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he present invention relates to database management systens, and
particularly tong,n%é g for exception tables for a check utrlrty
dat abase managengmt’ em 10 BACKKGROUND | NFORMVATI ON A meIIPEﬁ&WWHSHS
dat abase software programis DATABASE 2 (DB2) database software distr+buted
by I BM Corporation. As is known in the art, DB2 operates as a subgystenrin
a conputer system 15 operating under the | BM WS operating
In a DB2 environnent) user data resides in DB2 tables mhicdmﬁﬁbﬂmﬁﬂmumm
t abl esppaces. A tabl espace is, for exanple) a portion of st in a
di regt access storage device (DAS such _as drlve For exevpl ary
purposes, illustrated bel ow is aﬁqe}g’q‘gg %WV?%%% {ﬁ% woul d be stored
in a tabl espace. The order éﬁ??§19§1 nﬁg st oner _nunber ;
pr oduct codde; name; and ship to _zip. Oder Entry Table
2 5customer Nr nunber buyer nanmeship_to

2i p11111111710 0 06695061 111 11h2144 0040123450000
Doe7070733333g§%§%%§§ggg %%ﬂ%ggéﬁpﬁ 9%rr?th90909222222222 00301234500 004Fred
Smi t h8080830 & partheubdiolre o deMeEhed \LaralsHEeRRSMR FoR LS 69K, 2 tHhekabl e
coul d have m |h4 NS yOinl §VEa a2l hahhgemdriclsysebma conpany, for exanple 4
mllion roms The order _entry table also has, 35 for exanple) three index
keys and 1Pwo forergn keys. An index -1 A PR 2003 WO 001 25236

PCT/ US99/ 2515 88A0HGRE EERMA gr for a particular row of a table while a
foreign key al sq i.de t|f|e r.QwW S d e
integrity as déscrﬂbga %%I%M/ or %gEtw$% EF%QE%% lgﬁ%ﬁaghsﬁ 2! €, one
i ndex key coul@bdﬂbabasedftwaﬁﬁ<§m@éﬁlNuW@éﬂw’éﬁﬂtﬁerpmﬁvEﬁnkeyA%&§é&n@Hn
buyer _nane and;.a ¢l bt ngiex Aﬁ;?éfatiééegsoé' SR stemZiP-a Admbict KAOW e the

art, an index key for a particular table indicCates a row identification

(RI D) and®a se‘l’%ec‘iaé'rdngaP%EF ahe FF@MrW(%perg"tlnﬁhéy??ﬂ‘éfq?&'%% ue® 210 The
i ndex key can fm2 léﬁ@drbﬁngeﬂ‘l,ehfﬁe& dathntesd de@r ihhpe? aldia eshivibch add iihat es
subsequent seqb %§ forspartr ]%E ggta in Qee&gg o Foror§a Ie t he
Order Entry t aBl e wBdra- have YhreePrndekes f% Bote ¥ §rreac |ndex key))
each i ndex be|$EPIH§eSED¢@@ 1n1aa@4mndexs$nﬁﬂ§ s$pwﬁbard¢w;q9 tBbFRE pad, agn

i ndexspace is,5 flsxe%aips e, pfbxd%ée%%?f ﬁl&rptds% Oilﬁl%QedTBélﬁow iffs @anuser
was | ooking for rows that contain a particular nanme_in the

O der EntPy t TIET-LREF Nt EhREn YRk e ss}s"Féﬁr E’&lﬂ dadderpEhe Dlfer

i ndex for the dmaldreeherydedbld \eontains columns: customer_number;

product_code; order_number; buyer_ name; and ship_to_zip.

order nunber

buyer

Order_Entry Table

25 ! customer:number product_code | order_number buyer _name ship_to_zip
111111131311 0010 1234500001 | John Doe 60606
1111111111 0040 1234500002 |Jane Doe 70707
3333333333 0020 1234500003 {Bill Smith 90909
¢ 2222222222 0030 1234500004 | Fred Smith 80808
30
While the above Order_Entry table shows four rows, the table

35

could have millions of rows for all the orders of a company,

for example 4 million rows.

for example, three index keys and two foreign keys.

The order_entry table alsoc has,

i

An index

e v

I

L1}




20 all occurrences of the buyer name wi thout reading the entire table to

L ocate the rows. DB2 adm nistrators analyze performance characteri stl_qs éiﬁg
application prograns that access a database table in an 25 attenpt to fP 003
t he opti mum i nde O%é&f’g ture for fast access to the database table. The

val ues to be use i ndex nust be carefully sel ected becad¥d/us8¥a$138ndex
results in overhead for the database system For exanple, each transaction
in a database table, such as an add or delete, requires that each 30 index

for the table,g)sq, be YREALAherlBUS. ol bat 81 PRI ableokNAL LR RIMIDEY 5 Of

i ndexes for a mnimzed to _enhance the performance_of application
programs. Theforgigss key absaudalenid LaRs| agexv it dSdataBasecd difi%e are

sel ect ed baSeiief)éberi‘t%lemm&ﬁtydaeadegeeﬁﬁe@l BEISh . freage@iémplbey ysetBe of
the 35 table, generally on-]1ne tranéact on u"ﬁzﬁfbﬁ gdex keys 2 1 APR
a

2003 WD 001 25988 -ERtPo8? P15 05 hBREF | §2%re® 88°8r°F orei gn keys) as
foreign keys G:Edﬁem&&dbﬁfl naidHherf andeal kd;atbarredn@mpbager_(_mameg .andcenst r ai nt

enf orcenent) ouN |nth a t abl has
ei ther a par e‘ﬁlf‘ntei&n? ShiTrse %Feg%%p‘b&?hz R CE\SI ‘SM. 31 S’el af eg to a
parent table &mairtdesx keyef@n *@pmabubanrtwlal@e@deeﬁtasnedmvn col ums of

the child tab I eLg I eaRoapprarydiyldel gl e tines
inachildta %néigjl(cgﬁgﬁ &Hﬁ |gaebr%emg§?/%é/§ \%ﬁlu | d ?abag@cran h(avg t he

sane foreign Kes, 1‘?\%th¥ Yahléleb)ustorrer number and product code entries in
the ordap_entry table) but each fore| gn key nust be associated with a

uni que key in_a parent_table he child table. fer nt| n rity
ensures that Ever ’spdfeécr RS e\/é‘lsﬁg FR 9897 (. an m ﬁﬁs tg}r %ggdi ng
primary key imh:eclpaﬁaemﬂltatbé@subﬁhqsenteéeamﬂasalfornpegtu:wla(ﬂd)atareians t hat

a value in the,cql ﬂeﬁhg%%a@hief Entdy! ra%’ﬂ@”wé éh‘é@' ue 20

al so eX|stS|n anln exo anot er t row s not atable if
| t viol ates atkepstingienes /- %-heodedéer epdely Jtraiﬂxeklek’l) uSERE éd“%o?élﬁﬁs

two foraisgn kewsded tinhad Snddx<gRRSL T abHhi O&r C&@taOIEEblEBﬁQ@é add
product _code. is know in the ar when a, user of a dfiat abase

managenent sySPAFHSRRCEr L8t % FEBP €. tRe ?%’(ﬁnaé:legop%ﬁ‘ﬂ’es ife %&5Rst r ai nt s
for the tabl eTies, di.f) at heerisats d@bkdﬁ@l fier t hevy elhati epakaimtegrartyicular

el ary cusPiien oG, £F Gt YRR IaREETD L AG PIAL B chRRLE (B RRene
t he order ent ?lyStt%FbIC@)lld3®u¢1ﬂod:@@t bmﬁrellp@@dufcqr the table to identify

codepr ogact _dgsLrddqitir@Bheb&ids RiHec 80001 0nhant amoRe1080400y Jne <htARPR 2003
WO 00/ 25236 PCT/ US99/ i5158 pr.oduct codeproduct descriptionretail

pri ce00020desk® 862BRDOCI3EGFr ce pc1200. 00000401 an pc3500. 0000050home
pc999. 99

