WO 01/ 04797 PCT/ US00/ 17350 DATABASE TABLE RECOVERY SYSTEM FlI ELD OF THE
| NVENTI ON This present invention relates in general to database recovery
systens, awoommo47¢7s particularly to a system and net hod f ®cTAsSoWissel Ng a
tabl e of a database that does not require the entire database to be
recovered. BACKGROUND OF THE | NVENTI ON A dat abase, such as DB2 from | BM
Corp., may utilize tables that depend froma tabl espace. The tabl espace
contains all of the seRATOBAMNRABLERECOVERY §)SIfMe, and the 10 tables
contain user updates and nodifications to that data. Users access the

dat abase dat &FIELDIOR MTHEIINMENTIONE by creating a subset of that data in a
table, and then nodify and update the table data. The users periodically
updat e the d&ftabpreeent mventipmuriates int feeedibioalatabadeltecoveBl¥yaena aad wiokd) t he tabl e
data. One problem problemthat occurs when a user updates the data in a
tabl es i spdrtialariyhe a sgstehnid tethol 6 rédoyeries 4 ABIR0T 8 Ahtabsse it ASesAbEreh@resr | 0SS

of power during a table update, an error in a data input routine, or other
commmon SmHEﬁﬁ-Sdg;ﬁbﬁéfd]jereJ;Jbeﬁddgh situations, it is necessary to rebuild
the data in the table without storing the table data to the tabl espace,

because the gmgggmﬁqﬁ@pmqﬁv@gh@ﬁ allowed to be transmtted to the
t abl espace. For exanple, common to keep a log record file of table

updates, sucta kabasé, QﬁcﬂﬁthﬁﬂBﬁﬁBﬂﬁC@xpW Q2120186 #af Bepdsd BmtaNe | 09
record file. One drawback w th known methods of recoveri gta &s is that

they redublegatd)atheltiiesphUoRBRAGH o@ﬁlerseﬁpgaﬁﬁﬂeﬁeﬂdaﬁ of B dafiflade S5A1HL F11 €5

When t he tabl espace is recovered, al ess to the tabl espate nust be

restid Ct@ples édﬁ%ﬂjﬁgep At ana rx{&hﬂé rfs‘?&fh‘i?%e .P(g%e?s acclks HHat QL aqBCCESS 1O

all tables nmust also be restricte nt espace 1S recovéered. As a
result, frctm?ﬁ@ﬂablespace by creating a subset of that data in a table, and then modify and update

the table data. The users periodically update the database to overwrite the data in the
tablespace with the table data.
One problem problem that occurs when a user updates the data in a table is that the
15  data updates may be incorrect, such as due to a loss of power during a table update, an error in
a data input routine, or other common sources of error. In such situations, it is necessary to
rebuild the data in the ﬁble without storing the table data to the tablespace, because the
corm'pted data must not be allowed to be transmitted to the tablespace. For example, it is
common to keep a log record file of table updates, such that the tablespace data may be
20  updated using the log record file.
One drawback with known methods of recovering tables is that they require that the
tablespace be recovered with the log record files. When the tablespace is recovered, all
access to the tablespace must be resﬁcted, including access by ﬁnaffe.cted tables. In addition,

access to all tables must also be restricted until the tablespace is recovered. As a result, if two




WO 01/ 04797. PCT/ USO0/ 17350 2 or nore users are utilizing the tablespace to
create two or nore different tables, then all users are unable to access
their tables while the data for a single table is recovered. This drawback
may result Wooo4pTete di sruption of work while the tabl espexrasooa7ssbei ng
recovered. s Based on the foregoing, thére is a need for a system and

nmet hod fo ' 3 . S tially elimnate or reduce the
pr obl ens %sré%g ?%ﬁ%ggﬁl?ﬂﬁ@%?fg}fﬁ%né &ga%é %gon%r fgorg dif 'f‘ﬁ(t)ag’iesf @fm ?]g‘c‘,s&?eri ng a

