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1 5 DATABASE FRAGMENT CLONING AND MANAGEMENT
BACKGROUND Database systems are typically used to effectively
manage information that is organized fot accessibility. To ensure
availability, a system may include backup copies of the database in case
the primary copy i dagaged RNRNT CIBGRERAR HAGEOENG or
database backup Is to periodically copy an entire database onto
computer-readable media. For exaBAQKGROUNDrmation system
administrator may copy the database onto disks or tapes at the end of

each weBRIBRRADAVHACAHY bttt uLesHd0cHaAt e hraaRrgad P EAIation that is

MR, SPRYING IS RIS dalgRase s Q%ﬂa&ﬂﬂﬁ“:ﬁ“@é}gt%d Hi§ FHVEEDackup

between the backup intervals are lost if not tracked 15 through other
memss Ahdtbetatabhsiguecafddiahasedsacopy invtives edasntainingOne common
copies of the same database on different computing machines. In the

eVRAIMI4E OF SHAIREAERUABLLEY BelanRErifflicdMe UNofercblsy GetABase onto
dRLARASER N EDRIRE" FRMRUTLY JpARBIRS AT RIKARACCESRAH L hih YRStor may

of failover backup can ensure database 20 availability. However,
syopkroriziag basktipheccdpies oftipe eatite datadbaiseath didtdrend thhagitinesopy of
in real-time is a complex and costly process. An effective way to ensure

thE QAR B LERLSEEE With Bt (PRI coRMYIBRiK B THetaehasy s time-
l055,Qfi Mg SARUKESAR RIECS RpSEStHled IO AL 2V MMARY it dN G acked

following presents a simplified summary of the disclosure in order to
provecke fa dyasroneaerstanding to the reader. This summary is not an
extensive overview of the disclosure and it does not identify key/critical

element§ OPHY RGRMAYA 6F SEATARINE RSty HRvBMite PRIBRHIBINSIOSHE of the
PULPASE 130 PLCSA N FONIR CUNGERER GliscleRrR Dergingn. asimPlifige BHMor the

as a prelude to the more 30 detailed description that is presented later.
THetphesenbexamplenpsabide s meuranen o andetehahgse Sraradatabasenputing
fragment cloning and management. A database object, such as a table, a

(MRS Elk SBY PRATHRTCH o 1SR VAN RASH L6 aGfiriiflarabase
NQJ&i Mkﬁﬁg. royyS&kIR CORMARIER IMEe ARG IR EBpRdNG takle QSR Bhse in
an index. The terms
different machines in real-time is a complex and costly process.
An effective way to ensure the availability of a database without undue
complexity or unnecessary 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
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2 5 row and record are considered substantially identical. Thus, a rowset
is also equivalent to a recordset. Each fragment is cloned to create cloned
fragments, which operationally are substantially identical to one another.

One of the cloned fragments may be designated as a primary cloned

fraginentigepsdoImInG Aalahage QBSOS Muharg oF MRE dongtler is also

fragments may be designated as secondary cloned 10 fragments for
peposesnoftsarvéagrasebackulp fiadhe primaiyntrdgimenitel ale dfpaadests, which
each fragment are implemented on the primary cloned fragment and are

tHRRE RN REE BRI BAR) BhieRagRRIARTo Bie iR plonarhfagments
SHEA08 Dl SRR HRATPARA L RINE G AAENE L LB B0 DY §as 650 Rrations

unavailable to updates. Such an 15 offline, unavailable cloned fragment is
defidedrie he anstade dloned fragment, asdhebeadasiigrsated aaclaredndary cloned
fragment may no longer be transactionally up-to-date with the

cSEEpBHRiNG PAHBR CoRE P fratihett. PREIPHE sthfe RIGRRY Hisggmas clone.
QPR MG AR GRRAE ragmaekisfRl N act Wit dAfR NI dRCand are

primary cloned fragment. While being refreshed, the cloned fragment may
cohéinpeolaa bet enb datedth20p fiheolahadk i dgraeieh b ec oheeso imespediditedysecondary
eligible as a candidate to be designated as the primary cloned fragment

B8R Er28MESKing process has been completed. Many of the attendant

feat“resﬁ("@l‘o*ﬂ%m&ﬁ%ﬁf’ﬂXr@BQr&?fﬁmtédo@éomﬁ]gacmﬁ/ﬁ’%@%slﬁt%‘&%s. Such an

understood by reference to the following detailed description considered
ino¢Bimee ahavailatiidliacddrpareying dedivergs B DESERIGHEIOMhPRent, as the
THE DRAWINGS The present description will be better understood from
tHEARBIBWHIG A&tansd THRABARBRELd RTINS ALIOSR YarR /iy date with the

AN PRI - JoRBAWR SR EXRMRIR FlORING datei SHUFHEG AEA: returns

database object managed by a database system. 30 FIG. 2 shows
exaple lorenhédhdmentnofia dhtediese vabjedtt & iGc| Bdsldoimstexamiplery cloned
operations for updating cloned fragments of a database object. FIG. 4

SHARR EXambid o PelaticH eI B8R & STAUMEBhET Y SERHENHE to be updated.
amcé‘?&ﬁgd\%ﬁﬂgﬁtt%ggéﬁmgpi%ediately eligible as a candidate to be designated

as the primary cloned fragment when the refreshing process has been completed.

Many of the attendant features will be more readily appreciated as the same
becomes better understood by reference to the following detailed description
considered in connection with the accompanying drawings.

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.
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3 5 FIG. 5 shows an example data structures for identifying a cloned
fragment. FIG. 6 shows an example data structures for identifying a record

in a cloned fragment of a database objegt. FIG. 7 shows example

processes for updating secondary cloned index fragments and secondary
cloned daga aggEnts, dAFiRe 820 ouarPRATASRIAN AL SIBISRH ABmen:.
refreshing a stale cloned fragment. FIG. 9 is an example database

system with 6lehedsdatalase kkatinentactilés. fbo idhougiag £xedvlen a cloned
process for updating a database object. FIG. 11 shows an example
réfRERSH It daRRRsARIAES a stale cloned 15 fragment of a database
object. Fig. $2hus. 3 EXAMBle RL0GESS Bk MACAUNRGIONFoHRH e x
identifiers (CUIDs). FIG. 13 shows an example process for assigning a
Clodbnvalueaaliocaiediry atnord aacefraidgimtresprocess shown in FIG. 12.

20 FIG. 14 shows example propagation paths for CUID values. FIG. 15
shows ahl@x& Y CHIR RIRSr thelRBL i AP VRN TRTE T B dstilsedioned
sygsmgn@_nd methods. Figure 16 shows an example process for

propagating and applying updates to a record and propagating an old

CUID valie Bosrea pximarly dioabak & agireniitohad oAbdséaabdseyfralgmentts.
data fragments, as well as to all cloned index fragments that contain a

copy of tHE rLRSRPEREN rRaMIG B RRcER SRR3R JR BRI S stale
clone cugfent a3 Rk ok %ﬁf@?&r@@‘ﬂcﬁ%éﬂq\ﬁ& RFLGhel L sHiecloned

reference numerals are used to designate like parts in the accompanying
Strayawnmgs. DiaTabdse DHESCRIPTION The detailed description
provided below in connection with the appended drawings is intended as

a descriftfon' 6rHRSrRENRBRANPR ST % MAGHYIHESS URSEEdERP ™

ordy,feens in which the present example may be constructed or

FIG. 13 shows an example process for assigning a CUID value allocated in
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
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4 5 utilized. The description sets forth the functions of the example and

the sequence of steps for constructing and operating the example.

However, the same or equivalent functians and sequences may be
accomplished by different examples. Although the present examples are
dessibgd and dlisatesh NEreiRAR BRINGIMIRIRNSAIRY I A AARBAPShe sequence
fragment cloning and management system, the system 10 described is
pidfviskedsas@an exampteiandandt agemitatprthAsdkasaelskilleovievéhe dré \saline or
appreciate, the present examples are suitable for application in a variety

o Hfrate fypeions AathiRAuerss MaNtRa SRR RHNRTaRL Rt examples.
SyStemsAﬁh%uahS&%Vﬁé%@ rﬁ’@@ﬂ'&@%H‘QeQ@FPbéérHRHJfﬁu}tPaQe%f Re rein as being

database objeCt 1 05 managed by a database system. A database is a
codgpdtian raé dhformtiaib oig aniged n i 5lom & gnamh enthadenaltlag desiyebe system
pieces of data in the database to be quickly selected and/or updated. A

d8fR5HBE DS BEP Y 5 AfetXATRIDR Y PotlBR G Aadpssekpse in the art
CXAN Bl HBIRDAMROPIECL HORAIRYIBE AR NS IRNG, ARINERYR 84 Qhriety of

rows (e.g. rowset), or the like. Database object 105 may be divided into
pdiffiens iyiiksl dB8dFypicallyagdedatiddse abjecthhddeisgartitinaed. for
convenience or performance reasons. For example, database object 105

may inclie HaEPYUS SScFARBRIH AN R S HC  aifheb pifkwe e epiect 105
”ﬁ)ﬁrﬁ%éjd%%dcig@oa?é@{&&%%1&d:]1]at?ﬁ¥\é*\‘§f§ (%@Qtﬂﬁ{%qqnf§mation_ organized

associated with a particular year. Partitioning of database object 1 05 is an
opticnahastey that neayhodemdasined hddnepl@meatedim e attuwdkse to be quickly
implementation. 25 Each partition 1 11 -1 13 of database object 105 (or

this SRS 20APAIRGAEY ofjERT2RISS PO E2AK VIR ATHEE fragiidifteion of the
such.BgHagmetiShdd, dhhade B8IGN 5L Ady B4 RGP IMIE Un index, a set

database object 105 divided by the database system on an operational
basimvicoleaxanvples) fraguimeike.121-124 may be assigned to different
computing devices so that a query associated with database object 1

05
30 may DeBEAMSBE Fithragiwe s £7¥ed Ha Pt pUting bdvickyically,
WaskiBgsh Jpakellalo FTRIFISINR e datbass, ahisre10P AR IHRRCIRAEshs.  For

to create cloned fragments. As shown in FIG. 1, each of logically divided
fraganeries H21ai&4 avbjecton€d topyrodabel exdatplas stoimediragimentdtidd , years.
14D(z)1-t%ggs'e-rgt%iggllYOEr?ngaTebgtgieifded into partitions 111-113 where each partition is
associated with a particular year. Partitioning of database object 105 is an optional
step that may or may not be implemented in an actual implementation.
Each partition 111-113 of database object 105 (or the entire, unpartitioned
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
parallel.
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
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5 5 a database object (or of a partition of a database object) are created

by splitting such an object into discrete sets of rows (for tables) or index

entries (for indices). Hashing on a key of a table or index is one basis for
accomplishing such splitting. Sets of rows are sometimes referred to as
ERIBOLASSEL BF RORIGIRPd JiRammEns I DR CISCUSRES) MBI such
detail in conjunction with FIG. 2. Briefly stated, 10 when properly updated,
thenclal)ect fragmeintseaassoaiated vails a(foartisbiles) fragmenk ehdaiab@se indices).
ogect 1 05 are operationally identical so that the cloned fragments may

b

Telamy AsBdBY thé daRHbASE SR TBASBY ASREPTiYdertSh splitting.
eRANIGIYBN MOLS RERifisCldPRIIGY AL fagment o ﬂes%@'@%c_%&sgcloned

such as to maintain a high level of data availability, speed up queries an
ofineyrdetabasié leperaticrsd 1% perfoderddad-balameinoy antihEltike. FRrefly stated,
example, to maintain a hi%%level of data availability, at least one cloned

rGHERIIRESPSEAIB Y & Maclans b RABtRRIS ISR A gHHart ARt RsdEpoment
I rRlaRAsE ORSERSa EGBRRRIARIPSALHNES SRS ORRIAIO R ents may

identical cloned fragments may be used concurrently for database
gberresdifoyseddyrtHeatitabbancinge diffarent) feudfopenatifnaliy edenticable two or
copies of 20 cloned fragments may be activated based on workload

