s Py ) s F FEHE SE 5% CREST
FE R [Tk & 2 SR %8 L v s PERe TS U BB Ay |

WEFEE [ 74 XV & TV TrRtkREZ
HHEAPL—T VAT A

WEZERS T ¥R

WEZEIR PRk 15 4F 10 H ~F)1% 21 4: 3 H

MR - I i R

RO SRR AR v 7 — - #d%






§1 HREERBOBE
(1) EDOERLER

TEREAT O B R EUWNREEICLD, AR DS AT 2OMEE 57 — 2 OFRE0H - A &
DMEFEHNTIIINL TOD, ZhbDOFRAERICB WL, TOIIRE KR T — 2 2 e EITERE
L. ZELTHHE T2 L08R D BTN,

INETOFHR AT LTIE, DI LT KEDOT —XOEMHE a0z, BHHFEN
Bl TRUBIZEBL CTX7z, L L, — ADANBOEBRENITIZIA T ERARHY, N3 %
fli- KEDOT —HEhEFT DV AT AOBESLIEAICBITE B AN KA BN TND, FFIZ,
VAT DI BER A ORI AE LTS AT H IR —E 2O M E ORFF 5720 DFE
BHNETETHEL2->TE TS, SHIZ, FIAEDLEETHEREELUHL, AONEH3%
TeD DA T VERIR R F b T —F DL FE - REAGITRHE T DM EL AL TNV,

AW TIX, TN DDE RIS ITROONDIEHR S AT LFEMEL L TOAN — U REA HR (I
THZEEHMIZ,

F = A OH K EPHINL TORE DIV AT DEILR UM EZ 7] B4,

VAT DN YER L CHIRE IO AN Car 722 E L CTHMEL .

oA DI A AL THIR T2 —E 2D 2R FFL .

BRSNS LR a T ORI ETE N U B - R R A W RELT5
oD DOBER AN AN T H e BIEL T EIT - CTE iz, ZO Il eftEshsZsick
ST, AN =V E ORI Z DI, LEETDERNAIIMICHR SIS KPR AL
DEFEBTDHIENTED,

(2) PEREADORMIER

INETOHINTRET —FEIER AT LMEETH7-0120F, @EEIEOTZDII T+
FHE A= RAID (Redundant Array Inexpensive Disks) ZAEkEiF%1Z SAN (Storage Are
Network) <> NAS (Network Attached Storege) &V o7z R hU—J AR —UHREEL  FDOHT
HEHEHICIDT —#BBLEST 7 B AE BB TIZEN ETh o7, ZDIHRV AT AIZB N
T, EHEBE G ~OT 7B AERICL DMK T &2V NIE P E B AR L3551
BIROY —E RE [N ST VERELEHEMEIC BT DT XV AENGIE LTz, F7o, MbEN AL
Y612 RAID F7 OF — X PRI LY —E A E O T, 77 B AEFIC I DM REDIR
TeWoltfif@bd oz, 2O AT AHUTEES T 7 B ARONFAELIZG I, BHED
AR NURAF LTz HIRR SN — MATC O AR — D E B TOME N b o Tz, BT, FFESNT
ATV ORI — A MUTIT NI, NS Tea T Y ORI EIENLEN T,
PIREIZ LT DIE AR CER VWSV O RE R o T-, 2O AKX TITR T,

| EER A I | BmTseae ’F+ﬁﬁﬁﬁﬁj[¢!ﬁ&l:£l16?-‘rbzﬂ I
I B P CEd EEAZRK %qJEEﬁE‘}Ei]

| 7 e . o s
a . \
ok T— [ 77EARPEEBRET |
/A- B LB —ERBRIET = =
A= [ZhE—5 [ 7oermussmmET | rE—5
)/

1 PERDBANIZ LD MER S AT LD R EZ DORIEN

— 147 -



(3) AWFEDT Fa—FLEDLhE

AWFFETIL, IBEHRALESITROONDIE WS AT L HAZRL LT, BIR ORI S 2 ffk3 5 AR —
DHR O A B L L TET2, VAT MR AR - Bl AN BT 5720 ek —
INTITONTEEH - RBUHEAN —VICHOBL T 7 Y a—F 2 b2 bicLiz,

T AR EE A AN — VT TITHZ S MEESCAM R RS2 A1 —
EASEREFO IO AN — P TCH BT — 2 2B 8T D2 ENFREL 2D Y — MAITTOE
HaxX e FIFAZENTED, £z, S HUIEIO T C, RAID DX T —2Da—RbE1ThH
TRNZ LT ED | BB A RIS R ICH S IR Z (R CX |, 7 — 2 BB K AN CTRIERIC/2 D,
EBIT, AR =PRI TR LA A4THZ L C R AN TLE OB WX 2 T E AT TOZ
EWHREIC 2D, — 7, B EERETS T TR RS RED AL — U HDIA T Z S I2 KD | FHFES
NIzar 7Y OIS TREBBEZITOZEN TEL I/ XML FEa 72 ORI L
TR BRSOE N A2 D, ARAFIEDT 7 0 —TF DA A—TH K 21TRT,

a 7)) r—av || ...
ﬁﬁEEEEI:J:‘z)—] a-;-mm:;u‘_] =17 |
TR T 7t A RYEEE —/\

| D e A S E R

& b N A § o

ENLI-EE-BER
R mEMAE \ | B
F—BDELTH
EIRHAE EIERHEAE wHayTomE Nl EEHE
(EEEER) EREETR) (= = —. || ARES®E)

T BB RENLRERI Q

EEHEICH T D7 L AR

X2 AWFEOT S a—FOAA—

(4) BBEWERE

ERRZRTROT 7 o —F R T H7-DIIE, BRx 2 i e H7 I8 AT M ERH D, T,
SRLUTHEMSNTZT — 2RI LT 7T —2DBEIL TH Y AT A BRI B L 5.2 5287 n—
TIZALBE L2 IR iR DT 7B A% Al HEE T D7D DR « EHHEREOBEN T 08T 4L 7K
RESENMBLL 2D, SBIT, T —2BEN O ARV 7| BEEA I AL Th 4070/ U g4 e 4
TXOE G T — X ENLELERD,

IO FTRBIEREL A MERED N AT REZR 3 BT 4L 7 M) L L C Fat-Btree ZERH L=,
BT, T B BRSO R R BRI R T — X EE L CTIA~ - I T T T — Al E
FERA L, Fb Fat-Btree E7 7 A~ X077 T RERR DR SATEDL | SeE AR — O RESE
\ZWZEDLL T DL EAERL ., 160 /—R D EBRBR RS 2f > TF O BAEIFL TXT-,

a) WHERBICB W TEER A ORI T 7 AT 5720120, 28T L2 N O
BRI R ERATHIE FIEN L E TH D, BT AN — 2B W T, [FIRFEITHIE O
TEDIZAR —2 ) —REOBIEN LI THE, 77 B AEREDMmIHICH L FERIZ 0 HAR
LU=V 5T HZERRAIBEICR2 D, 20720 (EROH— /) —RNHOT 4L 7 IIxT%
FIR TR LT 2 B o BEa AN TE AT IR S TR R R R R LT,
ZEDAN—V ) —RE AW FE RIS T BETIENINETO FIEIZE N TIEF I
BEDEL, VAT DOPEEMEICEN CTNDI L ZFERELT-,

b) FDII7R AN —NZB WL, FAN —V =R TT — 2O —E W E2 R D7Dy
oIy ararzZB ANDZEL M ETHD, RO HaIy b7 b/ Tk, RIS

— 148 -



T LRI RE AN E L DBAN — LTS e A RE R T 2 ey TX /e
MoTz, ZD7= | Fat-Btree &7 7AYo 7 7T — B EDRFEETEN LT HiT272%)
PRIy N e ha VB RE L, ZEOARN —2 ) —REH W ERICE ST, 25
Fah LR GERD T TR L R L CIER ISR R ThHH LR EF LT,

¢ WHAN =T O ) —REEELCL T, /RIS U RE R MR T D720 12iE, &/ — R D
T I RARKEDNT U A WD END CTEETHD, LnL, — R T —ZEdE 5T
1, 77 BALLLIIBE BD— a2 TUASHELHEL) — DR TUARRRILDEV) R E SN
HD, ZHUZKL T, 7AYo T TR O FHEZTE LT, 77 BEANRNT R EN
T AR MNL S DT — A EEARR LT, 20T —ZEE B, SOICHENEA L%
DYH ANV EZ DR DOV —E A E &[] ESEEE0I B b5, /ST ANLOZh R LY
1 \UIRE DR VLB L O —E AW E ) LR E T I2—a TR LT,

d) AR —THIZRIC 7 7 ANV DEE DN —2a AL TRELZEBZ W, £ T, 2o/ —Y
L EHRNRLTET 7B ARG R B NT U ADMNL ST IEOR R AT T, BUEFETRD
AF T ray MERIZB WO —a =0 VB THIIRARL — U AT ATEBW T, N T A
HEARDT-DIITE DR FIETHS, 232l —2 a0 FDOR LR LT,

e) LD II7eBEAVILELAITHT- DI, AR — /=R DT =X DB BNV T I ETD,
FRIZT 7B ANT U AERDY 6. T 7 B ADBE N EOAN —2 ) —RNbT — X & FE 5% )
2T 7B A DIRNAR — ) —=RICB BT 52812050, 7 — 4B B 17 7 EAHA
N ATOIC, T BABEEDE WA — ORRRSOIZ_ LR TUEN, — A
—EXWEE B EDRIK LRV D, FFIT, ITFEAN —V DO iR L THEHINTWD
BRI —CADIH G AT, T B ENC Lo TEIE ORISR AT ENHHTE
IZLFELLRN, BT, T4V Rl T TR O R EEZF AL T, P —EAE DL T
ECELIETMAL/—RET — XL FIEICBET IR EEITV, Va2l —aldhzo
R LT,

) HRIZZELCT —HERMT57-D103 b2V 7 B L VLB THD, ZeMambbiz
DITIE, THEHRBAR — U NIZHE S L L TSI T D ZEREE LW, oL, BEOF]
FEPERE G T DL, AN EERHLEERE AN E LD, D L) 72 FRE
ATV —E R R D — B (L AR ATREME DN B D, 2T, —E A&kt L TRt 4572
DI, TTA~V R I T T REREF A LT AL TEEREL, TORAETHME LT,

g) AR —UHIEHSNToa L T Y DR ETE D LT R 3R - B BAA T2, 2T
HERaL T Y DART —2ETR TS XML 2R IO M nLBiL 725, PR
THhDH XML ZRRIKML, AEEEZ RIS ERERE RO E 372012, XML D%/
—ROBIRI 2T SNATT FIEEARREL fHI A T o7, RIZ, T ZRITR I, DX
—U—RICAET D AR @l IR 720 O RS IREEAR R L, iz T 72, /-,
BRI R ERUH L, TE#REF AT 5 TIEICEL THIRE FHEiZ1T 72, SHIZ, XML
oL CHAAL L @RI B T 5 AL THi R - FHh 217572,

h) #ERTHAN —HEE O HEHEZILR T D720 121, A BEE B LA — Y Ry
KT — 7 il B 70 %, RISy BRI CR IR 357290 VPN 24EL, [FfEMEE
PEREZ[A] ESEAFIEICEAL ThRaE T o7,

