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backi ng out 10 aborted conmands and operations are well known in the prior
art. Ifamll records are inserted without constraint violations, the
opesdtion is successful 37, and the changes to the data base are conplete.
The met hod of inserting first and checking second allows this invention to
handl e self-referencing rows normally, w thout requiring special

programm ng. By inserting the primary key and associ ated i ndex entry 15
first, &he primary key that -matches the new foreign key in the sane row

wi |l always be found when the constraint checking is perforned after the
insert, thus satisfying the constraint. Table 1 shows a pseudocode

i npl enentation of this invention's nmethod for enforcing referenti al
constraints during inserts. 20 25 30 35 40 45 50 55 5 EP 0 361 209 B1

TABLE 1°% Pseudocode for Enforcenent During Insert 101
DO for each record included in the insert. 10 102 ~ Insert record
into the table. 103 Connect record into all indexes. 104 | F
record is a dependent in any rel ationship THEN 105 DO for each
“relationship in which record is a dependent. 15 106 Extract
the foreignkey fromthe record. 107 | F the foreign key is not
nul I THEN 108 DO. / check for existence of
=/ /= matching primary key =/ 109 , Sear ch
the . index on t he primry key of 20 t he

par%ﬁt 4 abl e to find an i ndex entry with primarykey = foreign key.

50

55



1i0 |F entry doesn't exist THEN /= primary key not found

=/ 111 DO eropspgowBi referential 25

/= constraint violation 112 SET return code to

i ndicate error on foreign key. 113 GO TO comon
abort processing procedure. 30 TTZ - END.—I15

ELSE /= primary key exists /= no error processing ' =/ /=
required 116 DO naasEng. 35 117

END. 118 ELSE (= foreign key is null

=/ f=, fo constraint ChECEII né%%%euf?ze&"“mmh:ﬁ“i% &nsert DO

not Rr ng. 40 121 —END 122 END DO for each
relationship in which the record is a dependent 123 ELSE /= record
not a dependent =/ /= no constraint checking required
45 orq Hin cluded 1“ tERIDmst'S END DO for all records
i ncl uded in 8211e i ngBf ?rt §8° ﬂ tap ‘?Tes 101-126 forma DO | oop which
inserts int a tabI ok is i %c 1| n an ert conmmand or
oper ati on. fird ctf r‘{et nsﬂ ti? ‘?“i tual i nsertion

into the ta in I| 'S 1 nmpor ant "that the record be inserted

first,sbef oy referentl H&'ﬁsiﬁeak Sigh ey’ BEGK 2lotdlat a

sel f-ref erefgi Ng row coRptydl Réretgh kWi oL RA {Re common al gorithm

wi t hout spegggal handling ayo.COfle chésk for ldxdSteréd sonnects thezpecord into

all indexes that are defined op= m&ﬁlablﬁma@kwl ch the recoeg is being

i nserted. Tmg' connect into aseamMex"theEeaninde® | reher tti epfindry 6de@’ €NgE NY
e\’ne%ﬂl record into the indexhesopdreat t hablendax nEinde asedir@exa patdy to
ind“the record. It is inporwath priweryt key Fnfiedgn Ieyconnect ed before

ref erenti all¥onstraints are GHeswitey, doeentthakist SHEN -referencing row in

which the primary 6 EP O 351/'2991!!31'Yk1€%¥ net fhend t he forei gr/key in the

same newy 1¥serted row will beé% ommsmef epeptddly | ndex ¢ searched in

line 189. Ljne 104 consults the reg G°’t‘§/‘p’ i’(!l"es'éﬂ- igk of the=fable to see

if the tabl ¥4 s a dependent in an Sl ;5°(+raﬁ§?‘auerawr constraint).

If the I’eCO{% in not a dependent ¥1 onsth the constraint 5

enf or cement - Gode (I ines 105-122) b eF&i8one (1 nes

124-125), apg the next record t e |nserted i's processed If the record is

a dependentqysn any rel ati onshjd I'J. ked le constrainys defined by

all such relationships are en orced ,{one Ld3e Jﬁg 5,2,1 Li nes 10; 121 are a

DO-1 oop which enforces upon the ngwpeqhihsarted record each copgtraint in

- which the talgl e containing the meﬁ@mﬁngs a dependent. In insert operations,

10 comstraiymt enforcenent requEnpes that each foreign key value in the

inserted rexd® d natch a prEMmary key val ue of some record in the parent

tabl e of thB%ssoci at edEbSEsY dioreignl key risl mgilonshi p descriptey identifies

the colums_of the foreign kéy rioncenrsraipenbesking ateqeiresio t hat/the foreign

key can be ¥@tracted fromRhaocthidgrted record in line 106. If any col um of

t he™f ofei gntddey is nul | ‘gome 107), then the entire foreign key value is

consi dered 1% be 15 R PO ffa ¢aed eehationshinsin Whighathe 38887 nt cannot be

enforced ag 3nst t 1’3:"*1' S case the constraint enforgenent code

of lines 108118 i e‘lf“ﬁ t 988t jone, ’I(’12 nes 120- 12;). Li nes

108- 118 enfpyce a si i PG T8RS he singl e fecord bei ng
{hei

i nserted byngheckl NY gND.
126 END DO for all records included in the insert.