cOItiGRBIeIE 2 BASIA kRGNS MdRRerAgRbiRdar34se a8k 45 to maintain a
d"ﬂﬁapal%geq) b&?ccﬁatoés a§5‘i%ﬂiw, t@fefégu [ﬁﬁ tl!]\‘r:e ﬁ@nﬁqcf r%%@?*&%&ﬁ&sé 1§|9e rations,

can be viewed as three groups 1 51 -1 53. Each group of cloned
fragrfenidoadetaieddoq partieuldefragmerimbée, datalzsaiolyelaig il kel of data
cloned fragments within each&roup are created as 25 O£erationally

iRAIRRIMY edtf dthanerHare A PFOPETRY LAttt RTINS 2IBHE cloned
ffﬁ%}ﬁ@ﬁ% %ﬁﬁt’@%?@dﬁ h)‘? QI%?QDSQEd@ﬁ@pﬁ%gpef@ti%W%tpa@arches, multiple

applicable to the corresponding fragments 151-153. In one embodiment,
clopedtiragiheidsriiBal- LR edajripreconsigueyd e pised deoradnigintiyvédofdatabase
data availability. In this embodiment, a cloned fragment from each of 30

the§Fsaps' PoAC AT A e HRRyHadH S e BHRAR SRR Syt apies of
dfahas s ARRLAIORR Qe HARED TAMAS IRISNE EBRHRIGHE, Secondary

cloned fragments that serve as readily available backups. I n FIG. 2,
cloned flagmente v 3¢xatiieandnd@IragenshtanlBas hrdry danbdse object. As
fragments while the remaining cloned fragments_ are designated as

s8 8W8&Pym8r§@d'??aé?ﬁeﬂ?§.ed fragments 131-139 can be viewed as three groups

151-153. Each group of cloned fragments is related to a particular fragment of a
database object. The cloned fragments within each group are created as
operationally identical to each other. Thus, when properly updated, each of the
cloned fragments 131-139 can be used for database operations that are applicable
to the corresponding fragments 151-153.

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
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.
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6 5 To provide a high level of data availability, each of the cloned

fragments in the group may be included in different devices so that if one

of the devices fails, a secondary cloneddragment in another device can

very quickly replace the cloned fragment in the failed device as the

primary Gioneel Romeish F0% PYPRRIE oCOBH I AARIPRISSL 33 Mafments in
each be included in separate devices so that elyher of the 10 secondary
Cloregriiag mentselids2hHldal mayitferdesidpaded as thrtrannhd dfetdedieadss fails, a
which the primary cloned fragment 131 is included fails. The database

sPERAPLATL HPAH JERAE U IR AP ARG ERKS e pXe B I CllVigigelace the cloned
OREGHORS AR DRETRAME LS 1O BREQRELAINIS G NERICaPY PEIEMME I oned

using standard database operations, such as Data Manipulation
Languages(D3L) 15 stayerneniscoinolinrdstrustpeeak € deryckansm aloe (@) of the
statements. Example operations to update and refresh cloned fragments

Wi B BRE% FARRH i #ABIE HetalP Th THAIANOfTENARIETE 23 BHRIYY H Hifedevice in

GWR'%%‘H%W%%@@%W?% MeYndNRE]aids; Creating a cloned

fragment 20 A cloned fragment can be created to be indistinguishable
from a ridrendbtabisorsastendechaowsatidpea databdse?.fel@ing amay perform
cloned fragment Clones can be deleted just like rowsets in a database. 3.

FURY IHR ARSI A eI SRdOrag AT aLta 2B ACCRIEH RAY AR e Performed
CORIL G IR 26d b TAMBEratRhLO s CANAIN Fa R WARWEREBIRLISA0AYS (DmL)

into the cloned fragment. 4. Propagating data changes to a cloned

frageerdn&hangesg ierthetprimenry ciprey flagmard a¥Qpropegeatethts. ondxample
or more secondary cloned fragments. Propagation occurs within the

SEREAE0T AR AATDARERE BLI9P04HEB M pith &y URSHETF ft 4B e, detall
5 RESGShRG A wialerrionedhiagment \When AGloNGH| AGRENashBERRns may

offline or has otherwise not received transaction propagation of updates
fromddde: primary cloned fragment, it is defined to be a stale cloned
ragment, Sl g afbned Fagment
A cloned fragment can be created to be indistinguishable from a
normal table or an index rowset in a database.
2. Deleting a cloned fragment
Clones can be deleted just like rowsets in a database.
3. Fully initializing a cloned fragment’s data
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
transactional context as updates to the primary cloned fragment.
5. Refreshing 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
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7 5 can also be described as outdated fragment clones. The process of
bringing a stale clone back to transactional consistency with a primary

fragment clone is called refresh. 6. Reading a cloned fragment A cloned
fragment can be read for purposes of data retrieval (table 10 access) or

for 'OOKU&Q%Ps%xb_%c&?&?‘?tiE&Q@k&?&’a(@&"fﬁglﬁén?rci89&%‘?51%9 SRR 208 bringing

accessed. In this implementation, user workloads only read from primary
cloned fragraentent hisdlesirictinsucnay dye arsed docypuiposesiofasinfipldyiagt clone
the mechanism for avoiding unnecessary deadlocks in the system.

Howevets Ri§sffriibn may be relaxed if deadlocks are either not a

problem or are R%gﬁN&iQ?QﬁQEOHQ&Péh?r means in a given system. 7.

Updating a cloned fragment User workloads update the primary cloned
fragment and the datebaseg systenarpilopagatesrandrappiestitase retrieval (table
changes to secondary clones corresponding to that primary fragment

within thBS&HRketr Ss'QQYR. BIBr R SRratiHt Wl KRB eI B IR Hare read
SUbStangﬂléyai&%@yg@‘.l W}'ﬁQpﬁﬁ?etm&ttﬁigrﬁ%gp%mIg%eomgtrx\ﬁlsfrom primary

applied to a primary clone. FIG. 3 shows example operations 300 for

updatingctoee drirqgements T34 reitBeiohantatdlease: df@chudaisdrasé simplifying

updates may include any type of modifications, such as adding, deletinég{
owever,

and chafifing SEEL S BHAALKS LEssERREY Hia19%S datipaye'tibie
are detefingd, fogJhagments i) s Griabare ROISR! BideRsRA LpRhiem or are

updated are identified. The primary cloned fragments corresponding to the
identifiec{radprehts wyke egbdatecassshaivenrsiaeefigure, operations

301-303 are operations to update primary cloned fragments 131, 135 and
139, respectivelPI2IRG AN ERHBE fragments 131, 135 and 139 have

been updated, U%%#\99%5&0@&EQ‘%&%R%Q?@Q&MH%@@&W%%atabase

secondary cloned fragments. In FIG. 3, operations 311-313 are
operationgsterupgatedbetsecandarypplieedtfregmehtsgesrregpordamgldoy  clones
the updated primary cloned fragments. Typically, operations 301-303 and

311-313QFEHRPISREN (Y R the RAN A GURERDa Y BPeiforré B inkapsaction.
update qﬂ?gp%'&ﬁﬁg}@éﬂﬁ?@@%@&ﬁ&%ﬁ% a substantially identical DML operation

to a secondary clone that was applied to a primary clone.

FIG. 3 shows example operations 300 for updating cloned fragments 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
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8 5 statement semantics. To achieve consistency, the operations to

update a primary cloned fragment and the operations to update the

secondary fragments corresponding to the primary cloned fragment may

be configured as an atomic set of operations. FIG. 4 shows example
operations 4R IatiEerepbing,a sals IRRSHragn et 10ch33 A3FRERIS primary
with a database object. A cloned fragment is stale If the fragment has no?
bekrmayaifedyan éotexacditethiee prapagaied updatel aperdimnseasadaigtettagments
with the database object corresponding to the stale fragment. For _
eXAFFPIRORIMBLL HRREPRNY SPRAREAFITRRbERY BR&9ANIINIEYAS AIHERYC set of
dldﬁetggo\(@(iety of reasons, such as a device failure, loss of connectivity,
system update, or the like. To be 15 useful, secondary cloned fragment

133 will RanzetteHosybrougiilbagie tativan St forate Besisisten cyale it qréch iryg ment
cloned fragment 131 throu process. When cloned fragment

h freshi
133 TS DAl U HeIEBRTE RIS abll U5 RGBT Aige ! The fragment
ORgEAlANS. SICREAIAOMENLLGR s Eeiiesasd fased 20 SadritvdedNated with

the current, primary cloned fragment that contains all current and past
upldatestabas2 0 igxam@ieespbih@ing, alonerefedsHrageration Ad3 éxample, cloned
executed to refresh cloned fragment 133 with data included in primary

cIBARA FAGMEATIEET PRYEHRS TRARIRNA IR HRGHBAS R F&fHseRf reasons,
with.Hedates LRk agqyred ubile AoRedifagmentet? @R NAvVaaite. To be

For efficiency, clone refresh operation 413 can be implemented via SQL
deket ppecatiday tahedfragensteld IDwd I SQLbenksert @ dpekatiamsnsactional
that add new rows copied from the primary. Such an implementation

eEBIELERE R ORIRG Y SERRD A B BETh AR YUY S BlasRtRSSSS:
paths tofhosedRed RYJREmal PRk SIAEBIRNCXaFWions M aiARi3Seecute

system without adding extra processes. An update operation 401 for
puptyngapedafiagsneiondd fragoers WhiRis anfrdthagdate dartiiatdatabatsl in the
object affects the portion of the ObECt corresponding to the primar

CIBHE Fralgfiety 1997 Fh & 470508 i‘héﬁ'H%%@HtéHFES@e%@éﬁxél%‘Péﬁs' For

fragmeits asspeiated WiPHMAtK JRReHiBRAMENI1 3L ARSNAWNHREN cloned
4, secondary cloned fragment 132 is updated by operation 411

a$sgrised \Wihwitinekatg ioldndeldfiagpnierr{ 3o ke regmaeta Updatdnathis manner,

cloned fragment can occur while the _
cloned fragment 133 is refreshed with updates that occurred while cloned fragment
133 was unavailable. For efficiency, clone refresh operation 413 can be
implemented via SQL delete operations that remove stale rows and SQL insert
operations that add new rows copied from the primary. Such an implementation
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
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9 5 cloned fragment is being refreshed. For example, an update for

cloned fragment 133 may occur while clone refresh operation 413 is

executing. Update operation 412 can beperformed on cloned fragment

133 while clone refresh operation 413 is executing. Typically, a user's

URARIS ORSLALION 4L7dRa higheraiionty. daiahane LPGIRLRN tADI6INe ragment
refresh operation 413. Update operation 412 and clone refresh 10

operieay Akdunashbe doplemeértdd dpaaranety f iwaye @nithdmingdetaibyeration
to each other. For example, when updatiré%is necessary, update

offérafith 20 PP ERSTEAN iR ARPEE AL BB MPRIE A BEFRLRRIARON 413 is
reéT(_%%Dtl oﬁ‘?ﬂ%mﬂﬁéa{: Hgg'esr 4| E%Iecmt?a'ﬁgﬁeﬁh]f Jrs'3 éslqgﬂgr\%joﬁ)w database

minimize e frequency and duration of any delays caused due to
locgénariagainst aloy gheére dpdsdeantperativn YddatElgpeeawdresh2lind clone refresh
accomplishes that by running as a sequence of small, transactional

baRHTBY A HAKBAAAE HBRIETBERL DAY 2hieRYAIYE HE IO BBl each
ALEHPAFGS QA INE IRLS O ERIHESIHERESSINE GIRNELHRAVHAPALK cloned

been refreshed by operation 413 or that remained unchanged in the
pfiragme mehil23tneagtake clomdevedsbefbirec|dhat ¢fre dparnatioondibdds. Furthermore,
prevented from ggdating_a row that is out-of-date in a stale clone. 20 A

PPy SEEE Updhte doeradnsi iShBY AR & 25 Ak & HRON 3Nt ASRPT anY
2 fllps CIOREPRRERS IORM YRR LG THG FESHICHOR SQUIRh Re: 1812%G8HD refresh

an implementation in which an entire row is propagated with update 412.
Hawenrgljs perfitanancemeiagonsavseyle tend e dCatrage tuc barches that take
operation 412 that propagated entire rows for all DML operations,

regst 18K 18F ShERh 8P Bniy At I8 D I RalueRttae @R be d R iehenly the
f%RRWQIHW@ m%@%%é%fmﬂﬁﬂ%%@ﬁné thiEWPQ%W‘}% operation 413

up-to-date rows into a stale clone. Operations 400 to refresh a stale
clonga fragmiseti sShavanige B G tHegmmab lryawtdealba seady stene teasedf@isiea That is,
stale cloned fragment back to transactional consistency with the

cOREEBRATG Frifars e et “RIRR haiRRAIRR] the Ynfhelatadisrtale clone.
thet30,amanyaing siRpdA databanswperationg IhkuseRiaRA a stale

database operations, such as those representing DML statements, allows
cloneaefestingtto be managddtas anreidracbutcsiamdesd & Qbestetmghtin an
load on the database system, without the need for special processes.