PLEIRAR7= T, fERITT — S TITOV CEE B SR AR 2 AL — U Cor L T 79
77— F BRI A OITMLELR A OB EIREL, EREICIS> TEOAEIMEEZRL,
o 7L~ UL D E B 304 Tl U T DO A S NE L BV 215 &z,

BT, EFIROMABEDOEIZLS T, EBRIZZNE TR WA —VRENFEH TELZ
EERIRTTEOIC, 2 DO BT A AT T ORNIAT N— RO T 20 EOTakZ AT I T 2T
ZBATE LTz, TR0 [ IT I HIZB W TED T b A7 % VT, Windows 72571
" AT TN S IV T — T 7 B ASE R 6, o2 R A SRR D5
FVAN =T al BT, FREEINONFE LD G <AL TE,

Fio, EWNAAO TN A ZT SRR, DFREER I OMGRE N 7L~V ORI ZE )
HOAA DN B I, 2004, 2005, 2007 4ED 3 [BDEFET — 7 av 7 & BRELT-,

— 149 -



§ 2 WrFEBE R O E A

(1) WFsEtEs

FLWEHALS TIX, 2SO R RemEICEREL, LB ERELZEL TR
B 32 086D CEHREL72D, AR TIE, ZOBEMERM =T 720 DT 42 7 )V CEtkie
IR AR — U VAT AORE AT Ot % B I 52 D TE T,

ZDID7RIEHERIIR AN — VUV AT ARG T DT | AR — UV AT ANO B EFE TH
HAR —VHEE B SRR L L T T AZ R L, £ D AR — V7T 22 NTO B A2 HIEIC
Lo T AN =I5 7 7 B A AR OB LR B i b LRk R A2 1To BT 4 AY
DT T a—F M IER AR DR LT,

ZOTTu—FEFEZETHITHTZ0, B,

AN — TG ARNDT 78 AR NT L AL IR B/ NT L AD] AT
AT DN EA T AL, « i s P LB &5 D — B A S D T AT
KNS DL T DR £ T ik 7T — 2 & Bl

EVS T RICET EIRZE S ZOERBOTDOHMOMNL L, FHIZFE S AN —T v
AT LDOFERAEE BIEELT,

DD JeE AN — DR SRR EE e S — T AT 4T R BBV — T VA
T LT =X T I F XN N—"T ar T G AR T — BT —T B E NI 1L CIFSE
EHEHEL . 2 DRRBNEDONE ST 2L 357 DICAR — U HATEN A7 L — 7 BEN
S DOEAFENE DR EZITIZEE LT, T T, e AN —DHFFEHEE - #EitE7 L — 713
FLTEH &MRICBE T 2MEEITV., BEAT AT EME B N —TLa T U INAR T
—HWFGET N — T IMEINE N DT T DR E RN LT e T — A E BRI E e THTE
L7z,

PR EREIZ 4 7-0, el MR A 35D 7 = — RT3 B — T = — R CEAT AT 7 Ok
FORR T — XA TER I F UK S B ATV, T — A CEMEEELE
JRBRZATOZ LTz, FERBREELL CIL, RETHFIED 100 BLL EOBENRAMETR T 5720
(2L BEZIEN —RRIZ /2 D K D IR L T2 160 /—Rb7eb HEET A A7 32l — o X & i
L7z, o, EBTHHMEAN — TV AT LOFHME BICRZ A TR T2DIZ, Tahg A4~
VAT LDN—R =TT 2T OBIR A BIE LT,

WIEDOERITEN, TV B RAAR AT U AER BT ADTNLOT-D DA 2T AT 7 H
HEFENDERIIFIC, ET 72 A% N RINATH T8 ORI AT HE FIES DT MRy 723y b
DR FiELE RSN, ERRERBREEZANTEOREFITHILENTE, £, B0
\ZBITDar T YIS AS T —ZIZK T oMatb R, 2T SIS AZ T — SR e —
VY HIFHE ORFIAE T U720, ik 19 FEENDITT N —TF L TOIRENIK T35 kE7
77,

— 5 ZRELEROWRIIGMEMEINEEL . LERERZ I T e WOBLED G,
g TV BLRar T UV E IR T A0 XML OEFEMENH L CE-20 ., Fi- /2 5eE A
ELTAR —UIZHITD XML ORI KO BEF TR RITIMNZ D28 LTz, Fio, BRITE
ELTCT — &M 27-0103 X 2V T EHOLETHLI LD, TNETORETIELM
HEDRETAN =V L TOEX 2T A E BRI RICEH LTI LT, EDIT, AR
— VLU T A IRT 572018 IS BRSO O MBS AL TEI 20
Rk 18 ARFEMND, AR —U Ry NI — G2 N— T T N A SRSy R B CARL —
BRI T 57200 VPN 2HEL, [FHEMESEREL M LS FIEICBEAL ThBRFE1T52
Ll L7,

F—LNDE T N—T DI SEHEOMEFREEATITZ DI, T — NI —T 4 7 & BRI B
T5HEEHIT, 2004 4=, 2005 4E, 2007 F-0 3 [A[IZHOTZ0HEIMIB W CEEY — 7 ay 7w B L
7o EBEY —27 v ay 7T E R UTC, BEBAIFEN R & LK AR L IO 7L~V O FFFE

— 150 —



MEDAANDOWEZELITUV, WFFEOALE ST 2L T 52812807,

Fio BN AR DT EZEHORIEEAN — UV AT ADA A=V Rk T 72012, iRAE
L7i=7ahZ A7 AT L%, CREST Lo iR m Ao O 24 > CTRERRAIZ S A L —

VAT ADTEL AN — gL B T oo TET-,

(2) 5 Mt A il
TN—T4% | BFGEAEF T L | FrEME - 5 - RIS fFsEE H
7= % L FEHF 7L K
4

JeE A b | BEHETAR HUR TR AIREERE | T4 7V TH

— T L — PERER e EARL —

HE - HEAfE I S aNGY T 0]

S fﬁﬁ%'?ﬁi@\j&?i(ﬁ“?ﬁ
AR —I VAT L
BT —XE R
PERE DR FT, F24E |
Gl

B AT 4| Bk A R BB PR RSB R | SeEARL — U AT

TEMEE T E MBI EA R SR | DB AEEAT 4

PR IEATE T BRI

T —" B4 H4F5E

AR —T % | /hEEAN BAR DKL A K- BFEAG | SelEARL — 2 2T

v NI — 7 Hjf R R #dR AMZBIFDHAN —

T N—" F v b —27 DVERE
TANVLETT AT
B8 D58

VAT AT | KE E AR S b - AN —Y | BT A7 T R

—XTF I F VAT NFFEARES E AT AT R D BRFEAE &

YW v CHET A AVEH

—7 (BB T M RE S B
BREEAESL, BT 4
A7 D FEER B R L
Gl

ay 7oy | iR FHA NHK BT ZeHT - 4T | oA — v 2T

XIS AR T A= LR AT e ik

— 2 HWEgE T R T st e

" DAZT —H BT 5
i

AR —8 | R B A SZHRUERT - A7 LBHFIE | SeEANL — 2 2T

it 8l 1) A A5 EABIRE = LWFFEHFAT DT D

TN—"7 AR — U H T E) )
A

— 151 —




§ 3 MFREERAR KR UERE
3. 1 EEAN —VBEEINCETO%E CERTEKRT: EEBAN —UHFHEE - #
BTN —F)
(DHFEERNE X URRE

AWFIETIE, T A TNV TEMERER AN — DV AT DA FEBLT D720 KA
L — AR IR RE ) B R BT AT A AV B R IB ST T e 21T > C& Tz, LLF
Tl ETRETIEOAMHEE2D AT A A7 OFEAB S AT 5,

BEWNT, BEET A A OEFEHNTTH D Fat-Btree ZRifEE LT~ ZhZRA 7[RI LT H]H
Tk, B — ROy 7 TR IR U 38T Ny 7aiyhraban 627
FGAVER T T T DT VB ABEEIIE BLIZT 7 EANT U AER BT AL WS
WHT — AR E T, N—Ca BEHER A LT VAR EANT U ADWSL TE, Ny
DT T DT I RABEIZID T —E A E DR T2 TEH2TMA 5/ — R T —Xix
BT, TIA~VENR I T T TR DX—I LD 5L A ITHZETRIHE A R —D
BHEIFIZT 7B AME L2 ERRET 58X 2V 7 0 Y5, AR —UI02 XML 2883 285512
XML D% ) —RDRNZEHNZ T SNAHTEATO Tk, AN —V RIS XML 12xf
L THEEOX—T—RIZEBET Mo AZmEHICEY 720 D% 5| Bk, 612, AR
—UHOELILTe XML E 0 REERUH UFRE R G T 5FE, SVol AN — D%
WE AL DME LI DR FIEEZ DRI ONTIRRD,

(a) HFFEDHE(F

HHTFARZIE, A2 TIV 2 MELTZ AN — V3B E Ry N — 2/ TR L TARL —
VU TAZERERR T Do AR —VEEN T HARICE BB ATV MEITISCTAR
—VIEERTEELAV., BET —BEMEITHIZET, VAT LANDOT 7B AAM T
—HRBEDNT AL RS T —EADEZRAET DL, 7 — 2 DOINREE LD
B RSO D RV BRE R 21TH ZE AR EL TD,

IO EOAN —VHERE(CT 7B AL ThH, £EFEHAITOTICANET DT —X
(BB T AT LM AT RER Y BT AL VN AL TG, o, E T —ARiE L
T, BEERARSCEERERICL L E LT — 2217572912, RAID OXH72/%)
TARBEEATOT, T4V T o T A im BN B L= AN — VB T F = A
ERERL T DINNCEE T DT = A R T ITAZN TR AL TS, SHIT, Fell72 S
ZATH729IZ ECA V— )L TEIEE B A T T, X 3 IZHE RG22~ T,