50 :
In Table 1, lines 101-126 form a DO-loop which inserts into a table in turn each record included in an
insert command or operation. The first action taken for each record is its actual insertion into the table, in
line 102. It is important that the record be inserted first, before referential constraints are checked, so that a
self-referencing row constraint will be enforced by the common algorithm without special handling or code.
85 Line 103 connects the record into all indexes that are defined on the table into which the record is
being inserted. To "connect into an index™ means to insert an entry referencing the new record into the
index, so that the index may be used as a path to find the record. It is important that the indexes be
connected before referential constraints are checked, so that a self-referencing row in which the primary

8



that a matching primary key exists for the foreign key being inserted, and
i f none is found by aborting the iER@S6120@Bhti on. The relationship

descriptor identifies the index on the primary key of the parent table, so
20 that the matching primary key can be located (if it exists). Line 109

sear ches kR Mal§brsthe, foraighckey rip i‘hﬁr%?'“Ré'yw'bf'"sP'FPé ’B‘&r"’éh'fe founs! whep dhe pimagy; 'Q%ﬁ" ls

primary ké?a“?)‘aﬂﬁ‘é'"?m?t matches the forel %1 key val u extracte | n I | ne

?Ed retur ?Satg?r;a@ con ren’ail N 35% Fﬁ?ﬁﬁiigﬂa%y i! ﬁl{l e oonstraln

c Oﬁ pIr, Ia_?ﬁt X §9¥ P ; Ppe é"§ %ne ines 12 an ixil 4300“:1 to be

ski pped, ffey éi‘ttg‘ii&s : etgtasmq e R 1035"1 b Lo atfas& il

key val ue dgesn0%G e rt( nBs 105'1f21 LiHek God-21 2k II¢§6p'\~ﬂ|clrl orbds! JBB

mat chi ng t EriddFbcobdHa @o\‘nst?é il Svhich thB Babib-cd tamuﬁd‘lﬁ@ret: & is'alofdnBéHt. 'Irﬁhse?t%ﬁé’ﬁtfoﬁd nt

is viol gt ns@rﬁ\ dnRfcembrit Qbquires it Fa&SRRIGN IkBy VdReR hblidserdd recdrd Rdtch hprifily ke

return CoGgiud bOsdinb RstoldN® b lparGQELRS df B dsSbciatd® Bbrisiraint.t ThE réddtibriship ASschptor identifies

referenti ahe &tk RIS torsignlei i 86 degehddhit thElE sb MHiat tha fkeignike§ @EATDS e from the

pr ocessi ngnspidsaGesdty e linshioe.h backs out the insert of the record just

per f or med, atawsdolumasf thé erdigndey ts noll (liee 107 trew ithe estire éoaigndey vdiedsicansidesed to be

successfsulnuly andnibe curest réfarestialoaststraint canfot Benfavced [agdst the cefcordhe thissgaee the sensraint

oper at i on.enfalzement padectlines H§-118 isckiphed.cnd hdthingss denedige120-188t a base operati ons

are wel | knolinesi198-1 tfcenforge a singlp refetentiph congleaint on Mo cbinpleredqesy beinglinsertedt hycchegking r e

i nsert opdhairimsiching plimark ey eists for tep fpieignl gycheing inserted cand #f one if faynd pieabprting; the

ref er ent i dfsed gpesation The relgtipnship jdeschpterddantifies thg index e the @rinaTTY keysH |'39 RT@§'E:tF'i"?3ts6r

aI 30 | d@ntﬂ'ﬁt F’@é"‘aﬁqﬁ@g ﬁE'R‘!’V key| cap Pe, [9eate 'fd}éé'ﬁtf)r 'Eebtog s?f’ ?E‘ﬁ indpx-onct "taéYHEé

f pendh ﬂ“gf’% rns tl ntw P"B‘??QP AN I %m ath;P vaiu ?asg % 8 IB%’YT%X ruaf

pender °°8 e L e

‘dependent '19 %\i dﬁfg'gfaf ?rS'Pt M s@d %ﬁ" ﬁ’fo Ce

DO- | oop,( 1" 48 3Rd, Bexh 91959“ B b iR n%ﬁ fbon
is proc®s qgrgl @E(ﬁh ﬁé °%€£°t .-,% 'ﬁi’g@iol&xé nd :&9%&&%{?’ Sosted B%n

i nserted ' pITALY turﬁ derfﬁﬁ% ﬁseh'a {4 idehttiry thE oS @5 8 ferén‘ﬂé"l%&{stramt
operati On ﬁ@ 3 ﬁﬁﬁést mitioh aboRSirdcedsib Brotsutecw mcﬁ%a&& bat el inseR of M6 fR6ld At

whi ch ti mqus‘t &foh.tb'aeatstwe@ E@ihé‘fnbé?fbf ey FSEIECvHcR ward sidtssRifBihsbrted (Mlhout erroln
exanpl es0font Bahdlf df MeCsainb Gdor ofdriicH. ABdHERIbcessing lpRdceduRda tidr dhcking G dati Bakes opdtalions

i nsert opedraivbiOMGwr v 1l iC aHd 2RCnol @estribefaintBer R, tHaentiélnsat apbrationid backddSkEhd

| NTO PRQJ BerideMAuhdntroésfubiBsh b first (afskbnfid conéfedint 'oftd 1s encoud®0.70' , . . . ' AD3100" )

whi ch i nser t Eachhelatibaship@escrigorr aise identifies thh @exPREfIGEAIp tiesotintor Inwikidhahensame t#leGs a5,
45 PRQINO dep¥r@dritlAlyEhat the RESREpEWeenfRESAES/End, 122 mpASIRROS "jaD&tH Glatia@Ehip inphiglyhe
D21 a5 record is aQRPEGAENt . When all depmmaelg@nshmmptgg haye hepr enfereddycagesiully the

