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TABLESPACE | N A DATABASE BACKGROUND Fi el d of the Disclosure The present

di scl osurworogloetties t o dat abases and, nore particularly, t@ca/uset/d and
system for reorgani zing a tabl espace in a database. Related Art Data in a
dat abase nmay exist as tables in the formof colums and rows of data, as
shown in Figure 1. In this exanple, a "product” table includes a plurality
of colums (product-nanme, part-nos, expire-data) for storing rows of data
related to different products (product 1, product 2, product 3, etc.). An
i ndex including a pIETHODYAND SYSTEKMEOR REQRGANIZING Arows in the

dat abase may he provided tpABIESPAUEIN AOCFABASE he data in the database.
An index key is a mninmumset of attributes that uniquely identifies each
row in the database. For exanple, in the database illustrated Figure 1
"product-nanme” may be the key, assum ng for the sake of sinplicity that
each product has a uni que product nane. In other words, the nane of a

pr oductBAGKGROUMY to uniquely identify the row in which data regarding
the product is stored in the database. The data in each row of the database
or relation should be analyzed to ensure that the data neets certain check
constraints and naintains referential integrity. A constraint is a rule

t hat Mﬁ%ﬁ%ﬂQQﬁéﬁngQT/U802/22907 restricts the values in a database or
tabl e. "For exanple, in the database illustrated in Figure 1,

The present disclosure relates to databases and, more particularly, to a method and

system for reorganizing a tablespace in a database.

Related Art

Data in a database may exist as tables in the form of columns and rows of data, as shown
in Figure 1. In this example, a “product” table includes a plurality of columns (product-name,
part-nos, expire-data) for storing rows of data related to different products (product 1, product
2. product 3, etc.). An index including a plurality of index keys related to the rows in the
database may be provided to allow quick access to the data in the database. An index key isa
minimum set of attributes that uniquely identifies each row in the database. For example, in the
database illustrated Figure 1, “product-name” may be the key, assuming for the sake of simplicity
that each product has a unique product name. In other words, the name of a product can be used
to uniquely identify the row in which data regarding the product 1s stored in the database.

The data in each row of the database or relation should be analyzed to ensure that the data

meets certain check constraints and maintains referential integrity. A constraint is a rule that



an exanple of a constraint nmay be exp-date < May 16, 2001. That is to say,
each value listed in the exp-date colum should be |ess than May 16, 2001.
Referentiwib osmbegeity requires that all non-null foreign Peygsonemespond to
an actual key in sonme relation. A foreign key nay be an attribute or a set
of attributes in one table that constitutes a key in some other table.
Foreign keys are used to denonstrate logical |inks between relations. For
exanple, in the database illustrated in Figure 1, the part nunber foreign
key (part-no) may relate the Product table to a Parts table (not shown).
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del eted. In order to maxim ze efficient use of space in the .d } base and
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perform checking and del etion of data that fails to conply with
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then be wused to reorganize the remaining rows of data to reassenble the
dat abasfgre\{\gni 1|<eey (‘;"leultmor)‘| ?t;aiyr}glate%he Product table to a Parts table (not shown). Referential
integrity ensures that the part-no attribute remains a key in the Parts table so that the
relationslﬁp between the Product table and the Parts table (not shown) remains valid.
Generally, check constraints and requirements for referential integrity are predetermined by
an administrator of the database and may vary depending on the applications utilizing the
data in the database.

When data in a row of a database or relation does not satisfy constraints or fails to
maintain referential integrity, the data may be deleted. In addition, the index keys
corresponding to the rows from which the data is deleted may be deleted from the index.
After deletion, both the database and index may have “holes” including rows with no data
and/or spaces where the keys were deleted. In order to maximize efficient use of space in the
database and the index, these holes should be removed.

Presently, a checking utility may perform checking and deletion of data that fails to
comply with constraints or referential integrity. A separate reorganizing utility may then be

used to reorganize the remaining rows of data to reassemble the database while eliminating



WD 03/ 009180 PCT/ US02/22907 rows with no data. In addition, the

reorgani zing utility may rebuild the index related to the reorganized
tabl e t o whiwsiomase spaces | eft by del eted keys. Operati on pofi/@ozkm®oeki ng
utility for performng a nethod of checking data for conpliance with
constraints and for referential integrity is illustrated in Figure 2. In
step S20, the checking utility reads out a row of data fromthe database.
In step S22, the data read out fromthe database is analyzed to ensure
that the data conplies with predeterm ned check constraints and naintains
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reads a row of the database. In step 32, the rowis reloaded into the
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utility. [In step 34, "the index space is rebuilt to include index keys
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reorgani zing data in a database work, some operational characteristics of
such nmeohsigants and bwintains ssfegntifdntegiyndf e data Eorg|a rop{ails fogneg thesgper at i ons
are used to performthese nethods. Each rowis read out by the checking
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non-
corresponding to the deleted row may also be deleted from an index that relates to the
database. In step S26, the database and index are rewritten with spaces left by the deleted
data and the deleted keys.
A reorganizing utility may then be invoked to eliminate the holes (e.g. spaces left by
the deleted data and keys) in the database ana index in the manner illustrated in Figure 3. In
step S30, the reorganizing utility reads a row of the database. In step 32, the row is reloaded
into the database if the data in the row has not been deleted by the checking utility. In step
S34, the index space is rebuilt to include index keys which correspond only to the row
reloaded into the database by the reorganizing utility in step S32.
While such methods of checking and reorganizing data in a database work, some
operational' characteristics of such methods can be improved. For example, several
input/output operations are used to perform these methods. Each row is read out by the

checking utility and then each page of the database and index is rewritten after non-

conforming data is deleted. The reorganizing utility then reads out each line of the database



confonning data is deleted. The reorganizing utility then reads out each

| ine of the database 3 WO 03/009180 PCT/ US02/22907 again and rel oads the
rows fronweolisomidata is not deleted into the database. ThecCTrEoz/gmant zi ng
utility then rebuilds the index space to correspond to the rel oaded

dat abase. The input/output operations are needlessly repetitive and

i ncrease the probability of errors being introduced into the data in the
table. The repetitive nature of the these nmethods al so has a cost in tine.
First, the checking wutility runs conpletely to read out and rewite the
dat a i nghihendatlahBsbe arves fromexhiciHata ig e deteteskigtonthe idagbasei | They reads out
each row of the database with correspondi ng i ndex keys in the index and
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utilities are “running, the data in the table is unavailable for user
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dat abase or relation in a nore efficient manner so that the data in the

t abl e vihtrpdused intpehedpsa/aithakabde-f or a rel atively short period of tine.
Summary of the Disclosure A nmethod of reorganizing a tablespace in a

dat abase mayThenepetiremaant bfthe theve mdthodias Has arwostie tigeet dbiast.ahe aherking ng
the row of data read out fromthe database, determ ning whether to
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rule, Te e row of data into the database when it is determ ned
that the row of data conplie vm't?th t least one g ] & | e,
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does not conply with the at |east one predetermned rule, o
index and reloads the database and rebuilds the index space. While both of these utilities are
running, the data in the table is unavailable for user applications or for online transactions.
It would therefore, be desirable to provide a method and system for checking and

reorganizing data in a database or relation in a more efficient manner so that the data in the

table will only be unavailable for a relatively short period of time.

Summary of the Disclosure

A method of reorganizing a tablespace in a database may include reading a row of
data from the database, analyzing the row of data read out from the database, determining
whether to eliminate or retain the row of data based on at least one predetermined rule,
reloading the row of data into the database when it is determined that the row of data
complies with the at least one predetermined rule, eliminating the row of data when it is
determined that the row of data does not comply with the at least one predetermined rule,

rebuilding an index related to the database to include keys that correspond to the reloaded



rebuilding an index related to the database to include keys that correspond
to the rel oaded 4 WD 03/009180 PCT/ US02/ 22907 row of data and repeating

t he det erworismgise el oadi ng, elim nating and rebuil di ng forceasozedwr of
data in the database. A system for reorganizing a tabl espace in a database
may include a reading device adapted to read out a row of data fromthe
dat abase, an anal yzi ng device adapted to analyze the row of data to
determ ne whether to elimnate or retain the row of data based on at | east
one predetermned rule, a reloading device adapted to rel oad the row of
data when it s .d .m, ned L f : I Sf ; t one
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data when it is determ ned that the row of data does not conply with the
at | eas?f dgpanphedrdtt®sei ned rul e, and a rebuilding device adapted to

rebuild an index related to the database to include keys that correspond to
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where the conputer executable code may include reading code for reading
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not comply with the at least one predetermined rule, and a rebuilding device adapted to
rebuild an index related to the database to include keys that correspond to the reloaded row of
data, wherein each row of data in the database is read out from the database and analyzed.