Client Client Client

3 BT AAZ O]

— 152 —



FAHET A ATl 38T AL 2N EL T Fat-Btree HEEZHRAL CNHIEARHMEL
TU\%, Fat-Btree |Z. fiE3ED Btree 154 ~_—R |2, EHDOLNEDERS Y T — 4
7o 3 BT EE OARORIZI VW _O)f&:zl:*—%:ﬁ/)_}:f CDAR — MR T
7EALTY Btree DIRNDEF TOT VE A SARFEIE CEAHL[FRC, BHLERIZI51T
LR ANAR O T ZENRTESL (X 4),

X 4 Fat-Btree (ZXAH 5 ET 4L 7K

ARIFFETIX, ZOBBETAAIZOT T a—F 23\, T4 F T 00 EE 7] L&
DD % 72 FIEORE AT T, %ME@%‘ﬁf@f&ﬁ%ﬂﬁz%@éﬁ%k%@mﬁ
@(2’7*% VT 1) OFMi%FTHTD10, FRERBLEL T, 160 B0/ —ROHERIFIEN
— BRI A IO LT BT A4 A7 32— 25 B LT, K5 ICHf T 427332l
— X DA 1 IZFDFEITCE T,

#1 ¥IalL—FDHEL

# of Nodes: 160

CPU: Athlon XP-M 1800+
Memory: DDR SDRAM 1GB

HD: 30GB, 5400rpm, 2.5in
Network: Gbit Ether X 2

0S: Linux 2.4.20

Java VM: Sun J2SE 1.5.0_03

5 BT 4RI IalL—&

— 153 -



(b) BEFIAEAN —TFH O DENRELIFT 417 B[R RFEEFT 4

HEETAATTIL. DT AL 7R EL T Fat-Btree ZE:HL TWADS, Btree TIEEEL
OFHAZENGRIRFICT 7 A% E L CRIFFSEATHIEN METHD, 1ERNG, H—
Btree (ZX7 9 2Z03RAZ2RIRFSEATHIE 1AL LT, B-OPT X ARIES/IM ZEMRZEIN
TV, ENHZE 3L Btree (i 358, A A2ZE B9 DB T 2RI AN
DREGNEDED T, 20D BB 2Ty T WU EA L TV AT
INC-OPT FRERZEL, TONREEZRUIZN, VAZ—REDOT v F DI AR KENEND
M- TNV,

ZZC, %] Btree OF§EZ B AIREfE TA~— 27T HZETYAY — Mg L Cla] RS
ITHIEI O FZX D MARK-OPT HFRAEREL, BET A7 2L —2E W TE
DN RAEEFELTZ, K 6 (2 MARK-OPT H DA AT %R, RPIEILRFRGEELT
VN, R SR T H0EE S GR SGEICRE S LT D,

)

N

BHsnEHDT =/IRD
Bt Sy F A E Sy F D HEER

6 MARK-OPT S ADAA—Y

IHIZ, INC-OPT : X MARK-OPT F& &G TeHERkD Btree [FR A THIH ST
%, ZELT Btree 873 —=ZXF 572012, F/—ROT7vF EHERL THHH/ —RDT
FEBT 270 F 1y TV T FEPHOLIDLH, WF Btree (28157 F 17
IR AN Ty TR EFRF R O m O REH L O REBRER Th-o7z, £ZT, Tv
F I TV T HATOIRNZ LI DM R A RR T 5 FIEZ AL T, MR EETTD
LCFB (Latch Coupling Free parallel Btree concurrency control protocol) T4, BN
LCFB Fik& Blink FikzfAA/bE% LCFB-Blink FIEZIREL ., [ARRICHET (A2
PRab—FEMNTEDORREHEIELT, o [} 7T IZHERFIEL LCFB FHEDLEL O
DENERT,

v

HERF& LCFB
| RURI—OEALLBENSELE | | xobT—EALLEERIEOH |
PE, PE, PE, PE,
1 = 1
] 1 1
locate Child 1 locate Child 1
1 1
+ Teques-t-tnami*' = !
: unlatch Parent :
1 latch on Child ) A 1
1 _ Yy 1 request ta
| ¢ ot | !
. ' ' latch on Child
unlatch Parent 1 1 ‘
\ & 1 1
I~ Tacknewledge_p ! 1 locate Child
1 & 1
1 1 Y
1 locate Child ' '
1

7 LCFB LREk Tt

— 154 -



AT A A7 a2 —2 5, 16 BOITAT RS 128 BORET AT 7k
ALT, MK IO L RIFE Sl T4 LR O B O L R 2 B LS55
DAN—T Y OWBEH 8 (TR T, Fo, BETAARZOEEEEIET-7T77%K 9
RS, WTFROSA S ARIES/IM, INC-OPT, MARK-OPT, LCFB, LCFB-Blink ®JIE
IZHEREDS RWZENR DM D, ZDIH7e 38T 4L 27 N H O [RIRFSEATHIEI L, k= —
DR+ Z AR AR — I E TH D,

LCEFB IZ DWW THKFFHFE T o7, EoimsliE, iz m I CHFICm GHiisitTng
[EFR53 T D EDBT2008 [ZEAIRSHLERIR = 16.7%), FEREITo7,

70000 : : 45000
—®— | CFB with B-link —®— LCFB with B-link
—— LCFB i
—— LCFB
60000 -~ MARK-OPT a0000 1 T MARK-OPT
->¢- INC-OPT .
e ARIES/IM *~ INC-OPT

50000 @ ARIES/IM

- N N w w
(<] o a o a
o o [=] o o
o o [=] o o
o o o o o

Throughput in Operations per Second
IS
o
o
o
o

Throughput in Operations per Second

= 30000 )
2
20000 T-.
: 10000
10000 5000
4
0 0
0O 20 40 60 80 100 8 16 32 64 128

Ratio of Update Operations (%) Number of PEs

X 8 W HTLLRIZH DK FIEOEN X9 BT A7 EHIHTHEN

() FERAN =TT BI2D DRy =Iv b abar

Fat-Btree D h7/3—=ZATCIIEBO AN —VHEE N 535720, —BMEEHR T 572
DI, ENHDOIEEM TR v a LU TRBay M TV ENHSH, Lol fiEk
Oy Eay b abaLThsd 2PC (2 Phase Commit) <2 EP (Early Prepare) (Fi@{g= Ak
R ANDOBEN D HERER EORML Ry 7LD, 22T, BT AAIDF = A
ReF 7522 7 XA B REE 24 3R] A L7 BA-1.5PC (Backup Assist 1.5 Phase
Commit) 7" Bha/VAFRZEL | MEREM A FEELLT-,

Master Master Cohort Cohort
(backup) (primary) (primary)  (backup)
AL
(Membaralsio lo ERIEIZED
Operation(1) Ayt— DHEIE
\> ————————— .
*’Agﬁn___:DWNi@glL P
—Qperation( |

/__

nWAL(Decision) |
B LA Decsion| ~Rending ~
Decision \
}0.5 phase

phase
ACK decision =} ____2>
‘/ Committed
nWAL(End lo
BEIT—ADBRE

10 BA-1.5PC Djih

% ; jWAL(Loz _
— |

B

N

— 155 —



BA-15.PC Tl&. EP LFRIEEIC 2PC D7V T a3y M T DB a2 S BAEDISEC
RFERAGIC N AT B ERIFFIC, EP DAY — VAR O S O EX ARG I T v
~DOIEFRB n-WAL ([ZL->TaAMEIZ TV, FHEFS n-WAL TEL-ER AN
—VHIORBNL, BT =— R THTETEEMEEZ - TD, 2RO OFE %K
10 (29,

HET A AL 22— D 64 ) —R & HWT3EDOEROMEREZX 11 18T, EBRO
FE R HERTF1EO BA-1.5PC 1%, 2PC BLVEP LU CHERER RiEICE L A 7Y
I MNENHEZDIEE ZDENILERTHZEERLTND, ZO X5 7asy T abaL3E
B — KRB b EAMR AN —IIIME TH D, AL RFFRFEETT) LRI,
W CTLBNAEEE S THD PRDC2006 (ZERIRS, BEKEITHT,

12000

= —=-BA-15PC
810000 | —A—2PCURERTF &)
3 - X- EP(fEEFiE)
N
= 8000
£ AA A
2 6000 -
o
£
- 4000
o
k= P CEERE X6 =X
8 2000
£

0

1 10 100 1000 10000

Total Object Number (k)
11 #EIy b7 ahar OMRERE

d) N7y 7T —EEFIALET 7R BEANTADWLFE

TR AAMER BT AOBNAZEL L, (EEME R EEY—E R E AR
IZBRAL QDT oAV R T ITRZY 7 R EELC, 7794~V T =4 TT 728
i NT U A% T 7B ABEE DR S I T T T —Z DRy TR ENT AR TS
Adaptive Overlapped Declustering (AOD) {EZTRELT-,

AOD Tlx, NI Ty 7T —2u A OB AN — VEE 2B g E
HEEMNIERTHIET, BRENTVAES (K 12), DFD, 77 BAOAM S BILT T
A<V TIT, TV RABE NG NT A AT DT T4~ VDR BTVl d, ZD XI5
BN DRSNS I Ty T DR B E LT HIET, TAATAR—ADOF| %
EFAZENRTES,

( FSARYTT S LAREAIH ] B 18 TR, ]

|

BB VHT VT DEAAET | SE LT YT BRI
HRFAEORL AL REBEIE T ASB/

12 7O BREK BT ADMSL 13 w77 FRA R O HfE

— 156 —



S5, AOD VX, WD/ NI T T NS T TA Ve ETHIEN TEXHIEND, R
%IJﬁHamr’jtij%t TR AN\ T YT HAEOEEOR R EE L AR R HD
(¥ 13),

Ral— i a il io TR TEIRR S R I BT D Al LTz, 2=l —
TarOfERZX 14 LX) 15 18T, X 14 13, WD T A AT DOEENR—RIT8o7=
EXIZHAEN T WNWT A AT AR—R% ARV DEGNEELESE TORLIEDD THD,
PERDFEE LT, AOD D RAEHE Sy DRV 7 ZhRIMFEZ TNDHILE IR
LTW5, F72, [ 15 1, BERITHT LWT A AV E BB 7255 O, BB REH &2 O]
DY —EZADL AR AR Z R L TS, JERTFIES IR L T, BV TRy 77
DAL, BAEOBOMRIK T MEIR> TWDZ LN,

ZDXH T —HELETIEIL. ERLICB W TCaANE X TV AT AT HI
VIR EIT T b, AR HGE 21T LRIRFIC, élﬁiﬁj\%f]\/7771@lﬁ%’3xu&@
— D Th% ICDE2005 ([ZEIRSHU (BN 13%) | FERAETT -T2,

