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Appar at us _f.0 current DBMS Table OQperations 5 10 15 20 25 30
Backgroun&kghﬁfﬁg I nvention Field of the Invention This |n§€ﬁﬂp3%§?%§ates
to a process of unloading and | oading a database table . The invention is
nmore particularly related to the application of parallel processing

t echni ques to increase the speed at whi ch database tables are unl oaded and
| oaded. The invention is still further related to parallel processing

t echni ques applied to unloading and | oading database tables in a
Symmetrical Milti-Processing (SMP) environnent. Discussion of the
Background Mdern dat ghaseda"RRaIRPBAratust €8 a2bRchpeeResi ngly called upon
to maintain |arger stores of g Tduladsphdruds the i ncreased size of
dat abases, the structure within nodern databases is increasingly conplex.
TypicaIIy, a dat abase maintains data in the formof tables, each table

mai nt ai ning one or nore rows of related data As an exanple a basic

dat abas® tabl e may nai nt ai Be.gitaral £ thise ) irorexanpl e, nane, soci al
security nungqriia%Qrggg qg%éﬂgﬁﬁﬂunmenunber of individuals belonging to
an organi zat be increased in size as the

organi zati on adds Tidw rimMeItstomplaifsl tocz epsecess baf husleading

conpl exi ty a%nadqc;a@ﬂ?é anaataﬁasentaﬁ%t MeRRer Snénd 116h Udlgdmolrer
exanple, a larger, and nore | ex atabase coyld maintain, in_addition to

the above i nPEERHGUIRE LY nﬁﬁla edh&ss Fhe gPRRICAL 108 Rd , PEKBHRG the cl ub
nmenber g or esi ?ﬂ*&%ss-ﬁhfg techﬁl@lééwtaoﬁac\f@a@%l FHe3speed &’EJT Nﬁ&&/tﬁ7835

dat abase cou ai n be.i.ncreased § e q£CQ§$%exhhé é Iudlng a
wor k addr ess GACAT bS5 SR apRRAEE RES SR LHOEREISor t he
wor k pl ace. ESTmsukmhbaﬁerthbre nayaagdlntbe pamaéheéd procesglieng ty by
mai nt ai ni ng r ahl.e h a xanpl e,

a pointer tol%(g L‘ﬁ%’*ésgo%ﬁgg?é ETLB.)I ?f‘tal nﬁ%n%%%tﬁ%gé{'gg a('-::h-'atlgllg"nters to
near by organitAdtliesh midBbers, SymResieadr s)M‘tlbtJanE’/rQ@SﬂknEr dﬁMPt)ems to
wher e qgﬁltlgmylfgﬂﬁgﬂtgata may be maintained. Conventional Database
Managenent Systens (DBMS) provide space for buil ding database tables by

al l ocating blocks. Once a table is defined, the DBM5S 15 will allocate

bl ocks necessary for storipigsdusssigf dfheteelmicd aaing For exanple, if a
table is to be buH%t to contai.n.100, 000 _r ows the_r f thee%able

wer e defined such ?ﬂﬁ F00 @ﬁﬁ(ﬂfF@nﬁngﬁpgck %X%
al l ocate 1, 00hdtexsksngby boilted heponbke. maintain larger stores of

20 data. In addition to the increased size of databases,

the structure within modern databases is increasingly
complex.
Typically, a database maintains data in the form
of tables, each table maintaining one or more rows of
25 related data. As an example, a basic database table
may maintain plural rows having, for example, name,
social security number, address and telephone number of
individuals belonging to an organization.
The database would be increased in size as the
30 organization adds new members, and would increase in
both size and complexity as additional information
about members is included. For example, a larger and
more complex database could maintain, in addition to
the above information, a map, perhaps in graphical
35 format, showing the club members' residence. The
bb.
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20 Generally, DBMS systens allocate blocks in sets of contiguous blocks. A

conti guousvee@sisteds al | ocat ed bl ocks is commonly referred toPpag/us9eRMBENt. AS
a general rule, extents vary in size. Using the above exanple, the DBVMS may
utilize a single extent of 1,000 25 bl ocks, 2 extents of 500 bl ocks, or any
ot her conbination of extent sizes to allocate the required 1,000 bl ocks to
build the table. Once the required bl ocks are allocated, the data is then
stored inrows in the table utilizing the blocks allocated. 30 Over the
course of time, additional data may be Zadded to the table and the DBVS will
al l ocate additional blocks as required. For exanple, if a uyser ' adds 250
rows to the Cabpbasgsi fPulse AFRE paPamedBryeagedhddi®i ofiake3 Fétks woul d

need to be aldoggaksdry ©y MYCRE88nYO 801 JHAIE -adard¥d/ USHY 2735 Al so
over the cou‘rgsﬁgﬁof, tnloz\;{e i nformation 1n,the dattlaigegng may. be d%I ed. In
this case, d IR (R T&Rr GHGHIPHe ?c§¥i°?o° el €t% rows
fromthe tabwerkF@laeeanpl e, a user may delete fifty rows 5 from bl ock 1,
40 rows Jfrom bl oc 0, r o] o] ) en; .t hy urs, it
causes there to blérh%m(eiggggggg :)er,??#e ?aa jeggﬁg% r%%uﬁ%#%%gﬁgi nlts%i n the
data present domptiescittabiy maintiining, PeEREEYE t BPnOLheTd&ddtafe QW 1| be 10
updat ed. For mfe%lés'd%&am%e@boﬁid%@a@ datRhaget abl a5 gk

or gani zati on nenber o has not yet _entered the workforce would have a row
in the table %l ISRHAEPLEH A HH I EH P hPRPFRET n&AR L Cad HUSEEH KA
security and deRly@pnosegatiPet iohpaemdRires,i ngrt Be doinvek{9)y ceo targy row
woul d he updat e toé)irﬁlcl ude theW rk%a .ess _and rel at ed, i nformation.

t

HowevertQ i f i M dth 9 eI A3 MFEREt of the

updat e, the awdigitwmingdw may not have enough bl ocks of data allocated to

mai ntai n the updated | . mal W, | o] e w gets

updat ed and the orclecbrlnﬁegfdlrr%%ldoééeﬁgﬁgga\;&eg%%g%g%pg’g’g&t%gl%hop%%g of the
updat ed i nf orpravigie Wapacehi fasccubyildhngr oWdtrbmied teldesocabyon with
more space, anth & D0idH 9%135kd S PHACEIal Bablig Bls0Ge e, tee OPR@ENal row

resided, the pointer. being set to point to the |locatjon of the_npved

(mi grated) r il 3Rk TeRETRTATDN FOTHEKCYF PhetfRCare
slulbstant ida:c Lumllaéh t%dtdb.'@alabi?@raéﬁl:aﬁx@lbr)adtfqaat@hkﬂrﬁ)bﬁrﬁ b Bpabeivas

al | ocate or_the 30 .origin rows. Mor ten than_.n e J

i nsufficient Spdcd th‘lilg}loa‘adcﬂooa?v’tsd ﬁgﬁdghﬁ LRY5: 8§ E%ﬁ/ E%ﬁi?h‘lﬂérﬁase, t he
row i s m grataefimednseanhi thay didd erews kloodld tHiim weer dXdwk orthenal row
resi ded, and i r_ . ' . 316 P 99127835
- 4 placed ié\ﬁ?%?%ﬁ(giar‘ljé o?%t\:/ve p%édl}@oﬁp%"g]fsntggtggﬁé ggﬁate l"gr‘sio'w in the
differed® bl ock. /Bsuévallyr RBNS sysfensa@lilocsds & ogka ins sesewafas

fragmentati Oncoﬁfgﬁagé At JULIGAUS S 9r & Mol SICTRASed el eh1hgkakelll me of
dat abase i nformation because in addition to reading a bl ock, a pointer nust
be read and i Rt@FHF ei8d. COMINLY r BREPETRAGER 5t FParRAFRRL bl oS &t | east

tl\go b ocksd§]E@@n@f@pkgagat,aieﬂmdgﬁar&qgnmrsiaad t s ipckneoabaiai ng the
m grat ed/ fragnented_ro st_be read to retrieve row specifi

i nformation. %f%@?f§t r%?%%ﬁc%%g‘églg}%ﬁiﬁ ?ﬁ%ggﬁt ﬁﬁggggt le gs:sgloso cause
fragmenhti onbhodks gl a2edertEncsenof piso0l eind dakmy char ni agy f othexanpl e) .
15 Fromtine i . L he t ] 0L St.r.at.qr g L1 .Qrm an
anal ysi s on t%g%t%égl 85'Eate§§[ae%g:r gﬂd%% H\’f })d(rir%a i-on r%%%r 5%%1&%??

condi tion of 1he0fabllesksFdro elvaiptie thehdakiteabas®radni thet regodredy | ook
at_informatiop) benar dkadaiNacavdler e Rl ot 2hiRVBrbPedS LAl il
efficiency information wth respect to how nmany bl ocks are holding del eted
rows. As anot hBrtBrahpbée uhélbaingasbe RAPRKSt PAdocat®@f - ook to see how
many rows of a tabpgebav@cbetiuridrat edine, f hagRIRAIDYADEdemapr peesses.
25 If a lot of fragnentation has _occurred, .it indicates ;hat | ock size and
row space couRtdBe nbPe EPF citdmlsy ANdbcdhey FRME hatitipl 81d2CR5 not

be: IngI rEt Iri e\é&ddgf:ﬁ.bﬁhﬂ:nﬁuslc}gwhﬁa tbqle.i@édurss\yc];ﬁ:hexdmpaleanfadrmbl et rﬁt or
Wi i kely degide r ebui e.t es. 30 n creatin t e, the DBA
nmakes a deci s?gprsr %égrﬁ?‘ﬁ% tt%ettk%% r e UGS &glteaf}%?get B r%‘“ﬁ%%éd‘[’ti ng a
per cent age of abl edditioeel( BCEEBEEE wouidr needage dfe EHldoksmtusdd ( PCTUSED) .
As the DBMS fills up each block with row or table information, it will keep
a 19 MAY 2003
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WO 001 31635 - 5 PCT/US99127835 percentage of a block free at |east equal

to the percentage PCTFREE. The DBA seta the PCTFREE vari abl e dependi ng on
how t he dwainas&sst able is to be used. For exanple, if a 5 pablus9d/siso have
frequent updates, additional PCTFREE woul d be established so that enough
space is available to allow any necessary row mgration to occur within the
sane bl ock. As discussed above, row mgration within the sane bl ock does
not cause a table to beconme 10 fragnented. M grated, but non-fragnented
rows are retrieved with a single block read rather than the cunbersone
process of reading a block, interpretidg-a pointer, and reading a second
bl ock (or nore) as_occurs Wn%n mgrated rows are, fragnented. L Therefore, 15
appropri ate PCTFREESSePVERgERSI I rﬁﬁNS’fp&Jﬂ?r'nH]r%O%FF‘rb’eo%}ﬂt Elf‘ﬁed

alht houglh thedﬁ&hﬁéﬁéem‘aqblm ?ayebednodim‘ﬂ ednifCEHSED icﬁlaétoil dwer opar anmet er
that allows the DBA to copntrol,t structpur a abl.e. DBMS 20
prevents addFP?”EnQFCPB%QESC’thppg%e‘&s?nog %Qgcﬁoumgétggwﬁegggﬁt age of
t hat bl ock habef ahbie.belFor RIEUSER, RCUISHED maxy dié¢ietenfiftynrPE@SFREE in
the senge th?&oﬁ\' 598%39_“13 %O%wga%r% 2551%% fbd h%&q'?o aPowgdiﬁ:Sm AR
not be Used 0 Insert a nhew row unléss the p€rcent age used in the bl ock
i s bel ow PCTb3BEEk A0DBNEhenbtkis masiursy it FeadesOtherse tiovbeymorasert s,
updates and gdelek@SinO¥RE thBBeWthhn! HKELYr8XPEEI RASALEOW Bha RkaN,
fragmentation, row chaining, etc. Furthérnore, various database tables may
not 30 neces®XEFRPLhaPetBFp8PLrat e settings (PCTFREE, PCTUSED, for

exanpl e) when firgh hddicien, t @ateeedsthint heglabababastabbl mayehave

change resul ting.in additional migratjon, deletion or fragnmentatjon of
VO 00/ g?GBS Ppéat%dt- s Ng9r208§a'§g]'g089§75}i?335£ﬁet oBpBe- hRAEEILE O
results in add¢gbadet cablel,dat arganizetabnpeeiberamte dad spdcgetisage. The
DHA wi |l | perf qﬁ?e{y' t } elygqgghr t.ab r toring
data effici er?t?’lrt;/g.r%gs a ‘?ggﬁf?f-ggngggpamre ofgt ﬁtgbVeDél\lg {:gél ggﬁ?r%y be

det erm ned t @l3@cagednsharcnebitained dil swhemdans r ddduegdaspcial

Reor gani zat | gacx8RY | §h89)c&feghthd abhdey .2 S%ﬁéﬁo%ﬂ%eﬁ{hgr Rpebl em In

order to achi eve maXi num perfornmance the table needs to ebui | t

(i.e., e dHFREIEEdedReNEEVSELBRARS URARE TP LHGT IR (ThG M of the
tabl e rebuil addrHiiss phdceselgeed ridrotmagiynf theiowewaiied ief f ects

menti oned abay ecause the fra nted. ro are unl d _and stor.ed w thout
fragnment ati or?“ﬁ'?tétaﬁlgufg raé‘}?bllnltt %[E:B'P prﬁ@ﬁﬁa ﬁffieéir?& g‘atrzeﬁglg'g:s make
efficient useofoftik skpdphee. theeyorigpinalk rewsnmaynmotn havesematgh reduce
the tinme reqyly or..No t LQN a {.de t £fsRpnse tine
to the user. v(génks{ hggghﬁggéqégpéé%%%ﬁof%%rr]ﬁ% e%irgata asgfpsf{/stems use
effici @it | oginfqmmatdsere pl acement, nornal activity over time causes the

physical layout of RRg fab2alofl 8KkchPsIRRERNS AW SPBS IRME] RIS to
grow. This results in excéssive space usage and extra tine needed to 25

per f or m t abl &h& S IigalaFo¥cdpEEKERE, NAYE RPRINITPRES o . DPL 3Ll enpty
pages and unusediexhgiiatsRpcafoaniddipn.e Whdhamiddiddana, apesergisage.