A computer recording medium including computer executable code for reorganizing a
tablespace in a database, where the computer executable code may include reading code for
reading out a row of the data from the database, analyzing code for analyzing the row of data
read out from the database, determining code for determining whether to eliminate or retain a
row of data based on at least one predetermined rule, reloading code for reloading the row of
data when it is determined that the row of data complies with the at least one predetermined
rule, eliminating code for eliminating the row of data when it is determined that the row of
data does not comply with the at least one predetermined rule, rebuilding code for rebuilding
an index related to the database to include keys corresponding to the reloaded row of data,

and repeating code for repeating the determining, reloading, eliminating and rebuilding for

each row of data in the database.



an index related to the database to include keys corresponding to the

rel oaded row of data, and repeating code for repeating the determ ning,
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dat abase. 5 WD 03/009180 PCT/ US02/22907 A nethod of reorganizing a

t abl espace in a database may include partitioning the database and a
related index into a plurality of partitions, selecting one partition of
the plurality of partitions of the database and a related partition of the
rel ated index, reading a row of data out fromthe selected one partition
of the dat ahasethane rgarigagizinhe talblespate thad dataterae mayuhcihidopartiienisgltiect ed one
partition, determ ning whether to elimnate or retain the row of data
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t he selec one partition of "the database when it is determned that the
row of data conplies wiith the at |eas ne .predetermned rule, .elimnating
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data, repeating the determning, reloading, elimnating and rebuilding for
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sel ecting, reading, analyzing, determ ning, reloading, elimnating and
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plurality of partitions of the database and a related partition of the

r el at ecorienedetermineiaaie) glichinatiog tiadmpt efdlatowherad isdgteymingd that the row of data
does not comply with the at least one predetermined rule, rebuilding the related partition of
the related index to include keys corresponding to the reloaded row of data, repeating the
determining, reloading, eliminating and rebuilding for each row in the selected one partition -
of the database, and repeating the selecting, reading, analyzing, determining, reloading,
eliminating and rebuilding for each partition in the database.

A system for reorganizing a tablespace in a database may include a partitioning

device adapted to partition the database and a related index into a plurality of partitions, a
partition selecting device adapted to select one partition of the plurality of partitions of the
database and a related partition of the related index, a reading device adapted to read a row of
data out from the selected one partition of the d."gltabase, an analyzing device adapted to
analyze the row of data read out from the selected one partition and detérmine whether to
eliminate or retain the row of data based on at least one predetermined rule, a reloading

device adapted 1o reload the row of data into the selected one partition of the database when it

is determined that the row of data complies with the at least one predetermined rule, an



data out fromthe selected one partition of the database, an anal yzing

devi ce adapted to analyze the row of data read out fromthe sel ected one
partiti orwarnd/ocaser m ne whether to elimnate or retain tRreTrusO2/2M0Tat a
based on at |east one predetermned rule, a reloading device adapted to
reload the row of data into the selected one partition of the database when
it is determned that the row of data conplies wth the at | east one
predeterm ned rule, an 6 WD 03/009180 PCT/US02/22907 elimnating device
adapted to elimnate the row of data when it is determ ned that the row of

data does .not conply with the at |east o redeternined rule: and a

r ebui | GHAENHBg de¥ice 3dapiedlP § B“’t“é’{?dﬁ? o ﬂﬂgﬁlgr"’gf%& ‘bngtF'i'”?’i"S#}@% Y Y] at ed
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of the plurality of partitions of the database are anal yzed by the system
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of data out fromthe selected one partition, analyzing code for analyzing
the row of datamperdreeutdifig mediuneinskideg @ipuerexpartabi¢e code, fodetoeganizingg code
for determning whether to elimnate or retain the row of data based on at
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into the elected one partition of the database when it is determ ned that
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selecting code for selecting one partition of the plurality of partitions of the database and a
related partition of the related index, reading code for reading a row of data out from the
selected one partition, analyzing code for analyzing the row of data read out from the selected
one partition, determining code for determining whether to eliminate or retain the row of data
based on at least one predetermined rule, reloading code for reloading the row of data into the
selected one panitipn of the database when it is determined that the row of data complies with
the at least one predetermined rule, eliminating code for eliminating the row of data when it is
determined that the row of data does not comply with the at least one predetermined rule,
rebuilding code for rebuilding the related partition of the related index to include keys
corresponding to the reloaded row of data, row repeating code for repeating the determining,
reloading, eliminating and rebuilding for each row in the selected one partition of the
database, and partition repeating code for repeating the selecting, reading, analyzing,
determining reloading, eliminating and rebuilding for each partition in the database.

A two-step method of reorganizing a tablespace in a database, the two-step method



determ ned that the row of data does not conply with the at | east one
predeterm ned rule, rebuilding code for rebuilding the related partition
of the reawvatoadodisdex to include keys corresponding to thecralsoze®d’ r ow of
data, row repeating code for repeating the determning, reloading,
elimnating and rebuilding for each row in the selected one partition of
the database, and partition repeating code for repeating the selecting,
readi ng, analyzing, determning reloading, elimnating and rebuilding for
each partition in the database. A two-step nethod of reorganizing a

t abl es pamg repeateddat ahgew inltlee datebase, epayrineludel 2 firstwepos¢lodiag gerding a row
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elimnate or retain the row, of rgi ned
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dat abase when it is determined that the row of data conplies with the at
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determ ned that the row of data does not conply with the at | east one
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i ncl ude keys that correspond to the reloaded row of data. A system
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the two-step process being repeated for each row'in the database, may
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whether to elimnate or retain the row of data based on at |east one
pr edet eonmesreadrigtie readedndosdasd may i ncl ude rel oading the row of data
into the

A system performing a two-step process of reorganizing a tablespace in a database,

“the two-step process being repeated for each row in the database, may include a first step
including reading a row of data from the database, analyzing the row of data read out from
the database, and determining whether to eliminate or retain the row of data based on at least
one predetermined rule. A second step ma;' include reloading the row of data into the
database when it is determined that the row of data complies with the at least one
predetermined rule, eliminating the row of data when it is determined that the row of data
does not comply with the at least one predetermined rule and rebuilding an index related to
the database to include keys that correspond to the reloaded row of data.

A computer recording medium including computer executable code for reorganizing a
tablespace in a database in two steps, the two steps being repeated for each row of data in the
database, may include first step code including reading code for reading out a row of data

from the database, analyzing code for analyzing the row of data read out from the database,

and determining code for determining whether to eliminate or retain a row of data based on at



dat abase when it is determined that the row of data conplies with the at
| east one predetermned rule, elimnating the row of data when it is
det er m newotodmvoishe row of data does not conply w th thepat/usezsiooone
predetermned rule and rebuilding an index related to the database to

i ncl ude keys that correspond to the rel oaded row of data. A conputer
recordi ng medi um i ncl udi ng conput er executable code for reorgani zing a

t abl espace in a database in two steps, the two steps being repeated for
each row of data in the database, may include first step code including
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code for analyzing the row of data read out fromthe database, a
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of data. Wo-step nethod of reorgani zing a tablespace fn a database, the
two-step nethod being repeated for each rowin a partition of the database
and eadBlopdsdmoPi il "a plurality of partitions of the database, may
include a first step including partitioning the database and a related
i ndex into thevpkwpahdthgd of repeganizingmngblespsice ot a dgtabase, thatwpisiepnmeshod he
plurality of partitions of the database and a related partition of the
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partitions of the database, may include a first step including partitioning the database and a

related index into the plurality of partitions, selecting one partition of the plurality of

partitions of the database and a related partition of the related index, reading a row of data out

from the selected one partition of the database, analyzing the row of data read out from the

selected one partition, determining whether to eliminate or retain the row of data based on at

least one predetermined rule. A second step may include reloading the row of data into the

selected one partition of the database when it is determined that the row of data complies with

the at ledst one predetermined rule, eliminating the row of data when it is determined that the

row of data does not comply with the at least one predetermined rule, and rebuilding the

related partition of the related index to include keys corresponding to the reloaded row of

data.

A system performing a two-step process of reorganizing a tablespace of a database,

the two-step process being repeated for each row in a partition of the database and each

partition of a plurality of partitions of the database, may include a first step including



fromthe selected one partition of the database, analyzing the row of data
read out fromthe selected one partition, determ ning whether to elimnate
or retai rwblwooaso of data based on at | east one predeter mcmasoz/eder A
second step may include reloading the row of data into the selected one
partition of the database when it is determned that the row of data
conplies with the at |east one predetermned rule, elimnating the row of
data when it is determined that the row of data does not conply with the
at | east one predetermined rule, and rebuilding the related partition of

the r Ek%i%@ningcmédétgbas_@@h&lﬁeells@mdésarlﬁte$1ﬁx=s>;51d'rdmy bPpdrhifonschaadig dnew of
dat a. system performng a two-step process of reorgani zing a tabl espace

of a dat abase, ., the two-step.process i . I LN a
parti ¢ PoaR of s Tl RR P e AR esh R P AR porliof BF e MR, B,
of the database, may include a first step including 9 WO 03/ 00%180

