATH 2 &n5, Ak
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Frvia L TBITE, RECHEEIEESNS. RIS,
TR AMEROF =y 7 F vy L adbIAEE %
b, TOEAMERD ZNIEHBICEIERESINT, O LE
WENBEEIZYH, IR X o TRFOT 7 L AHERD
REE LIS 22 E05TE 5.

7. EER

KL OERTIX, T, FvviaEoEAIcL?
BEZSEDF =N~y FB L OMREEH R IOV TR
T.OKRIS, B AFIABIEZRL, A7) T MEfFORT
DR ERN ROV THIET 5.

7.1 EERIRIE

EERIT 7 T AHEKD I L 16 B TITo72. %/ —F
13727 )V Xeon 3.60GHz CPU, 2GB #EY, 32GB ®
SCSI 71 A7 T E N TWA, V7 b7 o 71d 32bit il
® CentOS 5.8 (Linux 2.6.18), Xen 3.0.3, Sun JDK 1.6.0,
Libvirt 0.8.2, Scala 2.9.2 Z i L 7-.
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Table 2 Execution time per operation.

etk 1mE  2®/HE 3EHEH #4477 ME [ms)
Frvvahl (B—=H)) 8.08 1.48 1.50 1.64
Frvvahl (JE—DN) | 1412 2.03 2.51 4.22
Frviadbl) (-7 7.87 0.12 0.06 1.84
Frviadbl) (VE-I) 12.90 0.11 0.07 4.92
FrvaFH (B—H)) 9.16 0.00 0.00 0.00
FrviaFH (VE-F) | 12.85 0.00 0.00 0.00

$ 72, NFS, MySQL, LDAP O =& LT, 727V
Xeon E5620 2.40 GHz CPU, 24GB X€1, RAID5 7 1
A7 (SAS ##i 600 GB % 4 5#E#) O¥—nN1Hz2MH
L7z, 2% =1, 64bit i CentOS 5.8, OpenLDAP
2.3.43, MySQL 5.0.95 #ffifj L7z. %8, ZooKeeper |&
S RIOEBROFH TIIANED /-0, FHL TR, Dk
DFMERIZTRT, 1000BASE-T TS Twb,

7.2 EERER I BREI & OMRERENR

KEFFETIE, 9, AVY FIFOH LI EDF — Ay
FRotpetr B R 2 e T 5720, EBEiTo7. FORK
BE, R2IRT. 2T, =1~y FEHRIILSLT
2720, TELLETERLRBELEIRL, 77— 0Uh
ARl T 28— Mo OlR2iToTwa. £72, £
NENDOWEIIFRL—F 1 Y 7Y AT 4 (0S) DFx v
DA TEBZTET S RETHEL, &5 HoOflER
ROFHREE 2R L T 5.

F 2T, MEBEOF v v 22 EBALRWIEE, i
ZRBELEALLZBED 201200 THELTWS, £
7o, FREN, O—A V7% RMIEOM LoW4E, BIOFHH
B35 ) E— MIFUH LOBED 2 2% /R L TWA,

Frviah LOYEERA L, HHOICHE LIZIF
UK SK & <, 2 BEPBEIERE CED S W L%
WA, Fio, U= NVIFH LIZERT, VE— MEOH
LOBHMEMZEST S, S50, Fvva2iTbhv
A2, TEEAS 2 BEIC2T THOH LKA S
NTWaBD, BT 527 7 A0u— FEEE, Just-In-Time
JIT) a4 FDORERL OSDF v v a2 DEBRED
BAWGERPEZONL., Thbd—RERVEEE L
THEHNL 20, EOBENTHL0HET S LI L.

RIREREOF ¥ v v 2 b ) OBEEHRL L, FEO
IO LERIZF ¥ v L2 LOBELNT, 1 FEALE
boRVEMZET LS. 2 BHEDREL, Fvv a0k
W& DI LR ASBIRG IS SILTW D Z 80 b,
SHHEOHEETIE, 2BE L) SHICEMHSN, Frvia
by MEOFITNNADPRBEILINT WS Z D00 5h. 4
EHUEESEHOMEHREIZEAEEDLL WO,
F2IFBBL T v, KRR, Frviand A LT
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Y MEERIOSEE L, FREY — D SRS 2T bR IT R
% bR WEEIZE, Ty v ah LORE® 2 mHLE
DIFOH LI EZEb S VIR A2ET 5, 72751, 20
BEb T =Ny RO EESHEIET S,

F2OWRBIIRLTH ¥ v v ¥ 2 TEN, AL
HES, FTRROLIIFHHENAZ ) 7 b LTl 25
WAL, FEITFv v a2iToltBAaTHA.

val p = local.port

COBAITOWTYH, MENZIED L 2D S B LR
BT 5. 2 [ HRIIERS S HETET 5 2T THD
720, FFWICHWRHTET T4, /2, #EHFRIH 2
IRV TLr v a b REE L, 727L, FHT
Fro L aFRTIBEIE, YATAITEF Yy L aD—
EBU2EMT LI LN TELVD, FIHESFTH CET
TLULEND L.