OPRISTBTL R AL 8 B LTEs R FefrYS iing P e B R S fignt However,
Wibeuthaviag toasxsiusiveiv lagk dheeniiedtrgipentaNdan operation 412 that

propagated entire rows for all DML operations, regardless of whether only a few
column values had changed. It is the responsibility of the clone refresh operation
413 to introduce new, up-to-date rows into a 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
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
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10 5 without having to prolong the refreshing process with the need to
catch up the updates that may have occurred during the refresh process,
since those updates continue to be appli@d while the refresh operation
413 proceeds Significantly, operations 400 further enable a stale

S%H{B%r}ﬁﬂ%e%”&%%ﬁat {Reb?eﬁ'gkqﬁ@t%rbj&qgt@\ﬁtﬁotﬁé m:gdji%(l){atch up the

become eligible to be a primary cloned fragment. 10 In one example
inipkeanantatiom ajohey cetiesirepeatation 448 mafrkidepronestiplsimmatiose updates
batches of refreshing operations. Using small batches of refreshing

ofSFARs tBvBRISPROERINY Yt Hisneafiest QesraliBibhastRsde Significantly,
PEHeARIONIMEy At G JEESRING NOSHRESS RRIHMELINGR to be efficiently

incremental fashion, allowing the process to co-exist online with user
wopkloads.ols Mudtiptelinistancesebf thie charnea pfieshyopenatidragi@shown
in Figure 4 can run concurrently against different stale cloned fragments

within thif's8Rfe BX2TRKreIRRISEIEALOBE 19 Gatibiesh oPREERIPRAfHSS includes
SUEIBIeSH APBLRUIRIS ' RdaRG RnL Of R2Ck QI FiCH R SIQYET Atreshing

example data structures 511-514 for identifying a cloned 20 fragment
500¢ Eaitan stavcids & BRI ig) use d-tmdd ertityua clenekl deagnientarge periods of time.
corresponding to a database object, In this example, the data structure

idEMtified S TRy RISRE S0 tREHRBTRA Mo s s S I alsbindred/ RiIN9 the
a dlatalass-Hse abounmiiR WG g drgptifier for cloned fragment 500

may include table identifier 511, partition identifier 512, fragment identifier
513 andMldtipledimntdiers 4. thalule kbriefesttifiep&bliodettBiebdive in Figure 4 can

database object (a table in this case) to which cloned fragment 500
cé%sﬁﬂ}?ﬂéfeﬂtl}’até%adgétoﬂjgﬁfﬁﬂhfﬁéediqmirff&%ﬁ?ﬁg%n‘g"it}'%éﬁsréﬁé“e or

datfrd RO GRIGNSEPr PG IMBNGE JeREPNSTRRTlIAN e pHiEO dgerations are

identifies the partition to which cloned fragment 500 corresponds. The
didbpsadsysigmatitabthanages the database object is configured to 30
automatically separate the database obg'lect into fragments and to clone

the fraghfents SPPAGRENETABIRIREIA S oehtiifSs the paiCRidf fraigrBdrbioned
theaglatahaseebiegda whickGlaneh Fagment PO CUERERPNES fole fragment

identifier 514 identifies cloned fragment 500 among the multiple cloned

fragmesptsdssptratedanitiasthelpecticutatliragaenplef tthe datalbsisecolpaientifies
cloned fragment 500 that corresponds to a table associated with a database. As
shown in FIG. 5, the identifier for cloned fragment 500 may include table identifier
511, partition identifier 512, fragment identifier 513 and clone identifier 514. Table
identifier 511 identifies the database object (a table in this case) to which cloned
fragment 500 corresponds. A database object may be divided into partitions to
separate data for convenience or performance reasons. Partition identifier 512
identifies the partition to which cloned fragment 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 514

identifies cloned fragment 500 among the multiple cloned fragments associated with

the particular fragment of the database object.
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11 5 FIG. 6 shows an example data structures 611-612 for identifying

record 600 in a cloned fragment of a database object. A cloned fragment

can include records (or index entries) of f database. For example, the

cloned fragment may include records embodied as rows in a portion of a

table asgqeiated Wit the datahase: Data. SIMCBIPS:93 PR ifRRg heord 600
600 enable record 600 in the cloned fragment and the 10 update status of

thie rechncktb fhegrdentibéd. dAsatacwobitE&lGAGs|oeedr - afifemayainahdtiel@ records
cloned record identifier 611 and a clone update identifier 612. Cloned

re‘B&rH‘?&énﬁ'ﬁ%ieéhPfuﬁ!éfalﬁ?al&%ntﬁférse?‘éﬁﬁ?_ﬁ’Gw_vﬁlﬂ'i_]ﬁdt-ﬁéagme”t may include
COLSTRORMBGIRA!G IR 2 GINRH CPIGHASUBES D JHEHLEER DS se. Data

are propagated with updates from the corresponding cloned data 15
fragowemtss Alusert-glefimech uhige deap lmegcbel EEdiashe cloned hegoidnt and the
identifier or a system defined unique key may be added (or augmented to

tHEPHaET Hafedf R’é?/)’egﬁ%tﬂﬁf _fFI%”éEWff)osite key is sufficiently unique to
serve as ¢paed [£GRd dJRRLIG b8 FXRTRIG & rBNENtILSRITIBE fafkr 611

be added to a key for purposes of providing additional uniqueness. A
Clamd aiptiaie iughelatiiédddefitifiés 2heipaate & gidtien ofice €@drd GOQuahytidantifies
example iangglementation, cloned record identifier 611 should be unique

IR thB Qb MHsRINFae 08 BRI It JAR e RiatRRentfePed JegRiy fetigiers in
UEHQHQ'Xé'E’@r’a@fyaﬂ%‘ep#’&ﬁifésté&a%%h%ﬁd%%?“ﬁrs%haﬁwg E%#}_% M?lcloned data

status of the other records with the same cloned record identifier 611 for a
gifregmdatab@sesebjdefiokiquetue\key timag.H25uke d e e ohtodineentdadentifier or a
database system includes primary cloned fragments and secondary

CIORER rAGHIEAS A GHE CIBRY PR RAAEMS I RESHS ' B A 'tighdgfined key)
recRid ifntfer &lRBACIRAE MPAAE dRNITGTiRde BaYeRe NEIUALASI record

columns in the rows of cloned fragments. The columns of cloned record
ideitififier6 Fbaexholpie apdgteddeitdieifieét 2amdne hddadltaeday floe purposes of
secondary cloned 30 fragments, and contain identical values as they do

d
oA IORRL P IERS i Ao Loty CIOHEEr g RALispidhe update
rapsastAnRLy AOBSIStaRt TR G ClonaemERatbIdensifier A1 ANabIRRer 611

a mapping of rows between primary and secondary cloned fragments,

antlosiohbeupuiaies idethtifieh 6 k2 rakaws thegnanification 6lavkethdat¢hideoufger 612

aroenl(ilorh]ggstc%n&niquely identify the update status of a record relative to the update
status of the other records with the same cloned record identifier 611 for a given
database object uniquely over time.

In one embodiment, a database system includes primary cloned fragments
and secondary cloned fragments and the cloned fragments include rows. Both
cloned record identifier 611 and clone 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.
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12 5 The refreshing process for a stale cloned fragment uses the cloned

record identifier (CRID) and clone update identifier (CUID) to determine
whether a particular record in the clonetbfragment should be refreshed.

For example, a record in a stale cloned fragment may include: CRID = x

and CU”Pn% Ye%%J.*ﬂr‘?gCSFS%QPsO‘FQ”hgJ&?@rgdﬂeﬁ‘% 'H‘@HV &lggetqe cloned record
fragment associated with the stale cloned fragment may include: CRID =

X idadt@ied ICRIR) Tanel redreshpuperatesiiaseSUine oRIMdeionicdentifigwwackh particular
record in the stale cloned fragment and to locate the corresponding

rd6PEd AN ReTRRSH, fEagman rehpHishbeir afreshedisformamatechiiggord in a stale
D@gﬁg&ﬁ%%ggmpgﬁ&mh such record in the stale cloned fragment

with the corresponding record in the primary cloned fragment, if it exists,
to determine wiagibet the reedrd tUibe=stale cloned fragment should be
u&dated. Fragments of a database object can be any type of fragments,
S

b6 ST ERAHAGARERT A BN MY HIORE D BERRE 2ERACKIeR guth the stale
fr%wgr%%qgngamﬁau 48 index specifies where the row came from by
its dat

storing its data fragment identifier as part of the index key. The index
itself does not r&Red tosknownwhictiutd the clones of a base table fragment
is_currently the primary. As there is one primary cloned fragment for a

gV EGHREE PARCTRGEHS Fa dBRI-EHA 0 hallyekRt8 Espetifidhfrabseriensr
A IIRPESIGL A O UGB THY e dIREX, HIROBRGRIS BN A nent, if it

25 a co-existing collection of disjoint secondary rowsets (or index entries)
thatisefelTte diffeseitdnaguesnthef adapleeAsdanguad eschdsincthe stale cloned
secondary rowset is treated separately from the others in the same index

fre{GRBRAR MBS FAFRORS AIRAtHE Ot B B EP ABb Fa X8R hE TG *Ists:
app e e A IAARIFORRIAHE T [RCKINOHRE LW Bh A FHOGRX TAABIRE e updated.

corresponding to any particular base table fragment should not 30 cause
any lockfinggometie ofthetawvssndbedndax hkagmeanp€vahitiagioenat, such as a data
carrespond to that base table fragment). Index fragments can be cloned

sittAfP 8 'adta PG EREN BYr e Beirftsed BF UpdiHEDHATBHofELARY N an
e ITaauaRALS afe U AebASARIUIRNAI BARKER OISR BERCldentifer as

base table fragments. That is, updates to all cloned index fragments
part of the index key. The index itself does not need to know which of the clones of

a base table fragment is currently the primary. As there is one primary cloned
fragment for a given fragment, an index record can be mapped to a 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
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13 5 propagate directly from the primary cloned data fragments of the

base table on which the cloned index fragments are built. While it is

possible to propagate updates from ong@andex fragment to another, this
process may introduce an additional latency step. If the set of index

SRS dne GiYeRiN AR TARMENL £ ERSRANN R IRROBISI B9MRble on
data fragment are treated as a secondary 10 rowset, then the

corhespaheint peinanyesovirsgia reid bstanbiailly idehiiealttdsa pasebltalée propagate
fragment. Each secondary rowset in a clone of an index fragment is thus

indRFERUEFPBE A Ehédirfer GABRRtal? réRRER within HafSEmBdlofrRstuce an
undatio RIPRAGALP RIPORES, FIG: BNAUE, CXAMPICH PLOGRRFESHRLK fragment

updating cloned index fragments and 15 cloned data fragments. As
disnussschdbovey aneupdordate (@oowemett)aséagndaty aciomed dagimentobndary
a data fra%ment is substantially identical to the primary cloned fragment

foCH Hibet et fr SG RO SRR AR UiSYS alte SLSEHUANY dRfELF3! to a base
rRBReRLORARINAEX frAAGIY SURANHAL dRAAUGRIAR ThER A hent is thus

cloned fragment for that index fragment. Cloned index fragments are

alioteed tdeconthin 20 éndeve e péiesdingt refaseto wedondehat mone tameofoe update
data fragment. Hence, cloned index fragments may receive propagated
upERRELHSMARNEI2*ian one cloned data fragment. The example in FIG.