PCT/ USOiez2@ading gap i afidst o fropwtbg a%laﬁsg angpRytigon gf theglatabatfe 2nalygips thee -
plurality of partitions, selecting one partition of the plurality of
partit ir@nsfahtatrbe] slatfahage saledted oneparticidn pitdrintiniag wifethen & ¢lehimbedr i ndex,
reading a row of data out fromthe selected one partition of the database,

anal yz !r&ginttﬂg\hogg ﬁg’gﬁ% b3 £ fhstUHe prERBriniRdSalL A §6tonBStepRidy intREe

determ ni ng o elimnate or ™ retain the row of data based on at

| i R . - i 1 .
of - aat SUPHIGE B ouar Gpii e SHREd DroRtbfon ALt spEB IS i) Rt idde® o

determned that the row of data conplies wth the at | east one
pr edet dhatitirerdv of deta edmplissavittnge ehlsayt one predeteammegmuls, hmnatiggtheravitdd ¢ hat
the row of data does not conply with the at |east one predeterm ned rule,
and r ebuid wWheigit i Ridralinddetlatane tovi bbdatatiodshot cemptyewlith fobent I¢ast anec| ude keys
predetermined rule, and rebuilding the related partition of the related index to include keys
corresponding to the reloaded row of data.
A computer recording medium including computer executable code for reorganizing a
tablespace of a database in two steps, thei two steps being repeated for each row of data of a
partition of the database and each partition of a plurality of partitions of the database, the
computer executable code may include first step code including partitioning code for
partitioning the database and a related index into the plurality of partitions, partition selecting
code for selecting one partition of the plurality of partitions of the database and a related
partition of the related index, reading code for reading a row of data out from the selected
one partition, analyzing code for analyzing the row of data read out from the selected one
partition, and determining code for determining whether to eliminate or retain the row of data
based on at least one predetermined rule. Second step code may include reloading code for

reloading the row of data into the selected one partition of the database when it is determined

that the row of data complies with the at least one predetermined rule, eliminating code for
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corresponding to the rel oaded row of data. A conputer recordi ng medi um

i ncl udi ng conput er executable code for reorgani zing a tablespace of a

dat abase wo oBxwvwisd eps, the two steps being repeated for eachusowmh7 data of
a partition of the database and each partition of a plurality of
partitions of the database, the conputer executable code may include first
step code including partitioning code for partitioning the database and a
related index into the plurality of partitions, partition selecting code
for selecting one partition of the plurality of partitions of the database

and a ry g}lﬁﬁf%égﬁ’?ar&\t Bhgaf%a F. Eth?g&@hﬁﬁn@&itHapgl%)fowro?qu{ar&eEﬂ%oﬁ-@'ly paadi ng a

row of © romthe selected one part|t|on anal yzing co
anal yzi ng the row of datareadot fromth artltlon nd
det er nith¢ pideasbare PercteBehTHe-7G \X)ﬁté“(‘]lﬁlé}g °c ﬁg‘h‘gf%g g’re rFé{ ey ?fgw of
data based on at |east one pr edet er m ned ruI e. Second step code may

i ncl udeh¢ slloaadindgx codelutie keys @irzaplinding toghe tehpaded dew af dateo t he sel ected one
partition of the database when it is determned that the row of data

conplies with the at | east one predetermned rule, elimnating code for 10
WO 03/ 009180 PCT/ US02/22907 elimnating the row of data when it is

determﬁe éhat i g w Qof ;g does not conply with the at |east one
pr edet df '"09‘ By ‘g% ing code for rebuilding the rel ated
partition of the related index to include keys corresponding to the
rel oaded row of data. Brief Description of the Draw ngs A nore conpl ete
appreci ation of the present disclosure and nany of the attendant
advant ages tAhetf@etomplete dppreceaibinl of tidbprasent disalosurh@nd arapy lod tnstendentt er
understood by reference to the follow ng detailed description when
consi def Rt PesGARBSEH108L Whdily Stt8ined as the same becomes better understood by
reference to the following detailed description when considered in connection with the
accompanying drawings, wherein:
Figure 1 is an illustration of a database in which data is stored.
Figure 2 is a flow chart illustrating operation of a check utility.
Figure 3 is a flow chart illustrating operation of a reorganization utility. -
Figure 4 is a block diagram illustrating a computer system for implementing a method
and system according to the present disclosure.
Figure 5 is an illustration of a database in which data is stored.
Figure 6 is a flow chart illustrating a method for reorganizing a database according to
an embodiment of the present disclosure.

Figure 7 is a flow chart illustrating a method of organizing a database according to

another embodiment of the present disclosure.
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acconpanyi ng drawi ngs, wherein: Figure 1 is an illustration of a database
in which data is stored: Figure 2 is a flowchart illustrating operation
of a checWwouBiobdisy. Figure 3 is a flow chart illustratingpoparsatemdn7 of a
reorgani zation utility. Figure 4 is a block diagramillustrating a conputer
system for inplenenting a nethod and system according to the present

di sclosure. Figure 5is an illustration of a database in which data is
stored. Figure 6 is a flowchart illustrating a nmethod for reorgani zing a
dat abase according to an enbodi nent of the present disclosure. Figure 7 is

a flowngngkhlmngPhbﬂting a nmet hod of organizing a database according to
odi men

anot her e of the present disclosure. 11 WO 03/009180
PCT/ US02/ 22907 Detail ed Description In describing the preferred
enbodi nents of the present di sclosure illustrated in the draw ngs,

specific ternlnolog | oyed for sake of clarity. Ho t he present
di scl osure |%dﬁ'i§f’bl“ﬂtt8?18 "(S!yed&’qdiﬂﬁfl?téﬂf% PE?F&“%‘E}&%P?HTEWF‘E&M@H& @‘ﬁy o)
selected and it is to be wunderstood that each specific el enent includes

al |t edrawiagd, spepific ehantotogyhis empbyyed doresakeobclagiyri Heweventhepresaite pr esent
nmet hod and system provide for reading out a row of a database and checking

the datd?scld’éu%eh?n&ﬂ\‘i’teﬁm@éd PPl ABER th bFeciRNeihidoey sendleted anettds enbé al
integrity. If he data in the row neets these requirenents the row of data
is reI?Fged |Qho th dat?

nderstood that each specifi %téhent includes all technical equivalents which operate in a
similar manner.

The present method and system provide for reading out a row of a database and
checking the data in the row for compliance with constraints and for referential integrity. If
the data in the row meets these requirements the row of data is reloaded into the database,
otherwise, the row of data is eliminated. An index related to the database is then rebuilt to
include only keys that relate to rows of data reloaded into the database. The row of data is
read out, analyzed and reloaded or eliminated and the index related to the database is rebuilt
in a single seamless process.

The system and method may be implemented in the form of a software application
running on a computer system such as a mainframe such as the 0S/390, personal computer
(PC), handheld computer, server etc. The computer system may be linked to a database.
The link may be, for example, via a direct link such as a direct hard wire or wireless
connection, via a network connection such as a local area network, or via the Internet.

An example of a computer system capable of implementing the present system and

method is shown in Figure 4. The computer system referred to generally as system 400 may

include a central processing unit (CPU) 402, memory 404, a printer interface 406, a display

12



otherw se, the row of data is elimnated. An index related to the database
is then rebuilt to include only keys that relate to rows of data rel oaded
into the watalbewer The row of data is read out, anal yzedpamdisozbmaded or

elimnated and the index related to the database is rebuilt 1in a single

seanl ess process. The system and nmethod may be inplenented in the formof a
software application running on a conputer system such as a mainfrane such
as the OS/ 390, personal conputer (PO, handhel d corrputer server etc. The

conputer systemnay be |inked to a database. nk ma anp

Via a dRHAOE, 3 LART Gorah ates ngtvrkbiia Hé'i’%lmﬁﬁl?réc%}” ef &%s“é‘x}ﬁdﬁ‘ﬁgjﬁ‘?%ﬁ( Ay | a a
net wor k connection such as a |l ocal area network, or via the Internet. An
exanpl eeofork contngisran 4 sysinemat dpsibl @awd onenpineorenopmgeviaes préesehtas.spst em and
method is shown in Figure 4. The conputer systemreferred to generally as

SyStemeﬁ%{)r@ﬂxkeyﬁb%ldJ%LéeCe@@tAﬁkhdwrp%s istaeh 00 fna{ GPLBnRRd oRmRIpadOs, a
printer ef face 406 di splay 12 WO 03/009180 PCT/ US02/ 22907 unit 408,

a LAN (J @cal ?rggzﬁetwork) data transm ssion controller 410, a LAN
i nt er f 404 V443 0in etwork controller 414, an internal bus 416 and one or

nore input devices 418 such as, for exa a_keyboard, nouse, etc. As
shown, the dyguerh ijograiesa drsabase Arielation W@%‘H’f@b‘ﬁé@f Tablp which includeg 422

Figure 5 illustrates a database or relation called Part Nunber Tabl e which

i ncl udeslure® repRSert@RASeNiuntEr gpapand), muprbduct apme (proddct-anme).caden nane
(product-nanme), and an expiration date (expire-date). The data in the

dat ab aseg( Qt%‘H &Iatgfhg\%lrg &ﬁ' hé Qﬁﬁrn{ ﬁfe@a?abﬁépshoﬁﬂ%ééi cBRintcahdraliff RNt i al

|ntegr|t as nen bove. When a row of data fails to neet

should maintain referential integrity, as mentioned above. When a row of data fails to meet
such requirements, the data in the row of data should be deleted and the keys related to the
row of data are deleted from an index related to the database.

The present application is directed to providing a method of reorganizing a database
which provides for both checking that the data in each row of the database complies with
predetermined constraints and requirements for referential integrity while also providing for
reorganization of the database and the index felated to the database to eliminate any holes that
may be left by deletion of data during the checking operation.

The method provides for reading out each row of data in a database and analyzing the
data according to predetermined rules. The row of data is either retained or deleted according
to the predetermined rules. A retained row of data is reloaded into the database. An index
related to the database is rebuilt to include keys corresponding to the retained row of data.
The method is repeated for each row of data in the database.

