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A T[0014] Embodiments of a distributed virtual array data storage system and
method are disclosed. Storage nodes made up of relatively inexpensive disks with
associated processors are scalable to store very large amounts of data. The storage
nodes communicate with servers directly over a network through, for example, an
Ethernet connection. Control of the storage nodes and access to the storage nodes is
handled entirely on the server side of the system by distributed virtual array (DVA)
software running on the server side and employing a particular protocol over the
standard network connection. The DVA software facilitates all data access functions
for applications running on the servers, as well as all data maintenance functions such as
disk reconstruction, garbage collection, etc.

[0015] FIG. 2 is a block diagram of a data storage system 200 according to an
embodiment. System 200 includes multiple servers 204A-204G on the server side,
and multiple simple storage nodes 202A-202L on the storage side. The actual
numbers of servers and storage nodes shown is arbitrary and chosen for example only.
There could be typically many more servers and many more storage nodes. In addition,
the system 200 is scalable by adding elements such as servers and storage nodes. |
(HER;, [0014] DBEEFLAT—EAL—=—VSRTLELV
FEOERBHBENERINS, TOE Yy HHBEEMIT LN LBRORME T «
RV THERENERANL—2/ —FIE, EBIZKEDT -2 EZHRNT 5=0OIC
RT—ZTNLTHD, AbL=Y/—FF 41—y bERGEZENLT,
2 LT —DFRLTH—NLEEBEET S APL—D/—FOHIEIER b
L=V/=F~DT7 I ERE, H—NATEFTSHh, REDRY bT—J iR
ENLTHREN IO FILZRAYT H08REFLA (DVA) YVI+DIT
CE2T, PRTLOY—N\BITELICWEEINS, DVAYI +IT7IE,
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B [[0017] FIG. 3 is a block diagram of one server 304A of multiple servers
according to an embodiment. Server 304A includes Flash memory device for server-
side cache 312 (also referred to as local cache), and multiple guest VMs 310A-310C
and a driver 308. In various embodiments, server-side cache 312 could alternatively
be any appropriate type of memory device for the purpose, such as any solid state
memory device, including without limitation Flash, phase-change random access
memory (PRAM), etc., and it could be packaged as a Solid-State Disk (SSD), a circuit
card plugged into a bus within the server, or included as a module on the server
motherboard. Server 304A also includes a DVA worker VM 311 that runs the DVA
software 313. DVA software 313 handles all storage-related functions for the guest
VMs, which are also referred to as application VMs. The DVA software may
implement a file system for the storage of vDisks. The file system may be a block-
addressed file system, a content-addressed deduplicating file system, a log-structured
file system, or any other type of suitable file system. The DVA software handles reads
and writes and other functions on the data path and also performs background storage
management functions, such as background reconstruction of entire disks, scrubbing,
garbage collection, rebalancing, migration, etc. In other embodiments, the server hosts
multiple worker VMs, and these worker VMs cooperate to perform the DVA process
including, the background storage management functions, for multiple vDisks. At
times there may be vDisks that are not in use by any VM host. In an embodiment,
such unused vDisks are reconstructed cooperatively by the multiple worker VMs. |
(BFR; T[0017] H3[F —FEMEIZEE, B#HEOT—/1DS5H
D12DH—N304ANTOVIRTHD, ¥—/3304 AlF, H—/\fllF
vYw$a2312 (A—AlFryiab3iFENSD) DF=HDTFvPartE
TNAR, BEWITEHDTYX VM3 10A—310CELUFTA/33
08%8L. MRLGRRMETIE, ¥—/\fllFrva312F KBELT,
I75via, HELRSVALTIERAAEY (PRAM) 2ETHNINLICR
EESNBWNMEBEDOV Y Y FRAT—FAEYTNARGE, BHICELE-EED
BATDAE)TNARTEL, YVUYFRT—FT4RY (SSD) PY—
NADNRIZEFEENERA—RFE LTy r—24TE, HHWE H—
NOIYP—HR—FICED2—ILELTEFNDSLDTHD, Y—/N\304AF
Ff, DVAYI+rIx7313%FTIAHDVAT—H—VM311%8T
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C [[0020] FIG. 5 is a block diagram of one storage node 502A of multiple storage
nodes according to an embodiment. The storage node 502A includes multiple disks
501A-501F and a standard CPU 505. Multiple disks 501A-501F are examples of
physical data storage devices. There can be any number of disks in a storage node 501.
Six disks 501 are shown as an example. Disks 501 themselves can be any appropriate
type of physical storage device. In an embodiment, storage node 502A also includes
non-volatile random-access memory (NVRAM) 510. NVRAM devices retain stored
data when the power is lost, and have relatively low latency on write operations.
According to embodiments of a DVA data layout scheme, each VM host compute
server 204 writes to disjoint sets of physical stripes across disks 501. Also, new Write
data is stored to the NVRAM 510 of at least one of the storage nodes 502 so that if there
is a power failure, a copy of the new Write data survives. New Write data can also be
stored to the NVRAM 510 of at least two storage nodes 502, so that if one node fails
there is a redundant copy of the new Write data. According to an embodiment, the
DVA method includes storing new Write data for at least one vDisk to at least one
storage node so that if the VM host compute server fails, a copy of the newly written
data survives on that storage node. New Write data can also be buffered in the VM
host until there is enough data to write a full stripe of new data to storage nodes. New
Write data can be buffered on the VM host for even longer periods to give time for later
overwrites of the same location in a vDisk to obviate the need to write out the
overwritten data in a stripe. Embodiments of the DVA method also include a writing
VM host compute server computing at least one erasure coded block for a full stripe of
data, and writing the at least one erasure coded block to a storage node.