Al so, nonsequential rows and extent interleaving_serious|y degrade
per f or mance i¥° t%‘{ﬁérteo n%tf?‘é%‘b?‘%dwﬁﬁﬁp@PFSngglcﬁy. aﬁ%e%néfcﬂ’o"gtﬁ% ensur e
t hat da@@basesks gilacesd fircittde Mliouk edsngy fiveocurcitgiridly )ravs residedl arly
perform reorglag'! '99; sesh.data. r. Y]y are
avai lable to reoﬁ%%im Z€é %E?Wa%%ég% sélﬁgl\/ﬁ-@ 5’%3 l%ta&é/oﬁéoglgﬁé _
PCT/ US99/ 278380 ¥&helmsigraned) wavh adk dmxgsl ansurard ardvomigie slon _
reor gani zal | of; Ofa i RbRe Cchapl careaBubsiihtsal bt prpunim of 1 e,
The time required to performa reorganization can have substantial effects

and an inadequate amount of space was allocated for the

30 original rows.
More often than not, there is insufficient space
within a block to hold an updated row. In this case,
the row is migrated to an entirely different block than

where the original row resided, and the pointer is



5 on revenue or productivity of a shop that requires database access. 180¥AY 2003
exanpl e, ps can incur costs of approximtely $100, QQQﬂﬂQa gg when

a database 1s off-line (See Dec. 1997 issue of Oracle nagazine, eorgs in

a Non-Stop Shop, for exanple). Therefore, 10 any inprovenent in efficiency

or .speed at which a reorganization is perfornmed would increase

conpetitiveness and profitability. Summary of the Invention 15 The present
inventor has realized the need to provide fully parallel operations

supporting database tabl e unl oadi ng andal oadi ng which will increase the

speed of any database operations performng either one or both of table

unl oadi ng angitzlde h@adtm@ o&Qg‘!mzoJr dirg! Ypoditisn apodhjmct cof dHee present
i nvention toéﬁ%%ééqi ‘ﬁaral Y ? essi %echnlque that allows for
paral | el dat Fhnt e dﬂ?dgai 1 ?geﬁ Kobject of this invention to
provi de a nethod fAmytithe aadingw absl mbg\mm;;idm atmsred aithets 5 kutavt zi ng
paral | el pro i in a ti Si )

envi ronnent . |§g§éﬁgggé §? obj ec§¥g§ﬁ%é#§t?§éenf%¥#¥%C)F#Eb %2§;.nethod
for preﬁénulﬂpQﬁﬁa$%®eck@trheﬁalalWGMEUMQimmdﬂfahﬁﬁﬁ(xﬁﬂﬁ@Fmﬁtkﬁnabase

tables. 30 |tpd&uddd | in Vedd APPENCEGOBELEIn®Ta LB BE €SENbol MVeR @ik T O
increase the speed at which a reorganization of dat ahase tables is

performed by RRi Feafn@nchel R P YeFedr oc 88PN R t ERNNRA§udE Bratete P esent
invention.  dn&RY 2800¥R, 001a¥163beas® t%?T/ B’i%%k%783(5ch13165k91@¢1d ot her
objects are accor Ils ed a net hod for.pe ng parall.el, unl oadi ng of
dat abase tablcé%n He+ B3 ﬁggt ROy A Eﬁ H?G % rﬂﬁ‘fﬁ:é—’} injmg h"%%%ds to
processld he daigbmisedffbhgmentedi gomwngmust bespesd o anetoievderolat abase

tables to a c d th [ tive
dat abase tabI%é%ngggr%ggog&aﬁﬁ?ﬂe cé?gggp%€g$%gh?%g Egaﬁgﬁg %f€%f§ al | ows
the table unlbh@i pd@t—:@lg@,seo takbegdvahsqgecansa Sinasmentapieni and
Processing (SMP)a€8di I ¥EINd; drfedi ORioaankl v [ ARk OveHEheisReed pbrdat abase
t abl e unl oads. The i nvention includés a nethod of parallel [oading of table

dat a |nclud|n%x%%3 §ieps of | oading data into database tables, including
thgI steps of 15 detebni niitge deglread@ fOtF]hé omltﬂ‘am)a@@t aAﬂmmdafabasg

tabl es, creati temporary tables c te |ng to
a set of data‘@g%fé gﬁr ﬁgr?ndPngV8F§ Pﬁgg ﬁaégf

process for | padrhgesacinficemgetiavy uabhadumyiﬁmﬁdcngdeaabmﬂbﬁeuberary
table with th CorLl Qﬁpg?ggg Y. a the
correspondi ng %gfég DE%%P éQa%@esé . Brie SCT i éﬂfnfgﬁf%$§¥ ngs 25
A more conpl el@ohp@tecinfmnabionheregmﬂmganthﬁd nmwrofoié héeéet:@ﬁdant

advant aggs thepgef oW 'a'sc*é%t%%ﬁﬁ'éﬁ’f:@@i@ﬁ %ﬁﬁohﬂ@tﬁ@:@w?@ﬁoi@aﬁéekt er
understood by reference to the follow ng detail ed descr.i ption

consi dered i ntRonMAEt MBRYni PROCKS aRES IRP 3024RARONgEWSiher ePS: Figure

1 is a flow chabthell aimplengtneobae@mgefmﬁﬁlmﬁ@ﬁué@aﬁf%mr eeedur e;
Figure 2 is a flo hart i] Iustratlg% the .iter tlve nat ur e, of non- concurr ent

dat abase unl 088%p ¢ Rt YpaResR migrateq; B899/ 27835
Figure 3 is afrhgmehaeﬁ b&iuﬁﬂmxnlpnpdnqﬁed eveI processes for concurrent

| oad angsunload ofIgatgbaigttagkesf?%%ﬁ{%t@%ldﬁ1JH§Spr ?brne %yenakon

Fi gure is an illdsStration of processes per §6n a single
export disk; indicates that block size and row space could be more

efficiently allocated and that table data is not being
retrieved efficiently. When this occurs, the database
administrator will likely decide to rebuild the tables.
30 When creating a table, the DBA makes a decision

regarding the structure of a database table by setting
a percentage of blocks free (PCTFREE) or percentage of
blocks used (PCTUSED). As the DBMS fills up each block
with row or table information, it will keep a



Figure 5 is an illustration of parallel processes performed using nulti pNAY 2003
export disks according to the present invention; Figure 6 is an

i Flustratweoodfheidl ural storage 10 devi ces maint ai ni ng dat apep@stedygsss and
export directories according to the present invention; Figure 7 is a

flowchart illustrating export (unload) process according to the present
invention; Figure 8 is an illustration of a Destination Tab 15 Property
Page according to the present invention; Figure 9 illustrates a Parall el

Query Tab page according to the present invention; Figure 10 is a flowhart
illustrating a parallel |oad process acgording to the present invention; 20
Figure 11 illustrates a Concurrent Table Reorgani zation wth a parall el
export phasep&m‘d:eatpsml bél ali kdeick ofiveac@l dilggsto e@eabr ésenthienventi on;

Figure 12 is % e?ig”a tpdpppegirating a fail 25 safe/fault recovery system
for the unl 05 rocesses accordin 1%ﬁto t he resent |nvent|on and

Figure 13 is a f| GREnBRA PREEstR&t PREFRFHHZ 1q danendiBg RdhPYadi ng

T US0912785 . 0 Bt AL o0 Deser Lot on ot the \ent on. CONOLRGENT o
- talle SCri trono t he ventl o

UNLOAD/ POAD RPN 4N %%P@t?z@%e buuedérﬁsspr éggf‘rglf’ﬁégn??yg@?

devel oped a mml@Mrdmm}mﬂ/dmmamtdmm@pacﬁrils avblhiddblegy wl |

be utilized i o] L C ats TS reorg

V2.1.0 to enﬁa%ng%i#%é' gﬂg g%%fe%%b esrroogﬁte}glr g%ryzggr ggcﬁ‘h Qe“}vr%gus y, the

10 fastest wdpe osamer Qﬁm% a t%l@s%@%sefﬂl OVEGI gF WA s Mg rasd oRast

Unl'oad i n corysyagtd cahéMéanné *m&ar added dAd e&etuééﬁ%d Q1O BelRidd ng now

to the drawin g‘:g wher ei n ke reference nunerals desi gnate i dentical or

corr espéndi n tad ¢ hr olﬂbﬂﬁﬁ't:e@he by epgR-$radenifd RS p&8S cul arl y
to Figur eAl tﬂ.ﬂ:rm%ed swatchl Icaz\cllgamtglﬁl :ms%@at regda ﬁ%&mexgﬂtmﬂ{] lc@@bl .
process. At ste a single Fast nl pad process unl gads e table, an
steps 100a . “-“%‘%ﬁ?‘?ﬁ‘? BEPERS pat al 1%} ’d?gf étt C'licbcjﬁ ]é%‘elﬁﬁ ﬁ%f'&? o | oad
tabl es. Figurpoihtier flavd dieagiing detsacondgbilbekFist mbtendprooeess At st ep
200, a Fast d r bl t Unl and
stores data f %e%?t h}é\ %FLS At"s epaazltl%l g%ﬁargmgaggérm negﬁ%n e%g%a next 25
table i¥b the ammmsle@)erléCTBREE getbhres ahbow HBNS arwformanasd® ed unti |

each table i gnkpaded i A% | hllwoh@hedtm tdie B LLLS S abl Bl aHEPS P and 2,
in Parallel Drect Load, the tableS are unl oaded sequentially ‘using one

singl e proced¥OdH e unl oad and 30 nultiple SQL*LO. ADERTM (an ORACLE
utility) processesperusbe ksadnothielepuehlkiete0tnan mqraﬁ:st ahlee pBA A tine.

For exanpl e, when unl oading a_tabl espace cant n ar nu of
tables, TS reo? gCﬁBEFOi/attr%f ‘T‘t’f)'r‘l%t 9 §f\vRy ga‘%&?o f@s%
PCTNSQQZQ?SSFpre\iénts aadiddi t Dohal comg eicellge wilaa&dednbafbl@ck turclaes r ocess

t he next tabl | yst s u ﬂ@ﬁ% tion of
the present i nve i ong?gaégeﬁgbfzesgab%gglr{%}&g f%‘f£ ;%E &fage 0 ﬁprrul ti-CPU
machi nes to uPﬂ’BTéSlEl()stl@p b eremt | Sxdm( RGTFRRK) imukhepisensg| At
concurrently. | nat?’g Békpﬁﬁyl pl @by §fftﬁéf@tlg\h§1@ ﬁﬁ;&lg@blﬁpace

contains a co arge and smal | tables. Then, while TS reorg
unl oads and |'®hbk ﬂP‘bn@el argedt a%?elq%e’a'anaal BV uHYadURRESF o  ever al

smal | tzdl es dgewéﬁa&géu’abéh The thel a@bekeasobeubw IDCQSSED invention are
al so extended to the concurr Te buyi | O&Vg of , mul trapl e Eg}sxes and/{ or

constraints. inv d in he

activity
(inserts, updates and deletes) over time will likely
experience row migration, fragmentation, row chaining,
etc. Furthermore, various database tables may not
30 necessarily have appropriate settings (PCTFREE,
PCTUSED, for example) when first built, or the needs of
the database table may have changed, resulting in

additional migration, deletion or fragmentation of



The Concurrent Unl oad/Load process of the present 15 invention are begtg yay 2003

practiced | conputi ng and dat abase envi ronnment having the follow'n ,
characteri%@é’":l“(sl) Symmetric Multi Processing (SWP) conpu%Fﬁéjsg?msr"gnnent
- Appropriate conputing hardware contains 20 nultiple CPUs and nust
acconmodate a symmetrical nultiprocessing environment. The higher the
symmetrical nultiprocessing capacity of a host nmachine, the higher
performance potential. One type of multiprocessor cenputer is a symetric
25 nul ti processor (SMP) conputer. An SMg conput er usual | y has between 2 and
16 processors, all of which share the conputer s single nenory source and
shared storageq@egkcesmnilie 1 SVRueAPAELLY L dCPANESq8grbigLaAPSE Bhca

processors aval l ab nore processors, the 30 present invention allows
nore queries &RFTHEYE PSTECTPERCSHr ABd PRFSr HFREE- (2) Datafiles

partitioned acrossThe tppAe wiilskspdheodmt Al | £8aD{stibe t@bkespattde unl oad
reorgani zati on,nmust be stor on_different p ical... 19 Y 2Q03 WO
00/ 35035 eGSR PaBlgRlate’ sfpEipalikFanane icdensddea 06 Gt ain
full bene&fit frremmltthe Gmecuoirenmoldel oad/ Lokd pDBMEssé&abdest hangyr edmnt

i nvention. (3) f X t di tonl dl.sksS . A mer hr eads
used for the 8(?%1%2% Uﬂ?%ad?%(i)lgg oﬁ%‘iggrqg%rlgégsse%nw?Fgggﬂgesgrﬁ]an or
equal to the metrewne dota. di Reorgendgatibeselnibetldings afe st
utilized when Jg3idi §g @ SEDREELE RBYSLEA glrakﬁenﬁvenm tBrgebi ghp SWP

capacity and efficient 10 parallel operation dat a_novenent can experience
a bott. | eneck 23H &Y ehalErABURe RRYFFMIRCE pddE HbBPAGseRB8RABhetPi R ed

bandw dtifp of phasiia 6t of ageckl sdta QieLOddédeihey FedohdargnsdcSMP
occurs when physjcal disks c¢annot %u:fgdg a((::(l::%grlodate th i mul t aneous read
15 and write r%ﬁi:e?ts BPSERBCRHuEr 0GB Lo FERA S dur ce OFE

i nterrupted daimcesspegetkl yrid paf almagly pobcesise ngunwantkd k aefitffdatg i on.
VWhen mul tiple e 9?@" Ss d at qtagﬁga, di sk
head can ser venp‘{xﬁce drsrgegqgjeg%go onk}é;c%’?lsg pr%%%ssfgggggngegi ne, 'causél]png t he

ot her oper ati onslaagledhi tandrhissoyieduamighopft t Woragmenisielsori Mot dreousl y
trying tig access,jia sam i sk is called disk contention. The result of

di sk contention |slsg ogged data, or a _bottleneck. 25 Since parall el

processes use nul t i@ Ty sevadyidnsabasRecnakendE f1ahansi 4gke, oft is
inportant to hawek nupakel e ditiks geduied, 188st hdimd heonuaesiss Lk, can

qui ckly nove the.data w thout interruptions _or I ting. e way to

ol mi nat e bot tTAHIKeEHE S CEBARHFERof P RoRORER dat SR I e R LKs.
Partitioni ng datavide thhet ¥ cesspaiseptyisnec ald yelspresatt ng Bven daltaugler 0ss
mul ti pl i sk ' r | md.1J ff ' wi dt hs
and di s%égont ed;]{élé(/)lﬁé. élrg% %@ﬁ%sﬂﬂy?fegg%sﬁee s(gf)stat??‘ﬁ?"rt i‘gégk?#rgca. agexport ,
1 9 MAY 2003 -loy3@0fer63mtRCTPLUSoenerg35norI8l tdhet vty yQyaredut®el / 0
bott | enecks, whidid el phybiast e'ia?%{h?' | & eRer aghess o 44kk 4to

illustrates para processes using, one export disk. Even though the
server's queryASIE¥HR (ARGt EP2BRcERIVEKEMERERY EPNEE M SBPES a¥@SBpEPRat i ons,

the di sk head £an eSRiekikie ég&l@@sms@‘ ONEHAONBetSFRN tdime? heBBedCcagsi Ng the
ations fo wait, or bottleneck. In thi I smgle di sk's

ot her op exanple, th

11O | m 511 orBSHRPERL BHRIGHUSRARS of GHHEDRPS e RARDBar ARSI BFBEEsS
features. Resofwndgidhes Faryiad eapeydpagaspanfeindssl akteaat spaceFi gure
5 illustrates odi ment of a pr. . disk allocatjon, _and p |l el
processes usi n‘g&ﬁ%ﬁ?‘éﬁ%% ort i gg@%ﬁ&%?‘tiBﬁgﬁedan?geThe p‘gé'gf)l’el 1S
processes run sonsiqaertisl yrowat lkerd t émtenne ipterdsawiaid | agriousie

ot her. Using nt £ads 14 TS;geor e ur t L ad
processes of fﬁgg%&%resp-egrg |nveﬂndtél onll%ti Itl'ghz%}ha (r%%n%cberhgfn“ de?lé%ée)g{}tgﬁr eads
t hat det2®ni neBetiedh®@llyi tables to be unl oaded/ | oaded at the sane tine.