100 ~ 0.45
EE 80 4&3&% 20.35 P MREET A
8 (7;8 77 5 0.3 L hEL B
@ @ 0.25
g %0 3 0.15 .
> ful .
g 30 0 | REFE
= 20 o0 01
B o
o 10 — o 0.05
0 L L © 0 l 1 I
0 0.5 1 15| ExuED 0 10000 20000
X R EREEE ; FrE R (& time (sec)
% 207 5 skew (Zipf) 4 5
R{EFAMEEE BErEEET IRt

14 BENATADRH TR 15 N7 BB DR
() N—TaVBHEEZRBAL-T 78X - FEBNTGADMW N FiE
AR —THIZRIC 7 7 A IV DEEEL D /S —Ta gL TRBLZEL 2\, £2TC, 257

N=2av BRI LTZT 7 ANT AR BT ADWNL L THS COBALT
(Combination Of Btree And Linked-list Transfer)DfEZ=%1T-7-,

TIOERED N 4}EB—tree
T7AILIFEE (V—:
15:;(%17’7-&7/{ ‘ ‘

DDDD

B EITRE B ¥iR%EBtree TEIE

LRSS
EEEEMNFIRE

16 COBALT D7 7t&AHiE

ERFUDIATER

- 157 -



[MB/sec]

COBALT TITAR —ITEINIID T —H DR —Ua O T 72 ABEEIZHFE B LT,
TR AATERBENT U AW EE D, T 7B ABEDESWRFN—Va i nET
A7 Btree TEHELILARNLT Z7EAAM G BUTH, AT 78 ZBHFE DR
W= T — 2R EMEHICRI AT 25, 2072012, 458K Btree E3ELAEY ARDRA A2
B THRILERTS (X 16),

Ral—vaili o TT 7B ARG M DONT U AR DI NOREBED/NT U ARSI
LN REMERR LT, B 1T L 1812, fEk AL Ll U7 FEBRBA MG OB IR L7 72 A
AMBIOBBEDRYOHERSZ T, Btree D&l CRIBEDT 7 2 A O %
B NOENT A BB O FA FEGEL TD,

AF o ay MEBIZBW TN =g = T ETHII AN — UV AT KB W T, AN
T ARERDT=DIZII BN 72 FIETHD, RO RFFFHFEZITV., 03 E - 1EglE
FROFN SR SCREITERERS LT,

1 f®YBRZE%L Il Btree Only [ COBALT

12
160
10
8 _ 120
S
6 g0
4
) 40
0 0
o 50% 100%) 150
EEREAIA 14 D IR BRS oFb 50F) 100§ 150F»
17 77 EBAARORY 18 HEORY

O V—EREEEERL/ —FET—4BEFE

AN =N T BT VB ADY —EADEEHRFET HI2DITIL, @ —E ALE LT
— X BB O B B BT L7 D, Y — B R BRI A TP AL AR
ANREALT D0, W —ERLEDOBIE L LI E 58T — 2 BB M) 72 <72
STLED, ¥R, BET A A TIRT —ZEHOT-DIZARN — I ER T — 2B @ H
ITONDZEND, T — 2B ENLELL @ — B A WL S DM ERHD,

— R EAR — DV AT MZBITHARN —VEEE M TOT 72 A A B b D7
DOT —HBENT, —RFHIZARO R WA —VHEBOAMNIOIZELRY, 7747
VRO H—ERELTOT —H RO MEREDMAE CEAaNEVORTEN AT S, ZORE
BT DD, IVTAT b ~DY —E XD MERELRFED 728, Replica—assisted
Migration (RM)EFES TIEAZTRR LT,

RM FETIE, BHEMEMER OO OERIT —2E2F AL C, 77T O T 72 AERK
2R THEBLT — 2~ T 72 ARk EI T LRI, T — X BB D% 5% % OO A faf
DOIRBLINDA Y TN T = ERLT — 2 E B YIV R 2 57 — X BB AR BRI AT
Vo ZOIIR2TEDOERT —FFIHIEEEMAGDHIEIZE ST, T —XBEIFICHLED
SNV B A2 L COTAT U hD+ 0372 —E ADRMEITHIZ LN Al REL 72D
(4 19),

ZHUTHIA T, RM FRIEIZBWTC, &/ — R KPR AT 2 B AEE U718 SR F il 47
NWAYR I AN —T ) —RF Yy vy o B B LIRS, SLFENRT 7 e A A a5t 5
LT I PR R R L, T O RETHE LT,

— 158 —



W | FEYAIL—vay V‘

HOT

MERER

Sy

19 RA OMLEE

S D I, FHHEXFITIN LT 7 BRI — b KERE WEB H— B L7
FAN =D 4 FEOU—Ia—REH O EZBREI TV, B TIESMERERIEICA 2 TH
HZEEFEFELT, K20 1FFAHLOA, K 21 135 A EEEITHO ALY —70—RI2xt
THEBRFERTHD,

AIZBE U THREEF 2 AL | s E RS OV v — VIR ERS LT,

0.80

- o =EFEFE 09 T ——BEA(SFRIL—)

08 - -
§ 060 1 egei@ERcEik // o7 ] BEA(SROAWE) [
E 0.50 . E ‘
X e 08 ——REEE I
B 040 €I os
- ".ﬁ—} o
?E 0.20 / / H- v
#H o / / 02

0.10 : ! 0.1 /
0.00 Q

100 150 200 250 300 350 400 0 100 200 300 400 500 600 700

IN = THOEREIFE - K IN — THERBEE - K

o
w
=3

20 BAHLOAEATIV —Im—R 21 HFEZEATOV—I/m—F

(8 BEESBLFEAN —VOEDDOEF2)T4FE
fﬁ?&ﬁf#iJT%@EEfﬁEﬁ)imj(‘Téqu F NI — I AN =V TILEEH L —
WIENARER EOT — 22 RETHIENMH LR D, T**&@T%u% et
%753‘%1/‘%%50 (RIERFD ARG 5% FAVVD encrypt-on—wire ST RUT L, T —X &P O
FALL THEANT 5 encrypt-on—disk 7 RUTARZERFDZNZ AL, LAL, encrypt-on—disk
HRTHL =V DT 7 E AR NN T — 2% HE ST D ENEL D, 20 FiE
LD FHEZ, BEHICHER5{b%E1T) active revocation &7 —& B G ECTHEF 5%
JEIET 5 lazy revocation 233573, active revocation [FEREMRI COa AR EHL ., lazy
revocation (3T S LS M9 72 RRE R D LV R R B D,

— 159 —



FLLRERSNGELNED
®ICEESE

revoked userlZ R 5hiil vk
EIZHEESIE

22 RBA-Rev DULEEDFEAL

HET A AI7DEH72, T —XDBEREMO T 4 A7 EEE I TE DA —PIZB8 0T
TIARY NI T T T — AR EEZ RS LT, ZEMEDE active revocation DMERE
[ COUEETT -2 RBA-Rev & BA-Rev DIRREEATV N, T OMERE~D R BE TR L=,
RBA-Rev & BA-Rev TlZ, 77 B ASNRWMERLT — 2% T 6O R D M5 ST 5L T
i L TEBLZEIZL 5 T, revocation R 7 7 AL ~T 7B AT IRBEDHKG: 231 % | ]
BRI R S AL ER 21 TY T A AT BB LT DT A A7 TREMEREME F 3528
EIMADIENTEL (M 22) , Z O FITBLEITHIFID2NGEITB O TRICRENZE
R L= (1% 23),

2500

Bactive revocation

@ RBA-Rev L
OBA-Rev
One revocation |

2000

1500

1000

500

Average response time [ms]

RBA—Revé BA-Rev no revocation

‘revocation

23 revocation REDPERE~D BHEL

F7-. B D encrypt-on—disk SR TIZ—WEHICE S ERRSNA 2 . IEHRIRTRO 7]
BEMEDR DD, T BAN —Y ORIELREEOR S T ROMWEEZFI AL, A4 L
TRWERF BAL FIEAIR R L el e X 27 41| CRMEiL, A M2 RLT7Z, ZhbHD
X2V T4 HMNEL SBOAN — U ERBIZB WV TRLZED TERWEITTh D,

(h) I TUVHENOERIA T AINVER

T Y DRFEEIE N LT AN — VB EL T, ECA /V— L& W= 2R G )T A
T A7 NVEIEITH RB-ILM (Rule Based Information Lifecycle Management) ZHEZL
770

— 160 —



table node
" | =

[ sPECi[rulel | [ _sPEC2]rulel |
T reid el H

A
rulel

PEC is True

invocation
candidate
rule s

[ REC is True

Execute action

24 FERIFY NI —27 D

STV HEALTO ECA V— L WA Z E TR A2 ERTHLLLIC, arT YK
FEIMZ X0V — VBN 2 T2 B OXE IR E LT v— v 23 B8 LSRRl 2y N — 2 % FW T2
= VALVBRD @i b & K> TD, 2R T DFRBIARY T — 2 OB %K 24 |2~ HERD
NV R—= AV AT LD TP R T — 7 TlL, IR T —7 LT — 203 B84 508,
AIEEFIETIIREDO L — UK T 72012 L— L DO &EMA2 T c& % PEC
&L BT TR LRl TE 722y REC (2438, PEC O#S 2Ry b —27 kI
T ZETHRIEK > TS, K 25 (TR TIab —Tar ORI, |BETIENL—
JVDEEANZH L TR TH DI EE2RLTND,

45000
40000 H - % - Scan-All

35000 —*— PEC(DN):REC=3:2
30000 [|—4 PEC(DN):REC=2:3

.£ 25000 1. PEC(DN):REC=1:4

£ 20000

= 15000 ~ -
10000 e =
5000 e

0 el
0 2000 4000 6000 8000 10000
The Number of Rules

25 Izl —rarfER

) BWEIN=T —Z22ROTDDT 4_XUF T )V Web - —E RE#E

DL TSN T — 22 WO T2 DAL LT Web —E RBHELFI 4528
EREL, TOLAITUBL SR E T A H T T D0 O FEICEL CHORGE1T-
Too %7 —HHKAN ) — RS Web —E RO CTIFHATRUET 2L LIHE1C, FIHT
&% Web H—t Rl ) — R B AMNGRIRL , FEENRAELZGSIIRZEO Y —E 2
BT ) —RIVNATDHD DN I a BT NET =X T 7F v, BLOMEHE
P LMERER R 5 QoS T L)3b7e% FENECIA ZA2 R U172, APRICBIL T, 3
RIDE2004, WIRI2005, PRDC2005 |ZE:RENHEIIT, FEFRANIEF IZFHm O &V i
25 T#% VLDB Journal |ZERERSHL-,