table. In i cul S e n d f.or, recaverin table are
needed thg?ﬁé%b?eot%a%eﬁ@%?ga%&ggrbge %@%ﬁ%ﬁ“ﬁﬂﬁfﬁ’&dﬁ E§°Y4Ht-es, and that do
not require t .t(g_bl space to _bhe re ovalred., 10 SUVWARY OF THE | NVETTf | ON
One enbodi ment  BF “E#Y CEF@Q’ Sty ft5 fispuptign of werkwhile dheiablesnace isr
recovering.a dat agase tabl e that depends on a tabl espace. The system
recei ves HBHERYF™®Eopy of the tablespace and reads |og records associ ated
with the table, The systemthen applies the log records to the backup copy
and bui | ds neBasedanethe faregoinggthereris » needifer Haystemmrndansphodiorzbovering 8 table
system scans the new tabl e data pages for records of the first table and
updat es tthet substangially eliminath or reducerthisprotilems pssesieted with\cemtentionapsystenaad nany
advant ages. One advantage of the present invention is a systemfor
recover i rgethodsefxt recdviesing aitable. fropartiauliit] 4 systeheandahdtiRRiTorRcdveting sMubldure t he
tabl e depends and all other tables that depend fromthe tabl espace to be
reconst r usedsl tha alldh enulipls assts tb s inaffedi@l ©bIBS ahdthat REISdquisiRd table to
the configuration it was in prior to corruption of the data w thout also
modi f yi ngablespacasbi gesoadréddn of the tabl espace and other dependent tables.

10 SUMMARY OF THE INVENTION

One embodiment of the present invention is a system and method for recovering a
database table that depends on a tablespace. The system receives a backup copy of the
tablespace and reads log records associated with the table. The system then applies the log
records to the backup copy and builds new table data pages from the backup copy. Finally,

15  the system scans the new table data pages for records of the first table and updates the table
from the records.

The present invention provides many advantages. One advantage of the present
invention is a system for recovering a table that does not require the tablespace from which
the table depends and all other tables that depend from the tablespace to be reconstructed.

20  The present invention returns the reconstructed table to the configuration it was in prior to

corruption of the data without also modifying the configuration of the tablespace and other

dependent tables.



WO 01/ 04797 3 PGI/ US00/ 17350 BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a
di agram of a tabl espace with two dependent tables in accordance w th one
enbodi ment of the present invention. Fig. 2 is a block diagram of a table
recovery syglofidzdn accordance with one 5 enbodi nent of PporUSAIESOL
invention. Fig. 3 is a flow chart of steps execut ed by one enbodi nent of

the present | | DETAI LED DESCRIPTION Fig. 1
is a di agram=s %ﬁ h‘f‘%@@ mfﬁ%%émmnt tabl es in accordance with
one io0 enbo f t he 380t | oken down
into four co%ﬁéﬁésa ng"ﬂrﬁﬁg,&a% esg?cﬁrrvﬁ%g{% dgé]endé’t&?%mgﬁ%p%g ‘Jﬂﬁ“?{

addi tion, bl es e 10 is broken down into five pages: page one, page
two, padi® Qoﬁ%tg%ﬁ ot oventiol- page five. The columm definitions of each
col umm are uniform across each r and The e si,ze of each page is
uni form but h&?‘ﬁ%@é‘%}%‘gﬁm"f ﬁg’fgﬁﬁmr‘l‘bﬁ% G ﬁ’o‘W§ dependi ng upon
t he nunber 15 of characters in vari abI e colum fields of each row For
exanp e embrodm@homgnreae@hmm@M 096 bytes of data t hen one page nmay
contain two rows having variable fields that total 096 bytes, and.
anot her page Figy icofiow charf ofisteps exesutad by erp epehodimpsngof d‘%PUSenGMFmPBt al 4,096
bytes. Thus, exenplary page one includes four rows, exenplary page tvvo
i ncl udesfotwoovedngatabbxenpl ary page three includes t hr ee rows, exenplary
page four includes four rows, and 20 exenplary page five includes two rows.
Exenpl ary t alDETAVEDDESCRIRPION Y tabl e 30 are drawn fromtabl espace 10.
Tabl e 20 includes colum A data and columm C data, while table 30 includes
col um B dat Figands a diegramrof Btabdspace With| two Aependent tables in @oortignce math anac| ude
rows, but are not broken down into