r ecor d- | evied-loom finesr185-122) isrexitadcandenaxt recawshim therinspit aperagjon is IREocesgrdy P quier PRY®Pt ed
30 into t HENePRETIEABOeR P deceus tbryingariad jsppeated unth gl saserds, ingluded i, the ouriall insen
then the rePp@iioarheyehect iprried and their reéereniial copsiraipts °"fa'i‘fEf’ ﬁ6’”h2’8 tigyp dhednserd PE%?P’B'? in

tu Fi rs‘{ete"B'B‘?f’s’?P%tF'ﬁfes - 20 |s nf or ced. agai p record in.t

PROTECT 4 $% Phl!ﬂ'se mx Snore pFasaon, B G PURP U, R PEIHE ey

i nserted p t ei gn key)
reference @b\ﬁ % iB?o(w gecmm &wﬁﬁgwlﬁﬂ Ilﬁzﬁoﬁ)’EPARTI\/EI\I'I'
(parent) t i or nt e |ns b extracting the forei gn key val ue
'D21' fromthe RESPDEPT col um of the neV\A y |nserted record. Since this
value is not null de Kk TNO i s_searched to find
an 7 EP 0 351 209% w ’gﬁ% %A ma value is
found ("ADM N SYS"). AD3IEX raEmmDRiys’ZODZJs t her @002 sati ab3HID by the newly

I nserted project row, and no referential violation exists. Constraint R5
24, reqed ring that each project's responsible enpl oyee RESPEMP be valid, is
enf or ced naccording kocthé mweibedyef récoxd-leval apastiaifO@@T@mMent shawatin BliGt B.dhd recnid {sHrsentashd0y

i nserted rislodedPRAIEAT tablecid, dnd thedaki)s indexed are men@tedmnn ithen jhej referentialqopstgginis (R3St he
EMPLOYEE t 200R%24 @nd B6 26care ofaseed Bdinm entry for ' 000070'. Such a value is
found, and c&imstoonstraint R5200g enferced-rgpingt docnoy secorifin @EI PBQJEQTe(d?Péweﬁ’e@B'Pd“ This

Fi nal | y55 censiteing [equireRghab the \iRYiK FPSP% Lrqiest; rows RS Pﬁ :gPB j(the. foreign
MAJPRQU t okev} sisrance,a valid, dapprimest DFEENG (thesp hlp d%

" AD3100' i EMX at:“tf@tﬂsPY ;E HF o ) cT; rd
in the PRAY fespy-Sines thisgraie s 'f°hf"§ 31I"§?‘ ?" Brfma%ﬁ 'srsle?rrﬁre ok
PROINO in the 10 PRQJECT table 14 is searched for an entry for AD3100
Such an entry is found, and constraint R6 26 is satisfied. Because all
three referential constraints are satisfied by the new project row, it is
t herefore successful. If nmore than one record were to be inserted, each

woul d be conpl etely processed as descri bed above to enforce referenti al
—constraints before the insertion of the next record woul d be begun.

H%




15 Constraint Enforcement During Update Operations In the context of
referential constraint enforcenmegp,o3gided@ioperations nust be separat ed
into two types: updates to primary keys values (in parent tables) and
updates to foreign key values (in dependent 20 tables). A primary key val ue
may be updktiardhenkalon 'TR1' &wwaiching yalvejisioendt("ADMEN EYS5). Ca"ﬁt'EFté?aeﬁ‘?t'ﬁ thprofoig saishied nt

i s changlithe @iwli ingertd,proiect faws eridga relesgntiglyiolglionedisthe updat ed when 3, LW | |n
dependent tCafsitraint 5 24, saqujiing, that gach R’?J?Fés E?FPQB Haf’@p'f’ lﬂE§ EMPb vglid rtog'ﬁ ;

r ef er ent next Toaylemion ey yalug FAOGQ70" ig) %{ '{f % Al he

congt réai AmManpidex EMANG ip. "F%@ﬁ glﬁ ?35"’ S?ra EOETSRERS e
ma

fourd, pdrcop "'d?ﬁ ?’ﬂ?’g St
G vendugdat @:?rp Zgj‘h é 4 eyre%zgey%agc Prolecgs o ro%r&g’gglwﬁﬁgl .}%gx ChrsGi bb 29, gﬁlﬂw edlf

with a nB srumnynéf% bbb AR

a row jnph dﬁf gHocPSubPA nk%f&a Ughd @Snstrdir F6@6% 9N
key val ugudd e parent a e S row I s updat ed t he dependent row no
| onger has B%cﬁ@ef nﬁreé QWrenﬁqubnEt?‘ain?sr @ Sakidibd by the 85w drdfect FowYit B ridkefib subskssigtiieCt
this typgof§ il HedbdoRiweréito Bo inStited)ichdth Wouldl le@mplel6R Yprocadsut as Gestibediblitle teeach
r ef er ent lbrod fRRFhliaRbdnbiraink bbfbretto indbaion P st rocok Wuidbedegar ent s checked to
ensurgsthat there are no rows in 30 the constraint's dependent table with a

forei gn Icopstiaiit Eaformgemaht During Wpdats Operationsr y key val ue. This check 40 is done
before the primary row i s updated, by consulting the parent table's
rel ati onshiip teesateitpdf oeferbatial chpsitaint pforbamert: pedatic preratients| raust: kel sengeateddgpiaityh key