— 161 —



() APL—VITBITS XML BOARBREE R LFIE

AR — VIS AL XML I LT, 2O AR @RISR 52825, XML %
FIRT2 ETEMEERD, XML O G AREHRS T2, £ XML D/ —RIZT7Y
ThdTHPEEEDIENS N, AR —IZB W TR, H0 KO BHEREERIRFIZZE DT
VO BEFHFELEE D, 2070 | RERERE BRI RO INT XY TRk
TdH% DO-VLEI ZHELT-, AMIZEIL CTi. ICDE2005 DORAX —IZERENT=,

Fi2 XML #R ARIZHR L CERE TREBEITIT20OI21E, F—T — R332 5 3l
LoD, PERD R FIETIX, =T —RNENR LR DL RENFE T IZEL A M ICH -
770 2D F—U—RENRHE 2 THMRBIERED LW R FiEL LT, Dewey Order (2
HS XML /=R IR 7 %AFi 572 BHtree 12855 5| F15THD KBDLM &, ZhiZ~
F— VAR Oy AT o A— 8= A IR — AR a— R & B oY - &k F
ETHD KBSI ZERL ., TOMBHE I THRAEWE K FIETHD SA (Stack
Algorithm) & FE#E LU CREFERL 7= (X 26) . AFIZBIL Tid, DEXA2008 (BRI 19%) IZE-IR
STz,

XML data size (10MB)
700
_—0—3A
600 1 —=—KBDLM /
— 500 L= KBSIM
[72)
3 /1
o 400
E /
S, 300 T
g 3
5 200
100
0¢ 5 10 15 20
Number of Keywords

26 XML #55 ARR 58 T4 D FEATHER D Lk

B, UL XML 8RO —MEEmEIcHEL, FHRELTHRATHIED
XML AR —VEBEATH ECII B D, TR EL T, ROREEREA -
B oy A TR IENH DN, AR 23030 0 BE NN LV O RIEN B o T2, 22T,
1) —RONEZ B R LIZBT7T- 2B FETHD LAX ZREL, ZOMRELHE D
WA KT T8 R A m U7z (K 27) o AEIZBIL Tk, BNCOD2005 (£F: 4R 15%) |
WAIM2008 (BRIR =R 25%) IZE-4RE 7=,

35000
30000
25000 /
20000 /

15000 7
10000 D
5000 =

0

Time (Sec.)

0 200 400 600 800 1000 1200

Document size (number of node)

|—0—LAX —a@— Tree Edit Distance |

27 XML #853 ARBRUPE ) E FE D FEATIFR] O L

- 162 —



3. 2 AN TV RTACRBIIDEEAT AT ERE - FEFERICET MR (RR i
BEENRKRFRRE BEAT A TER BERFENEIN—T)
(DBFRERNE R ORRE

W3C THEHE(LEILT2 XML 1, MER O T — 2B REL CT 77 /AKX —RE
720, FHEH ETOT =2k LT REL THRIARIAA> TV, Bl Z1E. DNA 1A
X<E DO ASAFTERGE DO KB F T —F_X—A %, SWFFERERIM A O E DT —
BARTNE G 72 XML (ITBAITL o005, -, A T7AALER, BT 4T —Z DR 51 %
XML 23R LTRSS TEY, 5% T FT 2T —#5 XML LU TAR
— VIS D Z LT REV R,

LU D, KEEL XML 7 —Z& @ISR TE A1 Tl R I HER & #ilL
AREIC T A LIRS TlERW, K[E ZapThink #0OFH& ClL, a7y odef - HEL
13 - FHHREDEBRDOT- DB A 1L XML OZslkth: S RaEMEZF L TWDA, 20 XML
DOMEIIBAED AN — &> THREERAFAE | AL EFT TRY XML 7 —Z DA —
TASDOREAAENS AT XML 7 —FZ DA BT OHERE RS E N TND,

BIEIL, RAR R T XML 7 — 20V E DAY, XML 7 — ZALE O JEHES AN, 7R A
FEFERE DR AR AL BT RK E/2> TS, BL, ZNHD XML T —HZDhHED
BUWESHN, 725 ONTLBRO—3H LT REN, BT A A2 ZFIH L TARN —T L~ L
THRILTED5IE, JVEERM7e XML 7 —F BN R REL /2D 2B 2 HivD, T DO
WFFECIE, XML OF —2& 5 EL T A) XML 7 —#52Z D FEFEAN — IS
H3AT 47 XML 7 —F AR — B) XML 57— 2% R T —Z &7 M B L TAR
— NN T DR, DB BRD - HODOT7 T a—FI ST, FNFN XML F—4
DA TTEE XML 7 —Z A LBRIZ DOV THFE 21T o7,

T RAT 4T XML T —H AN —IZBL T, JefTAF%EE L T Natix, OrientStore %
DEFTHNDD, Fex 1L XML A OB CTHDHL—Rr — 205, B2 il 715
G LT S TR AN OE LT — 2T VAN ARETHY, AR DR
FNHE EHIEF DR, ZO IRV TR T —o mtERe7e XML A —UTh o,
Tz, INE BB ATRE R SO JER L - A = DT, R CHIO T IRIELZF]
RALIZbDOTHY XML AR — Vb R T ET—EB L TS T IA LB HE TH D,
ZHCED HETHR TR EHESIVTO B L ZF] I L72 MonetDB/XRPC X0, 20
fEDE 7R XML 7 — X LB AR 7o T2,

— 5., BfRT —HET MIEES XML 7 —H# AR — LT, ZVETXML 7 —4
Oy E| BB E I BIL T, Bremer 50 T KR H A0, BIEELERIZEHL CdigEimai
TWVedoTz, Tz id, XML 7 —# D43 El B X O 72 BBL iE 72O NS T — 4 B8
EIZT TR EISIE XML 7 — 2 O Feli 72 AR IZEHE T, —B L%
B2 72 UCHOFELAF TR BRI 7L T 7wy,

ERRO o7 T —FIZIY, ZLDT ATHNAT 4T TSNS XML T —% D H
BT A AT ~OFEAN, HEFFE P, SDICAMRT A A7 LEELT. XML 7 —XDO%hEO B
WELFEIZ DV THBNI LT, RAT 4T XML T —Z AR — P L2 OGBS
WU, (@) Xbird: XML F—HD AR —T ~Dk T 2L . U HE#E T 5 E MERE -4 A
EY XQuery & ALEE AR 2RI L7z, F7=. (b) Xbird/D: remote proxy &2 fREL % H|H
L7z, EPERES B XML B A B R 2B L=, — 7. BfRT —#E7 /LI EE-< XML
T —H AN =V LZOMETE T, (c) PMX: BRARN —U2f#EiLI-BHfT 27
JFAE ETXMLT —Z O EEUIEITHIZ 2 BEL T, BIfR T — X X —R (254
L7z XML 77 AN HEET A A7 D4 ) —RIZELE T 57280 DT AN — A0 i &
FIELHIAS T FEEZRR L, 72, (d) GMX: BT A AZ7T7 A EIZEBIT5 XML
F—2ZOREE U O E#LZ B AL LT, Holistic Twig Join 253 EITT27-00DF
— Ay BRI A2 PR T AL LB, WHNLER T LTV R LEBAFE LT, LA FIZ, FEnD
HHOWCTEDOEE LR AR <D,

- 163 —



(a) Xbird: XML 5 —F DAL —T~DEMH L Z D XQuery H-HALEE

XML 7 —# O " IRFEE~OMN T NEL T, XML 7 —XDOWNHEFRHLTHS Document
Table Model (DTM)D—FEXEFIH T 55, ENNCE DT —2FHF LH#EL Cl)
E4% XQuery BIABALPER Xbird 3R LT-, DTM 1%, FZITHERED I R(b L0 IEME
Di/MbAEBHELEZETE LT XML F—20ONEEHFERNTHY, FHp
XQuery/XSLT AL TSI CD, DTM 1TIEAMICE A TEIEN., XML
RO ) —REA OEEEDT ~NVERDOES)NEH T, XML 7 —ZH{ERF D7D DO #H
ZROFNE R NI D,

DTM X7VIT 47 7 —4#HT XML OARHIEEZRBLTEHEVFHEANHY , 1ERKD
DOM EFF NDEH72A 7 V= 7 MERIZER K T2 FA TR OEL, b NIA T V=T h
DB T2 ATVEIZ I T 52N CTE LR ED — > THHRM &L T
DB AEVENFTREL 72 D135 T, md bIZbfE o<, DTM [ZES<HEH A2 DT 7!
—FIx _wa;@ EFEICBIT KB LOT —2RBUIH L T IRGEEE~DOILELY
ﬁoiﬁ/\ A OBLENHEINL TS,

X 29 1%, l 28 O XML 7 — 4% LENAIRSESENE TT AT L7 XML K% DTM
ELTRLIELDOTHD, l290>DTM0>1§IJE 1L/ —RFER & — b@’é@)ﬁr 258,
3FIBIZITHEL/—N. H(next-sibling) /—RZZ N IREFT 5, 4% BIZIZDTM L1 5H
(ZEFRS BT HD 1D, HDH rz_-jazv%’%&Zﬁﬁﬁﬁk@fﬂﬁ/\bﬁ@mme%
REF 5, s, WO EXER ) —R, TIITXAN —REHET,

age
0. WEET I nfcord p 9_‘.‘
e e el eE[FlefT]ele|e
PARENT { O |1 12 |32 (1 |1 | 7171
NEXTSIB |- |66 |- |—-|7|10[93i-]|-
e 123 L
== R e
L
e ' gl
#2 region
R
—
MIEET L QNameTable
28 RSB SLENAT ~ LA XML K 29 Document Table Model

DTM XL THRDOLINWT 7 EAZITHT2HIZ, DTM RO _IRFLE DRI
DTM #£A#7uv7{kL, “IKiLIE 0)77Jz7<$—{¢fa?>6/\~/ KTy ANDHT 2:'(
1790 2D “RFLIBITHMEILIZ DTM 4 DTMs 7 7 A /L ERESS, RIAE LB 23Rk X
NBHR—VE, DTMs 7 7 A /UKL TR—T U 7 &2ATHZ R L0 FEBL T 5(1X] 29),