7 showsgn Indgs, FaQmenbkl GOMAINSIRGEY IR Ui e lEIRIERGRagments and

records in two distinct data fragments, D1 and D2. In this example, both
251 tne prdaarfr adomedsindex disgreet ddose/ @b aupd teederedény alored secondary
index fragment 11.b 706 receive propagated updates directly from both

the P ARPEISAE A R R AGABKTD T 24R55°4HA thédpRtial Libitetr tiatay cloned
TRAGIROE Do £ YiveNQDARRIGA DRIWEGH; iR TTAIMERES e N6¥ dary cloned

fragments represents the result of a standard database operation calle
plfresicadnd atd base resigitagoeanys 30 gsvaniriyeiadhtallinm die paiohery cloned
caolumn values can be discretely mapped to one or more index fragments

bS8 GBbIPthE HalbitiEhilUR fradnBR AT Y diAATITEof the iRk o contain
Theseauitiepinendefinitions fordaRIes ARddnAices DASPRSINEAY oiihee, cloned

traditional database methods of spitting records into sets, e.g. by ranges
ofinddudsaghastingaf vedaes pramagateddumohire assignmertsh@ysieencloned data
defined fragmentation

fragment.

The example in FIG. 7 shows an index fragment |1 contains index entries that
reference records in two distinct data fragments, D1 and D2. In this example, both
the primary cloned index fragment I1.a 705 and secondary cloned index fragment
I1.b 706 receive propagated updates directly from both the primary cloned data
fragment D1.a 702 and the primary cloned data fragment D2.a 703.

The 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
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14 5 definition is accomplished via hashing on a key of a table or index.
However, if the hash based fragmentation populates fragments with rows

(or index entries) in a highly disproportipnate, data-skewed fashion, a
round-robin assignment of rows to fragments can be used. When a
clpgeldBAsy LRYmERLReComnsHAL 409 REPAP 1A RS SIHISE. H&vever, if the
there are two potential ways to accomplish the refresh. It a primary cloned
inkkesh tragrd e gxisisatibe stape laecofidgryaionedindexsragmetd cantdies) in a
refreshed directly from that primary cloned index fragment. Alternately, a
stAihbedisRacrg CiBRRIa. fRidschanrddnt Rion e aiBeniPRIA@SHEA MM fhaows to
sq;a%fnpgmaggn%%q%%gata fragments of the indexed table. In the latter

case, only those records in the primary 15 cloned data fragments are used

in the refdsh whoseedeindak és gnagn tobide ineke x tdragime ntelddst 1o deingfreshed,
refreshed. In an example implementation, clone update identifier (CUID)

vafisee Fray R ARISMHAINERY dricasePabiEho Sy eTRahis 't Brisiaty cloned index
statement (hakupgates A GSR4RHPANEanad, FAgmeRt. a:GhIR valve dSirectly

read from metadata specific to that 20 fragment's table. Records that are
updatechby phian statelorent aréeassigmedrthat dldibateblue. Mahersdbendary cloned
updates to those records are propa%ated to a secondary cloned fragment,

;H@q?éﬂmf@@m%lﬁk B8 sHYFredares _rss(l;ﬁofsagatm i thid eXdiile cloned data
Implsmantagem GHIRMAETArGURIHEL? E0lveR 1PRIE QYREHMEN KAE primary

current CUID value is persisted transactionally in the metadata that 25
dekuorédvedanagivagntadtle aAt the g ointhhae GIDWHalse & dyit thiegsomapfto the index
wrapping around from a _maximum value to a minimum value, various

RS Rl e tr s tB8E: cUID values to a consistent minimum
value. Gjyen, e,k rangenivatiss @BrQLURﬁ{@-ﬂerﬁﬁ?H“@iﬁl%)’%ﬂes may be

this case would occur on a historical scale of time. One simple 3
temlaimtpieetbo nesettimtpale) I sialuébaviyltbtak®Mh evatturseve tbek uprlates a given
table and reset the CUID values in all records in that table's primary

BB agRNS s BARE miAItHIR GBS ValdE o HEMm HRSRRTA) ses to that
ProRARNoD QIREh RIS, RTRSINEI 5P 9010 CHIRS iRetB igned that cUID

secondary cloned fragments. 15
value. When the updates to those records are propagated to a secondary cloned

fragment, the new CUID values assigned are also propagated.

In this example implementation, CUID values are unique to a given table over
time. The current CUID value is persisted transactionally in the metadata that
describes a given table.

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.



10

15

20

25

5 The CUID values for a table are incremented every time a fragment of

the table goes offline. This implementation will be discussed below in
conjunction with FIG. 12. Other CUID agsignment policies are possible,

but each has the potential to affect the basic technique for clone refresh.

For exarple {nSARIIandRS AR 1 Hser a3 DARS ' E U YHSR: of the
but require a somewhat less advantageous clone refresh techniquen
ordbletg@nsoiiftingpdatesproplegatnatiandwciobe deftesieihtelact icakejcihytion with
Specifically, in the WaitForPropagation step (described below), the basic
Cidme!Refresh technique would have to wait for all currently active

transactigna foc GRMRGI RS AdiRfduSkuabingHfer Bl CUIR M RMhe notential to
statements to complete:. 15 In general, a technique for managing CUID

valiies caa besimpiennémniedof thientectinegue dan satisfyléhertolbawtiog 1Ds can be
requirements: a) For a %ilven CRID value used within a fragment, all

retSHS I RifiEd By THER ERIES VAN Rt AR SattBT A LS deyantageous clone

secrpdaGlRRRd FRIMEPS E'ﬁ‘é_ﬁFJ‘agﬁa?eubPok@Hé‘?r%ﬁhé\’i&%W@%W@ir‘i0| nteract
the CUID value in the record 20 identitied by that CRID value in the

proneastiglorige dgrihenin oh & drai kyivien deggtiventtdpa(@RtDhsddaghalv)) ehe basic
stale secondary cloned fragment (prior to refresh? as well as in the

pRARREGIREY TRABRIGHE, Hrdifia Ve IR Y&t dR o trerEaY BrifysrtiRgsashions to
haSRpkReaRHRRReH. N WG RIRE ¥ KoReR: AMEeNLRIBARE Tae Srepadary

cloned fragment became stale. 25 An example DML statement for
updatingra gdoned, fragnhaidus shomvanbelow COIDevekeampia bdlimptatement if the
includes: two records in Sales.2004.1 a (cloned record identifiers

(CEEMLgU8 @35 Al (PURMAREUEHY 'AUID value of 3. The example
Sales.2004.1 agimgiyerlenas J%ﬂfé“ﬁ@!&g@ﬁmvﬁrj%mlﬁ A1 rER s G fied

I
Other columns 1 2 ... 593 ............... 1..

by that CRID value in transactionally consistent secondary cloned fragments
must have CUID values that are identical to the CUID value in the record
identified by that CRID value in the primary cloned fragment.
b) For a given fragment, if a CRID is found in a stale secondary cloned
fragment (prior to refresh) as well as in the primary cloned fragment, then the
CUIDs can be the same only if the row has not been updated in the primary
cloned fragment since the secondary cloned fragment became stale.
An example DML statement for updating a cloned 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 CuUID Other columns
1 2
5 3
7 L
3 3 |
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5 Table 1 . Primary cloned fragment Sales.2004.1.a After the primary
cloned fragment Sales.2004.1 a is updated, those updates are
propagated and applied to the secondaryscloned fragment Sales.2004.1.b
as shown in Table 2. CRID CUID Other columns 12 ..... 52-3... 71

. 34-3 ... 88 110 Table|2. Primary clpned fragmerjt Sales.2004.1.b At
a given point In time, an available fragment has one ptimary cloned
fragment (potentiat sipdree Peinan 61@ish saffesm and Nesexmdary clones
(potential targets of a refresh). A secondary cloned fragment whose rows

are not fHEASAIGHENG Y SHRIS@AARTIE IS TeFrédRbrding HiWatRf athose updates
PR oRaL a0 Spbey S Bl By SR oSO IR Nt . .
rows (records or index entries) within a stale cloned fragment can be In
o”rofrthe Tabewing 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 20 Primary row didn't change while the stale secondary
¢loned frag was offling. Or else, esh process has ad

ipdated tht;E r%w in the stal secondar?/j{cﬁlgned fragment to b%eﬂggﬁg%tuerpl?s

vith a corresponding primary row. A consistent row in a secondary.cloned
ragment corresponds—to-arow-in-aprimary cloned fraggment that has the —
same CRID ahd CUID 25 values. 2. In@ohsistent 17 5 Primary row-was
Tpdated Whiie75[aie secondary cloned fra}gment was offfine. An
inconsistent row in a stale secondary cloned fragment| correspondso a
row in a primayry cloned fragment with thegsame CRID|value,

8 0

Table 2. Primary cloned fragment Sales.2004.1.b

At a given point in time, an available fragment has one primary cloned
fragment (potential source for a clone refresh) and N secondary clones (potential
targets of a refresh). A secondary cloned fragment whose rows are not
transactionally consistent with the corresponding rows in a primary cloned fragment
is an outdated 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
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but a different CUID value. 3. Missing 10 New primary row was created
while the stale secondary cloned fragment was offline. A missing row in a
stale secondary cloned fragment descrifyes the case when there exists a
primary row with a CRID value for which there is no corresponding row in

the stale SECO”%WaR'/%%’VU%gHb%Q‘éeMVm ﬁgesﬁﬂéngegﬁ@ryaé%%ea&égment was

Extra Primary row was deleted while stale secondary cloned fragment'was
offline. Asfféxtra romniniacstaseaconalaryirclanestffagseeot describ@sthefragment
case when there exists a row in the stale secondary cloned fragment with

a CRID SAfGERBRIsHRA IAYié HH'EBPYéé?i&‘?fbe@FBW‘irYV{HétBﬁﬁ%W CRID value,
cloned fr&ﬂ@%l?ﬁe?@n‘("&[]lﬁ"@aﬁ?@e CRID value. The CRIDs of the stale

clone's rows that are not consistent are captured in a temporary file
(StaleClaneCRMNDsgiity an early stage of the refresh technique. That
temporary file has a column, Stale_CRID with values that identify records

that need to bé"fé‘fré&rﬁ”éafye.Ej’."’fhﬂaéré:'iﬁ%tﬁﬁsi‘é’@}ﬁ, fssifRje ofsRfrdany cloned
one 'mplﬁ%%ﬁ{'%Pfo?f‘MQ? IRARNR F!J@/ Q‘ﬁ@@&\%@%@ﬂ%}v ABned fragment

additional Batch_ID column can be added and initialized with values that
simplify thapiocesbeotazcedsingliiscretessets pfintawsradthiith a CRID value for
StaleCloneCRIDs in a number of small, incremental batch operations.

FIG. 8 sHEWE the"5rEgPessRoir ratdies Wil féfedAin g SIdRNcnRe fragment

fragment,.AsfbQwnd-kiSvS,secondary cloned fragment 805 progresses
from an 30 Offline state to a PreRefresh state. While the stale clone is in

the PreRefreshEstase, operations can be applied to the stale clone for
purposes of optimizing the performance of the refresh operation. Next,

secondary clonBd Ay hEE548 et LaEFet s & GRTREY arlanepisrament was
in the In@ﬁffr?éhﬂaetﬁtrghgvﬂﬁlg QQ@%gcémeﬁ%mﬁw@ﬁh&escribes the case

InRefresh state while being refreshed. In this state, 18 5 secondary
cloned fralgenethie 8B0Bxi&y deouwpdatied tiylelsangedapr apagatdcdinoentheith a CRID
primary cloned fragment 803. After the refreshing process has been

performé(all?ef(% F)V 5'[5,13%56,?399%5{90“'”9 row in the primary cloned fragment

with the same CRID value.

