DATABASEFRAGVENT CLONI NG AND MANAGEMENT BACKGROUND
Dat abase systens are typically used to effectively
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accessibility. To ensure availability, a system may

i ncl ude back [ t he dat [ t he

primary copyqﬁ§ﬁ§§ﬁE§5§£MFNT6%5“3@ﬁ§$%8ﬂW@ﬁi$E@ﬂnique
for database backup is to lig@l |y copy an entire
dat abase onto conputer-reggggkagbﬁg For exanple, an

i nf or NMesa9as8 Y@y 2y Pically &deBlto WCtﬁ@RIYmE%eqﬁmaﬁﬁ that is
onto disks or tapes at the end of each week. Al though

a wopyzaf far hexceatidlilgs eTe @nsire gvaitsbdiity,ed systetrhingay include backup
manner, copylng the entire database is timeconsum ng
arf@pienef ske Hata dsesinprasewlenprimerybeeek i damegsd/al loskr &ne common

| ost if nP é cked through ot her gﬁans Anot her
t SEHIY ‘ﬁ{‘}e Bt dahaseabackyrcR g PRASHSALY %avn%iem'fﬁg database onto

R OPERES e b R B e EOr R o e o S A eadMnistrator may
ano?ﬂﬁ}e”ﬁﬂ@@ﬂl&%ﬂt@ﬁ@kﬂgf tdp@F ¥t ﬂlfe eltn:aeog%Eﬁgééf 'Aﬂhgi_llf]gi;h a copy of

COITpUtI ng nmachi ne can sti e accessed

t ytpe dafabhia dapviey pleaeived irCails RIARKKTE clBArapPa®eentire database is time-
avai l ability. However, synchronizing multiple copies
ofcohhamieptandethd acaibiise bietweadnf the rbakupmireérivale sare rost if not tracked
real-tinme is a conplex and costly process. An

efthergh pehafaneans ensure the availability of a database

Sont | nSEHS e AbsBase F% P fltesa PR PeSDiRspies of the
T Ok U0 FREBNScan i) IWELAESUTIRRY Bt B one of the

di'sclosure I'n order to provide a basic un erstan

t QatdasdseBet@me Jr'ius%bﬁeuﬁ'ﬁaﬂh)ér kSpynet tlﬁ\d@@&b@ibsanSnother computing
overvi ew of the disclosure and it does not identify

k eydabiriet capastile bermecdssedf Thisetypawéfailavar bacldpl cameatseire database
the scope of the invention. Its sole purpose is to
prayaitability orowerrEe syrchdenizing seltinker é@mes refathei affiief fatgbase in

fo as a prelude to. the nnre det g description
tfgt?érﬁgt HREURSSHR (e BT s A ?—’é% ‘f°5 X &8 pr ovi des

e CREE TR AT T -
t ahfiexdy 0P WRRdcessary loss of data continues to elude those skilled in the art.
SUMMARY
The following presents a simplified summary of the disclosure in order to
provide a basic understanding to the reader. This summary is not an extensive
overview of the disclosure and it does not identify key/critical elements of the
invention or delineate the scope of the invention. Its sole purpose is to present
some concepts disclosed herein in a simplified form as a prelude to the more
detailed description that is presented later.
The present example provides mechanisms and techniques for database
fragment cloning and management. A database object, such as a table, a rowset,

index, or a partition of a table or index, is divided into fragments. Note that a

rowset is considered to be a set of rows in a table or entries in an index. The terms



i ndex, or a partition of a table or index, is divided
into fragnents. Note that a rowset is considered t o
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The ternmsrow and record are2consi dered substantially
identical. Thus, a rowset is alsqg equivale t 0a ,

- 356 tilyrecalonrer bR susscruily SHeMeRbar sy §nfaset s also
fr | kanalhyi fd i

g R i i e
NMepeRRIOHER) £8aLBSaRTRIIG idntiERIY ohk QR6Wef. @8TBNthel®ned fragments
perform ng dat abase operations and one or nore cl oned

f ragnendssigrayedoss @ pdingryadi @tk dafsagdeno fakgreyfohigathtabase operations
fragnents for purposes of serving as backup t o the
prangapye foragirsat cleneshéragedist emyt be eestdnatedaghesacondary cloned
i npl emented on the primry cloned fragn%nt and are

t HEA9MENGhAQatuEPIsed Rt FRIVIIRI Amrbpciiror@ oM r BIGNRR: gment clone.

t r.respandi ng secondary cloned fragnents. I
Rl SRR 0B T R e Pl DT T oA ang are
u i i I Bt

AL PRopagHel Al e P R PR R RO AR secondary
| Nelsreafrayngdnened fragnent may no | onger be

transactionally up-to-date with the corresponding

pri mar yA clooect frapmagnentgo slare, be@nitalusaclilaledo updates. Such an
fraa_rrent returns online, the cloned fragment is

r effflisshwepvilate glaned fragmertied definechie b 2 rials clenemirgoment, as the
fragment. \VWile being refreshed, the cloned fragnen ,
PO B e 915 AR Y PO TRRSSE 8 RS QARG 1o date with the
be - y ar < i

acaT e PR Yofed BaBfntl YRGB B ffagment returns

I e§rlifs MnROcI PR QC Aa§mbBRSIs heeBseanmtie ued. inMaayd o thdBrimary cloned
attendant features will be nore readily appreciated as

t feaggwame. IWdieriesn oedfieeiied, titkecish abftadpyentehay estimut do tbheipdated.
follow ng detail ed description considered in

c ofheedenashirog mentt hesome s Bnpadipichyeliifian gscanpiiateRioryy drgignated
OF THE DRAW NGS T&e I_Fre%@\% degegriﬁ_tion vviIL be betteﬁ d
urfePe PEBRM £laRsd HRITYIVERN A8 EREteaNing #rafsst PRpheg fompleted.
read in,l| f NY:i ' , Qi n:

E O g AR OERTRANL M 5 A0 R s e s
dajabaee P ChndBRAB8E hyDYeraredat aBagR $NRME detdded 2description

shows exanpl e cloned fragnents of a database object.
Fl &ansidemddanzoenaiph aithpke atdoapanying degadadd. ng ¢l oned

fragments of a
DESCRIPTION OF THE DRAWINGS

The present description will be better understood from the following detailed
description read in light of the accompanying drawings, wherein:

FIG. 1 shows an example cloning data structure of a database object
managed by a database system.

FIG. 2 shows example cloned fragments of a database object.

FIG. 3 shows example operations for updating cloned fragments of a
database object.

FIG. 4 shows example operations for refreshing a stale cloned fragment

associated with a database object.



dat abase object. FIG 4 shows exanpl e operations for
refreshing a stale cloned fragnent associated with a
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structures for i dentifying & cl oned fragmsnt FIG 6

shows aFr Ie dat a tructuresfg gjlf
recor d i °a én"é‘chia # sthpcturey ?rdﬂ y'&ﬂjaéé?“edlff@me“t
7 Shov@fﬁﬁgfg}% r%a A oc{e}%? gg{ruclfﬁ%g%ﬂg élﬁ@%\gr{eéord in a cloned

cl oned Secondary cf

frf%%rﬂggfaggtgbasg @Jq%gﬁet he progression of states when

refreshing a stal d fragnent. FIG 9 is an

exanpl Ficlat ghasexampleiordstés ok apetindaleabaiey cloned index

fragnents. FIG 10 shows an exanpl e process for

uddaments anddecahdese clobpddita flRg@Bentsl shows an exanpl e

refresh process that refreshes a stale cloned fragnment

of a d&ﬂgkﬁa%@“éﬁr@efogrﬁsan of stagerolRerateiexkinp retae seaed
%r nodi fyi ng cl one update identifiers (CUDs). FIG

1 an exanpl e process for assigning a CU D val ue

al | ocat [

12, “F GO R R Bl MRTGRD, BEAE. FlgfEe

val ues. Fth@ shla@s%hcaeém@rb Sr6edER k& GRIADHG 8 datt®utCEpjbar

i npl enmenting the described systens and nmet hods. Figure

16 showsG.an ewanpnexpmptacefreftopropessphgatkiragheandstale cloned

appl ying updates t o a record and propagating an old

CUragmesk gba tlipghnse qdeefﬁary cloned fragment t o all

secondary cloned data f ment as t

cI oned .%é(s*fowag%ﬁ@@ HRACES ?fdmd'ﬁ\ﬁf&%sy"%fmi?%Aent'f'efs
gﬁde FIG 17 shows an exanpl e process for naking a

élone current as part of the refresh process

Shown |G Rl 3G holvk- anl-éxléﬁlpf@ﬁn%[:t%@q@f RGBT ScADsaRediotfed in

designate like parts in the acconpanyi ng draw ngs.
accordance with the process shown in FIG. 12.

FIG. 14 shows example propagation paths for CUID values.
FIG. 15 shows an example computer device for implementing the described

systems and methods.

Figure 16 shows an example process for propagating and applying updates
to a record and propagating an old CUID value from a primary cloned fragment to all
secondary cloned data fragments, as well as to all cloned index fragments that
contain a copy of the record.

FIG. 17 shows an example process for making a stale clone current as part of
the refresh process shown in FIG. 11.

Like reference numerals are used to designate like parts in the accompanying
drawings.

DETAILED DESCRIPTION

The detailed description provided below in connection with the appended

drawings is intended as a description of the present example and is not intended to

represent the only forms in which the present example may be constructed or



DETAI LED DESCRI PTI ON The detail ed description provided
bel ow i n connection with the appended drawings is
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is not intended t o represeht the only fornms in which

the t exa e may be constructe orut| i zed. The
@E.;{ %ds%ﬁ“gp 195564 fPHB the At BRSO et%@%w ghe sequence

ang 1 épﬁngfsg%%n&?u&.fn LR oDl ORRL SRS #lihver the same or

opera He exanpPe e Sa equ

f Lé'&ﬁtvhl‘éﬂtsfbﬁ\@@or?seaqﬂd%@il t houé\ﬁp%e %Eé&‘fmish@@ﬁd#ﬁérent examples.

di fferent exanples the present exanples are

descri bgdhoagie thd presémat@hpheraed BeaBibOEhAQ iliusheaB&d as being
in a database fragnent cloning and nanagenent system

t hepkeyenead es daiabast fragmpervilaeny asd amenegemphtesyatedn, bt system
alimtation. As those skilled in the art wll

apsfsFetiedtie Praviied e edepmpkeadnsl Ret adlinaitalian: o1 oppkilled in the art

di ff of
R RSP e B A s e gl SEgLERtiR. ne carery of

1 &

aTIRER TR UL B AR08 A S bl e?ei?ﬁg N

dat abass.i1SsHdws @l @ hipRcIOfing | eﬁﬁrs%t;m@ 106 gaald%%awoaect 105
manner that enables desired pieces of data in the

dabalagse by @ daeabgse jskem.sal datitade dndltaltectipdaf Bdornftion organized
dat abase object nay be the entire or any portion of

t he 3da”taab%fsé“at Fﬁmabéxaiﬁglred nﬂ%qeabéscéat@tip etbe dla@@oasaytoblee quickly
an entire tab i ndex, set of rows

r aﬁkéﬁeﬁ a”8é°ftwé’aﬁdke‘\ dﬁa{v%&a%e%maa&e thS”Hﬁfyorb"éW portion of the
61\5{6% ge_[ogér exB%r I t I %%gsel 1ect]1c:b§ I Cal l%ﬁe tgg eagnamdex a set

AR T Rb ol nv%nle

pQﬁ@&Mﬁ?qfeowgﬁﬁgp§m|ﬁgr exanpl e, database object 105
may i ncl ude data associated with nultiple years.

Dat abasmtdbas€ abjek05 ogamap bedtividda@dintdpartipi@nt i 11I10M$3.  Typically,
111- 113 where each partition is associated with a

palatabess abjeyedf> iP@attittoine«rhifngcmved'anaebas@eo‘bjmmcemssons For
is an optional step that may not be i npl emrent ed

i ﬁxarﬁplgctdaﬁlbawrﬁm@ﬁbdpét Man. m% dB'fa“r 25spriaed1with myktiple years.

5L LR3-Sl B SafAg ) IERSH L 8o
25 HBMIFIR ko CHORTRIH o b 905 s oton

dat@hastemswsi ﬁm ABt Findieh @itk ®edn HAsdl $Smp EWen@ﬁ@W' e,
fragments 12 1- 124 may be assigned to dlfferent

conput iEach davitioes 1361 that databaserobjas 06 (at etk entirk, unpartitioned
dat abase- obj ect 105 .
object 105) is typically divided into fragments, such as fragments 121-124.
Fragments 121-124 are portions of database object 105 divided by the database
system on an operational basis. For example, fragments 121-124 may be assigned
to different computing devices so that a query associated with database object 105
may be performed with fragments 121-124 by the computing devices working in
paralfel.
Fragments in database object 105 are further cloned to create cloned

fragments. As shown in FIG. 1, each of logically divided fragments 121-124 are

cloned to produce example cloned fragments 131, 140-146. Typically, fragments of



may be performed with fragnments 12 1- 124 by the
conputi ng devices working in parallel. Fragnents in
wdav@Easze obj ect 105 are further cloned t o crearasS2006/028346
cl oned fragnments. As shown $n FIG 1, each of
4 are cloned t

> lo | ll%?ﬂﬁ%i &7 et oe %F%ﬁﬁéﬁta&a&%ﬁecﬂ af&cfraat%bvsp"ttmg such
T%H' Gﬁjle&ylnt{g & s ;ethQ d%\vtég&) ?ab? ec;in 8x eyntrle% (for indices).

partirtion o ase ob are

Sma'sﬁlhbﬂ:& §R€yh0\aﬁ 190k BF indAti® o ?b%gﬁtfgr §@cto§1pq%§h|ﬁg%ch splitting.
(for tables) or index entries i ndi ces)
osed dferowafara doatdtignearrefen@dexol & @WSeldasi s E@E of records. Cloned
acconpl i shing such splitting. Sets of rows are
s drastrientsswitl dfeedtip@ig secbingnorealesat is conjuastisrewithdiG. 2. Briefly stated,
records. Cloned fragnments will be discussed in nore

10 g mprPrPFrE/ovﬂCli*Fﬂ itBh chRnedh fregiments asgpgiased yitgappargicular fragment

SIS T b BT TR v o
O%ﬁfréédleﬂég& Yy! tﬁigaéﬂag sﬁ&e{ygaf S8 & RN %g fIa.rPﬂ'%w&rﬁab e two or

may be readily use t abase syste e use
C|n€t§?_€¢of)fe§mn|5a&t|@nabﬂr rh&kR 18 beva RO PdraFseOfud as to maintain a
particular fragnment to be avail able for use, such as

t dighailavelaioh datahingilabidivelspeéd dat querieai drabbthet Watspee dperations,
up queries and ot her database operations, perform

| @a%omll%ﬁvbbﬁlgnﬂ@g arHae|likke FoFgKamRiantst maintain rrehigh devel of data
a | evel of dat vailabilit at | east one cl oned

f rag@ﬁgmtv 'y S XL 0P8 © a%@gm@ab T ssi5tFof. PRFIGHeRf another cloned

”ﬁ%ggﬁﬂl tlliana1ts S%du'%;? Ea%ﬁfed%g%ﬂgﬁso [ ée%nﬁp sl_grcres multiple

Search erationa I"dén
c |o@@r9@oﬁ£l$9m%ﬁfl§al r@c\/ne*aefrh‘%ﬁgqtg OR&H bl el%'d)’ccan[l rr@Rd\2BAS Batabase
gueries. To perform | oad-bal ancing, different, but
opaedds. oNalpksfoinal éstd-bahn ey idefseraiit, Guo Iﬁdaflblwllv&ﬂérﬁlcmagbples of
be activated based on workload conditions. FIG 2
20 sielpned ébaamﬁh@ redbeectivaagbesmdsor Borkdoati3gnditioas.dat abase
obj ect . shown in the flgure the cl oned fragne

13 1- f%o ?cabpvrfeemn&{%aloag tfﬁﬂg@”b*r&]p§3?5’ P dgts%ase object. As

Ea o f cI agnent
paﬁ?vlv%u gfe $ Lgﬁ‘rrer?th% n?ﬁa%g] Obj e dberﬁ'gwg? Sngyee groups
f n3g IR S ekt WOUpQﬁ%&HQ%n@n?S 5 Rpk&Ht ] particular fragment of a
operationally identical t o0 each other. Thus, whe
priaRehtey dipetat edrheeatdmeadf frafi@ets OR&Hinf reaetmedrosp 13re1'created as
139 can be used for database operations that are

25 apptiataidlly identidaé te oracke splmandi loust magnmeproperhb updatdd,3each of the
I n one enbodi nent, cl oned fra%nents 13 1- 139 may be
c Sloneg firements b?b\,]ﬁgé:an be used Tor database operations that are applicable

to the corresponding fragments 151-153.