[0021] The CPU 505 performs functions on the disks 501 as directed by the DVA
software 513 via the network 206 over a standard network connection 208. For purposes
of embodiments described herein, the DVA software 513 could be running anywhere on
the server side. However, the DVA software 513 is not envisioned running on the
storage side, for example in the CPU 505, as long as there are servers available to run
the software. The relative simplicity of the storage nodes makes the storage nodes
inexpensive, eliminates the need for dedicated backplanes and fibre channel connections
on the storage side, and allows the entire storage side to communicate with the server
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side directly via a standard network connection. In various embodiments, the storage
nodes are not configured to host VMs, at least in part because such a capability is never
needed. In various embodiments, the storage nodes are not capable of hosting VMs, at
least in part because the inexpensive storage CPUs are not sufficiently powerful to host
VMs. |

(HFR: T [0020] H5IF —FREHMEIZLS H#HOXLL—D/
—FD35D1D2DAML—LP/—F502ADTAYIRTHD, R bL—
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TNAZADBITHD, ARL—/ —F501ICIFEBOHOT + RYDBEFHE
TEHIENTED, 6D2DTARI501B™HlELTRENTVDS, Ta4RY
50184 FEOENGLA TONELREETHYFDH. —EHBET
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ENF-T—EEZREFEL, ETAAREOFLHBLLERMEN, DVAT—4
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ELT1DDRAML—D/ —FIZRINTHEZET., FILLWEEAAT 2L
AL—=2/—=FIZHLWT—2DRLLGERAMIA TEEZTRALDITHRET
—ANBONEIETVMARRNMINY I 7Y TTH5IEHTED, HILLE
ERAAT—REVMIKRR FTELIZREIBNYI7Y2VJ LT, vDiskA
DRICEHEMERTEEET IRMERRL, LEESN-T 22X 35347
TESHIWVEZLGLSTIENTES, F-, DVAFEOERBEREILX T—
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We ARL—2/ — FALLRMEMAT-0, X L—Y/ — 0% @ICGEY,
AML—PRITERAONY D TL—00 T 74 N—F v RILVERNFREIZLRY,
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D [[0027] FIGS. 9A and 9B are a flow diagram illustrating a method for a host driver
to access data storage according to an embodiment. The driver determines at 902
whether a request for a storage access operation (typically or Read or Write operation)
is the first one for this vDisk. If it is the first request, the driver obtains the vDisk map
from the vDisk map service (904). Then it is determined (906) whether the operation
is a READ or WRITE operation. This sequence is shown as an example. It is also
possible to determine the type of operation before it is determined whether the operation
is the first storage access request for the application. If it is not the first request, the
process determines (906) whether the operation is a READ operation or a WRITE
operation.
[0028] If the operation is a WRITE, data is written directly to the NVRAM of one or
more of the storage nodes (914). Then new Write data is written to the local cache
(916). If a full stripe of Write data is available (930), then an erasure code block is
computed for the stripe of new Write data (932), and the Write data plus the erasure
code block is written to one or more storage nodes (934). If a full stripe of Write data
is not available at 930, new Write data can be buffered in the VM host until there is
enough data to write a full stripe of new data to storage nodes. It is also possible to
wait longer before writing the stripe to give time for overwrites to obviate the need
write out some data in a stripe. The process then moves to the next instruction at 912. ]

