5DATABASE FRAGMENT CLONING AND MANAGEMENT BACKGROUND Database systems
are typically used to effectively manage information that is organized for accessibility. To ensure
availability, a system may include backup copies of theldatabase in case the primary copy is damaged
or lost. One common 10 technique for database backup is to periodically copy an entire database

onto compujer-readable mediapeh XS HIRCRIEATTBRIQE RXHSHARAEENSIftor may copy the

database onto disks or tapes at the end of each week. Although a copy of the database can be
preserved in this manner, copying the entire dat®BaEROINE-consuming and the activities between
the backup intervals are lost if not tracked 15through other means. Another technique of

database backup involP8RRISMEATFBs BB Rt satie GHemlsl Srramras EHP MR achines.
In the event thap,ong ot (e dajahasesREcarie ARy, IQBRH%?raCQPsXe% thefairhpse I&Q&ﬂ%tger

computing machine can still be accessed. This type of failover backup can ensure database
availability. Howewtrs efnitlardatzbegerinlipie copipsmitheamytire diatabaseinldifferent rashioes in
real-time is a complex and costly process. ‘An effective way to ensure the availability of a

database Witholt MR cERhHaaRAST IRTKEBsSaly IHS51BHIaY CoRMntlRSr Etudatabase QiR in the
art. SUMMARY 2aThedplludngi orasans acimelifice Summanakiie Jiseiasyiciniandes iompjovide a

basic understanding to the reader. This summary is not an extensive overview of the disclosure and it
does not identifgksytortiabhblaments dfsksednverdson odelidedteattrevasdpedtitbegimeentinnofts sole
purpose is to present some concepts disclosed herein in a simplified form as a prelude to the more

30detailed descﬁﬁti%ﬁ%ﬁéi‘iscﬁ?e%"eﬁféé_lelré(f‘éjr.i” thiSTHé”ﬁlf‘éséﬂf’ﬂﬂarmﬂeeBFBQiHé@Mé‘&H%Hi@ﬁ\‘s and
techniques for dajalase, ragment cloning and Malpgrmet dhdataRaAse Qliesl: SHHAs-akble. a

rowset, index, or a partition of a table or index, is divided into fragments. Note that a rowset is
considereddo behaosghafthewsira@stable or entries in an index. The terms -2- 5 row and record are
considered substantialk/ngﬁggictglc.h'gpus, afr%w‘:_sebt is ag)sok ol - _ ‘th
que of database backup involves maintaining copies o e
same database on different computing machines. In the event that one of the
databases became unusable, another copy of the database in another computing
machine can still be accessed. This type of failover backup can ensure database
20 availability. However, synchronizing multiple copies of the entire database in
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
25 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
30 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



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 fragment for performing database operations aRd one or more cloned fragments may be
designated as secondary cloned 10 fragments for purposes of serving as backup to the primary

fragment clgne. {jpdajas fo 5aFM, LRgBRIIALR MAJSTIRIR AR RrImALY cloped, ftagmeni and are

then propagated from the primary cloned fragment to the corresponding secondary cloned fragments.
A cloned fragmeiqucaite gotofilire p hiseomilaghufinayiaidable ttoupd ateseSachoand I gifienes, wiavkailable
cloned fragment is defined to be a stale cloned fragment, as the data in such a cloned fragment may

no longer be traPRAGHSRAlY is-toRrite Rl iHeNEOR S RIARG PRM AN CRIriEa HABFALRIMATER the
stale cloned ffa%ﬁgvg%%r&&@[ﬁa?éﬁiQ?atBﬁrﬁLQO%PoH@@FF%M%{ elresfieshiny gatadacudrdndne primary

cloned fragment. While being refreshed, the cloned fragment may continué to be updated. 20The
cloned fragmentheéconee immediatelyeelidiblgnash & caragidbde de dhgndesignatadas dhey primary cloned
fragment when the refreshing process has been completed. Many of the attendant features will

be more réddily RPREaE AL WiRSEIn @ hSEbNGs BetRAckHBelRidBE R iFaterefiRaMs Mhed88wing

detailed descriptjgg.consideraf Aa GABRESHOMEIt IR ALCRATRARNING: (1aYHRaS: RS GRIBEION OF
THE DRAWING The present description will be better understood from the following detailed

description readedigint pddhe ddcompanymgolyaniongs, fwdgerein:to the Feldsrek sivaivy ar @xalaple
cloning data structure of a database object managed by a database system. 30FIG. 2 shows example
cloned fragmenfdo8ed Hagmade: object. FIG. 3 shows example operations for updating cloned

fragments of a database 9BiegtragmehlGaft FHOMARXYIRIR ARETAIAIRIN (6T5HAIR0, asgiale floned

fragment associated with a database object.” - 3 - 5FiG. 5 shows an example data structures for
identifyingl& clonétifeagneeatlable cloned fragment is defined to be a stale cloned fragment, as the

data in such a cloned fragment may no longer be transactionally up-to-date with the
corresponding primary cloned fragment. When the stale cloned fragment returns
online, the cloned fragment is refreshed with data included in the primary cloned
fragment. While being refreshed, the cloned fragment may continue to be updated.
20  The cloned fragment becomes immediately 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.
25 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.
30 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.



FIG. 6 shows an example data structures for identifying a record in a cloned fragment of a database
object. FIG. 7 shows example processes for updating secondary cloned index fragments and
secondary cloned data fragments. 10FIG. 8 shows the3progression of states when refreshing a stale
cloned fragment. FIG. 9 is an example database system with cloned database fragments. FIG. 10

shows an example proggss f&(o‘dﬁdﬂiﬁgaﬂ]?%tﬁg?as?t%ﬁ?&s E&?id’e%é#@’&fa%’ﬂoﬁéémb%&ﬂ.%h process

that refreshes a stale cloned 15fragment of a database object. F 2 shows an example
process for modifying ¢loné upolateaidexithiers (Gid ds)ctures folGddnBfgimavesraro ekampde pedcess for
assigning a CUID value allocated in accordance with the process shown in FIG. 12. 20FIG. 14 shows
example propad ARBAPANSHIR@RATS ORIGES. FIG. 1 5 shows an example computer device for

mplementing the descbed SIS ANGEEINAYSes for ARG CLENMR ANEIATIRIE,Process for

propagating and applying updates to a record and propagating an old CUID value from a primary
cloned fragmenftrigalt 25secbretanydalyrdehddtdatcafypypmndaras well as to all cloned index fragments
that contain a copy of the record. FIG. 1 7 shows an example process for making a stale clone

current asFart of the rEffedhsprotetie BdrRsHIn el states when refieshing asiale Ao als are used to
designate like pﬁggmﬁhe accompanying

FIG. 9 is an example database system with cloned database fragments.
FIG. 10 shows an example process for updating a database object.
FIG. 11 shows an example refresh process that refreshes a stale cloned
15 fragment of a database object.
FIG. 12 shows an example process for modifying clone update identifiers
(CUIDs).
FIG. 13 shows an example process for assigning a CUID value allocated in
accordance with the process shown in FIG. 12.
20 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
25 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
30  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



30drawings. 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 examplegmay be constructed or -4- 5 utilized. The
description sets forth the functions of the example and the sequence of steps for constructing and
operating the example. HAWSNRL IHESRLR 9 RAYNE RALIMICIONS BN SAAHENCESHIWURRNce
accomplished by different examples. Although the present examples are described and illustrated
herein as being éfmplepwerfted inraatabgsarfiagipeatialpning andmpinagemerd sysiemathe system 10
described is provided as an example and not a limitation. As those skilled in the art will appreciate, the

present exampl89UYa! Uit INEr RIS A5 SSAIAT RS A VA i BRASF UTR IRy st Rt sy aew e agment
cloning and managemaighSYSIeHRS: prese il GRS A0LXABUIS APMING dria RlFIWE JORPT @
database object 105 managed by a database system. A database is a collection of information
organized 15 inraplaramedhiat £niablessdetigd piecesofgdata imihegdatabasgsterbetfaisikiyeselected
and/or updated. A database object may be the entire or any portion of the database. For example,

database dBjectt8gihesl nRAN dediAs AbRXURPIARGES BL& BPIGHRY e A RSk sdiR e Database
object 105 may o distegdnio prRrthiRns i LYHCAllaBR dRIabESE: Al O s Ragtigened for

convenience or performance reasons. For example, database object 105 may include data associated
with multiple yediffe2atappse afhjectbhos fingynbet divicied mtd partigensid dydtedsvhere each partition is
associated with a particular year. Partitioning of database object 105 is an optional step that may or

may not be implement&t¥in A FplefereRiBn d38 BauHyatiH8pha f2132R8t ahiaHa® object
105 (or the e”“ﬁ%aHE@@J Hrnad:9RISE Ohis WRiSaiba divided iR HPBG RIS, RYGHAS - Jaamagnts
121-124. Fragments 121-124 are portions of database object 105 divided by the database system on
an operatibhal basis.nromexatmngales fabmelws réd 1plt4 mely terassighe ditoadhifferent benmpitkhg devices
so that a query associated with database object 105 30 may be performed with fragments 121-124 by

the computing dSEE\ABAGAGURTaL il databpse ghigr Y diidRa &8s QLAY AN hE ¢ loned to
create cloned fragments. AsShawpin Eﬁ%b%sgﬁ%kbg legically pivided tRomBRISh3hakz4 ALg cloned

to produce example cloned fragments 131,140-146. Typically, fragments of
of rows (e.g. rowset), or the like.

Database object 105 may be divided into partitions 111-113. Typically,

20 database object 105 is partitioned for convenience or performance reasons. For
example, database object 105 may include data associated with multiple years.
Database object 105 may be divided 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.

25 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

30 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



- 5 - ba 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 r@nvs are sometimes referred to as rowsets or as
sets of records. Cloned fragments will be discussed in more detail in conjunction with FIG. 2. Briefly

stated, 10 when groneily yplated, the daner Iasmania.assasrth anariousr daaruent o

database object 105 are operationally identical so that the cloned fragments may be readily used by

the database sysiephjddieinise disclerreddraginemnissefableadves promandcopiesiod dfpartialitasfragment

to be available for use, such as to maintain a high level of data availability,l_?geed up queries and other
|

database op_e_raﬂéﬁ@,”%grbérf@ﬁfﬁfo%&é‘ﬁﬁé’ﬁcii 20 StI98 §ilE S EoiPER5FATIB! 80 RSN SR it Plevel of
data availability sl |eastQne Clongs firgaentdnay S6rye AR hackupsolanaihet ganed dggment that

is used for database operations. To speed up searches, multiple operationally identical cloned
fragments may bagmsect conit e etthy for database dpuaities cdig petornwidadibabanBrirglydstterent, but
operationally identical copies of 20cloned fragments may be activated based on workload conditions.