R TNE, RN T —FR—=RA AT LD —U 7 7 B LRI THHI,

—JEICFERIATe T —H P A RZDONWTNET —HF_X—=AD =P A X HASLL0E | FE
BED XML 77— 7 7B RZEBTFHN—VERAZ—NZJIL T2 DO THD I B L02h R
Ths, EEOMEE OB A=V F R R Z— 3 M RSCEIAL 7> TNDHIEN
Tl EERICEVHIALZ, T70bb, X—Y O ABDERIT = AT MR E N A 5K
DR —VH BN LT, —fEL Gl X — VIRV, — ., T — XD FEHE
EBETDHE, T —HXOFEFILEE IEE NSRBI L T A DT, T DO ESX
AIIRIAR—VHALTITNIIN R, ZD728 25T, st U= 72T U R
Ny T —ZDEAIRTAR—THALELT,

PLED XML 7 =40 —IKGEIE T KBLOZF DT 72251545 FH 9548 ATV XQuery
f&T 0 Xbird & Java THEIEL XML 7 —HF_X—2AOEHES F < — 7Y —
IV THD XMark ZHWTEHIiZIT -7, g Sizid, [FUL Java CTHEIESZFEH
XQuery 7’ut v TdhDH SAXON-SA ZFIFH L7, &1 T-7- 51 F %X, CPU PentiumD

— 164 —



2.8GHz, A&V 2GB, 3L 7200 [El#50 SATA T4 27 bR S, OS £LT Windows
XP BBEIL TV, JVM Obe—F DA 7 gL T, -Xms512m —Xmx1024m 2 5-% 7,
ek, XU A% 2KB, VAT U MEA X% 64KB LT,

RS RAERICUIZLOEK 30 1277, ZHO DNF [XEHES—ERFFLINICK TL
RIS TBE TH D, R RULTEERE DTMs) THHA, —KGELIED AT _RidlE%
FAWZ2WDTM] S5, DTMs OHEIEL LT DTM E2_X—NICKT D81 LZ EfEL
THAML, /O OBRIZIINBEYS A XDT —FDHh%E _IRGLIEBET 7 EATHI A £ R
DTMs) b B Z D=9 30 |-,

30 IR LY, R RNIME LI T, EHRE THLZENHALNTH D,
ST H X 501T . SAXON-SA 78 XMark DA — /L7 727253 4 LL D XML 5 —%
IZX L CAEVAREDT=DIZEERGEL DI BbL T B IRy — 7704
10689 1GB) TH R ILKEMET 528 THD, 2FED, LT XML 7 —F &2 L
IRELIBITHEAL . £ D XML 7 —H 2R L CiaERED DA ATV O XML & LB 4 F2 81
[PRQAYN

¥Markl 13ME (ScaleFactor: 1) ¥Mark340ME (S caleFactord

DTM | o]EEDTMs | BIFEEDTMs |Saxon-SA| OTM | oJEEDOTMs | EIFEEDTMs |Saxon—SA

) 59.838 353 a.608 9.87% 20.64 10704 5.93 2E.875
2 5022 4206 3.8 10203 28553 11.75 5265 27.06848
13 ERIE] 5210 4.687 10328 30231 14.355 1247 2764
4 ER A 5453 5266 10375 2964 15.28% 12797 27218
5 5.203 3.719 3.053 1025 20172 1014 5.053 25
Q6| 10568 10156 078 0806 32825 26.375 22703 27328
Q7] 12965 15.6562 1462 11.047] 39203 G1.806 45453 27734
Q8] 10672 5,657 5515 11.344 0.5 14.87% 13.203 27875
Q8] 10583 5.837 26 814672 ERE]| 25 22422 OMF
Mol 16813 23157 27422 13422 45704 78.453 737568 af6.828
11| 18328 16.907 16.930| 766.344| 59.637 g7.297 o417z OMFE
2 15703 12584 12656 351812 67563 G0156 BT GEG OMF
3 5.7 3.437 a.663 107158 28731 5.64 7.391 a0.484
14 11118 12563 11.454 10731 34.47 37822 a0.218 2234
15 5.765 3.25 3156 0,828 28969 8578 7710 26.719
G ER=1 0 a.35 a.39 106 2815 5.406 .11 26707
M7 10108 4156 0.884 104698 2983 11.63 8.578 276
[RR=] 10.25 4060 475 10672 28922 13422 11.53 27,38
e 11632 EREE] 5.797 11.6| 33657 26.827 24844 34625
Q20 10312 5344 5156 10313 302189 14.765 13156 27838

30  Xbird([HEE DTMs)& SAXON-SA LD [H-AHALEREERT O Hoigk (AL FD)

(b) Xbird/D: remote proxy *ZFRIELZF AL =B IR # XQuery FAHALE

— IR AN — D AT ADORIED — 2L LT, HEIIARANTITH 0, FHEIC B
72T — AR TEAN —V ERANDO M TIRE T DML E RS L ENEITHND, ZOREE
iR 572812, Active Disk <° Intelligent Disk 25D AR — AR Tl B2 2 H R 21 T4,
RANDERIET —Z EEHI T 5 FIEDMERINTZ, T —F_X— AU H LR TT
—HERRDIATEMEN L EOFBEITEM THDL2O | AN —VH TOT —Z DRV IA
TeFIEEHFMENR R W, $2, HIET ARV 7T AZOEL LT, T —Z DM EH R MEE
R D5 &ML LT WEBRY NI =T DT 7 47 DEE R F T Hib, 2t 7 —
BT IR AT LIZNERF Y v — 2 %R LCF — 2 OB EE R T D720 THDH, Zh
ERRT HIZDITIE, AR —UnbOT —HEREE T 7T 4 7 EREICTAUL RV, ZHZ
XD, BREINTZT —FDBENSIL TCVDANN — T T NAAN—[BIIZF N —T 4 T L, %
DAR —DF S ZINHIRART R g AR UE FLAE DT — 2855 XN E R
"D — 2% S FICEER AR T —Z R LN AT REE 72D,

R TR AR A2 D XQuery LR Xbird/D O#ERAFT -7, Xbird/D
1% Xbird Z2VE— AR ARERIOIERLIZH DO TH D, ZOHEIRIL, 73 # XQuery &1
DK AL —Z 5B IE AL CAR — ZLER A THZ L3 TE| Xbird @ DTM (236-3<
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XML 7 =4 #4005 K EBUFPER E, T2, KA —HHEEOFE/ —RICEE T 5
ZENTE HRENEHOAN — VT ARARIT —HER0IAT A R —FEFLEL
TUTF 4T HEEEATHZEICEY . FEO O DORIEA R TE S, ZHUTLY, Xbird/D 1
BET A7 7T A% LHEEEL T, @PEEE R XQuery M AL A RHL TX 5,

Xbird/D Tl B&E DA XL —H M4 % FEZBL 3572912 remote proxy ZF|H L7,
N—2 L7727 Xbird Za¥EyHIE, Volcano ETF /WIS EX AT L —ZRKIZLAKERME
BRFREATD, AT TAACSNIZ R AT AFIZ LY AL — 23— 7 ALEE i 45l
DILERE FATT D, ZDOAT L —HZHSETET VL, G ROEBENZ 7 fEIC
L. Xbird/D D4 EALE I\ TH B E R E| A5, 22T, remote proxy ZHHL-
pass—by-reference (ZMIEL) FEITERMENE DO LHICEBIN S50 %2 38 5, Remote
proxy &, A7 ¥ =/ MBAE D7D O E (proxy) T WAL /_XF—2 DPLETHY
Xbird/D i OREBETITZRVN, ZHE TS EL XML A8 I WS- BiliE7e
<. F/=remote proxy R4 B2 L7210 THRL —Z W H A ERTHZLTER, 22
. remote proxy EVE—h7 yX 7 %o —%2F H U= FERIW o b s Lo Z KL
REFA A DT, ZHUCEY, T =2 EROBHGIE S - R R EBBEL, AT AV —R%
HRIGERTHILENTED,

ZZT, Xbird/D (2315 remote proxy DENFEEZ RN D72, EIEL D RPC IZHD<Ax
HENEAR S XQuery F 1ty D—->TdHD MonetDB/XRPC /X—a2 4.18.1 Lotk
RELLERAAT o7, FEBRERBEITIE 4 ROFEMEFIHA L, 22Tl ZNTNOFHEET
FITEND XQuery FmtyH% PEL . .. PE4 L THEILT D, FNENDEE T, PE2
73 Athlon 64 X2 2.4GHz @ CPU {5 CWADZ 4 EL T, 1Gbps @ Ethernet T
2341, CPU LT Pentium D 2.8GHz, 2GB @ AEV SuSE Linux 10.2 % OS. JDK 1.6 %3
ITERBEEL T 7%, Xbird/D OFHEIIE, X 31 (R T HIEEE V., %R &
% MonetDB/XRPC OFRMIIZAV Mz, 7 —5 &y MIid, XMark OF —F A pasic A —
NT 7R 10 HFRELTAERL 1.1GB @ XML SCEAZFIHL ., AL CEILX 31 D
$col ZHETHFELIZ, AR L7- XML 03T, PE3, PE4 THE4TH® MonetDB & Xbird
DT —HR—=A[ L AB AT ORVIANT,

declare function bdg:selecti() {
execute at $PE3 {
fn:collection($col)/site/closed_auctions/closed_auction

}

déclare function bdq:select2() {
execute at $PE4 {
fn:collection($col)/site/open_auctions/open_auction J .