(BFR; T[0027] H9OAKLU9BIX, —XEMEIZLS, KX b
FSANBT—RRAML—=VICTIERTEE-ODAEERT IO—HTH S,
FSA4/1E 902T, RAbL=UF70HREE BEFEARY FLEFEESE
AHEE) DERKNIDvD i s kK DRIVDEKRKTHAIMNESIDZHIFIT B,
ETNDARYDERTHDEHEE, FIM4/NMFvDi skTyTH—ERX (904)
MovDiskIyITEMETSH, RIZ, BENFEHFMYBRETHINEZTA
HRETHEIMDNREEIND (906) - COV—TVRIFHELTRENT
WE, BEBT TV T—2 a3 VDRIDAML—SFT I RRERTHEIMNE S
MZEFHIET BHEIC, BEDFATEHHTEHI LI TED, TANRIDEKR
TRHWEE, TOotXRE, BELIFRARYRETHINEZTAARETHLIN
ZRET S (906) ,

[0028] RENEZAHTHDIFEE, T—4I1F, 1 DFLEFHEHDR b
L—Y/—FK (914) ONVRAMICEHEEZAFINS, RIZ, HFiLLVESE
RAHAT—=EAO—h)F vy alcEEZRAEND (916) , EERAAT—H
DELEGRA S A THERTIELGEES (930) , HILLWEZAAT—ENDR
oA TS L THRITERBIL IOV IO MEHESHh (932) , EERAHAT
— R EHRETERSIETAY IR 1 DULEDR FL—D/ —FICEEFRAEND

(934) , EZAAT—EDIILARALSA TN I0OTHEATELREGES,
A=Y/ —FIZHLWT—2DINLR S TEEZTALDIT+RET—
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ANBONBET, VMIRR FTHLWEZAAT—E2EN\V I 7Y TE
5 ARTATE#EZTATHINIRSAFRLT, LESTLHHMESAT, X b
SATICT—REETHIVEFHRCTIELTES, RIZ, TAEXRIFE 1
2ORDGTICFEENT D, 1)

E TH3
guest puest puest Dk
"0 ] v Vi weprloer WA it
3104 3108 310C 31
—
Server-side
cache
12 308 3044
FIG. 3
]
F TR5
D D
- o G

D 5
513
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14 LEA~GOREEN D, SIANXE1ICIEROFKRA (LUF, [5IHEFKH] &
WD, ) ARBEESNTLDHENZD,

[DEIRE 7 LA T—2RAML—PVRTFLATHST,

A=/ —FKO$IHERRL—S/ —RADT7 O RIE, H—/NEITE
T&h, DE8RE7ZLA (DVA) YI LI T7IC&2T, YRATFLOY—N
BITELZICUEBEINZIDTH-T,

AR AT LY —NQIZEROY—NEEH, A FL—DRIICEHDOXR
L=/ —REELHLDTHY,

AIEE Y —/NNE, —nN\flFrvia (A—ALlFryiabtt®EEND) &
FURSANEEH,

HIEEH—/\&, DVAVI + Iz T7%2ETISEDVAT—H—VMEEH,
DVAYIZ +rIxz7IlE, FFIVS—23a 2 VMEZHEIENDET X EVMDI=8H
NDIRTORL—VEEBEFZNIET LH5EDTH-T

AIEERA FL—/ —FRIE, 2y FT—9 &N L TRIBY—N\EBETHED
THY,

AIEER FL—D/ —FIE, BEOTARIVBLUCPUEEH,

AIEERA FL—2/ —FRIE, FERERESVFLT7IEXAE!) (NVRAM)
EEH,

HLLWEZTAAT 2L, BREENRELEES, FLLWESAHAT—42
DAE—DED LS, A L=/ —FOLHE<CEE1TDONVRAMIZHE
MmEnsdtnThHY,

BIEECPUIX, HIRET A4 RV L THEZEITITEHLDOTHY,

RAMRESANBT—E2RL—UIZT7 € RT BHEE,

ARL—=U7 0 2RABE BREEEADY F£2LEEZTAARE) NEZAH
THHEE, T—2I& 1 2FLEEBOEERAL—2/ —FORIENVR
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AMIZEREZRAFN, RIZ, HILLWEZAA#T—2PO0—A)LFrvyPalc
EEAFEN, FILOEZEEAAT—EDR LS4 TICR L THEITESSET O
YONEESIN, EFAHAT—FEEKITEFSIETOY I N1 DUEDR
L—2/ —FIZEERAEND,

DEREBT7Z LA T—2RAML—CVRT LA,

(3) *ftk
7 REEERBALSIARRALEXNLT D,

(7) B5IREHD DERB7LAT—2A L=V R T LAY, THEHEOY
—nN], TEHORXLL—P/—F], Ty bTD—91 1% ETRENREH
EFRBAD 7—2XML—DORTAL), TEHOKRIXEY—/N (100) |
BHDORAL—P/—FK (8310) 1, 2y r7—% (200) 1 [ZHE
TH5ELDOTH5,