The CRIDs of the stale clone’s rows that are not consistent are captured in a
temporary file (StaleCloneCRIDs) in an early stage of the refresh technique. 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 implementation 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,
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805 enters the Current state. Once secondary cloned fragment 805 enters
the Current state, it is eligible to become a primary. 10 FIG. 11 shows an
example refresh process 1 100 that refrgghes a stale cloned fragment of
a database object. 0. StaleCloneOnline 1150: In block 1102, when a stale

Clons % 1ArAgEad Ok Lol iR RETEERL 98- u\é’&h‘%@cﬂtRﬁﬁﬂﬁﬁfésaﬁi:@éastégl%&%om the

the system after being offline), it is placed in a 15 PreRetresh state. Next,
inploioakyld Ode pfexgpasatogiinizations can be executed while the cloned
fragment is in the PreRefresh state. Such optimizations are designed to

optimizeAfig'tissElsERnaearfTatis BEffeP sERTAMR e P PefioaRd fragment
Prapess k100n1- EnatieUpdateRsppagalion:116Qi R 4 e, SIS 1898 Enters the

fragment is marked as being in the InRefresh state at block 1106. Then,
athloekt k188, propdigitioncberuatadesma@anabled from the primary
cloned fragment to the stale cloned frz%gment. The application of

propagaféd Uddeitedtd i ampieditietl ragrieht hiy Batdeleetife. Faale cloned
exarmnis he ApRligation gt aropagated updates is performed only on

those 25 records that have already been refreshed or that can be
determined to reglat@omeOrdfneshl. 5that is, propagated updates are applied
only to records whose CUID values for a given CRID value match that of

the correspondIRPIREOM - thELtimaR) CIIABE K dgraAsied ifeahtrpeRefresh (e.g.
example,JmpleMmRRIRion L ik {Q%X%W@ﬁrzﬁtQF%ﬂgﬂﬁﬁiPé?,uif?‘ii@fga""ced in a

then updates can be propagated and 30 applied to any record of a sta
cloned fragRedrestvhilatthe dlemed imagiment 13 OBeipgerafassheeki@izations can be
WaitForPropagation 1110: At the next block 1110, the refresh process 1

100 waitSX§htiih 4EHFe PAME'LREENEAETN the Brifiery ErSkEG Faghitine Such
have stagiaghin RIGRAYAELLSign HPHRAIGS 19 e ARG, GLRAGEH FRIMENM (L of the

an equivalent mechanism is used that ensures all subsequent DML to the
primary iecaisisterfthh orefragiateddes sthé@ale cloned fragment.) Block
1110 can be achieved by waiting for all

1. EnableUpdatePropagation 1160:

The stale cloned fragment is marked as being in the InRefresh state at
block 1106. Then, at block 1108, propagation of updates are enabled from
the primary cloned fragment to the stale cloned fragment. The 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
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currently executing DML statements to complete, as any newly activated
DML statement is guaranteed to propagate updates to all online cloned
fragments, 10 including stale cloned fraggnents in the InRefresh state. 3.
BuildStaleCloneCRIDs 1112: At block 1112, in ReadCommitted mode, the

Stalecm{?&%&lpt%Eﬁénpcgr@réfotﬁp&eﬂ@g%%ﬂ{ed @?damg!ﬂ“gglgnt mechanism is used

StaleCloneCRIDs is guaranteed to cover all non-up-to-date rows
(inconsistente misengllasub sxdre ioWsILinotkiee Iigiale slanesiftagipgntdagtted to
due to running in ReadCommitted isolation mode, StaleCloneCRIDs ma

occasionfy RS HIETER RRSFRFRS thall o ALhSafgn Cmaiisied pyrting for all
implemegiatiog,PLRARHIRS BANE SAHRGIORE CRIBR LCTWAINEIAY S fvated DML

SQL outer join operation can be used on the corresponding cloned record
identifiersfareh) @alinyuahthedpronpasy yadestalda 23 ctoaledfliagrientsl fragments,
where the corresponding clone update identifier (fcuid) column values do

g

not matdAGYHRS [EAle FIRE $61 1533 P 0 dBeBBEM SBVRIRE: an example of
one such outer dajnyshNete haldrdlis example, an additional Batch_Id

column is added to the StaleCloneCRIDs table to provide an example
basis that couldhbehised foi t2zeatmgRefdesimipsitoitesrobdegivitia sizeleZfoneCRIDs
SELECT (case when (p.crid is not null ) then p.crid else c.crid end) as

crid, IDENATPRROhTARISS £ HafcANddi a1 Z4dieERIREIERABRIDsd FRtBRgNteed to
(select CEMIE?UEIH ﬁ&mﬁi—%@%{!:%‘i)()? Qitt’lgmgis)t@%,pmli:sgiln'g QMT%;&]%WS) in the

(select crid, cuid from stale_fragment_clone) as ¢ ON (p.crid = c.crid) 20
5 where pateidoted tagn@R, Borcddeisonulhr®ig in ReadCommitted isolation mode,
StaleCloneCRIDs may occasionally include CRIDs rows that are actually
consistent. In one implementation of populating the StaleCloneCRIDs
temporary table, a SQL outer join operation can be used on the
corresponding cloned record identifier (crid) columns of the primary and stale
cloned fragments where the corresponding clone update identifier (cuid)
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 c

ON (p.crid = c.crid)
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(c.crid is null) 4. MakeCurrent 1170: 10 FIG. 17 shows an example
process 1170 for making a stale clone current. Process 1170 is part of
the example refresh process 1 100 showp in FIG. 11 . The first small
batch (BatchOfStaleCRIDs) of Stale_ CRIDs from the StaleCloneCRIDs
temporary tahle, is initialized in block 1114. In one example 15 of block
1114, the BatchOfStaleCRIDs are defined to be the CRIDs of rows in the
StaleCloneCRIpsuiempotatyitabke whose Batch_Id column values are
between the parameterized values of @start_Id and @end_Id. The initial,
actual @start_|P\¥&iEési8 488 be that of the smallest Batch_Id column
value (e.g. Bat(gmg iigpi@“zed with the seed value of 1 by the IDENTITY
function) in 20 the StaleCloneCRIDs temporary table. The initial, actual
@end_ld valuenmkd@nreet ol tee value of the desired BatchSize. The
value of BatchSize can be varied to achieve different refresh go_als. A

smaller value of'BatthSBRSaA" pFSHBR/ GRS Eoht{frdRicy drigdialg clone
user WOQﬂ%ﬂﬁ' 'ﬁrl?e’&%r 1V\a}6‘%sfgar53m§ig§ama% QQFPe'ma[!)Iyo&%pﬁ%eghown in

refresh performance. At decision block 25 1116, a check is made to
determirféGvhéther the BatchOfStaleCRIDs is empty. If the
BatchOfStaleCRIDs is empty, refresh process 1100 proceeds to block

1118 and mark&theftehrerll BsHed JinEHelsEHENg Ih HiRlEetREst from the
state. AS%?@%W?JQ’R@%%BQW%HQ Fp%ﬁWﬁQQ& %%%ﬁ(qlilqimelpone example

become a primary cloned fragment. Then, process 1100 exits at block
1120. 3ffldbdedisich thedatthDESttie(BHs DS Stie RID $éstheubRI Do bforows in
be empty, then: a. At block 1122, a new transaction is started in

Repeatell RS HIBMRERPS SETRPABCLAPIS 4V Rose! IBRIED Afe luBHf ryiues are
in the prisagrydronRd Jraameant danblied Ly Bakheitalee BD% TS $iePinitial,
is not functionally required, but is important for purposes of avoiding
potentiakdesd@sts widhyphapagateth upddtasof the smallest Batch_Id column value
(e.g. Batch_Id initialized with the seed value of 1 by the IDENTITY function) in
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.
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c. At block 1126, rows are deleted in the stale cloned fragment 10 that
are identified by CRIDs in the BatchOfStaleCRIDs. The following
pseudo-code describes one example implementation of deleting out-
of-date rows from a stale cloned fragment. The actual values of @start_Id

and @end_ld age thosg spt.earigbin the MakeCUrentPIgeass db @tprimary

block 11 14 or block 1132). 15 delete from stale-fragment-clone where

exists (select * &tone Sttatedione CRIDS s sy \BheteOsiale FRIDNemhislcng is not
crid = s.crid and (s.Batch_ld between @start_Id and @end_|d)) d. At

block 1128, rovieTsHO R ERAHERA theMprithdRIRIBABLHES FYHesfderfifidtpiding

by BatchOfStalgGRINS inlg e stalficBdTagmetAn example

pseudo-code description of one example implementation of inserting new
rows from the primaryAragnuint iRt acstalereldekdedragnhenitidd aesiedféagment
actual values of @start_Id and @end Id are those set earlier in the

MakeCurrent pfBeka&e 1t e s Ry kR 1 Ao QBBIEAT 185 R Risertiftéellowing
stale-fragment- ?L%Uﬂos%lg&é ng%QE”&%%;(@gH]@%ﬁ!gﬂgrﬂ§tﬂ)nmé?q{9etlng out-

exists (select * from StaleCloneCRIDs as s 30 where p.crid = s.crid and
(s.Batch_Id betofedaté@siart_fcband @eled cldhed . fAigibleck IR0 atheal values of
transaction is committed f. At block 1132, the next batch of CRIDs from

the StaleClone®aBd9eAsbrRantaifle Ufe I8N 2 HHEr nikthe YakeCurrent
BatchOfStaleCRIPS.The Aftdah iiies UeeH Sy he &@start_Id and

@end_ID are each incremented by the value of the desired BatchSize. g.
The refresh process 1de0Q¢tiempsadedds)beok thonlock 1116.
where exists (select * from StaleCloneCRIDs as s
where stale_fragment_clone.crid = s.crid and
(s.Batch_Id between @start_ld and @end_Id))
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_Id between @start_Id 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
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If errors occur during the processing of a BatchOfStaleCRIDs, then the 10
transaction is aborted and the refresh process 1100 exits. If the refresh

process 1100 does not complete succegsfully, the stale cloned fragment

is moved to the PreRefresh state (or to the Offline state if access was
completely lost to the sigle.GloprehrasmEnt i HNS AAMRECOPHE @start_id and
fragment refreshing technique makes continuous 15 forward progress,

while minimizing cardtidtsDvitineexistinginceekdeads! visy shall vahart of the desired
transactions. The clone refresh technique discussed above can also be

applied to cloned ﬁ?d%@éf?égments, just as it is applied to cloned data
fragments. In oge exampleduplmeatatianostaly SeeandRycloRedingen 16.
fragments can be refreshed from the corresponding primary cloned index
fragment. 20 If dIkobthe ctoned riada Hragroentsrigrod base habteadrapiDanthen the
go offline, then the rows correspondinfqr to that fragment in every index

fragmenfréfﬁaé:ﬁe&f\?éwoﬁﬁﬂr?é‘%_éhﬁléﬂ WH%%%&%@_Q&ﬁf@primaw
cloned fragment ¢pmes back Qfflioe iy rikeshiecniiue 99&1@9@(}9}] the stale

any stale table cloned data fragments as well as on any stale clone
index fradomedtsradtribat sombyvepdatesecoperaticng aretprepagatee Qbitoe state if
the stale secondary cloned index and data fragments being refreshed.

Similarly25Feaf 8 ERMRIGHRAJATERRS RS LHS HRRE R E59BRE Yo offline, the
index acggss Ral wsing il IRdgx Tagmant Wil e offlingué salesotsfinuous

index fragment is restored via clone refresh when it once again becomes
afopssib iprdoress wkdenpieimigdhententitisryistadeistoreddridexdy agpsemtt, short
are refreshed directly using the rows 30 of the base table fragments.