I'n other words, thephdhernsd ww&&%ntnhpr&%léébagﬁgggegyteftheia%ber of

processes that TS reorg | aunches ip {he un|oad and
(increasing productivity) 1is to regularly perform

reorganizations on the databases' data. Currently,
products are available to reorganize DBMS tables.



25 phase. Each of these processes works on one table. The number of U&8fMAYe@on3
threads is |imted by a nunber of export directories. Figure 6 illustrates

an SMP co } nvi ronment having three separate disks, , and
310c, eachrwg{og/gﬁg?ori ng datafiles and 30 each having an ex:égcrﬁascﬁgﬁgc&?ory
320a, 320b, and 320c. In the illustrated environnent the Concurrent

Load/ Unl oad woul d define three threads (one per export directory) for

unl oadi ng t abl es. , 1 9 MAY 2003 WD 00/ 31635 - 14 PCT/ US99/ 27835
Concurrent Unl oad Phase Figure 7 is a flowhart illustrating the Concurrent

Unl oad phase of the present invention. #t-.step 400, a nunber of threads to
be utilized in a 5 current conputing environnent is determ ned. The nunber

of threads tﬁ{wéx}r%nz,e ie?fep{]owiidhd @ut?maJSfd \&@oﬁgﬁ.&z@ti@ﬂh&rodmptldevi ce
. However, the nunber of,threa i o limied.to a naxi mum equival ent to
a number of EXPOTIEMFIRAYH | eg%rsesﬁai%ﬁga(?ﬁ se%ﬁg%fg dig%nlo Ibﬁ’%%eg Fox
exanpl e, TS radogtamyial i hingests deSt tdaki.on The Rruper reqRaged: cent er,
change or de';gé,?féﬂﬁ £X9§5£g9h525£9;|xl eahhia@%;'mt o te dPeation for

t he unl oaded 'data and other~export Tiles during a tablespace reorg (see
Fig. 8) 515 DeRi K§VERESe xqjor Pr_ﬁﬁé%ld‘\‘lté{ t@b| 8spAeeP r £52§, TELIXRT g
utility unloagstdbesPabacbascri pkdbenekanguage ddkd ) spbgst dake faéd-fromthe
t abl espace and exports it tao a specified glrectgrﬁ. Tﬂe Host Directory
Paths) for ExXPRFES |Gt ARPEFHERGAY SO0 008 Ghabrls YHER2D SHERTCR for the
unl oaded DDL asdoddtaider i(Sgea Degar gLoSTheipeaki odt icyadlad magpeihy, page i s
utilized to dp,the followng: . Add ost gexport_diyectory. lete a host
export direct o??lc.’r%% 1%%!i1$%asﬁbo%t %brtf%ﬁpr%}é?%?{ﬁflf %ﬁ%ﬁ%‘?f?ent space
avai |l able i n ahe ewgoravetiandct dpny afff tdieerxpordr f speedi z&t r eddieds ahe
ulimt while 1 bity §s unl } ta, eor gs Wi i.Li exports
t he remai ni nglﬂggzt:ggg%g?ﬁéb}ﬁext 53% sp ??lfaé%“g;port&glg%éctorjyﬂé#%é%%ot her

export direct8pppeEipbvenpesi ap@dprefétaisitébyg will not performthe
reorgani zation. This renoves the 2-gigabyte [imt comon on nost UN X

platforns. Since a conpressed file capnot be 1 MAY 2003 WD 00/ 3163S
PCT/ US99/ 27835 - 15 split, M%%iﬁ%@a%%ﬂg% conpr essed export

met hod @egescribed fprRecipwddeit) . iAventer 4ds, rESlieq thgnclws] atsane
number of Fast_Unlgad e s.the n er of defin h. . This is
referred to a?rf’m‘agi I"'g@'?g’eij%g‘%lﬁae q%’nq%ﬁﬁﬂsoc%"g%%%?g%?és?gggﬁﬁag a table
i s assigned tbabaeh ynloeekisig Rrd Fasditg oduiehowedd |iknexesar ethby t he
correspondi ng adea u Lh L9 N ¢ ghet he
separate expors Fec%lar ggtgg}'eéé?%?%sé 4§B€?§#’08§gaégﬁk?#ngd%?gg? or yhgn whi ch
to unl oad dat 8r bath ofr aBlenvskeaginrgopntdhsadlgodagiingot ori es and

chooses gphe smal | eakcavaihalhe ditecisr Yad hadp aomMEpdat grebener eat ed
export file. Such a ,method iS 15 _known as fi i}?’rg?the pbest flh for the

export direct oFVEStiORc &% RIPELIE  Pnd@TRY CRFF LY oFFCRPE A s

t hat directoryhasoallhewsetort bacadleistdathbase aadilkerunloadshe event that
ot her applications o' e using, 20 s

T ght not 1 oad 8111t So0BPALRRoODE SoknBEeREABot T PP GO LEPORY UL b 8
occurs, the reorgetitodi fprspiiteadirg erpdr tldadingnidataidsel cablpsrt files
ternate 25 Sriie ge baPl18aP PEOCEHRERE, QARLAN i ol SRRk
t ermi nat es anMudhd -Frocessiagai(fMPy emvdaenmemitoads t he remmi ni ng dat a.
It is yet another object of this invention to
provide a method for preventing bottlenecks in parallel
unloading and loading of database tables.

30 It is still yet another object of the present
invention to increase the speed at which a
reorganization of database tables is performed by
utilizing the parallel processing techniques of the
present invention.



A user may estimate the size of the user's export files in order to'ass"l%MAY 200
enough space in_an export 30 directory for those files. To estimte the.
size of ANCAYYE?R file, divide the current allocation of HFHYHFRE3Hy the
nunber of threads to be utilized. The reorg utility utilizes a Parall el
Query tab property page, as shown in Figure 9, to fill in fields ~19 MAY
2003 WO 001 31635 PCT/ US99I1 27835 - 16 along with any existing parallel
paranmeters for the object. For exanple, a table's parallel paraneters m ght
exist if that table was initially creatgd or revised using parallel
paranmeters. Those paraneters 5 are retained within the table's Data

Descri ption LanguagegeDilyy apgykbe %&ﬁch%naé%%ohﬁlﬁéﬁgw gly pgraneters
al ready exist for an object, tﬁe reorg utility splits the data  query

aut omati cal | Jethad ok erkuaing ppeailiely ACadiRng ef parhrPEECQuUery tab

10 property pagges® Rl ng hend e@&@gzt el tha st iy then@meey agcor di ng

to the paraneters _set in the Parall el e tab pr.opert age, For full
advant age of tPheagReLht PFRGERRI dhte t fid ﬂé%ﬁ@r %orgs%é:’%ﬁ?%rﬁes i's

equal t® or gespeeci¥e themet heofhunidre of dhbabade. Atasiblesachtexpart
directory should reside _on a_separate physical _disk id di /0

bot t| enecks. CRF&FES&%&@& aﬁgve,ggf‘%o t&%ggﬁecl?éld\jﬁ f‘lltrﬁlolgégfl of:% P if nore
t han one expwoetpdiccdveor \databasmat edabhea bane adi skrbeesisecbf the 20
possibility 0 ess Lti I Lag) t me di sk
at the sane gﬁﬁeggggﬁénﬁq?ﬁenﬁl?és &Fast %I oa %éwocgggbg}g t }gefir&%s]?tg"%set of
threads fini ¥0é9adTRYOEESE EReERKS RAVRALRGS &fs ANSYTHREFaSs MLty -

term naped (3kBRedddhg | foMblaleiPSréifed® €£8S58ighheikaxt]basmpUdvead
process to unload a néxt_ table is |aynched ]g(ésat‘(g) 470). In this manner, each
i‘g’oe T

I
table i s unl 688e8P6E O A8G GRREF iR espective thread. Each
thread is independeri, iremfiore iindnedddr ead methal 3G Hr peasd ladsi gned to
a large tabl e, _t.he other_proce e it f e l.ar rocess to
i oh_bef or SP AR Ty TRE e Sacas Horihwdhate  §hpbd ool ' 2

probl em occude¢d dinkng dhealadeadabilede tiadladiTg r bbeg siteps ayef a reason
why th 1 ] - 3 %Q%ﬁ? -4 aq._g_ﬁ,sa%ailed
(step 2&0), %eowr%g%wqgﬁ]gev%%ggkgégt ﬁfedagf'é n %aggﬁggfll;ﬁlg ﬁ’] the jéob

| ogfi | e. The te¥Bies t hareat prebXent SBBQLRASY |tRRk8HadEaCHs LRFRATINH er nal

unl oad progr ammfe TeotkeakBonding Upboad BEEJIGHM HEtAOlsthradiNnghedhas a
separate process and therefore_it has to be finished hgfore TS reorg can

conti nue wi t ¥R tc GHARTTRY udBRRFIING 17t SQU*THA0ER  (REPERSS all the
t abl es have hem@isisccesaénl | yemnpbaaded, tdieleinl oaddpr Acesdnes cszagi eted. A
10 perf,oy mange neter. (estimated, or.interacti SO be i nted to
di spl ay?%'t’ he gr'pe&%m%’r)ﬁml (t)tz? Ieoadw%jélé’rat Shs géggaga%tn%enf oﬁndi S ﬁéggace
bei ng consuneshry@spondinqnespdrpr ctisgsctiarywovpbettde, TSrrespprding nues

W th the nextgst | pace 15 reorgani zation which is the export
s@&@ﬁ%o Fhﬁ fg%?@é&é.

of other objects e espace (step 485). Export of other objects
includes the creation of a files for storing the DDL of the tabl espace

including all indexes, hihggehagcpshilonl RIFS +naNthRAkJifRdgy or 20 uni que keys
(everything except. the rﬁb'ﬁm'_cr%)&t,_'ﬁn—aﬂf% reorgani zation
performe® a drop orf MRFFIRIRFS a&ﬂ’%%e?%%‘éboag@f,t%%dl%‘ﬁ%ﬁtb f¥%s a
concurrent | aethyt Steip 4% bezenddrthe advapree@sdataerabd fwesh tbdl espace.

¥ ! .
20 ComCur et LOR s LS < RR il Shl o bl espRssalLEgt s O
| oad phase i oy reference to the following detailed description when
congidered in connection with the accompanying
30 drawings, wherein:
Figure 1 is a flow chart illustrating a database
fast unload/load (PDL)procedure;
Figure 2 is a flowchart illustrating the iterative
nature of non-concurrent database unload procedure;



30 illustrated in the flowchart of Figure 10. At step 600, TS reorg bédiAxs 2003
the | oad phase by creating tables to store the data. TS reorg sequentially
creat es aWOmMBAYG3sabl es as the nunber of threads specified. PAhes9y/8H MAY
2003 WO 00/ 31635 PCT/ US99/ 27835 - 18 specified nunber of threads is

equi valent to the nunber of threads in the unload phase. After the (first
set of tables is created, TS reorg simultaneously |aunches the SQ.* LOADER~"
processes used 5 to | oad the data of each corresponding table. The nunber
of processes launched is equal to the nunber of threads. Each SQ.* LOADERTM
process | oads data for one correspondi Ag-table) reading table data from an
export directory and |loading that_data intg_the cornespondingklo {able
(step 610). The rEbFYret Pl ilt%y 3 ctteurRart ndléppErasing ittt e

fr agrren]E alti o 6BEs OPs | bz mignﬁ:txmx&gﬂ: pmmaﬁafunm?hag dmedm.bmﬂ hle
export files._.The reor Ll r di_nat mul tiple CPUs in parallel 15
threads to |G& ?%egﬁggga%gng¥nE§8tﬁgesﬁﬁgcfgyepg%ﬁPfing in a reorganized
t abl espace. AfterFbopgeref4thesanpibtesteatiencofipparatlelprecegsedecks if

t he data wa ulhysl b iL.ptg:the table and if the nunber of

r ows iﬁgerte éﬁggfégéc%#r%ggggggg a%§8?2 ?%Egh error_occurred during the

| oad or the nunbeFlSFrﬁoﬁslﬁnéér%gbu59r§EL®ECﬂéEF§R@%b§1nB?O%%$$@§t, TS
reorg switchgsragt-Reat 16ahhymhotipee BkgbPE! ISkECQEHolkadfgf tHCEhan to | oad
sequentially the data before continuing with the next table (step 25 630).

| f there wasPRBSERForM¥PRRIPRE SQL* LOADER-'' process, or after the interna
IogdI term'hnat ed M&buutel %rd{silél'ﬁ riaﬁmtgraetgtfes bhe pletalt abt@rzl(agtagp ﬁ50)
an ches . concurrently stij anot her ~' process to load this
(bl o 0dat SOFTERER: | PR BIR | SHABSRR UstTRIEE | Fhe EBRREFr ent
Tabl e Reor gadiretiomidsagcamrdiagn tion tBegprestbt dnvemturomgnt direct | oad

i nvokes mul tiple eagh iC S QL RTM
session to synchrgﬁgéng ?oaggdgga ?%gﬁggﬁggex%%?ﬁgg%?égngac. nto ‘19
MAY 2003 ' W1DBP38$3PTPCERSOGICEIRTENY 19 thife palsjSest dnyandfiionds. \Wen

SQL*LOADERTM wr i t @3 ghiee!l BeSe QA af11@Ssrddon €8f Ja Ubkktinabises The best fit
nmet hod, which sel ects_those partitioning directories that have enough space

to acchbRmodaFEOPREYnEEFENG S FSRI Fie PFERENY PRI ¥ont i nues usi ng
the best fit nethedgorehin thatsseheesed | Pstadlelli QREher i Bsb apdgehooses

the smal | estadat afd.l e ;_hatt_1 can accorpgudate all of the incomng data for the
thread. Each FﬁPEQ&nlgo &s htsp(fftsaeq FFVERYRH free space in a datafile as

it 10 can. |If a f&igurer ldr iczcarflduchagtt hklushdaphagea pariaflleie

reor gani zat i ok .J n I Ki %% %FB}: the failed job
becones a joggtajlcﬂia #r?z:ee S %’ggg\(l}g}n&(g& g%‘c?f\/\ﬁ{rl n |t(r;1§re t,lcg’gt er a job has
15 fai RPOd (step 1Femprers ddor giakushnatcedl | @ skiGon@amwree t IBS t hat

have been al ReadyatGeRSll WYter eat ghand di0adegdobef opgatbe drid | wre (step
1110) and only | %;concurrently t he non-exlstlzg tables or the tables
PAa o

that were no el J1F25ked 1@k 339859159 hoWRe| n PEEFERE 13,
during the | dagre@tdem; TS reorg first creates the tables under a tenporary
name (step 1300). After t data has.been rel oaded the tenp tahle.is
renaned to the oriig%e ngge ol t%e%}z?mcglafgt ebgigﬁgf‘?‘tﬁpﬁalq yI3e prinary
constr @isnt s @af YFauidexeseapvely t abysteme Cozat eché st emlbasDy.odmi s
allows TS re %%QQ i r gqpl ly inported
before the fgllrrlq{?tre%%ﬁsg o%%lpﬁlé@%ﬁ%égﬁe%bﬁﬁ%f r'e.sﬁcft t he | oad
for those tables (Blaugs ockstsialfAowEhgrtiillugtratdngudiiesd tievedoncurrent
Unl oad/ Load @RidiQh) nlne’ €248 et d call t Req9pkl oy Gigate all
Indexes/Cbnstraintsnaffer alla%§ thééT bf%ggﬁgﬁg %ggn 8gegtg%? Tﬁggindexes

and const r ai REEEFMYE Hivebi@pace are created after all of the tables are
1 9 MAB@2003 WO 001 31635 PCT/ US99/ 27835 - 20



successfully created and their data reloaded into the tables. 5 CONCURREIMMY 2003
| NDEX CRE@&IO\I IN TS REORG Concurrent index creation is an _option_can be

used in aYaBHGY a tabl espace reorgani zation to i ncrease PR lcﬁ‘ngg BES of

i ndex creation during the reorganization. 10 In a regular table or

t abl espace reorgani zation, the indexes are created one after another after
the table is created and the data | oaded back into the table. In a

t abl espace reorg, the user may select a concurrent .index creation option.