ZL T, SIREHED MEHDOY—/\] OFY—/NIE, H—/\E& LTHERNE
50070ty EFBLTWAIEITFEBEATHHT, -, THIEER b
L—C/—FIE, Ry bT—9FNLTHIRY—/NERBIET DI 3DTHSH
5, 2V EFI—OFNLTEHDA I L—2/ —FEBIETHEDTHS,

£oT, REFHEFRRALESIBHRBELIE “EHOKRA MY —/N (100) #*
A, BIRERORR FH—NOERX FH—N[FDHELCEL 12O TOEY
H (111) 28H, PHECERL1D2ORYFT—4 (200) ZHLTEH
DAPL—U/—F (310) LBETAHAELSICHEHINFT—F2XML—
CURTLTHIRT—HT 5,

(4) BIR%BHD TIRbL—D/—F1 1%, TEBOTARI1 #8511
DTHH ECH, [T4RY] ITKBGHICT—2%TLRTHIIDTHIM DG,
SIEEBED T4 XY X, REHERBHED IKEEANL—UKE (340
—1, 340—N) | [ZHHYT 3,

ZLT, BIAKHAD IRL—2/—FK1 & TCPUZEL &, [HIEEC
PUIE, BIEET A RV LTHEEZETITHEDOTHI 5H 5, BHRUNIERGEE
BELTWABZEIFBHALMATHSDT, APL—2/—FIZHLTT—420D TEF
AH] DENITHONEZEDTHIULE, hhd TEEAH] NBEFIHT 51
HDESENDARL—Ua0 FO—SHEZHRATVWAZELHELATH D,

&Ko T, RYMWMERBLESIARBLIE, “BHRORAL—P/ —FDdEL
EBT1DDRL—D/ —FREDELEDL 1 DDOXRGEER FL—VKE (34
0—1, 340—N) RULHLHLLCELE1DODRL—Ya0 A—F (320
—1, 320—2, .., 320—N) 288, T—3RAFL—CLRTFL”
THHART—HIT 5,

() BIAKBAIE, TH—RE) TRSANEEHI, THRRAFRSANDT
—BRAML—=DIZT7IERTEH] HDTH-T, TRFL—DT7 I EREHE

13 / 22



(BEFZEARY TEEEAHRE) | DTN LEDTHLH D, —N
DRAMRZANE, T—E2XML—2IC) LTHERARY £FLEEERAAEKR
ERTIHLGCLELTORRERTIHLDTHAS LEHLGNTH S,
&oT, RGMERRALSIARBPLIE “KRXAMY—/NK T—2XL—
VB L/ ERAABRERTIHLLELLEDL 12O TOER™EETRAT—H
LTWL%,

() 5IAZBIE, TH—NZE H—nNllFvyvia (A—ALFryial
LEFEEND) | TZ2EH], THLLWEFAAT—42HAO0—hIlFyr vy alc
EXAFEN] BEDTHEND, H—Nn\H, EZAAFERIZHGTIHLLE
EFRAAT—FEFXRGHUIZTF vy 1T HIATEVEBEEZHRBA TSI LR D,
K2 T, REMEFRKBESIAFKBLIL, “RA MF—NITE”, “EAHEKRITH
B3 T—2ZFERFENICFrYyyPa1TdLIBRINFrya (11
3) ZHEHTHOAEVEE“ZELRAT—HLTLS,

(#) BIAHEBIE, =K TFSANEEH], [HRALRSANDT
—BARL—=UIZT7OER] TBEIZ, TRFL—UF70RBE GBREIEE
HEY FIEEZAAT BIEE) NEZTAATHDEE, T—%2I1F 12Ff=
FERDEFELERAL—P/ —FOEIEENVRAMIZEEEEAEFN] , X
2], TEFAHT—FEHEKRITEFSLETRAYIN1DULEDRFL—D/
—RIZEZAEND] L DTHD,

CCT, Y=\ FRRAMKRSAN] X, YRATFALAY I bz 7aAVER—*
DrDO—ETHDEWVWRDETAH, [EZFAHATHDHEE, T—21E 12F
ITEHDRIERA FL—2D/ —FORIEENVRAMIZCEEEZAEZEN] 5EF
ABNIEBIE, “FE1DEZAALE THDEWNZ, TRIZ), TEEFAHT—
AEHKITEFSIEIOVIN 1 DUEDR FL—Y/ —FRIZEEAENS]
EFAANEE, “F20EZTAALE " THDH EWNZ SN D, 5IHERKRAIL H
—I\DNELY Iz 7AVER—R FO—RBTHDI R4 1\N, £1, RU
F2NEZTAHANEBELNS 2EDEZFAALEBEZITO TS EWNR D,