10 embodiment of the present invention. A tablespace 10 is broken down into four columns:

column A, column B, column C, and column D. In addition, tablespace 10 is broken down -
into five pages: page one, page two, page three, page four, and page five. The column
definitions of each column are uniform across each row and page. The page size of each page
is uniform, but may necessarily include varying numbers of rows depending upon the number
15  of characters in variable column fields of each row. For example, if each page contains 4,096
bytes of data, then one page may contain two rows having variable fields that total 4,096
bytes, and another page may contain four rows having variable ficlds that total 4,096 bytes.
Thus, exemplary page one includes four rows, exemplary page two includes two rows,
exemplary page three includes three rows, exemplary page four includes four rows, and
20 exemplary page five includes two rows.
Exemplary table 20 and exemplary table 30 are drawn from tablespace 10. Table 20
includes column A data and column C data, while table 30 includes column B data and
column D data. Table 20 and table 30 further include rows, but are not broken down into

pages of data. In operation, table 20 may become corrupted due to improper data input,

e



pages of data. In operation, table 20 may becone corrupted due to inproper
data’input, illrli WO 01/04797 4. PCT/US00/17350 systens operation, or
other error sources. Any updates that were nade to table 20 since the tine
that tabl e woomme97l ast read from tab)} espace 10 nust ther e PETAISHAL7350

I ncorporated into the data of tablespace 10 before table 20 can be

reconst r yehed oplfl befi r 8BePGbr 3urb&AC l?‘:‘x??pgﬁ& thBGRrdSadetotMle 26 since the

respecti vely. og record 22 an is a record of changes that were

Jrade to i ﬁ%qagi Q?g' '

t abl espa(l'::';e?.ﬁeltﬁaq :E% mal n a{ﬁéﬁag{?ﬁ}ﬁ%ﬂsa aL%?ggﬁ'?%£%?§E’3°8’@3%§d9ﬁg"ymﬁe stored
on tape or di Qr Q r,Storage di I n accordance with one

- enbodi marqfta ?*aﬂ%&paﬁ? E@%?mittﬁ%%(?%&eqﬁ?gaﬂlﬁge tes made to table 20 are
applied to th acku of ,table e 10 data,, ich_all ows ble 30 to
be 10 accessiﬁbq?sr#baf‘%fi 3@%}?@%’8&&3%7‘@ 4aﬁﬁ%e°§be\??sﬁ’l?gﬁ?§fef“§gé2§? d.
Thus, it is not necessary to apply the log records for table 20 and table
30 t 05t aBfdsHreed 260%@5%&%# o fits perEespopding table; In addigiopAbackyy tapl e 20
is corrupted but the data for table 30 is not corrupted. Instead, table 20
i s rebui lcopx 9fdshlespaced Qdsanpintaineg by the dagabasep Jbe backup gopmastberstased piapes from
the table 20 log record file have been applied. In this manner, the

conf i gur & digk opfnyt othdrstopage medbiom 30, and 15 tabl espace 10 are maintained in
the state that they were in prior to the is corruption of the table 20
data. The pr ebestorimeewithone einbodimantad thelpresamtanvention figd wpdateembadetor ecor d
files fromtable 20 and table 30 to tabl espace 10 in order to recover

t abl e 20 .tabllis20 are applieth e backdp Copy\of &ablsspate 110 dataf wisich alidwsasbleBEfo bes t abl e
30, which reduces the disruption of work that may result from 20 recovery

of the datdsded in fith@orlY mdde while tibld B06iE beib@ reetveralY AlS, TE hot HebésarP®) Y access
Is provided for table 30 to prevent .

apply the log records for table 20 and table 30 to tablespace 10 and thus modify tablespace 10

if the data for table 20 is corrupted but the data for table 30 is not corrupted. Instead, table 20

is rebuilt from the backup copy of tablespace 10 to which the updates from the table 20 log

record file have been applied. In this manner, the configuration of table 20, table 30, and

15 tablespace 10 are maintained in the state that they were in prior to the is corruption of the

table 20 data.

The present invention eliminates the need to apply the log record files from table 20
and table 30 to tablespace 10 in order to recover table 20. Users may have read-only access to
other tables such as table 30, which reduces the disruption of work that may result from

20 recovery of the data in table 20.