i ndex (i fypesaypdateite brimpey kdye vaisss din tpeverti tahipsy endeipdateside forajgn ke yalges (ip jgpendsnt
dependentabieslbA @rimary key Yaleamaybojupde tqdmdest aésw ip;tge quent 'eﬁar%eﬂa'fceffsﬂa"f is

f oref gn I@WQQﬂaﬁwa;gg@rgﬁggg W@“Q)F‘GV %ﬁ ag‘%?ﬂ‘z‘: t on
entire d&EpdviveReraf updalslreauj ' '
pri Imar y l@%’}ﬁ’%ﬂ aréa ’?°P’d§V ﬁ%‘?f”é’ sf gtf"é? Ert%g gF )Z't o 8’°'£% co sﬁalnts

ref er ent o8 " n parei (~of0) R QJJQetO
Fore gﬁ' Etg?w ! E\%me i E‘Eués& P;&E%%% ggd“oggngbﬁhﬁg&igf &%&9 efe%lﬁwess

u—ﬂ—g)

i's repeated 28 w vi , ,o gz PhlueUib dgdaRd, dath @
parent. jal mtsl ic {hb |§Qrﬁ§ ﬁt% Eﬂeclééh@d urf that #ér6 a Qfdﬁ‘dvstnlile
recor dyi §nel difidiai ﬁs deperld bfeClvith 'ari&e kel Gallishkiitd e 818 Yrimary K&/ vaRle. TRId MR 40

After T s HdRA¥bstord e PRfmdlry KwiS uptiaiée, bl @6H3ulfigNdfbni tsle's RREUNShip desttipfdpfoadbntip. At
this ti mgnd figeridbl @a6Rand theliétEigr KB irde (it Avhidh €y 06l uded to Mililic@éidn Kolp @alues\ the
val ues. Sdsdndépgabi ng is wel ? known in the art. The last step in enforcing
const r ai nt sy @ Rordighy Mdei Gistspit Brebmdhee fot @ adigrelien valueomatéting tieonkd prinfanr kely yaluskey s .
When  ags! iheddisethdl@iferidpsntiont aabib & scannerbidid fedign kéyevalne wattingethyeld krémary kel velue- nust
be checkata agwhing forsigaciay 48ue s doupd H2,theoteterdntial censinairnt dshyiokle rfeer \pcqrd ypdaigh ue.
I f no matrettrmed @y forteat poiktdy the aibdaty apeiatiansare baskad quielenriedi3P i nq faelg F‘qu“@d
vi ol at ed.thehgelerentielGutegrityi is satigfiod. e pioress inrpRoated 8% foneach PRIt inayhich $o08 i n
m. ch t hewdatetials cxiparend | Assyminganajaish mi@aY kpy cmmw'ams i f@HE’u‘P% recprdtis teBr e
‘a”r@wqpﬁam%@c'mﬂwﬁﬁpmwyﬁ dPXBabl e wit h a ry vah qual to
t he new y ufﬁ?&fr@dmf %P’é‘i‘ k Vea?el?é’h e f?ﬁ TJ;& n i n P '%’wa op In
ent

dependent""er'BWa ﬁsggl '

rel ati ons® "&@g’EF?' eusu t\éd ralnve I stb’e@ﬁ’é%*edfa‘a srtgz«ﬁ:h
constr al nt or a mac gﬂmﬁ )Yvé‘ b SktsTRbi MidAshtidi N
new fOfsel r| | Vl npédc en{féwon ikt fn \ﬁhﬁ:hm%éat&ﬁabé e
constrai RrER NS Indh JBAstidinrd sardntiBble RN Lprinafy o€
updat e ORFafu teh&ptoatﬁg fbtfe P%l@)'hlé”@hecﬂ-m & dRRS SIS thel ddpdna¢ht adweiihsf Or
each consgebd upHateli %ledé uftt R thel RBbh&At taBI9S Poldtionship deseAM6He Bl ideniity @hecprimaryCieyent
of cong riadeRtisr tRcdAthalifB lafid K&yching @ad n@ex fOICH priltanfikey valDel ataleting tha ahew floreign key
const r ai Nfafse.QMmoThatdhing ptigdty keywaludis faihd 463 the icalstrant & viotatheltapdithe pesiatel perfofmedypoper
enf or cenetihad fpoiteinf thé @pdatecoparanan dre\backedvoutclabdnad)es6t Mis procesaris rapeajsdniat esshng
t he f or ei @hstiiayin whicl ihe uiatee table Vs a depéridentt speci al code. In this

i npl ement at TN erddrcanehicofenbstraihts ion treigary theys khfare pcordp aratupdatesk anst pfrRensiraiRe o8

whi ch  bsviereign keysefteriTeaurys farer upiiajed, kesylts il proger enforeqseantiefseif-fefspagingyrows. yhich have

al | owed. i pimanp kkytreatohing dhei fareige kayepl tharpame [avithotesgeqd eqde. I SémP'ﬂm?'F?ém of

r ef er ent i iaferontiel istegiity.\girert updatep obprignany keygywhich haye ry Jpatghing forsign i &%’%’H’

row has |88 are aet glipweds s YRdata, tlenls rEgd ap hlé‘?dé'PdP%"‘:f h'fé"ep'P |t??af°§7rel?

sel f- referencing row cannot be updated by the update restrict ruI e. This

I npl ementation automatically prevents @irect updates to primary key val ues
in self-referencing rows by checking that the old primary key val ue has no
mat chi ng foreign key val ues, before replacing the old with the new prinmary
key value. This always 5 results in the new primary key val ue being
rejected. Updates to foreign keys of self-referencing rows may be nade in



10 i npl ementation of this nmethod of referential constraint enforcement
during update operations. TABLE 2 gm0 351 209 B1 Pseudocode for .