FIG. 2 shols eXétfipIB"eRSTECUPAGIHFEntac 0N adagagime BinansrdabHietdad Bt h tHRITGOre, the
cloned fragments i) 32 GRfLOEIISWURA AR INSRAPHRATG skt 300 QAU RLGIABRA fagments is

related to a particular fragment of a database object. The cloned fragments within each group are
created as 25 dperaditilyallyeitieptidal dotalsaie othermT Hlis: wdweof pioped|jragpdates ceasle of the cloned
fragments 131-139 can be used for database operations that are applicable to the corresponding

fragments 151-15%¢ <°Pigs 8ha BATHEURN SR D PAGHRRR'Y 91-1580 Wiy e RoRABIEY 30
provide a high Ieyal gt data availabiliyi s poedimet A ¢lanaddRgMERL FRD 6561 §5n30 the

groups 151-153 can be designated as the primary cloned fragment for database operations. Other
cloned fragimentsifotine Igeaiip dae segoodary tlaneddragaents, tirahsenvaias teghlily\avaifatden
backups. In FIG. 2, cloned fragments 131, 135 and 139 are shown as primary cloned fragments while

the remaining cRRJANTYNR AR sirafeSigned 8 8BE SIRYaR ¥hAR  PAGHEARE 218t e rgd Medide a
high level of datg ayailabiliy, each&f R donsdstagrurnisHs eIy beirlided rigitferent

devices so that if one of the devices fails, a secondary cloned fragment in another device can very
quickly replace tireciooed|fradencintinctbeectiifesbdevice astheepusedrycctaned frhgioedafabasxample,
cloned fragments 1 31-1 33 may each be included in separate devices so that either of the

10secondary clSHEHFraghfents ar 32928 307{a) g qdEfgHetb U priTriignRlikddsalicdl ropies of

20  cloned fragments may be activated based on workload conditions.

FIG. 2 shows example cloned fragments 131-139 of a database object. As
shown in the figure, the cloned 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

25  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
30 the groups 151-153 can be designated as the primary cloned fragment for database
operations. Other cloned fragments in the group are secondary cloned fragments
that serve as readily available backups. In FIG. 2, cloned fragments 131, 135 and
139 are shown as primary cloned fragments while the remaining cloned fragments

are designated as secondary cloned fragments.



which the primary cloned fragment 131 is included fails. The database system that manages the
cloned fragments may perform various operations on cloned fragments. These operations are typically
performed using standard database operations, such-gs-Data Manipulation Language (DML) 15
statements or other structured query language (SQL) statements. Example operations to update and

refresh cloned fragmens il e, dishiusSRAIN P QsE. ISR RINRGTER WA 613y 3,8 dvlnipne

example implementation, operations may include: 1. Creating a cloned fragment 20A cloned fragment
can be created tadgrindistiaguishabledtrdnm alifitararal dabile: orsarthndéxoimwsiettin dedaiabasi, 2.
Deleting a cloned fragment Clones can be deleted just like rowsets in a database. 3. Fully initializing a

cloned fragmenf& QAR BRERAIGH el BAABY rvpfet@y iifaIfiek i dRPeCratlR, ¢PRBMtain a
new rowset thatgs lpaded,inio the &log&s ragmgnh fin Eiradaittk g chagoesimpiclangk fagment

Changes to the primary cloned fragment are propagated to one or more secondary cloned fragments.
Propagation ocdrrgmeéthsnithie-3amendPteacisaetiondl dahtextepaapddtedcts e thamatiyeclohelle
fragment. 5. Refreshing a stale cloned fragment When a cloned fragment has been offline or has

otherwise Hot retsRpRareaeE SRpRNG T bELiptiatbe AeHInAearim &N Mondd ieadmisst nt is
defined to be a gialg, dinsHHA9MERESASRIRNESh TRARRINS fails.

The database system that manages the cloned fragments may perform
various operations on cloned fragments. These operations are typically performed
using standard database operations, such as Data Manipulation Language (DML)

15 statements or other structured query language (SQL) statements. Example
operations to update and refresh cloned fragments will be discussed in more detail
in conjunction with FIG. 3 and 4. In one example implementation, operations may
include:

1. Creating a cloned fragment

20 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

25 A cloned fragment can be completely initialized, from scratch, to

contain a new rowset that is loaded into the cloned fragment.

4. Propagating data changes to a cloned fragment

Changes to the primary cloned fragment are propagated to one or
more secondary cloned fragments. Propagation occurs within the same

30 transactional context as updates to the primary cloned fragment.

5. 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



-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 pf-data retrieval (table 10 access) or for lookup
(index access) just like normal tables or indices are read and accessed. In this implementation, user

workloads gnly read fram, pigay &AQH%UQQrHS{H%eEWFaCﬁﬁ?&HPE%é??‘YrPE HRRASOLPYIRRSES Of

simplifying the mechanism for avoiding unnecessary deadlocks in the system. However, this restriction
may be relaxed if deadiatckk ateneitherknot apsabtzmad kaiei kbasoidiel dhyonglydilagmaaatisria a given
system. 7. Updating a cloned fragment User workloads update the primary cloned fragment and
the database system profA§atE™85% applies those changes to secondary clones corresponding to

that primary fragment yyithin the, %tgmggqugg}ng]q Propagating a change means applying a
a

substantially identical DML operation to a secondary clone that was applied to a primary clone.

FIG. 3 shows example operationis 300 fiagureatiag deneddragnpants k3 1of138 ofrardatalbaskl object.
Database ugdates may include any type of modifications, such as adding, deleti_n%and changing data.

When chates associafE85itt 008 UABHAdS bRfERT A Tt ARER! tRBIFSgHRAIE frAtRd Wtabase
object that need to be ypdlated.arq idanified, bR OHRRY, E@?%t@&éﬁ?%ﬁg%ﬁ%@ﬂ%ﬁ%ﬁwhe

identified fragments are updated. As shown in the figure, operations 301-303 are operations to update
primary cloned fragmecitsn&3 ffrdd3bearnd 1895 nespeativelmapfter prachdoy plomedels agfmenpdifydily 135
and 139 have been updated, the updates 30 are then propagated to the corresponding secondary

cloned fragments. In F_T@e. @,eﬁbﬁgﬂ?&rﬁgré"i’ﬂ@fﬁ &f@%ﬁé?&f%ﬂgﬂlma{fb%%’é@éﬁd "E8Hled
fragments correspondipg todha dpdafed rimanyclPnedLaguenife cither ¥BICR!YrRRGFAHPAF.301-303

and 311-313 are implemented via the standard database operations of insert, update and delete that
implementlthe DML avoided through other means in a given system.

7. Updating a cloned fragment
User workloads update the primary cloned fragment and the database
system propagates and applies those changes to secondary clones
corresponding to that primary fragment within the same transaction.
20 Propagating a change means applying 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
25 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
30 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



-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 operagens. FIG. 4 shows example operations 400 for
refreshing a stale cloned fragment 10 133 associated with a database object. A cloned fragment is

stale if the gagrogpl g nAReaN avaalla 1 exagiie (e Prapagalediypdale pREtatoNSAssociated

with the database object corresponding to the stale fragment. For example, cloned fragment 133 might
have been unavadable fongnpdatingrduette a vperatioat reasonsdsiechtas asdesickfaildreg hoss of
connectivity, system update, or the like. To be 15 useful, secondary cloned fragment 133 will have to
be brought back 25 E=RASIRSAAEBRSIERNGIURA PR CRMerFRgfifEd 31 HrBlgH e PEshing
process. cngloned fragment 133 returns online and becomes available to execute updating
operations, cloned fragment 133 is refreshed based on data included in the current, primary cloned
fragment that containsradl.ctirrieow aedapase updaieisnk cro @ Goexafmplieinin & Kald ctloae helyesint
operation 413 is executed to refresh cloned fra%ment 133 with data included in primary cloned

fragment 281. 11 TRiSMAHAKY BAct IPiRRREH OIS s Rrlrdd RIMEYdsistRdf S drantiile
cloned fragment, 133 wag anavailaleFaleeficiancyr &gﬁté%fr@ﬂ%fépgﬁﬁmfbﬁﬁs@@@i;ﬁ@dWﬁme”ted

via SQL delete operations that remove stale rows and SQL insert 25 operations that add new rows
copied from thetprndargbSechgecimplers@otation enablessthie rétresieng operatiamiiadecmaadged via
similar executions paths to those used b{ﬁf‘ergormal SQL statement executions in the database system

without adding &54PENBRE AT RLNANE LRe B RRYARAD ooy RAftiRg MR AR @ raliFhe At 1P Yteurs
when an 30 updat fr the databaneePigst aJFe&Bﬁﬁ@&ﬁﬁ?@@&éﬁh%&@i‘?&t GPRsReRding g the

primary cloned fragment 131. The update is then propagated to secondary cloned fragments
associated wvith yréfodryectoniadyfdgme it dg3de isl 3Rovith iaviel €. de bemayidaryckloned fiagtivenl 132 is
updated by operation 411 associated with primary cloned fragment 131. The need to update a cloned

fragment can o&QTs ISR HEth rEnary (e fRdme by rendsAde  BUN Rk 8RSk San update for
cloned fragment 133 May.QCqURYHEHINR TEECRRORSIGIAR 4hd iSeyRrNINGHRdaLs QRefation 412

can be performed on cloned fragment 133 while clone refresh operation 413 is
updating operations, cloned fragment 133 is refreshed based on data included in the

current, primary cloned fragment that contains all current and past updates. For

20 example, in FIG. 4, clone refresh operation 413 is executed to refresh cloned

fragment 133 with data included in primary cloned fragment 131. In this manner,

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

25  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

30 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



executing. Typically, a user's update operation 412 is a higher priority database operation than clone
refresh operation 413. Update operation 412 and clone refresh 10 operation 413 may be implemented
in a variety of ways and timing relative to each other. For example, when updating is necessary,
update operation 412 on cloned fragment 133 may be completed before clone refresh 413 continues.