}‘} Filter PE1

declare function bdq:reduce() {
execute at $PE2 {
( fn:subsequence(bdq:selecti(), 1, 1000)
| fn:subsequence(bdq:select2(), 1, 1000) )
}
I H
declare function local:filter() {
for $a in bdq:reduce()
where $a/seller/@person >= "personi0000"

PE2

or $a/buyer/@person >= "personi0000" !
return $a - Selectl - Select2
}: T S
local:filter() (: execute at PE1 :) PE3 PE4
31 2B XQuery A1 32 MAEA L —ZDRLE

FRRFE R OMEMNK 33 THD, FERTIL, remote proxy(Proxy). JHEE R4 EHZHL/
— N2 4 remote proxy(Proxy+Forward) . Xbird/D & L il (Value) . 72 & VT
MonetDB/XRPC (XRPC) DIU->DHENE D Hlgez4T 72, X 33 LV, Fex D remote proxy
ZRRALIZYE— IS REL O I IETR IR S et 2R Lo, 2, PE3 & PE4
IZBITARMERFHEEZRELIAERTHY, 438 XQuery AL |2 JE 1AM 258 FH L 7-4E
RThsd, EELEZFAALZVE—NIEEORHEIL, e/ f Re — ICHE - ApES
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B, FNHLOETHZEOHETH I TR, ZOFHIZED, F & O remote proxy
HEIE (Proxy) ZMETELIZ LR COfE @ LR o7z, S5, BB — RIS REE R A K
7 :(Proxy+Forward)l% PE2 IZBITAILERMG 5/ H 5{bzBrEL, BEA— N ~oR
ZHIEL, Fox D Java TEIELIZTBMNAT VAT AL, A EETHD CHTHRES
7= XRPC (2T 22 D MREm FA27R$ICE o7, 72, remote proxy ZF|HLT=
AT DDIN, vV F 2 —PBEE AT 32 —hL72 30 ALy R B#E 160 OAF T
HHEE 160 D TUFRT LN TEI-, ZOR O RSB LB EIE 53.75 ) THY,
SERAVERIRERT 1 36.75 FP ChhoT-. EIELAFIHL- 323 (Value & XRPC) Tlid, SR
AT T A AT T TIRRFEL, EDV Y —AEHDOE [ HERLIZ,

100 498
N 71.64
(]
i fEe
E 60+——m—— S oy
E [ [E—
= Vel
o 404
3 nxm-:
a
L]
)
204
| 7.97 =
L .
o N e

33 J7H XQuery )& 0 SEBRHE 5

(c) PMX: BIfRT —ZET MIZESSKBE XML 7 —# 58 L 53K

XML 7 —Z DA R FIEIT SESERFENEEL, T ENEFTE NS
ALTODH, AR TIEER T — 2 _X—2ZF T FEE WD, T7bb, BT «
AT DA ) —R EIZBWT, BfRT —Z2_X—R HONIZIUCHEL e B T 5V AT
AWENEL CWAZEEARE T D, ZAUCIE, BfRT — X X — ARSI N H AT THD |
SFEXFR IR RHHZE, FIHAIRERY 7 =T 7 aZ Jhn, A A —7v > —
AEE D CEBAFAETHIEREBFEEL THEITF B,

BAMRT —Z RN —RIARERNC T T MeBREBE LD WO T LN TERWVOIZHRL . XML 1%
AEEEHTHO, ZOFETIE XML T —XEHMNTDHIENTEARN, D72, K
G Z DD T IETEREICEBR T ILEN DD, AT TIL, DivbhOfFIEs v
— 7 TR L, BT 7 o—FO—FEThD XRel 2RI 35, ZOIHNZL THRMEZ
XML 7 —%%, AT A AT TR ECHBUOLERT 7201203, W< 20O H IR E
DIEET S 1) XML OAREIEZZ B LT~ XML 7 —Z D458, 2) E|IL- XML 7 —
(XML 7F7 AN %, BEET AATITAZ D ) —RICEE S5 )71, 3) MAaEosy
LB Tk,

34 \THRBFIEOME L T, ETIRARZINC, XML =X IR T 7 n—F 12k
STRBREALEHA D, RIZ, DEBLE DO GON TR E DT T 7 A MEEITIN,
XML IR EZ A T 5720, 777 A MEITEMIZITIT R 2V, ZZTARIFZE T,
XML 7 — 25 HE H SN EE L (DataGuide) | C XML 7 —ZIZxt9 57 77 A
NI ERTDHHIEEHIE LT, o, VAT ALK AHEGE Y —27a—RE5Lil,
ZDT = —ROILTHR 7 77 A MbE BT A AT ~OELEEI T2, $EEY
AT MR T LM E B O aANET VERF LTz, ZOa AN ETIC, 075
T AN A AN 72 D SN D ) —RIZELE 5, ZiUTS RO A fcE b
ELLDZHZENTED, ZOMBEIZH L TUL, BT VIR L% AWT, e H
BT ART DT FTT A DR EERODHZLELTZ,
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If’JL xp="#bh’

\ XPath: /bft="PC"ip
Parse @
fJL\;J /
and vl PO Query planning I
D<L,

QD/\.' PC
Query gr: lph

;)c xp="

X 34 PMX O

MATLEIILL T DI ThNs, £T | SO HEE 2R SURITL . R At
T w55, B A Y T TR ENLTE ) H AR — XA ABL A ETR (5 —H AR
FFL QWD) BT A7 ) — R ~ERik 45, ZNEMDITZ L2k~ T, a2 0
DLW TED,

PLEDOTFEETaNIAT VAT MIFEIEL | FEBRICIDMERERHMEZ1T 72, 100MB 35Xk
OV 1TB @ XBench 7 —#|ZxfLC, Ml SCEE T D0 i FiEA i kS Lt
a1T-72, X 35 @f*%ﬁx%zbb%om RETEIAR—ATA U ORI LR
I A E AL REA A T D &bwém‘_o BRZ 1TB OF —Z Tk, i FiEF3EA
H 72 RERINIZ F'ﬁ/\ﬁi&@@%f@zé EINTERDST-DIZKIL, R FIEIXFE AR
M T A ZDILEINTED,

[seconds] [seconds]

30 3o
m wll B wil
25 o wi2 25 mwi2
Owl3 O] wid
20 0 wid 20 I wid
wis wlb
10 o
’ 13 16 o9 [——|“ o8 ’ _ |
s wit wiz w3 w4 WIS 9 wit wiz w3 wid wi5
Our scheme (100MB) Baseline (100MB)

X 35 PMX OM:HEZEAM

(d) GMX: Holistic Twig Join IZE-SS KB XML 7 —F LB H R,

XML REEIE I twig EFEINAE IO A A T2/ NS AESEIZ L > TH 2Dl
éo ZOLEXMLEAELIE, XMLT —Z 1T twig [Cvy T T 52 TOHBREYZET 5T

LlTZe b7, twig A EZ2EHIZEE 5720, ZNE TV OO T LTY X AN
RREINTWAHEN, FNHEFFRL T Holistic Twig Join EFEUY, XML f&¥ 2 E# {45
COIZRDEIRNT VIV ZXLTHDHH, ZAVET Holistic Twig Join 243 BULEE 3 HHF5%
ITFEAEFIELRN, ZZ TANIZE TIL, Holistic Twig Join & HET A AV 7T AKX LT
SYEALFEG 5 F RAZ DWW TR EEIT o7,

Holistic Twig Join Tl [&HELTH B twig lZk L, XMLT —# 28154
TOMDIAHFIRERE T ESIZETHIENHIERD, XMLT —X1%, HHUO[FRITE

— 168 —



FLEFO ) —NEICHESI, CEIEILY — N TRIFEEN Q0D ET S (Chg
—R AR — A EMESS)  Holistic Twig Join 1. twig (ZBE@#E 4 A3 %645/ —R AR —
LEWATU TR ORI ER 52 TATRE 95, 22 THD 5 L5102, Holistic Twig
jom WA AT AITiE, B D ) — R AR — A% 82 E L, 51%7‘/(?(7/ Kk

IZELE T A2 BN ETHD, 22TV Elix, 1) BT 427/ — R OATN
DEBALSI TS, 2) MIAETWERRFIC, BT 4 A7 ) — R CRER T — FHRE D%
L, 227 8BRS,

ZO RO AEFFETIE GMX (Grid-Metadata Model for XML)EREIEND FiE4 B
FHUT= (X 36 &),

XML Documents Streams of Elements Query  Queries Grid Metadata for XML
Paths
mapoing mapping  mapping

al b

bﬁ dact 3 pi > o /\\<p1 of (docl,pl)  of {doc2, g1}
AN N =N nZ p? | o oo, p2) o (doc2, p2)
el d1 o2 dz
iy s, 2 AN o o253
= Sy 7 ?pﬂ, of (doc2, p4]
" e1]e2] | [e1]e2]e3 '
N Se q3/\ of (doc2, ps)
Sk w= B ARV o
1 B2 bz Sg °e q4d b e
A s S p? | ~p7 cf (doc3, p7)
o = [doct] [ooc2] [ docs | g| doct doc2 doc3 p
do odb e : DS SR
b
T
g @ gz docd
| [
el ¥ e3
IJ_.| Ii'l &, widoc1)={a,

doc2.C = <0,
doc3 C =<0

){bcd}

36  GMX O #

GMX Tlit. XMLT —4##E 4B L O twig MAEEOMOREEIZE B L, XMLARN —AD
TITAMEEAT), T, A HICHETHEREAOFEBIISU T, EER LD
MIZHAEDOMEE RAHZENTED, FEEIC, XMLT —X B O HB 2 EH#E4 .
B DBEMICES>THEXHIENTES, SHIZ, MEHEENIC~YyTT5(L %)jc
ELVHBLENG, CELHEEOMICHLIEEE 525N TED, ZhbE GMX EFEE
NAHHFED LR LF 2 —7 FICREBIL, ZRICF2—7 EOKRITITR L TEAEZ N
26*}: 28D, HAHMAETITRL THBEDO EW (E57) /—RAN —2MEE % HDHWE G

)/ RARN) — LAESITH L TEEOH LM G HE R ZE N T 5N TES,

Bon(57) /—RAN — AT, F AT A7/ —RHEOAM P LT 5X

J\%ma%éné A B )T, BRL S ET AN, & AT 1 A7 /—K
z’;ﬁéﬁbﬂ\é/ RARN) — MZBAE# S 20 E20 &Gl ~7- LT, BET 28T 1A/
—RICH AT EEREL, WA FEITT D,

8

Speed Up

o = MW RO
L R R T

1 2 3 4 5 6 7 8
Cluster Nodes

|+GMX+CUBE — i DCLUS % -- DOC
X 37 GMX OPEREREAT
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R TIEEIZEL ZOHIMEEFZBRICIVREELTZ, ZER T, 17O DTD 23572
% 194 CEITHL . GMX ([CEA55 B T ECTHET 427 /—R EICRE LT, X 37
D AT AR ) — N AR LS L E DM AT LB Z oL IR FIENboLh
—REICHRL TRRIB L7220 . BAFR A IERER FF D Z LV RENT,

QM ERRDS BRI DR

XML 7 —H DR EL T, EE AR O ZENE T oD, A7 ALETIEHLIELIE
F—U—RIZLDLERB O TONDD, FEEE B (B2 XX AN CBE S O SCEM )
ERINTAHZEIZED, F =T —RET TIERBLTERWI T IefRRZ 0, FE O mWIR R
WA[BEETRD, FTo, BT 4T —#DESNHHENHMPEG-TH XML TRl &40,
BIZIIKREOMBET — AT 00, BHEIRIRRE R EZ XML 7 —Z~DORiHE L T
ERGICIOHTZENREE /D, T, DNA, XU " VH | RXT —ZITR&EIND
XML CReas Sz KB 27 — 2 2B L Th, XML 7 —Z O&R7e b N R A
NRILATHZENFREL 72D,