In this case) TS 15 reorg will create tRe_i ndexes concurrently (sequenti al
index creation is the default behavior). This will allow TS reorg to gather

all the i ndexes ANGL Pcraitiod O RIInthide and when all the tables
of the tabl espace (I n case o# a tablespace 20 reorgani zation) or the table
to reorgani ze (in case of the table reorgani zation) has been created, it
starts to cr eUNCURRESNT NSNS 10D QPTIONIIN T REORGNTZA/TIOMeNn sel ecting
this option, the user has to specify a nunber of threads which would be
used as the 25 nunber of process to |aunch concurrently during the

i ndex/ cénstrai nt CTteat i prepéase. Wheantdre | hpsrt dqelvadeordest | adexesw begi ns,

TS reorg |au :Elea, {%ﬁﬂﬁ f tio ogﬁﬁ.ﬁc% S e nunber
of specifi ede rea dg“:ﬁl'\s/\h ‘?‘?“?s‘%‘éﬁﬁ‘éﬁf ro?ggé 0 % ri"? set of
t hreads fi ni stigsl éPene}éf-lﬂ-h@@)'@ ci8at #Bn Wb@@émi’%dl Fpfcier diel Rbsequent

i ndex creati Ofh ¥ QRRKSIESI AR St ThibA Ty fé‘é‘ﬁ%hﬁﬂ !I:'P@”t@ogﬁh%.tn'c@‘ tﬁie ot her
threads until all the indexes and constraints are created ! MAY 2003

WO 001 31635 FESLRT alRseepaqe FEoRgapt £at %’écursp6ﬁ‘”t1ﬁ’é15i§fyeat‘?% of one
i ndex Qro consta s ét @ RO g ide @M&ﬂﬂs’ﬂiﬂad@! ifresrd heed¥y wdst he
falledlndexmtoa%‘l %\%ﬁ[ %er can _t.hen rranual Eht ZE? afefréf

probl em 5 THe® pPEEeAPSENIIYH Als SSEINBFELOR v 1Q}m %-and in
terns consi stkiteost toah opipl@ment ati on in conj unction with a Oracle

dat abase. However, e cr II a 0 ot her
known dat abase F dé{l%s e{% cus om%atdlﬁeg aI ?(va |onsr? o?kéexarrpl e,
i nstead of ut¥efererce Mangradis designgye S@ML_DG@EFGT corprapeRrdprégr am

capabl ey f regghifg t Bl uddcutSt OLBE | NP RPOT &ri@iWseCt Opygandnbpadi ng the
data into fresh table sEace rra be utilized. 15 The, gresent |nvent| on nmay

be conveni entPFTFHPE eFQsi H@ud:ecoﬂrveﬁP?Bﬁaﬁ rgeh SRaBE a

speci al i zed diglm@trsteiwtaemﬁt rmﬁxmmmcpsrcwmarrm@ ﬁ@%r:dougkt IoI tge
t hose a | e

t eachi ngs of the, sent l.osu as W pare

in the 20 con%u?éggg g ﬂgp ‘{ep’% Cfﬁ/ﬁar'énﬁ%%‘? egg t &]e]y B8 pr epar ed
by skilled prsgepmrwsabased bxom helﬂ.eathangspaﬁcaﬂﬁelprdasmfnt dlsaliesure, as
wil | ezg par&FhiQ %elggﬁalj:gg 10 the software art. The invention may

al so be 25 inp STENT e preparation of application specific
integrated circui tElWr%ﬁ it drleyhddecrpg datappiogr FheeFastwirkoad

conventional ©pERESENt £k rewebS2085 M basPeUiLssh ! ¥s aﬁ@@f@%eaoohhase
skilled in the art. 30 The present invention i|ncludes ngut er Br ogram
0

product whi cht®81lg. st%@%g@%dﬁ’%@?%ﬁ?%%‘sm@t?%ﬁ r%?—? X0%t b
thereon/in whighigan he wsesh t;mtw 0t afsadeeBpht fedl wHeAHr na an¥xef the

process of resent on. ,The storage nedi inclu
MAY 20095 ofé?glgsénpéﬁ%séé %’5@?‘ 51558 php ke Rl PRietedh gEﬁy type
of disk i ncI uprugesbopsyrelpeasedopntd;al edchcs:;xlevD;.sCDnR&lﬁ,edm cr odr| ve,

and magnet o-optica d flash
menory devi ces, naéne I'c or op |C§9NEh ids nanos E%"'l linc Ugl ng
mol ecul ar mendhy Paxyllek WQ%e Iggadveditdeor tab\leee auet abhéokdedst ori ng

nstructi one gedlencdaly W HEERR SNGINBRIcddie CEOTR! ShabardaRle, medi um

(media), _the ent nt| on es sof'tware contr I'ng both

the har &far e Eﬂlﬁhﬁl@eﬁﬁkéboﬁﬁﬁﬁose‘/@b&ﬂﬁéﬂl’ﬂzéﬂ'—@o‘rﬁi@t dl?r%‘Feﬁﬁ@ﬁoﬁPocessor,

and for enabl thg tBaaGORMRUNG WS rIFd i 0<9ﬁ0§ﬁ§§06nbo dalbtl%raé:é M thm@ human
user or other _nechanismutili zi n the results of %)resent i nventi on.

Such sof t war eFREy SX8MPhey y HE e it ]1°>adr?6't9 13 rﬁatké'cFQEf"c eVPREAHRLVEr &
operating sysletge QAinARASecoENFPAEeHNAITH!r Fedehs, mastt wadt appri @ald ons.
Utimtely, such conputer readable nedia further includes software for
perform ng the present invention, as described above.




20 Included in the programm ng (software) of the general/specialized 13 MAY 2003
conputer Qr mcroprocessor are software nodules for inplenenting the

t éachi ngsW&OW@Spresent i nvention, including, but not Ii mPFEGJSg?f?w“
retrieval of user inputs and the determ nation of a 25 nunber of threads

fqor parallel processing, |aunching threads, unloading database tables,

determ ni ng success, initiating internal reorgani zation processes,

exporting dat abase objects, conpressing unl oaded data, nonitoring the
processes of the present invention, ang,30 setting up a concurrent |oad
environment utilizing a table load utility, and the display, storage, or

conmuni cati o F I i t,. 1
Coventi on. | CRable BRNS SGRNEDG, (ISR GERSES B LRE BreveRt

nurer ous nodithiec BePEnéa@d® vari ati ons of the present invention are possible
in light of the abgwRirdeeashkingastthces iher eficutfele undeasi/oead hat
within the scope of the_ appended cl,ai ns, ,the |nyenti 5 may be practiced
ot herwi se t h@PEEs 5 citﬂegé?rle)?e&&s&ﬁvﬁ@&lﬁé‘r 'éf#‘ﬁ'.t enf%g‘eﬁA? %‘@0”5 B

00/ 31 63% PCT/HdR20/a08abtag@4of LauAL /SCATatmaichitied nedl ualodd Aswvetghod for
unl oadi ng da se _tahl es o Sl h t f. |l i nunber of
t hr eads '?o pb?é) s%rﬁ]‘g‘c%zﬁ a%g‘se%n{gggﬁegl;glf'i%?ﬁ'%n?’%%lgsr 53%%@1%{}1\?2&& € of said
dat abase t ablTsigt 0 methedespendipagtafcudaird yt hrafftisciemd 1@henl oddieng each

respective d %53? | 8oR¥adnB’ ACESSHE £OohEe i pgLAar 2. The
met hod accor |agﬁ t égﬁi mol¥amﬁer%i n sal oflés%%% o? | aunchi ngr ncl udes the
steps of : 15 smalli Salnees. nufpeR, Xiile hFBarsorapunlppds ader laaditifying

a nunberp of exROriachd eehBiEesitocahedh b SEPRsaAd eafiliondgd GRMiGaS t hat
mai ntai n sai d database_tables; limti ngr Xto hhe nunber of exgort

directori es ZMaldent?P1ed; SITHIGAPECHAHY X alh€aiRF IMRICDH Otnrtdifus. 3.
The net hod aqusbnty imvéhed oh Zarahel b negsefddetiotagehde\iarrsumrentdi sk

Nl oadi ng corPH Su et aeberstd “rideied ol Srietrafam o r espect i ve
dat abase table, arthstConeuyrrent dhitloasd/dolesl momtbass of aippmread®entrectory.
5. The f@t hodir?&éfﬂéﬂéﬂg é.PeGl?éé‘E 4p 8 £ldh Salfl "5 St 110 cadidg
further conprises the steps of:
database environment having the following
characteristics:
(1) Symmetric Multi Processing (SMP) computing
environment - Appropriate computing hardware contains
20 multiple CPUs and must accommodate a symmetrical
multiprocessing environment. The higher  the
symmetrical multiprocessing capacity of a host machine,
the higher performance potential.
One type of multiprocessor computer is a symmetric
25 multiprocessor (SMP) computer. An SMP computer usually
has between 2 and 16 processors, all of which share the
computer's single memory source and shared storage
devices. The SMP capacity depends on the number of
processors available. With more processors, the
30 present invention allows more queries and loads to be
performed in parallel.
(2) Datafiles partitioned across multiple disks -
The datafiles of the tablespace to unload
reorganization must be stored on different physical



1 9 MAY 2003 WD 00/31635 - 25 PCT/US99/ 27835 determ ning success of"g MAY 2003
conpl et %gﬁiﬂ#teps of reading and storing; and (1) stopf;&t)g HRATEsof said
|

t hr eads, sal d determ ning success step indicates non-conpletion, 5 (2)
perform ng an internal TS Reorgani zation on the table. 6. The nethod
according to Caim1, further conprising the step of: 10 repeating said
steps of assigning and unloading until each of the database tables is

unl oaded. 7. The nmethod according to Caim1l, furthher conprising the steps
of : 15 exporting other objects rel ated2toe each of said tables; and dropping
said tables. 8. A nmethod of |oading data into database tables, 20
conpri si ng diekst.epThdak: detjeimement Xishreeddefiortd oadbitagimattalilnt o

dat abase tahl es;.Cr L.ng t a e a
correspondi %&Q‘lt%glg: gfg%&gf tﬁ%t ggg’t%fﬁl%re%nlttn%ﬁ%&%@%@S@??g%ﬁggytyﬁeaunchi ng
an SQL* Loadde presesy iimvsgrjierction with each thread for |oadi ng each
tenporary table; (|yqadi Kpeaedyte %rr%rydﬁilghﬁo‘ﬁ‘igg the dalgestored in the

correspondi ng export directory via the correspondi ng 30 SQ.* Loader
proces®. 9. nPEbeTRtHoChreansli weed oL oratthee Communrante SRFad/pathe st eps

of : 1 9 MyHtaRH3 MEHE043463%iAGTI biS9/edb83han 26r deheiIM Bongisaiccess of
t he | oadi ng st for_a respectj,ve dat abase tagl e; and I f said step of

| oadi ng was I’(}ﬁ'g{)f(%eggfﬁ?c?oggr%rrﬁwrtlt‘?eg st ep8e8F: r(ef)toﬁ(?ﬁpiar@é)each of
sai d t hr eadfedtf uzdild zdet ehennragidingess sépaprandi playescabrdiskepl etion,
(2) performng an,jnternah TS R anggat i s Lhe I 0, . The

nmet hod accor di ngr]si\}o% é'ill% , §tf u?‘?ﬁgr %%l%prcg%)‘%gl{:ﬂe Asr?aépgefq %ﬁr%zla I ng,

| auncHithg ambiadlakihgoparationsh tddta movepeddd. can. eXperdeniséd accor di ng

to daim8, puftneleds, PR hahRd nheedleRI o in speed, because of
the limited bandwidth of physical storage disks. One
of the few limitations of SMP occurs when physical
disks cannot quickly accommodate the simultaneous read

15 and write requests made by the numerous CPUs.

Another source of interrupted data, especially in
parallel processing, is disk contention. When multiple
processes attempt to access and change a database, the
disk head can serve the request of only one process at

20 a time, causing the other operations to wait. This
situation of two processes simultaneously trying to
access the same disk is called disk contention. The
result of disk contention is clogged data, or a
bottleneck.

25 Since parallel processes use multiple CPUs to move
data between memory and disks, it is important to have
multiple disks defined, so that the numerous CPUs can
quickly move the data without interruptions or waiting.

One way to eliminate Dbottlenecks is Dby

30 partitioning the data to multiple digks. Partitioning
data is the process of physically spreading the data
across multiple disk drives to reduce the limiting
effects of disk I/O bandwidths and disk contention.
The more disks you define (partition) for data export,



recognizing a fault in said step of |oading) and performng the step;'sg (W‘Y 2003
(1) recogni zi ng unsuccessfully | oaded tables; and 20 (2) perform ng an

i nt er nal Y@%@gfﬁani zation on the unsuccessfully | oaded tabCd&S99/37835me

met hod according to Claim8, wherein said step of determ ning includes the
steps of: 25 retrieving a nunber of threads input by a user; determning a
nunber of export directories; and establishing a nunber of threads equal to
the | esser of the nunber of threads retrieved and the nunber of export
directories. 30 13. A conputer readabl e ,nedi um havi ng conputer instructions
stored thereon that, when |oaded into & conputer, cause the conputer to

perform the §hepsal you Shdide 2009 YO0LALERS - vRTcnPEILHSRY 34835

| aunchi ng a nunmber of “threads to process t at abase tables; assigning a
respective of@sS§erspRpdaddedbLPenHI¥P t0 a correspondi ng of said threads;

5 unl oadi ng each @Qgﬂ@@t avel dakabasest pRELL D¥1 oI @sasss Asitdif only _
correspondi ng thread. 14. _ The conputer rgada | e nedlun1acqor ing to Caim
13, wherein S8fd €¥BRThf ¢ chiggvéghpF ough; nhe o SQTRE 't - 44§§Htifying a
nunber X of expedinditoact Qsiesks ocahed euessparimito St owage séparaee t hat
mai ntai n sai d_database tabl es; and utilizing X sal d_nunber. of .t hreads.
15 15. The c@?&&f’tgl;op@ddi%leeaﬁ& 8%3&388?(1?%5"?3&& ali‘efﬁl‘i%ﬁt v%feroélllﬁf said
storage devi ome ayeani 3k dritise, 16aufhegcdahruterheradpbratimdsumaccor di ng
to 20 A aim 13, whegei i of Iqagf g i.ses e of :
readi ng bl oc&éigf’ dét?ar}?ér%{rﬁé‘%%gbect :llge até;bgse thggl’e,t%%dss%ft Feng t he
data bl ocks Pdad isn 5%Céxéémﬂtéﬁﬁé@ﬁor9¢f2§t17§théP%€m%%feﬂ3ﬁeéﬂ&ble
medi umiaccor ddig dro O phphlfel MitFStdssaicdatligRs0f UREBAUAHGT WiHiher
conprises the steps of: d%iernlnln suggess o{ conpletlon sard steps of 30
readi ng and SGRYRP ERERAS ?R(ﬁﬁﬁ%ﬁﬁre P AL EAF/YE M eads, if said
determ ning succesigump 5 ndltasesares | enbodimé?y per borpaatgerAn
internal TS 3%%&9%@1%3A6¥56¥‘éJE’ﬁé%&fiel processes using numerous
export disks (partitioned data). The parallel
15 processes run simultaneously, rather than one process

waiting for the other.