DB2 administrators analyze performance characteristics for
application programs that access a database table in an

25 attempt to find the optimum index structure for fast access to
the database table. The values to be used as an index must be
carefully selected because each index results in overhead for
the database system. For example, each transaction in a
database table, such as an add or delete, requires that each

30 index for the table also be updated. Thus, it is desirable
that the number of indexes for a table be minimized to enhance
the performance of application programs. The values to be
used as an index for a database table are selected based on,
for example, data accessed most frequently by users of the

35 table, generally on-line transaction users. Index keys

2



5 The product table show five rows, although the table could have thousands
+of rows for all of the different products of a conpany. The product Lq%@ 2003
has, for exanple, an index based on the col unm product code, which val

are illustrated ";vn 10 _ascendi ng order. The values in the colum

product _code are  88¥#* i que since there is only one product BEUESHEESHned
to each product and thus in this table, a product code would not be _

i ncl uded nore than once. Accordingly, an index fox the product table would
i nclude the k val "ot tore a [ :gdu

colum) and ag%leﬁ.%#ﬁegg?gnd%%t&t%ggl gﬁiﬁoex g\\/é\loﬁégs'rgs% g%r?'%ﬁg %835&%

i ndexspace. TirRed psioabily affne vialidatiel PUROIS6R Sholvs COUFTFRRE al t hough
this table coy g4 .l.ge,pave thousands of rows for all of the 20 custoners of
a conpany. The customer table has, for exanple, an index based on the

col um custoner_nunber, which values are illustrated in ascending order.
The val ugs i md hg GAbWANI £ UHORRE, NUSBEItaD1e each diiddeeSinagebd herthers

only one customer nunbey. assigned.to each customer, n and. t hus_a 25

st onr BRSO CABTSn e RAAAEEE TS, KR A Tais PRRIC bt e,

Accordi ngly, weldtedexof arpatmntcusbbeevia diilee fawaliah ikesl wddueher keadues ue
(e. g., the v .0f .t S : and:g RLD..Jhe gustoner

i ndex woul d a‘?Asn;L%rlg‘§Fd’2§i ‘%‘gﬂa 258 fe?gg‘f)hélcqtegwggzi T ~p="3003 WD 00/ 25236
Cust oner Tabl #oR3EEhURSY| PEIES cails BBRERT MHITEPBEy binsfarkBc BsEBREY table

addressyplll1dd H1114000; DDEIRIL 1 A28 242202 221 8dc SN HAPR! @he same
B53333333333Bi [ 1~ Sm t hStat e C4444444444St eve JonesState D As sho by the

above tabl es, fFELISf kEKe TRFrPSERPRYCESAMLTAPRMOSF j4Pd BTOFUCt+FRHES 1D
integrity consdtieat i ohatdanrs) eheeaussbal was escH MeredabrnnReprodictbecode
of the also exist .in the.product. table and the_custoner n [ . 1t he
Order _Entry tHB S 86§ o‘?’ﬁ'@?h taamné.quTSL? ik ianptaﬁteanértea%ﬁg_rogpggeen%la Cpt he
forei gn key Galdre.-Entry table values in the colum also exist in the
Convent pgnal dat abase managenent systens, such as DB2, provide the user
with the ability to identify specific conditions that a row nust_neet
before it cafHErsAdealt tREFIHENYe SNTHERS TSV PNt Ofd P FEY r B YD s
"constraint s"vahiaenu&egt heyaQ ﬁ:@aséﬁp&rf(diﬂbe prahdes ﬁd}agnaar paremty i ncl ude.
Constraints ingliude, r_exanpl e, check constraipts and referenti
integrity con%%rlaeSﬁt s&ﬁfﬁeC‘T(erg(;egﬁgtt:%gifnjtrét?%&ta’dé,ﬂi)f ﬂeaé’)?a%ﬁé, aq‘ﬁagjlﬁef yi ng
criteria for im gdwet colbmn oflaigowsichtles taldiep isodel Mdalwhen( ehig. valywme

Ship_t 0ogi p VR bl st BE; O Ler; JRakr ¥r 2204 @Rle) a8 NI A BlNenbatgendd 0000
to 99999. As discussed above) referential integrity constraints ensure that

a value in a ¥b@ &PPASt 3bI & WP EFPE MRAPIHS1PEL uPItSE 8XF8FsSRE¥¥an i ndex
of another tatdifle 30108084t ibo@Bf RAES RN BRAghekeydatia haktoa arTat abase
table or constraint on customer_number and product_code. As is known
in the art, when a user of a DB2 database management system
25 creates a table, the user also defines the constraints for the
table (e.g., the user can define the relational integrity
criteria). TIllustrated below are an exemplary product table
and an exemplary customer table (e.g., the parent tables for

the foreign keys in the order_entry table).

30
Product Table
product_code | product_description retail_price
00010 laptop pc 1000.00




| oaded into a database tabl'e. perfornmed after |oading data exanple as part

. of a recovery performed prior to |loading of after data has al ready begf

When constraint enforcenent is into a database table, for operation APR 2003
foll owi ng a har qvware 5 "1 A PR 2003 WD 001 25236 PCT/ US99/ 25158 of

software failure 0 t%&8onstraint enforcement is gener al | y per PETRAELP/2D458 o
CHECK utility, such as CHECK DATA by IBM Corp., CHECK PLUS by BMC Software
and FASTCHECK by Pl ati num technol ogy, inc. 5 Conventional CHECK utilities
ensure that f < f Forate—any constrarnts that have been
est abl i shed f SIS o GRSCIZRAI DR ootk BHaF the tinme the

table is gendrabed. For ex KeonCRASL I ai n 1D the
table is original y—ereat-ga—n tﬁegﬁ'a%aﬁase Syistemant—are—=stefed in the
D82 cat al og, [MBI08R can be |sfifsegueat|y queried B3O&® OGHECK utilfty to
identify the rarnt raformation. To pertor raint enfprcenent, a
convent i onal @&@? 15 utilli¥3 B d_ for ex EE A Ld and
identify any fappkocabl e cqnsdneaipt s for the tabdes 1@ be checkeg by readi ng
the DB2 gatal™©Q, as 1S KMOWT I : url d, for

y
exanpl e) then read each row of the _database table and check for check
constraint viBiaPredectai@de FBPYr EHYE oW @BttEgreytRondtls Fruld
vi ol ati ons. AsavieS tko@yahds) dfheorst foAna EX eepitihen di 8béeents pyedacateds i or

to each tinme a CHECK ut.ility .operate on tabl e . 0., a_new exception
table is Igenecroﬁpgayc)r ué{%:qr\éfluggcgﬁ?f%#g) bl €*2 x?‘é‘%f%geddl elé@ﬁxt :Bﬁ%e&)

constraint emfmthenestunrs predhornedje, Roricxamives ahgnilalumate!delames a
job stregm tq,exagul %négﬁmwﬂé'kéidés 3 PR %%FHS_M&%E&L%%%' ?géuges

creating a new excepri tabl e, The exception table i's, for exanp
mrror image ¥CH Helgug dhdse thbre bxcepty ohg PrReuek cegia @ss3gnedbie only

contai ns the dRwSpkBGhdidiih @hGENSHT Ehd vdleat i20Bro&@: @RI Ru18a%ek ti M
a CHECK utility.i dgnélil es a gonstral nt violation) the | CKutllhty copi es
the entire rf PACOULHE "REE FRFBNCPABI e PAPTERETIV ar §7 A9t L&nEAE t o copy

rows in errorpicdhot arelede epildnitabhée i theaakelohadus. (8536 thel sAoPEREI2003 WO

0072523651 NSERR JLNTQ HR-N3 BEEPLDEE - ndFS dhaSalkrp | 208R 10%dce

table index would reside in a DB2 indexspace.