7.3 KEER: 7V XFBRAERBEBMCLEEHE

ZNETO Kumoi T, KEht—n"~\y FEET 5
72, ¥ a) 74 FORBWERRELEETEINIILTI R
Motz L2Lads, v v ol ftEATAI LT,
INHOERETBFEMIFIMNT AL TEL L) 1% 5,

R 3ICHTHRREEZ AN L2 EOERGERZRT. 2
DEFL, £ 2 OFEBREFEMICH — KV T LA — b
FF a2 ST HLEORELRL TV,

F#3xRALIE, Fx v LOYEITIE, AV v KIE
O LIZ2 2 AR RIEICHEM L TWwWab., Tk, 77
t AR ORERIZ DN L HEEIKE L HEDTVRENLTH
b, — I CREMM T AN L72ag, 2 mIHDEE, 52T
BEREZ AT AWM ELED L R VT ERHZ/R LTV,
UL, Fr v T aERICHEREL, FRTREREOEAIIC X
LERIETEINZ COWENLTHL, Z070, KL
DEFTIE, BB LZ AN LIREBTERYIT). %
B, FEIF Y vy ar2iTooBalconTlE, whlixiEs
EIRL &9 EE A2 2L, 2 B H DB S BT
WG ZAT) 2 TE 5B, 72720, ZoO%EbFIHEN
—EBUOBEHET) LEFH L.

HB, TOLGAEIIOVWT Xy vy ak Lol EH2S
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xR 3 77 b ARWHERR AN L 723G O UL ]

Table 3 Execution times when authorization was enabled.

et 1mE  2@BE 3@EHE FAL7YME  [ms]
Fyviakl (B—=H)) | 9112  53.56  47.51 39.89
Fyvakl (VE—F) | 20855 6117  61.31 56.70
Fryvadh (B—Hl) | 108.55 0.11 0.06 58.38
Fryviamh (VE—F) | 200.54 0.10 0.06 78.79
FyvyaF@ (m—A)) | 11083  0.00  0.00 0.00
FyviaFH (VE-bF) | 212.63 0.00 0.00 0.00
R4 FBEEV2— VT L DOUIERER 1: def compact(pms: List[HotPhysicalMachine]) {
Table 4 Execution time for each component. 2: def firstFit(v: HotVM,
3: rest: List[HotPhysicalMachine]) {
FEYa—) 1@ QE 3E YALT TR 4: rest match {
(1) Precall 228 0.04 0.03 0.05 5: case h :: rs if h.cpuAvailable > v.cpuRatio &&
Client (2) Cache 0.17 1.70 0.05 0.08 6: (v.maxMemory + h.memory) < h.maxMemory =>
(3) Security | 0.01 — — 0.00 & v-migrateTo(h)
(4) RMI 114 _ _ 193 8: case h :: rs => firstFit(v, rs)
: . 9: case List() =>
(5) Cache 0.01 — — 0.01 10: )
(6) Security 65.30 — — 44.42 11: 3
Server (7) Impl. 0.03 - - 0.03 12:  def compacti(pms: List[HotPhysicalMachine]) {
(8) Security 16.86 — — 15.17 13: pms match {
(9) Cache 0.00 — 0.00 14: case h :: rest =>
(10) RMI 0.43 _ _ 0.34 15: h.vms.foreach(v =>
(11) Security 0.00 — — 0.00 16: firstFit(v, rest.reverse))
. ’ ' 17: compacti(rest)
Client (12) Cache 1.69 — — 0.11 ]
18: case List() =>
(13) Postcall 0.02 0.01 0.00 0.00 19: }
&Rt 90.96  1.74  0.09 62.13 [ms] 20: 1
21:  compacti(pms.reverse)
22: }

SEHEIE»TT, Fyviadbho2mHEHIS 3EHEICD

JTHEREDYGEE STV S

Ind, 7.2 HiOWLE L EMF

2, OSF vy v ak EOMEWLERNIPEZLNS.