Furthermorg, clone, rafresh 413 is depigned temminimize baih the frequancy Apd dwationafany delays

caused due to locking against any given update operation 412. Clone refresh 15accomplishes that by
running as a seqaaneayobsmallykienskacitorddsatcpesaiat take anexaolditecktataonlymhatibmtervals
of time. Operation 412 updates only the rows or entries in the stale clone that have already been

refreshed by op@l&tie PEPSFRE TS RaiHaAINERAMGBY §A IHENHRASAR WAHTIEStheRGRAECA GHE vfas
offline. Thatis, %Q@Eﬁ{iﬂﬂ.Af%ﬁ?c?lrlﬁ"ﬁ”&?grfgol%&ﬁ?gaémﬁi59""4‘1'?‘@%%@9%9?‘?0%@ gigleLlone. 20A

propagated update operation is not allowed to make an inconsistent row in a stale clone appear to be
up-to-date. Thisomsstriciiorheould ixereétastedparatomplemeptdtter e ticch4ar antirelsowvrifesbpagated
with update 412. How_ever,]gerformar]ce reasons would tend to discourage such an operation 412 that

propagatetPentiP@FERNS ot I BN JERIRBISE e Jardsddedy Rhwave oAl A s 98U RIHRFIues had
changed. It is thefespRsibliy, gfdhg RlAnG iRlingh ORealan A 13 M2 ERdHER a2 ik tersialg rows

into a stale clone. Operations 400 to refresh a stale cloned fragment shown in FIG. 4 enable a
database systerfrdgniefiesB3arstglé clanepl étad el batintortrinsaetiGned mbmsiste Aoyt eitm dhe,
corresponding primary fragment, while maintaining the online status of that 30 primary using standard

database operafiGRg. FFAENIs8'5r rdlfgianrddasHBimipe R s lieAuso ey epriemmb ¢ ML
statements, alloyg,6lopg, LRl eRRING 9 RA NAYIARE A AP Al AXIFPHb S IRREE dh PRLSHAERARL foad on

the database system, without the need for special processes. Operations 400 also enables the
refreshingldf a staterstdnbdsfragnieniuwitingud sha iy ¢o @xal ssirad iyt tackathie exithat fregrienttake - 10-

5without having to prolong the refreshing process with the need to catch up the updates that may have
occurred during®ié P@fpeg?f'ﬁcfeés%’?'¥iﬁ%8rfh'(5‘§%rwaé’tfe§@SntingBetr(i‘tb‘@"a Hié’cﬂfﬂ%ﬁé Y r8ifesh

operation 413 piggeeds. iRRilicantl aPeiaHoRsA R LHRes £NARIR ARalRELGPBARRIANAG

fragment to be efficiently updated so as to quickly become eligible to be a primary cloned fragment.
10 In one examplethatplementdtionhalored rieftéshp o paratian|4 1Beincdicddsmuitiplef8mall Dadcies of
refreshing operations. Usin% small batches of refreshing operations avoids blocking out concurrent

user workloads PRETAHSE FeAdaL B ARTE THTR YRLAT LI Fy BRO e S8 s Peffifig Hakh Sitemental
fashion, a%wmﬁ %M&&%ﬁ%@d%@ﬂ@h@i&'me W&Waﬂ%WeW%mSan inconsistent row in a stale

clone appear to be up-to-date. This restriction could be relaxed in an
implementation in which an entire row is propagated with update 412. However,
performance reasons would tend to discourage such an operation 412 that
propagated entire rows for all DML operations, regardless of whether only a few

25  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

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

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



15Multiple instances of the clone refresh operation 413 shown in Figure 4 can run concurrently against
different stale cloned fragments within the same or different fragments of any database object. That is,
such refresh operations are independent of each othep.0FIG. 5 shows an example data structures
511-514 for identifying a cloned 20 fragment 500. Data structure 500 is used to identify a cloned
fragment carespaRding R A datARasR APIAG! IR RyaEBIE. e datd Sticts, idenyfies gloned
fragment 500 that corresponds to a tablé associated with a database. As shown in FIG. 5, the identifier
for cloned fragmaria &0 thnayniagl uctedatileuidedntdiat rigl 1haditah idesdéier Sih2e fragsaempddedstifier 513
and clone identifier 514. Table 25 identifier 511 identifies the database object (a table in this case) to

which cloned fré@ﬁ?@ﬂ’t‘%@b ESrPéEfﬁBHdg’.h}iedﬁiﬁb@é_E%j@ﬁ?ﬁ%@/‘bé1(ﬁ_vR1’8§l‘_3i‘?ﬂ6' pa?%ﬁ‘éafﬁ'!‘:’epe}rate
data for convenignce, Q REXIRITRANGS '&RIAES: BaTtonRfantficlonid HegWiss the,RarHiga.tg, which

cloned fragment 500 corresponds. The database system that manages the database object is
configured to 30mlatersdicalty sepxiatectivend atiddiaketolbjeatpntadragloenisragchéatclone the
fragments, Fragment identifier 513 identifies the particular fragment of the database object to which

cloned fradthent 500 cBr&SorfdaMBIsn A BfERE R ifdArtieLliBHE PREGHRM: BDD aMBIG the
multiple cloned fragmgentsafsegiaied (W"i]%ﬁ}@?k{?@efn aRdmentof heA3aRase opieflesnihy™ SFIG. 6

shows an example data structures 611-612 for ifying record 600 in a cloned fragment of a
database objecib e clooed dvags déhiadmnyinalucenrecantsur ivdex enlyiés) lafge databdsef Foreexample,
the cloned fragment may include records embodied as rows in a portion of a table associated with the

database. Data Siitfetifted F1a2819 ifrPeesTd 608 ENASE IR ATdBtrMATIRE Bohien rRigHas: %d the
10update status,pf the 18cyd10.Pedptifiefyser wérRiShWN in FIG. 6, record 600 may include a

cloned record identifier 611 and a clone update identifier 612. Cloned record identifier 611 uniquely
identifies rEzord 600 witlhini theicoraespontihg tabhe ocfirdxapEtatied #acGost ddeniifiEisuir hder records
are propagated with updates from the corresponding cloned data 15 fragments. A user-defined unique

key may be usetts @ UYHET PRI EnHHET 87 ta Eplterrdsfnt@ IMmIR Y Ral e SRR lor
augmented to thﬁff‘é’?@ﬁt"ﬁﬁ@ﬁ%#@%ﬁ%? hatasCconPAsaKeY i SUliriRRIHNigHR R FEHE as a

cloned record identifier. For example, a fragment identifier can be added to a key for purposes of
providing additiomdd pemderengssicA atbre update identifier identifies the update 20 status of record
600. In this example implementation, cloned record identifier 611 should be unigue within the context

of a given table. Clone'tfpdateNAntkFEIPRIAIYHAS T GMESR/ ety hdIFHE 2tAt5B8 S record
relative toghe updgifesiatys®f theathesraerrds wiih the sarae dongehirgord idgntifier8d it a given

database object uniquely over time. 25In one embodiment, a database system includes primary cloned
fragments corresponding to a database object. In this example, the data structure identifies
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
25 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
30 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.



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 30 fragments, and contain identical values as they do on the primary cloned

fragment wien a secopgiary ¢lofied, ifagmeptis tkansacionally consistent; fhvs, e clangdstreord

identifier 611 enables a mapping of rows between primary and secondary cloned fragments, and clone
update identifielird 2 X milew S thwemeer fufadl ala abugdecth@rctheA alvs adefiegnsistecin intRida Theeotereshing
process for a stale cloned fragment uses the cloned record identifier (CRID) and clone update

identifier (CUIDYRb WeterRitiE Svhaihdrddianteuldrde AT thENaIS R f ARG S HBAYD BE Yefreshed.
For example, a recqrel in,a,Siale AOPGHsFAIMEHE nay I elude: SRIBEX A e HR 5 ¥s O Baga

corresponding record in the primary cloned fragment associated with the stale cloned fragment may
include: CRID =sxraatdred BD1=6&1 7T he refoedling prabkss aselsdde ic P donddrfliiy@ashaetonhd in the
stale cloned fragment and to locate the corresponding record in the primary cloned fragment, if it 15

exists. The Pefrddlats srous fher tonthiads Ksiteth record in the stale cloned fragment with the
corresponding record iﬂsﬂlﬁmﬁwﬂpaweﬁm’AH%E%%E’?E@J% QRIRERN NG YYASHEG recerd in the

stale cloned fragment should be updated. Fragments of a database object can be any type of
fragments, suchaas a datee fraglarent] anifrededd agbherid oecbel likkenEbHeablindexduaymeéntti6ach row in
an 20 index specifies where the row came from by storing its data fragment identifier as part of the

index key. The _iWﬂBF@itQQH %&%&%é@ﬁ%@?ﬁ&éﬂ%m# o‘?rtH%dEI’&ne%_"?ﬁ%f' y&Se"thife ’TPgﬁ’ﬁﬁeWt is
currently the prifpagy. A JNAre s 6 IIRBY GIANeR RgMEBHONR FYRaSIBHERY RN dRdgfecord

can be mapped to a specific fragment for access purposes, at any given time. Thus, index fragments
may includ® 25feagmentistinguseallettionr dlidigjatessnandanysrovesets (@reih decoehtdesifikabrefer to
different fragments of a table. As long as each such secondary rowset is treated separately from the

others in the safe fiBIe AR HAYR & B M dtfo A6 B eAHERRRER BLihSerabdstngshtiftle to
apply. For implemantafion, Jocking, BiG LM, 1IN a8l RN fFRAMGE CITESRRNGING 1A Auy PRdidlar base

table fragment should not 30 cause any locking on the other rows in the index fragment (which do not
correspond to thd¢nnifse tatie dragmeent). fragment identifier can be added to a key for purposes of
providing additional uniqueness. A clone update identifier identifies the update

20  status of record 600. In this example implementation, cloned record identifier 611
should be unique within the context of a given table. Clone update identifier 612
only has to uniquely 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.

25 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

30 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.