The customer table illustrated below shows four rows, although
this table could also have thousands of rows for all of the

20 customers of a company. The customexr table has, for example,
an index based on the column customer_number, which values are
illustrated in ascending order. The values in the column
customer_number are each unique since there is only one
customer number assigned to each customer name and thus a

25 customer number would not be included in this table more than
once. Accordingly, an index for the customer table would
include the key value (e.g., the value of the column
customer number) and a RID. The customer index would also
reside in a DB2 indexspace.

30



'07,55.34" t 5,0 "' ,33329'-.05 i. ,X 0000201" | O, CURRENT TI MESTAMP);

. PCT/ US99/ 25158 As shown by the above code) a row containing a constT&idf® 200
viol ation in database tabl e PDLNR TDOCDPP wi || be copied into exception
tabl e PDLNR. EXTDOCDPP4. Z5 Prior to the CHECK utility utilizing an
exception tabl e, YA®W@EREr, the exception table nust be creat edPCHUS®REFS | f
the CHECK utility has previ ously operated upon a table, the previouslLy
created exception table must be del eted and a new 20 exception table
created. An exarrpl e of executi ora;ugfto,aepr-r@gl@rt CHECK ut| i ty |s as foll ows

regarding cre _____.- _____________________________ apl e, assune a
typi cal user aﬁetkbmé:atalch’s:eaa thirty one

dependent tah o 2 |ons Oof parent_and 2o dependent tables are
possi bl e) . b éléh%torrer e*xJé’(?Gt Bee g converﬁ‘ia&ﬁaf" CHECK utiffity for the

dependent ta 'Im,22§52%ceptl of Etrglal Smi Sh neededsgaqre gach depeno“ent table. As

descri bed ab ek ewA—-R—rhe—art-—each—exeepton—teable—+s)) for exanple,
a work t&ble 3833%dntai n {®id1lt Bmithhe CHENREZOCutility i dlenti fies as

violating a STl gl Vhen ¢heckin depe L, bl e tabl ejgace for a
referential M%%%M#j% D nti onal
CHECK utility needs to performthe follow ng steps. 35 For exanple, for
each dependems tstloh@, bl hehalsovaIshbTese a1l X ehut eowdeirf adHeow ng
exenplary S st at nts TABLESPA DBl SLP. TSI SI POL; EATE.

TABL ESoALE TR AR FA T B G SR S B P O a2 A
PR 2003190 0011252836 tPCIptiSOSli2E]1 58 o BECLIYS 2 BoERASE WFRE@A@E]CGYPC'I'FREE 5
5 BUFFERPOOL BRQ ANY, LOLKAX  SYSTEM CGS 1D

CREATE TABLE PDISIggﬁgﬂégDCT Eﬁkg§g%%$§03 TB%@%BCT H DBTSIPYESISPC& ALTER
TABLE PDI S| P.SioSIepést ABD R ReRAReE) takle adrtReTARLE POITSIPETBH®CT ADD
TI ME Tl MESTANR: S¥TheNUbbmiV¥ A H DEMAUbFdd A EERDAY & aBodea ties Castiias inf oke exanpl e,

the steps of dr pi_ng, an exi sting exception table (e.g., TSISIP01l) and
creating a 20currc‘q€vm§§c‘é%?3reoh table (e. g., TSISIPO1) for each dependent

tabl e t35be checked. | n addi t| on, the code illustrates exenplary
alterations e u l w ex FEely
tables (e.qg.) g%gév{]c% e ¥nEl}rk%l)st\gv&l] dlgntgl){‘}“?:gg\tgl o%u%?éa%r%ezw go um for

a tinestanp). the user with the ablllty to identify specific conditions that
a row must meet before it can be added to a table. These
conditions are referred to as “constraints” because they

20 constrain the values that a row may include. Constraints
include, for example, check constraints and referential
integrity constraints. Check constraints include, for
example, qualifying criteria for a particular value, such as a
zip code value (e.g., the ship_to_zip value in the Order_Entry

25 table) being in the range of 00000 to 99999. As discussed
above, referential integrity constraints ensure that a value
in a row of a table is valid when the value also exists in an

index of another table.

30 Constraint enforcement can be performed prior to loading of
data into a database table or after data has already been
loaded into a database table. When constraint enforcement is
performed after loading data into a database table, for

example as part of a recovery operation following a hardware



25 As the above exanple has thirty one dependent tabl espaces, the above

. code nust be witten and executed thirty one tines (e.g., once for each
dependent tabl espace). In addition, the user of the CHECK utility all SAPRHAES
to code a control statement 30 to run the CHECK utility, the contro
statement nani ng”2842%% t he dependent tabl espaces to be check®8TASYRBSEIB as
identifying all the exception tables associated with the dependent tables.
Exenplary SQ. statenments that would be witten by a user for this purpose

are shown bel g. s 3% fgHECa PAT e TABLESBAGE Y d Th NLAND r3eHERDGTs TABLESPACE
JTI NLAND. SCHI TMDI_ . TABLESPACE JTTNLAND. SCHHDI NF

4 O . TABLESPAGE
JTI NLAND. SCHRERT Eormesy B¥PACET BGH N AND FECHERR La%EéL%PR@E NEANBPERHBI LDG
TABLESPACE J Te:iNDISEHEACENE . sTARIRSPAGE BTSN HINGK SGHEHRAGnA6 ( TABLESPACE
JTI NLAND. SCHCOATI .. TABLESPACE JTI NLAND. SCHCTGCM TABLESPACE

JTI NLAND. SCHSESERICEASPESPREE JTI NLAND, SCHSRORD 8 ' ~ A PR 2003 WO

001 25236 5PCT/ US99/ 25158 ( TABLESPACE JTI NLAND. SCPEPRCETABLESPACE

371 NLAND. Soar e R e e s R e S B R C Rt el le do
JTI NLAND. SQOVFOWIARLLESBASEY JTPNE SAND RSeOVE/P LR FSeRCEStablished for the
JTI NLAND. SQOVEQYRTABIBSBACE: 174 NLANBSQIVECHEIRY 3 TABLESPAGR: the table
JTI NLAND. SQOMFUNTTABLESPACE JTI NLAND. SQOVFTRO, - TABLESPACE. . .