Enf or cenent During Updates 201 DO for each record included in the update
operation. /= Before wupdating record, enforce constraints on =/ 20
/= pri mar yitekatupess A2@B-referencing rWihias dtsalf a@l"dmﬂl‘ deneydericiow; thesefore e W@E@lr'ﬁy of a5qfst o

t hat pri naefgrencing ravataneot ba ypdsied by the yppate-restigiule. Th's "PlFle °"8'3 um1
Wi |l be cisirecyapdamsitpiraaly key values insei-fofgronging {pws EY Q@ VC ,
25 has o matching{ereion eyt VRluRs, b bewm'aﬁ'é% Bpgid gt é W&ﬁ‘f" ﬂy IS BN
condt.r ap ntresults 'W@ﬂ‘” B’ '?éi "?'“ 8' i s ar et

=/ )5 Updates t¢ trv q( 0 made i thls emerEl;t% oz, 30
206 referential mn@’ggey ocF é atm rejgn L\i r%a rF?HS gyan
key = old ag,grencmg row ./assbe fo nd th t 6 c&@trduﬁ ?iﬁleoﬁ h&ﬁseh%elkﬂ%de

=/ 208 implementatjon oft % aﬁ. Faint r@erﬁeﬁl Illrﬁ beltd Sploratihs.Or d Wi t h
forei gn key =0 pri mary F any ore| gn key found THEN
/= referential constra|nt S wolated =/ ?1L' DO 211

SET return code to indicate error on ugdate of primary key. 40 212
GO TO common abort processing proc 2t o pack oul;ia updat es performed so

far for,ghis operati 8feudpggde for Enforcement dyping Pae ELSE /= no
forei gn key-found e far 45

215 ot hi END DO f
each rel ati 6RShi B°dR2 ? I 5?"“ gﬁ sﬂe he ui?%%&gg? el%%ﬁi-%s 258 =/ i
ELSE /= no primar = no_frl mary Key
constraent cpecki ng{ K rgﬂa%y key from the IQg,ﬂpt hi ng. 220

END~ / = Fi “' shed enf Of?l %t& kb Sy Qeywau{{@rdénk&yse—piuﬁ /=
Update the record UPDATE al |

i ndexes af f egged byrs bRy PR HEP chDimd WELY BGOcEHing&i mnEP 0 351 209 Bl 222
UPDATE t he negord wit bolfdr 8N Yéldt@enship deskpimerconetyai nts on foreign

keys 5 % 223 kbnsuruiftor éh gihidely recbrdnishmpaceémnged THEN 224
DO for each rel ati onshi p/<dlesforicpt each( constraingnin which )lpd#&ﬁhfbh record is a
dependent. 225 /= icfcdrdr &6 garenty of this rel ationshi P/ has changed
THEN 10 2096 IF an index existeencfereigm&key Rfstrai nt
227 Ext r actelakionsbip {THER| gn key val ue. 228 =3
new for &l gn2Rey value is ndeayeyl herpy O'to tina first index entry
with fore:.gn ey = old_primary key.
207 ELSE /= no index on foreign key : =/
208 Scan the dependent table to find first
record with foreign key = old _primary key.
% 209 IF any foreign key found THEN
‘ /= referential constraint is violated =/
210 DO.
: 211 SET return_code to indicate error on update of
\\4 _ primary key.
T 40 212 GO TO common aboert processing procedure to back out
updates performed so far for this operation.
213 END.
214 ELSE /= no foreign key found =/
/= no constraint violation so far =/
% 215 DO nothing.
216 END. _
217 END DO for each relationship descriptor in which
updated record is parent.
218 ELSE /= no primary key will be changed =/
50 /= no primary key constraint checkmg required =/
219 DO nothing.
220 END.. '
/= Finished enforcing constraints on primary keys =/
56 /= Update the record =/
221 UPDATE all indexes affected by the new values for

the record.



229 DO. /= check that matching =/ 15

/= primary key exists EP 0 381 208(B1 Search the
i ndex on the primary key of the parent table to find an index entry with
primary key value = new foreign_key value. 20 231

| F entry doesn't exist THEN 232 DO, 233

SET return c&fk to URBATRthe grecord eithpidst pewvalessei gn key. 234

GO TO common: abort processi ng 25

procedure to back ouf Enfioree 5?%1“6 A fPrpignokeys =/

END{_236 223 IF any f°reH‘$E9Y ‘Hﬁ’t E'ﬂ? rﬁ% 9?5«5?‘?'/— key val ue found
30 237 224 DO for each rel Ch < r ( ée.;:r