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 - 13 - 5popagate 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 froyene inde fagmect 1R Ag0MeL JURRIIERIRNAYJaLrRRucs AR AAdional
latency step. If the set of index entries in a given index fragment corresponding to the records in a
given data fragruantidice t(eraDchias dsecopdaryidbd téiarsEl thetothereoniespdruig phaacykowset is
substantially identical to a base table fragment. Each secondary rowset in a clone of an index fragment
is thus independ&RTEf8IFIRE Bt KaeBISAARN PHFSREs GitiRethal Sa/E BBSe FSR LRI Piiagation
purposes. FIG. Zléﬁ&:\"ﬁaﬁmplﬁ%ﬂﬁ&?@&é% for updating cloned index fragments and 15 cloned data
fragments. As discussed above, an up-to-date (or current) secondary cloned fragment of a data
fragment is substantially identigsibte the pritharyoloned fragment for a given data fragment. Similarly,
an up-to-date secondary cloned fragment of an index fragment is substantially identical to the primary
cloned fradthent R5r (REEIRIBLINAGRAGHL T IOREH RHC IPASHEARNSAS AIRAGELFHEHH RSB Findex
entries that refeElFﬂméﬁW5?ﬁ13ﬁmﬁ£9 thahsane data fragment. Hence, cloned index fragments may
receive propagated updates from more than one cloned data fragment. The example in FIG. 7
shows an index fragment 11 a®itaing indexd enttiedthat reference records in two distinct data
fragments, DI and D2, In this example, both 25 the primary cloned index fragment 11.a 705 and

secondary clondd§iGES TFRMREAES o705 REERIB [Pt Hietreb SR i 8%y IS B3%H the primary
cloned data fragmepfiy 34 9?IMJQReWQFF@%&lQﬂ%@Q@J?dW@QH@%ﬂrP;?r@t?cQ%d frag ma& mapping

between data fragments and index fragments represénts the result of a standard database operation
called physical datstivaseh e esigrshFor @oye 80tenerp mplaxs dadiuneh ok eotablefleoktmck@alads can be
discretely mapped to one or more index fragments based upon therzfgartitioning and fragmentation

definitions of thd" AR ML AR TH USHRRIEHSS 1o I ABRR URY Y IRNSS a9 sl cify 55T the
traditional datagse. mEHRIR REPRIIRG ARSPEAR IO SIS Rtk LH JGRIRS Hovgiuss uhastiing of values

or via round-robin assignments. System defined fragmentation - 14 - 5definition is accomplished via
hashing on a key of a tabgrenndexa Hoasserptjtoe daashebagedy fraghieryators poplates fragments
with rows (or index entries) in a highly disproportionate, data-skewed fashion, a round-robin

assignment of r&%r?éwadﬂlg}ﬂgxcgﬁqfa%néear the like. For an index fragment, each row in an

20 index specifies where the row came from by storing its data fragment identifier as

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

25  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

30  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



When a cloned index fragment becomes stale and needs to be refreshed, 10 there are two potential
ways to accomplish the refresh. If a primary cloned index fragment exists, the stale secondary cloned
index fragment can be refreshed directly from that primnary cloned index fragment. Alternately, a stale
secondary cloned index fragment can be directly refreshed from the set of primary cloned data
fragments @f theagexed aple.n denalier saner Pl 10aSEIE RIS N0 PimAa LS daneg data
fragments are used In the refresh whose key values map to the index fragment that is being refreshed.
In an example impiemeniationed|omdenpifatenielentifier LD) wallee st maypbesibiriniaipeshagageper-table
basis. That is, for a DML statement that l;pdates a given primary cloned fragment, a CUID value is

read from metadREESSe SR Pat S frafRHBIS tibI8"REEErdEih&raresspaed Bl Alement
are assigned thag GHIR.valie, YYnersthe HRARIES I INRRR LEERIHSATE RIYAAIRIRALR F3grRAdarY

cloned fragment, the new CUID values assigned are also propagated. In this example
implementation cGiH{p vadiies arehmiguerts angivegivéabliatavieadiment Tdre owtrelat $SUHDBam@ludary
persisted transactionally in the metadata that 25 describes a given table. At the point that CUID

values hit #le pSMYSEWHREIHIG SRSIRTAIATA S PREARYLIAREL S S4B HRHAU dentied ii8 U tschniques
can be used to tggR! FLURNRIUGS IR 3 GRS HLWNRIMNM YRIHE- SPIURN m@@&’@gﬁ@ﬂ? iof yplues for

CUIDs (e.g. around 6 bytes), this case would occur on a historical scale of time. One simple 30
technique for reseltimen CddiDof allieBemathler tede adiaex clvgive ladth ontadablenandnesdo thep@ddD values
in all records in that table's primary cloned fragments to the minimum CUID value. Then, the normal
update propagaBitiP#HBERAMEMRBuId effectively reset the CUIDs in the secondary cloned fragments.

- 15 - 5The CUID valuggfoy 4 i3Rle Al RREHRIUGIRVRYY (G FRER Qi dReahie gResgffline.

This implementation will be discussed below in conjunction with FIG. 12. Other CUID assignment
policies argbpossibhedhditedecighasithe potdistiabtecaffiectdherbapiadedhrrique dorretonesaefnelahy For
example, transaction IDs can be 10 used as a basis for CUID values, but reo‘g?irze a somewhat less

advantageous IS YRURSRLARRY TR TH ErageR dhstRsAptaty [Hopighiainarinane riarssh
interact correctly, .3prei1G8lYa iifef WRLREIERANRIALRRISIAP @esiRedRalowb g RARIC felPne

Refresh technique would have to wait for all currently active transactions to complete, instead of just
waiting for all curegmbddM bfstate meets fiapoamplate s1bdmyealéraid enterhigub dop rimsasagmened) | D
values can be implemented if the technique can satisfy the following requirements: _
ragment for that index fragment. Clonéd index fragments are allowed to contain
20 index entries that refer to records in more than one data fragment. Hence, cloned
index fragments may receive propagated updates from more than one cloned data
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
25  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
30 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



a) For a given CRID value used within a fragment, all records identified by that CRID value in
transactionally consistent secondary cloned fragments must have CUID values that are identical to the
CUID value in the record 20identified by that CRID valug-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 p”maWSC'O“c?eci‘iFﬁ%%ﬁ‘%”&c&%ﬁ!bmﬁegL&|Qﬁa°s%ﬁhqeoﬂ"§ RANS ALILIBE FRNag ot Reen ypdated in

the primary cloned fragment since the secondary cloned fragment became stale. 25 An example DML
statement for updatinigagecl oinaghisagitient o stiaven lielguve Mthengttamnyple RM ingtatemetdsinatudes: two
records in Sales.2004.1.a (cloned record identifiers (CRIDs): 5 & 3) that are updated using a CUID
value of 3. The BIHWPISRIQRY DO 35RiRY oebitaghiaRP TS HRIVASHIrAMB I OfERYS BUID

Other columns }rggrﬁe%ts can be used.

When a cloned index fragment becomes stale and needs to be refreshed,

10  there are two potential ways to accomplish the refresh. If a primary cloned index

fragment exists, the stale secondary cloned index fragment can be refreshed directly

from that primary cloned index fragment. Alternately, a stale secondary cloned

index fragment can be directly refreshed from the set of primary cloned data

fragments of the indexed table. In the latter case, only those records in the primary

15 cloned data fragments are used in the refresh whose key values map to the index
fragment that is being refreshed.

In an example implementation, clone update identifier (CUID) values may be
maintained on a per-table basis. That is, for a DML statement that updates a given
primary cloned fragment, a CUID value is read from metadata specific to that

20 fragment’s table. Records that are updated by that statement are assigned that CUID
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

25 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.g.
around 6 bytes), this case would occur on a historical scale of time. One simple

30 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.



71 33 -16-815Table 1. Primary cloned fragment Sales.2004.1.a
fragment Sales.2004.1.a is updated, those updates are propagated and applied to the secondary

cloned fragment Sales.2004.1.b as shown in Table 2. {53RID CUID Other columns 1

10

15

20

25

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 assignment policies are possible, but each has the potential to
affect the basic technique for clone refresh. For example, transaction IDs can be
used as a basis for CUID values, but require a somewhat less advantageous clone
refresh technique in order to ensure update propagation and clone refresh interact
correctly. Specifically, in the WaitForPropagation step (described below), the basic
Clone Refresh technique would have to wait for all currently active transactions to
complete, instead of just waiting for all current DML statements to complete.

In general, a technique for managing CUID values can be implemented if the
technique can satisfy the following requirements:

a) For a given CRID value used within a fragment, all records identified

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 0
3 3

After the primary cloned




252371 381 10Table 2. Primary cloned fragment Sales.2004.1.b

10

15

20

25

-16 -

8 0

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 secondary cloned fragment Sales.2004.1.b as

shown in Table 2.

CRID CuUID Other columns
1 2
5 23 Ll
7 L
3 3L
8 L

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




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 theigorresponding rows in a primary cloned
fragment 15 is an outdated or stale cloned fragment. The rows (records or index entries) within a stale

cloned fraggent can be in ong, f the fallowing, SXAIPIE 2GS THE JRUTPUMALY Ty Fefersa a row in

a primary cloned fragment. Rows within a stale cloned fragment may be: 1. Consistent 20Primary row
didn't change while theo&iale.secandatyctisined fragment wassaffingedndlseg, alveikkdshrpsooass has
already updated the row in the stale secondary cloned fragment to be consistent with a corresponding
primary row. A consistERAEFSRPIE LrSAYER RSB frelghfchi 2ameRhyHALhS 22BHGR'R Biltfary
cloned fragment that hgsthe $am&:¢BIB &gk CUID 25values. 2. Inconsistent - 17 - SPrimary row was
updated while stale secondary cloned fragment was offline. An inconsistent row in a stale secondary
cloned fragment corregpondsNssimgw in a primary cloned fragment with the same CRID value, but a
different CUID value. 3.Missing 10New primary row was created while the stale secondarécloned

fragment Wis offline. A missi ‘P’O\Hri'rﬁ“é@taﬂ%"‘ééﬁ%ﬁo‘éﬁt@%ngﬂiH?aa?ﬁeﬁiaé%sﬁfﬁﬂgatﬁe £28&9vhen
there exists a primary goyy wiffy 4, SRIR vRluefonudigh ihgT 1S BRROLRSRARAINGIRY s siale

secondary cloned fragment with the same CRID value. 154.Extra Primary row was deleted while
stale secondary clonediéagient wasaeéflime nrhenxtraxiow in pritaley seaomddrya olied flagnfient
describes the case when there exists a row in the stale secondary cloned fragment with a CRID value

for which there is no cSfRESh M AV P PRI WoHRE i alfifettcondary cloned fragment

with the same CRID value.
15 4. Extra
Primary row was deleted while stale secondary cloned fragment was
offline. An extra row in a stale secondary cloned fragment describes the case
when there exists a row in the stale secondary cloned fragment with a CRID
value for which there is no corresponding row in the primary cloned fragment
20 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