JTI NLAND. sme%meﬁséACEF%mﬂmg_escﬁeﬁbF WHESBRCRE delined when
JTI NLANRSCHCORIr 11 < TABL ESPAGE 1T NlxaNBe SCHRERR:. TABLESPAGE stem and are
JTI NLAND. SCI—I%%B&BLEEEA%%TI %aﬁ%% S%EP CSTABLESPACE g
JTI NLAND. SCH hBPEEBRCER S 1Y [ SEREA REEPTFION ARer e
PDUTLO03. TBHORBC RUSERDKSLPL TBEORDCTHER tEXCEPTE Ghdriddraint information.
PDUTLO03. TBHI TMDI USEPDI SI P. TBHI TMDI FOR EXCEPTI ON | N

PDUTL03. TBHHDI NFUSEPDI SI P. TBHHDI NFFOR EXCEPTI ON | N _

PDUTL03. TBHREF® RESERDINSEPN FBHRERL ZFIREXGERT| GN dqqventional CHECK
PDOTLOS B! B P ol TErE| Lo CRerbr G o and identify any
PDUTLO3. TBHEA ESERRTREEMCENESE EREERTPER fPe checked by reading
PDUTLO3. TBHEHRACUSEPDRSE Pod BHEHRACRERWEXCEPThEN AN  The CHECK utility
POUTLOY. TEVCONULEERR, SLEL LB COM FCS SICEETL QNI N e cocabace canio
PDUTL03. TBHSSTRKUSEREBI SPP. TBRSS TOKREOR 2EXCEPTO DN 1des and/or referential
PDUTL03QEBHSR£P£%$€ ebBs F BHSRORDRER (EXGEPTI ON I'N

PDUTLO03. TBPEPRCEUSEPDI SI'P. TBPEPRCEFOR EXCEPTI ON | N

PDUTL03. TQOVFGHDUSEPDI SI P. TQOVFGHDFOR EXCEPTI ON | N

PDUTLO03. TQOVFEH 145Gl Pn TERWRGH 3SHrORXEXCEPIh GdHIN is generated prior

PDUTLO3. TQOMF .Sl P, TQOVE X EXCEPTI ON |
PDUTLO3. T@VF%%:L epfiT( tEXO: }I:?Ef\fll%on a table (e.g., a

PDUTLO03. TQOVRIRWSERBICSHPAT OVFOWROR EEXEERPTHON | A\ prior exception table
PDUTL 03 .2 5QUVFNEL 1 &ERDlealcB- Iw&@ﬂé@gl%cgg{é%rﬁ&t is performed). For
PDUTLO03. TQOMFOVPUSEPDI SI P. TQOVFOVP4OFOR EXCEPTI ON | N

PDUTLO3. T DWSEP. FERPCHEMOR SSXBEPTP CRF Y@M to execute a CHECK

ST AR LTSS AR IR rtils crvains » e
PDOTLOS. TBrEl THRTRES SFBL BT TN PORPEKCEPTON 3§+ for example, a
PDUTLO03. THHORBEW/ISERDIaSlePoT BERDIENEGAER EXCERPTétINedtNthat the exception
PDUTL03 3pBHORHLDHSERRL S|

PDOTLO3 PoHRoE R RERRy o B R PR O B
PDUTLO3. TBHREFYPUSEPHIIS! PeFERREMEPRORHERRERTL DNy Ndentifies a constraint
PDUTLO3. TBPEP, CSLISERI, SkRe TBRERK GREAR (EXCERTL i into th
PDUTLO03. TBHERCYLUSEPDI'S| P, TBHERCYLS. BB ERLERTT I e Tov into ©
PDUTLO03. TBHCABKSRIBESD S$pPleBHANCIGNCMDARIYhERR HYatemendbs9ecentyoyls in
statenment, eagbréepgiident bRRLESPALE Ao dENLLT} . 9., " TABLESPACE

JTI NLAND. SCHORDCT" identifies %epen entetgglegsiéigégéT owned by dat abase 55
JTINLANDy. After the thirty one dependent tables are identified, the
exception table to be used for each dependent table is identified (e. g.)
"FOR EXCEPTI ON | N PDUTLO3. TBHORDCT USE PDI §I P. TBHORDCT" identifies
exception table TBHORDCT to be 9 - -1 AP~ 2003 WO 00l 25236

PCT/ US99/ 25158 used for dependent table TBHOR DCT). As indicated by the
above exenpl ary code that nust be witten and executed for operation of
conventional CHECK utilities to 5 perform constraint enforcenent,
substantial effort nust be expended by a user to, fox exanple, drop

exi sting exception table tablespaces created from prior operation of the

~ I~ 7 I . . T T M T

I%&)I N . , ,
~140 constraint violation.
NS N




10 As dat abases frequently have | arge nunbers of dependent tables, the user
. nust periodically performreferential integrity checks on these tablesABha0]
all dependent tables. This process can be | ong and convol uted invol vi ng
many steps and s\bj(?stanti al amounts of hand coded SQL commands to identify
15 the tables to ¢HECKS create exception tables and specify tHEER¥SHE on
tables to the referential integrity CHECK utility. This process is net only
time consumng) but also is prone to error. Therefore, it is desirable to
sinplify the tasksysassoababed.wridsobependent table referential integrity
checking 20 in anv&dtomat ed $245hi qp. SUMVARY OF THE | NVENTI ON According to
an enbodi nent of the preserntoq.geention, a process 25 identifies the

t ablespakes to be checked bg a CHECK utility so that the tabl espaces and
associated exception table’ EB? espaces are automatically identified to the
CHECK utility, thereby elimmating the need for substantial handcodi ng of
SQL 'statgnent required by c%@ﬁ%ﬂjﬂ}&&q (CHECK utility operation. 30
According to an exenpl ary enbodi nent of the present invention, a control
statenent including predeterm ned key words is Qrovj ded to a CHECK utility,
the CHECK uti®§ tSPOFRIRY it ROUENEPDE: & FHOUMERP R P EXTPEETHP Texcept i on
t abl e t abl espacastass Of eritabaew eXBEpPtPIUNK. gabbeprmbliddpheesopi3d ito - ~
ASR 2. (~~3 WD 00/ 25236_PRCT/ 2 F DESCRI PTI ON OF THE DRAW NGS
Figure 1 ill u%’fcreé’t’z'égna%a%e%%gg‘yé%fgom@@aﬂr%t' for mai ntaini ng exception

tabl es br a CHECK utility according to an enbodi ment of the present
invention. 5 HQures2ehé qéédﬁhmgé anotines nexeAnL.alpchibavwehard, for

mai nt ai ni ng exception tables for a d’—iECK utility according to an enbodi nment

of the presemoYSY@ENt Hom. exAFRDEPAl EED DESER PPl EReaYeIFHEF PRVERTI &Y ER§ure 1
illustrates amumxeqplaidyy Hewehaitohory Mdrakni Bgorexcepblen twbl es for a