A method for reorganizing a database according to an embodiment of the present

disclosure is explained with reference to Figure 6. In step S60, a row of data is read out of
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such requirenents, the data in the row of data should be deleted and the
keys related to the row of data are deleted froman index related to the
dat abase.wohw/opriesent application is directed to providi ngca/user/bmd7 of
reorgani zi ng a database which provides for both checking that the data in
each row of the database conplies with predeterm ned constraints and
requirements for referential integrity while also providing for
reorgani zati on of the database and the index related to the database to
elimnate any holes that may be left by deletion of data during the

checki nige @agsat| PRe robhef d@a hashaprzed hatesdih®to predelemgnediiul@as Btep®@2. afhedat a i n
a dat abase and anal yzing the data according to predeterm ned rules. The

row of 43l b (ELANRLadd AR H adSIEHEAAR G MindiGul3e TRE edet er i ned
rul es. retal nea row of data Is reloaded i nto the database. An i ndex
related to the database .is rebui Et to include keys correspondi ngpto t he

r et ai n@dededamenedrales mayRelufe ehfsy CPUSTAUNS OF PPN A0A IBNEBENEAPE i n t he

dat abase. A nethod for reorganizing a database according to an enbodi nent
of t he rpfeeswint intagirise| Blsase eulesmey pk aradletermined by ef databaseadminfitigiore Tesd n st ep
S60, a row of data is read out of 13 WO 03/009180 PCT/US02/ 22907 the

dat abasgies h{¥§ veQodifiedBY thd dutabasd ydrsidlistaee Wdied @ppropraaedef £1ow ofdats W ms at
step 62. The row of data is elimnated or retalned in accordance with

redetermned. rules. T r r.m i fraints,
o *conat ParArgedSS e dn B PP pASH: fih RRicTien 360 AP UENGE EIAREEIE " oy
be predeterm ned by a database adm ni st[sg'hog[; These e nodified

by t he bgdeamedd Yasiian 203).dhe FowAbrta ifedaredinte theda b%%wﬁgﬁpegéﬁ’ % not to
be retained (No, step S63), the row of data is elimnated (step S65). If
t he rovinddx @hital foght database is rebuilt with index keys, or keys, corresponding to the retained
row of data if the row of data has been reloaded into the database in step S64. At step S68 a
determination is made as to whether another row, or a next row, is present in the index. If
there is no next row (No, step S68), the method ends. If there is a next row (Yes, step S68),
the process returns to step S60 where the next row is read out of the database. The method is
repeated for each row in the database.

As noted above, when data in a row fails to satisfy a constraint or fails to meet
requirements for referential integrity, the data is eliminated from the database. The data may
be eliminated in a deleting step or may simply not be reloaded into the database. When data
in a row satisfies the constraints and the requirements for referential integrity, the data can be
retained and reloaded into the‘database into the next empty row of the database. An empty
row is a row in which no data is currently stored. Alternatively, the retained row of data can
be loaded into a new database in the next open row of the new database. Thus no empty

spaces are left in the database. The resulting reloaded database or the new database include

only rows of data which comply with the constraints and the requirements for referential
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be retained (Yes, step S63), the row of data is reloaded into the database.
In step S66, an index related to the database is rebuilt with index keys,
or keys, wormeepsendi ng to the retained row of data if the@cCrawont2edata has
been rel oaded into the database in step S64. At step S68 a determ nation
is made as to whether another row, or a next row, is present in the index.
If there is no next row (No, step S68), the nethod ends. If there is a
next row (Yes, step S68), the process returns to step S60 where the next
row is read out of the database. The nmethod is repeated for each rowin

the datiﬁ‘@gﬁtg: 185401968 Ana RRIE relti@ o HRlAdbAsEcah®W réMiilt Snlthe SRbh® fn¢tlwies
constrain r fails to nmeet requirenents for referential integrity, the

data ig eljmnated from.the. dat aba h a my be elimnated in a

del et ﬁﬁyﬁl’ébre eH)a'j?wsgiqh%tles’flsgbq%Béasgqega%éag’g%ehto t he database. Wen data
in arowsatisfies the constraints _and the requirenents for referential
integrity, tWsngteanethed pethepsgssntfisrloguee. cathogderf data Gnhsdeathediiige into
the next enpty row of the database. An enpty rowis a rowin which no data

I's cur rgRtittyn Sﬁlgroﬁéde, sBlthanapiovadility dfhm enet atuerng duvind thd anput @ad outpet | oaded
into a new database in the next open row of the new database. Thus no enpty

SPaces iy éf% rhéth ncr§and@et1%9@&%; 1l Q@dmls@;gnw&%ﬁi@ﬂ%@@hq@%&&% béthe new

dat abase e o rows of data conply with the constraints and
| addi PO Toar e R G P BerBYE AL MUD AR B e T AR BT o the 1y
and includes Kkeys that relate to rows that exist in the rel oaded dat abase.
Usi ng treergamizimgdaldéspahes ipraciatabaseli Bulsothg dewndmhdyring whichshetablgis be r ead
out and rewitten only once, so that the probability of an error occurring
during \{faQaildbdio BBapplit Mibns and online commerce can be reduced.
According to another embodiment of the present disclosure, a method of reorganizing
a database in which the database is divided into a plurality of partitions is provided.
The method includes a step of separating the database and a related index into a
plurality of partitions. One of the plurality of partitions of the database is selected along with
a related partition of the related index and a row of data of the one selected partition is read
out of the partition. The row of data analyzed according to predetermined rules, is either
retained or eliminated according to the predetermined rules. A retained row of data is
reloaded into the selected one partition. The related partition of the related index 1s rebuilt to
include keys corresponding to the retained row of data reloaded into the selected one partition
of the database. Each row of data in the partition is read out and each partition is analyzed.
Only one partition of the plurality of partitions is analyzed a time.
As mentioned above, while the reorganization method is functioning, the data in the

database is unavailable to applications and for e-commerce. While reducing the time required

to perform the reorganizing and checking functions reduces the amount of time the data is
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stages of the nethod can be reduced. In addition, only one utility need be
run in order to both check and reorgani ze the data of the rows of the
tabl e, towoadwerst he time used for reorganizing tabl espa®es/isnz/adat abase.
Thus, the down tine during which the table is wunavailable to user
applications and online comrerce can be reduced. According to another
enbodi nent of the present disclosure, a nethod of reorganizing a database
in which the database is divided into a plurality of partitions is
provi ded. The nethod includes a step of separating the database and a
rel at ednhnisiaylel iheQath is Blileahpletelphiindatlible f@dme@reioalf tifir. Mattitining/thef
partitions of the database is selected along wwth a related partition of
the relat i-nde : . . b ko S read
out of RGP e B ol A sl Febark e 90 HEL B B FBUEAL AT e
rules, is either retained or elimnpate ccording to .the det er m ned
rul es. e etBerRaRaos s tht dajahase ‘Osremairb‘f‘@ﬂalgﬂ 9 Heep @ Wé"agg?se%‘f T8ne '
partition. The related partition of the related index is rebuilt to
i ncl udeoaysce dnrteis prnden gt keast strme oé thei dagalion dbe detalhge will elvoyddd into t he
sel ected one partition of the database. Each row of data in the partition
i s reagygupi@and each partition is analyzed. Only one partition of the
plurality of partitions is analyzed a tine. As nentioned above, while the
reor gani zat i-Qn hod 4 s, functi,oni n - ] h J
unavai | abl e 1?18 ’g%b?ﬁ:saflfl ﬁ%%rsdqegcﬁl P %? or ereceg&mgg?é gfé%?'l g‘t P %gﬁpﬁzﬁ%d@sﬁ i e
required to performthe reaorganizing and checking functions reduces the
anmount apf atelaiedtindexcrie 81videdntoRertgneorsarsstiprtyy TBepAsisignsof s sc/aefabl e, the
data is still conpletely unavailable for sone period of time. Partitioning
the dahddraserebpiind ta tipdse béthetdatabhsep dlftei undres ofipattitiens igandepend oedlkh
partition independently allows

relative size of the database and may be adjusted by a user or the database administrator.

This flexibility allows the method to be adapted for use in many different kinds of databases.
In step S71 one partition of the plurality of plurality of the database is selected for
reorganization along with a related partition of the related index. This selected one partition
of the database may be any of the plurality of partitions. A user or the database administrator
may designate which of the partitions to be reorganized first based on factors such as
frequency of use or perhaps based on the nature of the data contained in the partition. It
should be noted that the user or database administrator also sets the constraints and
requirements for referential integrity and is therefore likely to be in the best position to
determine the best order in which to organize the partitions. Steps S72 to'step S78 operate
substantially as steps S62 to S68 described above with reference to Figure 6 except that rows
of data are read from and reloaded into a selected partition of the database and a related
partition of the index is rebuilt. - If the next row is not present (No, step 78), the method may

proceed to step 79 where a determination may be made as to whether another partition, or a

16



the other partitions of the database to remain available to user
applications and for e- commerce. In this manner, at |east sone of the data
ion the dapabasEswi | | al ways be available. The met hod i s Pcanishee29descri bed
with reference to Figure 7. At step S70 a database and a related index are
divided into partitions, respectively. The partitions of the related index
correspond to those of the database. The nunber of partitions nmay depend on
the relative size of the database and nay be adjusted by a user or the

dat abase adm nistrator. This flexibility allows the method to be adapted
for useextrpanfitivn dithd edtetpuse kd prdsenaf [fdetreResattion Isipradeap(Ne btepr9),aheti ti on of
the plurality of plurality of the database is selected for reorganization

al ong %ettlrbdg?nrd?.lhgttggnga’)ﬁgggamtio‘?ﬂsg;esérn?Yregs emd) i the feholilthsy RelfGs sdpone

I
partition t e may be any of the plurality of” partitions. A

o be. PAOHGER b Q8T EOTASEHC BN, 1AL Rpaoe B Ruo i atriency soro e tDghe "

per haps based on the nature of the data contained in the partition. It
shoul d nigghetomeyiretéraito step 7d3sad the nexirems o datadnicad sutrefithe seleaiesd erapartitien
constraints and requirenents for referential integrity and is therefore