Using Concurrent Threads in TS reorg
The Concurrent Load/Unload processes of the
20 present invention utilize a number of defined threads
that determines a numbexr of tables to be
unloaded/loaded at the same time. In other words, the
number of concurrent threads is equal to the number of
processes that TS reorg launches in the unload and load
25 phase. Each of these processes works on one table.
The number of defined threads is limited by a
number of export directories. Figure 6 illustrates an
SMP computing environment having three separate disks,
310a, 310b, and 310c, each disk storing datafiles and
30 each having an export directory 320a, 320b, and 320c.
In the illustrated environment the Concurrent
Load/Unload would define three threads (one per export
directory) for unloading tables.
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9 9 MAY 2003 - WD 001 31635 PCT/ US991 27835 - 28 18. The nethod accord?rﬁﬁg']qY 0

Cl aim 13, conprising the step of: repeating said s i gni ng
and unl oa |n3h&%?| each of the database tables is unloadegéﬂ@SQgrﬁﬁi

met hod according to Caim 13, further conprising the steps of: exporting

ot her objects related to each of said tables; and 10 dropping said tables.
20. A conputer readabl e nedi um having conputer instructions stored thereon
that, when | oaded into a conputer, cause the conputer to performthe steps
of : 15 determning X threads for |oading data into database tabl es;
creating X tenporary tables, each tenporary table corresponding to a set of
dat a stored Conaureznor Untloa@cPhage 20 | aunching an SQL* Loader process for

| oadi ng each tempE @l ¥.e ta@le éoag!ngkfgﬁghéé¥nmag &SEQqu S%thtﬁge dat a

stored in the corregpondlng export dite e correspond SQL*
Loader proce€sncusrent Thioadnphese D@ad@bl@rﬂﬁﬁmanﬂabﬁﬁﬂdﬁﬁg t ALl ai m 20,

wherein Saldstgétuﬁalogsxﬁﬁﬂkﬁp %ge@ﬂybadgu¥blQﬁpegtipigeg GQ{pyt er,

further_cause the conputer to performthe steps qf: 30 determ ning success
of the Poadi RYrEERP f%?mautl%sﬁmwwtab&@e ggbrEmingd i sAPE step of

| oadi ng was Hﬁﬁbé@e§$fuhreaﬁéfebnhﬁﬂlihé sbepfovided By % MiYe2003aWWO
001 31635 - 5 | US991.273$35 % a |ng ch of s }9 t hr eads, Ef sai d
det er ni ni ng gug s %5t ¢ ot BRE EOWp YT 1 HPHSFBPHF nGtan

internal TS Ehmegdslmalaisqniimmteébte aSnQZJMEmaequqxakﬁnueadahle medi um
according to,Cl.aLmp 24, ‘A‘?SE:’E' B;$8l ‘tj_o!r[ié%r 98&&89?3?5%EQ%‘%?SEEOB%WE“

| oaded into a conmputér, further cause the co ormt step of
repeat Lfg sad@flyﬁéps of Rore ate#agno L0 Iéltﬁﬁcmermfgandlqﬂbadﬁlhglmﬁﬁﬁl @ach table

i s | oaded. 2%esEH?1a%Q'H?Pt@£br SRl 18 B Pyl aES 0Tty | O HlaigB 26 Wherein

said instructions stored thereon,  when | odded into a conputer, further
cause the coRBiEEe t hes PPHE mIHeeLkPY oaths designating the

location for the unloaded data and other export files
during a tablespace reorg (see Fig. 8).
15 During the export phase of a tablespace reorg, the
reorg utility unloads the Data Description Language
(DDL) and table data from the tablespace and exports it
to a specified directory. The Host Directory Path(s)
for Export 1is the directory path designating the
20 location for the unloaded DDL and data during a reorg.
The Destination tab property page is utilized to
do the following:

. Add a host export directory.
. Delete a host export directory.
25 . Modify a host export directory.

If insufficient space available in the export
directory or the export file size reaches the ulimit
while the reorg utility is unloading data, the reorg
utility exports the remaining data to the next

30 specified export directory. If another export
directory is not specified, the TS reorg will not
perform the reorganization.

This removes the 2-gigabyte limit common on most
UNIX platforms. Since a compressed file cannot be
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recognizing a fault in said step of |oading, and perform ng the steps of:
(1) recogpi.zi unsuccessfully | oaded tables; and 20 (2) perform n
i nt ernal g‘fjg %@g@ﬁani zation on the unsuccessfully | oaded GaBFE@J.SEQZ%.%:‘ghe
conput er readabl e medi um according to C aim 20, wherein said step of
determ ning includes the 25 steps of: retrieving a nunber of threads input
by a user; determ ning a nunber of  export directories; and establishing a
nunber of threads equal to the | esser of the nunber of threads retrieved

and the nunber of 30 export directoriegz 25. An apparatus for unloading
dat abase tables maintained in a system conpri sing: '~ 9 MAY 2003 WO

001 31635 PCTLLS98/ 27835 - a3Rs TRa0S syl aBChi NngompReERer Obxphreads to
process the database _tabl es; neans fOrf assigning a respective one of said
dat abase t abMe&heg 40BBFréLEeNALKEIBREES Yt hr eads; and 5 neans for

unl oadi ng each regpeetieye 4ia) abpS eréebd eldynehesoaesaned mirbedr bEspondi ng
thread. 26. The ratus_according tq C aim 25 erein.said ans for

| aunchi ng fu}?ﬁ§?88ﬁg?éd%§°ﬁ§3ﬁgsf%ﬁ P@Pg% Pﬁggﬁfﬁﬂﬁgeghgﬁgﬁﬁreads to

| aunch &r om Thiseris 2defdimredppar asustleccirxkngset @faifas, Unfieadi n sai d

means for la Q%Q%%geincludes means for limting the nunber of threads
nu

| aunched to 8Foof export 15 directories |ocated on separate storage

devi ces of said syt sep2820The &ppacatdsagsésnadngot sachapmrZesswher ei n

sai d means feh4nl opghng YA SeSprafedBansd or ckeadiBg blgeks cof data
froma respective database table, and staring the data bl ockKs read in an

export di r ecCORYeEPHEARGedEFeRd t BB 31 dfhG t3FLERedg taple
appar atigs acdend bget f A ReNs@bard té tdiortd ddautcrtieg Neardp kaw)repeat edl y

ass aning resnect s daLaReEey &% PRl b0 G TRRNA 18 WiEad g, ol o2 70
30 30. An appadat ushriemd ucheaksngliadbade testppe@st dompckteirmgs ardaunchi ng
e L
accommodate the created export file. Such a method is
15 known as finding the best fit for the export
directories. Once a thread finds a best fit directory,
it claims that directory, so the next thread nmust
choose another.
In the event that other applications are using
20 space on the same file system, a thread might not load
all its data into its chosen best fit directory. If
this occurs, the reorg utility splits the export file
into multiple export files and attempts to write it on
another export directory. If there is no alternate
25 export directory, or if the disk is full, the thread
terminates and one of the remaining threads unloads the
remaining data.
A user may estimate the size of the user's export
files in order to assign enough space in an export
30 directory for those files. To estimate the size of an
export file, divide the current allocation of an object
by the number of threads to be utilized.
The reorg utility utilizes a Parallel Query tab
property page, as shown in Figure 9, to £ill in fields



- 31 an assignor configured to assign each of said dat abase tabl es. t‘crq MAY 2003
correspongipigspdsssai d threads launched; and an unl oader 3, /s each
correspondi ng t read, 5 each respective unl oader conflgure to u oad

dat abase tabl es assi gned to the corresponding thread of the unl oader. 31.
The apparatus according to C aim30, wherein 10 said | aunching device
includes: a user interface configured to retrieve a nunber of threads to

| aunch froma user; and a limt device configured to limt the nunber of
threads to launch to a nunber of expertiglirectories 15 |located on separate
storage devices of said system 32. The apparatus according to C aim 30,
\me(rjeibln ez;chaﬂ@mgeoﬁim anyoadﬁrsduzmm[lpaeallelr qmlraiwtt@ﬁsccfrdri guu@dhto .
rea ocks Q a 20 i ntain wi t hin .t S threa
as the respech% S “Unl oa8 S ?’al Feat ba % \R’% eV| ée)%%e red to
store the damgbﬂtocdnszeadfl ntlma'an tatpor t waisr ennbtyabbyr@s‘@@ﬁmdngoro t he

same fr ead agied SRRERI | NEMNN 030G nd il | SncRe Sardlis: appar at us

according to aim 30 I n sal Ssi gnor_ assi a d le to

each of Ssai d 30% eZ@F2iMe® uidhisomiha i grak¥e bhe t%alﬁeﬁw&%onasm gns

anot her of smadagdﬁtg%baammabéﬁé t0et IRutGoNDl et edndPyt hr epd paEdiieach
dat abase tabl e has been ai3|$ 34. The appar atob accordgng to Claim 32,
further conpm3GaRELers) gLFR "IQ'OOQX%IE)‘:0015:L‘3’F6(:?31 eq5eT/ 5889/ 59858 a

I oc';loler,h I ogdeftlaﬁct' | wmtih:@tn@ dach qﬁei'?l dutbrdreadszaaﬂtyer aﬁdChblfiﬁé:Ebase .
t abl e has been unl ga ac r_contigure e ta ocks store
in an export%{ﬁerée‘| PSE %%I’E’és%%ﬂﬂﬁ?g t8 tﬁlée hEc Jé%g eﬁ ttﬁ%bl oader,
and sau® t he pjmgad:n‘tqcmgm fOehbma.lsleesmn@ereorBEHtAG:ENEWpSHEE' thé 9 MAY
2003 33 3~. a i I L. a i cal

. éﬁ}@é’cé%lﬁ 8 el r%i%efﬁura LY o {tbcﬁr tHe 2pS¥ATRLY

nultl-proces ng envi r onmen aV|ng S, conprising:
| aunchi ng a RIS G0 tIFRRKEY cPakﬁ%cess sai d dat abase tables; assign ins

each o f said dat ghaseri bl £8viRtagdi brerenrt ﬁg&ééﬁ@Oﬂgv@gtiaﬁethgf sai d
threads; number of export directories is equal to or greater
15 than the number of threads. Also, each export
directory should reside on a separate physical disk to
avoid disk I/O bottlenecks. As discussed above, I/0
bottlenecks will likely occur if more than one export
directory is located on a same disk because of the
20 possibility of more than one process writing
(unloading) to the same disk at the same time.

When the first Fast Unload process of the first
set of threads finishes, TS reorg checks if the process
was successfully terminated (step 440), if that was the

25 case, the next Fast Unload process to unload a next
table is launched (step 470).

In this manner, each table i1is unloaded by a
process executed in it's respective thread. Each
thread is independent, therefore if one thread has a

30 process assigned to a large table, the other processes
need not wait for the large process to finish before
launching the process for the next table.

Otherwise, if a problem occurred during the unload
of the table, TS reorg displays a reason why the



unl oadi ng each respectivrs database tables by a process of said 139 MAY 2003
correspondi ng t hread, wherein said threads operate on different CFU s in
parall el ; Qn(g/"’F@édi ng sai d database tables. ~G The net hodpgf:/%?gcﬂ"ﬁﬁ’ to
Claim 35, wherein said step of launching conprises: retrieving a nunber of
threads input by a user; identifying t~ nunber X of export directories

| ocated on separate storage devices that maintain said database tables;
limting X to the nunber of export directories identified; and utilizm-; X
as said nunber of threads. 37. The netpod_according to Caim 36,
wher ei n~sai d storage devices are disk drives. a8. 'fhe nmethod according to
G aim35 whsrghlgsaiedi3EAP Qe P56 NI EBHRN Wik &AMt IR} Ocks of data
froma respective database table, and storing the data bl ocks read in an
export direcFasly. Unboadplogiet i dmddy dicky 109 feltsi-m 38e GtRRHEi HP_%i d step
of unl oadi ngafptdeT e BEHISESd idLtRIITaddE usiegeas ohreennl eithDoagai d steps

o!" reading and stori ;T%nd é 1) stﬁ%giua e?ch of said threads, if said
det er mi ni ng BHEYERE QopTPndFe@Fgs non éSnpPefPad) R¥H945HE f 68n-FRG an
internab TS Raonghadzasi ansepathtet pbbeess REB LBENERGrSHEEThas 9tdAY 2003

34 4b. The hqd. ae [ aakm urther L Sing..repgating said
st eps of asgﬁén%rjllgﬁa%%%npgéfg ﬁg g%t,ifé%e%%hcop t%cgggg%% aggtthabf’)gg IS
unl oaded. 4lcompurrenhoundesdr aEngheoressi mE3shef fabRes .conpri si ng:

exporting other oppgetsangl atgd t o Aaddy ofnsel d habhesguapdsdEQppynb said
tables. 4~. '"fhe n/7ethod according.to dairn 35, wherein sajd ste

9 ) of
| oadi ng conpkRéeaddedet effdicoi t4BL 98¢ hr BEASCESr [SadiFRFRERYES 1t 0 dgtabase
t abl esyocr eapeRgo¥mha@pomat¥rt abkesmacaah) benmpacakyctabes tayraspending to

o oot O, O e Sl Al R S8 | Lt (G 11i7R.2/h 32 o
operations and an amount of disk space being consumed.
Once the unload process is completed, TSreorg
continues with the next step of the tablespace
15 reorganization which is the export of other objects of
the tablespace (step 485).
Export of other objects includes the creation of
a files for storing the DDL of the tablespace including
all indexes, triggers, constraints, and primary or
20 unique keys (everything except the table and clusters).
Finally, TS reorganization performs a drop on the
unloaded tables (step 490), and then performs a
concurrent load (step 495) loading the unloaded data
into fresh tablespace.