12 VM %22 7 b Ofl
Fig. 12 Example script of VM compaction.

7.4 EBRER FEREOLE

R 4 ICHIEID 71 — ANV OE AR — b 2 BUET 5565 O
FEEMONREZRT. RRTREB L OF v v ¥ 2 EEO N
FHRAIL, REEHIOREGR? ST — 7 VIEOH L o
EDOATEREZIT->TnD, £4TE, AV y FEIFOH
LTh5, B LIGICRE>TL A TORMEZ, E2rb

KB EITRL TS

%%4 FRAE, FRFv v aENTW ARV 1 EOY
AT, 7, BP0 (1) WFOH LEfLi TR 42 LT
WA Z EDg A, UL, a— U JIT 22854 5,
OS Fv v ahLOBEMNEERNIEZOND., $7-,

Tl (6), (8) ¥V T 4IZBTHMENL LD
FEMEHoTwa, g, (7) XYy NOROH Ll
TlE, FETALEE %U&Lmi CAMH AT o TV LD
THb. BWOEHLORKEY TO (12) F v v ¥ 2T

Fr v aRIIBET AU D, D LURNEET 5.
2|HE 3EETIE, Fvv a0tk y, £ o
AR TETWDLZ ENghb. 2, 2) Frvia
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WMIROWER2S 2 HE LY SEEOFPES ZoTws., &
DERIZOWVTHEST HDIIESH TIE LW, 72 HirL
EEFEICOS Fx v Lo EOYEERTEZSND.
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Fig. 13 Cache effects in script execution.

kumoi> compact (pms)

kumoi> pms.map(p => p.name -> p.vms)

res7: List[(String, List[kumoi.shell.vm.HotVM])] = List((ibml,List(centos6-ibml, centos6-ibm16, centos6-ibm15)),

(ibm2,List (centos6-ibm2, centos6-ibmi4, centos6-ibm13)),

(ibm3,List (centos6-ibm3, centos6-ibm12, centos6-ibmi11l)),

(ibm4,List (centos6-ibm4, centos6-ibm10, centos6-ibm9)), (ibm5,List(centos6-ibm5, centos6-ibm8, centos6-ibm7)),

(ibm6,List (centos6-ibm6)), (ibm7,List()), (ibm8,List()),
(ibm12,List()), (ibm13,List()), (ibmi14,List()),

(ibm9,List()),

(ibm15,List()), (ibm16,List()))

(ibm10,List()), (ibml1,List()),

E 14 *v v a0fhtd ) ous
Fig. 14 Result of VM compaction (Invalidation was enabled).
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kumoi> compact (pms)

(xend.err ’/usr/lib/xen/bin/xc_save 19 28 0 0 1 failed’)

kumoi> pms.map(p => p.name -> p.vms)

o

at org.libvirt.ErrorHandler.processError(Unknown Source)

java.rmi.UnexpectedException: unexpected exception; nested exception is:

Caused by: org.libvirt.LibvirtException: POST operation failed: xend_post: error from xen daemon:

res6: List[(String, List[kumoi.shell.vm.HotVM])] = List((ibml,List(centos6-ibml, centos6-ibm16, centos6-ibmi15,
centos6-ibm14, centos6-ibml3, centos6-ibm12)), (ibm2,List(centos6-ibm2)), (ibm3,List(centos6-ibm3)),
(ibm4,List(centos6-ibm4)), (ibm5,List(centos6-ibm5)), (ibm6,List(centos6-ibm6)), (ibm7,List(centos6-ibm7)),
(ibm8,List (centos6-ibm8)), (ibm9,List(centos6-ibm9)), (ibm10,List(centos6-ibm10)), (ibmi1l,List(centos6-ibmi1)),
(ibm12,List ()), (ibm13,List()), (ibm14,List()), (ibmi5,List()),

(ibm16,List()))

15 Fv v v a0 Lo%E
Fig. 15 Result of VM compaction (Invalidation was disabled).

TV E I LTWwAE o, EmRE2dT) — 25 R
72554, 4.05 ms] TERLOZRLBEDE T 5.