CHECK utility according to an enbodj pent of the pres invention. As

i |lustrated i"?{eli’ilﬁﬁ'r:‘%y 15995t EFCEBTHOR ata%&ﬁt F‘Bng}?eatf.aagﬁrﬁ‘ﬁ?gi %“‘? eadc”

identif30ng tererepfipartatetiercsenceded o pamidenvtonsiousint ehfonsswent on

the desired tahl eapagese;din,step 102014 cantholy shatersalats processed
a E y noditie

by) for exanple, a conventiona utilit in accordance with
an enbodi mentdJetinR pf IRPLiARehRPERS - | F oSt EpRTRED) AFREMSGE SfRiCEdent s
nﬁedgc(il to dr apsedr agP1léeaticsh exeephl H@\i:{org_:g't@&e@r ﬁaﬂ&ﬂ.eg:&b%as %xﬁld Stﬁﬁ%tliro"ro_,
t he statenent.s _geperated.in ste are executed. Set fort elowis
an exenpl ary oé}:echB'gﬁgerftb %f*rd‘?l&r?bZaF hCPP LA tI8uR, aéfen%h?%écont rol

st at emel% of dep@riEeKt utablidsy aire pbepiilH)0 comenothstatsewmat woeduteshen be
CHECK uti 11t Yo dfenRi 7S5 THHM Qt?ii&)befcpﬁ[ ?%”‘degé‘z\(&éﬂé %@Blgg, S control

or- cou eJg

statement the present invention. ner at e a’ user
illustrated iFE9EP§LPR qabirhd spRefraedten artoRremtivitaltaldéeor ddhce with an

embodi nent  ChierDAEd dHRIEIRACERTh NLAND, SCHERDEd T ARIESPACE table is,

JTINLAND. SCHI f-lg\:!'mexamgf\g,l'%sﬁrp\o%g %lLElléAys%ds (t::lgH[c)IoNEain rows that the CHECK

30 utility identifies as violating a constraint. When checking a
dependent table tablespace for a referential integrity
constraint violation, the user of a conventional CHECK utility

needs to perform the following steps.

35 For example, for each dependent table, the user must code and

execute the following exemplary SQL statements.

DROP TABLESPACE DBISIP.TSISIPOI;
CREATE TABLESPACE TSISIPO1
40 IN DRISIP
USING STOGROUP SGISIP
PRIQTY 52

7



3 5. ( TABLESPACE JTI NLAND. SCFi REF2 TABLESPACE JTI NLAND. SCHCVAI L TABLESPACE

. JTI NLAND. SCHBI LDG TABLESPACE JTI NLAND. SCHFACFW TABLESPACE JTI NLAND. SCHEHRAQ((3
11 ' ~ APR 2003 WD 00l 25236

TABLESPACEJTINE2¥$(ﬁL Tl TABLESPACEJTI NLAND. SCHCTGCMIABLESPACEJ TI NLAND. SC
HSSTOKTABLESPACE] 11 ICAND. SCHSRORDS PCT/US99/25158

( TABLESPACEJTI NLAND. SCPEPRCETABLESPACEJTI NLAND. SQOVFGHDTABLESPACEJTI NLAND. S
QOVFCHI TABLESPACEJTI NLAND. SQOMFCMITABLESPACEJTI NLAND. SQOVFOVR10

( TABLESPACEJTI NLAND. SQOVFOM AHLESPACEJ TI N $QOVFMPLTABLESPACEJTI NLAND. SQ
CNFCMPTABLESPACEJTINLAND.SEpNFCHETABLESPAEEQ?WNLAND.SQCNFUNTIS

, TABLESPACEJTI NLAND. SQOVFT ‘(’3??r ; @PACEJ TI NLAND. SCHEI TMRTABLESPACEJTI NLAND. S
CHORDFWI 4BL ESPACE L} Mk AR RHLDTABLESPACEJ TI NLAND. SCHREFRL20

, TABLESPACEJTI NLANDCSCHREFY PTABLESPACEJ TI NLAND. SCPEPI CSTABLESPACEJTI NLAND. S
CHERCYL TABL ESPACEFFP39_ 2D ICACKW25USI NGDATABASE DBI SI PTABLESPACE

TSI SI PSTOGROUP SGIE%Z gﬁ% 23 ~SECQTY 260WNER PDI SI PDROP YES

PCT/ US99b25156reAsE maelieCEnIeth .irpuokber above exenplary SQL control statenent)
the 35 control stateaBPITLEDTEEGRACT fol | owi ng the term USING several key
words that arg . Pﬁ%&ﬁééﬁsw,ﬁﬁo gpyventional CHECK utility in accordance with
an enbodi nent 0 iyt nvention. The format of the control statenent
i s a natlér of aches irgeLec Paiste., TBROROUT ded t hat the format can be processed (e.
g., 40 parsed) by *Ph&IEHhEEYESTHRYR NQR Ny PEFH PEFAVHE key words, however, the
names of the endent t bl espaces to_be chec rovid t he user,
from whi ch th%’%éaﬁ’é’ﬁﬁeﬁ? é%fsg? SSSbef%’ﬁe%’Raé‘H’ (?an%bé g’é?%sf e’ﬁéici%p?b?g
exanpl e, the &HECKsttinhbi¢ycaanondeabléy (¢ he. namﬁsa?OﬂEpﬁnﬂenmatabbea|n each
dependent, 45 I Y, r exanpl hn h 2

dat abasc%ro ﬁ@‘p %W%EED}P t‘hakhoe (8 g\ derg%:lrélelfclﬂong'togr ﬁ%v%%t% read %tghg&f%%
catalog is co‘ﬁ‘? dHenederkedo- pTénmdﬁgtaml |‘Q—:1’m iGnfeSa L nk t Nt e DFHXERPLIEY
entitled DYNAM G RETERM NI LNLGF « LB TeMAbx RROGESS FOR ENFGRGINGcreated
CONSTRAI NTS, assi g:ned to the 12° -1 _APR 2003 WD 00/ 25236 PCT/US99/ 25158
assi gnee of tFEEHTHEBNEARBHT i Gali- 0n23R P WL IF IS Re fBHYE ¥%pr ess| y

i ncor por at ed bfentdffécenten dnd anakhetobnwhodidrenrt tametbampy esent i nventi on,

i nstead.,@f 5 providing the nanes of all the dependent tabl espaces to be
checked, "t he nanes of the parent tabl espaces can be provided in the control
statement s. Vik$ ithehibovaferamtlicohast heiDR? arat dlepgndent dtdiel aspadeso the

identify the assrci-abednaependent tah! Sspacaudlusneliy fal ingekhe need
for the user to even 10 panual ly identify the dependent” tabl espaces. For

exanpl e, the &®rftro PngFaﬁ%‘Fré?ﬁChl BERERASH S BMSFPRRE) par Bhtad3ibie8pathe can
have any for masewrofsyntaguprovitdedty hatsé head Ctrorr&bderasydsﬁ@mcamabement

i nterpr eda the.appropri at suc

utili ty%t(())r ot rlQBB%% E’IQE‘?X tﬁgtl %gan&g%c%osrgtraoqlgrt%éﬁmen% qamlng ﬂll:_?KOf
exenpl ary Sq_tb%rﬁap@mdsmtmﬂspaceer uvﬂget@eenke@nbedwabhtamfmdteh@xpymnt
i nvention i ncbvﬂ%&é&cé@w& ft%l@é@@é@éﬂ%é‘l&ﬁ u&’éﬁe%é%‘eé%e%tp%éﬁﬂgé ers.