HEARASH 08 Stal S SO sl e AW fisgrnesd aRvars lseRestraied to
fromHhe CRLeSPARInELMEY ClRned: iR RISt TRRPRHIGHRARSE In one

of the database fragment cloning and management mechanism
discarspéd iatpbare caative esthenesn iyatiecexamh pldopfraypatansan be refreshed
discussed below: 23 5 a) PreRefresh Step of Clone Refresh Before

R thECEIBRROASHRA RBIAHIEIBB tHELan e 981R8h technique
(described,fppPrAEEFSHEAARIR FigiErtir6AR B EMLRUE £AMRELRRine, then

read committed mode. (For example, when run during a
the rows corresponding to that fragment in every index fragment are effectively

offline as well. When the base table primary cloned fragment comes back offline, the
refresh technique 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:
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PreRefresh step, block 1122 of process 1100 starts a transaction in Read
10 Committed mode.) In the absence of a lot of parallel updates, this
pre-pass will clean up the vast majority2¥ the rows in the cloned
fragment, leaving a few inconsistencies, and potentially having introduced

a few mggepr'gagfiggﬁ S@ﬁt@t@&qg Q&ip@ﬁhe pre-pass, the strict refresh

phase (process 1170 in Figure 1 7) in repeatable read mode will operate
much faster. FeaafareowsnwilidlSthe lokted (diresto fewetihatchelsy faame refresh
overall, shorter period of time, thus increasin&g concurrency in the system.

When a 5ARYEIABRE oS ERt RARCARSHbIISekbridaiyeciblgran be run. but
fragments et perd refiesbingnhe iR Passeaan BIkNGREE90HBing o

cloned fragments'can be run independently of each other. The degree of
20 paralmkgefreah begpbtraliedizesed probesw quiklyttre clonedsaction in Read
fragments are to be brought back online, traded off against how much of

a conculr@ALY HRIE RBdsE Sharbs§nste . biokraihRaatish tedaighcR i Pre-pass
failure of secendany clanediragrRLy ¥YYhae %Wgoﬂmt%%HP@WEgﬁ&t, leaving a

secondary cloned fragment fails for 25 system reasons, the clone
fragmentemil iz marked oiflane. ddrenefidigtsavfngrigottransdetioms@re The idea
preserved directI%/ in the rows of the primary cloned fragment. No

additionA? JiEua s FiHBm A Rdie@retuiReastichuRiESBsPORSréRSARy 1170 in
the eﬁeqiﬁgmeo‘i%r H%E@&JA‘B&%@W rﬁBHM%I?HB@rQ&%&’Eh *?Q&QP.”%\%? rows will

statement' whose updates were being propagated can be rolled 30 back.
But this isenot ket ébsary ifelerfadtnteesf the arpdeten bropagatipariodofdiled, thus
secondary cloned fragment does not have other side effects on the

stateme Y BN GBRCH RN DO IR T¥i 874t statement will have already
been applied tQaad e RiesevebiingRIMATY Fe 90 et #Har Ctioned

Transaction resilience to failure of primary cloned fragment When a

primary tlagedrfragvhent feits, aetreshittgnsbetiefredtessiry tmatltlomedecondary

fragment need not be aborted if there is an online, cansistent second?/l(r?/ ¢
egree o

cloned HEgRTEnTAIRTUR FdRSIGHASYSRARSHNSIC RS £ nd e Hrirhias
HOweverba%“’eﬁ&%e@ﬁ'Btecégﬁ%ﬁlllé(?%ﬁ?@éigg %Q\/fau%ﬂlprm%aﬂéned fragments are

to be brought back online, traded off against how much of a concurrency hit
to impose on the system.
b) Transaction 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 queue 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.
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10 cloned fragment will be rolled-back. d) Clone refresh resilience If a

clone refresh update to a record in a secondary cloned fragment fails due

to system reasons, the clone refresh pagg may restart from the beginning,

retry the currently active MakeCurrent batch or reiterate the entire 15
MakeCugrept pracessing.abine HaleGleneGRIRS Fified ihamexamele
database system 900 with cloned database fragments. Database system

900 typically ineVhdesanpuitiple coonpdtiftgga@nceail] b Abdrfarakisttioutingessing
workload and providing reliable availability for accessing a database

object ad$FeIF3838G28AARLTES ARSI R RAIA theekartiphd ditdbasePRsistent
divided 2Q igta gloned friagmepts.whish are divided AMQAAYGARBKEAY as a new

devices 911-914. In this manner, computing devices 911-914 can
concurrgnily pgrfotowperiatians satdiftereiat periynaakthmgbyjpet failthe primary
example database. Computing devices 911 - 914 may be configured with

any typetingsi3gae ey Lt Re Latfdalag’s QL server. As shown in the
figure, cgmewmrgﬁgﬁe&gﬂgﬁ&m may include primary 25 cloned

fragments 923-926 and secondary cloned fragment 934-937. In one
embodiment, ptimaiyrdongdsthragrieateoI22QR6 are sisechdrcolmpdifiggment
devices 911 -914 to perform productivity related tasks, such as adding,

deleting BIIAUGIING 1R detapisdSufiane GRirrisPRSp Y, '6F e fTkEn the

Secondq{é(g‘ijlllqrim_ﬁj, rﬁﬁg'E‘H%@ér?e%‘%ﬁ??f&ié@ﬁ\‘ﬂ@k%ém&KPBa?J%‘? F&ﬁm%w the entire
cloned fragments 923-926. 30 Typically, the primary cloned fragments in

each comMpkiitgrdavipeodes sioy ebrhespeled tmttRIEscondary cloned
fragments in the device. If one of the com utir(é)%devices 911 -914 fails,

another ESmpufiriy o%\?i'&é"@a‘ilf"féR%SS\fé(P’iﬁ% e riBridonsthyaabase fragments.
SepRREay Goned GaEmeaNSiDaheRIIESRANRIRROMPMAY JRATERF —914 for

managed by the failed device. In this manner, database system 900 can
28idrimsure thatkdodigme nirol @ idgtablss o bjedhtelingiis aaaiatileas database
long as at least one clone of that fragment remains accessible. In another

eIGChARHE EamSatnaRAASs d CBRATP R ERFUE BUBIR-RRzse 1S divided
DRGSR S AGIEN 5h Ath i THRRIE ARl oA ABHE NG IRYICES 1 -014. In

may perform operations, such as queries, on the same portion of the

dabébasmner, computing devices 911-914 can concurrently perform operations on
different portions of the object in the example database. Computing devices 911-
914 may be configured with any type of database system, such as a SQL server.

As shown in the figure, computing devices 911-914 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
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10 object. FIG. 10 shows an example process 1000 for updating a

database object. A database object can include the data of the entire

database or a portion of the database, ggch as a table, an index or the

like. An update may involve the modification of one or more of the
ragmentRa A ARGk HA%k JF&‘&%%@ESO%‘}&Q?%%Qﬁ&%ﬁ%&@@ﬂ&h@%@rﬁ least one
affected by the update are identified, and these form a set name
Seli§ptoagme frisg rifemit i an dea b datss iktiescture for the process 1000. Each
element in this set is initially marked as unprocessed (this does not

change fAe %{Hﬂ%ﬁrfra@mmﬁﬁ_fithé%@?ﬂ@ﬁ?in‘fﬁéi%%al%&tagét‘?ycm?é): include
PIEASS AP HRIYUGRLS ASGIRIARSOIQRK 1007 ABI S i BIE UBINAHAR Hevices

made whether theré still 20 remain any unprocessed elements in the se
Set@)ffradonentsdfatiol Precessai 0L resntisruabdostenmipatioom bédcthe database
1012 where the process terminates. Returning to decision block 1002, if

tHRE kil remain unprocessed elements in the set SetOfFragments,

process 480q GQRRNER Q. LIAR 1003 WNREB NS WRRRERSSCLAIFRE YdRct. A

obtained from the set SetOfFragments, and this represents 25 the
frelgralentethdtjstrocdd becupidated dext. éft HecknliO4atabserr@spopditign of the
primary cloned fragment is determined, and the set of records within the

AR S B0t ity heAPiralAe bt BY UB8atiks; ar@deRtiAkd Ma¥mingple the
Seh AAMEH o R YPIRE R R0 DT IACRIWHR SUNCIHIEOT §38 PFOGRTSNts of the

1000. Each element in this set is initially marked as unprocessed (this
ddembatechbjege thee actudfaeedrty 3Dejustidite etenvmitifiethealotaha@tdorm a set
structure). At decision block 1005, a determination is made whether there

StIRPS R QH AHBrAL Ul Bidhiarth thiths Ut e EofRlEoPaRCIFHJPO0-  Each
PGS LAPOFORIRYES IRiIDIPCH JRRE. WNeFS Ihe SuaeRhieIgREmidR Benge the

set SetOfFragments is marked as processed (this does not change the 26
5 attadl fragmeen], just ttire eddemrent innthdééodaddatmstruoture)eRrodessess 1000
1000 then goes back to decision block 1002. Returning to decision block

1688 irAfreFR L HAMAIR UnbP8ee diiete AR A PR 'St Sdtiedegitficre stl
Pragess 20PQ carinues o alacksLADh e S ASFHIRFRAESSSH RIE RIS 1000

obtained from the set SetOfRecords. That element 10 represents the
recovintrest oheohd ixeiop déiekl NEN . whdskotie 1008;sa QU iges.

Returning to decision block 1002, if there still remain unprocessed elements
in the set SetOfFragments, process 1000 continues to block 1003, where the
unprocessed element is obtained from the set SetOfFragments, and this represents
the fragment that should be updated next. At block 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
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obtained for the record. (CUID value maintenance and assignment is
further described elsewhere in this document in the context of Figures 12
and 13.) Process 1000 continues to blogig 1009, where the record is
updated with the new values as well as the new CUID. At block 1010, the

ol IR gmR! AR AR L HRIRIEA dECOSEL(CRNAININGNE NEYHID) (0 then

propagated to all Secondary cloned data fragments, as well as to all
clooedhiadeto fdagisientsithaticaatain a copy of this record, both primary
and secondary. FIG. 16 describes this block in more detail. After the

update HEYBEY SPopidrirsutiptk i Nedl HretesdGORREbHIRIRE Bed elements
block FO1L., WREsEING GIrenbLelemenidn thefh et IRERRIASI§IRaRDre an

as 20 processed (this does not change the actual record, just the element
inutier daesd ediatalestrunctlire ) o Brroces s fiOH0 thensgoe:BiRetordecisidhat element
block 1005. FIG. 12 shows an example process 1200 for modifyi*%%clone

uRRIRS SRSt tei0I 5% PROULE20RARIE] B HpltnBIAE 1i08ach CUID is
database ofjech.SUGLAR 2 (IR Of A latalRRe. RISl 12036 RIRSRSS:  further

1200 waits for changes to the 25 configuration of cloned fragments
askeocidtied eldthwhd@bie At decist@ntbiockel20bexa afatgumendtiomis dade
whether a cloned fragment has become unavailable. If the cloned

fragmenfEogs sl RATABRNYHER BT JOPGUIRE T e RRAtiamrsprg aith the
1203 RejuEning g decision blpekd20% (b elons ffragment BamPSSAMR as the

30 unavailable, process 1200 moves to block 1207 where the table's
ClulBaval uedsrdricoametitgcthAtielockIR09 pilvgdghledstnel 2cdbduafudoised data
transactionally persisted. FIG. 13 shows an example process 1 300 for

adagRAg s Cuitslatte' IRt eacth REEsrdA%RRitn PROCEXE B copy of this
ShQURHINGBIE p fifh Ry dRiRRaGsH SYRFE A dNaY6 Rk SCABBIWRILIBRXAGHIS e detail.

process 1300 for statements that operate on a database. At 27 5 block
1302, thafpeockss pdapates tocergouizaana|vasthtamnéad agaicststi®00 continues
database. At decision block 1304, a determination is made whether the

&y Rk 8 i MmN SHEFARN £ IGRRIN hoi&i5ShoBrplBespEadsnarked as
SlhRs P altiCRRte RRABRSITY, HarS dn e dRiahRR N Y tE IR RRYIRal data

not a DML statement, process 1300 goes to block 1320 where the

nemdMtiestRITEsatli8 X drutgd axgzinkttthde datab &éeckTHEN,. 10 the

process Electyrns t?htz)l\(/)v(s:kg'r%goezkample process 1200 for modifying clone update
identifiers (CUIDs). Process 1200 may be implemented for each database object,
such as a table of a database. At block 1203, process 1200 waits for changes to the
configuration of cloned fragments associated with a table. At decision block 1205, a
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 1209, 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
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Returning to decision block 1304, if the statement is a DML statement,

process 1300 continues at block 1306 where the CUID value for a table of

a database being updated is read. At biock 1308, the CUID value is

associated with the DML statement. At block 1310, the CUID value is

Sigiesl 1749 23512 1940l SYRIYPEMBNGAD RIO0SHIRUMEAL HPAAIR B dBrrabase.
DML statement. At block 1312, the CUID value is stored into each row or

inale d et iynrbtlok ek agm dateahibciadroys aprdp adetedr upeatewokthement is a
DML statement. The CUID value may be propagated with the update to

bSO cRiAEa8ata e RRIAHAGHREARS. BB RRS Y aatits atRie e and modify
CHARSV%I l‘.‘;\eéal)ﬁlggpé? qmsétt%geMe%(?%uﬁglg'bmﬂ@ljﬂgn&n‘]t, WB?&ghlf?, 00 goes to

CUID value has been 20 propagated, process 1300 returns to bloc
1B80itkFIGR A IshrevwBeerampiE psopagationspathaitet] Gy svahredatablabe. Then,
14, primary cloned data fraﬂment 1403 has implemented an update

in%lﬁ(ﬂ’_é%‘ﬁ?"ar_ﬁ)tk}fl[‘séfh%ﬂﬁlé B9% discussed above, a CUID value
associatggh withh ihe P isiaiemsat is ssiPred ineachdawnrRdaea By Higtement,

DML statement in the primary cloned data 25 fragment 1403. Primary
Clpreed sdaitadvagmiemi 48D oey [Hopadete the QUIDyrialelGoradantlevithaldatabase
update to secondary cloned data fraé;ments 1405 through path 1411.