I i kel y of ehelatdbaasd. he best position to determne the best order in which to
organi ze the partitions. Steps S72 to step S78 operate substantially as

steps S62 t%sﬁ%ﬁead&%%gj \Pﬁéh &RQ% egﬁ) ﬁgg & ?cﬁl‘:s'f(}péecc;n(g}r nPY £l (SieEPt that

rows of data are read from an aded 1nto a selected partition of the
dat abase and a rel at.ed artition of the.index is rebuilt. If the next row
ted fFgp A et o

i s not TpfussERntsRore iRl mseritypibe ﬁléiaﬂﬁali’ﬁﬁ? e he g mde a

determ nati on nmay be nade as to whether another partition, or a 16 WD

03/ 009 b8 eliraiatedSn2 &2801g step or may simply not be reloaded into the database. When data
in a row satisfies the constraints and the requirements for referential integrity, the data can be .
retained and reloaded into the selected partition of the database into the next empty row.
Alternatively, the retained row of data can be loaded into a partition of a new database in the
next open row of the new database. Thus no empty spaces are left in either the selected
partition of the database or the partition of the new database. The resulting reloaded
partition of the database or the partition of the new database include only rows of data which
comply with the constraints and the requirements for referential integrity. In addition, the
related partition of the index related to the database or the new database can be rebuilt on the
fly and includes keys that relate to rows that exist in the reloaded partition of the database or
the partition of the new database.

While the above-described method and system are applicable to databases in general,

a specific example of such a database is a database constructed in a DB2 environment.

The present disclosure may be conveniently implemented using one or more

conventional general purpose digital computers and/or servers programmed according to the
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next partition of the database is present. If no next partition is present
(No, step 79), the nethod ends. If the next partition is present (Yes,
step 79) wbhesmeiisod may return to step 71 where the next pamiusn2/o07 s
selected. If at step 78, the next rowis present (Yes, step 78) the nethod
may return to step 72 and the next row of data is read out of the selected
one partition of the database. As noted above, when data in arowfails to
satisfy a constraint or fails to nmeet requirenents for referenti al
integrity, the data is elimnated fromthe database. The data may be

el im n%é%ﬂi\;\fﬁ@ o tIielr&lehNG celRRIGA. APproph& k¥t BRingRaR &ty bBpeerabdl -

dat abase. en data 1n arowsatisfies the constraints and t he

requirenents for referential inteqgrity, the data.can be et ai ned and

ol oaddd e Phe Earst e sarts Erar o RE ey Eaalew, ThERESAE: “empt y
row. Alternatively, the retained row of data can be |oaded into a

partit idml@pr%mﬁ)ea%@é? apalsmeniedibydhe preperagpr Af arplication speciingafai®hse. Thus
no enpty spaces are left in either the selected partition of the database
or the gaeafté b1 BNinefrcdrivectiveyartgipadpaime nétwerk efuohtéempnakbdomasbadntspar ti ti on of

t he dat abase or the partition of the new database include only rows of data
whi ch  conpl i . E Ot : i : enti al
integrity. Iwﬁmgg’ép% %(ij)](ﬁfl&?ﬂzﬁcrd?{g rg? relgﬁgia‘yt?ﬁ%l?gﬂwg gpﬁgéﬁr%ﬁiospgﬁg ed to the
dat abase ar, the new. dat abase can be repuilt on th fl nd i.ncludes keys
that rdlostiBleip Vel s O\é%ﬁe%‘(fi“?gf' ﬁh‘é?EeéF%’é%l@g’ep'ﬁﬁﬁsﬁ%ﬁgﬁtfw?m8 B51°8Base or
the partition of the new database. Wiile the above-described nethod and
syst em afitee agpehichthios thequessbbivsention mydnks practiced odfirs ¢han as speafipdly of such
a database is a database constructed in a DB2 environnment. The present

di scl osgis&ivBYheRgnconveni ently i npl enented using one or nore conventional
general purpose digital conputers and/or servers progranmed according to

t he
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17 WO 03/009180 PCT/ US02/ 22907 teachings of the present specification
Appropriate software coding can readily be prepared by skilled programers
based on wbesvershi ngs of the present disclosure. The pre®emtusdr/sbhdsure
may al so be inplenmented by the preparation of application specific
integrated circuits or by interconnecting an appropriate network of
conventional conponents. Nunerous additional nodifications and variations
of the present disclosure are possible in view of the above-teachings. It
is therefore to be understood that within the scope of the appended

cl ai ns, Whheismlsigedtisi nventi on may be practiced other than as specifically
described herein. 18 WO 03/009180 PCT/ US02/22907 What is claimed is: 1. A
nmet hod of reorgani zing a tabl espace in a database conprising: reading a
row of data fromthe database; analyzing the row of data read out fromthe

dat abase; te eth r.to tain the row of data based
on at Ieastelc)n m% d%t\[mfnf%a ’Zcp gral %Lfe%a@?grgalﬁ%taﬁ%e PO 0P data into the
dat abase when it is determ ned that the row of data conplies with the at
| east one priéadingerewed dpgifiom gheidatabassing the row of data when it is
determ ned that the row of data does not conply wth the at |east one

pr edet er m neghahyth®y; the row of data read out from the database;

determining whether to eliminate or retain the row of data based on at least one

predetermined rule;

reloading the row of data into the database when it is determined that the row of data

complies with the at least one predetermined rule;

eliminating the row of data when it is determined that the row of data does not comply

with the at least one predetermined rule;

rebuilding an index related to the database to include keys that correspond to the

reloaded row of data; and

repeating the determining, reloading, eliminating and rebuilding for each row of data

in the database.

2. The method of claim 1, wherein the at least one predetermined rule comprises a

constraint.

3. The method of claim 2, wherein the constraint is a rule that restricts values in the

database.
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rebuilding an index related to the database to include keys that correspond
to the reloaded row of data; and repeating the determ ning, reloading,

el i mi nat iwg oanaisebui | ding for each row of data in the decalmem22987 The
met hod of claim 1, wherein the at |east one predeterm ned rule conprises a
constraint. 3. The nethod of claim2, wherein the constraint is a rule that
restricts values in the database. 19 WO 03/009180 PCT/US02/ 22907 4. The
met hod of claim1, wherein the at | east one predetermned rule is a

requi renent for referential integrity. 5. The method of claim4, wherein

t he requir enenthg wethpdpéelaknilavhpreintieiat {eaptcong predeterminegunleing al | non- nul |
foreign keys in the database to correspond to an actual key in another

dat abasequiemebh éorrefehotiabintegray.m 1, wherein the rel oadi ng step conpri ses:
rel oading the row of data into the database in a first open row of the

dat abase, wherein the first open rowis a first rowin the database that
contains no data. 7. The nethod of claim1, wherein the reloading step

conprises: | in he r.ow.of data.ipto a.seco dat abase in .a first open
Fow of “the sbebpmela ghan 4iBpdin Hetefr PPl fyaftersRRlinldefy e 0
t he second dat abase that contains no data. ,

requiring all non-null foreign keys in the database to correspond to an-actual key in another

database.

6. The method of claim 1, wherein the reloading step comprises:
reloading the row of data into the database in a first open row of the database, wherein

the first open row is a first row in the database that contains no data.

7. The method of claim 1, wherein the reloading step comprises:
loading the row of data into a second database in a first open row of the second
database, wherein

the first open row is a first row in the second database that contains no data.

8. The method of claim 1, wherein the row of data is eliminated by deleting the row

of data.

9. A system for reorganizing a tablespace in a database comprising;:
a reading device adapted to read out a row of data from the database;

an analyzing device adapted to analyze the row of data to determine whether to
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8. The method of claim1, wherein the row of data is elimnated by del eting
the row of data. 9. A systemfor reorgani zing a tabl espace in a database
conpri si /g0 03movieadi ng devi ce adapted to read out a row ofpcadatsaz/trom t he
dat abase; an anal yzi ng device adapted to anal yze the row of data to

determ ne whether to 20 WO 03/009180 PCT/US02/ 22907 elimnate or retain
the row of data based on at | east one predeterm ned rule; a rel oading

devi ce adapted to reload the row of data when it is determ ned that the
row of data satisfies the at |east one predetermned rule; an elimnating

devi ce fAaRied; FRaiflihdHoNAE £l 16ask@Vh af leddlohe PRRIBethined rgRt er m ned that the

row of data does not conply with the at | east one predetermned rule; and a
rebui | di ng device. adapted .tg bui | n_i e t he se to

i ncl ude keyd reiorﬁ“g{“gcc%g}cgﬁsg‘?{aé Ooreltl%g tﬁeeﬁo(%%féd}dr g\l?vg%ﬁ q%jé?q%r;mm égfr%té’?ﬁ]%each row
of data in the database is read out fromthe database and anal yzed. 10. The
syst emrow ofldatanagsfiestibe af lsast pae aedpleEBined RCpr edet er mi ned rul e conpri ses a
constraint. 11. The system of claim 10, wherein the constraint is a rule
that restri cinseliahbit@sy déviddwiap@atabiamateltBe romof dats twden of is dewimingd theter ei n
the at | east one predetermned rule is a requirenment for referential

integrigyy \Q’gf%iém%oésyl%%mn ty fltﬁitﬁ'@ 2t JeasVBIRY bdbtdind PR, hagent for
referen |a? Integrity 1s arule
a rebuilding device adapted to rebuild an index related to the database to include keys

that correspond to the reloaded row of data; wherein

each row of data in the database is read out from the database and analyzed.