15

In one embodiment, cloned fragments 131-139 may be configured to provide

a high level of data availability. In this embodiment, a cloned fragment from each of

30  the groups 151-153 can be designated as the primary cloned fragment for database
operations. Other cloned fragments in the group are secondary cloned fragments

that serve as readily available backups. In FIG. 2, cloned fragments 131, 135 and

139 are shown as primary cloned fragments while the remaining cloned fragments

are designated as secondary cloned fragments,



a high level of data availability. In this enbodi nent,

a cloned fragnent fromeach of the groups 15 1- 153
woam7me4xdesi gnated as the primary cl oned fragnmear/uSene/028346

dat abase operations. O her €loned fragnents in the

group are secondary cloned fra ts th

: t serve as )
5 readi | yIoaRRVIA&H Biggale\r&hﬁé.daﬂana"%ﬁ%r?"tig €35 o‘?fetgef A§reFRgents in

13,1 135 d.139 [ nri | ) .
bRt B AR PR RSy g e
deg| . . _ e A

ISR ofR TECHUERY HOADES UL G Bl e done

f reagymeint $n tHe fahled e@bdadee Pemameldndadragmeaticf frer erdmple, cloned
devices so that if one of the devices fails, a

s efcagmakarsy 1 81-Ar38dmhy ageiebd irichudadon lsepargieviayvies an thareither of the
qui ckly replace the cloned fragnent in the failed, o
10 deserensagscloned frromanty 18RohddmMRY R Mepgnated s dititgsy &, the device in

I d f ts 13_1- 133 . i ncluded i
OB SR el T AR T 0
o ned HeAEELA 8ar 03 s 78 SO Rl Mo

3 Jaﬁo%ﬁ‘%bé’rgﬁgnsf 8h Icfoned TR gHANh D a$iRess Yopefdiohb alre BRI@UAE Performed

he cloned fragnents nay perform various operations on
cl ynef sfahagueai@basthesaa@sl aucoas e Mymppuatidry Language (DML)
performed using standard dat abase operations, such as

15 DattateMenispwr abthen $taudjurade ap@NL janstageertB@b)s staterenfer  Example

structured query | anguage (SQ.) statenepts. Exanp|e .
o pRAEERI R 4O L PEte AL TR oBFY Rl bﬁr%{@fﬁ'é?@s'“ more detail

b R, 2 R, FEOR g PR REHER b bons my
opigp%é:ons may include: 1. Creating a cloned fragnent

A cloned fragnment can be created t o be

i ndi stingui strabligy b cRAe@fragnem table or an index
rowset in a database. 2. Deleting a cloned fragnent

20 Cl ones can bk dielegt Bdghest cdn ke areatsdtts ha indigtinoalsaslde from a
3. Fully initializing a cloned fragnent's data A
cl oned Haraghible @A B EANSPEINE! d213R%S84 al i zed, from
scratch, to Is‘gntai na n(?'\g/ rowset that is |oaded into
the cl ofied fPEGRKE €4 PRYPSYati ng data changes t o a

cloned fr agn@lmles can be deleted just like rowsets in a database.
3. Fully initializing a cloned fragment’s data
25 A cloned fragment can be completely initialized, from scratch, to
contain a new rowset that is loaded into the cloned fragment.
4, Propagating data changes to a cloned fragment
Changes to the primary cloned fragment are propagated to one or
more secondary cloned fragments. Propagation occurs within the same
30 transactional context as updates to the primary cloned fragment.
5. Refre.;,hing a stale cloned fragment
When a cloned fragment has been offline or has otherwise not
received transaction propagation of updates from the primary cloned

fragment, it is defined to be a stale cloned fragment. Stale cloned fragments



Changes to the primary cloned fragnent are propagated
t o one or nore secondary cloned fragnents.

weénepagat’son occurs within the same transacti oRrai/uS2006/028346
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context as updates to the pfimary cloned fragnment. 5.

Refreshing,a stale clpned fragnent When a cloned o
fr agerENiL® Bofircyped 7 euigRielJGoBIREFRNSs FoR brocess of bringing
receiv [ at i.aon . . e

o mar f SR o BaRERABY uce RS REY fGment cione
cl oned it caRBRiesht al € cl oned fragnentscan al so be

descri bed as outdated fragnent clones. The process of

bringi ) a steabimgal doreedFegindn® transacti onal

consistency with a primary fragnent clone is called

refresh. 6. AReldethdragmenbean bk rraggréert pukpedesnafadata retrieval (table
fragnment can be read for purposes of data retrieval

(t abl e 3625852 fopfookpp (indekagsess) b likeperaed 1ahlepsqr indiges are read
nor mal t%bles oi }qﬂices are read and cqgseq. Iﬁ]f ,
this i MCGRETREY OrMis TRICMEHRIOHate" FSoFEQY Fghfrom primary
pri mary, hi. tri Gt .
For U el o P e 0y Bl B iying

unnecesfalyecH@asth F6K&voiding DBn&¥SIa@THeddNWRY @ the §istem. However,
restriction may be relaxed if deadl ocks are either not

a problteim metrimtien aayi lbeck|der 6l déndbddive rarereiaims nav aproblem or are
given system 7. Updating a cloned fragnent User
wor k| ozyeidggdianosgk Rehepmeans in adiveresystamagnent and t he

dat abase system propagates and applies those changes t
o secondary @?ghggaég%ngﬁﬁﬁﬁphg to that prinmary

fragment wi tLll'y.ep%ngoa%@%dggegggﬁﬁwﬁgoﬁ%gﬁ%%%he database

change neans applying a’'su

oper at i tkefn 0pr%g§®@é’snd£{cb’ Hphee ol ¥YahgaPPld efhcbBy clones
primary clone. FIG 3 shows exanple operations 300 for

updat i n@riekesreihd riageent srih3dryl -frabd®nof wighidatiebasaee transaction.
obj ect. Database updates may include any type of

nmodi f i Faepamating guebangesmaalti apylyiniet suhstantialy idehtiag)iDi- operation
data. When changes associated with a database object

are dett@lnicrenrflary ¢eng Yhébﬁ’éﬁ?%m!eﬁ P RPrinAuEq8e obj ect

Lt et Bab SBAPA e B bt BRD Fihenss 131-
139 of a database object. Database updates may include any type of modifications,
such as adding, deleting and changing data. When changes associated with a
database object are determined, the fragments in the database object that need to
be updated are identified. The primary cloned fragments corresponding to the
identified fragments are updated. As shown in the figure, operations 301-303 are
operations to update primary cloned fragments 131, 135 and 139, respectively.
After primary cloned fragments 131, 135 and 139 have been updated, the updates
are then propagated to the corresponding secondary cloned fragments. In FIG. 3,
operations 311-313 are operations to update the secondary cloned fragments
corresponding to the updated primary cloned fragments.

Typically, operations 301-303 and 311-313 are implemented via the

standard database operations of insert, update and delete that implement the DML



identified fragments are updated. As shown in the
figure, operations 301 -303 are operations to update

wonrberanry7el oned fragnments 13 1, 135 and 139, PCT/US2006/028346
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respectively After prinarySCIoned fragments 13 1, 135

and 139 have been up t he updates are then )
prrofiagat e P tiche Tcooﬁ?%%'ﬁcfﬁa?'ﬁf@“ Yad ﬁd’aFSﬁt'é’Pbﬁ‘éd'Pdate a primary

dht Fla% %he 0 eerrﬁ ongng%r ypg%tsnélae £ F%fzaﬁgﬂtys fragments

operatlongn{ 0 update the secon

C QloFR SR C

f ?ggrrent S. d}@gfwggruh{}?y gg'g%a‘?%onﬁésdt%fybe éogﬂggﬁdfsfnlaf%r&lc set of
3 opemtionpl enented via the standard dat abase operations

of insert, update and delete that inplenent the

DMLst atFéGnreﬂhtsh@mmrmRis opetianit @y borgefmeitdtenciale theed fragment
operations to update a primry cloned fragment and the

odéﬁa%%ﬂ%tetﬂ thhmdiafa@a%qqewg@co?mmdfffa@mm%stale if the fragment
cF TR PR 28ale i BP SR ry o G R ShperonssSociated it
Sr{ﬂmgﬁiﬁg@lo %%%E&Jﬁ%lm@og EI‘PJ a]ié rfﬁagn'leﬂgaaFﬁt%!a%@le cloned

cl one agne assocl a se o

A fedgan@d 188 a8igRNhaveesh ah8vailhblk & uﬁtﬁﬁﬂ@@ueh@% VaPikty of reasons,

been available t o execute the propagated update

opetlatas cngedes 6aluad, ddssnot borireetidigt abas® whjaégtor the like. To be

corresponding to the stale fragnment. For exanpl e,

cltﬁﬁf@a SREQIFRNElonBBIirpgyeit 165\)@ theen tasbabedughb backftortransactional
atlngcdue tg a variet reasons, such as_ a device

¢ RO BHo e PEapbgad Tasept T3 ShraHek aa%e‘f%sh'rwrpﬁeés
i ke. Wbe*%e Igr?e%fﬁ% rBéc'n%Cl%%q‘aELanC lc>9lr|]eedaan rE)Irennets a:l'/sga# o execute

have t.o rough ack to transac |ona consi’s

Wi doRatid B%thMSOBI%QeJ FragiTent1 383 JertdIh oY s R Jneéartsmlmd in the

pr ocess. en cloned fragnent 133 returns online and

beoners prviedry aldn@dtfrayntne ehdteconedad bMGueger ahd QBS, updates. For
cloned fragnent 133 is refreshed based on data
i expmdled in nFIEhd, cleneerafreshrapesationcidbhdel dxeagmed o terﬁlae_tsh cloned

contains all current and past updates. For exanple, in
Fif@gment P8 yéth @?tﬁégﬂ“‘éﬁ&e'ﬁa‘tri%ﬂyﬂomd feagmest Jdad p this manner,

o I ED B BEa>? L becrdiy Uhifte? Pt Senratbihid Mg ragment
f n3 ”%F aﬁgﬂ/a#@blﬁef rﬁﬁ“h%ﬂ”lc\’@nt‘_ léF?)q@t F%fmtsgatoggl‘riﬁ% r 2?3 can be

whi oned fragnent 133 mas ‘unavai
efilbrhrRAtad vial 90 defdté asRrRas ahhORerlovk3 s&B&N r&@s and SQL insert

I mpl emented via SQL del ete operations that renove
stoalelatlpomhamddSﬁ;tw irose rcopie dromt it pritdasyt. &dch rRevimptansntation
copied fromthe primary. Such an inplenentation
enables the refreshing operation to be managed via similar executions paths to
those used by normal SQL statement executions in the database system without
adding extra processes.

An update operation 401 for primary cloned fragment 131 occurs when an
update for the database object affects the portion of the object corresponding to the
primary cloned fragment 131. The update is then propagated to secondary cloned
fragments associated with primary cloned fragment 131. As shown in FIG. 4,

secondary cloned fragment 132 is updated by operation 411 associated with primary

cloned fragment 131. The need to update a cloned fragment can occur while the



enabl es the refreshing operation t o be nanaged via
simlar executions paths t o those used by normal SQL
wetai7@a1s executions in the database system wPCwsR006/028346
addi ng extra processes. An %pdate operation 401 for
pri mary. cloned fra ment 13 1 _occurs when an update for

5 rFéOrl?Qtfé"’l?&%eé‘ 3hpetD iveshads FHeSEERS G WRodndonepaed fragment
%eﬁlaf %Qéuﬁq/vﬁ R Elog g%fre c}d/oe?a{t%ﬂegl 3f [s@ egﬁgélagls U:llodate operation

dar o en prop §eCondar ¥

f Uﬂ@"@ﬂtb% @e?ﬁ‘?ﬁlbétoﬁdclé!ﬂehh‘rﬁnhéﬁ@ﬁm %rme%%ra‘err@ﬂ@?m&%%i idn 413 is

shown in 4, secondary cloned fragment
umiatLeIdIgbyTWI&I haReds Lipdaesaeraiofds Vi {sha (HigHERIPriority database
cloned fragnent 13 1. The need to update a cl oned
f rapgragion teamcloee tafreahioberatibe é Il dnEdd4te agamuion i43 2 bedipne refresh
refreshed. For exanple, an update for cloned fragnment
10 yyem&w&déuﬁam? I"@p@mﬁﬁ@dr'éf%‘@é'ﬁt\’oﬁe‘f@ﬁlEmﬁ’ Uning relative to each

TSR 7 B SRR B BB GATEE 8 gy coed
' Sfra.%%‘ﬁe‘r‘l'c‘tlBﬁ]gn y@k&%lle%ddk?ef&%ecﬁon% rgﬁgé’:}{ % 9@?&%%9” Fﬂrthermore

12 i's a hlghe priority abase operation than
r eddrRslfrefes 88 iiPBedgred toURtih e GReH ad fRqdent aﬁﬂcﬁuratlon of any
clone refresh operation 4 13 may be inplenented in a
v atelags yauskd way so &outlintgi agamgt aef givérvepdace eperhtion her.. CRok refresh
exanpl e, when updating is necessary, update operation
15 4 aggorpplishesothatiby renrienes a SSuenge bfcsodirplansastiobafhataes that take

clopggwf s 4 13 ontlnue§ Furt hernore, clone
}pc g I; onalégﬁ Qﬁ:elate(r YA Phiimes e %rﬁthmélz updates only the
rg\gygp@(tn@pﬂl lérs%!ile %ﬂm% h?trwagg rgayaz/rb%%Hse g bydpgﬁaélon 413

ven u at I

r er "cl@a’iherﬂ&nﬁ@@ﬂh&%ﬁ@@d e H?Bl‘narrﬁﬂlﬂﬂ@&eaﬁalé cﬁﬁgl’&\%@%ﬁhﬂg That is,

transacti onal batches that take and hol d | ocks

f Qipefmby 43h0s prevaitet Fiedns updatingreronwdpet Btdudrofdd4id in a stale clone.
updates only the rows or entries in the stale clone
20 t Haprohasatechlpdsael pperation isefotedbedd by meperatinonsidtetBray in a stale
t hat remai ned unchan ed inthe primary while the stale
cIE RBRe3Gf £ i e, uPrfiendates Eﬂbér destygfion 1C'z>uﬂc§ be relaxed in an
eV ate

U EMeRfen W HPER abatulk o ERbpuiatibit badfprre” Fowever
2R PG AR SEE kMol Moy Ll BpSLOSP 412 thar

appear to be up-to- Thi's restrrction cou

I @lrépeReitedNeritite irbWE 6 BN ABMIOBpérativkY, GBgABIeSloF veh kW drily a few
propagated with update 4 12. However, perfornmance

25 r eabiomsvahmasl Ithat emahged.o lulsstbeuea@embllua:m ofitheopdenaté¢feashdoperation
12 that propagated entire rows for all DM operations,
r ddartelinBEcsiuss nematTEe-dgta Kpwa iftewy stale clone.