25  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

30 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,



20with 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-ttgt identify records that need to be refreshed,
e.g. that are inconsistent, missing, or extra. In one implementation of 25 the temporary file

(StaleCloneCRIBS), A AR Baifl REO AT 520 i A B Uzsd. it e bat

simplify the process of accessing discrete sets of rows within StaleCloneCRIDs in a number of small,
incremental batehi@pearatwres. fragmEhG8@3shows the progression of states when refreshing a stale
cloned fragment. As shown in FIG. 8, secondary cloned fragment 805 progresses from an 30 Offline

state to a PreRefresh éﬁf‘é.twmférﬁéigﬂa}fg?%ﬁehésiﬂ??ﬁﬁ Wgﬁﬁ%ﬁﬁﬁ?@?%@rﬁtﬁhgﬁﬂeﬁé applied
to the stale clongyor AUIPOSES @4 oRiMiZing .th%ngéfgﬁam&wfcFH&W&?%QP@@&'@%A%L%%ﬁ@condary

cloned fragment 805 is considered to be online and is placed in the InRefresh state. The stale cloned
fragment remaix irethes e gfr esséligtate whike dyeing peifresped. In this state, - 18- 5secondary cloned
fragment 805 may be ugdated by changes propagated from the primary cloned fragment 803.

After the réfreshing prédesd hafio¥sean ﬁéﬁmbﬁ%?é‘ébﬂﬂ’éﬁ?%lb}%tﬁéb'fﬁ%ﬁi*l?é?e‘ﬁi‘@*rs‘%@:urrent

state. Once SecﬂQQﬁ(é’nP‘&f"fﬁa@&'Z@B‘Bﬁ@? enters the Current state, it is eligible to become a primary.
10FIG. 11 shows an example refresh process 1100 that refreshes a stale cloned fragment of a
database object. 0.StaeClons@rdientDmline 1150: In block 1102, when a stale clone is targeted for
Clone Refresh (e.g. when it becomes accessible to the system after being%(r)ffline), it is placed in a

15PreRefresh state.Next, in BbOREE04 Preis8stopiithiZans carppieLidciiananifiicate@iBned
fragment is in the PreRgfesh é&%&%é%zé%mmi%atm&g@rﬁ%ﬁigpsgi 13 SRiimiZG e pgaquent

performance of the remainder of the refresh process 1100. 1. EnableUpdatePropagation 1160:
15 PreRefresh state. Next, in block 1104, pre-pass optimizations can be

executed while the cloned fragment is in the PreRefresh state. Such
optimizations are designed to optimize the subsequent performance of the
remainder of the refresh process 1100.
1. EnableUpdatePropagation 1160:

20 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

25 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

30 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



20The 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 thggstale cloned fragment may be selective. For
example, the application of propagated updates is performed only on those 25 records that have

already beep refreshed, o4 lat Gan be. detesAnee g FRALIE HP I8 Laaa ARk RIARFING dpdates

are applied only to records whose CUID values for a given CRID value match that of the
corresponding record iththe myinearyliciobeekiragnbait. ti thnqiheraex&mpleisnpldmpripdigne i entire row
values are propagated by updates, then updates can be propagated and 30applied to any record of a

stale cloned fragment W5il&#fe RIS TRAMSER iSIRsng eftetiede 2anaracoP gl 1o
At the next block 1110&!9&ﬁﬂtr%%craliﬂ?ge%m]s%mwmi'c%E@EX%@%%&\W&%% tHgprimary

cloned fragment have started to propagate - 19 - Supdates to the stale cloned fragment. (Or an
equivalent mechanismsisiieseththaigensimes dlospilagagaant iiivle tadhd prilnaryl i edffisigteatiy,
propagated to the stale cloned fragment.) Block 1110 can be achieved by waiting for all currently

executing PML statemBIte4B e StARStaN & Srgmiibiy mEtR R SIS @iStement is guaranteed to

propagate updates to gl onling, glepad ragpems, 1 3qincluding stale cloned fragments in the InRefresh
state. 3.BuildStaleCloneCRI Ds 1112: At block 1112, in ReadCommitted mode, the
StaleCloneCRIDs temporary tablélisckrebtéd,ama iRiktalzednStale Cloodd RIS iStgeatand€8Dto cover
all non-up-to-date rows (inconsistent, missing and extra rows) in the 15 stale cloned fragment, but due

to running in ReadCon AR IYoIBRISH nrotR e SAIENRIBRI DS RSY BREGRIBA M PHARIMEERIDS rows
that are actually consisignt, I gfq IRRIEERAoN Of RARRIENG, thesSiRlehPReCRIDR JLMRARRTY

table, a SQL outer join operation can be used on the corresponding cloned record identifier (crid)

columns of3he primarysehe dtaled 2QpionredHfragime ndsrwingng thekead@spoidiéng clonieupdate, identifier

(cuid) column values do not match or are null. The foIIowina pseudo-code provides an example of one
&

such outer join. Note tR&'fiF A€ XA plR2a PSHRTGEALY BARLHTE cORIfM 19 %t0d 0iife 2ctually
StaleCloneCRIDs tablepqyRyide ap e3amRifhanitaabrodld BerurathiPrhealinR ErffeeRiBAtches of

a given size.
temporary table, a SQL outer join operation can be used on the

corresponding cloned record identifier (crid) columns of the primary and stale
20 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.
25 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
30 FROM
(select crid, cuid from primary_fragment_clone) as p
FULL OUTER JOIN
(select crid, cuid from stale_fragment_clone) as ¢

ON (p.crid = c.crid)



25SELECT (case when (p.crid is not null ) then p.crid else c.crid end) as crid, IDENTITY(int, 1,1)AS
Batchid into StaleCloneCRIDs 30FROM (select crid, cuid from primary_fragment_clone) as p FULL
OUTER JOIN (select crid, cuid from stale_fragment_cfone) as ¢ ON (p.crid = c.crid) - 20 - 5where
p.cuid <> c.cuid OR (p.crid is null) OR (c.crid is null) 4.MakeCurrent 1170:

5 where
p.cuid <> c.cuid OR
(p.crid is null) OR
(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 1100 shown in
FIG. 11.
The first small batch (BatchOfStaleCRIDs) of Stale_CRIDs from the
StaleCloneCRIDs temporary table is initialized in block 1114. In one example
15 of block 1114, the BatchOfStaleCRIDs are defined to be the CRIDs of rows in
the StaleCloneCRIDs temporary table whose Batch_ld column values are
between the parameterized values of @start_Ild and @end_ld. The initial,
actual @start_ld value is set to be that of the smallest Batch_Id column value
(e.g. Batch_Id initialized with the seed value of 1 by the IDENTITY function) in
20 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
25 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.

30 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.



10FIG. 17 shows an example process 11 70 for making a stale clone current. Process 1170 is part of
the example refresh process 1100 shown in FIG. 11. The first small batch (BatchOfStaleCRIDs)
of Stale_CRIDs from the StaleCloneCRIDs temporaryzable is initialized in block 1114. In one example
15 of block 1114, the BatchOfStaleCRIDs are defined to be the CRIDs of rows in the StaleCloneCRIDs

temporary t@able whose Batchjgd colugyn M@_L_Lll(eq e bpe%eq:&ggeap@rggpeéﬁri;&gsvmu%o&@g@rtid and

@endid. The initial, actual @startid value is set to be that of the smallest Batchid column value (e.g.
Batchid initialized with the seetbrvaduéajriday tldeniifieN THy Bituhafsryl¢aRADstheTbialeEto i GaRIDS
temporary table. The initial, actual @endid value is then set to the value of the desired BatchSize. The
value of BatchSize can be vaftt 82 Nielre diffsre Rt feffe R BRARET ATRMAHEP 36t1e°bf BRICTSIZe can

provide greater concurrency ‘Mma9!?9%@%‘?&3&%@8@13%%&@@SH:}@L‘“.'G for BatchSize may potentially
£l Hops .

yield better refresh performance. At decision block 6, a check is made to determine whether
the BatchOfStaleCRIDs is empty. If febRatchO261alelRiRsds|erebly, vedresheptacesisfiddifeproceeds
to block 1118 and marks the refreshed cloned fragment as being in the Current state. A secondary

cloned fradfhent in the current'@agéaddsanifirs tBYbERndatpri Bt QicHie R iy meHte TR Bbcess
1100 exits at block 1120. 30If at d&gisian. Hlegk b GntheBAARIGGRIBS IS faund ngtdg.be

empty, then: a.At block 1122, a new transaction is started in Repeated Read mode. - 21 - 5b.At block
1124, read locks are set on refsindhepsinfiiem cionedefragnentfrdemished The BatchOfBlalsCeIDs. This
step is not functionally required, but is important for purposes of avoiding potential deadlocks with

propagated updates. c. At bIoBR3TE, Aifs GrE Gefbtdts ifhRe sttk BRSHEd RadhseMakestEHre
identified by CRIDs in the Bamgggarlgﬁﬂ@&a@ﬂel falloying,Peaydg;code describes one example

implementation of deleting out-of-date rows from a stale cloned fragment. The actual values of
@startid attd @endid are those set eattier firnthetMake(gureantgisoeess 11 70 (at block 1114 or block
1132). where exists (select * from StaleCloneCRIDs as s
where stale_fragment_clone.crid = s.crid and
(s.Batch_Id between @start_Id and @end_Id))
d. At block 1128, rows are inserted from the primary clone that
20 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_Id are
those set earlier in the MakeCurrent process 1170 (at block 1114 or
25 block 1132).
insert into stale_fragment_clone
select * from primary_fragment_clone as p
where exists
(select * from StaleCloneCRIDs as s
30 where p.crid = s.crid and
(s.Batch_ld between @start_ld and @end_ld))
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



15delete from stale_fragment_clone where exists (select *from StaleCloneCRIDs as s where
stale_fragment_clone.crid = s.crid and (s.Batch_Ild between @startid and @endid)) d. At block 1128,
rows are inserted from the primary clone that 20 are-iggentified by BatchOfStaleCRIDs into the stale
cloned fragment. An example pseudo-code description of one example implementation of inserting

new rows fiom the primary fragmept deiR & sEfbelonprlRamPRl [RIloyG 4 TP ActuRkAlYES pf @startid
and @endid are those set earlier in the MakeCurrent process 11 70 (at block 1114 or 25block 11 32).

insert into stale_fragment_clone geledtiBframe peiarynfragimenatl dignehas ymivberd existslésetatt *from
StaleCloneCRIDs as s 30where ﬁﬁ%id = s.crid and (s.Batch_Ild between @startid and @endid)) e. At
block 1130, the transaction is coBfififtide. At block 1132, the next batch of CRIDs from the

StaleCloneCRIDs temporary Eﬁble al‘ﬁé‘?@ﬂ@ﬁ'ﬁ%u%%et&eﬂ% then proceeds back to block 1116.