E£oT, REWHEXRBLSIRAFEALILX RIEOATHETIHON, “RX
FH—NE”, “BRAABRIZCHETSHT—42%, LPECEL2HAEZBEFAD LS
[CEBBENEVATLAY IR 7 (115) AViR—R M“2&8" LR T—
BMLTULS,

(h) BIRAFEBIX, TAFL—C/—KROHIEERMNL—C/ —FADT7O 1
AL, U—NAITETSIN, 28ERE7LA4 (DVA) YIERDITFIZEDT,
DRATLODY—NBTREIZVLEENSEDTH->T), H—/IF DVA
YILDIT74FETIADVAT—H—VMZEEH, DVAYI LI ITIE,
FI)r—23 0 VMEBLEIENEZT A MVMDE=HDTARATHOR FL—DH
EHEXWLET S0 THD.

ZCT, k38 (7)) TRHALEELSIZ, Y=L 1207aty
YH#EADEDTHAZEIFHALGN G EZ A, 5IAFRBAD I98IERET7LA
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(DVA) YVI2b9zxz7] &, B0y Y TEITENDEYILIITFT
HAHIZELITHLNTHY, REHEFKHED OV E21—2ETrREGI—F%
HABPERE7LA (DVA) YTV RTFTL] ITHETZLDTHD.

ZL T, 5IAFHED IDVAVYI D7) & TTRTOXFL—VEE
BEEZNIBT 51D THH MDD, LiE () TRELEEZAHEEICEAL
EEFAHERICHIET DT —RICHTHRAML—UBE#EEFNIET S E
BHoMNTHD,

KoT, REWHEXRBALSIRAFEALL, RIEOATHETIHON, “/RX
FH—RIE, “diECEB1DO20TAEY Y TERITSAIEE, FiREdELC E
H1 2070 YHIC, FIREEAHAERICHIETHT—2ICHLTAELCED
1DDRA ML—UNBHEEFET STV E 21— 4RTAREI—FEEX
508 E7 LA (DVA) YTV RTL (405) &, #8"LET—HHL
TW3,

(F) L8 (#) TR LEESIZ, BIRARBIZEFTS R FL—UT79€X
BE (BEEHARY FLIEEZTAAT HIEE) NEZTAATHDEE, T—
A&, 1D2FFIFEHDORTLAL—Y/ —FDHIEENVRAMICEEZEEA
Fhl 2EZTAALEE, “F1DEZTAHAUNE THLHIEWLWZDEZH, 5IA
FBAD TSR FL—2/ —FODRIEENVRAM] (X, AEHEFERAD TX
L—Y/—FK (310) | D TYUE—FFEREATY ] ICHETEHEDTH
5, ZLT, SIAEHAD TES54/\] (X, YATLY I b z7arviR—%Y
FOD—EBTHAHIEWNWZSHDT, #H, 5IAFRRAIFK, PRXRTLYIZkDzz7aY
R—RbD—FETHD ESA1\D, F1DEZFTAALEIZENT, XA L—
S/ —FKDYE—FFEREAT)ICT—REZEZFTAATNRENZ S,
£oT, L& (F) ORI BEFEAHE, REEERBALSIAFBALIL, &
DR THETHLDD, “VATLY I b7 (115) aviR—x2 b
X, “E1DEZFAHFLEBIZE LT, HIEEHAR FY—/\HSDRIEEAHFER
[T 2T —4 %, BIREHORANL—C/—F (310) OA%HELCER
DD E—FFERMEATEE (330) [CESZSALAT—HLTWLS,

() k38 (4) THREFLEESIC, SIARRAICHITS TRIZ), [EFAH
FT—AEHKTEFESIETOYIN1DUEDR FL—/ —RIZEZRAEFA
51 EFTAANIEIE, “FE2DEZAANE THH EWNZDEZAH, 5|AFEH
ZEWT, THLLWEEZAAT—IDRALSA T L THEHRITEASIETO
YONEESIN] 52L&, EFTAAERICHIET ST —FICHLT, RbL
—DNEHED— B THIERITERSILIOVIDHENTHOATWSZ &
[CHhA 5740y, LT, SIEHERAE, DHXITEFRSEIOvIMN1DLUED
ARL—C/—FRIZEZEAFND) 25, 5% NEHRITESSETOV Y]
X, R PL—DNBHBREECIYERINE-T—2THD LR D,