END. 239 cons record is a i ni shed checki ng
that /= matchfhg pri rrary 50f this relatm‘%gﬁ:p has /=

exi sts,;241 gﬁa € géqﬂek@ﬁsgiﬁ is null =/ =/ 242

DO not h| ng. forei. dor each'rel ationship

. . W
descriptor igg0 IF new f iﬁﬁ' e@cﬁh ! §s?ao erﬂﬂ'idﬁﬁn 245
ELSE /= no $§sgeign key has chymn DO not hi ng. 247
END. /= finished enforcing constyald}kék%aa%t@ﬁm == foreign
key vabues 248 END DO for Al lprisser By ieiste upcfate opeeation. 60 In
Table 2, |ingso 201-248 form an osésichDéhd affesVoh Cthecptatgskeynd updates in
turn each record mani pul-ated by efi thedpdrenepebiei o fiddancindex t hr ee
distinct sections within this | oeptry &jtheprimrynkeyt vdlye 42 of parent
_ constrai nts on updates to pri naryemreisdmba_ﬂaﬂ-m-s 202-220); (2) updating
8t he®recor d¥! and i ndexes if noIR@nry foesn'tiewisti FHEN ed (| i nes 221-222);
3’"{3) enf oP¥®nent 44, 46 of deped®ent constraints 55 on updates to
forer gn key ¥¥ ues (lines 223- 247). S$EF retwm gods toodmAigatennst rai nt
~ Enf or cenent on Updat es of Primary Keygr%'caﬁé@déﬁ%r?ftﬁ?ﬂeégﬁd?yonly one
prlmarzé key, 2?he ol d primary key valu@'@ém?@%’ ﬁgs‘aﬂﬂl referential
onstraint enforcenent is done (line 5%};“5"' t°tba ARt AB5¥%sts to see if
any col um of.the prinmary key is. bgj yp a?%?fa fﬁﬂurms of the primry key
o are |dent|f| in the record typ ?LI

abI e, Lhat the code
can readily e ect if a changed (updatg cgi art of a=§ri mary key.
I f no grimaryskey will be changed ﬁ i he record t hen” processi ng
conti nues vvrg line 218, which ski ggpt he r erentlal constraint enf or cement
code of |ines3g04-217 for pringpy keys. 10 If a primary key will be

- changed, thepggn inner DO | g, bet vaaRshddefeckifig¥Hae217 is enyered to
enforce each primary key constrayatmsdehihe pt Bl deey’\galuya CcONsYrai nt

enf orcenment when a primary key i g=updated requires that no ol &/primary key
val ues i n ang4ronstrai nt BISEe /& nes doraipr Reyivplukdgsnullhe recydrd-type
descriptor i@déhtifies the rebatotbimdhi p descriptor of the first relationship
in which the243ble is a END.

\%‘ 244 END DO for each relationship descriptor in
40 which record is a dependent.
245 ELSE /= no foreign key has changed =/
© 246 DO nothing. - -
247 END.

/= finished enforcing constraints on new =
/= foreign key values =

248 END DO for all records in the update operation.

60
In Table 2, lines 201-248 form an outer DO-loop which enforces and updates in turn each record
manipulated by an update operation. There are three distinct sections within this loop: (1) enforcement 40,
42 of parent constraints on updates to primary key values (lines 202-220); (2) updating 48 the records and
indexes if no constraints are violated (lines 221-222); and (3) enforcement 44, 46 of dependent constraints
55 on updates to foreign key values (lines 223- 247).
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parent. Each relationship descriptor in turn identifies the next

rel ati onship descriptor in which tEro3sMe0gBbl e 15 is a parent, so that the
| oop may continue "for each relationship in which the record is a parent.

Li ne 205 consults the relatlonshlp descrlptor to see if an index exists on
t he forei ¢Spngkaint B JQme Hpdaescpt £ pHéeYs t he i ndex for a foreign key

val ue that nmatches the old primry y value extracted in |ine

i ndex exi st sBesAuseIRach kpla; °R'¥:)P" IPT"H%V ZW)“'*’ Ahermy Y R 3 (?étffgtegﬁgm@rﬁ"h e
dependent ’Pfa'BF‘@' ‘i°63“1°'i’“i‘ﬂil‘f°é’ 1"8’3 " em r;aé iumﬁs é) | d
priary keX ey F'Go .ﬁ éag el 1hsts

theTesul t (?1 'f'ﬁ'ée '°‘fcﬁ tyP 58 e thesu‘ééd?d ohne

chgd ge u
208) to de(ll E's part cods of fned BE4LA 7 WaS
found (i ﬁ oj" ueg%‘en%{?ﬁ%gvthi %o t he pr| mary |iiley 0 th| scoreocord
viol ateg, t

'koys
It TS 5rinfafy ey il 69 BRdnhedl ibn er"lrﬂg' l%‘-fo@;f S8Wech Nifed 2026hd 21 1s2chibredl 8
execute té?.fowfeda Ed Kn fey%ﬁs@ﬁlﬁtadﬂ Cdonsidin) enffomeitGvbbie 8 pRary kéy1ed
on the pr EUPUAL regfife® thES nb did! ﬁ@na@pﬁ@t@luwwﬁfr |c6r&tr£|i1tfha%"|¥)matchh@Q:réidnlkdiet'ﬁhet he
return codgedkd-9pe adaripitR itRhtfieONE Fektibi@Rip l@schigteror itrieyfirst itatioishipin @bictathe itablezis aon
25 of a r efsRiE BhdhablatioRshpidostiiptbr iv trr idudtifiep thatnext ediationship desanipor knewhich lthersem@ fable
initiates iga@aBitisd thd tetloop Intay eerminuey™iqp leaxhaelatioashiptin whichoihe kesord ista parept.” Line 205
previ ousl| yconsupine tetationshipl désedptorsieve dfran irgiwadistsoh thetfereigrpletatt teyes Jioe 816i seprches the
rendering indes faetioreign kep deltecthd praichesi thmoldi primpncley ylug extiactad in Ine 20k o indexPXisE o
ref er ent i adn thefomsign &by linec207); thet line aﬂﬂycan%&@ evfireydependeetdablsyto fipa t9pwd Aith diereiant |