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 successfully, the stale
cloned fragment is moved to the PreRefresh state (or to the Offline state if
access was completely lost to the stale cloned fragment).

The example cloned fragment refreshing technique makes continuous

15 forward progress, while minimizing conflicts with existing workloads via small, short
transactions. The clone refresh technique discussed above can also be applied to
cloned index fragments, just as it is applied to cloned data fragments. In one
example implementation, stale secondary cloned index fragments can be refreshed
from the corresponding primary cloned index fragment.

20 If all of the cloned data fragments for a base table fragment go offline, then
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

25  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

30 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:



- 22 - 5BatchOfStaleCRIDs. The actual values used for the @startid and @end_ID are each
incremented by the value of the desired BatchSize. g.The refresh process 1100 then proceeds back to
block 1116. If errors occur during the proggssing of a BatchOfStaleCRIDs, then the
10transaction is aborted and the refresh process 1100 exits. If the refresh process 1100 does not
complete sgccessfully, Shﬁnf_f%'ﬁe%'ﬁ’@? fragmeptissrogyed to the PreRefresh state (or to the Offline
state if access was completely lost to the stale cloned fragment). The example cloned fragment
refreshing technique makes cexftinuious nLigforinardi priegness:;swhilechijueizingecafitiets nafthsexisting
workloads via small, short transactions. The clone refresh technique discussed above can also be

applied to cloned indei%ﬂ@%‘éenté‘?‘fﬁ%rt”&‘_‘sdit ferappRetfto U(?Red”dzﬂghffﬁgménfs?”lnbﬁné“é‘xapr%le
implementation, stale sgeandaiy Glonedyindsx faamentucan pe relteshivd Tanmthe osrRRPdINg

primary cloned index fragment. 20If all of the cloned data fragments for a base table fragmént go
offline, then the rows cerRsfpestdistgdp bhatifragpzent iprevery index fragmentraicaetfectiveReatfline as
well. When the base table primary cloned fragment comes back offline, the refresh technique operates

on any stald table clonEARL A GIAdMs Bsthifehbig s 2hy Lehief Marilelinadrtiadieme Rathat point,
updates operations are, prepagaiet 2 RINSRIAG SeeRPdaR Siehrddrdey And Hai’ fragmgrys being

refreshed. Similarly, if all the cloned fragments for an index fragment go offline, the index access path
using that index fragmésw \vitldpei sféhine.s Aasid poctoniatlyirmdebn fr apnoelot &3l re storedonea Tlaneleefresh
when it once again becomes accessible. In one example implementation, stale cloned index fragments

are refreshed directly dsiHp R RSO B0 R P RIS 108 %ra fﬁbfﬁge%ﬁhﬁ,(ﬁrgfﬁlﬁ 4&&8nGary
cloned index fragment gan,als9)he refeshad feam Hig CHiPSReRding Rimaie£long indax (rrpment.

The performance of the database fragment cloning and management mechanism discussed above
can be enhanced by the drekapl&loptimizatéorimdises)skechbedoavall, shorter period of time, thus
increasing concurrency in the system.

When a primary cloned fragment has multiple secondary cloned
fragments which need refreshing, the refresh passes on all the secondary
cloned fragments can be run independently of each other. The degree of

20 parallelism can be controlled based on how quickly the cloned 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

25 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

30 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.



- 23 - 5a) PreRefresh Step of Clone Refresh Before running the clone refresh technique, the
same refresh technique (described for process 1100 in Figure 11) can be run, but completely in read
committed mode. (For example, when run during a 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 ug the vast ”ch‘j?FQXsQEH&% QYRS GNP PRI JGALINE: & ff¥hinconsistencies, and

potentially having introduced a few more. The idea Is that after doing the pre-pass, the strict refresh
phase (process 1170 in Figur&/ief) in pejpeatablenkend madawillicperaie muahstasiet. eemimows will
15be locked (due to fewer batches) for an overall, shorter period of time, thus increasing concurrency

in the system. WHERL LS ANAABRaE ResghTit PragRRtrRpIE BeGntiary QBHRS ﬁﬁ_@ﬁféﬁ‘?é which
need refreshing, the reflegh assgsa i secanday.cloned FAgments G [nindepghdently

of each other. The degree of 20 parallelism can be controlled based on how quickly the cloned
fragments are to be breughtrbaclkionkner, tragedtafé agatnst hremtmmachesfiagccaheufadadyphittarympose
on the system. b) Transaction resilience to failure of secondary cloned fragment When a propagated
update to 20secondary CRSSEdRAGFHEN AR F8Hes5R8 K em reasons, the cloned fragment will be
marked offline. The effgts,of opgoplag frapsactions 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. Aba comeerizade wfdatkoronandlang ,ithe siaisdaent whas & apdates were
being propagated can be rolled 30 back. But this is not necessary if the failure of the update

propagation to a failed ‘@l GHALR S¥RAB ?f’é_ﬁH?eerdS'QQ%[ﬁffﬁbeoﬁfﬁé_'f’@id&s@fé&g%ﬁ%e statement's
execution. The UpdateﬁJQirnmﬁ&?F@%S{‘ﬂﬁé‘EWNeW S RVERN BegNAPRIE 10, 3B PE PIRSRIMGM In the

primary cloned fragment.” - 24 - 5¢) Transaction resilience to failure of primary cloned fragment
15 MakeCurrent processing of the StaleCloneCRIDs.

FIG. 9 is an example database system 900 with cloned database fragments.
Database system 900 typically includes multiple computing devices 911-914 for
distributing workload and providing reliable availability for accessing a database
object as well as load-balancing. An object within the example database is divided

20 into cloned fragments, which are divided among computing devices 911-914. In
this manner, 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

25 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.

30 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



When a primary cloned fragment fails, a user transaction accessing that cloned fragment need not be
aborted if there is an online, consistent secondary cloned fragment that can be designated
immediately as a new primary. However, any statemepg currently accessing the failed primary
10cloned fragment will be rolled-back. d) Clone refresh resilience If a clone refresh update to a

record in a secondary GangGIAMENIARIE AYS 40 YRIGTLIRAROMSa B ICIODRFEMRSI RASS My restart

from the beginning, retry the currently active MakeCurrent batch or reiterate the entire 15MakeCurrent
processing of thedstatd Ghan&Gdiest remaik$Gc&isialk example database system 900 with cloned
database fragments. Database system 900 typically includes multiple computing devices 911-914 for

distributing workload ald FoRibfhg FNBRHEMRiatfiRfRel B calyitgsa Pthbakt oBjRtt 42WER as
load-balancing. @J@r%ﬁﬂg\ﬁ&mmecl%)ﬁﬂmﬁjg flipkas, i&?ﬁd‘?ﬁ%&@%‘iﬂ&!@@@%ﬁﬁ s y¢hich are

divided among computing devices 911-914. In this manner, computing devices 911-914 can
concurrently perfaympepierati as cinidiffe ranthpastignsrafsthenolhect amthe exxampdé databasdase
Computing devices 911- 914 may be configured with any type of database system, such as a SQL
server. Asqgnomﬁﬂﬁcfhe figure, computing devices 911-914 may include primary 25 cloned fragments

923-926 and secondaryelonediagmanhI3bR3 I e B heFimaTt Ry IMatLslaedfrgmgnts
923-926 are used by computing devices 911-914 to perform productivity related tasks, Such as adding,

deleting or modifyiabatie database objhoiequreridsiaegotie, entine Hkeafaeeandaryalonedfrageents
934-937 serve as backup of the primary cloned fragments 923-926. 30 Typically, the primary cloned

fragments in eafR@BIMPUtHENI&VIcE Y KotTbiEEortd tH'thd SecohatPErsheditYadhielts Aghe
device. If one of thg;FPMMBHING SIRViIGE SISl thiais: Anaiher %Q”BWQG@YW%E*%E?&‘%PY#J the

operations using the secondary cloned fragments that correspond to the primary fragments managed
by the failéd devizgebhbsé¢hidjranher adatebasedshygtarm 90hcaare RentBredsarel thiatsa fragmesdtof a
database object remains available as long as at least one clone of that fragment remains accessible.

In another embdRfche ORI Hevikesia 11893 ARG FEHHE DI ApIRG BiihaRP&lorfégh
fragments. In thigmanpes, fKIRIE COMBYHNHAEVICES MAPEIIQLEY ORRLALBRS: RACRHAR S ekies, on

the same portion of the database 10object.
actual fragment, just the element in the local data structure). Process 1000

continues to decision block 1002, where a determination is made whether there still
20 remain any unprocessed elements in the set SetOfFragments. If not, process 1000
continues to termination block 1012 where the process terminates.