For exanple, one key word is the 20 nane of the database 1 n which
t abl espaces W|F’Fe“l?ela(’:’iyeﬁgreclst(aé?em@ntstFl]éa'éldf%iﬂ-é]séendﬁétﬁi%? Rheé Pﬁ@Fcé‘Pr

groupi ng of nemlygiegbed dvdlRspaceslowl n this exanple, the nane of the
dat abase.i s DBI SIP. Another keyword is the exception tabl espace nanme to be

created, for exanple TSSIP (which is in

CHECK DATA
TABLESPACE JTINLAND,SCHORDCT
» TABLESPACE JTINLAND.SCHITMDI
. TABLESPACE JTINLAND.SCHHDINF

40 . TABLESPACE JTINLAND.SCHREFL2
. TABLESPACE JTINLAND.SCHCMAIL
. TABLESPACE JTINLAND,SCHBILDG
. TABLESPACE JTINLAND.SCHFACFW
. TABLESPACE JTINLAND.SCHEHRAC

45 , TABLESPACE JTINLAND.SCHCOATI
, TABLESPACE JTINLAND.SCHCTGCM
. TABLESPACE JTINLAND.SCHSSTCK
. TABLESPACE JTINLAND.SCHSRORD




25 database DBISIP).If nultiple exception tabl espaces are needed, the
- met hod according to an enbodi nent of the present invention can create tg ng
for exanpl e consecutively nunbering tabl espaces using the sane tabl espa eAPR 2003

name (e. g., TSI SI P02, etc.). The key words also ingclude a
storage group SW o?gélltlfler as is known in the art (e. g., V\hpé:rTéUSf”?{éms
exception tabl espace will reside). In this exanple the STOGROUP is naned
SA SIP. The key words according to an enbodi nent of the present 35

i nventi on al sorapnedeacke gTioeNesergpReE a primary quantity of 13 " ~APR
2003 WO 001 25236LESCHY 89971"21371 80’15@813 and secondary quantity of DASD to be
used within t'h;ré;‘g tscgﬁ%m gom-*a the pages of DASD to be allocated by
DB2 ‘f or g he éxpepispate bU# ovnThe primary and secondary quantities of
DASD can, for @8 @E J §QCMF@‘dJ by the user, 5 as is known in the art,
for exarrple b F§ the number of errors that will be

i dentified by FC m this exanple, 52 pages of DASD are

al | ocat=dl for, 'mamsm\m a'gB\ILgﬂmB@DMM'ﬂ"I anot her 26 pages available if
necessary. 10 TRSLESPREETFRLANP-FRPMFRRR control statenent, the key words nay

al so identify "ﬁ&ﬁ% @i: R SHELIR  on tables to be created, in this case
PDI SI P. Thi s, opBeEsond [:7[ avis echorfiy exanpl e, in the CREATE TABLE SQL

st at enmehit geneeraL@dA JTMAI@-IE@REBM lity 15 in response to the control
statenent accalg gﬁg % gﬁg@ of the present invention. In addition,
the key word$ 486 ﬁ& gTﬁ@% '§ gyient to i ndi cate whet her existing
exception t abl BSLESPECE OTh®ACY. sq:rpndvaefore a new exception table is created

or if €dsting except F@EI Etxégig'fé@l\’ ay eDIH-0B€e ifh %f__)[" Bﬁ%ﬁgg to an
exenpl ary embodi ment Ghy tﬁﬁépﬁ&‘%éﬁt E%@é@géﬁlup ﬁ@?éﬁ@%ﬁ%ﬁ ception
tabl es are assigned amoRwWREtrTPH VN GSOTIVY . foHUSER edidriIave. ThiErsANME nane as

t he cogﬁespondl ng dep@ﬂ@@ﬁ@EPtTaQﬂ éNU@U 3 cTReC K §§E %ISIMBWI%S a

differdt owner nare) REEELA AN ATELLY B RECCRVEARel OrECK
utility to generate amgrdkefPre%E RO HeBRACNUAC SRYs 8 RELEHARE N
exenpl ary enbodi nent @bRtsharp‘wsentPDumpentBHonMIsus:ePDIfsm t'rhﬂcwsTpsuedo code

USI NG 1P DRCP = rYEtse%ﬁ%éE %E%%%aéﬁ?ﬁ%ﬁ%@%%ﬁﬁ%m

TABLE ALTER TABLE TW EErR EtcepTioM 18 HByTLo@)TBPEPRCE USE PDISIP.TBPEPRCE
FOR EXCEPTION IN PDUTLO3.TQOMFGHD USE PDISIP.TQOMFGHD

FOR EXCEPTION IN PDUTLO3.TQOMFCHI USE PDISIP.TQOMFCHI

35 FOR EXCEPTION IN PDUTLO03.TQOMFCMT USE PDISIP.TQOMFCMT
FOR EXCEPTION IN PDUTL03.TQOMFOVR USE PDISIP.TQOMFOVR

FOR EXCEPTION IN PDUTLO3.TQOMFOVU USE PDISIP.TQOMFOVU

FOR EXCEPTION IN PDUTLO03.TQOMFMPL USE PDISIP.TQOMFMPL

FOR EXCEPTION IN PDUTLO3.TQOMFOVP USE PDISIP.TQOMFOVP

40 FOR EXCEPTION IN PDUTLO03.TQOMFCHE USE PDISIP.TQOMFCHE
FOR EXCEPTION IN PDUTL03.TQOMFUNT USE PDISIP.TQOMFUNT

FOR EXCEPTION IN PDUTLO3.TQOMFTRQ USE PDISIP.TQOMFTRQ

FOR EXCEPTION IN PDUTLO3.TBHEITMR USE PDISIP.TBHEITMR

FOR EXCEPTION IN PDUTLO3.TBHORDFW USE PDISIP.TBHORDFW

45 FOR EXCEPTION IN PDUTLO03.TBHORHLD USE PDISIP.TBHORHLD
FOR EXCEPTION IN PDUTLO3.TBHREFRL USE PDISIP.TBHREFRL

FOR EXCEPTION IN PDUTLO03.TBHRETYP USE PDISIP.TBHRETYP

FOR EXCEPTION IN PDUTLO3.TBPEPICS USE PDISIP.TBPEPICS

FOR EXCEPTION IN PDUTLO3.TBHERCYL USE PDISIP.TBHERCYL

50 FOR EXCEPTION IN PDUTLO3.TBHCACKW USE PDISIP.TBHCACKW

As shown by the above control statement, each dependent
tablespace is identified (e.g., “TABLESPACE JTINLAND.SCHORDCT*"
identifies dependent table SCHORDCT owned by database

55 JTINLAND). After the thirty one dependent tables are
identified, the exception table to be used for each dependent
table is identified (e.g., “FOR EXCEPTION IN PDUTLO3.TBHORDCT
USE PDISIP.TBHORDCT” identifies exception table TBHORDCT to be

9



WD 001 25236 PCT/ L1S99/ 25158 SET FLAG EXCEPTI ON_TABLE SET FLAG DROP_I F_EMPTY
. ELSE | F KEYWORD = FOR EXCEPTION IN S SET FLAG EXCEPTI ON_TABLE ENDI F_ ﬁi@égﬁm
CHECK DATA PROCESS IF NO VI OLATI ONS | F DROP_| F_EMPTY Z O DROP TABLES