on the ot hksy natehing mﬂeldmamkw alpfram the reeen Q/l?ﬂl{!?éat‘bqas f ound I | ne 214 t hen
the refex ent Hae 20%then teslp e ragy drﬁmtwee he | gy (ine; 206), o the

f urther prestassiae ﬁe h'ne@femssevz\@ undp,|f & m Ns'? fi3s found (lip Pﬁ‘@? t ‘h° up F
203-217) | %""rae' &PE is '%?H'& VPH@S 819 ‘E“a'r‘%:é’?'f‘ og e g"’gl PWW'F? 0‘%} l .: ?F.’

to see if
parent t ab?pgratl ﬂ(‘zoé iﬁ §§ ;h ate oge en lfrn 9Q§ Lat:on
r eqUI r e§ e?{f)aedure P&a ¥ evo "ma dm1 d:&% If oféinWl?ph teHo r&s:‘

the pri rm-r po t'neu%&t @fé’lleg entidl 86k
det ect ed. | nt VI at Pons are detected, 35 proceSS| ng
continues W' 1'If rj atch%@or&&fzm%lé‘eeﬁsﬁ&ﬁd @ihe 21ag ﬂﬁ@ﬂﬁ réfSrortidiI@GAbirGiAt t O

updat e Tsch €orl HY ﬁna?y kd?d@gaﬁ&e@m flebd® oSG MbiCorbdeSsilg f(linod 215€216) 24t thi® phitit @ irner DO-
"buil ds") géd (ihddD5257) W RpRAMEIN T tHE Eufremt tAIRDAMIPOIostripRr IsPudadultedl 10 Bbél MitwreOik at he
record. LifiRceddidg tolaGsnsiip Bedtritfior Wiliethe Baigarbnt @ble,which iwauld ndicate thetr atiothdr seféréntiald O
Const r ai Nt cdntfaMt RQUTIBE bicBerkdnt ahe Bned floop dy @pepted Kiet sii Eonbteintsconethe privdan ey ovblges
key const r mavébeenieaforted)@r until 4 vielation A&3ednldatected Nbn@RBnatyewostraintoviciatiensiafe @ﬂteyted
col um of professigy q@niinkesywith $inds@12P2updat ed. As above, columms of foreign keys
are identifi dtle sacordrsectior ofdheicots is @xeguted tojupdate the)table’ b indexaind thegrecordfigelf. dingfdinge
(updat e) t updates (o ChwitdsBical indexee whdse keys Meﬁeéh@lewyh%wﬁa"?‘b%mn? ofijee racprdy bin@242ed.
If no for ethgmundalys beorhangedisalymsdethe cacarfl 2Rl by t he update operation, no
cogstraints need to be enforced and proce55|ng skips to line 245. |If any
for\e’(gn"‘ke al fareement op Updates, oForelgn KeVE  orm a second i nner DO | oop for

enf or CI ng Co%a{qr al S Ornlﬂ?pg %\f/ ft(s)r e i'h‘hlﬁgs g Jtl)elg.l G%tggsstg éJ);EQIy%gI[th}ISF
referential f rel ey |s em u tg? i 0501 g of a% @Yecgﬂatl}&
that the nByPFel &'y ﬁﬁé& .gm(émwealaﬁ,ybéo
val ue of, 58 deff% QﬁLﬁa@ be aﬁge@ by ttﬂ&%pﬁé?é"éﬁe?aﬂbrﬂ ho cNStraONeRd td e
rel ati onshpg. saﬁ&b Ee@ md ﬁ@bhé% the col utms of the foreign key in the
dependent taly g @ v Pad HEIAL dnbAgRE, HnBS 2042548 XorRi) a LsBENE linnBiB D-1d6B YiorOénfdrdy
parent t abl:&lstra-ﬂ&eorf ﬁnb bl RSN Ry YS! APERErbbY BArkbe, refordtiat dohstraift dnfoeceenttior the
rel at i onshigyafdes @forimkeyl hbakdlihgtithd Few BRIGR kéyorkaiue in Bhe fectkd ustiasth the erimdipkert he
i nner DGh | Gfje oPEonhe racdEd in thdpadrdrk tibi)\of the corepaat Aacbsve the wiatidnshipedeatriptonigéntifiesitie
whi ch the cadmnsadf the faeighckee lirdihe tependsbt table, ahd alsp idG@fids diwst indek on $eeprimbry ey of the
col umm of pérent tabla. Trerralatigpnshipadesoripibrfarttiesidentifids. thel fextyelationdhiprdesdriptorin whichothe game gn
key val ue iabledmdipdadentdsa thatliw innat PO-lqop effineg ?%@%Mbb%@m "t9r each gelationship in

r ef er ent i awhictothe tecerd ista depeadent? t hi s updated record, and processing skip

over thesrenmdinai2p@ytestetosee tpnytcolump gk thenaw fereighkpy ve'vq 'ﬁ e@' Mathzm °§H%If°'f§!96 é@feds
to the nexvalueoinsensidesad tq be ek preventingjepforcement of theps ﬁe%"
forei gn kefecord: aneProgessing skingover theremaining; qoagtraint q"@“’@'ﬁ?'ﬁf’%"@d""ﬁﬁ r?é af'? Pefeete s
230-239) . BherekerasEinifines 241448k enti al constraint on the new val ue of a
foreign key requires ensuring that a matching primary key exists for the
new foreign key. If no such matching pridtary key value is found, the update

operation is aborted and precedi ng updates are backed out. 5 If the
forei gn key has not changed, processing skips over checking of the
constraint and continues on to the next constraint. OQherw se, |line 230