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

25 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,

30  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



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, such as a table, an index or the
like. An update may involve the modification of one oraeere of the fragments. At block 1001, fragments
of the 15 database object that are affected by the update are identified, and these form a set named

SetOfFragrgents, {pat ?ﬁa?ri%‘?@ ARl EUGHRS 0T NG PTBEES T 4 QA0r ARl ClNRILIN i Sk S Initially

I
marked as unprocessed (this does not change the actual fragment, just the element in the local data
structure). Processslofil codtinisas tblaacision.block 1002, where a determination is made whether
there still 20remain arzj%eunprocessed elements in the set SetOfFragments. If not, process 1000

continues to terminatiof BioeiRa 61 S56HéR m%cbrb%ésiféﬂﬁ'iﬁéfgé.remairRéIBF?I‘Fﬁésﬁ? FEREHF block
1002, if there stjfl remaigUnpEasRSSEHEIeMIR IN iR SetaRIAEL 2ENeiek PRefESS FROR coptinues to

block 1003, where the unprocessed element is obtained from the set SetOfFragments, and this
represents 25 thepiragnsedt Watrshouls b wypdate doextihat Back di@dethed correlpandliag@rtmary
cloned fragment is determined, and the set of records within the primary cloned fragment that need to

be updatel? are fRERTAILE, YFnifrg Soehahid ot indatds "hdt is'd BeSkdheeStrctHPidt the
process 1000. Each Qlamept iR 884 is itiahy mrrked as.Hrpresessedihim ARas notehange the

actual record, 30 just the element in the local data structure). At decision block 1005, a determination
is made whetheddheaibestidl sewtaire amyhinmpoocesse dneleenents xn tf€igeteSatdDikdectdds. If not, process
1000 continues to block 1006, where the current element in the set SetOfFragments is marked as

processed (this does nIPERENGRARECN BV S 5 Part dPMentiErS: the 'Eraifbin HPHEHRATIHES
structure). Procgsg, 1QRRhan aaegLark favdetirion MlagkdoPe o, teREIMEDRY @ degisianhlock

1005, if there still remain unprocessed elements in the set SetOfRecords, process 1000 continues to
block 100Z5whenedatedimprockssedagiéeht iseebitizd snowptiva et tS et fRewntds. dba¢etavent 10
represents the record that should be updated next. In block 1008, a CUID is obtained for the record.

(CUID value mdiR@naRte ahd'aistinfRedll iS'anafdraes Hipetse MRt reanteis HEN &ht T the

context of Figurgs 42 3Gt Brdmary SPSESHAA0 ERNUINHER Lo RIOCKIONB WherR iRgiLegprd is
updated with the new values as well as the new CUID. At block 1010, the old CUID, as well as the 15

updated record (containfryg the nedaUIB) e rapagagetktbaall segoirdanrctered Qiafraiments, as
well as to all cloned index fragments that contain a copy of this record, both primary and secondary.

FIG. 16 describ&® HRFHIOOR In WHTE d8faift"ent AHPRAE (IpdAtesRbs HELRPEPRRBR'ERE dPplied,
process 1960 CRURSad thIOG 40dy HARER The SHIENHRGSOLITR R RIeRe AT RIBIP dararked

structure). Process 1000 then goes back to decision block 1005.

FIG. 12 shows an example 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

25  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

30 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



20processed (this does not change the actual record, just the element in the local data structure).
Process 1000 then goes back to decision block 1005. FIG. 12 shows an example process 1200
for modifying clone update identifiers (CUIDs). Procesg71-200 may be implemented for each database
object, such as a table of a database. At block 1203, process 1200 waits for changes to the 25

configuratien of gloneg-¥3gment®assopRIRINVIE alable. AhdgdisipRINCK 1203, RgipBYnAtion is

made whether a cloned fragment has become unavailable. If the cloned fragments are all available,
process 1200 returthscisidheblsakt Stzie,ad bleekiin@BoRefumidg tehdecisidie bleek st2@mdhaislaned
fragment has become 30unavailable, process 1200 moves to block 1207 where the table's CUID value

is incremented. AMbRIGETHHS, %%Bi@igﬁqé_\}\?@ﬂﬂﬁ QQﬂétfgﬁﬁa?@cfﬁ)H}thpQ%‘fé?éd‘.d T"OdEYG. 13
shows an example Rrocesa QA foF agsigaiema,Cy I yaBuplesaiad p grerdanssoyi prgeess

1200 shown in FIG. 12. A database system may be configured to execute process 1300 for statements
that operate on bla&tai3asewhAdre e -nblolaaid 1 30G2e e proeessuded payds dotex etusd & aestatement
against the database. At decision block 1304, a determination is made whether the new statement is a

DML stateHlent {IHREAKASIERIH M RIBEE 5pdPtions such as insert, delete and modify items in a
database. If the statement, j5iRQt & QML HAtERRRL 1ROEeHs thSWa0a68P RlockolB2QaiRsg the

non-DML statement is executed against the database. Then, 10the process returns to block 1302.
Returning to depisioss HIDDK01I04inif ¢hetshddekntE3n 6sndh &&/h s @tdnentefrocess k36 atntibares at

block 1 306 where the CUID value for a table of a database beinq updated is read. At block 1308, the
CUID value is aB&8GatBaaNth e st S thtereht 08t HIBckUIB 16! Rd sttt WiBishe PMto each

row of every prigigiymdn:ClonadJrareeat HRdeiss byidka LMV-afReENth ALRIBEK J3d 2GS UID

value is stored into each row or index entry in cloned fragment affected by a propagated update of the
DML statethent cloine dClcd Dnalti @ priate H dprip ate stavitiméhe updatedo bk, doaed datalandsindex

fragments. Exampleﬁir_}?gagation paths for CUID values will be discussed in conjunction with FIG. 14.
When the CUIDSVIER 58 BREh ShipHgated" Brotb S TSB JRATIHY R i5i5eR PioR Propagated

update of the DML statement. The CUID value may be propagated with the update to
both cloned data and index fragments. Example propagation paths for CUID values
will be discussed in conjunction with FIG. 14. When the CUID value has been

20  propagated, process 1300 returns to block 1302.
FIG. 14 shows example propagation paths for CUID values. In FIG. 14,
primary cloned data fragment 1403 has implemented an update included in a DML
statement. As discussed above, a CUID value associated with the DML statement is
stored in each row updated by the DML statement in the primary cloned data
25 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
30 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.



FIG. 14 shows example propagation paths for CUID values. In FIG. 14, primary cloned data fragment
1403 has implemented an update included in a DML statement. As discussed above, a CUID value
associated with the DML statement is stored in each-regv-updated by the DML statement in the primary
cloned data 25 fragment 1403. Primary cloned data fragment 1403 may propagate the CUID value
along with the update f LI EWS Sethr ?14 : icularly, the
CuUID valug;. associatectiﬁ vﬁgﬁ%%ﬁggaﬁgm Iié assig%e&%é%eﬁhgﬁvl gﬁﬁi e?jrjré.ya haevﬂ%%gﬁe
propagation. In opéataplemedtaiidn)dheU@NDweaiuavisagsopagatednial tiragrtienany clibrecbtiex
fragment 1407 and secondary cloned index 30 fragment 1409 from primary cloned data fragment

through paths 1999eshedri ir3graepfschvel?! sl et Anpeitisitd iR s teld of PHEHLG AR the
CUID value with,paih 1413, fherfH{ID Yalug B RIARRANEL %gp%r'gé@:ay a9cd indgy agment

1407 to secondary cloned index fragment 1409 through pathm% 5Figure 16 shows an
example proces$d GQ0rton prapggatittgerrdwdpdying gre upRietedracard ahoaddsCILBID vghieafipm a
primary cloned fragment to all secondary cloned data fragments, as well as to all cloned index

fragmentshat dBHTSIN A EoP§Rof thid referl. Yite Qe alsrained-dReRMRY BropaGatidtiiSdates
could be in the GurreR el AbEeye9ud Redonig) RAEE A SRy FEreess TRAGDRIGaYYedO forms

one step in a larger update process, described in another part of thiS document. At block 1601, all
secondary clonédaddatirfomgmentsoéisparielhas alt eced angevh iragmeintsa(bath pfitharyeaodi seeondary)
that contain a copy of this record are identified. Thase cloned fragments form a set named

Set0fSecondaridENitieds aTlpesf GianediiiRaments: e hrossEmed SeliRecrifariesn 1 &efis
initially marked |12, A5 M0RIRRESREEL KNS HRRS 1101 soRnes ha antialif gned ragmenty st ifig element

in the local data structure). Process 1600 continues to decision block 1602, where a determination is
made whether thern stitcespediltizinyl ckxpnocebsedecliesrsents linl the ds&h GetOfS gcart arédsn Ennat,
process 1600 continues to termination block 1603 where the process terminates, and any larger

process that cof5ri6d! ReTEULEHE) 205 F StelP e RUALFLER LrrIMRLIoskt K204 inBsaE Arger
process. REMAINARAESISIRA P PRk AGOE dFdNelie STHEMAPN dREsssed ElRIMENTS ithihe set

SetOfSecondaries, process 1600 continues to block 1604, where an unprocessed element is obtained
from the set Set@fSee@fferesiaTihat elemantmeprssendd theoseicorsany clonedtiagient th&d3hould be
updated next. That 25 secondary cloned fragment could be a secondary cloned data fragment, a

primary cloned 8%/ 2% RIGAESI S Seedifitrar) LoMeF iABR REGHARR" APBBEIRTSPHIGER 160X a
determinatign is,nade WHEIREIAKRGID FXSIRIM IR SREARTRLY (GleReY agiment with the same CRID

as the record from primary cloned fragment, and whose CUID matches the old CUID value of the
record from primary cl®eed fiagrredecBiihydeckhebORrotelssrd 600 contimuesiio ddsxid kbO6embere the
record is updated with new values and the new CUID, Process 1600 then continues to block 1609.

Returning to dedfisitl§ b5t $BUBe PAIAEEENIRE FECDrA 99 h SR StHEn HIRSEed§ Abol iThtiAles to
decision block 1604 whieig adrienminaionisemarsvhaihal theersandanrieoneshiragiaghbis in the

InRefresh state. If not, then at - 29 -
represents the secondary cloned fragment that should be updated next. That

25 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.