Operations 400 to refresh a stale cloned fragment shown in FIG. 4 enable a
database system to refresh a stale cloned fragment back to transactional consistency
with the corresponding primary fragment, while maintaining the online status of that

30 primary using standard database operations. The use of standard database
operations, such as those representing DML statements, allows clone refreshing to
be managed as an extra, but standard SQL statement load on the database system,
without the need for special processes. Operations 400 also enables the refreshing

of a stale cloned fragment without having to exclusively lock the entire fragment and



col um val ues had changed. It is the responsibility of
the clone refresh operation 4 13 to introduce new,
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refresh a stale cloned fragdent shown in FIG 4 enable

a dat abase systemto refresh a stale cloned fragnent
bt TRyiRAaceIng) theoiebieshtiah Aot Ve need o catch up the

cqrr ' ri mar ragnment ., Whil e, mai nt ai ni n he

orFEEROSRAR B B TRtk ALFOS v PSRl SR she updates

ORBhAHHORS -be T BSpIdACWRTe SAANURIH %mm9&%6@@e'd@nssignificantly,

such as those representing DML statenents, allows

clopaetioaf rs@shiuget endite BBdtalg edc@fladN clokéd Braghidht to be efficiently

standard SQ. statenment | oad on the database system

wiupldeted sols togettklydrecepeeligiblepo be agsmsary Cosedfragmen#d 00

al so enabl es the refreshing of a stale cloned fragnent

wi t hout"h@Rg ryample dwplemsniasiop, |drite tefeesnppgration 413 includes

fragment andwi t hout. having to prol ong the refreshin .

prBALEE DR AT Eo 1 BOTRUOT- { Mg SAall e taa Y refreshing
A - rld € l i

Ry B 2SHL BRI EP RodChch LI RbRERITRR 13k Bfoas of ame.

r %ﬁ?,sfhe%ﬁ’é%ih?%r&elﬁisobmma il GNInfcherdikd| Yrashion, allowing the

operations 400 further enable a stale secondary cloned

f rrageEBHnto to-@xieowlfre vitlemddr wodpesdsed so as to quickly

becone eligible to be a primary cloned fragment. In

one exaftieleiinprraeemf e olane cé¢foash apefaties i Iapehoatni inrFigure 4 can

13 i ncl udes nuItLﬁIe smal | batches of refreshing

opEP atqngHEentys 2R hendifferenit staes clomned efrrgagthgvithin the same or

op .0 i.d | ocking out congurrent use .
CRFAAEIG LA, BhOTHAs e TG ks operaons ar

I ehdprhid RLGEsthed. S Perforned in an increnmental
fashion, allowng the process t o co-exist online with

user WHK| D3dows bhldxapbR d4tstsane@ses0b1 115 4clopMdentifying a cloned
refresh operation 4 13 shown in Figure 4 can run
cdrrgmenen’06: adirinsttrudiuré eb@htis stisdde tol oleedfyf maghmed sfragment
wthin the same or different fragnents of any database
olsPEesPONiNg tg g datahate Plifflesh HipeP@MRIpsthgrdata structure identifies

[ f h her. G I
DGR Pisghh ShlEhipnfl P oG M pcipabese. o
f ls#g I'i]lé F&Q%‘, t@‘o@nﬁfiér%? gro%eg’%gtghﬁny§§9 n]fa ihQEB& 'ta{l:Xe flentifier

cl one ragnment correspondi ng t a dat abase obj ect.

| 51t hpsrtigyananefiet SE2, drblgeneht (deatitidres 130Tt dbhLidleplifdier 4. Table
fragnment 500 that corresponds t o a table associated

Witldntifier &l AbdaeifieA\shs ldawahasenobje . (aStablehi@ thidbecdsef t@which cloned
for cloned fragnent. 500 may i nclude table identifier
fragment 500 corresponds. A database object may be divided into partitions to
separate data for convenience or performance rea sons. Par tition identifier 512
identifies the partition to which cloned fragrﬁent 500 corresponds.

The database system that manages the database object is configured to
automatically separate the database object into fragments and to clone the
fragments. Fragment identifier 513 identifies the particular fragment of the
database object to which cloned fragment 500 corresponds. Clone identifier 5i4

identifies cloned fragment 500 among the multiple cloned fragments associated with

the particular fragment of the database object.



511, partition identifier 5 12, fragnment identifier
5 13 and clone identifier 5 14. Table identifier 51 1

woOdeimioedi7es t he dat abase object (a table in thPeTAA3®Y/028346
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t 0 whi ch cloned fragnment 500 corresponds. A database
Obj ect be divided into partitions t o separate

5 Gata 1 8IC-CoMRT EhOETHC JRRPUHAIERS T 81 JRE [depdping record 600
Lih 1200, e%eﬁ%é%érﬁr £ égtgﬂbaggrbtb' dct 8% Elgﬁecpﬁaiﬁqé@t?%g;ggude records

whi ch c one ragnen cor responds

Sy&it fidek r@a‘tné‘ﬁ@'@%@aﬁab&edaf&b@é%d?@l t‘ﬁ@tcl(’)rﬁedcﬁﬁﬁd’l&w B9y include
t o autommtically separate the database obj ect

f ragménémbadidd tas @oved drepdrkien bf aga[mahSOCIEfe@gﬂ'ﬂmhe database. Data
identifier 5 13 identifies the particular fragnment of

t ﬁéruaraf%sb@@e(idubjhemcordﬁo\m oAbl fesnEd6d0 aguime efor®O@@ragment and the
corresponds. _Cl one |dent|f|er 5 14 identifies cloned

fﬁ'@dﬁtérﬂtatﬁ?)efﬁ\’?dﬁ@orf'ﬁ% PEIfPFEEE cl oned fragrrents

A R TR
Sta?nHCatH fre uﬁdalt(l: léegnti"?leﬁ gh 2. ‘E%He'dfr\él:&g |H§&9[eg &Q%Hltﬂleﬂ/ identifies

cl oned ragrren a dat abase obj ect

f Irag@i® re00Cwithih NGk Uderek BeHalirds tab® of NHRX. e@lbhé@ﬁiéco@(ﬁ I@entlflers in
dat abase. For exanple, the cloned fragnment may include
relmdﬂxdsecerdsomeedroaagated\mmhnuadamsr frioan tiod carresdaineing cloned data
associated with the database. Data structures 6 1 1-61

2 frasmets@r/aumodeéméluaique&sv maghe used e ckﬂngﬁe@ord identifier or a

f th t tat f the record to
.Ei‘%smfées‘i‘m’% Ao Ry e B AR Crotratra0 e e drdacd ke

If@?l erh%c%llgp&s%%nflé ‘seEufﬁc%nJydgﬁ%iugi t%l Q%SE%ngtc?oned record

d recor

Undéi}‘t'lﬁlab’ Flekahfpl €S framdrd iRPerud & bk LR to a key for purposes of

corresponding table or index. Coned record

i gpeortidifg exdslitiomal ndixenaeor dscl@tecupdapadaitddr widifies the update

updates fromthe correspondi ng cl oned data fragnents.

Astasies oidescpiseB0Unimthés Rxymptaymblemegtionsclane cemed:l identifier 611
o 8 identifier or a sgetem defi ned unique key

HHRE YrAuadRinthedcontxt 96 2 diwn Hbts: nE@nRéWageu'éﬁnt'ﬂer 612

iy BRI BN TS AP BBl o
' Q€a@ﬁ§ bt 8fe 6@Rr P&ALIGRL ke Sark€¥iohRk rQ&UrEPQE ifRf 611 for a given

provi di ng .addi ti onal uni queness. A clone update

| diatabhid ejedtd@induely ®@&r tile. updat e status of record 600.

In this exanple inplenentation, cloned record

i dent i fin @ne @nibotipbmulddatehagaisgitemvintliodes phimaconibeed fragments
of a given table. Clone update identifier 6 12 only
hagdtsegonffinytangdi agrrermty amﬁethapaaw §ipggatsofncide " rows.  Both

reco%re r!aceolr |dgr?t|f$e? éﬂe T cl%ne update identifier 612 may be included as

columns in the rows of cloned fragments. The columns of cloned record identifier
611 and clone update identifier 612 may be included in the secondary cloned
fragments, and contain identical values as they do on the primary cloned fragment
when a secondary cloned fragment is transactionally consistent. Thus, the cloned
record identifier 611 enables a mapping of rows between primary and secondary
cloned fragments, and clone update identifier 612 allows the verification of whether

the rows are consistent.



status of the other records with the sane cl oned
record identifier 6 1 1 for a given database object

wanoaesyzeover tinme. In one enbodi nent, a dat abazmis2006/028346
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system i ncludes primary clored fragnents and secondary

cl oned _fragpents and the cloned fr&ggpnts I ncl ude
rows. BHEHEHESRG PFRSEST EPr 28RS FIPRSY Bagment Hepscihgrdoned record

e | ifi 6 12 Yy, be. i d I ' ,
¢ R Bk R e PisiE e e EL B AR ety particuar
J g@aﬁ&’ irt)ﬂ\%_rl.tlélfe'd r%g@nélntjshglﬂg te! RREsHERIELE ek ARBIE! £ F&Dordin a stale
12 may be included in the secondary cloned fragnents,

angbre@ftaghant fePirchiale: val ues as they do on the primary
cl oned fragnment when a secondary cloned fragnment is

transact i ond@RIy =consarst er@UID Hws, the cloned record
identifier 6 11 enables a mapping of rows between
pringgelresiondigcererdry the ey cloagabRpaentrgosinggavith the stale
aﬁ@ft i dentifier 2 allows the verification of

"ed fragient BIRY ! €consi stent. The refreshi ng process

for a stale gloned f uses the cl oned record
B TS

identifier | one update identifier (CUD) t

0GR EIhY MoedReledtRaAID 64/ RAtifyRGEH FecoRd inhB e Gtal@Bned
fragment shoul d be refreshed. For exanple, a record in

a fedgedrt ahdtieldcite agaresrtespaydihg edcoctein toRpDnraryclanet Tagrbent, if it
=y The corresponding record in the primry cl oned

f rexgptentheasBeshing erbopss then lkempargs eadh syish dedord gnihetstaiggloned
include: CRID = x and CUD = z The,refreshing rocess .
usEgMeREwithtee £Q5Tesgapting ye@st i the PHPEMY FHoPsfe réE’HF%‘v it It exists,

| d f d h di
O A BT LSRR BRS
refreshi g, t?%ﬁ%%!a%a%gﬂa Glg\i!vi&acraﬁ%e%ﬂQ By UG Frd Mt S shibh as a data

the stal e cloned fragnent th the correspondi ng

I §e@ntbnk,Nard RieRIfrdgRiant ChofRAidel agsTet indek frdgntani Séath row in an
o determ ne whether the record in the stale cloned

f rindgresgeciro mhdrd theupslatade fiemagyretoriog dfs datd dtagbreste identifier as
obj ect can be any type of fragnents, such as a data

f reaginefithe indexikeueThe ingdgerdisell dges peianeed ke kneywhigh ofrifjeglones of

fragnent, each row in an jndex specifies where the.row
e AR AR S SR
?aﬁééq(nﬁ%\yvt Wﬁiaicﬁﬂ/gf {?E%m%rﬁggxgismgg% fel il Zandggsmgﬁﬁedq?gda specific
fragment for access purposes, at any given time. Thus, index fragments may include
a co-existing collection of disjoint secondary rowsets (or index entries) that refer to
different fragments of a table. As long as each such secondary rowset is treated
separately from the others in the same index fragment, the assumptions and the
technique outlined above continue to apply. For implementation, locking the rows in
an index fragment corresponding to any particular base table fragment should not
cause any locking on the other rows in the index fragment (which do not correspond
to that base table fragment).
Index fragments can be cloned similar to data fragments. For the purposes of

update propagation, cloned index fragments are treated as additional indexes on the

same set of base table fragments. That is, updates to all cloned index fragments



a base table fragnent is currently the primary. As
there is one primary cloned fragnent for a given

woOneges7s an i ndex record can be mapped t 0 aPepaSR(06028346
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fragnent for access purposels, at any given tinme. Thus,
index fra rren@ i nclude a co-existin coIIection

o HAGRL Atred c%ﬂraa'ihﬁ '?rHR%ré‘t‘%o'(eéir d3ta fE3ONesiEs icb de thase table on

i ffe nts

eac?&EE% nggénhggif% VEatgghe'BA%JFEF§%ffo&“maW“e
t P dRiebefr§mi Bnd hﬁdé@%ghﬁ ?Xto]c SRAREN thist PR CESS WIRL 'irRRJ%luce an
and the technique outlined above continue to apply
Farditizphle iesrcat tom, If abki g drhigdeoWatridd ﬁlnalc_lﬂd(ﬁ?(mdex fragment
fragnent corresponding to any particul ar base table
f rcagesenditgotdl thenetordais e given Hatakragnem arderestedess a secondary
rows in the index fragment (which do not correspond t

o TPt H@@eth@apﬁrr@sw‘aiweﬁwarw Rt fsr esantialh idengeal to a base

ué%ﬂ%g %’Pb"%agéﬁ# rf%?%wada?yéi‘o%”sﬁﬂé@i o faGmehee” BRBC ramean is thus
??%&%gh%& haalll't ﬂﬂge%iﬁér %-Q? tfa}iﬁhone@@%%&?ga&éne for update

pa@%gf,&pbgmg@g e directly from the primary cl oned
ragnments of the base table on which the cloned

i ndex fRi@gireindves exangied btoceddkbs Ifer updatisgpesidbihdest fragments and
ropagat e updates fromone index fragnment t o anot her,
tﬁi@egr@éaeé@gmaym M dideiseechabeitd ian  upnd-digt @n@yrrsmtéspecondary

If th f dex ent d f
cSHBE SRR of Gih BapBEG s PreAUY VRl 1P THesgBAY cloned
arf%IgHeﬁ?tfgrd aag?veah ﬁgt%oﬂgé‘l:\gntr 0¥ arlpsg?rgﬂbipt—% Idate secondary cloned

ondi ng s su

i d%@Heﬁ@loft& "i‘n&%ﬁsﬁa&ﬁglmelsf E@&@ﬁﬁklly E@@rﬁlc§le9@'?ﬁi@rp¥lmary cloned

rowset in a clone of an index f ragnent 1s th

| MegprAt edt thaf inglek ftalgmeat.hﬂor&eqamafrygm@mars avlbWéd Ko contain
that sanme clone for update propagati on purposes. FIG
7 ilsiwwtéa@atmt esfeproomessiggn frogre wpata b datel foagmakntndeeoce, cloned
ments and cl oned data fragnents. As di scussed
,fragmenss By d8ERivy BIOPRgReE HPYate s Eoy A1oje dhashage cloned data
fra%msn% of a data fragnent is substantially identical
8 primary cloned fragnent for a given data

f Fagnen, e?bn%ie% IF)G, 78holR ah Qn@tf?ag@%?”ﬁ@&r?(?uﬁé MRY entries that

fragnent of an index fragment 1S substantia

| dertdnedlredords fhh@oRdittiRE Ya@! fedd@senkd, apingnt Dﬁonn thiatexample, both
i ndex fragnment. C oned index fragnents are allowed t o

coind arimarnderedintdek dgagntemt 1T.ef705 4ol seeondalyg ciamedtndex fragment
than one data fragment. Hence, cl oned
I1.b 706 receive propagated updates d|rect|y from both the primary cloned data
fragment D1.a 702 and the primary cloned data fragment D2.a 703.