ENDI F ENDI F Fi gW(f %l ustrat es anot her exerrpl ary flowchart for 15

mRi Nt ai ni ng excepti on fables for a CHECK utility according toPGHUSHEUER ment
of the present invention. In step 2010, a control statement is receiuxed by
a conventional CHECK utility. For exanple, according to an exenpl ary

embodi nent ofhséderqy @epehdeny erdblan TEHbADCONt rol st at ement woul d i ncl ude 2D
predeterm ned exception table paranmeters, as described above, for parsing
by the CHECK utility. In step 2020, the received control statenent is
parsed and i&sisndietaged bgdthé abatee eBROP1pay apederthas mest the wratteXanpl e)

yes or no. lf,phe valug i¢8,ng, Emo%'o%t begveﬁewaloeab@ialmqqqegr os a
prior checking 25 operation WI? used for_ the current check mgﬁ
g

operati 8n. |Pe¥f@n@m§s\¢aﬁaét|%n%§eﬂleﬁén FHPSt et i2330T £ pret aistt
exception tablespacepy bl uBer kOPPERE: ekabOW, Ngr&t %&1293@ ek REATE
TABLESPACE SQ. statenent is 30 bui It in steg 2040 the 5} g&ggl ty
using, for ek&RHt L2 REPRGEF eSTRAE e 0B ?ﬁe%PGI‘ r’n°’t‘h% S&EFEESNt r ol
statement (eu@ility Galdatst Evehtl endws elrdiebt)onl nalsleemaﬁﬂ)éﬁbaddxe exception

t abl espace is generated, for exanple by executing the CREATE TABLESPACE SQL
statenent, (e. g., a portion of DASD 35 is allocated for the exception

t abl espdces) 2s| drtihgpe206@eanent ky dawver Arngd nirkérs efcéppemsientabl espace

previously exisi&d. tneFQceexaipt epexll.?%%lbadwaf,@ﬁf&&n FefeVb31SQL code) if
a new exception tabl esg}aoe was created . i f_the execution _of the SQ

st at ement wadPERECEYs Cierksr op fEhes& @b eﬁotanﬁea]db depeateRt T eExanyl e,

because the mbé gsfree sakhnagy Pxidsad. cbflvbm&t@zXCﬁﬁbIlOih'Jé aldraspaeps
00/ 25236 PCT/ S99, 25158

previ ously exi ocess 15 = 9
conti nues at?8t¢€ chf(‘}@f)‘% 8 sEPPHREE 1541 Wdl Fogﬁ‘g %ﬁbéﬁfﬂiﬂ%ﬁ T atfl eléiﬁggeéﬁl d
not pr @8 oustieetalsites thenhtbhle, proeess ezorbt hoestEilest apd 2k ifiyntheep
2070, a CREA a the
exception ta%%gﬁgloﬁnggtoéag E)‘g%ar#f%regghﬁgg %ﬁ%g&&g% g{rrtgﬁlilg are
built and ex®BiLE gREOTEES ek‘aﬁﬁF Cnly Fdaer 6RNFUBHRY £ iVt POFO OFS PROPAetSt anp

to the EXCepétﬁ@rta@h‘éreEBrﬁt epe Zm@esllkabiede&eémmadyl thé hﬂsfksl S anot her

dependent 10_table t e no_nore table 0, che

process ends®iF° %¥§ﬁ§5 gﬁ FFP?H% E%;ﬁofﬁg?r?%%ﬁg E%%%% egkbr%cess
returng0t o sieparRCREomattield aaﬂhlmkﬂnlfled tabl es have been checked. In
contrast to coventional CHECK utility handling of exception tables, which
require that all 15 exception tables be identified by the user of the CHECK
utility, according to the present invention the dependent tables are

aut omat i cal Iwgym_gprrespondl ng exception tables generated,

t hus avoi di ng g gzntl Al errolrnts) 1 org ssfl ogs in identif 'Q all regwred
excepti on ta F O an e oaimen e present inven on, cess

25 identlfles the tablespaces to be checked by a CHECK utility so

that the tablespaces and associated exception table
tablespaces are automatically identified to the CHECK utility,
thereby eliminating the need for substantial handcoding of SQL
statement required by conventional CHECK utility operation.

30 According to an exemplary embodiment of the present invention,
a control statement including predetermined key words is
provided to a CHECK utility, the CHECK utility parsing the
control statement to drop existing exception table tablespaces

and create new exception table tablespaces.
35

10



Accordi ngly, the above-identified process can be perforned by a
- conventional CHECK utility (e. g., the nethod can be provided as a sgj)%rﬁm
algorithmin the CHECK utility software) to create and del ete excepti '
tabl es according to an enbodi nent 25 of the present invention. For exanple
usi ng the net hog’v BPOUHY present invention, the inclusion of tPHe/bHpRESS
parent tables in the control statenent along with the specified key words
woul d result in the automatic generation and execution of SQ. statenents
needed to gepgk gt epd e ioirbly pnﬁﬂ@ i 30 table tabl espaces required
for constraint enforcenmen according to an enbodi nent of, the present
i nvention, |83guf®rk JiléuﬁéFfiB??re%“ BT RIEEY S%O%C@Ecgoﬁtmalﬂﬁ?lfld §enerate
t he sexcept i oaxtapt 8sn negliesedof i CHEE entillakyi aegdity const rai nt
enf orecenment than woul e required with c ntional 35 approached to
constraint cRERRT ﬁé’q ehg R 03 B 00, 95236 PCT/ USO9) 25158 WHAT 1S
CLAI MEDSIS 1. A net hod far maintai ning exception tables, conprising the
steps of : geperaling %%rselﬁ éé@ta%{?eﬁexl R&bHg 149, £RbGEELA gzed exception
tabl e paraneters; receivin e control statenent in a CHECK utjlit
generati ng amS@t%%%WﬁFePé%o%a‘@'Plﬁﬁs R& Br ST e Mt hebY BB GIoA g%bl e
parameters; aRde@XEEUdNMY c@aEhe HKdesdral arRBhrigher ein one of generation and
del etion of an exception table is perforned as a function of executing at
least one SQL staterrent 2 A rret hod for maintaining exception tables in a
‘dat abasin SYSDETATILH S i i INVENETeN vi ng a control statenent,
t he control t. r n table
par anet et paréﬁfgﬂ%“hlen%%n?%%{gg 408 aggeﬁ%évz%%%% AR g
function of eheephiaedaddnsr 6©rsaaﬁfé&%mtﬁéntyh@:@tr Legsto Gire exception

tabl e paranebfbod fhéh©@RCLhENGr & en SQnvlkat 8AeNtas 31108 JBINae, aggeréi ng
to claim2, wherein the at |east one predeterm ned exception table

paranet er i nék ufRsSHR 101 0a BaFAMHER! RifE SMERT Xt FeFohItAb edpEc &M Rane, a
stor agasgr Ooupahafi®s exs m‘eleﬁaﬁytcﬁ]qﬁéhfﬂdxyn vahigeraints endpdaenyerguant ithy val ue,

an owner nang.and.s daRyabue: 4 el Aoordlog: fos a3 cuher el n

t he control RNt I nePddes” a Pl Ut al B ty“of exception t araneters
S. The net hodracesseti dy .t dorl| axample V\kaerC@mNetlheorsatleﬁHﬁprlafrlsllmfg’ t he control

statenment isppelfoEded; REcBrEMVENTI 913 Libodiment of the present

invention. 1In step 1030, the SQL statements needed to drop or

20 create exception tables are generated. In step 1040, the SQL

statements generated in step 1030 are executed.

Set forth below is an exemplary SQL control statement
according to an embodiment of the present invention. For

25 example, this control statement could be generated by a user
of a CHECK utility in step 1010 illustrated in Figure 1. The
control statement would then be provided to a conventional
CHECK utility for processing in accordance with an embodiment
of the present invention.