30 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



5block 1608, the secondary cloned fragment is marked offline, since it is no longer consistent with the

primary cloned fragment. Process 1600 then continues to block 1609. Returning to decision block
1607, if the secondary cloned fragment is in the InRefpgsh state, then process 1600 continues to block
1609, where the current 10 element in the set SetOfSecondaries is marked as processed (this does

not changeghe B%H?']%B@F%ggg%ﬁﬂkrg%kﬂiegd HamRRhININGIRCR! dRIR SULRLING); PRECRSYHO00 then

goes back to decision block 1602. shows an example computer device 1500 for
implementing the dsisaribedtbyste msrang ohethddsad mistmesideasitadintlgurabatincesmpuiingkdevice
151500 typically includes at least one central processing unit (CPU) 1505 and memory 1510.
Depending on tH&¥%kact configuration and type of computing device, memory 1510 may be volatile

(such as RAM), non-valghl, (4B B8R BM IR BEMA Y &G SHEAMESAMANAHARQL thehwo-

Additionally, computing device 1500 may also have 20 additional features/functionality. For example,
computing deviceReE@Ohmaytinctude proktigsle CHI0'scohhiewascoibdddnetbods wiaydehexecurted in any
manner by any processing unit in computing device 1500. For example, the described process may be

executed B muABEEPY N FAHATCEMPHRY ddVrRE8D Prasesied ik desdafioad®rage
(removable 25 gndlof nOnaERRe YRR ReCIHing, Duldol imied J9.mrYRelic L Qpfisal giskssQr tape.

Such additional storage is illustrated in Fig. 15 by storage 1515. Computer storage media includes
volatile and nonv6ldtitee negnevable anddrdmerebhoskabé® media implemented in any method or
technology for storage of information such as computer readable instructions, data structures, program

modules or other data."'80 Mol SL5h ST Oi6r498 RS AeYish eleffipfas srelimsatiisifiage
media. Computgl siRtRQes e IBclHIRSh HMY. IS AOIMEG IR RANS Mo - EBRMn flagk; gaemory or

other memory technology, CD-ROM, digital versatile disks (DVD) or other optical storage, magnetic
cassettes,Iimagrieio teypé;athagretizslisksiorage ar obhadipragysétic shir&0rUNé et syndr mamn other
medium which can be used to store the - 30 - 5desired information and which can accessed by
computing devide 1%00. Any such computer storage media may be part of computing device 1500.

Computing device 150948@%%5009%@&&&%HBG%%H%HS‘%%%(& oA ihabalioydhm dayige to
communicate with other devices. Communications device(s) 1540 is an example of communication
media. Communighiomagneeligotypleglych as RAM), non-volatile (such as ROM, flash memory, etc.)

or some combination of the two. Additionally, computing device 1500 may also have

20  additional features/functionality. For example, computing device 1500 may include
multiple CPU’s. The described methods may be executed in any manner by any
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

25 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.

30 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



10 embodies computer readable instructions, data structures, program modules or other data in a
modulated data signal such as a carrier wave or other transport mechanism and includes any
information delivery media. The term "modulated datazggnal” means a signal that has one or more of
its characteristics set or changed in such a manner as to encode information in the signal. By way of

example, agd nqt ;1a IMEaHR%N GO MRUDIGAH D MEdIR JBGHPS WEGTH T SRREUFEHBS aawiredpetwork

or direct-wired connection, and wireless media such as acoustic, RE, infrared and other wireless
media. The termaampeteraeadablelimeadia or plevickBereaplainig thedia 8500sed herein includes both
computer storage media and communication media. The described methods may be encoded in any

computer-readable medrPHERY fB?M‘,:‘“:Z_dSSL?@n ’Qé‘_ydé{é? CORBter BRBENSRIE MsHEaRYS, 'atd the like.
Computing devige, 1500,may AR Ny INRHE AeXIEs{th Tnfe SCh 8 KeyRoAifi RS RARYoice

input device, touch input device, etc. Output device(s) 1530 such as a display, speakers, printer, etc.
may also be inciudied.iAlkthesenleieicels esenmvetikirwin riethe arCandmesdtot beediscigsedlat length.
25Those skilled in the art will realize that storage devices utilized to store program instructions can be

distributedt3cro88RIME FRMPYIEX GRS BN Yo mS3ar FHAF LS AroSKam piedH RS BFocess
described as soffyare; £alqfal 9hLeriRRl GaMPYIFEMARCEESS LiriEP Al SMRHier AN fgwnload a

part or all of the software to run the program. Alternatively, the local computer may download 30
pieces of the softecrenésmast od| afeaxecubef some softalargyinstidiationsatthe ‘laoduteredinatand
some at the remote computer (or corr\bp;gter network). Those skilled in the art will also realize that by

utilizing convenﬁtﬂﬁ‘é‘f’iéﬁ?ﬂ'ﬂa&egm _fd‘ﬂ"?o%'é_es‘i’di_ll@(?riﬁ AN iférﬂbﬁmféj%ftware
instructions may, b, caprise ouL by Adfledicalnd Giraiih $H¢heas ghRASRy RIPIamabtlogig agay, or

the like. -31 - 5 The invention claimed is: 1. One or more device-readable storage media with
device-exééutaliaiasisuctionsrfonipatiiformingdistieps: desmphisthgn ectieatind aprmarydclonedrtagment
associated with a subset of records in a database 10table, the primary cloned fragment having a first

plurality of recofdEe &atiFRS £ABeHIaruR) DTSRt TELIRifLE &5 e SHin: dFEa R RAE wherein
each of the first,pliality gk spdate, denifiers s @ dneaagh R ARAiOTIhedrREPhIY OfFegrrds: in

response to a secondary cloned fragment being offline during an update, preserving an update in the
primary cloned freghtentindieatifiasgbthid secondearystorage media and communication media. The
described methods may be encoded in any computer-readable media in any form,

20 such as data, computer-executable instructions, and the like.

Computing device 1500 may also have 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.

25 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

30 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.



15cloned fragment corresponding to the primary cloned fragment, the secondary cloned fragment
being stale relative to the primary cloned fragment and the secondary cloned fragment having a
second plurality of records and a second plurality of ugdate identifiers, wherein each of the second
plurality of update identifiers is a member of one of the second plurality of records; refreshing the stale
20secondagy cloned fragment with the preserved update when the stale secondary cloned fragment
returns online by performing a database operation, wherein the refreshing step further comprises:
identifying a firsThpdatenttlentifiened &first record in the first plurality of records included in the primary
cloned fragment; identifying a second update identifier of a second record in the second plurality of

records in the 25stale §econd§|1[|y cloned fgal ment, th&ﬁecond recog:l corre po_nding to th§ first record;
and determining whether the fIr& PEdBRE ATy SeCSAATE S Ath THsht AL BATS reterd fehtifiers are

consistent baseghsatulafsts tP P remhgthesdhe fipsidnsate identifier and the second update identifier
are equal and while refreshing the stale secondary cloned fragment: performing an update to the

primary cloned 8Gfatigeneirrimaty gsdeingado sthbs secoadavifchosides taafrraords respdrisbags the
performinqéhe u I:)atehon the rin]arr1y Ifoned fragment. i 2.I Thr: one or more ggvice-rfeadable
storage media A8 TSeidy A CnT PAhErER! fhe uaﬁlc'fqa?iﬁg'éstteﬁ YRR cé?‘ﬁ%rrls?esa udagt?nérﬁtp-to-date
rows of the stalgyu 3ty 868paRAA0LARIFNAS dsagmpntytdaiatdiPdading RNy MaanRGrdai@sows of the
stale secondary cloned fragment. 3. The one or more device-readable storage media as recited in

claim 1, whereifiithlenlefedishipigodaicfidensifieonipasesmhbief refirbthmitirseebmel ire obrgs s

determined to bﬁ’l Irr}a%%rgﬁlsse_:[etgté secondary cloned fragment being offline during an update,

preserving an update in the primary cloned fragment; identifying the secondary

15 cloned fragment corresponding to the primary cloned fragment, the secondary
cloned fragment being stale relative to the primary cloned fragment and the
secondary cloned fragment having a second plurality of records and a second
plurality of update identifiers, wherein each of the second plurality of update
identifiers is a member of one of the second plurality of records; refreshing the stale

20  secondary cloned fragment with the preserved update when the stale secondary
cloned fragment returns online by performing a database operation, wherein the
refreshing step further comprises: identifying a first update identifier of a first record
in the first plurality of records included in the primary cloned fragment; identifying a
second update identifier of a second record in the second plurality of records in the

25  stale secondary cloned fragment, the second record corresponding to the first
record; and determining whether the first record and second record with identical
cloned record identifiers are consistent based, at least in part, on whether the first
update identifier and the second update identifier are equal and while refreshing the
stale secondary cloned fragment: performing an update to the primary cloned

30 fragment; and updating the stale secondary cloned fragment in response to the
performing the update on the primary cloned fragment.

2. The one or more device-readable storage media as recited in claim 1,

wherein the updating step further comprises updating up-to-date rows of the stale



10refreshing the second record with data in the first record; and assigning a value of the first update
identifier to the second update identifier. 4. The one or more device-readable storage media as
recited in claim 3, further comprising performing the dgtermining, refreshing and assigning steps for
each record of the second plurality of records included in the secondary cloned 15fragment. 5.

The one orgnore dgyiceredaple sipiage snedia E‘BJ&%&QJV aim dyhereinhe sefreshing step

further comprises running a pre-refreshing operation on the secondary cloned fragment in a read
committed modeecondaby dibeednfeaghtaar.e device-readable storage media as recited in claim 5,
20wherein the pre-refreshing operation is run in parallel on other secondary cloned fragments

corresponding to the pf‘imary Eﬂ?rfé_’bef?é@?ﬁé‘ﬁf!eV'Ce‘WaﬁﬁB'%ﬁ@@gﬁ]B\@MﬁQé@dﬁﬁ Wotage
media as reciteq, i elain, & WHEIRHY he ArlrRase.nRsation, i rafresing, ihe.s65eneasucioned

fragment includes Data Manipulator Language (DML) operations of inserting, deleting and 25updating
records in the sdecndangdiones: inconsistent,

10 refreshing the second record with data in the first record; and

assigning a value of the first update identifier to the second update identifier.

4, The one or more device-readable storage media as recited in claim 3,
further comprising performing the determining, refreshing and assigning steps for
each record of the second plurality of records included in the secondary cloned

15 fragment.

5. The one or more device-readable storage media as recited in claim 1,
wherein the refreshing step further comprises running a pre-refreshing operation on
the secondary cloned fragment in a read committed mode.

6. The one or more device-readable storage media as recited in claim 5,

20  wherein the pre-refreshing operation is run in parallel on other secondary cloned
fragments corresponding to the primary cloned fragment.

7. The one or more device-readable storage 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

25  updating records in the secondary clone.