PRRRAUILPSAER E AR vaftieP R0 dRl8d WD B diadenpsiftrd with the DML
a§§z;9é}ﬁgnp %CE'IOE‘R‘M ?ﬁ@,qﬁg @MIW%M@Q%‘%@I’QBQQ%QQCHq’aﬂ%f every primary

implementation, the CUID value is propagated to the primary cloned
indenddagasendntAfpt ard dgctrdaMLdonechendexABb twalg e, h@Cidnvalue is

primary cloned data fragment through paths 1412 and 1413, respectively.
I BBt AT ArfAEmENt B 45 EtE8H O hropRgfAdiRy e EYTEF iRl U vfitRropagated

PauAIH dhedakd! QaaHENS WW@B%%IUQ%&O%@BF%%Q@@%M%&pdate to

fragment 1407 to secondary cloned index fragment 1409 through path
1608 2BnBd-ijurcn (6 shipwsrapresan plexprode gy dGRRfion papadatifd D values
and agplyi_ng an updated record and old CUID value frog asgrimary

a

cBHEdSrathenED K SRUSRGERY YBRedGals fradfheht W ¥4s fps been
clgm&gp@g y,%ggggq@d@%&pmq@ BEQPYs @ this record. Those cloned

fragments receiving propagated updates could be in the Current state, or
they coultChel i thewsRefreshstatep atesspa60 typiCally Malfeanms onélG. 14,
step in a larger update process, described in another part of this

dBERent K saka B9 e SELSrtrIRGTRENifter fr it Qe in 2 DML

a3alkfleRedAs discussed above, a CUID value associated with the DML statement s
stored in each row updated by the DML statement in the primary cloned data
fragment 1403. 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.
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index fragments (both primary and secondary) that contain a copy of this

record are identified. Those cloned fragments form a set named
SetOfSecondaries, that is a local data stgucture for the process 1600.

Each element in this set is initially marked 15 as unprocessed (this does

not changg, e aclyal Ined BRIl D EIRPERL oA LGA WBying an
structure).”Process 1600 continues to decision block 1602,"where a
detatastdatéanris mddedvtigithen linefeosiilh r@mairy amynhadpragessedo all secondary
elements in the set SetOfSecondaries. If not, process 1600 continues to

teTIAMLRADIRKIBOS WHEel At DrRILes tertfatdSURen Eni rirgRtain a copy
PRCERS FQ&S@W&%W&R&&%&ﬁ%@@&%r?é‘z%o%?dl&%r‘ﬂ[gaﬁ%?@otmd be in

the next step in that larger process. Returning to decision block 1602, if
thiake Gttt ¢etmaineainprooessedlelemantdhentRefiesh Sed@iSeeocedarie®)0 typically
process 1600 continues to block 1604, where an unprocessed element is

olREMR PN R CeSEIORSRARIArRL P Rut BRsTEd répradeihgy yRart of this
S%QD%'VM.C'RPB%H@Q&QE‘BFP?J&%HW Q%H&d@&@f%eﬁrﬁtagﬁlvell as all cloned

secondary cloned fragment could be a secondary cloned data fragment, a
piindaxyfretonedintdexfragmentol sesecdngatiyationedimdeopraghbistrébrd are
decision block 1605, a determination is made whether a record exists in

tHE Qe sitharershe@nd JraRERitn e sarft ERMShSHYerasitpfiemm that is a
PlisparY£iPed RS Thepd ors G IR Maishes hepld SHIDYAYE marked

of the record from primary cloned fragment. 30 If yes, then process 1 600
cantimpesds $80 ckh scdde swive reh ting & elbe it s all pbaiet fraigim arew vl tleselement in
and the new CUID. Process 1 600 then continues to block 1609.

REEINIIR) €6 QettiioN Block D0, P hRORiRgEretbAf 1 iRst Rberiu ) fifen where a
PIRGESRi A00hCRMTAYE SIRHRAHIAN P QK LB WA BrHEISIBINALNAASS in the

made whether the secondary cloned fragment is in the InRefresh state. If
nettthetDéie2Ondableck 1668, tiheosesoriGaG/ ctonied dsagmentisatiankétbck 1603
offline, since it is no longer consistent with the primary cloned fragment.

PYOLESS a6 tFon RURIAESs #5'BIBRK 'A660 PR AG 16 dRRIkToh Bk 1600
1807 J{dherpecenman&nied HRmsatisdndir.d RefiesBlate, then

process 1600 continues to block 1609, where the current 10 element in

the set SetOfBegadde@sas lacketbgd,pfabessedl(thisgioespot clsaed)elements

the actual cloned fragment, just the element in the local data structure).

Pl’%ct&es set SetOfSecondaries, process 1600 continues to block 1604,  where an
unprocessed element is obtained from the set SetOfSecondaries. That element
represents the secondary cloned fragment that should be updated next. That
secondary cloned fragment could be a secondary cloned data fragment, a primary
cloned index fragment, or a secondary cloned index fragment. At decision block
1605, a determination is made whether a 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
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1 600 then goes back to decision block 1602. FIG. 15 shows an example
computer device 1500 for implementing the described systems and

methods. In its most basic configurationgomputing device 15 1 500

typically includes at least one central processing unit (CPU) 1 505 and

MABR'Y 65310 PERIAAINY ORARE FXBFSRNUGHBROR SRFHPSRE it is no longer
computing device, memory 1 510 may be volatile (such as RAM),
naorgaiatile Wihcth ap i, dlasbdiemernteterp s s0BE abarbuvation«f to block
the two. Additionally, computing device 1 500 may also have 20 additional
febques/functionality. For example, computing device 1 500 may include
multiple GRS, IhE descibessepthoss, MandeEXREHPL I AN BAIRYS in the
by any processing unit in computing device 1 500. For'example, the

destrtbeth pracesshrrayprbecexethéddoyitinukiiple Gitldls irtbparalékre the current
Computing device 1500 may also include additional storage (removable

25!8MaMr AR SHiovRIBS fROLRIIY, BUR HEE intited 26° Thet Mol LrespiRarhange
digs RulARGomiCR AAANIANA AR dHUIHSTIRE IBEI%? D RAIRGE Process

1515. Computer storage media includes volatile and nonvolatile,
reriovabka god sncatk emadedbien hiedial Boplemented in any method or
technology for storage of information such as computer readable

instructidis, dates SR are S 3rBBiaFOmBHINE LY bther BtdoBdmMrsAsRINg the
1510 ABE SRR 1P ARl examples 8 COmRUEH FIAra86 MEdibuting device

Computer storage media includes, but is not limited to, RAM, ROM,
EERROM|dddighinchetaory trastherenmemaiyptechsmtagyn i€ RO M,0digital memory
versatile disks (DVD) or other optical storage, magnetic cassettes,

mhi:ﬂ"%tic tape, magnetic disk storage or other magnetic storage devices,

or any OMMHBJHHW%&&&Q?ﬁfiﬁ%ﬁ&h%%ﬁ&%m@ gp_cc%‘%%%f-ﬁ%ddevice, memory

information and which can accessed by computing device 1 500. Any
sUch ¢omaputevstatidyg & mb dia RAM) b pavd bt iboepdting RE@Mc8akH@kmory, etc.)
Computing device 1500 ma%sﬁalso contain communications deviceés) 1540

tdt IBH HEUBHED 1 CBRMEniCA RRRA BrrrerRubiRa S ommaflicioHs have
devifgialR40 R SRAXAIMIRPLT FoMRLRiRIiCR MEdR, GARMYBERHA include

media typically 10 embodies computer readable instructions, data
strugdtiples Cptbgrairhenddsdebeant rothkodlatadan hemodylatet idatasigraher by any
such as a carrier wave or other transpaort _
processing unit in computing device 1500. For example, the described process may
be executed by multiple CPU’s in parallel.

Computing device 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
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mechanism and includes any information delivery media. The term

"modulated data signal" means a signal that has one or more of its
characteristics set or changed in such ggnanner as to encode information

in the signal. By way of example, and not 15 limitation, communication
MeslRJBSIHARR WA REGHR S et As Boudbadky A R HERENIEH. any such
connection, and wireless media such as acoustic, RF, m%rared and other
wiietgas enetieagEhedeicmmagrhp piet-oé adalpetme dieviae device-readable

media as used herein includes both computer storage media and

commun‘ﬁ%ﬁ%ﬁtiﬁfb&lg‘.’i%é_ 5985 &t @' PRe fRORMERTHBRUSHAS ] ifleyifg(s) 1540
CQHAPH‘%W?@Q@QWC@&C’@chg’c@ﬂwitaoo%hd%i%@’Commu_nications device(s)

computer-executable instructions, and the like. Computing device 1500
mBs4alse havexapyt e exficeds)Mndbasioah msd keyboath imous e rpenedieiagpically
input device, touch input device, etc. Output device(s) 1530 such as a

dRPRSAIEH BRI BifEaABIE. FASUCE e FRMRCHY I thre BEOYH@TIcRodules o
argyueliknown indhe ac andinged ek g disqussed At IeRatl- 88 Jhes&ransport

skilled in the art will realize that storage devices utilized to store program
insteuictioins cal e digts bute th&oross an nirtiverk nkafiexdampterra feroddéated data
computer may store an example of the process described as software. A

loddral ferAtnal R GREF Rty MWEcRESHIE fgﬁfét&héé?ﬁﬁﬁiﬂ‘érﬁ?t_ or changed in
dou o 2hRartr @At e iRASWAKR I U NS N B WAV IS FIALYENe, and not

the local computer may download 30 pieces of the software as needed, or
eXiedtie o mensoiinwiaas onstnadio s biddsevideal rtedianalchng somieedt tleevork or
remote computer (or computer network). Those skilled in_the art will also

rIIE WAL Hy ORMSTHG L HTGH S BT RGHSS RAGIRHRS thBEe MEIGiEd 3R other
thei ik taghallior FiROHAR RLINERAI NS BISIHEIANS, RRYIBE IRk dia as

by a dedicated circuit, such as a DSP, programmable logic array, or the
likese8hese@LibB8e: bGhecommore clevice readabde drieadiawitivation media. The
device-executable instructions for performing steps comprising:

iSRS ASHIRER BRINRY FragfchihaBy GamRMiRtA 52 HARAD Aat hjactny form,
the, ripankClongd fragmertbaing meleetrmh ok daiabagg operations

associated with the 10 database object; identifying a secondary cloned
fragmentCoorpesipgndiagco thEdprimayy elemeldhve input device(s) 1535 such as

keyboard, mouse, pen, voice input device, touch input device, etc. Output device(s)
1530 such as a display, speakers, printer, etc. may also be included. All these
devices are well known in the art and need not be discussed at length.