£2T, L8 () OBRFELBFEZADE, XY@ EXKBALSIRAFEHE(X, #®
DR THETSEDOD, “E2NEFTAANEIZEINT, HIEEAAERIC
Wi dBHT—2I LTRIEEDLECEEL 1 DDA FL—UNIEBHEEIC K Y &£/
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EN=-T—4 %, AIRBEHORIL—Y/—F (310) IZEEALRT—
BMLTWS,

() BIE%BIE, THLWEZFAAT—2(X, EREEZFNERLELBES,
LWEZFAA#T—ANDIAE—DIEDILSIC, REL—D/—FDEER A
DONVRAMIZIE#MEINEED] THIDN DL, BREELAELEL-ES.
INVRAM] WEZEAHT—IEZRETI-HOO—BHNGENY TT7y TT7—
AARL—UELTHEELTWLWSEWNR D,

£oT, L& (F) ORFIBEZASE, REBERALSIBARBEL X
“COBCEBLT1 DD E—FFERMEAETYEE (330) &, —FMLG/NY
D7 TT—BRAML—CVRTFLEEBRL TWAHAT—ELTLS,

(3) k&8 (U) TRELEESIZ, BIRRBIZEWVNT, TFHILWEEAAT
—ADRALSA TR L THEETERSIE IRy ONEESh] 22 &1%, &
EFRAAERICHET DT —RICHLT, RL—CNEB#ED—TETHDEL
STERSEIOVIDHENTHONA TS Z &I 5%, Ff-, HKETIE
FEIETO VY DEETIE, EFAFENEZT—2IThiz2TNYT A ThHhDiR
YETET—AMNEHEINDZ LFXEEFICEBEHTHS, LT, 5|HHKHET
X, TEEAAT—REHLITERESILTOY IR 1 DULEDR NL—Y/ —
FIZEZERAEND) LDTHI ML, B, SIARAIE, “XRbL—J0EH
BEPELT, “BERAFENDET—HICHE->TRYETET—4%5EL, &1
FhE3T—2EHABELERYETEORMAZEHDANL—2D/ —FDdiE &
H1DIHEMT HUE ZTHoTWVBEENR D,

£oT, AUEBWEXKBALSIAKBL(E, AEHERAD

AL EDL 1 DDR FL—UNIBHEAEIE.
EETRAFENBZIT—AD T4 HA—TI) U EHEL, BIEE 74 AT
FEFTSEEHDRARL—C/—FK (310) OFBIRINF-—DIZKRMT H0IF,
EEAFNDT—REEWL. TOT— 2 %#EWMLIE-HTRIZERDR L
—2/—F (8310) DAL EL 1 DITBIMDI=HITEIET HIE,
EEAFNBET—RITH>2TRYSTET—2%HEL. EE2AFENET—
AEFELILRYITEOMAZRIRERDANL—D/—F (310) O
CEH1DITHMT HUE, RU
T—ANEAAZAOAT L, AT rAO5EHRELLELELE1DORNL—

/J—FKOAL—YarbkB—5 (320—1, 320—2, .., 320—
N) [TEET HUMIE,
DIBEDYLELCEBL1DFED] KITHEL,

“PIECER1DELT, “BERAFNST—RIChoTRYITET—4%
HEL, BERAFIET A EHELEBRYTEORMAEMTERDR kL —
T/—FK (310) OAELEEL1DIZRINT 0B 2SS T—HLTL
B0 %,

14 E& (7)) ~ (3) OREM L, AEMERALSIARBALIEL UTOR
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T—HL, Ff=, UTORTHET S,
<—HEH=>

[BHDOARR FH—/N (100) ZiEA, RIEREHDKRR FH—/1DOERR b
J—nNEZ < ERL1 20Tty Y (111) 28#&, PELCELT1DOOFR
vy hkDJ—%5 (200) ZNLTHEHEDAML—/—FK (310) EBETS
KOS,

BIREHDOR L=/ —FOLHELCERLT1DDR ML=/ —FIEDHL
EHL1DDXKEGEHEAFL—UHE (340—1, 340—N) RUDHLLCEE
12NDAML—2arbA—5 (320—1, 320—2, .., 320—N)
80, T—RAAML—CVRFLTHST

BisEA R R M —NIE,

T—ARAML—UBHE L/ EAAERERTTHLLECEDL1D20TAER
&,

ERAABERICHIET 5T —F#EKEMNITFrvvaddEIBREINT
Frvia (113) ZHERTIATVREL,

HIREAAERIIRET 5T —2%, PECEL2REFTADLSITHERS
NV RTLYIZ D7 (115) aviR—3RUbE,

AIEELHECEL1 D20 T O Y Y TEITINEE, FIEDVHELCEDL 1D
TRty RIEEEAAERICHIET ST —2ICHLTHELCEDLT1DODR
FL—ONIBAEZ EITI S0 — 4 2TAREH I — F 2K 2 39 8UR
¥7LA4 (DVA) HTLRXRTL (405) &,