10. The system of claim 9, wherein the at least one predetermined rule comprises a

constraint.

11. The system of claim 10, wherein the constraint is a rule that restricts values in the

database.

12. The system of claim 9, wherein the at least one predetermined rule 1s a

requirement for referential integrity.
13. The system of claim 12, wherein the requirement for referential integrity is a rule

requiring all non-null foreign keys in the database to correspond to an actual key in another

database.
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requiring all non-null foreign keys in the database to correspond to an
actual key in another database. 21 WO 03/009180 PCT/ US02/22907 14. The
syst em ofwoloaoemi8 wherein the rel oadi ng device rel oads treTusoe/mvodat a
into the database in a first open row of the database, wherein the first
open rowis a first rowin the database that contains no data. 15. The
systemof claim9, wherein the rel oading device |oads the row of data into
a second database in a first open row of the second dat abase, wherein the
first open rowis a first rowin the second database that contains no data.

16. The syst pn Phe it Xlainheehdreinhie elloadingaddvitg reloud Ce ebw @i datadstot he
row of data by deleting the row of data. 17. A conputer recordi ng nedi um

! udi B9 ogAIRYS ST (EXSHUA AR e GRARGAAL, WiRARAANT 2INg @ Labl espace Tn

dat abase execut abl e co including: reading code for

readi ng out a row of the daja from the database; analyzing code for
anal yzi ng t &€ 5% BEN W & § BE4TRYin @F&ﬁ%ﬂgﬁ% tg%ft“&ﬂ?é‘lﬁ?;‘% leé;ger m ni ng code for

determ ning whether to elimnate or retain a row of data based on at |east
one predeterm ned rule; reloading code for reloading the row of data when
it is determned that the row of data conplies with the at | east one

pr edet erm ne_ﬂS.r'Flh@s'ys@nii BT Aaink DOwE&ER thotel®ddind MdideNadshBe FWoOatd &fita awhen
it is determned that the row of data does not conply with the at |east
one pr esdeec;[)l?c{ (%t&)ea%e it zll Birst open row of the second database, wherein

the first open row is a first row in the second database that contains no data.

16. The system of claim 9, wherein the eliminating device eliminates the row of data -

by deleting the row of data.

17. A computer recording medium including computer executable code for
reorganizing a tablespace in a database, said computer executable code including:

reading code for reading out a row of the data from the database;

analyzing code for analyzing the row of data read out from the database;

determining code for determining whether to eliminate or retain a row of data based
on at least one predetermined rule;

reloading code for reloading the row of data when it is determined that the row of data
complies with the at least one predetermined rule;

eliminating code for eliminating the row of data when it is determined that the row of
data does not comply with the at least one predetermined rule;

rebuilding code for rebuilding an index related to the database to include keys
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rebuil ding code for rebuilding an index related to the database to include
keys 22 WD 03/009180 PCT/ US02/ 22907 corresponding to the rel oaded row of
dat a; andwoapmedismng code for repeating the determ ning, recaasongo7
elimnating and rebuilding for each row of data in the database. 18. The
conput er recording nmediumof claim17, wherein the at |east one

predeterm ned rul e conprises a constraint. 19. The conputer recording

medi um of claim 18, wherein the constraint is a rule that restricts val ues
in the database. 20. The conputer recordi ng nedium of claim 17, wherein the

?;t LS??%%%Q%{dﬂ%ﬁtg%eere%a@%&irg\b'%?d%ﬁ; fgrequirement for referential

co €r ‘recording nedi um of claim 20, wherein the
requirenent for referential integrity.is a rule requiring all, non-null
forei gn keysrepeptingeodafosnersating thesletEmining reloadigg, é@’?‘ﬁ%ﬁ‘“&%‘gﬁl ’iehu‘g‘ﬁ{}g H%rr
dat abase . 22. The conputer recording nmedium of claim 17, wherein the
r el oadi eighcodef dath dade datdbese: ow of data into the database in a first open
row of the database, wherein the first open rowis a first rowin the
dat abase that contains no data. 23. The conputer recording nmediumof claim
17, wherein the reloading code |oads 23 WO 03/009180 PCT/ US02/ 22907 the

{j g}(lvag]; S gat \?\/I"I LQ gflhéi cosn(la}g:u(%grdreggh %%%Sgdilimq o"% cfaiir'flﬁtl %Rgr%inr BY,P feagt Q)%e second

predetermined rule comprises a constraint.

19. The computer recording medium of claim 18, wherein the constraint is a rule that

restricts values in the database.

20. The computer recording medium of claim 17, wherein the at least one

predetermined rule is a requirement for referential integrity.

21. The computer recording medium of claim 20, wherein the requirement for
referential integrity is a rule requiring all non-null foreign keys in the database to correspond

to an actual key in another database .

22. The computer recording medium of claim 17, wherein the reloading code reloads
the row of data into the database in a first open row of the database, wherein

the first open row is a first row in the database that contains no data.

23. The computer recording medium of claim 17, wherein the reloading code loads
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the first open rowis a first rowin the second database that contains no
data. 24. The conputer recording nmediumof claim 17, wherein the

el i mi nat iwg o3oaEso conpri ses del eting code for del eting thecrawsonb2odata. 25.
A nmet hod of reorgani zing a tabl espace in a database conprising the steps
of: partitioning the database and a related index into a plurality of
partitions; selecting one partition of the plurality of partitions of the
dat abase and a related partition of the related index; reading a row of
data out fromthe selected one partition of the database; analyzing the
row of thkatosv ofeduth mitd a fecomd hmbaselip atfest opae rpanf theise¢unddiatabasd, mhegpimhet her
to elimnate or retain the row of data based on at |east one predeterm ned

rule; reloa W Qfa w iRt n of the
dat abase Whgllglcplslts¥ P’gﬁnrlget]gr nggﬁttel?i tlﬁgt’?e %éﬁgmfgivbg%%gg‘a? g&ggﬁé Ptggtgwl th the at

| east one predetermned rule; elimnating the row of data when it is
determ ned that the row of data does not conply wth the at | east one
predetermned rule; rebuilding the related partition of the related index
to include Réys h@@ﬁf%kf@ﬁ@ﬁt)f@ﬂ% medtuliléOf@mag'édvlre@vméhe elinmatingeedst i ng t he
determ ning, reloading, elimnating and rebuilding for each rowin the

sel ect ednprcesiildtinigi code &ir dehindahadoasef dagnd 24 WO 03/ 009180 PCT/ US02/ 22907
repeating the selecting, reading, analyzing, determning, reloading,

el imnating and

25. A method of reorganizing a tablespace in a database comprising the steps of:

partitioning the database and a related index into a plurality of partitions;

selecting one partition of the plurality of partitions of the database and a related
partition of the related index;

reading a row of data out from the selected one partition of the database;

analyzing the row of data read out from the selected one partition;

determining whether to eliminate or retain the row of data based on at least one
predetermined rule;

reloading the row of data into the selected one partition of the database when 1t 1s
determiried that the row of data complies with the at least one predetermined rule;

eliminating the row of data when it is determined that the row of data does not comply
with the at least one predetermined rule;

rebuilding the related partition of the related index to include keys corresponding to
the reloaded row of data;

repeating the determining, reloading, eliminating and rebuilding for each row in the

selected one partition of the database; and
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rebuil ding for each partition in the database. 26. The nethod of claim 25,
wherein the at | east one predetermined rule conprises a constraint. 27.
The met howoaB/oediae m 26, wherein the constraint is a rul e toatusogsion? cts
values in the database. 28. The nethod of claim25, wherein the at |east
one predetermned rule is a requirenent for referential integrity. 29. The
nmet hod of claim 28, wherein the requirenent for referential integrity is a
rule requiring all non-null foreign keys in the database to correspond to
an actual key in another database. 30. The nethod of claim25, wherein the
el 0ading SLaRGRITE!SRStind, FERRY, BRlailAfig RURInAZ! RidAalR: LhifineheGhad one
partition of 'the database Tn a rst”opén row of the séelected one
partitiqn.aof the database,. wherein the first open rowis a first rowin the
selectégnBﬁB‘ SF £3hiPAF U IpRke dRlEdSSse that  contains no data. 25 WO
03/009180 PCT/ US02/ 22907 31. The nethod of claim25, wherein the rel oading
step conprises: loading the row of data into a partition of a second
database in a first open row of the second database, wherein the first

open row i s 2@, fineSheth@Vof dlaibhBs, Saeedifl titadt abasend pradet@aiihed fde cunpiddesaa 32.
The met hod of claim 25, wherein the row of data is elimnated by deleting
t he

constraint.
27. The method of claim 26, wherein the constraint is a rule that restricts values in

the database.

28. The method of claim 25, wherein the at least one predetermined rule is a

requirement for referential integrity.

29. The method of claim 28, wherein the requirement for referential integrity is a rule
requiring all non-null foreign keys in the database to correspond to an actual key in another

database.