Tha mapping between data fragments and index fragments represents the
result of a standard database operation called physical database design. For any
given indexed column of a table, column values can be discretely mapped to one or
more index fragments based upon the partitioning and fragmentation definitions of
the index. The partitioning definitions for tables and indices may specify any of the

traditional database methods of spitting records into sets, e.g. by ranges of values,

hashing of values or via round-robin assignments. System defined fragmentation



i ndex fragnments may receive propagated updates from
nore than one cloned data fragnent. The exanple in
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5

10

15

20

25

30

entries that reference recaodds in two distinct data
fragnents, DI and .. In this exanple, both the i
DHRRETION & e A sRsE haiAlon BIeT BF S5aPI8 R Iedoridereyer If the

cl ' [ t i.me opagat.ed Loy
e ot ol B popliayes, FERE MR (LT RARHPE envries in 2
f %%@&i&p@gort%nﬁ&? dandsitdnRd FEIHIH, Y 1oL RASEbAALsRignment of rows to
f ragment .a 703. The mappi ng between data fragnments

afidgimedexcahrbagiseat s represents the result of a

st andard dat abase operation call ed physical database

desi gnWheora glopediivdex fragiogeidberomesrstadt andt a¢rde, to be refreshed,
col um val ues can be discretely mapped to one or nore

i HRER A% BYPeRtetiBhWaY (9pRRsemRBSHHYe: fefregthi g2 srigary cloned index
fragnent at.i.on,definitions of the ndex. The .
SRR RS wERHF chisRRy lonpdnded Hitimah G g refegphed directly
S ' | td da t S

PR e B LR R oM AR B sitbndary clonee
hasdebnBra@he i@ kat DeOHiradtig fefdsildr @Bk t1AS SO BBIHary cloned data
System defined fragnmentationdefinition is acconplished
vifagmastsi ofgheimdexkeéyabid. i thaldter @nsd, ndixhoddomewels in tHe primary
the hash based fragnentation popul ates fragnents with

r 6losed slaty fragmertatare ¢sgd imthg Mefrgsh whass seopdres maatte the index
d?t a- skewed, fashi op, a round-robin assignnment of rows

t T39menihehisdhreliesiided. Wien a cl oned i ndex
fr agmﬂm ap%%l) Pe i rﬂ?%ng?nqgvl\(goyg%@ggé)(&l)ggtﬁgﬁleritﬁfetrrﬁé@l%‘ values may be

there are two pote

I efdiRafhed loh RpBLidbR Yastd. oA id, REeX DMLAGRRMen€¥ad LPdates a given
the stal e secondary cloned index fragnment can be

r efiras\hetbrdidr #adhyntf rRoqUIhatlupris neay fedranedtadatiexpecific to that
fragnent. Alternately, a stale secondary cloned index
f fragment’s tedohe. bRecdidsetbat are ppflated hi dhdtstavembres aeassigned that CUID

primary cloned data fragnents of the indexed table. In

t NelupatWisn Ehesipdasey i these decased AERs Prapagifed ﬁPia\’rﬁ‘i‘%?”darV cloned
cl.oned data fr nts are used in the refresh whose
553905080 e CPIP P e i alo T prs o op i <Ts bei ng

refres : Waqa] ' )

dent 7 e pRyfifle FHBERICR LR QUBafic; AR 6G0R MBREh Gabie over
Peitne, abihe asdns. cUiDabaliis is bersistedMansdi@ibeMBNIn thatnetadata that

updates a given primary cloned fragnment, a CU D val ue
I slesceibes Arobrenmebladat a specific to that
At the point that CUID values hit the point of wrapping around from a
maximum value to a minimum value, various techniques can be used to reset CUID
values to a consistent minimum value. Given the byte range of values for CUIDs (e.qg.
around 6 bytes), this case would occur on a historical scale of time. One simple
technique for resetting CUID values would take an exclusive lock on a table and reset
the CUID values in all records in that table’s primary cloned fragments to the

minimum CUID value. Then, the normal update propagation mechanism would

effectively reset the CUIDs in the secondary cloned fragments.



fragnent's table. Records that are updated by that
statenent are assigned that CU D val ue. Wen the

WQRoEtes376 0 t hose records are propagated t o aPCT/US2006/028346

secondary cloned fragnent, iﬁhe new CUl D val ues

S ol omeHiarPn e [ rAhE ais BT IRS PGTR tg7e,aifragment of the
t a&'bﬁe ggo\égrofﬁ |1§’E"rh?\ ge%n%rﬁﬂaon%lll%j\/(ﬂ sédsb 8\/rvs|}1 %Bt:ﬁa’gnctlon with

transactio escr es a
t apge;2 At the p0|nt that CU D values hit the p0|nt of

“wrapping around froma maxi numvalue t o a m ni mum
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val ue, Oter QUID tagsibMhenesolickl dve pusstitlet but €@t hdsUh® potential to

values t 0 a consistent m ninumval ue. Gven the byte

r a#fpst dfie badiatechhimuedor Pongaetjeshar bernexagn gt @sr)sactndm s can be

case woul d occur _on a historical scale of tine.

S| Pﬁfldeast 2 ORH? éereCPkPr V?"é%setbPF ARfUG DS PYRAL 'mﬁ@faﬂmaéous clone
an ock eset the D v

' rl)é%h ?%Cbawag i ﬁ’r‘?ﬁ{atf’ etngBre Upgn ger Prﬁzg?%at ljclone BlHRR interact
up(ggt s Ss e&fléahgnm merWQ}er\Bé(ﬂ%dU ?ﬂscrtllﬁ% B9EWRhe basic

r opagat | nmechani sm vely reset
t helohdJIRREedMtdchRiqs € Gt hXveCloon e fdrr ﬁgﬂﬂﬁﬁélﬁlyﬂt@lvmaasactions to
values for a table are increnented every tine a
f r egndete, obtebthof juabiveitipgder Of durreneDMIIstaements to complete.
i npl enentation will be discussed bel ow in conjunction
with FI lege;nzral @ teshnigur FPraganagineedi!Dpeluesicas bgrigplemented if the

possj hl e, P E p t he otentlal to affect the
D oEEhm s e IS e RO B IR For Cexnmpl 6.
tr ansacé)l on IL ugﬁ\%h @IﬁD%ﬁg L@?d |tpﬂsi ﬁérﬂ%nt%‘ Rcor S ldentlfled

val ues, “but reg sonmewha jeous c

refr eShbyI @lﬁhﬁkl‘ﬂ)‘»\%ldeﬁnQfa(#@ictfoﬁalﬁl%%@terEj&‘bﬁdary cloned fragments
propagation and clone refresh interact correctly.

Speci f i mad hayve ICOID b udbihtiae Rilanpiag ab klonCeiDeg@lue in the record
(descri bed below), the basic C one Refresh technique

woul d hidgetifieddwidint CRIBrvabielin gher prémaryrlanedifiagment.
transactions_ t o conplete, instead of just waiting for

al | curPent T2 Fyes ‘E3aEmers: a&R%ﬁﬁP%'i in g3 f’\tatj’esr‘i‘-é%ﬂary %{O”Ed
techni que_ for | ues, can be

if ot heqﬁ%%ﬂ%“tcﬁ%“é‘” gﬁeg%{gfﬁ? Fr" MEBF PHRIAR HBRESHEGHER, then the
requi r eA@Bt $an B2 thdlarfe GHIY Rty Y i ety GHael I
fragnent, Fnrecorégﬁ?dethfgﬁaﬁh (ﬁ ¥ PD val ueeﬁ)rg”nary
tr ansacatlbmaaﬂrigmm@mcstﬂemecsemmdlahyd ﬁrh@meﬁit hdcagaB &

nmust have CU D values that are identical t o the CUD

val ue i An ekmmple ©dfldstatement for updating a cioned fragment is shown below.

The example DML statement includes: two records in Sales.2004.1.a (cloned record
identifiers (CRIDs): 5 & 3) that are updated using a CUID value of 3.

The example Sales.2004.1.a primary cloned fragment is shown in Table 1.

CRID CUID Other columns
1 2
5 3 1
7 L
3 3




identified by that CRID value in the primary cl oned
fragnment. b) For a given fragnent, if a CRIDis found

wono@/e#:be secondary cloned fragment (prior t®CT/US2006/028346
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refresh) as well as in thelprlnary cl oned fragnent

t ren theCYrDs—Ttanmbgthe same_onty 1+ f—tierowHas—not
been updatéﬁ in the prlnary cléned fragnpnt si nce -t-he
secondary clon a e DE
stat ement for ‘F%’datl nm%gr ed'péﬁltesé‘?gsgﬂ%

bel ow. A& tﬁéjmﬁjla@y %e&tf gﬁﬁﬁpgal%ﬁ%dhdﬁﬁ is hp@atggct(%gg‘ updates

in Sales. 200 (cloned record i dent

( G Derppadatéd 3nd tappliecat® th@@@écﬁﬂa@stlaecﬂﬁ@b"n@nﬂ@hl’éﬁzgm.] b as
3. The exanple Sales. 2004.1 .a primary cloned

f rbgmorin Takleghown in Table 1. Table 1. Primary cloned
fragment Sal es.2004.1 .a After the primary cl oned

fragnent Sal es.2004.1 .a is updated, those updates are

propagat e% nd—apptigd—t—o thesecondaryctoned
ragnent SRs.2004. [I . b as SHBwn in Tabl e 2Othgisolumns

f

2 Primary croned fragnent Sargs. 2004 1 b AU a gi Ven
point in tine, an avdil able fragment has|one prinary
c

| oned fragment (potential soyrge for a ¢lone refresh)
and N secondary clones (potential targets of a ™"

efresh). A secondary cloned fragnent whpose rows are

ot transactionally gonsistent with the corresponding

tal-e-cloned-fragment— The rows (recordslor index

r

n B

rows in a grimary clagned fragment is an outdated Qr..
e

ntries) w&hin a stale cloned1fragnent can be in.one

of—the—foHowng—exampte—states—Fhe—term-prirary—+ow
refers to a ol '%Zapﬁmﬁwm‘%qglf&%”ﬁﬁagﬁéa‘%Ufeows

r ity K BuITRO PR R AHGE ik ave bl Ppmr B8c gigabypmary cloned
glrfg%@%snftrg ﬁ e%gl{c‘/cea%)gldt @Igh? Qéfrfslha,%h aw sggdéﬁgﬁl clones (potential

sagreeArf @l eerednf.r agmeRbodRNPEI&GRIAS irdlgfitht Wvhdke rows are not
corresponding prinary row. A consistenf rowin a

s econdefonally onatténagiiethe comesEsdiytdsws i adrintity iclonad fragment
primary cloned fragnment that has the sanme CRID and
CUs pn wifdaged or stale cloned fragment. The rows (records or index entries) within a
stale cloned fragment can be in one of the following example states. The term
primary row refers to a row in a primary cloned fragment. Rows within a stale cloned
fragment may be:
1. Consistent
Primary row didn’t change while the stale secondary cloned fragment
was offline. Or else, a refresh process has already updated the row in the
stale secondary cloned fragment to be consistent with a corresponding
primary row. A consistent row in a secondary cloned fragment corresponds
to a row in a primary cloned fragment that has the same CRID and CUID

values.

2. Inconsistent



2. InconsistentPrimary row was updated while stale
secondary cloned fragnent was offline. An inconsistent

woaw7in4xe st al e secondary cl oned fragnent corr eepasSe®6n28346
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oarowin a primary cloned7fragnent with the sane
CRID value, but a different | D val ue. 3. M ssing New
primary row VHGR¥ YA YidRied Wil dplgisecandasn glaned fragment was

cl oned men s. offli A.mssing rowin a stale
secondaJrff/Iﬁ‘gl oné‘am?nrcgggﬁéjﬁ{'pgggcr"?nb%sﬂ?%e 58%°§(9a%eci°“e‘j fragment
there epr@bSorftisbiaMBYin PNy E‘Ioﬁe@ﬁh&ngﬁﬂ Wigh B sl &I value
there is no corresponding rowin the Stale secono'ilary '
cl oned Hutagh#aentCUID vahe. sane CRID value. 4 . Extra

Primary row was del eted while stale secondary cl oned
fragmem: wasMissififi ne. An extra row in a stale

secondary cl oned fragment descri bes the case when

there exi st SN rR5IN3TH ToMe Yef af'8ated cWhidkarthe citalgesecondary cloned

f i th D for which t i
cor r eog RN ‘B TIReL Hb F R S &F Al egiien canssh frasment
the Sa'H%sQﬁ!e@ t‘ﬁ@léé?e W-Fllaﬁ tgﬁe%(iéég Catagr?ndggg#()?vnwgﬂnae'cﬁm value for

rows that are not consistent ar

t enpor aghicH tHefe (sShatkEridsPBRGERY [PSW ith BhabtaRAekdnRrRE®ned fragment
the refresh technique. That tenporary file has a

col um,witt dlesatiRI@IDwalbeval ues that identify records

that need t o be refreshed, e.g. that are

i nconsi%st entEXtigi ssing, or extra. In one inplementation

of the tenporary file (StaleC oneCRIDs), an additi onal

Bat chaD col (HM kOB edMaile rfals arsondanglened fragment was

val ues otfniﬂg. %in. hj:aer\g:igses%rleoge% 3 a%g cﬁ)ﬁlgg?%ig%ggé%gig&ethe case

sets of rows w in one

smal |, }iHar@eRadts Q%Whnqgggtf%ﬁei %@ndﬁb%on@ﬂ%ﬂg}f@gégﬁth a CRID

progressi on of states when refreshing a stale

f r agmenvalueAsr whieiihdra idhdxorfasp6edi A 66w Ih GlePrRehry cloned fragment
fragment 805 progresses froman Ofline statet o a

Pr eRef médhthstsame CRilhivilae.t he stale clone is in the
PreRefresh state, operations can be applied t o the

stal e dN6HEIPOPT Bler Ppoisionsis rope ithatAragot resjseritarrerasRtired in a

?itg%ﬁgrﬁfyeé[?g&?aggagﬁeaélillgsrg'in 'Xallenxgdrlyssetggen%?rtﬁ/e (r:ﬁl_f(r)er;ﬁdtechnique. That
temporary file has a column, Stale_CRID with values that identify records that need to
be refreshed, e.g. that are inconsistent, missing, or extra. In one implementétion of
the temporary file (StaleCloneCRIDs), an additional Batch_ID column can be added
and initialized with values that simplify the process of accessing discrete sets of
rows within StaleCloneCRIDs in a number of small, incremental batch operations.

FIG. 8 shows the progression of states when refreshing a stale cloned
fragment. As shown in FIG. 8, secondary cloned fragment 805 progresses from an
Offline state to a PreRefresh state. While the stale clone is in the PreRefresh state,
operations can be applied to the stale clone for purposes of optimizing the
performance of the refresh operation. Next, secondary cloned fragment 805 is
considered to be online and is placed in the InRefresh state. The stale cloned

fragment remains in the InRefresh state while being refreshed. In this state,



considered t o be online and is placed in the
I nRefresh state. The stale cloned fragnent remains in

woOher7tmRetr esh state while being refreshed. | nrPChiUs2006/028346
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stat e, secondary cl oned frag®&ent 805 nay be updated by

changes propagated fromthe primary cloned fragnent
S OSSCONGAb FIoPRG Tragreg BPAGPH E%é#géatﬁ%wv%@ﬁ%%pmaﬁw from the

se&?ﬂgeéﬁngh%Qggmgéggggnt 805 enters the Current

sta ce secon | oned fragnment 805 enters the

Cur r ent Afsdrah€ reftdshing Srbtés h’l:‘a? bberPpESFRITR, ?ecgéj:lﬁg:%’oned fragment

FIG 11 shows an exanple refresh process 11

r e§oeshess thesttalenckaned dicRgsmoidapy chordat RRFREt 805 enters the
object. 0. Stal el oneOnline 1150: In block 1102, when

a Curpdng seltgnes iegibbr tgdieedmt arpridlasne Refresh (e. g. when
it becones accessible t o the systemafter bein
of f 1 i né)lG- 11 shawsarexamnle refresh gredese s hOQ that sefreghigs a sfate cloned

block 110 re-pass gptimzations can be executed
\Ahfi%llgé"etr\l’ié’?éldg?‘?g’agef?tﬂﬁﬂent is in the PreRefresh state.