30

CHECK DATA
‘ TABLESPACE JTINLAND.SCHORDCT
. TABLESPACE JTINLAND.SCHITMDI
« TABLESPACE JTINLAND.SCHHDINF
35 . TABLESPACE JTINLAND.SCHREF2
. TABLESPACE JTINLAND.SCHCMAIL
. TABLESPACE JTINLAND.SCHBILDG
» TABLESPACE JTINLAND.SCHFACFW
. TABLESPACE JTINLAND.SCHEHRAC

11



8~ The met hod accordi ng to-claimz2, whe us ~o uoc~ ~al ap pus uoy~xaoa~ ~0 auo

~cltpn(acrt .racj-~. ~uacua~~~s st aLj ~ “s.la-acus.iEd ajcj~~ Lioi~cjgoxa
paLl I LLI.ra~. apa_| CI alj~. ~OLjOEa .10C ~. ClaLLl a~. E~. S has s ~. uai ua=.sARR 2003
jo.l~ uoO aLh, LLIO I~ ~Cl I EQ ~ELLI O-I | E *~Cl I ~. E. | aLi a~ SapthO_Ir

~Lrallra~, E~. S "WR@238| ||~ | 1aCa~ aljj ula.ratjM g LLILE BCTPSORHEYL S] a
SE saj qE~ uot ~daaxa ~LII LI rE~CI fELLI ~O poLj~aLU ~ '6 "~LI2CLlIa~E' ~S_ | ~S

Lj'JEa "c~CI~Il1CaXa pus ".S.la-aLLl~.i~d a(clE~. Lior~. cjaaxa
paui LLLI a~. apa,z0-3&k: melbheﬂsgcﬂdogg ~uaui a~. E~s ~~s E ~Lii~Etaua~ "ajgsl
uoydaaXxa ~uT~. mexesraty snomaxdascrasmax xo doxp of f. IaLj ~aLlnn ~ssaj -~s

~LILprij aLI I . SRRBLBIPRCES JT@GP-NIEF €j9=TICH 00l daoxa alj ~ pus " saosdsaj gE~

pa~. aaj E%@%% %ﬁ& m‘; X~.SLI00 LLr.10~.1ag O-, papaall

S | a~, al IE Il Mﬁ;nm ~(3r~Cfapl ~,LLaLCra~.B~S | ox~aoo acl ~
"LIO~. L(Gn ]TP@LEEACE-JSLNL@@D SOQMFCEE-L| O~ ]. ELj]. snnot as~c~~~~p a.|OLLi
.i0 2LI0O ~O a~'£_igLE PIAgE gﬁg’ﬂ% 'ﬁ @:158%] d E~ aoi ~. daOxa axOLLi so aLlo
~LII~LﬂﬁO X0~ hed) 7The, oy O~ SLI OL~ Ol I ~SLI| ~Lrl prnord
~.LraLUa~s~. 5 '(p@mtsmd:ﬂ @rlmhljm-soemmplpl ~.n 71 an Os ~q ~LIISSa00.1C VvQ
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be checked can be determined. For example, the CHECK utility
can identify the name of dependent table in each dependent

45 tablespace by, for example, reading the DB2 catalog of the
database, as is known in the art. A description of how to
read the DB2 catalog is contained in co-pending application
Serial No. 09/151,750 entitled DYNAMIC DETERMINATION OF
OPTIMAL PROCESS FOR ENFORCING CONSTRAINTS, assigned to the
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20 used. According to an exemplary embodiment of the present
invention, newly created exception tables are assigned an
owner provided by a user and have the same name as the
corresponding dependent table being checked (e.g., which has a

different owner name).

25
An exemplary process for a conventional CHECK utility to
generate and drop exception tables in accordance with an
exemplary embodiment of the present invention is set forth as
psuedo code below and illustrated in Figure 2.

30

PARSE CONTROL STATEMENT
IF KEYWORD = USING
IF DROP = YES
DROP THE TABLESPACE
35 ENDIF
CREATE TABLESPACE
CREATE TABLE
ALTER TABLE TWICE
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yf 231o%a$&' ():o&tuywié’é?o]é&%step 2070. In step 2070, a CREATE TABLE SQL
statement is built and executed to create the exception table.
5 In step 2080, any required ALTER SQL statements are built and
executed, for example to add row identification or a time

stamp to the exception table.

In step 2090, it is determined if there is another dependent
10 table to check. If there are no more tables to check, the
process ends at step 2100. If there is another tabie to
check, the process returns to step 2020 until all identified
tables have been checked. In contrast to coventional CHECK
utility handling of exception tables, which require that all
15 exception tables be identified by the user of the CHECK
utility, according to the present invention the dependent
tables are automatically identified and the corresponding
exception tables generated, thus avoiding potential errors or
omissions in identifying all required exception tables.
20
Accordingly, the above-identified process can be performed by
a conventional CHECK utility (e.g., the method can be provided
as a software algorithm in the CHECK utility software) to
create and delete exception tables according to an embodiment
25 of the present invention. For example, using the method of
the present invention, the inclusion of the three parent
tables in the control statement along with the specified key
words would result in the automatic generation and execution
of SQL statements needed to generate the tbirty one exception
30 table tablespaces required for constraint enforcement. Thus,
according to an embodiment of the present invention, less work
is performed by a user of a CHECK utility to generate the
exception tables required for referential integrity constraint
enforcement than would be required with conventional

35 approached to constraint checking.
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. predetermined exception table parameters;

receiving the control statement in a CHECK

utility;
generating a SQL statement for each of the

, predetermined exception table parameters; and

executing each SQL statement, wherein one of

generation and deletion of an exception table is pefformed as

a function of executing at least one SQL statement.

2. A method for maintaining exception tables in a
database system, comprising the steps of:

receiving a control statement, the control
statement including at least one predetermined exception table
parameter;

parsing the control statement;

generating a SQL statement as a function of the
parsed control statement for the at least one exception table
parameter; and

executing the SQL statement.

3. The method according to claim 2, wherein the at
least one predetermined exception table parameter includes one
of a database name, an exception tablespace name, a storage
group name, a primary quantity value, a secondary quantity

) value, an owner name and a drop value.
4. The method according to claim 3, wherein the control

statement includes a plurality of exception table parameters.

5. The method according to claim 2, wherein the step of

parsing the control statement is performed by a conventional
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generating a control statement including one or more prfadete.rm.med exce}mon- tilzll;l;ee};ggrlf:eeg;d "
one or more selected tablespaces, the control statement identifying one. or 11.101 e-ldetermined
perform constraint enforcement on selected tablespaces, and the f)ne. o1 1]1101 e:.ptl.e o ton table,
exception table keywords including whether to drop or reuse a previously eXiStng

i 1 y : in a constraint violation;
an exception table having an 1mage of one or more database rows that contair i
generating a SQL statement for each of the predetermined exception table keywords;

executing a SQL statement to operate on the one or more selected tablespaces and to operate on
dependent tables of the one or more selected tablespaces,

wherein one of generation and deletion of an exception table is performed as a function of executing
at Jeast one SQL statement.

8. A method for maintaining exception tables, comprising:

generating a control statement including one or more predetermined exception table parameters for
processing by a check utility, the control statement providing instructions to the check utility for
creating one or more exception tables having an image of one or more database rows that contain a
constraint violation, the control statement identifying one or more parameters needed to perform
constraint enforcement on selected tablespaces, and the exception table parameters including at Jeast
whether to drop or reuse a previously existing exception table;

generating a SQL statement for each of the predetermined exception table parameters; and
executing each SQL statement.

9. A method of maintaining exception tables as claimed in claim 8, wherein the generating a SQL
statement includes:

generating automatically from the control statement a SQL statement for each of the predetermined

exception table parameters, the SQL statement further including one of generation and deletion of an
exception table.
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