30. The method of claim 25, wherein the reloading step comprises:
reloading the row of data into the selected one partition of the datdbase in a first open
row of the selected one partition of the database, wherein

the first open row is a first row in the selected one partition of the database that

contains no data.
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row of data. 33. A systemfor reorganizing a tabl espace in a database
conprising: a partitioning device adapted to partition the database and a
rel ated iwoes/oins® a plurality of partitions; a partitiomrcyaiser2iong devi ce
adapted to select one partition of the plurality of partitions of the

dat abase and a related partition of the related index; a reading device
adapted to read a row of data out fromthe selected one partition of the
dat abase; an anal yzi ng device adapted to anal yze the row of data read out
fromthe selected one partition and determ ne whether to elimnate or
retain the rpw fe deahad baslain 0f, wherkinabé radodingsteredmypridesed rul e; a

rel oadi ng device adapted to reload the row of data into the sel ected one

partition Oflﬁagiiﬁg 1fababsttiea Bﬁni.iién deh scBhaasabliatin b iRst'opvh edw datir

conplies wt e at | east one redetermned rule; an elim nating device
adapted to elimnate the row of data when it is determned that 26 WD

03/ 00913560 aYEED M EEIH  the row of data does not conply with the at | east
one predeterm ned rule; and a rebuilding device adapted to rebuilt the

rel ated par tthtifiosi opén rave isafiest ey imidle gseqond dptabpsgdbaticeptinsgiord®bondi ng t o

t he rel oaded row of data; wherein each row of the selected one partition of
t he database and each partition of the plurality of partitions of the

dat abase are reorgani zed by the system

32. The method of claim 25, wherein the row of data is eliminated by deleting the

row of data.

33. A system for reorganizing a tablespace in a database comprising:

a partitioning device adapted to partition the database and a related index into a
plurality of partitions;

a partition selecting devicé adapted to select one partition of the plurality of partitions
of the database and a related partition of the related index;

a reading device adapted to read a row of data out from the selected one partition of
the database;

an analyzing device adapted to analyze the row of data read out from the selected one
partition and determine whether to eliminate or retain the row of data based on at least one

predetermined rule;

a reloading device adapted to reload the row of data into the selected one partition of
the database when it is determined that the row of data complies with the at least one

predetermined rule;

an eliminating device adapted to eliminate the row of data when it is determined that
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34. The system of claim 33, wherein the at | east one predetermned rule
conprises a constraint; 35. The system of claim 34, wherein the constraint
is a rul evowamorestricts values in the database. 36. Thepsyaisen:67 cl ai m
33, wherein the at |east one predetermned rule is a requirenment for
referential integrity. 37. The system of claim 36, wherein the requirenent
for referential integrity is arule requiring all non-null foreign keys in
t he database to correspond to an actual key in another database. 38. The
system of claim 33, wherein the rel oadi ng device rel oads the row of data

I nto tt'ﬂ@ra%?ﬁst@q?@é;?otreaﬁqtpuwﬁﬂ (e a1 DRt Gt RB@SEmhiRefrfid; T8l open row of the

dat abase, wherein first ‘open rowis a flrst romlln t'he sel ected one

partition of t ase 03/ 02/.2 ontalns no
data. 39. Th‘breg’yg& chgpéz}pﬁ?dgg WVEF%‘?W eparne H§ r%lgégé%del Foads t he
row of data into a partition of a second database |n a first open row of

t he seciopdekewsrasiespandaratiorihe retoaded saw epeHarWEEE a first row in the
second dat abase that contains no data. 40. The system of claim 33, wherein
t he el i m natég ré@\if e Ridctddriaeartition ofthe dftabadatiad énchgpattatonngg thdre row of
data. 41. A conputer recording nediumincluding conputer executable code

for ﬁ[lgazflw &t ;pagtlﬁoﬁsaomtﬁeg@ﬁgﬁasé BredeSi3LADAREY thedlytemOnput er executabl e code

i ncl udi

34. The system of claim 33, wherein the at Jeast one predetermined rule comprises a

constraint;

35. The system of claim 34, wherein the constraint is a rule that restricts values in the

database.

36. The system of claim 33, wherein the at least one predetermined rule is a

requirement for referential integrity.

37. The system of claim 36, wherein the requirement for referential integrity is a rule
requiring all non-null foreign keys in the database to correspond to an actual key in another

database.

38. The system of claim 33, wherein the reloading device reloads the row of data into
the selected one partition of the database in a first open row of the database, wherein

the first open row is a first row in the selected one partition of the database that
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partitioning code for partitioning the database and a related index into a
plurality of partitions; partition selecting code for selecting one
partiti orwofosmbaspl urality of partitions of the databasepramdsaz/zmbat ed
partition of the related index; reading code for reading a row of data out
fromthe selected one partition; analyzing code for analyzing the row of
data read out fromthe selected one partition; determ ning code for
determ ning whether to elimnate or retain the row of data based on at

| east one predeterm ned rule; reloading code for reloading the row of data
i nt o tRkentamk@otdach. one partition of the database when it is determ ned that
the row of data conplies wwth the at | east one predetermned rule; 28 WO
03/ 009180 PCT/ US02/22907 elimnating code for elimnating the row of data
when it is determ ned that the row of data does not conply with the at

| east one predeterm ned r rebui | dj code f.or. byi ] di ng t.he, r.el ated
parti ton HP0t HUESUNEnaY THER. PRttt MdeoRans o2iet PR bHaPHS Taae S ¢

rel oaded row of data; row repeating code for repeating the determ ning,

r el oadipagitiopldfmisaeandrigtabage inracfiist ORENTgWaSithesesand databasewesreisl ect ed one
partition of the database; and partition repeating code for repeating the
sel ecting, readisngperaidal iziflg rodehahaiatbnd datbiedse @t Benta@k noidaat i ng and
rebui l ding for eac% partition in the database. 42. The conputer recording
medi um of claim41l, wherein the at | east one

40. The system of claim 33, wherein the eliminating device eliminates the row of

data by deleting the row of data.

41. A computer recording medium including computer executable code for
reorganizing a tablespace in a database, said computer executable code including:

partitioning code for partitioning the database and a related index into a plurality of
partitions;

partition selecting code for selecting one partition of the plurality of partitions of the
database and a related partition of the related index;

reading code for reading a row of data out from the selected one partition;

analyzing code for analyzing the row of data read out from the selected one partition;,

determining code for determining whether to eliminate or retain the row of data based
on at least one predetermined rule;

reloading code for reloading the row of data into the selected one partition of the
database when it is determined that the row of data complies with the at least one

predetermined rule;
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predeterm ned rul e conprises a constraint. 43. The conputer recodi ng nedi um
of claim42, wherein the constraint is a rule that restricts values in the
dat abase.w@43/00hso conput er recordi ng nmedi um of claim 41, woemshEe at

| east one predetermned rule is a requirenent for referential integrity.
45. The conputer recording nmedi um of claim44, wherein the requirenent for
referential integrity is arule requiring all non-null foreign keys in the
dat abase to correspond to an actual key in another database . 29 WO
03/009180 PCT/ US02/ 22907 46. The conputer recordi ng nmedi um of cl aim 41,

wherein the élfrh@%fgﬁég&o&%?eﬁrﬁln‘aﬁﬂ tHehBw! FPHaf whlaH ijd R Qmlikiel B tBEIRH opNE

partition of atabase in a fiTst open row of the selected one
partition qf the database, wherein the first open rowis a first rowin the
sel ect etP'H %esd}%tf‘?'l‘f’@nwil? tl}eﬁé?ﬁé‘t%ﬁﬁdeﬁmne%@ﬁ%ai ns no data. 47. The
conput er recordi ng nedi um of claim41l, wherein the rel oading code | oads

the row of debailding 6ode fparehuildng the redatedpytition af Hisaslatadrindexftongludsplegysr ow
of the second database, wherein the first open rowis a first rowin the
second ¢tates 1d tdahe ecloddetinswd dataf a. 48. The conputer recordi ng nmedi um of
claimA41l, erein the elimnating code conprises deleting code for

del eting the. AR (G %epltih¥hSd@aniBhE o1k e Of daRtiAs Bed @
t abl espace iﬁ“gﬂ%g%g%ggé? ?heptwbggﬁep E’ e ifig
rebuilding for each row in the selected one partition of the database; and

partition repeating code for repeating the selecting, reading, analyzing, determining

reloading, eliminating and rebuilding for each partition in the database.

42. The computer recording medium of claim 41, wherein the at least one

predetermined rule comprises a constraint.

43. The computer recoding medium of claim 42, wherein the constraint is a rule that

restricts values in the database.

44. The computer recording medium of claim 41, wherein the at least one

predetermined rule is a requirement for referential integrity.
45. The computer recording medium of claim 44, wherein the requirement for

referential integrity 1s a rule requiring all non-null foreign keys in the database to correspond

to an actual key in another database .
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met hod being repeated for each row in the database, conprising: a first
step including: reading a row of data fromthe database; analyzing the row
of data rweadsowisdi rom t he dat abase; determ ni ng whet her t ecelusnt/zzave or
retain the row of data based on at | east one predetermned rule; and a
second step including: 30 WO 03/009180 PCT/US02/ 22907 reloading the row of
data into the database when it is determned that the row of data conplies
with the at | east one predeternmned rule; elimnating the row of data when
it is determned that the row of data does not conply wth the at | east

one predet er 56. Mgk §dthRiterd8EoriRBUhddHM® i Ad ewhéimthe delbadih$ eodtatedadse t o
i ncl ude keys that correspond to the reloaded row of data. 50. A system for

P o 290 o 13 SR LRGP p L ERIEATE it e PP 8GR i oftheda) abase,

t he two-ste rocess bein or each row I n tabase, the
system conprising; . a dat agase; and a procesor for performng the two-step
pr ocessseagsiskansinagitionpfithe datakase W hGieiudi ng: reading a row of data.fromthe
dat abase;

the first open row is a first row in the selected one partition of the database that

contains no data.