8. FAEMZE

8.1 F+vaiDERIRAK

* ¥ v ¥ 21%, Domain Name System 7 & TOFIH 2 X
FHLLT, SFEELTHATLTHRLNTED,
T DROMEPED LN TS [16]. F ¥ v 2, ThhE
ZHESELMRLYIC-EBEOEHE I A M u A HE
LB lnh, SEFSERHARESNL TS, T2,
F v a3 (replication) DHFRLIGAZEEZ D
N, 77472 FNEETITON L IV HERERR L.

STWMA TV bOF v v 2L EH L S
FEHR b TBY (17, (18], F512 Java RMI Tlx X
ik 8], [9], [10], [11], [19] & EDHFZED B 5. KL D
BREOGWHA 7Y 227 Mo T 70 —F & g, 3R
M 2N S ORFFERCR % AR &R S B AR O BRBE 1 A &
BIENTEL., 72720, WRET LG E HARE
BEOREICIE U T v v ¥ 2 R E PRI L T 5 1A,
INSDOIfEE DENTH L, R, BE~vy 7+ 7Vx
7 N OREEE-T, EEFRORBICEZRGIESE T2
720, RO TR ONZ, AFYR—VEFHLE
FORGEAL [10], [15] (T VA ZENTE RV, T2, 7T
AT MIDOF v v v axkGAEZWUREL L, HRICH—N
WO+ 7Y 27 MM 5455 [15] b, FRENOEE
DAYy FIFH LORERP TR LIZC W &b, @
Lizd weEzohb,

F72, lo77Tua—FE LT, FrviahlolkiEr
TANRY MEINTO YT Iy FOFERHCTEAT S D
EDTEDL., 121L, KX oxtg e 58ETIE, &G
DWMEIICL o T, TTIEH—WRA V¥ T2 — A2
ENTWA 70, 7ANRY MRHEOWIZE T bt T
LIEEEIART, WHAMETHDL LR 5.

© 2013 Information Processing Society of Japan

8.2 REREEREEEB DX v v 21 DEA

AR EIRE B IR S 2 < TH, Dk, 7—4 %
> % Tlk, SNMP (Simple Network Management Proto-
col) % &R LZIERIUED T TV A, W{DHhD
SNMP D1 — x v FFEETH, Fx v 20EAICLS
T, HREIET LBEOMFNZEHO TV 5H. KFFEOR
BEFEHEEDPPIET 2 1EHb, ChooBICL - T
EOONDEMEEHEL TV LEG O H L. —HT, Kif
FHTIE, SHODFERED LICT 4 — PNy 7 8BMEL#RD
B ZEeMELTBY, LVEEAHZEEL TV,

T, REEHREMERIIBT A2+ v v v aFik
I&, VMware Infrastructure [2], Eucalyptus [5], OpenNeb-
ula [3], OpenStack [6], CloudStack [7] 7 & DO AEEIE
EHEEIOT L TCOEBAT LI LR THL. 72721,
INSOHEMEY 7 by = T TIRARRIE CEREOIMSILE
L TITo TV RWnEZEZbNLZ LN, Frvia
OB AIZIE, LVZDIADNEHET 2.

WA, AFZE T LT 2R 0T H Hi134FIcH
L ewy, REEREHEREOMPEREZEEL, L
Eetie 2 llAGhbE TEIL TV L TIERDOMIE L £
LhEEZLND.

9. F&&b

RRICTIE, 777 FERSEARGE L7 R I LA
B2 F vy v atBirRELL. okl % T v v
Yo AR BIORFER R L, SRR B
BB GIIUG DML & O & BT AREHE
GRS Y 7 by 2 T, SESEAY
Baath 7Y =2 b LTHRIEL, Sk 720,
AT FOF vy v a RS LICHEERT)
ENTEDL, Fl2, Fr v aBORYIELTIALT
7 ML BRI OfREL, f N TF—2 a3 il 5
ERbzdT o 72,

43



ERMBH L/ JoEa—F1>5 X574 Vol.6 No.d 31-44 (Jan. 2013)

SHOFEL LT, ERIGIVWEECEN 4TI 2 L1
IoT, E6hb% vy v alBEORNMEERT S, £
DRSIZ, BEOLRTHLON - ETEETLF vy v a iR
AT TH HHS, FEEOWMS LB L O —E D
Mo—=FF725, EZFTOHREZEALTWHIRED
EVI)BEILETH D,

BE AEIZEO —EBIIEHIFE (2230006, 22700023) O
TEEZITTWA,

SEH

[1]  Barroso, L.A. and Holzle, U.: The Datacenter as a Com-
puter: An Introduction to the Design of Warehouse-
Scale Machines, Morgan & Claypool (2009).