Such °95i”i%ﬁ&ieﬂﬁeéhﬂm %bgned to optim ze the
subsequent perFornance of "t'he remai nder of the refresh

process 11005 plociEnedd, elRdat §ROPSEAL i tQRYe; Q}Ig A Refresh (e.g.

stale cloned fragnent is marked as being in the

| nRef r egliensit at@nads dekeskblddOhe sydrem,af@t bbingaflibd )&, is placed in a
propagati on of updates are enabled fromthe primary

cl oned WreRejrasht statep tMRxtstmllBodkl dhedl PreaxgatsnioptiMimations can be
appl i cation gf ﬁfopggated uEFates to the stal e cloned

fr agrrenefxeﬁ"&ﬁ pwhide,|tae + ¢loned 69m§51tarﬁJl'@, thep, BreRefresh state.  Such
appl i cation_qf propagated dates i.s performed only on
those rasoiaR e Ravaned FELRYTisaRe SuPraligll peormape of the
can be drhad} B%etreﬁ’esrheﬂ%ltés?&ﬁ‘@&r efresh. That is,

propagat ed updates are applied only to records whose

CU D val.ues Hnable@ipgatépidpiddtionviaboe match that of the
corresponding record in the primary cloned fragnent.
I n anot her eNenyhle clompt érmgmieat isomrked aehbeing én trainRefresh state at

val ues are Etha ated by updates, then updates can be
pr opagat!eck -agbﬁm,@a ock 1419¢. propagations ofurgdaggseare enabled from

(r:le‘?nght é% ﬂ%'r\} cl\cl)\llr?ei:(; Fraérngntqcloqc eegtarerc?&qa%r}trag;in?en?.ewg application of
propagated updates to the stale cloned fragment may be selective. For
example, the application of propagated updates is performed only on those
records that have already been refreshed or that can be determined to require
no refresh. That is, propagated updates are applied only to records whose
CUID values for a given CRID value match that of the corresponding record in
the primary cloned fragment. In another example implementation, if entire
row values are propagated by updates, then updates can be propagated and
applied to any record of a stale cloned fragment while the cloned fragment is
being refreshed.

2. WaitForPropagation 1110:
At the next block 1110, the refresh process 1100 waits until all active

DML statements on the primary cloned fragment have started to propagate



2. Wi tForPropagation 1110: At the next block 1110,
the refresh process 1100 waits until all active DM

webtei7areE16s on the primary cloned fragnment havecsuaeioed28346
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to propagateupdates t o theistale cloned fragnent. (O
an equi val ent chaRaieémi used that ensure

subseq NP o SR PITIEFINGY: ¢ Sqnsciaélh\{afe)p?ln’llechanism is used
pr opag%%ﬁ?rﬁupeéta@%u&éﬂui@rﬁgi)@ﬂ?g tlfelrm b ):?rﬁlisqgﬁgﬁpgrgigagated to

can be a eve or a currently exe

DML st ghenedl 21dned GRIgRICAE.E, BIBa aNY0 REMLY R6 Il ¥ALYdydMg for all
statenent is guaranteed to propagate updates to all

onl i ne awrengy ekdcagng D, statflebi@dito Gosiphdte aslapgedwly activated DML
fragnents in the InRefresh state. 3. _
Bui | dStsédtedeniis GRRPsteRd 12 projraghleciidates 10 alljopline cloned fragments,

ReadConm tted npde, the Stal ed oneCRI Ds tenporary
tabl e i'8clpfiggsie dored frraments yede IntediealorGHeCrI Ds i s

guar ant3eed t uilﬁﬁa%E@fOﬁl'gtg'ﬁgqgi?i}t o-date rows

(i nconsi'st ent, arows) in the stale

cl oned fragngnty,dput; 1§ye ihcgf%ls&mrﬂi&ehnn{%%squ‘ﬂl@;"s{die%ionecmos

i sol ati on node, Stal eC one may occasi ona

i ncl udaefiBbipy EDIEist dtdte@bRd Atialaely SEAEOIbBI@MDSs isl guaranteed to
one i nplenmentation of populating the Stal eCl oneCRI Ds

t enpor awyert @bhen-up-SCtateubes (jhoonsisdger atissory @ahexiea rows) in the
used on the corresponding cloned record identifier

(crid) tYeglansd HrRIMRBL HUE fue {0 Bmaing gl ReadCynited isolation mode,

| ot | NBPCPRE DS CBFLiAF SA K. (6ot CHEE iy thiteare actually
I'l. The £ i : - i
one such aerar | o SRR TRARRR" PR8I R PR RRecRbnechios

addi ti aRalno %gﬁﬂbda,c@' 4an beterd@dRd bpQadidl® can be used on the
St al ed oneCRI table t o provide an exanple basis

t hat col@spendiveedohal recsreldtiémigier @ricesdiuinas ohde wfmay and stale
gi ven size. SELECT (case when (p.crid is not null ) _
t hen p.doned Bragmentscwhete eihd) caarespending |cRERTHAYALE ridentifier (cuid)
1,1) AS Batchjd into Stal e oneCRI Ds EROM. )
column values do not match or are null. The following pseudo-code provides
an example of one such outer join. Note that in this example, an additional
Batch_Id column is added to the StaleCloneCRIDs table to provide an example
basis that could be used for creating refresh batches of a given size.
SELECT
(case when (p.crid is not null ) then p.crid else c.crid end) as crid,
IDENTITY(int, 1,1) AS Batch_id
into
StaleCloneCRIDs
FROM
(select crid, cuid from primary_fragment_clone) as p
FULL OUTER JOIN

(select crid, cuid from stale_fragment_clone) as ¢

ON (p.crid = c.crid) .



(select crid, cuid fromprimary_fragnent_clone) as p
FULL OUTERJO N (select crid, cuid from

webteal7@2437agnent _clone) as ¢ ON (p.crid = c.cri 8E™uUsSe®6/028346
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p.cuid < > c.cuid OR (p.cridois null) OR (c.crid is
nul 1) 4. I\/gkeCurrent 1170: FIG 17 shows an exanple
process 128" or maki ng a stale clone current. Process
1170 is par ‘ﬁ% {3@( 5R| e refresh process 1100 shown
in FIG 11. snal | batch (BatchO Stal eCRI Ds)
of Stal e_CRIPgrif rsomlt)m St al eCl oneCRI Ds tenporary
table is initialized in block 1114. In one exanpl e of
bl ock 1114, (d.&rd BatughCOf St al eCRIDs are defined t o be
the CRIDs of rows in the Stal eCl oneCRI Ds tenporary
tabl e Whose M&ke€hjrentcddl7dnm val ues are between the
parameten zed vaI ues of @tartjd and @nd_|d. The
initial, actFU%lI eshavs anoe@mpiﬁepr%ce%ﬂ 179 The making afstale clone

|t2|et ?gllgl z r?%’lecspj j7§ vgf/ l S gnf] Sﬁfrteg'é pf‘%ﬁf\fﬂw shown in

functi @, mn the Stal eCI oneCRI Ds tenmporary table. The
initial, actual @ndjd value is then set t o the val ue

of the desi rmad fRat %Hﬁ“lzﬁatcl{f@&tyf@fg@léﬁmlﬁ@tmﬁaﬁcﬁlﬁg from the
be varied to achieve different refresh goals.

smal | eiStaVallolreeGmDBEmm&?arzeaman ipitiahizeadiein g1 ekt E1r14. In one example
concurrency w th ongoi ng user workl oads. A | arger

val ue PHPIBEtIIAS the BrghOfBalerRiDalary dyﬂll@d@UtOUeet t?erCRle of rows in
refresh ({)erfor mance. At deci sion block 1p

i s madih SrHetBreRRIRS \iREPIaFY (Rl Bﬁ?%ﬁ(ﬁ%ﬁ%—l'@(ﬂ%’%” |‘§"“es are

o beos Ll PR AR AL of Bt et gR k. The nicial
refres E@c@aF@%ﬁdldf\faﬂE”@@Et t%sbep@\'apgf R stnt\‘aﬁleg‘ﬁartﬁpﬁd column value

state. A Secondary cl oned ragrrent In the current
state i(sg.aadi_bl @itatizébwtRehasdetivaRie)bfal BN@d IDERGMe Rinction) in

Then, process 1100 exits at bl ock 1120.

- the StaleCloneCRIDs temporary table. The initial, actual @end_Id value is
then set to the value of the desired BatchSize. The value of BatchSize can be
varied to achieve different refresh goals. A smaller value of BatchSize can
provide greater concurrency with ongoing user workloads. A larger value for
BatchSize may potentially yield better refresh performance. At decision block
1116, a check is made to determine whether the BatchOfStaleCRIDs is empty.
If the BatchOfStaleCRIDs is empty, refresh process 1100 proceeds to block
1118 and marks the refreshed cloned fragment as being in the Current state.
A secondary cloned fragment in the current state is eligible to become a
primary cloned fragment. Then, process 1100 exits at block 1120.

If at decision block 1116, the BatchOfStaleCRIDs is found not to be
empty, then:
a. At block 1122, a new transaction is started in Repeated Read

mode.



If at decision block 1116, the BatchO Stal eCRIDs is
found not t o be enpty, then: a. At block 1122, a new

wonrermgael’son i s started in Repeated Read node. BCTAIS2006/028346
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bl ock 1124, read lo cks arelset on rows in the prinmary
cl oned frag identifi b O‘Stal eCRI Ds. This
step i s not |&unctﬁt HI Fif yﬁgéqﬁ‘ﬁ%g CKHGte S8t PRptMsaiit the primary

for purposeg edaﬁ‘?drgérngldglgﬁfﬁgibﬁfitgﬁefytﬁg&gPé d-Ehl%tsé%P is not

propagat ed updat es 'S

in the stal gugdingnl fre Nty hat | y s
CRIDs in the Batch% S ALY gTh@ﬁd"@ig@iﬁynﬂ;“r%SQ of avoiding
pseudo- code poesitial desiiaie wek prpagatednipea®at at i on of

del eting outof- date rows froma stale cloned

fragment. Tife actAidtlockal 1&6s rows @t deletet! dn ahel s@mndohetl fragment
are those set earlier _in the MakeCurrent process 1170

(at bl ock 11%% adf‘- %%@ﬁ%ﬂﬁms Hethet RatghQipialeCRIDs. The following

tal e_f wh ts
Sl o0 onachpesEoE YREHEeCi b pinIE e aHen of Ageang our-

s.crid and (3.8 ¢hwd fhﬁﬁ%%&le@‘oﬂg&fj{%‘nﬂ%{]ﬂ @ndacjtlggl values of

d. At block 1128, rows are inserte pri mar

clone that @seari dendnidl ieeddhy Bat ¢ack %@'@Q@r% ichd cMakeCurrent
the stale cloned fragnent. An exanpl e pseudo-code

descri pti onpodceendl exaurploek ilivp# enblotlat 1 32). of inserting
new rows fromthe l_c;rl mary fragnent into a stale cloned
fragment fol | ows depiefraetstie-fRamess cone@tart | d and

@nd | d are those set ear keCur r ent
pr(r)]céss 1170 (at "HEECRI isf?eGFLE'PHbgtai%%eCRﬂ%@r%
into stal e_fragment Clvﬁlréﬁe &gleefgrgmenft c?c{ne crid

primary_fragment _clone as sel &
from Stal eCl oneCRI Ds &SBa¥ch_ld between @start_Id and @end_Id))

S. C{‘ld and

d. At block 1128, rows are inserted from the primary clone that
are identified by BatchOfStaleCRIDs into the stale cloned fragment.
An example pseudo~code description of one example implementation
of inserting new rows from the primary fragment into a stale cloned
fragment follows. The actual values of @start_Ild and @end_ld are
those set earlier in the MakeCurrent process 1170 (at block 1114 or
block 1132).
insert into stale_fragment_clone
select * from primary_fragment_clone as p
where exists
(select * from StaleCloneCRIDs as s
where p.crid = s.crid and
(s.Batch_ld between @start_ld and @end_Id))
e. At block 1130, the transaction is committed
f. At block 1132, the next batch of CRIDs from the

StaleCloneCRIDs temporary table are identified as the next



where p.crid = s.crid and (s.BatchJd between @tart_Id
and @nd _Id)) e. At block 1130, the transaction is

woamTiedmed f . At bl ock 1132, the next batch oPCTRISE®6/028346
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fromthe Stal eCl oneCRIDs teX@porary table are

identified as he xtB tchOf St al eCRI Ds. The
val ues used for? %"5 1 d rﬁft"@l"fﬂ'“?busaerdef%éé@]@swt Id and

i ncrenent ed by a t. e | ze.
The refresh pr g%ggslﬁl%%o ?%enncg?%gitjee sBI Eié u%logc e desired
1116. If errorgaeersEe. during the processing of a

Bat chOF St al eCRI Ds, then the transaction is aborted and

the refresh grocass rdfld3A peadess 1100 tHehro @kl eBickroata&s! 116.
1100 does not conpl ete successfully, the stale cloned
fragment is lhewer acoun deinBribRefresting bha Batcb@fStaleCRiBs, then the

Ofline state if access was co etely lost to the
stal e dIBSRAINYI5aPUERD) andthe r%‘i’(*’én‘rﬁ)'pﬂr%ceéf dh@yexitsagnent

or ogr ess. il P T POES ERRE pesEast o il Pussesgult. the stae
wor ki 0agiey 'f"f‘ag%ﬁ‘&'t s el ko ttﬁ%?r%ﬂ‘e‘ﬂéé?ﬁ& JBE t8't9£‘%ffnae state if

refresh technlque I scussed ove can a

t o cl ongekss W XombRIR HYsEi0 ﬂh@%ﬁal@&ohéd frégrABRY.1 ed to
cl oned data fragnents. In one exanple inplenentation,

st al e Sieorganpleckioned fraghaentf refgIshings t&hnigoe makes continuous
refreshed fromthe corresponding primry cloned i ndex

f rfawproqrmawhﬂ@mlmmemm oprdtictel atith exissigaeveridodds via small, short
base table o offline, Ci\henthe r OWs

céﬁ“é%%ﬁﬁn r?g‘% S ref*fabfﬁléwwe scavadyahayg&rn Al seghe Applied to
IcorBhIREM YEloheRld 111%a 0% Weldoncd METINE BRI TR, n one

mary cC one nt COﬁES |ne

r %fxﬁlﬂffé Mﬁ:ﬁé’lﬁérﬁh‘@or@%@efl@%@&n@ﬁ‘ryacn(yne%t |ﬁl:|@x Fr@%@nl@lc‘aﬂe& refreshed
dat a ragnents as wel as on any stal e cloned I nd

f fagmeet @rrefboridieg pmanvtdoneﬁdme&sfrm&rnatl ons are
propagated to the stale secondary cloned i ndex and

dat a f faghehthe deiedglatefraewhetd.foSk pseatable fragmerti gat diline, then
cl oned fragnents for an index fragnent g@hoffline, the
i ﬁ%%iO‘%%é@@f%S&?ééwgugq Higt th?Qﬂ“qnﬁd'éﬁVFrﬁ/a'Q firagment [gge effectively

R R S MR T
| RefPRR RUMIBLE operates on any stale table cloned data fragments as well as on
any stale cloned index fragments. At that point, updates operations are propagated
to the stale secondary cloned index and data fragments being refreshed. Similarly, if
all the cloned fragments for an index fragment go offline, the index access path
using that index fragment will be offline. A stale cloned index fragment is restored
via clone refresh when it once again becomes accessible. In one example
implementation, stale cloned index fragments are refreshed directly using the rows
of the base table fragments. However, a stale, secondary cloned index fragment can

also be refreshed from the corresponding primary cloned index fragment.
The performance of the database fragment cloning and management

mechanism discussed above can be enhanced by the example optimizations

discussed below:



I mpl ementation, stale cloned index fragnents are
refreshed directly using the rows of the base table
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fragnent can also be refreshed fromthe correspondi ng

B o A e T

di scussed a c a e

optim zati o%\{c& s%hs@ggde@gl g@vﬁg)ﬁ% 'F? %e?%é@ﬁBét &fie gypme  refresh
G one Reédregft Bedseribed YBNipREcebIEl 1000RE F&&IE% qan be run, but
techni que, the sane refresh techni que (descri

pr ocessotpletely ini epatiecdmmiead hede. un(Foblﬂxam@reolveﬁ@l yuri Buring a
read comm tted node. (For exanple, when run during a

Pr eRef rPésRﬁf@ﬁbpstemlltlew 1122 Oﬁfpr?ﬂeé%éégo 15190 9t taartsgctipn in Read
transaction in Re mmtted node.) I n the absence of

a | ot dfoparEd |r@93%bd%u%%ab5femes°fp% B’fﬁéﬁfa\}\hei vpcat%ﬁh'we pass

h h
| cavi ngt i el dedhsrerL HEIERER" Ul S o L Fined PGy eaving 2
i ntr Oqun&nfsﬁﬁénmg eandTMer?tgﬁ? h'a§iﬂb hitkodlck&a fg\qu% . The idea
t he pre-pass, e strict refresh phase (process 1

i n Fi gug hak73ftdrnddigpead phl-padseaitk BRRE rdrdsh SREEApcess 1170 in
much faster. Fewer rows will be | ocked (due to fewer

bat chesﬁgtfreﬂ 7aim @peatable reshapdewilbepdarod nodcht fastey. Fdwes rows will
i ncreasi ng concurrency in the system \Wen a primary

cl oned ierlagashidupas fﬁﬂﬁrtbabqhés)sfé‘ééﬁd%(ﬁ&ﬂ”cﬁlmf&ﬂ period of time, thus
fragnments which need refreshin the refresh passes on

al |t hé"SETAHYSPFUEEBHED tl?‘? 5t s can be run .
i ndependent |y, e&eﬁﬁn]ag} Tf’?%qjg@rglr ﬁ%t %ulﬁﬁr aL%%I‘lHaSrW cloned

can be control ase

f r agnentynidn®s Wléﬁen@d‘)%t’éﬁhm@cﬂweomﬁegﬁ pab{d&d affthe secondary
agal nst how nuch of a concurrency hit t o I NPOoSsée on

t he sysd@ed fgni¢ransacntheoninria8égendacy bbedchi bthee ahe degree of
secondary cl oned fragnent Wen a propagated update t o
a secorma&!gﬁll@hdﬁe@efqoagﬁ&qﬂ bsgdl log Hoyr awgidy ¢m ¢lengsbinagments are

t he clonggfra ment Wllﬂ rked offglne The
ef f ect L0 ALYk 108 2% CHBh O A5 NSF BREFINSY i3 easciyency hit

in the.r pary cloned fragnment. No
addi ti otﬂg}l\%a%e%ne&% Seﬁtgndl ng work is required for

pur posgsy fAhnsaction resilience to failure of secondary cloned fragment

When a propagated update to a secondary cloned fragment fails for
system reasons, the cloned fragment will be marked offline. The effects of
ongoing transactions are preserved directly in the rows of the primary cloned
fragment. No additional gueue of pending work is required for purposes of
preserving the effects of prior transactions. For convenience of error
handling, the statement whose updates were being propagated can be rolled
back. But this is not necessary if the failure of the update propagation to a
failed secondary cloned fragment does not have other side effects on the
statement’s execution. The updates for that statement will have already been

applied to and be preserved in the primary cloned fragment.



preserving the effects of prior transactions. For
conveni ence of error handling, the statenent whose
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this is not necessary if thd failure of the update

propagation t o a fajled secondary cloned agnent

does nocz) ﬁé%%?%éﬁs‘ﬂ@‘&‘“etoefﬁ WELO p\éﬂ‘aﬂh O%Q‘%{'%Qf’é?ﬂt' s
execution. u f t atement will_ have .
al r eady beeﬁnﬁeﬁpﬁfj@k‘(?%& Cg%nghgrgggpn?egggg'\ﬁ}gg‘ F%gr_ttﬁ%nsacuon accessing
Pri mar Vehed @BReH Frag@Rhe&d ndtf BESBGHELT heRd | £NGRIike, Lonsistent
failure of primary cloned fragnent Wien a primry

cl oned detagim@niciohad | feagntentyIRit tdnabs akbigantedCientedigly as a new
that cloned fragnment need not be aborted if there is

an onl iménargontpweeatt agectaidaeyt clirograly fgcaggieptthe Halled primary
can be designated inmmedi ately as a new primary.

Howev erclongdyragmans withbe ellefehcky accessing the failed

primary,cloned fragnent will be rolled-back, d) Cone
refreshd)réélgmE {%Wéggﬁlh%{ma one refresh update to a

record in a I?ggﬁﬂgz&gﬁsg@%g@ tt)raarg&ﬁatin E@Léo%dgglte%léqe% fragment

system reasons, t ne refres pass may re

from t hailP@@ toryB@m Fe@dnk, tHa&inere@edh Yasaehdy\estart from the
MakeCurrent batch or reiterate the entire MakeCurrent

pr oces shaginnirig, rérey Geadue€hidnaddivk PakeCurtent Batch @mneiterate the entire

exanpl e dat abase system 900 with cloned database
f r agmenYiakeCpyeatoreeessingtad ihoeleClone€BIPsy i ncl udes

[ tipl Tput i devi 91 1-91 4 f di stributi
W T R AR T -
' ) ' . d- bal ing.
R R S L

C'&ﬁﬂgutﬁrﬂé@mﬂga?d aWBi GBviging AliXbidedaRRY BPREEEY a database
devi ces 1 1-91 4. In this manner, conputing devi Ces

9 dbjéct 94 wallcanoad balantiagt 1An ¢gédt avithirofier &lanthé detbase is divided

di fferent portions of the object in the exanple

dattbelgred Tagmpentsnyhitbvire elivided athon compprtiyg ievices 911-914. In

configured with any type of database system such as a

sahissEpRREan,. cogPuisnAeTierst He -P1 4 re corsiffitly e rieewi eresations on

9% 1-91 4 may include pripary cloned fragnents . i

o3 OGS 8P Sc 0BG X Hgfeit=tg5%. GIMPURS Ghuces 911-

ergadf, rRIGUPERS Wittf a5 e BF AQIENL S e 9% ATLsdiSGhver.

by corr%gﬁ?'%%og 3e5@ce‘s 971'1-914 to pe_}, orm pro%uact(lﬁ"wt\f/er

rel at edast asdom irS wed figsrea@dmptingl@e@tdsNg1 DY914 may include primary
cloned fragments 923-926 and secondary cloned fragment 934-937. In one
embodiment, primary cloned fragments 923-926 are used by computing devices
911-914 to perform productivity related tasks, such as adding, deleting or
modifying the database object, queries, reports, or the like. Secondary cloned
fragments 934-937 serve as backup of the primary cloned fragments 923-926.

Typically, the primary cloned fragments in each computing device do not

correspond to the secondary cloned fragments in the device. If one of the
computing devices 911-914 fails, another computing device can take over the

operations using the secondary cloned fragments that correspond to the primary

fragments managed by the failed device. In this manner, database system 900 can



nodi fyi ng the dat abase object, queries, reports, or
the like. Secondary cloned fragnents 934-937 serve as

woacekip40t6 the primary cloned fragnents 923- 928CT/US2006/028346
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Typically, the primary cloned fragnments in each
ice do not correspond t o t sec ndary

TRl A e oF 4 e BB fmalpscavaliy 85 Fona Hs'at feast one
&QQMQﬁétﬁgﬁrgn;n%agésémgalIs anot her conputing

deV|ce can take over the operations using the
secondany #Hoded chilRAREHS EhAbuthRr ' §sRRed dh9- §h43 _may include
primary fragnents nmanaged by the ai | ed devi ce.
t hoverlagping prindat abaskfrayatem 9|G)®h1§arﬁtemsurrﬁultlbl@tcoaqputmg devices
fragnent of a .database object renmins avail able as
| dngv &erfarm | anggationpesudhoare querieshan fheasaremtportégraiofighe database
%FSSIb|e I n anot her embodi ment, conputing devices 9
4 may include overlapplng prlnary cl oned

f ,

rmy per 5 19 Sl g ERORSE pritest hE Pl %ﬁgf’%gﬂgéﬁ?"bﬂd- A
pocfattélﬁ@e Qifbjécli‘ecag%agé’??h@lahg%f el & Erod% a portion of the
exanpl e process ating a ase o Je

dad-adtase, oljheat £ adblé,neh uﬁl@ext ke #atiaeof Anhap@itki mBy involve the
dat abase or a portlon of the database, such as a

t abbdificationi ofdenxe or nidre dfitke.fradmenpdatie bk 10040!fvagnidmes of the
nmodi ficati on of one or nore of the fragnents. At bl ock

10tptabase ohipreHS a6y affestedday Hisamdatharededentigd, andthese form a set
g R R L
Sté'lé{ﬁéﬁjc.rlﬁ.lfh% %hg lmt\%ﬁgsl’ﬁar&gé)gs LF] P&e% ‘@{Tﬁrﬁ‘i& c| r(lstrn)' rthange the

set I1siniti unproc SSG oes no

change M‘gﬁné}ﬁt ga?slt fheageRBhe id UAL 1bEE &8 RRlctdrd). t Nocess 1000
| ocal data structure). Process 1000 continues to

demnsgnwes tol deelsichOfl@ck V0T, evharedeteterinatio® s maddabdeher there still
whet her there still remain any unprocessed el enments in

t Hema it arget IfrPeeasere Alegentsfinribe sefpyaiotisagma0® dfomati prasess 1000
t otermnation block 10 12 where the process

t ORTRBESES tenmuipaEias Bigck lP‘&e‘ﬁ"‘%‘F s Htﬂ%%ﬂé temEinatesf ¢ her e
still rFf"en@rlm ut%pée%%?ozlz %g@d%gft t?'llere stghiegwam Bﬁwoiﬁé%d elements

SethFragnen S, Proc nue

WhET @t bR s&&@m&ﬁﬁgﬁg BHRAENY 0b§ ébm.ﬁh&e?? IO t166 S%ere the

Set O Fragnent s, this represents t agment a
S hopk stebgdugleiat @dis dine dAfroRl ek el 08bfFrh@ents, and thlS represents

corresponding primary cloned fragnment is det er ni ned,

artte tfregnsatt thit skodd ds wpddted rtelie phi bl 1004, the corresponding
primary cloned fragment is determined, and the set of records within the primary
cloned fragment that need to be updated, are identified, forming a set named
SetOfRecords, that is a local data structure for the process 1000. Each element in
this set is initially marked as unprocessed (this does not change the actual record,
just the element in the local data structure). At decision block 1005, a determination
is made whether there still remain any unprocessed elements in the set

SetOfRecords. If not, process 1000 continues to block 1006, where the current

element in the set SetOfFragments is marked as processed (this does not change the



cl oned fragnment that need to be updated, are
identified, formng a set naned Set Of Records, that is

wa barmakd7dat a structure for the process 1000. BaThiS2006/028346
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elenent inthis set is initeally marked as unprocessed

this ?oes not, c@gng? the_acLuil record, just the
CIBHEh oo dufiBa emes lathe 953t dfta Sfucgwel- SiPEess 1000 then
blq%?%(b}&qg de@ns%%tb%m ion is nmade whet her there

remai n-any unprocessed elenents in the set

Set Of R%ﬁfrﬁﬁltg tbfde'a@ton MbAC £, MQreCﬁmt Heprtéﬁ? uhBroPlsQ&K elements

1006, where the current elenent in

Seih Ohler agSatCRECOrIHT kAstess 1000CesRAMeS LY DISRES 008! where an

change theactual fragnent, just the elenment in the

| owatocdssed stement uuse)Jbtal?tedcé“sm 100 Oset hestOfReesrdsackTitad element

deci si on bl ock 1002. Returning to decision block 1005,
fre'?'ﬁéq”és §F‘F I'ecqrénidinh sheyld dtedBdated | nexbnt ! black HOO08ew CUID is

CrRe proc 0 continues t o block 1007

arerne, 3*?%68%%{5 ® SO oF s SRt ars s eREegbds further

S I r. e recard that

ﬁatg% g%g%'is% el:m hl@d E?Ia‘rﬁént ;r?ﬂ{ &?8‘8@ o? Flg&{jsé% nd 1h!»a§

at e next

obt ai n¢’¢ocfe9§ 1666 cbRffed o ()gs’k @OU@' W&r@h@?&@%’%%p@iﬁ%d with the
assignment is further described el sewhere in th

doewmahiesi a3 Wk acoind axw QUiD.FigWiek 1@ ;|mnrde b ):UI?I,Q@G.&@I as the
1000 continues to block 1009, where the record is

uperdated regoréh (cameainieg thahere SURY isveopagaed healhesvo@iirip.cloned data
At block 10 10, the old CU D, as well as the updated

r SEAIFNESe it Wethias ghot Mk cloags! drslen) frﬁ%mgmtéptag*at:@@am & cgpy of this

e e
recor d’AftQEtﬂ_tﬂe Qﬁﬂﬂ@r%s gy %?c%a?er ar ndFJpgde&%rggé%ﬁ'o% continues

this block in nore detai at’e has be

propagtRt ech anshapphk edﬂlrreﬁ!" Qprht 1W0Re ceNbétORS0FdsOis marked as
block 10 1 1, where the current elenent in the set

Ser feReeciotids dbes netr deadga sheprcomd ssodd, (jdtitbe d@esennot the local data
change the actual record, %@@t the elenent in the
| GEHFUERAt Brosesub@Qft en gppplackdo Geosmné)ipf@d@@%ack t o

1200° 1 S1E-mbfl 131G <2 E%a?nel%ﬁar?@%“sﬁéﬁﬁw g Bogielingegone updste

R e R A R R %ab‘%s‘i%%ﬂse object,

Prspaessa 10 oFMRidh&biQ ﬁthﬂé&eﬁzds Brdcbe TN WA RF kRdhges to the
of cloned fragnments associated wth a table. At

deonfiduwatidy ofcdodetlpagrierdet Soatrdtwitna tfbldraaedaedrhiBibclal 205, a
cl oned fragnment has beconme unavail able. If the
determination is made whether a cloned fragment has become unavailable. If the
cloned fragments are all available, process 1200 returns to the wait state at block
1203.

Returning to decision block 1205, if a cloned fragment has become
unavailable, process 1200 moves to block 1207 where the table’s CUID value is
incremented. At block 12009, the table’s new CUID value is transactionally persisted.