EEH,

ARV RATLAYIZ D7 (115) aviR—3RY k&

FE1DEETAHFNIBIZHINT, HIEEHRA FH—/AD S DETIGEERAAHERIZx
ST 5T—42%, BIREHOANL—C/—FK (310) OE<EELE1DOD
JE—FTRERMEAT)EE (330) [TEFAH,

F2NEZTAHANEBIZE T, HIREAAERIIHIET ST —2ITxt L THI
VLG CELTDDRML—DNBHEEICEVERSNI-T—4 %, HIGLEH
DAL=V /—F (310) [TEFIAH,

ARG EL 1 DD E— FFEHRMEATVEE (330) X, —FH%E
NV TITTFT—RANL—CORTLERERL,

AL HECEDL 1 DDOR FL—UMIBHEARET,

EETRAFENET—AIChH>TRYETET—2 %5 EL, ETAFENDET—
AEFELERYESTEOMAZRIGERDA FL—Y/—F (310) DA%
< EH1DITHINT H0IE,

50,
CEEFHBETDHIURT L,

<tBER1>
AKEWERBIX, F1DOEZAANEN TEHODRAL—C/—F (310)
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@u#h@mhﬁzhb DB (340—1, 340—N) &3BE5E9I1Z]

TONDZELDTHADITH LT, SIRAHEBICE, TR ERENGZSIATL
7<’£l,\,."—:"\o

<tHEm2>

AEHERBRAIL, F20EFAAHNEN (D EHL1 DD E— FREH
HAEYEE (330) EEEETIC] THhdBDTHH-T, RL—D/
—FK (310) @ PHELCELTDODDRGEHERNL—DEE (340—1, 3
40—N) [TEZA] FNHHLDTHHADITH LT, SIARBAICIEK, FDLS
HREENEIN TR,

(4) BEDFIHT
FRBEERIZDOVTERET %,

7 HESR1IZD0T

EERT(3) 71D (4) RY (F) THREFLEESY, 5IHAFEBED TNV
RAMJ,F?4XOJ@ TRENAGHERKBAD ) E— FFERMEAE
)1, TXEEERARL—VEE) ICTHLETEZEDTHD,

Z LT, BIAEHRAIX F1DEZFAAHFEBIZENT, ¥—42I1% 12Fk
FHEBDBIEZRAFL—/ —FOBENVRAMIZCEEEZZATN] 2L 5,
FT—AMXAFL—2/—KO INVRAMIZEEZZAZTIh] 230 THHL
L BEBERAINL—D/—F0 TEHOTA R ICRHLTRALGT7T VRS %
BIENCEIHLOMNTH S,

LTHAHE, SIAEBIZEINT, 10)$§J_JMME75“ [EHDORAL—D
/—h(31o)wu¢h®mﬂﬁXFb CHE (340—1, 340—N)
EELEEETIZ] Thbhd I el E10EZFAHFNEN INVRAMIZEE
EEAFEh] 250D THBUUL, é#%t&h@@%l&b SH5EETHD,

4 HER2(Z2DVT

SIARAK, F20EEFAHLEBIZEINT, [EFAHT—F EHEKITER
SEJOovIN1D2UEDRFL—2/ —FIC %ﬁihéj%@f%of
MmO, 5IAEBAODR FL—D/ —FIE, kMR FL—VEETHD (T4 X
V1 %#FTH5DTHD, LT, 5IAKRBALX I98RE7LAT—2X L
—OVRTL] THDHEZA, RAML—=UDORTLEIR T—2ZKEMIZHE
m¢étm®%WF%é#6,m%%%tBHé,F%%ﬁﬂ?—@tﬁ%ﬂ
EfFESIEIOv N1 DUEDR FL— 9/—9L%%ﬂ$h61 2HDEZE
AALE(E, RbL—P/ —FOXkGEZEFETAANL—VEEBETHS (T4
AT IZEETRAFNEEFZEKRLTWS EBETIOMNEETHS, ZLT,
[EEAAT—REHERITEFSIETOY Y] 2R FL—2/—FD T4 R
91 IZEEFADEIZ, YA ML—C/—FD INVRAM] 203579t
x#%ét&é&#éﬁmmm&@ﬂb;mbh&u