25
Concurrent Load Phase
After dropping all of the tablespace objects, TS
reorg Dbegins the 1load (import) phase of the
reorganization. The concurrent load phase is
30 illustrated in the flowchart of Figure 10. At step

600, TS reorg begins the load phase by creating tables
to store the data. TS reorg sequentially creates as
many tables as the number of threads specified. The



tenporary table; |vadiy each tenporary table with the data stored ln1é%MAY2mB

correspongipgsggsgort directory via the correspondi ng | oadi pgrpsafRgs 43
"flte method according to Caim4?) further conprising: dc;tcr%tln?ng

success of the loading step for a respective database table; and ii  said
step of |oading vvas unsuccessful, performng: ( 1) stopping each of said
threads, if said determ ning success step indicates rionc~Tnpl Eti oo) (2)
perfornliug an internal TS Reorgani zation on the table. 44. The net hod
according to Claim4?, further conprisiség-creating, |aunching and | oading
until each table is | oaded. 45. The nethod according to Caim42, further
conprising: speophEiedi mgmiset anf tthireasds dsseqpivhlleadiar ghe amdniperf or m ng:
(1) recognjzi cees I d bles; and (?) perform ng an
internal TS ééo?%ﬁ%%é%t?%nééﬁ Péébgﬁsgggégéfully | oaded tabl es.
REPLACEMENT SHEETAfter Malve 20DBsBssatGor tables Agdcxeasedi nFStveTrai m 42,

wher ei n sai dg $hePr 2he 8858 ML BLAGNELTPAL SESL * LEADEN ™ hroB8e8HEEC g8 t hr eads
i nput by a user; detern1n|ng a nunb f export directorjes;

er o and
est abl i 3hi ngta A@#serthe Rt eGaSE (PEFRSDULEHT oF2PhE  nunbBE of
thr Sagls ret (r]I h@msﬁraad pica:gcaga‘éer 1abnexpar ﬁ.sdéQﬁﬁﬂ.Ogbeﬁhe4ﬁum}9ehﬁaﬁf%t er
readabl e ne m_havi ng ter, i wetions stared.thereon.t hat en
| iecded i nt ot AT EBRBuL QPG S HRLERE e T3 U0 LSS | SR DCERE, Rhe
envi r anr nent chavespoadphg- abblg, c readiRp) tapleadaeat fieomoapuerpotro
eorgan ze dahBaRErY"REAS ARG LALK Bdval SHRBTERY BopHEDERnAL Ll cads o

process said S; assi gninS each ol sail abPes to a
di fferdfAt cokpbsporidtsy BACead of said threads; unlo~t<iing each respective

dat abase tabl e byrgepr0gggsgof he1 £OF " espdingd hread. WaghekRgsai d
t hreads operate on deferen? CPU s 1n parallel; and | oading Sai d dat abase

tabl es. 48. eLiRenagipgt erf FRSRBIRCHRYI uAPEc e PR HRLF D aBSRPERI®0her ei n
sai d step of phatfelicng,CaFindgethel BON i f1yi tige ackipaier P{14fs expThie

directories lr%%%tgedué)ﬁftelpaczao%%d%%%rtae c I’(C\iu Vélcp et Ie:%hs in parallel

15 threads to load the data back into the aobjects,
resulting in a reorganized tablespace.

After one of these processes is completed, TS
reorg checks if the data was successfully loaded back
into the table and if the number of rows inserted was

20 correct (Step 620). If an error occurred during the
load or the number of rows inserted by SQL*LOADER™ was
not correct, TS reorg switches automatically to the
internal TS reorg load function to load sequentially
the data before continuing with the next table (step

25 630). If there was no error with the SQL*LOADER™
process, or after the internal load terminated without
exrror, TS reorg creates the next table (step 650) and
launches concurrently still another SQL*LOADER™ process
to load this table's data (repeating step 610).

30 As illustrated in the concurrent Table
Reorganization diagram shown in Figure 11, a concurrent
direct load invokes multiple CPUs, each of which
executes a separate SQL*LOADER™  session to
synchronously load data from the export files back into
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mai ntai n s~ei d dat abase tables; and utilising X as said nunber of threads.

49. 'fhe conputer readable nediumaccording to C aim48, wherein said
st'orage d®@Q W&d6Xre di sk drives. 50. 'fhe computer readabl BCRAGPUINSIS
according to Caim47, wherein said step of unloading Conprise: reading
bl ocks of data from a respective database table, and storing the data
bl ocks read in an export directory. 51. The conputer readable nmedi um
according to Claim50, wherein said step of unloading lurther conprises:
REP~ACEt 1 ~ 9N A S oo ET 36 detcrm n~i ~s; succ4ss of conpletion said steps
of reading and storing; and ( 1) stoﬁp?ﬁg‘each of said threads, if said

det I Ni , St i ndj cat - | et T f ]
ntornal T BHS: G SRt oroBhar hiSeanl d0e, SopREopbEsTETR R 2Benl e
medi um accor dheget da@lafiihely, viereeorgaudidtiey ofsesn|tdedilngstuttiber
: : : . | : ) h of th
o bonss” s apPRERLS EL) bEREOh, TN Np 20O AR BEUBL Lbsgaeh of (1

dat abase tabl'es™i um according to
Clai m 47, whéheitn kave smauadf spreadityy decomepdabephintesingemdngi ng ot her
obj ect sgrel ayggal o qfl‘l_@”'r@or%akx@_itlal%?e%he%n@oﬂﬁ:@.&ﬂie§5u_§§h§ tabl 8sst54. ' fhe
conput er readabl e nmedi um acc¢ordin o Caimd4a7, wherein Said step of
| oadi ng conplfi1§e§‘¢tél‘€fieWﬁ‘FHilﬁgt5Kaghﬁ’%]a%%t?%rl*%(ﬂfn&l&"%é’qrﬁﬁ? #2Cabase
tabl es; creaichr@sds PRI dsabldagarddeh thenpeaar yceahimedaer @iponding to
Pl oo Ot R D ARER! e RSSO0 g ocess
data stored iits htatarirspondi mycexfaste space in a datafile as it
10 can.
If a fatal error occurs during the load phase, or
1f the reorganization job is canceled or killed for any
reason, the failed job becomes a job that needs
recovery. As shown in Figure 12, after a 3job has
15 failed (step 1105), TS reorg automatically skips all
the tables that have been already successfully created
and loaded before the failure (step 1110) and only
loads concurrently the non-existing tables or the
tables that were not completely loaded (step 1115).
20 As shown in Figure 13, during the load phase, TS
reorg first creates the tables under a temporary name
(step 1300). After the data has been reloaded the temp
table is renamed to the original name of the table
(step 1320). Finally, the primary constraints and
25 indexes on the table are created (step 1330). This
allows TS reorg to recognize the tables that were not
completely imported before the failure and to drop all
temporary tables and restart the load for those tables
(see process 1115A, Fig. 11).
30 When using the Concurrent Unload/Load option, TS
reorg automatically selects the option: Create all
Indexes/Constraints after all of the Tables have been
Created. The indexes and constraints of this
tablespace are created after all of the tables are



directory via the correspondi ng | oadi ng process. 55. The conputer reagaﬁﬁfzmm
medi um according t4 Caimb54, wherein said instructions st gJ,

when | oad®¥PPME3% conputer) further cause the conputer to per ornl §0t~~~~
i ni ng success of the loadi ng step for a respective database table; and
if said step of |oading was unsuccessful, performng: ( 1 ) stopping each
of said tl~ads, if said determ ning success step indicates non-conpletion,
REPLACEM-~I MS f~~~T 37 (?) herlnrniinb an internal- TS Reorgani sati on on

the table. 56. 'fhe conputer readabl e nggdium according to C aim 54, wherein
said instructions stored thereon, when |oaded into a conputer, further

cause the CO”%#E fhi%?fé%@&ﬁ@@eahanaheieaaamg,ﬂsmaaﬂadnlnﬁmithadlng
until each table 1Is ed. ~7. The catnpner readable medium according to
Cl ai m 54, whet@PXe8ai d i nstructions ~~nreei thereon, when |oaded into a

conputer, further cause the conputer to pertont~: recognizing a fault in
said step of loading, and performng: ( 1 ) rccogruzing unsuccessfully

| oaded tables; and (2) performng aii internal TS Reorganisation on the
unsuccessf ul | goONOURRHANTaDNBEX GBEATHENCENpUSeREPRGdabl e nedi um according to

Claim 54, wherein said step of derernning conprises: retrieving a nunber of

threads input by a user; detennining a nunber of Export dire torie%g and
establishing a nunﬁencurrehtehﬂ@eéq%§$a¥%P%rkﬁI%ﬂﬁ99t¥ﬂn Fﬁ@'%@hﬁ f

threads retrigyed %'a%lfeh%rnamﬁrbwsﬁwrxted&gﬁiaﬁm £8. iAnreagear at us
for reoraani ~1 ng database tabl es nmaintain

8 tggsten1exh|%|% g%U
synm-ari cal nﬂhﬁlSE@@@e§§|h§d§ﬁvFF8ﬁFﬁ8ﬁt Hﬁﬁpﬁg pFGPRFR Ty 281 s,
conpri shBgy: m@dﬂéSféﬁuiamneﬁbng arnwﬁhmesﬁadéwEﬂdsgamlpabmess &died

at ?2?§ﬁtt§2'r§§g&”e”s L dAsslani ng each. of sabgndatabess Lokl eadie @
is created and the data loaded back into the table.

In a tablespace reorg, the user may select a
concurrent index creation option. In this case, TS

15 reorg will create the indexes concurrently (sequential
index creation is the default behavior). This will
allow TS reorg to gather all the indexes and
constraints in one export file and when all the tables
of the tablespace (in case of a tablespace

20 reorganization) or the table to reorganize (in case of
the table reorganization) has been created, it starts
to create these indexes and constraints concurrently.

When selecting this option, the user has to
specify a number of threads which would be used as the

25 number of process to launch concurrently during the
index/constraint creation phase.

When the import phase for indexes begins, TS reorg
launches the same number of Index creation processes as
the number of specified threads. When the first index

30 process of the first set of threads finishes, a next
index creation process is launched and subsequent index
creation processes are similarly launched upon
completion of other threads until all the indexes and
constraints are created.



it~eans ('or unloading each respective database table by a process oﬁgt @rzma
correspondi ng thread, wherein said threads operate on different CPU s in
paral | el ; WedREt@hs for | oadi ng said database tables. (>U FTEPUSYRIEISat us
according to Claim59) wherein said neans for |aunching REPLACEMENT SHEET
1.9 MAY 20D3 38 furtl-ler conprises neans for retricving a nunber of
threads to | aunch froma user. h 1. The apparatus according to Caimb5),
wherein said neans for |aunching conprises neans liar limting tl nunber of
t hreads | aunched to a nunber of export directories |ocated on sel 7aratc
storage devices of said system G?. he ?%pbaratus according to Cl ai m 59)
vsrhcrein said negff for | aunchin L +di.~~~ Dbl acks of
Cc

CO?PtheS: ans f%r ~-
data from a respecti A BEHaSETHS &7 58§ SEEATAG™ R 85Fa18f18§kgrread in
an zxno~t direomstyaﬁmschaifebmgtIbgmetharenspnndhdgwthteadthéBDDmhe

appar at us aCCﬁEd%ﬂg tf% %' Mrge E{a‘eé G | Sigﬂenﬁ%’ésrf gggt edl y
assi gni ng reshectivc Sbase Ies 0 corresponding threa §" an unl oadi ng
each respect i mantably @@itla@dlfbx thedpdabibase rel ates have been

unl oadeds O4- An appar g-,tfé%ér&r f8QEaRAH NHadatgdase deali8hdd) Rith
synnetrlcal mul ti ~prac 5|rtg environment having a plurality of CPU s,

conprising: ~Fefarereen| r BRAdevitBe cHEEMUr eFIRPiFER At e WiRBNDeR of
threads to preompgsementdtdehabasechineticn WwisH go0rg6Déi aueaBake .assi gn

each of said database tables to a differe orres gln rca of said

t hreads | auncHEYSVEH- uw%%cqsr%ﬁsaﬂeésdzr&%eéi@ﬁecgﬁpg &érgaPﬁ’ElFﬁ each

respective untaa@eheaomngnneddamabmméopdodachsoﬁuxhlduﬂ@@mbda&ababbes by a
f d hr ead

D er ot ol8n 3?#%;&%%@2@@%}19' “gFto*i“‘ﬁ 1€, G - u%’??&%&ﬂ sgid threads

operate s'in"para er con |gure to 1 oad
sai d dat abaseOKabﬂesutlSllBYheS%Ipﬁﬁwm ac@m@hﬂg proram aaedlevedr ei n

sai d | aunchi n&egaxhget%w'&ec% ScyE8 LAt i %@p&p@fagyéeeow Lol | eve a
nunber of thread | aunch froma user; and a [imt device conhfibured to

limt the nunB&Rrddngdt heB&dsdabal abRER tgrﬁshunﬁépléf §Pﬂ&%wf%m¢eéﬁbrles
| ocat ed on separatgegtorage devices of said system 64. fhe . appar at us

according to Claimgd viereln eagh yanect 1 ve,yn! e GTRRRny

implemented using a conventional general purpose or a
specialized digital computer or microprocessor
programmed according to the teachings of the present
disclosure, as will be apparent to those skilled in the

20 computer art.

Appropriate software coding can readily be
prepared by skilled programmers based on the teachings
of the present disclosure, as will be apparent to those
skilled in the software art. The invention may also be

25 implemented by the preparation of application specific
integrated circuits or by interconnecting an
appropriate network of conventional component circuits,
as will be readily apparent to those skilled in the
artc.

30 The present invention includes a computer program
product which is a storage medium (media) having
instructions stored thereon/in which can be used to
program a computer to perform any of the processes of
the present invention. The storage medium can include,
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bl ocks of intained wthin tables assigned to a sane t he
respectiJggﬁh 8§ger is installed; and a wite device confi8%$g§g%8 tore
the data bl ocks read into an export directory corresponding to the sane
thread as the respective unloader is installed, G7. 'Che apparatus
according to Cl aim64, wherein said assignor assigns a database table to
each of said threads, and, upon conpletion of one of said threads, assigns
anot her of Said databas:; tables to tigg of said initiated threads until
each dat abase tabl e has been assigned. 68. The apparatus according to Caim
66) wherein satd ilsagdet iisimiaasedcand eeyped @ Hiek Ooihchadinghreads
aver each da%gbase ab#e has beeE Hnloa eg eaﬁg %@ﬁder conf%ﬁured to, road
Bats, bl ocks®SPBPEAFfkEn EREOFELAPTHEEP or Y Ror YRsHBMr i PEOFhEVE hr ead
executi ng thandoasgnetandpsival t@deskia) HOMCKkRAMs ,f EPROMEADEEBRAME, G-) A
n~et had for ani,zj .esi di i ffer : rage
devices in abgggghg?é%@%fqﬁ%%gﬁiﬁ?%%gégﬁﬁéﬁ%ﬁVi&%ﬁ%%#gchégiﬁéﬁéé%?urality
of CPU §, atchedst varosystemd (abtiudirginbhlarwhamn memary LCg) of O5t or age
devi ces, co LSI PGha | chy a t t ece l.d dat abase
t abl es; assrg%'ngeg%%hqﬁgsggggfbeegg?g%%%é%fQggﬁgﬁgg?agggg ?g%?gggrosiding
on a differ eARSETYEEEONEe?NEL o0 SAL@i-f f erent corresponding thread of said
threads; unl oadi ngrezel baSBAGt one REN thencehptékd dahabpse mabliam by a
process of S?Id correigfndlqg thread, wherein sgid threads o ergte on

di Fferent CFYPERR) parlhl9 HTESHAC| JRYPRGISRI ¢ SR 76T A
conput 20 readahteoltdngun bavhng mospuhatrdwaster ucdf onList or gdnelreleon t hat,

when | aded i s hi it S [ L= pr. i.ng
envi ronmont - RS PRE A SBE Grat iy o ot B TR adRRL0r PERRERECS i 26
dat abase t abkesebidsiadi e ootiplft@en0r s ecroproceisses, W Rehsrashe of said

t abl es residi on, a al.i of,,st } \V: i n
REpL ACENENT SIRED"S Snfndhd dads TouneRen 9@%‘ dbnP ¥y OELL AL Nah ®process
sai d dat abas&eE3BItEs ;CasERgnPHESEREl j1 V% wve PoFRi BALEV2E8i Bedat abase

tabl esikesi dijpet 193 digdter @ not 1limited to, device drivers,
operating systems, database engines and products, and

user applications. Ultimately, such computer readable
media further includes software for performing the
present invention, as described above.