In particular, in one embodiment, read-only access is provided for table 30 to prevent

any changes from being made to tablespace 10 while table 20 is being recovered. The backup

copy of tablespace 10 is then stored into a2 working data memory. All of the rows of table 20

are then deleted, and any indices of table 20 are Jocked out from access to prevent changes to



any changes from being nmade to tabl espace 10 while table 20 is bheing
recovered. The backup copy of tablespace 10 is then stored into a working
data nenory. Al of the rows of table 20 are then deleted, and any indices
of table 2@oaissdpocked out from access to prevent change®crwsW78sd/ 04797
PCT/ USOQO' 17350 5 the indices from Being made. The | og records associ at ed

ith table.20 h f t h | 0a.. AfL I d,
Uhey ar obF el 5o bPg medortr RericeiacurSansd alfirld o gt S8 MM A L7C

then applied to the backup copy of tabl espace 10. Sorting the |log records s
decr ease'88t he nunber of i nput and out put operations that nmust be nade to

t he backup C(X) of tablespace 10, which decreases the anpbunt O(L rocessi ng
time that is f{ﬁmerlwes‘afdwewéﬂhﬁmr: gead 3qy2 logrecord Wﬂr&srrasgm?@eﬁf: si¥ave been
applied to the backup copy of tablespace 10, new table data pages are

bui | t mbgmmmmm%awmdw@m@mlmw-ﬁ@#l%hsmp | e data
pages 10 are then scanned for records, or database "rows", that belong to
t abl es 20deciEases themembemhf inpue arslduimnit eperatiogs thatmysidd made tftie backuppopy 0f0. Aft er
table 20 is updated, update access to table 20, table 30 and tabl espace 10
i s al | oweablespaeedl0, #hich decridsesctiie ainaugrt afiproéessing tilnk ¢hat arequinesd tosreedventaBie0 i n
accordance with one enbodi nent of the present invention. Table recovery
system 281) may be used to recover a is table in which corrupted data is
stored, such as a table of a DB2 tabl espace, wthout requiring tabl espace

10 and al | otAyes Heabd Reor@é hive BL@SPPEAL td e Backpd doPy 6fablegacd Fipnew tablee
recovery system 200 thus returns tablespace 10 and tables to the

conf i gur @i RBed Debuilt Ml NEEHRIaled bRIKUP Eopydf tiblBp4e10.UPhé A Gbledaadaged t he
affected tablle. Table recovery system 200 may be inpl enented in hardware,
sof t YR €are fen Seantidd ﬁptlegords, or database “rows”, that belong to table 20. These records are
selected and are used to update table 20. After table 20 is updated, update access to table 20,
table 30 and tablespace 10 is allowed.
Fig. 2 is a block diagram of a table recovery system 200 in accordance with one
embodiment of the present invention. Table recovery system 200 may be used to recover a
15 table in which corrupted data is stored, such as a table of a DB2 tablespace, without requiring
tablespace 10 and all other tables of tablespace 10 to be recovered also. Table recovery
system 200 thus returns tablespace 10 and tables to the configuration that they were in prior to
the corruption of data in the affected table.
Table recovery system 200 may be implemented in hardware, software, or a suitable
20 wﬁbinaﬁon of hardware and software. Table recovery system 200 is preferably software,
such as operating code that operates on a general purpose computing platform. Table
recovery system 200 is coupled to fablespace backup storage 202, log record storage system
204, and table storage (spacemap) 206. Tablespace backup storage 202, log is record storage

system 204, and table storage 206 are disc storage mechanisms, random access memory, or -

IR



20 conbi nati on of hardware and software. Table recovery system 200 is
preferably software, such as operating code that operates on a general
pur pose conputing platform Table recovery system 200 is coupled to

t abl espace waolkes®7st or age 202, | og rgcord st orage syst em PECOASIMTISO0 abl e
storage (spacenmap) 206. Tabl espace backup storage 202, log is record

st or age 0 t I | | SIS,

" andom a TS btibie s e iR BYADHEN T HoRuIRhRE nioRh 946 PR RN

sui tabl e ta tolrggg devi.cqs that are used to store tabl espace backup
data, |od® e?:‘ﬁftabe EPERYY-abl e data respectively. Table recovery system