47. The computer recording medium of claim 41, wherein the reloading code loads
the row of data into a partition of a second database in a first open row of the second
database, wherein

the first open row is a first row in the second database that contains no data.

48. The computer recording medium of claim 41, wherein the eliminating code

comprises deleting code for deleting the row of data.

49. A two-step method of reorganizing a tablespace in a database, the two-step
method being repeated for each row in the database, comprising:

a first step including:

reading a row of data from the database;

analyzing the row of data read out from the database;

determining whether to eliminate or retain the row of data based on at least one
predetermined rule; and

a second step including:
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anal yzing the row of data read out fromthe database; determ ning whether
to elimnate or retain the row of data based on at |east one predeterm ned
rul e; andwe oseemsa step including: reloading the row of daca/iset/ensvhne

dat abase when it is determned that the row of data conplies with the at

| east one predetermned rule; elimnating the row of data when it is
determ ned that the row of data does not conply wth the at | east one
predeterm ned rule; and 31 WD 03/009180 PCT/ US02/ 22907 rebuilding an index
related to the database to include keys that correspond to the rel oaded

execut abl e e THROT G 10t Bepala: pom bl SeERER N s eps,

the two steps being repeated for each row of data in the database, the
conput esmphicscutinthe et esteone prgsictesinimgd rader st st ep code i ncl udi ng: readi ng
code for reading out a row of data fromthe database; anal yzing code for

anal yzi ng t Bemimawnh@thedaiva fidatdwigait it {s duridieeddastabassy ofiedie apisniotgomptie f or
determ ning whether to elimnate or retain the row of data based on at

| east Wﬁrﬂgﬁr%ﬂ%.&ﬁé‘q%ﬁ‘éga%iﬁ?d ggg sgcond step code including: reloading

code for row o tta when it is determ ned that the row of

dat a :
rebuilding an index related to the database to include keys that correspond to the

reloaded row of data.

50. A system for performing a two-step process of reorganizing a tablespace in a
database, the two-step process being repeated for each row in the database, the system
comprising:

a database; and

a procesor for performing the two-step process comprising,

a first step including:

reading a row of data from the database;

analyzing the row of data read out from the database;

determining whether to eliminate or retain the row of data based on at least one
predetermined rule; and

a second step including:

reloading the row of data into the database when it is determined that the row of data
complies with the at least one predetermined rule;

eliminating the row of data when it is determined that the row of data does not comply

with the at least one predetermined rule; and

31



conplies with the at | east one predetermned rule; elimnating code for
elimnating the row of data when it is determ ned that the row of data
does not worgplgishth the at | east one predeterm ned rul e; pPamndseEINT di ng
code for rebuilding an index related to the database to include keys
corresponding to the rel oaded row of data. 52. A two-step nethod of
reorgani zing a tabl espace in a database, the two-step nethod being
repeated for each rowin a partition of the database and each partition of
a plurality of partitions of the database, the nethod conprising: 32 WO

03/ 009180 PCPI&H%‘??%(%?%QZX reatéd fothe 3ht8Pask 16 {letlidRKeyPaiat Edrt@pomptotthe dat abase
and a rel ated |nd% Into the plurality of partitions; selecting one

partition of thefp urality of partitions of the database and a rel ated
partit?@ﬁm%ﬂ‘PHEJr &ted index; reading a row of data out fromthe sel ected
one partition of the database; analyzing the row of data read out fromthe
sel ected one partition; determ ning whether to elimnate or retain the row
of data based on at | east one predetermned rule; and a second step

i ncl udi ng: ral cadbnguiehfcomimghediatmintlntimgtdompsiedr egtmthbdmeodsdpt i ti on of the
dat abase when it is determned that the row of data conplies with the at

Lot RSB FHEEARL: 4 L TL B0 48, Wbt s

row of data in the database, the computer executable code comprising:

first step code including;:

reading code for reading out a row of data from the database;

analyzing code for analyzing the row of data read out from the database;

determining code for determining whether to eliminate or retain the row of data based
on at least one predetermined rule; and

second step code including;:

reloading code for reloading the row of data when it is determined that the row of data
complies with the at least one predetermined rule;

eliminating code for eliminating the row of data when it is determined that the row of
data does not comply with the at least one predetermined rule; and

rebuilding code for rebuilding an index related to the database to include keys

corresponding to the reloaded row of data.

52. A two-step method of reorganizing a tablespace in a database, the two-step
method being repeated for each row in a partition of the database and each partition of a

plurality of partitions of the database, the method comprising:

32



with the at | east one predetermned rule; and rebuilding the related
partition of the related index to include keys corresponding to the

rel oaded wowsmboidat a. 53. A system for perform ng a two-strep/ysooemss of
reorgani zing a tabl espace of a database, the two-step process being
repeated for each rowin a partition of the database and each partition of
a plurality of partitions of the database, the system conprising: a

dat abase; and a processor for perform ng the two-step process conpri sing,
a first step including: 33 WO 03/009180 PCT/ US02/ 22907 partitioning the
dat abase and st @dpfheRdingdex into the plurality of partitions; selecting
one partition of the plurality of partitions of the database and a rel ated

partition of the relat i oo r i . £ t he sel ected
one partiti GA™ 'ronfnr?etﬁ%g E %ggl?gd aarﬁlg 93‘?‘%?3 1[1%‘@%?%%9%}%?82??1%%“ out fromthe
sel ected one partition; determ ning whether to elimnate or retai.n the row
of data basé@lesiingene Ragdiopfdhe B}LE%HY Qﬁﬁi"f"l‘é‘ﬁnsr?flt@? datapass aad @gplgted; ep

i ncluding: reloading the row of data into the selected one partition of the
dat abagertislvarofitlie ietated@tiex;m ned that the row of data conplies with the at

| east one predetermned rule; elimnating the row of data when it is

determ ned thafind Deow 8MGAE ofEfémARESIEdd SRRFattition of the database;

analyzing the row of data read out from the selected one partition,

detennﬁﬂng whether to eliminate or retain the row of data based on at least one
predetermined rule; and

a second step including:

reloading the row of data into the selected one partition of the database when it is
determined that the row of data complies with the at least one predetermined rule;

eliminating the row of data when it is determined that the row of data does not comply
with the at least one predetermined rule; and

rebuilding the related partition of the related index to include keys corresponding to

the reloaded row of data.

53. A system for performing a two-step process of reorganizing a tablespace of a
database, the two-step process being repeated for each row in a partition of the database and
each partition of a plurality of partitions of the database, the system comprising:

a database; and

a processor for performing the two-step process comprising,

a first step including:
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with the at | east one predetermned rule; and rebuilding the related
partition of the related index to include keys corresponding to the

r el oaded wowsoboidat a. 54. A conputer recordi ng nedi um i nclpadiusg2/edoput er
execut abl e code for reorganizing a tablespace of a database in two steps,
the two steps being repeated for each row of data of a partition of the
dat abase and each partition of a plurality of partitions of the database,
t he conputer executable code conprising: first step code including:
partitioning code for partitioning the database and a related index into
t he plural i tpgrtidfonireahe ditabass and4 réMded IMdRIABAhELTAAUBY Bf pAEAFNs; parti tion
sel ecting code for selecting one partition of the plurality of partitions

of the dat %Q@&‘ﬁ]@&% i 8 Bﬁlﬁlit% bPParfiliohSr helbBMelaR@e¥slatcgadi ng code

for reading a row of 'data out fromthe selected one partition; analyzing
code for _analyzing,the row of data read out fromthe sel ected one

part i tipﬁﬁl,“o“é%(ﬂhed‘%{aé?dﬁ‘i"ﬂ?ﬁg code for determining whether to elimnate or
retain the row of data based on at |east one predeterm ned rule; and
second st ep reasdiee & rt afifdagout feers dlag sedecteslrnerngrtitian f4be dyabase row of data
into the selected one partition of the database when it is detennined that
the row of datigziegnpd iesofdatdireatl euafromeahs sel@nel one partition;

determining whether to eliminate or retain the row of data based on at least one
predetermined rule; and

a second step including:

reloading the row of data into the selected one partition of the database when it is
determined that the row of data complies with the at least one predetermined rule;

eliminating the row of data when it is determined that the row of data does not comply
with the at least one predetermined rule; and

rebuilding the related partition of the related index to include keys corresponding to

the reloaded row of data.

54. A computer recording medium including computer executable code for
reorganizing a tablespace of a database in two steps, the two steps being repeated for each
row of data of a partition of the database and each partition of a plurality of partitions of the
database, the computer executable code comprising:

first step code including:

partitioning code for partitioning the database and a related index into the plurality of

partitions;

34



predetermned rule; elimnating code for elimnating the row of data when
it is determned that the row of data does not conply with the at | east
one predeweroioomaso rul e; and rebuil di ng code for rebuil di ngcrhisor/zat ed
partition of the related index to include keys corresponding to the

rel oaded row of data. 35

partition selecting code for selecting one partition of the plurality of partitions of the
database and a related partition of the related index;

reading code for reading a row of data out from the selected one partition;

analyzing code for analyzing the row of data read out from the selected one partition;
and

determining code for determining whether to eliminate or retain the row of data based
on at least one predetermined rule; and

second step code including:

reloading code for reloading the row of data into the selected one partition of the
database when it is determined that the row of data complies with the at least one
predetermined rule;

eliminating code for eliminating the row of data when it is determined that the row of
data does not comply with the at least one predetermined rule; and

rebuilding code for rebuilding the related partition of the related index to include keys

corresponding to the reloaded row of data.
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