20 Included in the programming (software) of the
general /specialized computer or microprocessor are
software modules for implementing the teachings of the
present invention, including, but not 1limited to,
retrieval of user inputs and the determination of a

25 number of threads for parallel processing, launching
threads, unloading database tables, determining
success, initiating internal reorganization processes,
exporting database objects, compressing unloaded data,
monitoring the processes of the present invention, and

30 setting up a concurrent load environment utilizing a
table load wutility, and the display, storage, or
communication of results according to the processes of
the present invention.



storage device to a different corresponding thread of said threads;1g MAY 2003
unl oadi nb each respective portion of said database tables by a process of

t he col - respmrdéxsg t hre~l ~I, wherein said threads operate poTmiséd/EBENt

CPU s in parallel; and | oading said database tables. 71. An apparatus for
reorgani zi ng dat abase tables residing on different storage devices
tnai~ll~i~ied in a systemexhi-biti-ng a symmetrical nufti-processing
environnment having a plurality of CPU s, at |east one of said tables
residing on a plurality of storage deV|ces) conprising: rne; 111s for

| cl Ul 1C11111~ a nunber of threads to- p?dcess said database tables; hens for
assignin b each respectlve portion of said database tables reS|d|ng on a

di fferent storagefBifeglyo AuerEfe MU CatIomS MR HfakR oFoR%| d

thL Ieadsb meabs tRe p@]gega%tngrﬁ@mlbeﬁm@ lpﬁﬁsﬁcﬁﬂé Oih afigtad cbﬂaﬂéw@aze
tabl es by a process of. the correspon thread, in said threads
operate on dg??%?e5? AeRiPHss ot 5%1§%i95ﬁh%ﬁe§ﬁs §%¥s?%%. i YP%ai d

dat abase tabWEshlﬂZthAnsapparafu5héoappendgdnc2anmsdatb@asmvémmies resi di ng

envi ronsent Tl nca Saaray oo e T a0 BRIy o

residing on @eﬁcnlhﬁﬁtye§ﬁ1§torage devi ces, conprising: a |aunching device
configured to initiate a nunber of threads to process said database tables;
an assignor configured to assign each respective portion of said database
tables residing on a di |'ferent storage device to a different
correspondi ng thread of said threads | aunched; ~u~ tlnloader installed on
each correspondi ng thrdad, each respective unl oadcr configured to unl oad
each respective portion of said database tables by a process of said
correspondi ng thread of the urtl oader, wherein said threads operate on
different CPU s in parallel; and REPLACEMENT SHEET i 9 MAY 2003 41 a

| oader cc~nliguracl to |oad said database tables. T ~. A nethod for
reorgani zi ng database tables in a symetrical tnUtl-prUCESS111~
environnmeirt having a plurality of CPU s, conprising: la~unc:li~~ a first

set ofthrcads to unl oad sai d dat abase tabl es; assigning each of said

dat abase tables to a different corresponding thread of said first set of
tltreacls; unleadinb each of said database tables to a separate export
directory by a process of said cun-cspon<ling ihrcad, said first set of
threads operate in parallel on a first set of CPU s, said database tahlcs
assigned to said export directories using a best ~t nethod, said assignnent
performed by a reorganization utility running on a CPLT separate from said
fret set of CRPi.1's; creating tenporary database tables; |aunching a second
set ol ihreads to | oad said tenporary database tables; and | oadin' each of
said tenporary database tables with data fromat |east ono of said exports
directc~ric;s, cac:h of said tenporary database tables | oaded by a separate
tluead of said second set of threads, said second set of threads operate in
parallel on a second set of CPU s, said data | oaded using a best fit

met hod.



74- A coiizputer readabl e medi um having conputer instructions stored!d MAY 2003
thereon that, when | oaded into a conputer exhibiting a symetri cal

nuf ti - pr oW HéSenvi ronnei h~wing a plurality of C PUs) ESHASNREIS
conputer to reorgani se dat abase tables by perfornling: launching a first
set of threads to unload said database tables; assigning each of said

dat abase tables to a different corresponding thread of said first set of

| hr oads; unl oadi ng each of said database fables to-a separate export
directory by a process of said corrc; sygn_di ng thread) said first sei of
threads operate in parallel on a first”"set of CPU s, said database tc~hlcs
assigned to said export directories } a best fit nethod, said
assigrunent pcribrmed by a reorgani z%fr%%}?fs‘uti lity ruruaing on a CPU
separate fionz said first REPLACEMENT SHEET . 99MAY~3 42 set of C. pU s;
creating tenporarynhdat ghasezimbhess .| aunching a second set of threads to

| oad said tenporary database tables; and | oadi,ng c:~rch of said_tenporary
dat abase tables with ditaWetdiachat Fehst UPiagAT,i R "f‘??.~ttﬂ1?]&rz‘tpori es,
each of ssai dcbfpResahy dRktabasepsabEes | oaded by a separate thread of said
second set o I! tfirearls, said,second set _qf threads r.at e, i.n.parall el
on a second set o aﬁﬁf:}"é?gs%irﬂmgjaetlﬁol%ogﬁf:gag sf:ﬂgp’éo%%ggetrrﬁ %ﬁia}%aos',e 75.

Ai r appar at usabdesr eor gani zi ng dat abase tables nmaintained in a system

exhibiting a sy keals ths %; (a\Y 0 L rality of
CPU s, conprisi nmgﬁg%gggnggé ﬁleasg%g I'n < a%quel rg\gt égggegét%ﬁ%%gg%g?gé%n%ad
sai d dat abase@ caprespondans of gadtghhygadscha®d sai d dat abase tables to a

di ffereat correspgndicRdihlr 826h HeHddk f1d HatHdadt kathkeBysa pRocéssf ur
unl oadi ng each of said dafabase tables to a separate expori directory by a

process of s&fdt&6r FOLEERBORGLPAr E8Fea8aid first set of threads operate in
parallel on a first set of CPU s, said database tables assigned to said

export directoriesg usi a best fit nethod, said,assignment ler('onnzd by a
reorgani ; ~ati on u?i‘l ity fu etﬁ’ﬁdor?cac régep%‘?ae%af‘?‘o 's :}’CFJ?GFJr t533¢ of
CPU S; npans sfte@p ofedumghtingmpaciug eda ttilea g epeblafs:;, ~rye~~~~s |iyr

| aunchi a secon : -l I i e Iy, dat e tabl es;
and' m%ﬁs (br Io%&?%?g’fe{'g# i 5@%@%%2{ d(}fg:r@"aéd%%%bg@i?a%}’eé g\ngtg%’data
from at |east oneisenddifyiagarrumperQfoeresrtedirestorieg Logpses gn

dat abase t ablg®gdpadedgbyragaeRidwi €ed N1iterd Ohasaitd ivecoatiasedapiblseads)
sai d second set .of threads oOperate in parallel on a second sot of CYU s,

said data | odf}&%ing a best fit method. 7G An apparatus for
reorgaul i ci ng dat adaseimpl ¥ to alsy Mmiberal ofuf expprocedsiregtepyiesoment

havi ng plurality. of CPU s conprising: a first |aunching device
confi glﬁ)ed tola#%ﬂ%ifg‘t 'aafnfdrst sat of threads to unload said
utilizing X as said number of threads.

3. The method according to Claim 2, wherein said
storage devices are disk drives.
25
4. The method according to Claim 1, wherein said
step of unloading comprises the steps of:
reading blocks of data from a respective database
table, and storing the data bklocks read in an export
30 directory.

5. The method according to Claim 4, wherein said
step of unloading further comprises the steps of:



REPLACEMENT SHEET 1 9 MAY 2003 43 dat abase tables; an assignor confi&&r@ﬁrzma
to assign each of said database tables to a different carrespondi ag thread
of ' sai d fiwelgesassof threads | aunched; an unl oader i nstall epcouseraysis hr ead
of said first set of threads, each unloader configured to unload at |east
one of said database tables to a separate export directory by a process of
sai d carrespanding thread of said unloader, said first set of threads
operate in parallel an 3 first set of ("PU‘s sai d dat abase tabl es assuned
to said export directories using a best fit nlethad, said assignnment
performed by a reorganicatiorl utility-f&hnrng on a C'U sepwate from said
first set of CPUs; a table allocation device configured to create

t enporary dat abasedebgrminiag s greedaundhi agmpéeréencorrigureer® aftiate

a second set pf;4hhgadaqgt 8rhpafgsakfat enporary dat abase tables and a
lom ~r installed an"each thread of sai d second set_of thr gach | eader

configured to |and ~t Iéé%t HRPBING | §3CERT arfpidht 5BESE abl &8 WA dat a
from at |eastdeferminsagdsaspest gtepctiaficasescaoh-ebmpdiet itcanpor ary

dat abase_t abl es | oaded a cess 0 CO~ di na thread, of sa

| oader) Said second set Qéf) ?%?gaﬁ'glﬁge?%tlé%?’in?)gs%orhﬁoroc{?%l%%‘-CJO?IFa°nset
of CPU s, sai dhkogdbie.using a best fit method. 77. A machi ne-inpl enent ed
met hod f or reorgani zi ng dat abase tables in a sytntttetri eal

muf ti - processing environnent having a plurality of CPU s) conprising:
| aunching a plural 6ty offhehr megbodas sicgmirdgngac ool Gl t Hr ~: dderthen

dat abase tabl g, mgghgqg gnedigd o Fa%&es concurrently) wherein data ctf each
cable is unloagé to an export directory by a process _of said, thread

assi gned%% o said té@@@atépéaﬁﬁﬁé %%@P?eﬂﬁ é§s1§ﬁ&nﬁbﬁﬁﬂdﬁn%%§91HQWP@%%4es

concurrently) eaher oifn ttha! dadbbadied texneE i@ egicides, i s | oaded to said new
tables by a process of said thread assigned to said table. 7b. ~I'11lc

[ltathaCt of C .laim77, wherein indexes for said new tables are created
concurrcnrly with Faid mehothethdEPlaACEMANhoSHEST IR ivAY PO03fddtH&r The

met hod of Clal ads operate concurrently on a first
set of Cfll's) sgﬁﬁiﬁxggg#ldlregF%pﬁgs sel ected by a reorganisation utility

runni ng1&n a CPt.| es@mutding Fothexni dobjechs seeletedrirg. each of said
tables; and

dropping said tables.

8. A method of lecading data into database tables,
20 comprising the steps of:
determining X threads for loading data into database
tables;
creating X temporary tables, each temporary table
corresponding to a set of data stored in an export
25 directory;
launching an SQL* Loader process in conjunction with
each thread for loading each temporary table;
loading each temporary table with the data stored in
the corresponding export directory via the corresponding
30 SQL* Loader process.

9. The method according to Claim 8, further
comprising the steps of:
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80. The nethod of C aim77) wherein said unloading step further conprises

t he step i fying that said unloading step was succ : )

unl oadi ng § D/a%géta by an alternative unl oad process if sa??’t‘]’#%ﬁgﬁg step
was unsuccessful 81. The nethod of C aim 77, where| n said export
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14. The computer readable medium according to
Claim 13, wherein said step of launching comprises the
10 steps of:
identifying a number X of export directories located
on separate storage devices that maintain said database
tables; and
utilizing X as said number of threads.

15
15. The computer readable medium according to
Claim 14, wherein said storage devices are disk drives.
16. The computer readable medium according to
20 Claim 13, wherein said step of unloading comprises the
steps of:
reading blocks of data from a respective database
table, and storing the data blocks read in an export
directory.
25
17. The computer readable medium according to
Claim 16, wherein said step of unloading further comprises
the steps of:
determining success of completion said steps of
30 reading and storing; and

(1) stopping each of said threads, if said
determining success step indicates non-completion,

(2) performing an internal TS Reorganization on
the table.
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18. The method according to Claim 13, further
comprising the step of:

repeating said steps of assigning and unloading until
each of the database tables is unloaded.

5

19. The method according to Claim 13, further
comprising the steps of:

exporting other objects related to each of said
tables; and

10 dropping said tables.

20. A computer readable medium having computer
instructions stored thereon that, when loaded into a
computer, cause the computer to perform the steps of:

15 determining X threads for loading data into database
tables;

creating X temporary tables, each temporary table
corresponding to a set of data stored in an export
directory;

20 launching an SQL* Loader process for loading each
temporary table;

loading each temporary table with the data stored in
the corresponding export directory via the corresponding
SQL* Loader process.

25

21. The computer readable medium according to
Claim 20, wherein said instructions stored thereon, when
loaded into a computer, further cause the computer to
perform the steps of:
30 determining success of the loading step for a
respective database table; and

if said step of loading was unsuccessful, performing
the steps of:
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the table.
5
22. The computer readable medium according to
Claim 20, wherein said instructions stored thereon, when
loaded into a computer, further cause the computer to
perform the step of repeating said steps of creating,
10 launching and loading until each table is loaded.

23. The computer readable medium according to
Claim 20, wherein said instructions stored thereon, when
loaded into a computer, further cause the computer to
15 perform the step of:
recognizing a fault in said step of loading, and
performing the steps of:
(1) recognizing unsuccessfully loaded tables;
and
20 (2) performing an internal TS Reorganization on
the unsuccessfully loaded tables.

24. The computer readable medium according to
Claim 20, wherein said step of determining includes the
25 gteps of:

retrieving a number of threads input by a user;
determining a number of export directories; and
establishing a number of threads equal to the lesser
of the number of threads retrieved and the number of
30 export directories.

25. An apparatus for unloading database tables
maintained in a system, comprising:
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means for launching a number of threads to process
the database tables;
means for assigning a respective one of said database
tables to a corresponding of said threads; and
5 means for unloading each respective database table by
a process of the corresponding thread.

26. The apparatus according to Claim 25, wherein
said means for launching further includes means for
10 retrieving a number of threads to launch from a user.

27. The apparatus according to Claim 25, wherein
said means for launching includes means for limiting the
number of threads launched to a number of export

15 directories located on separate storage devices of said
system.

28. The apparatus according to Claim 25, wherein

gsaid means for unloading comprises:
20 means for reading blocks of data from a respective
database table, and storing the data blocks read in an
export directory associated with the corresponding thread.