FIG. 13 shows an example process 1300 for assigning a CUID value allocated

in accordance with process 1200 shown in FIG. 12. A database system may be

configured to execute process 1300 for statements that operate on a database. At



cloned fragnents are all avail able, process 1200
returns t o the wait state at block 1203. Returning to

wdeai7anate bl ock 1205, if a cloned fragnment hasPOBESRWG6/028346
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unavai |l abl e, process 1200 nbves t o bl ock 1207 where

t ta&{g‘ CU D value is increnented. At bl ock. 1209,
t HECYaki% Q’%g\ﬁc%iﬁl%e%[ﬁ%? F’éect‘Fea"’nE%\"&tSFaé?{BF”t;ﬁga'”St the database.

peAtSdle% s?o(#l blicz)lég] B&E ? Mtl‘aﬁa}m&le%ﬁ)&ﬁg h]esrgew s%rtement is a

assi g MSCRE e in -accor dance

prm@@&ate%?&@ v?rh@W‘ﬂ/picﬁllyF lng}ud@?op&aﬁiéﬂsaﬁ@ﬁ Qs Ws%?te dbE&Yand modify
be conflgured t o execute process 1300 for stafenents

t hadimsoper didtghage. ¥ hatsehanent iAnbt & OMLISIAZmeht)roceds @360 goes to
prepares to execute a new statenent against the

ddtledkak®0 wherddld sporDML slelenic®®4s execttedeagainshatheodathizgase. Then,
made whether the new statenment is a DML statenent,

wihe Rracpss "@EHrWtq bleFiuéR® oper at i ons such as insert,

del ete d nodj fy itens

St at emdfitiTE9,tg HgCiRH %'Pék 3ai P BRoualreride yom syremen
bl 8&s;$§ﬁ0 %J’grn%eg Q?bl@ Eét@ttﬁé@ﬁﬁ) \}a%ee%?%%k?g of a database

al nst t t abase. € process returns

bl&m@ dgdided Refedd nlAtgolbckomi@:ltﬁé Qb vk id 30¢bciatdd WA the DML
statenment is a DML statenent, process 1300 continues

atstdibmekt. 1.806lovih @B €0,tthe QOUD EDaMahsuetofemr ingo eadl Bwobf every primary
dat abase being updated is read. ) At block 1308, the
cmlqyedafrqug usdatedibyt the DAl FratemeenbVAt Plegkehsidy thenCUID value is
ck 13 10, the CU D value is stored into éﬁBBLYOMIO
e\ﬁé9f§d PPeREAc) oMol tioEX SPHEAD ARt iRpmRnt by a propagated

.StLﬁ)tdg{Ee&tthe 6R4Lk§kaqgl}§lal;l't3 'Ijh% Cl}IB%algyln%H\ﬁ? #8%%95‘?9&{ ek ghe update to

ex ent

afori tRd a t
e e De‘“iﬁ?‘ﬁﬁﬁgﬁa%i‘*f%?“aﬂéaiﬁza"“ém‘etdh‘sﬁ’ﬂé“ﬂaéﬁfﬁ%ﬂ‘w'D values

batih & dregssdatia @mguricaide with RETENt. s . wH=xaehd €UID value has been
propagati on paths for CU D values will be discussed in
c ampeavetddo progesshl F0Geturds tofleck 1342.CUI D val ue has been

propagat ed, process 1300 returns t o bl ock 1302.
14 showdG- eidarfﬁpwsp%wéeatprwgaa%@a%rfoa:UFlEiDva@'u@s 'M'G 14,

d fr
Bt FR Rar e HPL g THEEAA 18 AR reRgucog in 2 DML
di s 5 @paxg@uss@d b2, Y25 ARSOELALEdy Wik gy Mrement i

statenent 1s Stored I n ea rOWUpae
StsRbreBBRt edcA foE upBARBI DYy ERODRA ckatedndnt agnBiRt pdh8d. cloned data

Primary cloned data fragnent 1403 may propagate the

CUtdgnvemk 1603. Primary cloned data fragment 1403 may propagate the CUID value
along with the update to secondary cloned data fragments 1405 through path 1411.
Particularly, the CUID value associated with the DML statement is assigned to each
row affected by the update propagation. In one implementation, the CUID value is
propagated to the.primary cloned index fragment 1407 and secondary cloned index
fragment 1409 from primary cloned data fragment through paths 1412 and 1413,
respectively. In another implementation, instead of propagating the CUID value with

path 1413, the CUID value is propagated from the primary cloned index fragment

1407 to secondary cloned index fragment 1409 through path 1415.



along with the update t o secondary cl oned data
fragments 1405 through path 14 11. Particularly, the

wahD/msd7sie associ ated with the DM stat ement PET/US2006/028346
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assigned to each row affect26d by the update
pr opaga{:.i on.bén one D val ue

i ntati on @Ee
propaga gy B o ?ﬂF € Aosen TP wrpaaq?élﬂp “Gdgprling an
ANGoRREPRRBHY afd HRID NG AldrRAIERAary é3Fed FABHRRL P secondary

cl one ragnment through pat

r eglpeéd aaftelfvagnientﬁ@@tvmraslte‘rall|etrmﬁahu@mragrﬂ@rtteaﬁatca‘ontam a copy
propagating the CU D value with path 14 13, the CUD

vabfuthis secprdpdgateedohedfraginentpriecsviyg eraragdtedndedates could be in
fragnent 1407 t o secondary cloned index fragnment 1409

t hm@ﬁrwtsﬁamgr gwemcguidebq@ﬂ shroleRetipshestatmpl BraspesceEQ0 typically

P76 OISRy 1 de 4 9B nadeEF  Riar ey Metiabes 539%%‘%?&? pgrt of this
al !:Io&lg‘??]?d% XIfo%LCfESP a(iilegt g {Ja?\g tdsdag‘:a '38 Bgsagﬁsvgll aals all cloned

cl oned 1md nent
r epakd frad b '
SR BB S GOy
beidentifidte Th&eS closdt Shghents Hoae esset 1k dt Yaa0fSakdnaries, that is a
forms one step in a |larger update process, described
i nlogaiatakeestrycyure fof thehirgceds ¢ GO®NEachAlerbéradk tHi$Odt is iratially marked
secondary cl oned data fragnents, as well as all cloned
i n@%&nm%ﬁéﬁ%&tes @Bet ﬁOtpfth‘ﬂ%ﬁ’ {edntralgeprifirgyenthiyst the element in

b B el RSP B e W s HRgS e, where o
t h tetln%né'tlcgrpf‘saljna?\ﬁMeﬁEF H’fetré”sﬁll r%ffﬂrh%%g{r%?ﬁﬁg’se%ﬁggments in the

ach elenent in Is set 1s init

UnWCCB’éB@S@@bn@hhééS WoRSt, MbcecHaBoe dohﬁn@éét taterfiiofl block 1603
fragnment, just the elenent in the |ocal data

st where uhe prodes 0 tesiinat) @nd any ilargesprooesd abatscammprise® Pkocess 1600
1602, where a determination is nmade whether there

st 92 stebndien carﬁtwﬁﬁ pn 6@ Erasreaxt steprie thas largern precesst

Set O Secondarl es process 1600 continues to

t er mi nat A meq%%gnﬁ'éﬂéo% Hgt"rﬁr%é%'éée'?aé'? HiPRERCeEsed elements

a”ﬁ% i'?H?eV 0 SABfsLbifriRs, Po% b %% infdsO So?o £6980£S where an
€ nex ? ct

hen con i NUES

I aﬁﬂﬁﬁc@ﬁ&ﬁ%&?’nen%% Lma,n&j tfR)n@'%ﬁé %'ef)@e@if@&lénéﬁ% rhat element
there still remain unprocessed elenents in the set

SetepfeSesnnthar s@sndy odess TaoMestOiat dhesid Beblimtked next. That
1604, where an unprocessed el enment is obtained from

t heecgedarBetadeSdmntat icesld Hhatseedndpentlonahdasdragndritea primary
secondary cloned fragment that shoul d be updated next.
Th%l?n%ﬂeMﬁaaffaggnanbnerda ﬁﬁwﬁem clersdl tndsx Teoseebn drdecision block

cl ?5b95°,' d%Etaerr]nlrn%ggr?qu 'made ll'lermerya record exists in the secondary cloned

fragment with the same CRID as the record from primary cloned fragment, and
whose CUID matches the old CUID value of the record from primary cloned fragment.
If yes, then process 1600 continues to block 1606, where the record is updated with
new values and the new CUID. Process 1600 then continues to block 1609.
Returning to decision block 1605, if a matching record is not found, then
process 1600 continues to decision block 1607, where a determination is made

whether the secondary cloned fragment is in the InRefresh state. If not, then at



cl oned index fragnent, or a secondary cloned index
fragnment. At decision block 1605, a determnation is

wordg/oas3t her a record exists in the secondaryPpPciaseme/028346
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fragment with the same CRI®as the record fromprimry
cloned fragnent, and ose CU D nmatches the old CU D

VS e R PesoRarvrclee sy TG $1Imgmsinee 1y no longer
y . e 0 ' 0 606 er

! Rlnb R 0REBTnA B RO . Pre s P FER et ho biock
CYlglg, Process 1600 then continues to bl ock 1609.

Returni ng to decision block 1605, if a matching record

i S not Re@utAtthg tbhiaisphoseds1 a0 warkidHdasy tloMedlfadHEemNs in the
bl ock 1607, where a determ nation is nmade whet her the
sdeRnfitah ystateotieah precghent00 sontinudseto hRek r ea9, sttere the current
If not, then atblock 1608, the secondary clone

d
f relRERRIG N the Fely JESATSEFINdaHes Isshpaikedias Rrecessed Ghigedoes not change

7355 “Eeh ot frugen T Tond S en hETInag D Process
A9G081th PGB0 Beciily blaey Sg6andary cl oned T r agrrent

in resh state, then process 1600 continues

to bl 0g¥G.169%nhowsese khRprUEdERiteldRiRat1F00 tdiCingRémenting the
Set O Secondaries is marked as processed (this does not

c hrpgthet ystaaisuald mkods frr g most bagiusdnfigueatedng memputing device
the |l ocal data structure). Process 1600 then goes back

t 1608denisayringldeskatlle®? onFicentral Pre¢essing anitd%Biwpl 5 and memory
conput er device 500 for inplenenting the described

sﬁ§ﬂ ms and nethods. In its nost basic configuration,

' | [,cal Ly ine
cont 1 a0 BRadh 4% U PR hacl e B By R 8, memory
DQ@QB%JWb%OOIE@@ EXRCs B hehhBlatisB8Had XBR, Absh memory, etc.)

conputi ng device, nmenory 15 10 may be volatile (such
asor BAME: ,corditavioh af ith eetw(os UelitamaROb mibLieiBd dBBEDT 300 may also have

etc.) or sone conbination of the two. Additionally,

c cuigditonalgfedevest Bunt50Mlimay Farl eemipéy @oaddiing dadte 1500 may include

features/functionality. For exanple, conputing device

1500tiplgyCRhe| ude denctibed eetimgdssmayrhe @1es'éer ie e potes by any

may be executed in any nmann by_ an rpcessing .unjt

| PregHOe Al B Come g GBI E00s skl B S Pk grocess may

PrRCSaS TR Yy RS g%qn gl tiple CPU s in parallel.

Cbnﬁ%tlng géviceﬁgg% na?xglso i ncl ude additiona

st or agecdritimgaBbBce 1500 may also include additional storage (removable
and/or non-removable) including, but not limited to, magnetic or optical disks or
tape. Such additional storage is illustrated in Fig. 15 by storage 1515. Computer
storage media includes volatile and nonvolatile, removable and non-removable
media implemented in any method or technology for storage of information such as
computer readable instructions, data structures, program modules or other data.
Memory 1510 and storage 1515 are all examples of computer storage media.
Computer storage media includes, but is not limited to, RAM, ROM, EEPROM, flash
memory or other memory technology, CD-ROM, digital versatile disks (DVD) or other

optical storage, magnetic cassettes, magnetic tape, magnetic disk storage or other

magnetic storage devices, or any other medium which can be used to store the



and/ or non-renovabl e) including, but not limted to,
magneti c or optical disks or tape. Such additional

wete7age7ss illustrated in Fig. 15 by storage BETAISHN06/028346
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Conmput er storage nedia i nclddes vol atile and

OB F TR, SO AU R e 1300, iy s
| Rb AP IR b@Pa el Bdid tndy/WERH€6F doRUaRY Gelibst sat i ons,

data structures, program nodul es or other data. Menory

15 10 @machpsiting adp@ick 51500 arag Add cenaimpé@smahicadputi@lice(s) 1540
storage nedi a. Conputer storage nedia includes, but is
ndbatlallawithel deice RAMMMIROVcatERPRONN T fevites niipmpurgeations device(s)
ot her nmenory technol ogy, CD-ROM (ﬁi gital versatile .
di'SRE is DVDEX@PPISt Ak copstynication iedie, CRRGIEGaEDN media typically
cassettes, magnetic pe, netic disk staorage or

o CHEPS ginmtnoereanE BaviREdS. sfegrfuapied Hlaflymodules or
WD &RD P8 m%aggt@yasearﬁgm%q@é'ag ?&fjcérpifeSBJWE 'PMotlransport

whi ch can accesse conmput 1 ng device 15 Any suc

C GRRNBREMSInQAriRg8ddegHyanfoRyiatiéh Baiveryhedi@NTHE itéigh ORYd&ed data
1500. Computing device 1500 may al so contain

c aignatii reednis @ng g ake rhatel{ss ) onkSetOmoreadf iwl ¢havadrdristidevetca ¢hanged in
o0 communi cate with other devices. Conmuni cations

devrle 8(eInnesaD e snepsledripppridonin HeHANI- cBY Mo ofngyirgple, and not
Og,m’run_i cation nedia Eygl cal Iﬁ enpodi es, conputer . d K

r SHHEHPR FHEMPHICRTPhETedaingludes (e, Meslia pYdigisapwired network or
”%‘#é'a%ir%& C ﬁ&%{ioﬂa&n‘% Jviﬁel@ssrmgdﬂ\ %&dasdfctoﬁsﬁd,gi@ainf%%hand other
as a carri er wave 'of ot her ‘transport nmechani'sm an

| RGHIAE SmadlY, ITHOf PRt doPib G FedBiD e TRGHiR or HRGicE-BE&Rable media as
"nodul ated data signal™ nmeans a signal that has one or

maysed Gkreirt Mckidas dothecdmputesstbige Giedid amd)edminungiatibn aedia. The
manner as t o encode information in the signal. By way
ofdegsriregd| reethadsl meytbd emdodad iimany comnuter-caadable mediaain any form,

i ncludes wired nmedia such as a wired netwrk or
distEl BS (AP B HNEEX S WIRPIGRE Wi tioas ¥ thedKS such as

acoustic, RE,_infrar d oth i rel '
Corm comiarer BaUBh B g5 bbecutE o JRleDy L, such =
gﬁ<§V§&qd,Wﬁ5§§en PR G HAER pROL i L OTRYE %puﬁto‘%(/iﬁg,getﬁp@u?%ut device(s)

communi cat i on nmedi a. The descri bed net hods may be

engBdesch Nasal Wisap Wpehkdrgagiatbe di@dinay ialsoaby ihdudad. All these
such as data, conputer-executable instructions, and

t hievickkere abimotinrig titeart eed h&@Dnatdye ddcaiesddzateeriatiput
devi ce(s) 1535 such as keyboard, nouse, pen, voice
i nput  déwse skilledushthenptitvidiaoalize, that etorgin gayices utilized to store

CeRosats nstagass ciche duTbaR) iesSBoRbR. rF ehfbre, o remote

etRIOITRHY INSIUEls FaRcPadEyioy Rés g net Pe,
computer may store an example of the process described as software. A local or
terminal computer may access the remote computer and download a part or all of
the software to run the program. Alternatively, the local computer may download
pieces of the software as needed, or execute some software instructions at the local
terminal and some at the remote computer (or computer network). Those skilled in
the art will also realize that by utilizing conventional techniques known to those
skilled in the art that all, or a portion of the software instructions may be carried out

by a dedicated circuit, such as a DSP, programmable logic array, or the like.



devices are well known in the art and need not be
di scussed at |length. Those skilled in the art w ||

woeal7iize76 hat st orage devices utilized t o0 St OPET/US2006/028346
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program i nstructions can be3di stributed across a
networ k. For exanple, a renpte conputer may store an
exanpl e of the process descrf'H¥ as software. A | ocal
or term nal conputer may access the renote conputer

and dovynl Oa%n@ o‘?%&re (aEvi@é—lrea%];blte eaﬁé)\tv&%'é\%cé—egiefdwbl{e he
Yy corrput er may

program Al ternatively, the Toca

deyilueashsHoR sESordiing bRpS edhpadifg:as needed, or execute
sone software instructions at the |ocal termnal and

sone aftiddnkiéyimeantimanodpuddeiragnoant assvolat el witke b Wetalbpse object, the
Those skilled in the art will also realize that by

utrrimapy elgnesbfisementdisti setesindi fquedatakaseapetasionhassociated with the
sgiﬁlled in the art that all, or a portion of the
sOrRaTeChIESt ruct i ons may be carried out by a

55 e B S Iy e

array, '

d%@ﬁﬁh{, %ﬁ@g&*ggﬁv@ioge&#@amgﬁvw@g EXRGULAN & the primary cloned

instruction perform ng steps conpri sing:

| deghichyiang a primary cloned fragment associated with
a dat abase object, the primary cloned fragnent being
sel ect eefrdshingdat atrdesecopdaratiooed fragwert witledataiin thet grémary
dat abase object; identifying a secondary cl oned

f clegae aaesnt RspIFRIMIRG 1 defabiie qperatieny cl oned

eSO SRS Rk gL R R e R B S . wherei
.  with

LB Pk R AL DA AR e ncuce

dahahas 6r ARPAMIrsARat ikcrerhBRtaM Refkh BRY SadQutdiRaFeasl e
nedia as recited in claim, wherein the database

opegatenan for refreshing the stale secondary cl oned
fragment includes batches of operations that = _
i ncr ensnt al ITheoot pegtere Heviessadakie soatimasyregiteshigcrlaim 2, wherein
fragnent. 3. The one or re devi ce-readabl e n&? a as

r 86§ patghespf apsrations faprelreshing e skt 247R8I%Y coped ApprRat are

for refreshing the s e secondary cl oned fragnent are
stSErHEttuﬁerdg e&b%‘(‘?”?%n%@%?g°é’%(?’%’6ﬂ§{ oper ati ons.