200 conprises jndividual subgystens, that. each be inple ted as
software, har aJ\ngeé?c“K?ryéysé"é‘? @%%PM%&?“@%WF%&E‘EV%%M dware. s
Furthermore, the subsystens of table recovery system 200 nmay be individual
funct i ondmplegisated as mﬂX%:% inAgWaresgra swjtable gombinatian) of sofprare ang hapdyware.yhsy st ens
of table recovery system 200 nmmay be functions or commands in a DB2

dat ab&@se Rytbermere, the syhsystsms of tsble a¢couery systers 200 may be individual fuaetiopal
programmuabl e devi ces, or other suitable systens or conponents. Log records
sorter syaspaetnof 4Ginglk systed. For sxample] eagh pEthe subsysierhaéfitade fecovery sygteme20r d i o
storage system 204. Log records sorter system 210 optim zes i nput/out put
oper at i onsaythe fuptionporgnmeinds infa DRYdatsbase sistens oomal algp draltekabtivebasge and | og
records | ocation. Data page updater system 212 is coupled to |og records

sorter s)6gietirchits, progaminable devices corlotitek syitableaystes tdmpbidngs. page updat er
system 212 updates the backup copy of tablespace 10 fromtabl espace backup

storage 202 WL réofds86ktér @stdn®LIU if Ssddo 66Y¢ Rig\tecbrdslobhiried TronPog kétdrd ecor ds
sorter system 210. Data page scanner system 214 is coupled to data page

updat £  SYcrAde/Bystdm 20421k fREEEs soRERIyRem AN DhEMized hphtfoulie bktationk By SCan t he
updat ed tabl espace backup copy and identify table
grouping sets of log records according to data page and log records location.

Data page updater system 212 is coupled to log records sorter system 210 and
tablespace backup storage 202. Data page updater system 212 updates the backup copy of
tablespace 10 from tablespace backup storage 202 with sorted log records is received from the

15 logrecords sorter system 210.

Data page scanner system 214 is coupled to data page updater system 212. Data page
scanner system 214 is operable to scan the updated tablespace backup copy and identify table
rows for extraction.

Page row extractor system 216 is coupled to data page scanner system 214, and

20  extracts the page rows identified by the data page scanner system 214.

Table row inserter system 218 receives the page rows from page row extractor system
216 and inserts them into the table that is being recovered. For example, the table that is
being recovered may be stored on table storage system 206, which may be a space map that

has been reinitiated with all rows deleted.



rows for extraction. Page row extractor system 216 is coupled to data page
scanner system 214, and 20 extracts the page rows identified by the dat a
page scanner system 214. Table row i nserter system 218 receives the page
rows from (adgod?ov extractor system 216 and inserts themCrmnsey/17ds8 t abl e
that is being recovered. For exarrpl , the table that is be| ng recovered

may be stored on tabl tora st 206, , whi ch map t hat
hag been rei %quaﬁa%ﬂ" VWPB%&’“?@P&W‘%%T%%% @%ﬁ’dﬁgsw I n

operation, table rec ver stem used to.recoyer_a table froma

t abl espa®shoytreayinne.all ah ‘%élq‘% dg}rqndég leiﬂ‘lﬁfiwof&yéﬁ‘g’ ’}j? Jir examRlefble 10 to
be rebuilt. For exanple, table recovery system 20Q nay operate in a DB2
Dat abaseresyesnesystem JRimey opprets:in a B2 Petahase Sysisuin whigh l@cmteuﬂs‘é@ﬁt%de | f
the table is not updated, then the incorrect updates wll be inposed 5 on
t abl espatabletBye bren mjade. Wi thettehle isqot iedatedithen Gy iricomect ppdates willbe impasedy er y
system 200 is used to inplement the updates to. the table wthout

requi si ngn tablekpmee 30, er the updatesad thedable wili bdlosts Table rivovery systesn 2Qfisused | n this
manner, the table data may be reconstructed while other tables can be
accessedto intpleinent tha dpdards ¥o therabe without regnining eablespach 10 alnd all athet tsties to abl e
space is returned to the io configuration that was present prior to the
corrupti péreRénstri@teddata in the affected table. Fig. 3 is a flow chart of

steps executed by one enbodi nent of the present invention for recovering a

table. The stRRfisidnd?Ghé bl HE belrbeonifthictéd wdile bREIMBIEScande adcesdetit abI e
conbi nation of software and hardware, but is preferably software such as

oper at i ng, £qda dni\Plmode S Fht#RFndYe! dacR tBRH8 8le K HR6S s féiRed ioiBe Pl at f orm
such as a persondl conputer or Is nmainframe conputer. At step 302, all

updat gs L odeiitiGs arGas Peskit pbID! thidlcdrliptid ¥ the B MG atficRd t4bI90| et ed.