Those skilled in the art will realize that storage devices utilized to store
program instructions can be distributed across a network. For example, a remote
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.
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fragment, the secondary cloned fragment being stale relative to the
primary cloned fragment; and refreshing the stale secondary cloned
fragment with data in the primary 15 cl@ied fragment by performing a
database operation. 2. The one or more device-readable media as recited
in claim 1, wherein the database opgiafigg for refreshing the stale
secondary cloned fragment includes batches of operations that
incrementally refresh the stale secondary cloned fragment. 20 3. The one
or more tevicePeadamernddiicasreeditbld imasliimith devireinxesetbblches
otpt)gé)erations for refreshing the stale secondary cloned fragment are

HFEE UGB URGE P55t - BBEIAEHs. 4. The one or more
device-TeadRe B8 PAARS YRIHRELIf SRR L asLBENREIGARMPIIGIREDES e object, the

response to an update performed on the primary cloned fragment, 25
updairy chenedaleagecondayacierrstefrdgnrambebiietheatitile ssooiadedyvith the
cl neg fragment is being refreshed. 5. The one or more device-readable
meti as 23S in claim 4, wherein the updating step further comprising

updating dniieyHRiQ sevesn 0k e Shale ragew b EaNRH YT BN ok A19tcloned

updating any non-up-to-date rows of the stale 30 secondary cloned
fréigameent ah¥seondasy monediteinparidetahdesrakediel ity edeitdd rrivtaimcloned
, Wgereéﬂt_tgr?drefreshing step further comprising: identifying a first update
ideRtifier asSbciated with a first record included in the primary cloned

fragmente#smndantfying a.e6ranq vRAateridgridiRmagsasiatactmetby@nary
second record in the stale secondary cloned fragment corresponding to
theofived feamrgnahy elerioriminihg ddieass trefitéenecord and second

record With |deq1i|q%a(l) rc]:(_l_‘oned ﬁe(%prd identifiers are 1aponsste.nt as

d, at :
least in part, on compar%gr;n e |?§{cﬁf)5f§t%a IGeNGfitt Ant the s'enc%ﬁ'cﬁn 1, wherein

upklateigientiiiepe ARidn Tdie-&h& RinHE AgNiGecrrdAP leomeitagmEaciiedudes
in claim 6, wherein the refreshing step further comprising if the first and
sdbHe Y&t Sreky direrdefdimmnsegmentally refresh the stale secondary cloned

fragment.

3. The one or more device-readable media as recited in claim 2, wherein
the batches of operations for refreshing the stale secondary cloned fragment are
structured query language (SQL) operations.

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 comprising:

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

the primary cloned fragment;
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to be inconsistent, refreshing the second record with data in the first
record; and assigning a value of the first update identifier to the second
update identifier. 15 8. The one or morgglevice-readable media as recited
in claim 7, further comprising performing the determining, refreshing and

assigning, sheR397ea¢8 &l J&&ﬂ%@%éﬂ%&e%i%éﬂ?eﬁ%ﬁﬁ‘qasré’cSM‘F‘f%rd in the

fragment. 9. The one or more device-readable media as recited in claim 1
, wiatrettotivangtieshihfyajete dudbes qumginging thufilmgradord:raiteshing
operation on the 20 secondary cloned fragment in a read committed

mode. 182FHBIBHI SFIBRS Hisflitrssaubio dsdRrdd serstenih 1dafiticg! cloned
WHRISHD; JOG piG<"GFEESSHOLQRERAUOR L THAIN PRSI LLLAIPSY r?&ﬁ‘?é‘ﬂf;srggpdate

cloned fragments corresponding to the primary cloned fragment. 1 1 .
oidxotifeoh d evics=teadalpldameadiéadiserecited in claim 1 , further 25
comprising: in response to the stale secondary cloned fragment being

offline ddring an "GS5HEr PIREEIGIEF aFf AR pFRABRS dloriaign 6 wherein
fraamentand, SUesing s iAlsing sendanysCanediagme Bt Wt AN Getermined

preserved update when the stale sécondary cloned fragment returns
omdirbe. i8GobRisTdme, one or more device-readable media as recited in claim
1, wherein the database operation for refreshing the secondary cloned

fragment§HERTNRS Hate RhIBERAtr B AGIREE D] Bi5erdiisRe of
inserting, delatingAnd dRGaHBY FECAH s d MR IREF RN HANY LIBRE wRdar Idkntifier.

The one or more device-readable media as recited in claim 1 , wherein the
primary éloned Tregonentri;natdeksiereafl b onedi datadcagientiam 7, further
cloned index fragments. 14. The one or more device-readable media as

r BB i AT 2T MR B Rl e BIRPAB A FH ReeFHERS dor each of
clongringer.fagmant R WASIEiR £ the,stele secondary cloned

fragment is refreshed by a plurality of cloned data fragments, each

associateéd withrat leastomsentigvinethre stalde seediadaryecltrteih dlaignmiemtherein
the refreshing step further comprising running a pre-refreshing operation on the
secondary cloned fragment in a read committed mode.

10. The one or more device-readable media as recited in claim 9, wherein
the pre-refreshing operation is run in parallel on other secondary cloned 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.
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1 5. One or more device-readable media with device-executable
instructions for performing steps comprising: 15 identifying a fragment of a
database object; generating correspond@ig cloned fragments from the
identified fragment; distributing the cloned fragments to a group of

computing deviegs, 304, de51anAUNA gL leasi ORR AL e Elad ragmeN R herein

as a primary cloned fragment configured to be used for operations
assepiatedyithrit fekedaleases ljrakt 20eld. altienedelatamargnent or cloned
device-readable media as recited in claim 1 5, further comprising:
dEErh ARG A date to the identified fragment of the database object;

performing the ypdate for the DALY SIoRar TABENS: A0Sk RrAPagAling

and applying the update to other corresponding secondary 25 cloned
fragarenishd stalthe @ne 0¥ rione d&uipeaeadablbneddialas fiegibeehtrand wherein
claim 16, further comprising: identifying one of the secondary cloned

fréfntiHEs 4S8 Ware Coedriray abled TregRTkR tBlaIdy pbt'Rratdathe
PEARIRe ATl Al SUERIMRG DR AR UL AR RPAARIARA €l ORRS HA9 M AL

with"data in the primary cloned fragment. 18. The one or more
dénageeeadable media as recited in claim 1 7, wherein the refreshing

step is performed using standard SQL database operations. 34 51 9. The
one or more deMeYeRA5HREVifEarg A Pl Res i WHIeY 5 Thxffarable

C%Hﬂﬂﬂ%s%ﬁ@%m@‘%ﬁré&ﬁﬁ%i@me identified fragment;

performing the other update on the primary cloned fragment; and

selectivabepafydronanigathre athef aipaateaon dbpatale cloned fragment only

if 10 the records in the staled secondanf/ cloned fragment were up-to-date
T

with the ESTESPGHAHG TRUHHI iHIRBLTRTAG Lholiel A idem bl tg et
other upgaiein &bh gl iR QA& MYRARYIESAGAHAPY LBRHlIAARENIES Mind

claim 19, wherein the selectively performing step includes performing the
other updes@oatiag at least one of the cloned fragments as a primary cloned
fragment configured to be used for operations associated with the database object.
16. The one or more device-readable media as recited in claim 15, further
comprising:
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.
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portion of the stale cloned fragment that had been refreshed. 15 21. The
one or more device-readable media as recited in claim 20, further
comprising: in response to determining gt the stale cloned fragment has
been refreshed, immediately designating the refreshed cloned fragment

as being,gfigiblgyto e B ARAY NS AMANG20. 22 F0E ANGANTS urther

device-readable media as recited in claim 1 7, wherein the refreshing
stepriprigipiemented as a workload that locks a small number of records
for a short interval of time and that runs concurrently with other user

Workloa&g’.t?'éf.‘“?ﬁ@ éﬁgtﬁ?rﬁBPétﬁé\?iéE@r@éﬂgﬁ@rﬁéﬂfﬁeé‘é; recited in claim
17, 25 vihgrsiniihe FeleRbiNg, SieP &5 RRLBHMGH, R gl ghea Plpglity of

stale, secondary cloned fragments. 24. TEe one or more device-readable
media asdieciteelyirpetéormind ,thalvehe muthuafa wialiby ofdéadtnreeichagiapnt only if
cloned fragments are corresponding to at least one of a common primary

clbtied tPagiBAb SdTRFErEpPRAR CiRfeti PAGRBRY e S0usr tfdaEnith the
dRipRase ARiRFIRcars TS AR AeMESsIRafaRie e iR BhEPdiRM e,

in claim 15, wherein the cloned fragments are generated as substantially
identicalZor daftitasee openatiodevisd-rbazdbk etrijputingdedde aman 19,
system of interacting computing devices, the comﬁij{ting device including

dAfaesRIB e ARGV PERBRYRS SRR IS B RS IR Bs0RcRt bRy g date on a
cofiguRest 1APSHRIESEPR SHMRRSING HAPBLEngrA.Bation of the

database object for updating; updating a primary cloned fragment

associatedl. withTtieedde ntifea ¢ detvare ok atid ireendatabese dlyddh usiing 20, further
first database operation; identifying a secondary cloned fragment
aS88HAREWith the primary cloned fragment; and updating the secondary

cloned fiagmenhbass deflr RSN PR theR e daiRdAdYFeA i RdNBeen

primary cloned fragment using a second database operation
refreshed, immediately designating the refreshed cloned fragment as being eligible

to be a primary cloned fragment.

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. The one or more device-readable media as recited in claim 15,
wherein the cloned fragments are generated as substantially identical for database

operations.
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15 associated with the first database operation. 27. The computing device
as recited in claim 26, wherein the computing device is further configured
to perform steps comprising: determiningsthat the secondary cloned
fragment is stale relative the primary cloned fragment; 20 refreshing the

secondagy clongd fAGIRAN ARG HRIA A A IMERCEIRY G TEROM Blicos, he

and selectively updating the secondary cloned fragment-as the secondary
Clonedutiag deeidel snlokidig gefreshech 28 A wielvicelaxbasialble dnetrocbmputing
comprising: 25 monitoring cloned fragments associated with a database

ol e tRE I RAI I SRFhiB M B BPSFOARY 181G secondary cloned
fragmentg, AArRINING Haat Aldeash QB A dhr Qlened iagments has

become unavailable; incrementing an update identifier associated with
the databadetivlgjeqbyi@ariralsactidaghe ersistigeth e it datedelemtiéid ortion of
identifying a DML statement associated with the database object, the DML

sthe ARG IBRIR BH NSt IR0 H4aBELEObject; associating the
persisw‘%‘d%ﬂﬂ%ﬁﬁd’dﬂ‘é%‘?{d‘ﬁ’%mﬁ@M&gﬁ’i@Fﬁ'E‘%&‘éiﬁd%ﬂﬁ“ﬂﬁ@]ﬁﬂﬂggﬂa‘éned

update on the primary cloned fragments that are affected by the DML
stitgment; storing the update identifier associated with the DML statement
in each row in the primary cloned fraﬁments that is affected by the

update; HRSIGHGALIAG tRECHHAME ARt HaUPeR B IRt itdF 0 tHePaEe oRdaf data
C'%ﬁﬁ’ie?ﬂ%@%%ﬂﬂﬁr@%@ﬁ%%@hmﬁiﬁ%%‘%@?oﬂﬂr&ﬂ%ﬁ&% ration

fragments; storing the update identifier on the secondary clone
fraggoentsd with the first database operation.

27. The computing device as recited in claim 26, wherein the computing
device is further configured to perform steps comprising:

determining that the secondary cloned fragment is stale relative the primary
cloned fragment;

refreshing the secondary cloned fragment using data in the primary cloned
fragment; and

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;
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5 implementing the update on the primary cloned fragments that are affected
by the DML statement;
storing the update identifier associated with the DML statement in each row
in the primary cloned fragments that is affected by the update;
propagating the update and the update identifier to the secondary cloned
10  fragments associated with the affected primary cloned fragments;

storing the update identifier on the secondary cloned fragments.