4, The one or more device-readable media as recited in claim 1, further
comprising in response to an update performed on the primary cloned fragment,
updating the stale secondary cloned fragment while the stale secondary cloned
fragment is being refreshed.

5. The one or more device-readable media as recited in claim 4, wherein
the updating step further comprising updating up-to-date rows of the stale
secondary cloned fragment, but not updating any non-up-to-date rows of the stale
secondary cloned fragment.

6. The one or more device-readable media as recited in claim 1, wherein
the refreshing step further cdmprising:

identifying a first update identifier associated with a first record included in

the primary cloned fragment;



4. The one or nore device-readable nedia as recited in
claim, further conprising in response to an update

woeod7onsed on the primary cloned fragnent, updacTmng200be28346
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stal e secondary cl oned fragnent while the stale
one. or THREVIB e TRIAIR Lo A-S06 HENEoA SPFoNEaTaH i the
4,533@@9&%9&% RIRI A 86 PRODIIG B oG Je8bid0ang

ate’rows o e secondary cl oned
fr agm%terpﬁﬁln&%eﬂﬁﬂﬁ{e‘ 18t RBAFdNAA-sEBsridOrelVdBitHOMEN®fal cloned
the stal e secondary cloned fragnent. 6. The one or
noeeord eddntifiersead abh sstomdiageda ot feasti in@ert, 6n edbrabanidg the first update
wherein the refreshing step further conprising:
i ddentifiey hmgthe Seicort upgrdaidentiftRent i fi er associ at ed with
a first_record included in the primary clone
f ragment ;i dere qrwqwn%regéw%aea?ﬁa'étr@eqv %jéhchftF%r” claim 6, wherein
oci.at secon stale seco
crBh e Fing et " BuEf ESRRIIRES e % hiFth B P QEGTE Aetermines
a g whether the first record and second
rgggggﬁﬁfgia%gentlcal cloned record identifiers are
consi stefibsHias 8, sedbnd @asd vith a4 in thefirs@Padi gl t he
first update i1dentifier and the second update
i dent i faiseugnm@ a velhes afitke 6irst opdae ddantiier tocthd abtamdmpdiate identifier.
as recited in claim6, wherein the refreshing step
further8. coinhesQﬂﬁ!gﬂlmorleW@V'W'rf%qdabhd“%‘@@éﬁdecﬂéémd%‘”&? efurther
determined to be inconsistent, re reshlﬁ% t he seco

r SOBIIS S RErPSIDG tHe Rk g, TefErshing, 2ng S'ggg‘ggmnégoaeach of
Valagc%r T&eﬁ:lt%d]grll lEhe segglgc%hy?clbﬂeeﬁiérheer{t to the second

e devi ce-readabl e

”Ed' aapfr eCTﬁeet%e'd? rhor@idVide-rEddabRahe SRAPFd KA claim 1, wherein
perform ng the determning, refreshing and assigning

stiap seffdhingastép AfrtHee conpissindalnutec pie-tdiiesisiag@pdatipn on the
cloned fragnent. 9. The one or nore device-readabl e
metcendasy clecéd Eagmentdh aireadiconphistedimodehe ref r eshi ng

step further_conprising running a pre-refresh

oper atidh onTPteh‘é“es‘éfd’@?f&é’le\j'c%‘lr%adjéa'ef'f‘%@ﬁéﬁfeqtﬁdéf‘ Flaigy9. wherein

tgmgreaggffeggmgecaoerﬁlo& lgiﬂfﬂnlg p%&{lgf e\r”sgc%naa%?/dc?oneg fragments

corresponding to the primary cloned fragment.

11. The one or more device-readable media as recited in claim 1, further
comprising:

in response to the stale secondary cloned fragment being offline during an
update, preserving an update in the primary cloned fragment; and

refreshing the stale secondary cloned fragment with the preserved update
when the stale secondary cloned fragment returns online.

12. The one or more device-readable media as recited in claim 1, wherein
the database operation for refreshing the secondary cloned fragment includes Data
Manipulator Language (DML) operations of inserting, deleting and updating records

in the secondary clone.



the pre-refreshing operation is run in parallel on
ot her secondary cloned fragnments corresponding to the

wonrberary7el oned fragnment. 11. The one or nore PCT/US2006/028346
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devi ce- readable media as redited in claiml1, further

conpri sjng n response o t he econdary cl oned
fragment bei M SR mae V'fﬁge%ff#%dasfaasmtgeen AR &riwherein

Upl‘gl@tp?giapy LiBBePF L £|¥t |§£\plg§§ ohb %Qg‘éfb‘neg ﬁgghf?ag:{) &: 1k @%&ed

e seconda y cl one reserv
upidaéefridpentthe stal e secondary cl oned fragnent
returns online. 12. The one or nore device-readabl e
medi a aBt.r eciThedné or mlogd device-iaasee meteasdatieddbialaim 1,
operation for refreshing the secondary cloned fragnent
| n‘(éh%@l‘ééhﬁ{ﬁﬁ& seEendauy epoed fragrgerigea cONeY Ir@berfa!lgmn!sam wherein

ertin | eti ng and updating records in
se 85t ?ﬁcev g clpged *r'ﬁ@méﬁ‘els6?fr9r$6?%bﬂé\5’|"€é“tf/é>éé||@b?%data

ety B Bore gAMb PRI bl o cond

or cl oned i ndex fragnents. 14. The one or
nnre devi ce-readable nedia as recited in claim1,

wher ei n3.he GiadrembRCVRALMaddbIREdiR MG ENicel-Sxe@utable
cl oned index fragnment and wherein the stal e secondary

cliosteettibnatpremtfoimsingetepsshesrisinga plurality of cl oned

data fragnents, each associated with at | east one

entry Nﬁmﬂﬁﬂngﬁéﬁéngﬁé@ﬁ@di@béﬁdﬁwﬁt( fragnent. 15.
nor e device-re

One
devi co-SRERUME AP ESHeOR PO TUAS eBI P Bt HsnuFihagment

conpri i se
Coibet Wistbutiftfte e Bnlch AT 066 o cABbAM Govices: and
the i denpbighh@y i 12IRAL of tHeSddeBYtd gﬂ{énEshfs &IDIQIQIQR/ cloned
fragments to a group of conputing devices;

desigyeat codigited @asd usedgoodpdrittons lagstrthtéd \’ngTEIﬁlé 8atabas@ object.
primary cloned fragnment configured to be used for

oper at ilfns ddsemiear gepraideyice-meaddhleabedizaniycied in d&m 15, further
The one, or nore device-readable nedia as recited in

cl QIMAEBI: £ ur t her

determining an update to the identified fragment of the database object;

performing the update for the primary cloned fragment; and

propagating and applying the update to other corresponding secondary
cloned fragments.

17. The one or more device-readable media as recited in claim 16, further
comprising:

identifying one of the secondary cloned fragments as a stale secondary
cloned fragment that does not include the update; and

refreshing the identified, stale secondary cloned fragment with data in the
primary cloned fragment.

18. The one or more device-readable media as recited in claim 17,

wherein the refreshing step is performed using standard SQL database operations.



conprising: determning an update t o the identified
fragment of the database object; perform ng the update

woanotoke7pri mary cl oned fragnent; and propagat POG/US2@®6/028346
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appl yi ng the update to ot hed correspondi ng secondary

cl oned fragnents . _The one or, nore. device-readabl e
media d$-r ecﬂfpﬁf—@ae ioﬁ”E’Irea £ readaple mediadsFited iRgaim 17, further
QSF%FQM ng one of the secondary cloned fragnents as a

sta ondary cl oned fragnment that does not include

the updi®mifhglafdih&@tattolthe idedBRéd frag@flentst al €

secondary cloned fragment with data in the primry

cl oned perfaghmptthe dfher UhdatO e LIy prifasag ctient Cagreadalnde

nmedia as recited in claim17, wherein the refreshing

step i selpetri\feb,fmwrmmmegtmwad@tesmhdataiﬂod@,@d fragment only if
operatlons 19. The on nor e devi ce-readabl e nedi a

adhg ecprdsdn the %P'ﬁij ﬁFCPFdaWLﬁ'Q'}‘?é fragp1ept Y"éren‘tP‘to date with the

i L i

fr agnenjy,andeSek o Hiokeh ALTLR8 Ak Hkd Mt.fe@ormwmt@
arde e

on the stal e cloned tragnent records 1 n

t %eﬁlﬁklﬁdsefﬁ&ﬁﬁémQéﬂor‘ﬁhﬁ’@%pfﬁ@@@%rﬁbﬁﬁﬁglﬂ.ﬁ’e b@redlap@ate on a
with the corresponding records in the primary cl oned

f agiendf the sate ¢dlonddfeagmbdrethaipeddtbeen &resAdrte one or

nore devi ce-readable nedia as recited in claim 19,

wher ei R1t he Theloge OF Weiry dpdee-eragiblg negdishas ieeitedimsclaim 20, further
perform ng the other update on a portion of the stale
cl8fed*f'Pagnent that had been refreshed. 2 1 . The one

or mor qn ges Rsee t.roeq%geqm nqngﬁgat%he ec?gteﬁqra,gﬂleﬂ ﬂ%{ﬂ)«tze%

further co onse erntnin

t herradnal e‘n‘rﬁh&f‘zﬁglyfd%ﬁgﬁﬁm @$efp<%ﬁ@d E%ﬁE@ﬁH%ent as bemg eligible
i medi ately designating f%e refreshed cl oned fragnent

aso beiangirglry giohk& fragmbex. a primary cloned fragnment. 22.

The one or nore device-readable nedia as recited in

cl ai m 22, The one or more device-readable media as recited in claim 17,
wherein the refreshing step is implemented as a workload that locks a small number
of records for a short interval of time and that runs concurrently with other user
workloads.

23. The one or more device-readable media as recited in claim 17,
wherein the refreshing step is performed in parallel on a plurality of stale, secondary
cloned fragments.

24. The one or more device-readable media as recited in claim 17,
wherein the plurality of stale, secondary cloned fragments are corresponding to at
least one of a common primary cloned fragment, different primary cloned fragment,
or different database objects.

25. Theoneor moreA device-readable media as recited in claim 15,

wherein the cloned fragments are generated as substantially identical for database

operations.



wherein the refreshing step is inplenented as a
wor kl oad that | ocks a snmall nunber of records for a

wehwo243t6erval of time and that runs concurr eRCITUSM06/028346
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ot her user wor Kkl oads 23. Ths: one or m)re

devi ce- ead le nedia, as re Yfzdiﬁ, aim17, An_
the reffPeshi QO@P%WQ%EVEEP?BP qmi9 rﬁgrlagqm%porgp]utglg evices, the

plédﬁ‘%'uhh% dQVIce:' ey %lingst?a&?gﬂg& Eeﬁlvﬂ{h dﬁd&é@%&% e%ct aﬂ?ie computing

evice-rea la asS rec

clivide béingWaRfighirad khBebi abbd Yorbristiql €, secondary
cl oned fragnents are corresponding to at | east one of

a conmmuderpifyirgaypoeli@nefitht daighesetgbjett férarmatingr i mary
cloned fragnent, or different database objects. 25.
The oneingating p @ridevy denedtatiins asstiatechwith g idettifiadl portion of

ﬁ H1 ?’ wherein the cl(gqned fra%_ nments are generated

a§ & ABEPasftqRieqt ysingenfirsicataase oRgPtBAse operati ons. 26.

A conpy evi m _of i ntera

comput 1 4y 08 & Eondte I TR raethoCle i ey ey glones
aspRfmiddtefha th a database object, the conputing

device being configured to perform st eps conpri sing:

I dent i fupdagngtHeosebfdurptiohdiefrgiphahaaced R RGEt ihPart, on the data
updating; updating a primary cloned fragnent

agsdedet iethevptimatihdonaiiitgnidne dsipgatseosndodataliese dptabias e

obj ect using a first database operation; identifying a
s@émvzq/watﬁéh%arsmé@hmopag%@e» ated with the pri nary

cl oned and updating the se nd .
Fr agneri?- basit ConpU BREEAP A aFEed B el snars T Gle aatputing

| el RE IR YorReRRaA PRI eptobR@pgecond database

eration aSSOCI base

oper at ifafermirfing Tﬂnﬁ tﬁ@gﬂwhaa}gc@ﬁw ﬁﬁgﬁ\éntﬂ@@taﬁ@ﬁ&mwe the primary
claim 26, wherein the conputing device is further

c adried dragehehg perform st eps conpri sing: determ ning
that the secondary cloned fragnent is stale relative
the prirefieshind tesgcendagneened frasimens ising dekreingbe oritarycloned

cloned fragnent using data in the primary cl oned
fragment; a% g P y

selectively updating the secondary cloned fragment as the secondary cloned
fragment is being refreshed.

28. A device-executable method comprising:

monitoring cloned fragments associated with a database object, the cloned
fragment including primary and secondary cloned fragments;

determining that at least one of the cloned fragments has become
unavailable;

incrementing an update identifier associated with the database object;

transactionally persisting the update identifier;

identifying a DML statement associated with the database object, the DML
statement including an update to the database object;

associating the persisted update identifier with the DML statement;



fragnent; and selectively updating the secondary
cl oned fragnent as the secondary cloned fragnent is

woeinmy2436r eshed. 28. A devi ce-execut abl e nmet hedT/US2006/028346
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conprising: nonitoring clorséd fragnents associ at ed
w th a database opject, the cloned fra nt including
pri mary' ed“%@@ﬁgléf‘?é%f’- GAdke PW"Q@WBCIHQ@,%@EF@E@“H Highgre affected
th ﬂ%&mhﬁﬁ%EWQHE of the cloned fragnents has becomne
unavailabl'e; “incrementing an update identifier
associ af&ihyuHeNiddBk idetdRA 88 RREROLith tHeaNFRSlatdt litY each row
persisting the update identifier; identifying a DML
st iatthephimaBsSOdat&inattd that heaffdatedlbgske apfisret , t he DML
statenment including an update to the database object;
associ apriopggating thengdat edd thrderdatd identifief ite theechndang cloned
DMVML statenent;inplenmenting the update on the prinmary

C

cl Grenets agreRtes’ wiHntheafeCiermeisasacipged Haompats:
R b

cloned fragnents that is affected by the update;
propagati ng the update and the update identifier to
the secondary cloned fragnments associated with the
affected primary cloned fragnments; storing the update
identifier on the secondary cl oned fragnents.