Fig. 3 is a flow chart of steps executed by one embodiment of the present invention
for recovering a table. The steps may be implemented in software, hardware, or a suitable
combination of software and hardware, but is preferably software such as operating code that
is used with a general purpose computing platform, such as a personal computer or

15 mainframe computer.

At step 302, all updates to tablespace 10 from which the table depends are completed.

* For example, a DB2 “acquiesce” function may be used to implement all queued updates to a
- tablespace, so as to prevent changes to tablespace 10 from occurring as table recovery is -
performed. The method then proceeds to step 304.

20 At step 304, access to other tables that are dependent from tablespace 10 is set to
“read only” mode. The method then proceeds to step 306 where the backup copy of
tablespace 10 is received from backup storage to system storage. For example, the backup
copy of tablespace 10 may be stored to a random access memory, a magnetic data storage

medium, or other suitable data storage devices. The method then proceeds to step 308.

|[FIRE



For exanple, a DB2 "acquiesce" function may be used to inplenent all queued
updates to a tablespace, so as to prevent changes to tabl espace 10 from
occurring as table recovery is performed. The nethod then proceeds to step
304. 20 At woem4B04, access to other tables that are depeREENSNLTHN

tabl espace 10 is set to "read onIy"BnDde The nethod then proceeds to step

306 where the Aagkus. GRwELr ok BIAAIER bhdedohintkREAl HERELOTRAGKHR St O 208

to system storage. exanpl e copy of tablespace 10 may be

iﬂf{ o teo%‘gfie@]‘?%f%% e ECE H?%q‘ﬁ%’%i‘ag'@t’@é’?%e B The @ﬁb&%é&r OLher
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reconst r ufP & guﬂ:éi %"ﬁghfig' %8{3%8“”3 @%&8‘%8“%%%‘%%%&%&%“&@8225 1(:30

t he |nd|ce the tahle.i Ioc out e |nd|c bIe y be
used To vEPIeRgs toR poRgedalthe m‘i@w{xame AR oo e
recovery of the table has been co eted. The nethod then proceeds to step

312 wher eftpmdhelag rseerd storage raés&alaedf“fl ¢ table; The pressat mventiondmplemeats ghose e d
with the table. The present invention inplenments those |og updates that
have occulogandasitat heve acowred priet totably respvaryian thesppigd tablespasp arhile leaninge

| eaving the original tablespace and all other dependent tables unaffected.
I n this ntheedgipalititdespadsland alh ethendppemient tpblesindfiecied. sinthis manmsd, thotables
original configuration, and no changes are inplenented to tablespace 10 or
ot her depkavitetbrriptid ddta isTetarnee tditsbrigirahcqnfigomtals ahdnstlepgdstrad14. At step
314, the log record file is copied to a log record work space. The | og

record Whiipleriqhfediao tadlesisudel 10br Sthédepehdert GabldsaThé hretHod henpsteels toBtgp be
sorted. The nethod then proceeds to step 318, where the |log records are
appl i esl t®4 abl espace 10 backup copy. At step 320, new table data pages are
built with the updated tabl espace backup copy.

At step 314, the log record file is copied to a log record work space. The log record
work space is used at step 316 so that the log records may be sorted. The method then
proceeds to step 318, where the log records are applied to tablespace 10 backup copy.

At step 320, new table data pages are built with the updated tablespace backup copy.

1s  The method then proceeds to step 322 where the new table data pages are scanned for records
that belong to the table 10 that is being recovered. For example, each table comprises table
keys that are columns from tablespace 10 that have been marked for use by the table. These
table keys are extracted for each row. The method then proceeds to step 324 where the table
is updated with the new table data pages from tablespace 10.