T70bb, BETFAAZDAN —JE L TCORr —FE T oL REFIEICLS XML 7
— A D AR =T ~DIEH  FPERE /T B XML A B LR D A r —F )T ¢ H3FE T AL {8
E AL ANV DY T I T AT by T —F b ARED AN — VR T —H B Z TN
ENDATAALESLaL Ty BEH T — SRR S5 — v s EORKTR
TV ELETIHARER AT Th D,

Eth . EIRDAT—F T o EEREZR XML 5 —ZHE D=2, BT 4 A7 DT
YRR P2P Ry NI —I ~DREHNVLETH S, £z, D _ETORHED B XML ALFD
7212 WHNFR 27 )V 5 2 1F MapReduce ZF] I U7- XQuery RSB LB O E A
VEETHD, 728 XQuery BIEBALELD MapReduce ([ZBL Tl AWFZE 7 0y =7 hd—
BrE U CHUEMZEH Th D,

3. 3 AN —VV AT AZBIFBAN —V XV T — I DHRRE T 4 F YT 12
THHRE (BEDOKETFKFE AN —T Ry NT—IBFET N —TF)
(OBFFEEENE K ORLR

VAR, A B = MR DR~ NV TF AT 4T T 7V r—a O K Elcky, =
—FRERUANH T 257 — 2B EDNERANTHINL TD, ZHUTEWNAR — P O HEER
FHaANOME KD E /2> T A, 2T SAN(Storage Area Network) 238351, A< H
WHNAIAT 5T, SAN [TH— REAR — AW EREIC IV EEL | & AR — It —
NEZEM B L TRy =L O T, ZAUSID &S — N IEBIEBIT s #L T
W T —ZOEREHINEBLS N,

—EIZ SAN LTI 7 7 A3\ F v Lz A FC-SAN(Fibre Channel — SAN)AS < Fl]
&I Tn%, LinL FC-SAN X7 7AN\F ¥ & VTN D7ed mflie 720 £ B
FEEEIZ IR 23D, — 7. SAN (2 IP Ry M7 —2ZF i L7= IP-SAN &L T iSCSI 288X
L TCUWA, iSCSI I, Z41FE T DAS(Direct Attached Storage) CfEio31 C&7= SCSI =~ K
% TCP/IP /Ny b7 AL T 5281280, Y— (Initiator) & AL —(Target) [
TT —HDEREEITH, HHBA L F =Ry MERORBIZEY, ¥V N TADRIFEOSE
BIDSHAREEAL, ISCSI OF AMEL SHIZE EHEE 2 HILD,

BLRIZEBW T, SAN [T EICH — P AN DOHTLOME S TRV, LOSLIERES
I T T BREL T, BN A RO — REARL —T % SAN THEGET DI EM TR
SN TV, 2 TAIFZETIE, VPN(Virtual Private Network)Z#l| 422812k,
— A VEREE T ST D iSCSE 2 W TR Ry N — 27 ECUE—RT7 78 R%E1TH
ZEEELI,

Fio WERPELIR AN — DV AT MIZ D AN —2 ) —RE Ry NI — 7 A LT
WHNIAR — TV AT KELTHERR S TUND, AT AIAN — R AR 2 0 AR
bz —OBE KRR 2 —LE LTRSS, ZO L7 mERE I FI AN — v 2T I
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ERIHT 5568 VAT LASNDT IEARY NI —TRRML R 7 Lo TLEIEE BT
%o T CARMIETIE AR Y NI — 7 OPERELZHEME A B O D722, VPN Rk R Y R —7
A BRI TS L iSCSI W AR — T 7 ZAD R AT . 2L 7=,

(a) VPN #5R58#5% iSCSI AL —U 7 7R iSCSI aRriay

IP-SAN DfRFEM727 1= /LZ iSCSI A3d D, iSCSI 1L SCSI =1~ R%& TCP/IP /347w h
THT'/NALT DI T, ISCSIIZEY SAN % [P BEER72 1 CHESL A Z LN AT REL 70D, —
F7 T 38 DINTHEME B A LD L2770, TALO T aha L DR FEREZ B % %
ZEIXTEAR, F2, ISCSIITIZEIERE T 7 v AD EENHHEIN TODER, SHE VR T
AD KN EIHERZ W56 OB IERIBAE OB FE S T s, 22T iSCSI IZkIT5
PEREC(E HAMEZ 1A L3 2 FEDEBRDHILTND,

_ Application
- SCSI SCSI

1SCSI iSCSI @

s |__TCP TP |apo—s
(initiator) IP IP (target)

Eth ern et ﬂ MAC| Id TCP| SCSIaTUFIT—% Ethemet
| SCS|::7>FH-‘—$!|TCP| |P| MAC I::)
38 iSCSI

iISCSI 13k x 70T 2 —=2 T ZATOTENFAIRE Th D, REBRTHWW c=a— T Uy
— RS UNH-SCSI O EEETIL, 1 DD iSCSI By arWNIc#EE D TCP =x
I ar BN T HIDIERETHIENTED, ILIZZDaxryvarzR— gLt
fHFBHZENTED, OFD, K 39 ITRTINTH—F D 1 DD IP TRLA, 120 iSCSI
RIA TR = E B DORRDER ORI a0 T HZENAIRE Th D, AWFFET
IZ iISCSI DZDEEZFI LT, iSCSI EEGRIK 7 7 v 2% FH LT~

iSCSItzyiar
3 Initi I <
/

—= = | .
TCPARAaY _
192.168.1.1 192.168.1.2
39 iSCSI f#axr v a v

(b) VPN B0 B35t iSCSI AL —U 7 7R VPN BRI

VPN (X, /2% — 3o MHEIEHEEE DR OAR A NI — I i~ T, WS Z AR
WZPAC =Ry N — 7 TR T D E AT CTh D, i ThHHEWVIARED A N aEDL D
O, WEMEOIRSZRE SALZEORI DO FIETHIHIZLIZLY, [SREN2 M 2Bl T
HEVHTZEN VPN ORI ThD, — 7, EHMEE R Ry N — 27 O E I TRFES L2 0
BB,

ARG TILIER K ERE 2 BRE LT iSCSI ([CKDIEMR N7 T v 7 O %
179728, VPN N—Z TEHR LIV E—MREEIC Ry NI — VAR — UK E L, iSCSI %
IR R N — 7B\ T A LA MRE L TERA T2, O8RS, KRy T —2
WD VPN LN T 7B 2%24T97-% . VPN L —ZZ A2 L2 Lo TRy NI — 7 O EHSE )
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HIPREAL, AV —T VR NHE LR F 5L,

SOITIRIE AR N = NII AR L ERIBE R THLZENESND, £ TR TIL,
VPN Ry N — 7 WA BER I Tt T 022 2 1o, ZAUSRY 7 —F sk ok
RECEEME . Ry N — 2 DlifEFE MRS ) BT 5EE 2 b,

72721 iSCSI BRI ORES X, 77V r—arpl BRIl CiEimaIc E8
L7\, AREBRTHU - VPN /L—4# Fujitsu Si-R570 X~ /L FIL—F 1 VHEREZ AL T
Wb, v VTFI—T T RERE R T DL, R—ME SR E DB AR AL CRLH TH
[P 7 RURZEFFO Ry NI — 7 ~EE ORI Z W TEE T HIENFIEEL 725, TIE I
DIBENBFITEC CREREE BT 220N kD 720, B OE#RE w777
(WY, FAE T =2 TR E I WZFOIEN0@EITARMEE WDl &RET5
ZEINTED, AHFZETIZZOMREAFIFL, iSCSI o s av R ELktaftirazé
IZED, axrar TR ORI AR T HI LA BRI LT, E AR CTH W
VPN )L—#3 L3 128175 VPN ZfHTE% IP 77 EAL—4%T, VPN O 5t 7 akh=a
JUAZIZ IPsec @ DES, 3DES, AES Z N TEY, 3DES K21 500Mbps O Bk ik fE 4 52
B35, 12720, ABFZEDO FIEIZZOBEREICIRS T, HERBEROREN TEDHL—H
ZRWCTHESEL7Z VPN THhIULHE A 520 T&5,

() WHFIRYRT—FR—VVRT A WA —T L AT A

AR . R AR — D3 AT MEL D AR — 2 ) — R a2y N — 7S L= 5
AR =TV AT KEL TR SIS, ELCT — X7 7 A/, I AT, = T
V7 HEORLETHEEATV, S BUSINT 5, 7 —ZBLiE & BROEMESZ R A DB
TR AR AL T DT80 . VAT MIAS T —H =R G T AL NS LD
AR — AR U I Z0 A b S, E— D E KRR 2 — 2L TRk SN D, %774
TUNPEOT 78 A EANIRAB LS Z B U Tl U] AR — 2 ) — R~ LiEBLILT
MR ID, WHIAR — VAT A TlE, /—RfEIZ DT — X R A AT, ftho
—RDONIT T T =R T O A LD DL,

WHNAR — T AT AOAFFEIZEBN T, ZHETIZR SRR —I8 T I T
EHEREN SIAR — D VAT A THDL AT AR BRRINTND, BRET AARTZDT —
AR EEIS BN T, T —Z~ A7 L —a BRI 5 —RAfR L7228 Ry ik
TAEDITERT —22F AL, ~A 7L —ar BE e EIE ) — RS M Re B A -
7RV VRBE A L A< F1E Replica—assisted Migration 23RSV CUWNVA, BT 44
277G, Primary-Backup @ one—copy HRUZ IV E BT AEEFZ IRA NN I T VT T —2%
Chained Declustering 8 SUE EHEIG I EEDSE AR — ) — R CIRFF L&) 2 & CE
ZEHTND,

(d WFIFRYIT—Z AR =TV AT A iSCSI WFIH Y RT —F AR — DV AT A

AT TR RN AR — P 2T AT, HBED AN =P F XA AN KL —
DERIZARY 2— LEFFOAN —V LU TSNS, ZivE iSCSI DLH7 Ry T — 7 A
L —UC Target ELCRIHLISELTS G, EERICIFELED Target BEIET L0, H—
PP — DT A REFFOAN —VEL T RRBEINHERL T D LD T HETHD,

Target [ZAEFIAR — P DISNHERED EVAR — VU AT 2E WG Ky T —
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ANZBTHHEHNLE G 72 D &) | MERE B RbiT-, Ll iSCSI #HEiaxria
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B, mEEEET 7 2 AR EL TN LR IR CThD FreeBSD Dummynet Z4fi AL
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BRIENEARB I VPN L —B DR EEAT -T2, ZOLE Target 351EBND/ Vv M,
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AN APERER NI Z 5N TLES TODER I E LTI, Target Il TO VPN L—Z (28115
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