LTHBE, SIREBIZENNT, F20EEAAFMNEN Db EH1DD
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JE—FFEXMEAETVEE (330) LEAEETIZ] THNE3EDTH-T,
A=Y/ —F (8310) O T EH1DOXFEHER FL—VE (3
40—1, 340—N) [ZEFA] FhdLTHILIL, BIHEFEBEL, TR
DEETBAML—CVRATLATH ST, TARVIZEZATKEIINVRAM
[T ET VAN ETHDH LT HEMBRNMTSROoNGENI L
HNlE, HEETHNEBZICHLBIFEEEZEOLOND,

D INME

LETRUATRELIZERY, HER1RVEER2(ZFZRLHBRIL, 5IH
FAICEBSNIHMTIEONT, HEENBFZICTHILFLIOTHY, £
LT, ChoDHEERZHREMNICHELTE, FEFEXHADET HFADE
X, SIARERICEHSINI-HTORT HERANERN G TR SNIERANDL D
[T ES, BABEELLDENI T EFTERL,

LA >oT, RHEMERRAL SIARBICEHSNEFTHEERIZEDNT,
LEXBENBZICRAZIHAENTELLDOTHY, HFEFE29FKE2HD
MEICE Y, HEFHBOBRMII L THIFZZTHENTERL,

3 AEFWEIZOLWTOLT UV

FOoT, AHMWER, BHFEFE17TFO2E6HITEVWTERYT SRIEE 1
26FXFETEHOHREITERTANT, RIEE159FXFB1HOREICH VT
AEATERTIREES SKFE 1THOREIZLIYATIREIDTH S,

&2T, LRWEDHNTOREDERDELYRET 5o

T3 AKRFEEFKEAIZDOINT
1 RNERBEDEE

TH2FE2A198ICSN-FHRMEIX, LEDESYANTEIN-DT, K
FEDFEREICHRLSIERAIL, FM1E6RA7HICSNEFRMEICIYMESL
ERHFFEROEHEDFERE 1 ~2 JICTRBFSNEFRICEYBESNDILNT
HHETH, TOFERE1IHELSHE (LT, TRERBAI &0, ) & £
DFEREF1VICEESN-FEHICLIYBRESNS, £ TE203AH]1 (2) |
[CEEHSN-TROEEYVDILDTH S,

BHOKRRA FY—/N (100) #FEA. RIREHDOKRR F—/DEHRX +
J—nNEZ < EB 1207ty Y (111) 28H&,. PELCELT1DODOFR
kD=5 (200) N LTEHDAIL—D/—F (310) EB@BIETH
KO EN,

AIREHDOR L=/ —FOLHELCERLT1DDR ML=/ —FIEDHL
EHL1DDXEFEERAML—DHE (340—1, 340—N) RUDHLELCEL
12DAML—Ca>rbA—5 (320—1, 320—2, .., 320—N)
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EEL. T—3AML—CORFLTHL T,

AR R R MY —/NIE,

T—RAML—UHHE L/ BARERERKTTH0E<EB1O20T0ER
&

ERAAERICHIET 5T —F2FFEABEMICFrvviaddE5IEBRINT
Frvyda (113) ZEETIHIAETVEEL.

AIEEAAERIIHRET 52T —2 %, —FHHEEAAFRE L THHELLEL A
DD E—FFEHRMEATYEE (330) [TEFTALESICHEREINEVR
FLYITRHT7 (115) aviRk—xr2 k&,

AL HECEL 1 20T O Yy Y TEITINEE, BIREDVHELCEDL 1D
JotyvHIZ, BIREERAAERICHIGT 5T —2ICHLTAELCEDLT1DODR
FL—ONIBREE EITIH I 01— 4 2TAEHI— F£2E 2 39 8UR
#B7LA4 (DVA) HTLRFL (405) &,

EEH.

BIEED < EDL 1 DDR FL—UIBHEBEIL,

BEERAFENBET—EIDT4HA—T) U EHEL., BIGE 74 H—T I
FERTRRESDARL—C/—F (310) OFBRINF-—DICHKRT 03T,

EEFAFENBT—AEEML. TOT—2F#EHMLI-BTHIRERDR L
—2/—FK (8310) ML EL 1 DITEBIAD-OITEET H0IE,

EETRAFENEIT—AIChH>TRYETET—2 %5 EL. ETAFENDET—
AEFELERYETEOMAZRIGRERDA FL—Y/—F (310) V%
CEBH1DITHRMT HUNE, RU

T—ADEAAZEOT L, RETHOTEREVHECELE1IDOR LD
/J—FODA+L—YarbOo—5 (320—1, 320—2, .., 320—
N) [TEET S0,

D5>36DLELEHL1D2FFD,
CEEFBMETDHIURT L,

2 BEEDEMEDIER

FEEDEEDERF, COHBEDOEKRIE1ICHED RBAL KEOELBR
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