20 In operation, method 300 is used to recover a table after the table data has been
corrupted without requiring tablespace from which the table depended on to be recovered.
Method 300 allows access to other tables of tablespace 10 without requiring those tables to be
rebuilt. Method 300 also optimizes the table recovery process by sorting the log records, such

that input/output operations to tablespace 10 are optimized during the table recovery process.



is The nmethod then proceeds to step 322 where the new tabl e data pages are
scanned for records that belong to the table 10 that is being recovered.
For exanple, each table conprises table keys that are colums from

t abl espacewd@r/bdret have been marked for use by the tabl epcCTiusapa73snabl e keys
are extracted for each row. The netfod then proceeds to step 324 where the

table is updated wi t he new tabl e.data pages._fromtablespace 10. 20 In
operati on, sﬁgﬁfrgﬁ%%"sﬁﬁ?&ﬂn{(?%%g‘%%srr OQ'Flg’bqsré’ t%lb?? ‘gpﬁfuﬁéeqﬁ'mgéhedat a has
been corrupted wthout requiring tablespace fr.om whi t he tabl e depended
on to betal?lﬁf%é‘beeff%?"h‘ %@eéﬁﬂfn‘gﬁ "r"g\ﬁb °§%€?§£"slﬂﬁ‘t STPﬁ%‘fH?’QE‘PCetéﬁS?pafﬁabl espace
10 without requiring those tables to be _rebuilt. I\/e&ghod 300 al so, optim zes
the tabltebe FGBWW& Thegreseptmesption Friprpy e rrsgnstetsd (ole to HI?W“E%%“” .

i nput/out put operations to tablespace 10 are optim zed during the table

r ecover yit Wasip@sier to\sorroptionsf te detawithogtalsomodifying the copfiguratieeef the he present
invention allows recovery of a table without requiring the tablespace from
whi cls t hieblesphdeeand ethendispendent tables.ot her t abl es t hat depend fromthe

tabl espace to be reconstructed. The present invention returns the

reconst r uct e@eteaill emnbiodinielnts of drefpreyemtdnvention are sperifically ifinstatedtand/oor r upt i on of
the data without also nodifying the configuration of the s tabl espace and
ot her defegdnibedhertiab Howevéei a4lbbe ploiitedindt sodificaticns pndeaiationsofert i on ar e
specifically illustrated and/or described herein. However, it will be

appr eci grentihvintiom fe fcbeadd K3 Be aodle teactintsia@d svithin thé)purvipw @ thetappendedrt i on ar e
covered by the above teachings and within the purview of the appended

clai ms WirdiQ WithSRIIRH h &0 sh i aiiintehliedPdRbpd dTidRTdeMtSEope of the

i nvention. 10 For exanple, although the enbodi nents described allows users

aggess ot tfpgf gﬁ%ﬂfﬁﬁﬂ}]&g@% g@%ﬂmemn&m&%ﬁbémmm SlerShectbd Gt Iatiie Users

to
may be abl e ' es 1n update access node while the table is
recover eiﬂread—only mode, in other embodiments the users may be able to access the tables in update

access mode while the table is recovered.
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WO 01/ 04797 10 PCT/US00/ 17350 WHAT IS CLAIMED IS: 1. A systemfor
recovering a table conprising: a table recovery system and a tabl espace
access system coupled to the table recovery system wherein the 5
t abl espacewza@d®Isystem i s operabl e éo restrict access tBCTHEAZP espace
to read-only access. 2. The systemb claiml wherein the table recovery

system furt he T CEASMEBD 15800 record sorter systemoperable to sort |og
records from M‘%‘F{e 3. The systemof claim2 further conprising
a data page updat ef spysh BIPr&RVRiRD: table chiipridig record sorter system
operable to apply 1 0og record updates to a data page. 10 4. The system of

claim3 further co .S ;Qsﬂéfi" ge scanner systemcoupled to the data
page updat er syste%aﬁ{eﬁéeéag%r?g pag’ea?lgcanner system operable to | ocate

records associ at thaMe&quag@#g@s%'s%t%xﬁg&gﬁéft@ eafgﬁere%w%ﬂ?yf%fﬁ@%a?g' aim4

further conprising a p W~ é system coup a page

scanner tem operabl e t.o extract page rows from a data pa t hat has been
o o8t DA BRIt el ariag et toghe Hiehafsdl ZrT fedri o
further conprising a table row inserter S){)stem coupled  to the page row
extractor sysfem op&tSBF® of glap i whegsiy thy tablarecnysry syie fiugher fampisfa. 7. A
met hod for recovering a table that depends on a tabl espace, said nethod
conpr i si A reoerd spries Rysty eperabla;iasor eg rseards from pileg reeprd read-only access
to the tabl espace; and wusing a backup copy of the tabl espace to restore
the table. 8. 3The Whedystidmef clajm 2 further tompriring acdatapags ppdptexisysiea peppledi d at

| east one other table to have update access to the tabl espace when the

t abl e i s to tetlog record sorter system operable to apply log record updates to a data page.