[2]  VMware Inc.: VMware Infrastructure (1998), available
from (http://www.vmware.com/products/vi/).

[3]  OpenNebula Project Leads: OpenNebula: The Open
Source Toolkit for Cloud Computing (2008), available
from (http://www.opennebula.org/).

[4]  Sotomayor, B., Montero, R.S., Llorente, I.M. and Foster,
I.: An Open Source Solution for Virtual Infrastructure
Management in Private and Hybrid Clouds, IEEE In-
ternet Computing, Vol.13, No.5, pp.14-22 (2009).

[5]  Nurmi, D. et al.: The Eucalyptus Open-Source Cloud-
Computing System, IEEE/ACM CCGrid’ 09, pp.18-21
(2009).

[6] Rackspace Cloud Computing: OpenStack: The Open
Source, Open Standards Cloud (2010), available from
(http://openstack.org/).

[7]  Apache Software Foundation: CloudStack (2012), avail-
able from (http://cloudstack.org/software.html).

[8]  Eberhard, J. and Tripathi, A.: Mechanisms for Ob-
ject Caching in Distributed Applications using Java
RMI, Software: Practice and Experience, Vol.37, No.8,
pP.799-831 (2007).

9] Krishnaswamy, V. et al.: Efficient Implementation of
Java Remote Method Invocation (RMI), fth USENIX
COOTS (1998).

[10] Aridor, Y. et al.: A High Performance Cluster JVM Pre-
senting a Pure Single System Image, ACM Java Grande
Conf. 700, pp.168-177 (2000).

[11] Lipkind, I., Pechtchanski, I. and Karamcheti, V.: Object
Views: Language Support for Intelligent Object Caching
in Parallel and Distributed Computations, 14th ACM
SIGPALAN OOPSLA (1999).

[12] Sugiki, A. et al.: Kumoi: A High-Level Scripting Envi-
ronment for Collective Virtual Machines, IEEE ICPADS
2010, pp.322-329 (2010).

[13] Sugiki, A. and Kato, K.: An Extensible Cloud Platform
Inspired by Operating Systems, IEEE/ACM UCC 2011
(Short paper), pp.306-311 (2011).

[14] Odersky, M.: The Scala Programming Language (2003),
available from (http://www.scala-lang.org/).

[15] Liskov, B., Castro, M., Shrira, L. and Adya, A.: Pro-
viding Persistent Objects in Distributed Systems, 13th
ECOOP, pp.15-35 (1999).

[16] Tanenbaum, A.S. and Steen, M.V.: Distributed Systems:
Principles and Paradigms, Prentice Hall (2006).

[17] Tari, Z., Hamidjaja, H. and Lin, Q.T.: Cache Manage-
ment in CORBA Distributed Object System, IEEE Con-
currency, Vol.8, No.3, pp.48-55 (2000).

[18] Chockler, G.V., Dolev, D., Friedman, R. and Vitenberg,

© 2013 Information Processing Society of Japan

R.: Implementing a Cache Service for Distributed
CORBA Objects, IFIP/ACM Middleware 00, pp.1-23
(2000).

[19] Krishnaswamy, V. et al.: Distributed Object Implemen-
tations for Interactive Applications, IFIP/ACM Middle-
ware "00, pp.45-70 (2000).

R 8%

2002 - 5GBS R LRk,
2004 Al K FRFBE G L5 Sy
LRIIRRARE T . 2007 4E[F #1410
MEME T, M4 (T, 2007 EEE
Homfr R BLEE RS CREST 98 B, 2009
FEFW KT AT L ER TR
., T AT L, FRV—=F 4 VT T AT ADZEICHE
4. 2009 FENTRAEZE. HAY 7 M7 = 7RSS,
ACM, IEEE-CS, USENIX £#%H.

(IE%H)

hoEE F7Z

1989 4E B GUR A AR 5 HORF 2B B
T, 1993 FEHPE K FET - LR
R, 1996 fFFEPhFEZ, 2004 LEH
KEFRFBE Y AT WL F TR
¥, BARICES. 1992 /E L ()
(HEKF). ARV—=F 4 YTV AT
L, AT A, RBEEHEEREE, ¥ a7 4 2Bk
FEo. 1990 ERF AL - 222 3R E, 1992 SEFTIFRE,
2005 F-[FEmCE, 2004 FHARY 7 by = TRF AW ICE,
#2H.

(IE=R)

44