29. The apparatus according to Claim 25, further
25 comprising means for repeatedly assigning respective
database tables to corresponding threads and unloading

each respective table until all of said database tables
have been unloaded.

30 30. An apparatus for unloading database tables,
comprising:
a launching device configured to initiate a number of
threads to process said database tables;
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10

15

20

25

30

database tables to corresponding of said threads launched;
and

an unloader installed on each corresponding thread,
each resgpective unloader configured to unload database

tables assigned to the corregsponding thread of the
unloader.

31. The apparatus according to Claim 30, wherein
said launching device includes:

a user interface configured to retrieve a number of
threads to launch from a user; and

a limit device configured to limit the number of
threads to launch to a number of export directories
located on separate storage devices of said system.

32. The apparatus according to Claim 30, wherein
each respective unloader comprises:

a read device configured to read blocks of data
maintained within tables assigned to a same thread as the
respective unloader is installed; and

a write device configured to store the data blocks
read into an export directory corresponding to the same
thread as the respective unloader is installed.

33. The apparatus according to Claim 30, wherein
said assignor assigns a database table to each of said
threads, and, upon completion of one of said threads,
assigns another of said database tables to the completed
thread until each database table has been assigned.

34. The apparatus according to Claim 32, further
comprising:
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read data blocks stored in an export directory

5 corresponding to the thread executing the loader, and
save the datablocks in fresh tablespace.
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35. A mothod for reorganizing database tables in a symmetrical multi-processing
environment having a plurality of CPU’s, comprising:

launching a number of threads to process said database tables;

assigning euch of said database tables to a different corresponding thread of said
threads;

unlouding each respective database tables by a process of said corresponding thread,
wherein said threads operate on different CPU’s in parallel; and

loading said database tables.

36.  The method according to Claim 35, wherein said step of launching comprises:
retrieving a number of threads input by a user;

identitying # number X of export directories located on separate storage devices that
maintain said database tables;

limiting X to the number of export directories identified; and

utihzing X as said number of threads.

37.  The method according to Claim 36, wherein said storage devices are disk

drives.

38.  The method according to Claim 35, wherein said step of unloading comprises:
reading blocks of data from a respective database table, and storing the data blocks

read in an export directory.

39.  The method according to Claim 38, wherein said step of unloading further
comprises;

determining success of completion said steps of reading and storing; and

(1) stopping each of said threads, if said determining success step indicates
non-completion,

(2) performing an internal TS Reorganization on the table.
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dropping said tables.

42, 'The method according to Claim 35, wherein said step of loading comprises;

determining X threads for loading data into database tables;

creating X temporary tables, each temporary 1able corresponding to a set of data stored
in an export direcrory;

launching a loading process in conjunction with each thread for loading each
temporary table,

loading each temporary table with the data stored in the corresponding export

directory via the corresponding loading process.

43.  The method according to Claim 42, further comprising:
determining success of the loading step for a respective daabase table; and
if' said step of loading was unsuccessful, performing;
(1) stopping each of said threads, if said determining success step indicates
non-completion,

(2) performing an internal TS Reorganization on the table.
44.  The method according to Claim 42, further comprising creating, launching and
loading until each table is loaded.

45.  The method according to Claim 42, further comprising:
recognizing a fault in said step of loading, and performing:
(1) recognizing unsuccessfully loaded tables; and
(2) performing an internal TS Reorganization on the unsuccessfully loaded
tables.
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launching a number of threads to process said database tables;
assigning each of said database tables to a different corresponding thread of said
threads;
unloading cach respective database 1able by a process of the corresponding thread,
wherein said threads operate on different CPU’s in parallel; and

loading said database tables.

48 'The computer readable medium according to Claim 47, wherein said step of

launching comprises:

identifying a number X of export directories located on separate storage devices that
maintain said database tables; and

utilizing X as said number of threads.

49.  The computer readable medium according to Claim 48, wherein said storage

devices are disk drives,

50.  The computer readable medium according to Claim 47, wherein said step of
unloading comprise:
reading blocks of data from a respective database table, and storing the data blocks

read in an export directory.

51.  The computer readable medium according to Claim 50, wherein said step of

unloading (urther comprises:
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unloading further comprises:

repeating said steps of assigning and unloading until each of the database tables is

unloaded.

53, The computer readable medium according to Claim 47, wherein said step of
unloading further comprises:
exporting other objects related to each of said tables; and

dropping said tables.

54.  The computer readable medium according to Claim 47, wherein said step of
loading comprises:

determining X threads for loading data into database tables;

creating X temporary tables, each temporary table comresponding 10 a set of data stored
in an export divectory;,

launching 4 loading process for loading each temporary table;

loading each temporary table with the data stored in the corresponding export

directory via the corresponding loading process.

55.  The computer readable medium according to Claim 54, wherein said
instructions stored thereon, when loaded into a computer, fucther cause the computer to
perform:

determining success of the loading step for a respective database table; and

if said step of loading was unsuccessful, performing:

(1) stopping each of said threads, if said determining success step indicates

non-complction,
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tables.

58.  The computer readable medium according to Claim 54, wherein said step of
determining comprises:

retrieving a number of threads input by a user;

determining a number of export directories; and

cstablishing a number of threads equal to the lesser of the number of threads retrieved

and the number of cxport directories.

59. An apparatus for reorganizing database tables maintained in a system
exhibiting a symmetrical multi-processing environment having a plurality of CPU's,
comprising:

means for launching a number of threads to process said database tables;

means for assigning each of said database tables to a different corresponding thread of
said threads;

means for unloading cach respective database table by a process of the corresponding
thread, wherein said threads operate on different CPU’s in parallel; and

means for loading said database tables.

60.  Thc apparatus according to Claim §9, wherein said means for launching
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62, he apparatus according to Claim 59, wherein said means for launching
comprises:
means for reading blocks of data from a respective database table, and storing the data

blocks read in an export directory associated with the corresponding thread.

63.  The apparatus according to Claim 59, further comprising means for repeatedly
assigning respective database tables to corresponding threads and unloading each respective

table until all of said database tables have been unloaded.

64.  An apparatus for reorganizing database tables in a symmetrical
multi-processing environment huving a plurality of CPU’s, comprising:

a Jaunching device configured to initiate a number of threads to process said database
tables;

an assignor configured to assign each of said database tables to a different
corresponding thread of said threads launched;

an unloader installed on each corresponding thread, each respective unloader
configured to unload each of said database tables by a process of said corresponding thread of
said unloader, wherein said threads operate on different CPU’s in parallel; and

a loader configured 1o load said database tables.

65.  The apparatus according to Claim 64, wherein said launching device comprises:
4 user interface configured to retrieve a number of threads to launch from a user; and
a limit device configured to limit the number of threads to launch to a number of

export directories localed on separate storage devices of said system.

606.  'The apparatus according to Claim 64, wherein each respective unloader

comprises:
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table o each of said threads, and, upon completion of one of said threads, assigns another of
said databasc tables to one of said initiated threads until each database table has heen

assigned.

68.  The apparatus according to Claim 66, wherein said loader is loaded and
executed on cuch of said threads after each database table has been unloaded, each loader
configured to,

read data blocks stored in an export directory corresponding to the thread executing
the loader, and

save the dawblocks in fresh tablespace.

69. A method for reorganizing database tables residing on different siorage
devices in a symmetrical multi-processing environment having a plurality of CPU’s, at least
one of said tables residing on a plurality of storage devices, comprising:

launching a number of threads to process said darabase tables;

assigning each respective portion of said datsbase tables residing on a different
storage device 0 a different corresponding thread of said threads;

unloading each respective portion of said database tables by a process of said
corresponding thread, wherein said threads operate on different CPU’s in parallel; and

loading said database tables.

70. A computer readable medium having compnter instructions stored thercon
that, when loaded into a computer exhibiting a symmetrical multi-processing environment
having a plurality of CPUs, cause the computer to reorganize database tables residing on
different storage devices, al least one of said tables residing on a plurality of storage devices,

by performing:



10T WIndE: /! 10TL3I 109F& () - 1099& ()-s&10%& ()-9 109%& ()REPLACBMENT SHEET
41090& ()-#ydE: /! 10TL@S 1090& ()-3 109%0& ()- = 1090& () -

-109F& ()-LlI z109a& ()- 109F& ()-8|"@"?:/! 19 MAY 2003
10Ts- 109F°& () -s+10%& ()-! F(" 1090 T: & (30 &10%4& () - %0%& ()- ! @S

10%&' ()-3bCl 10Ts10% u& ()- F10% u& ()-s'10% u& ()- " 10% u& ()-3 10T 10T

10T,/ 10%&
y10% u& ()-! 8&%@“‘%@@"‘?@% gy%‘)"g‘:ﬁfflﬁg deéa‘%‘fé“g leSiEbc 10T
10% u&' () - f MLGRSigr8hg dach Bel@%ngtf_pcfrﬁon of @i Uatbtfasd dables residing on a different
310% u& 310% @&
10- u- 3' * %@%&PCM&C ‘)24 %%‘iﬁ’&‘c‘(p}m‘j"lg)%%@(’f §aid threadsye u- u&' () -
R e
corresponding threud, wherein said threads operate on different CPU’s in parallel; and

loading said database tables,

71, Anapparatus for reorganizing database tables residing on different storage
devices maintained in a system exhibiting a symmetrical multi-processing environment
having a plurality of CPU’s, at least onc of said tables residing on a plurality of storage
devices, comprising:

means for launching a number of threads to process said database tables;

means for ussigning each respective portion of said database tables residing on a
different storuge device Lo a different corresponding thread of said threads;

means for unloading each respective portion of said database tables by a process of the
corresponding thread, wherein said threads operate on different CPUs in parallel; and

means lor loading said database tables.

72. An apparatus for reorganizing database tables residing on different storage
devices in u symmetrical multi-processing environment having a plurality of CPU’s, at least
one of said tables residing on a plurality of storage devices, comprising:

4 launching devicc configured to initiate a number of threads to process said database
tables;

an assignor configured to assign each respective portion of said database tables
residing on a dilferent storage device to a different corresponding thread of said threads
launched,

an unloader installed on each corresponding thread, each respective unloader
configured to unload cach respective portion of said database tables by a process of said
corresponding thread of the unloader, wherein said threads operate on different CPU’s in

parallel; and
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multi-processing environment having a plurality of CPU’s, comprising:

launching a first set of thrcads 10 unload said database tables;

assigning cach of said database tables to a different corresponding thread of said first
set of threads;

unloading each of said darabase tables to a separate export directory by a process of
said corresponding thread, said first set of threads operate in parallel on a first set of CPU’s,
said database lablcs assigned to said export directories using a best fit method, said
assignment performed by a reorganization utjlity running on a CPU separate from said first
set of CPU's;

creating temporary database tables;

lannching 4 second set of threads to load said temporary database tables; and

loading each of said temporary database tables with data from at least one of said
exports directorics, each ol said temporary databasc tables loaded by 4 separate thread of said
second set of threads, said second set of threads operate in parallel on a second set of CPU's,

said data loaded using a best fit method.

74. A computer readable medium having computer instructions stored
thereon that, when loaded into a computer exhibiting a symmetrical multi-processing
environment having « plurality of CPU's, cause the computer to reorganize database tables by
performing;

launching a first set of threads to unload said database tables;

assigning each of said database tables to a different corresponding thread of said first
set of threads;

unloading each of said database lables to a separate export directory by a process of
said corresponding thread, said first set of threads operate in parallel on a first set of CPU’s,
said databasc tables assigned to said export directories using a best fit method, said

assignment performed by a reorganization utility running on a CPU separate from said first
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laanching a second set of threads to load said lemporary database tables; and

loading cuch of said temporary database tables with data from at least onc of said
exports dircetories, each of said temporary database tables loaded by a separate thread of said
second set of threads, said second set of threads operate in parallel on a second set of CPU's,

said data loaded using a best fit method.

75.  Anapparatus for reorganizing database tables maintained in a system
exhibiting a symmetrical multi-processing environment having a plurality of CPU’s,
comprising.

means for launching a first set of threads to unload said database tables;

means {or assighing each of said database tables to a different corresponding thread of
said first se( of threads;

means {or unloading each of said databasc tables to a separate export directory by a
process of said corresponding thread, said first set of threads operate in paralle! on a first set
of CPU’s, said databasc tables assigned to said export ditectories using a best fit method, said
assignment performed by a reorganization utility running on a CPU separate from said first
set of CPU’s;

means for creating temporary database tables;

means lor launching a second set of threads to load said temporary database tables;
and’

means (or loading each of said temporary database tables with data from at least one
of said export dircctories, each of said temporary dalabase tables loaded by a separate thread
of said second set of threads, said second set of threads operate in parallel on a second set of

CPU's, said data loaded using a best fit method.

76.  An apparatus for reorganizing database tables in a symmetrical
multi-processing enviroment having a plurality of CPU’s, comptising:

a first launching device configured to initiate a first set of threads to unload said
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an unloader installed on each thread of said first set of threads, each unloader
configured (0 unloud at least one of said databasc tables 10 a separate export directory by a
process ol said corresponding thread of said unloader, said first set of threads operate in
parallel on 4 [irst set of CPU’s, said database tables assigned to said export directorics using a
best fit method, said assignment performed by a reorganization utility running on a CPU
separate from said first set of CPU’s;
a table allocation device configured to create temporary databasc tables;
a secand launching device configured to intiate a second set of threads to load said
temporary databasc tables; and
a loader installed on each thread of said second set of threads, each loader confignred
to load at lcast one of said temporary database tables with data from at least one of said
export directorics, cach of said temporary databage tables loaded by a process of said
corresponding thread of said loader, said second set of threads operate in parallel on a second
set of CPU’s, said loaders using 2 best fit method.

77. A muchine-implemented method for reorganizing database tables in a
symmetrical multi-processing environment having a plurality of CPU’s, comprising:

launching a plurality of threads;

assigning each of said threads to a database table;

unloading said tables concurrently, wherein data of each table is unloaded to an export
directory by a process of said thread assigned to said table;

crealing new tables; and

loading said new tables concurrently, wherein data of said export directories is loaded

to said new tubles by a process of said thread assigned to said tabloe.

78. The method of Claim 77, wherein indexes for said new tables are

created concurrently with said method.
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79.  'The method of Claim 77, wherein said threads operate concurrently on
a first set of CPU's, said export directories selected by a reorganization utility running on
a CPU separate from said first set of CPU’s.

80. The method of Claim 77, wherein said unloading step further comprises
the steps of’

verifying thal said unloading step was successful; and

unloading said data by an alternative unload process if said unloading step was
unsuccessful,

81.  The method of Claim 77, wherein said export directories reside on
separate physical disks.

82.  The method of Claim 77, wherein a maximum number of said threads

is selecied by a user.

83.  The method of Claim 77, wherein said unloading to said export

directory is performed using a best fit method.
84,  The method of Claim 77, wherein said loading to said tables is

performed using a best fit method.

85. A machine-implemenied method for reorganizing database tables in a
symmetrical multi-processing environment having a plurality of CPU’s, comprising:

launching a plurality of threads;

assigning cach of said threads to a database table;

unloading said tables concurrently, wherein data of each table is unloaded to an export
directory by a process of said thread assigned to said table; and

creating new tables.