10 4, The system of claim 3 further comprising a data page scanner system coupled
to the data page updater system, the data page scanner system operable to locate records
associated with a table in a data page.

5. The lsystem of claim 4 further comprising a page row extractor system coupled
to the data page scanner system operable to extract page rows from a data page that has been

15  located by the data page scanner system.

6. The system of claim 5 further comprising a table row inserter system coupled
to the page row extractor system operable to write extracted page rows to the table.

7. A method for recovering a table that depends on a tablespace, said method

comprising:
20 allowing at least one other table to have read-only access to the tablespace; and
using a backup copy of the tablespace to restore the table.
8. The method of claim 7, further comprising allowing said at least one other

table to have update access to the tablespace when the table is restored.
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Feerrrr reeeer reeer reerr e rerl W0 01704797 11 PCT/USOQ 17350 9. _The
met hod of claim7 wherein using the copy of the tabl espace ito restore "t he
tabl e conprises: deleting all rows of the table; |ocking out access to

i ndexes of wolewo4ebl e; 5 appl ying | og ngcords to the tabl BSPRE®B¥kup copy
to update the tablespace backup copy; building new table data pages with
the updated tgbl espa Emﬁ@%era:nﬁgmguaéeépyrmﬁeh@blés?b&e&ousmethhe new
tabl e data pages 10 T e nmethod of claim9 whérein applying |og records.
to the t@B e§§§%§ spackup 10 copy to update the tabl espace backup copy
further conpri reading the log records froma log record file to a | og

record wor kspace,; rti ecords; and applying the |log records to
t he tabl espace baéﬁigngggg“&%%ﬂkﬁﬁggnethod of claim9 wherein building new.

tabl e data pages th t I S .t.a space backup copy conprises
scanni ng the newt ?j’gf‘%&ﬁqﬁ&d%‘? f&eqﬁbﬁ%s that belong to the table
bei ng recovered. 12 A thod of ver| afir de ends on a
t abl e8pace, said r?@PWH’(S E?ﬁ?ffl?g’l‘ﬁ ?%“@’é‘? w%opgi‘oc‘m?% f%ep{}g%

tablespace 20 reading | og records associated with the first table

appl yi ng ﬂﬂeppﬂy"records to the backup copy; building new table data pages

fromthe backup copy;
building new table data pages with the updated tablespace backup copy; and

updating the table with the new table data pages.
10.  The method of claim 9 wherein applying log records to the tablespace backup
10  copy to update the tablespace backup copy further comprises:
reading the log records from a log record file to a log record workspace;
sorting the log records; and
applying the log records to the tablespace backup copy.
11.  The method of claim 9 wherein building new table data pages with the updated
15  tablespace backup copy comprises scanning the new table data pages for records that belong
to the table being recovered.
12. A method of recovering a first table that depends on a tablespace, said method
comprising:
receiving a backup copy of the tablespace;
20 reading log records associated with the first table;
applying the log records to the backup copy;
building new table date pages from the backup copy;
scanning the new table data pages for records of the first table; and

updating the first table from the records.
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scanning the new tabl e data pages for records of the first table; and
updating the first table fromthe records. I1LLELL LELLEE 1IN LLEEL
11 * CL Si!'1l1 W 01/04797 12 PGI/ US00/ 17350 13. The nethod of claim
12, furtherweomavs7si ng: limting acceif of a second tabl e PCB/USIOATISAD| espace
to read-only before the first table i$ updated, wherein the second table
depends on the,t ables e o T thod of .claim 13, further conprising:
5 provi di ng uga'at e&g%%gtggdgéé?ﬁ'e%ggg’ﬁw ¢ rSle“%af.t er the first table is

.updat ed. 15. ,.Th t hod.of cl aj 2, furth i Si td he |
spdated 15 et oLt g A SRR S A, 00
d indi .. th met hod f i.sing: deleti th X d 10

R M R TR R R A

14.  The method of claim 13, further comprising:

=t

5 providing update access to the second table after the first table is updated.
15.  The method of claim 12, further comprising sorting the log records.
16.  The method of claim 12 wherein the first table comprises rows and indices, the
method further comprising:
deleting the rows; and

10 locking out the indices.
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