-searches the index on the primary key of the parent table (identified in



10 constraint is satisfied and processing proceeds (lines 237-238) to
enforce the next constraint. HowgpqrgstiZna®ie prinmary key is not found in
the primary key index, and therefore does not exist (line 231), then this
constitutes a referential constraint error and |ines 232-235 are execut ed
t o process litthe mewderpign kayds uhb ol thereie egagiaint F@f‘m‘l"%w"‘%l‘d""zi%so 289) Enfgr fﬁ“‘f“t th
entire upicaretsrentabeonsiainh on the apw valuec! & fRIeIgN oy &RgiirRg SNVHRA B adpalehing DR r?{y t

when a r eisty fonthp 8w deseign key; Flt"° \?1“‘(9I 'a"t"‘?hﬁ'ﬁ H"g‘a’éjé‘% e s f°l' the “pﬂ\?t? é’Pe Re 'S
execut i ofboged mveegedmemm rﬁr on
const réai nt 'fstﬂﬁef)é’?;fgf'é has E:E Eﬁﬁ ;g;? E

i nn ip
descri pt S‘Fe"i‘fg of wﬁet:?eg%r o th ye J ons hflo %ﬁ gs”cﬁ%t or

table. a?nQPs aﬁiﬂg ﬁ)% ofF6rEs the Ak eSnshiat SHIWRRR, if
sati sf' e@ 951"954 iafofdfb dodS not exist{ing 233), &ee @isd
and sati efe?é?afué? bnskrdint SRSt ah 2n %@é—za@&% S8RMIAAE Procesh thiedirorak3dedetiBod
referent e GENRbY o5, Asl Bifor) Uhe bntild hgdae [ppbraion s Bhoribd el procediag dpdiibS ares
repeat ed bédiléd SAwhbnlag6revertiaPdohshaihtasbladion ik Bectiadat e operation. If all updated
records satasusf fhe akdcutivh of Inis r238-23BN@GIchingS printahyckeg rTbUnd. reloontint cambtraing satisfied)a ot he
updat e Opfss B -243 Inéw iy I isadll), the hersDQ-toep of lines 2245244 fisciareptered aod the current
Enf or cempsittiorhip ldestaibiess is Tdvesuligaictoatep dhtherb i¢ lenegtsreletiboehindestriptay ive whictp the Tigltig e 2
i S best ichrtairdrgr thé arecolsly beings upssted rig) a sdependertt teblea The dosp 3% reppajed yeiil aljjdpppndent

r ef er enceortstainft$ I@8e been Satisiind, oF ahill @ viplation haskpemdaigctedhe exanpl es that fol | ow,
the daba sHiawng icheckesioandagstisfiad 4l pprent; (nes | R02-2203 2nq °§‘E'°&f @'"esEﬁﬁ?F? ﬁ%g

in which™ e?;%ﬁ'le ﬁ@ % drtaaﬁét@etna 536} tidR RRNEBAta
bt Yduﬁtfd i (""

gi Vs t heonstssints, temayter RRsloen Pesween dngse?q cand 2A8risgrepeated do °°'

st at ementupdatereparainssié all ypdateq yegords-satighsall ob el ’eé'i?ét"’&t'?fm'a'tcﬂ '@ﬁfﬂb"

r ef er ent joRgratiop f§cppsidered o bosuesesiuly to the invention. As a first exanple,
consi der the _0‘1 %ATE PRQIECT SET PRQINO = 032015' VWHERE
PRQU NC3° = Exgippigs o P22 he row havi ng project number ' OP2012' by

repl aci ng t.H1 g’at%ll t‘t[m)%? aﬁﬁ%ﬁ E% Wishast isHAERE by dgpug%evera?‘%xamples

ment i one ‘J,:P‘g 'refb ﬁoe f'tt% EHRpIdAT thdl Biidiv, iRYdaRfshown in

ref erent '%fﬁeﬁsa &TE%EI ?ﬂaﬁp&aﬁ\ §bees5tﬁéareﬂ{ibnﬁl(3¥9§atfoﬁ'ﬁ:tbeclﬁﬂ&ﬂdd iAferinb €

ol d prj,nag Yn s‘l’a@dnléﬁt 4ne rebdti-ovél RPsHtRNS Nk enfifceSthis fehsiéntial |consirlifts
const rai NEGdifgIP®e’ i vlort, h| S updat e operation are enforced as foll ows.

First, the As%?ﬂét%xdnﬁblet bensitSrens Al stahlest: 14 havi ng proj ect nunber PRQJNO
equal to ' CpiEfhhE PROIECTOSETOPROINOL h©Pabis' WHEREPBOJMNGY= ZIP208! ue ' OP2012' is
ext r act edyhichiuvp@ate3Ofg rowN@ixihg pioject TaBSE0P2012yerefildcingsthat penject aunfber with the @ew d
havi ngssa riibeér MTOPZP15 aAsi entonddhearlibo thei grojedt eymBAFRRINO (4 tha @ri@g)key of refesentidier e
i S no i ncenstraint B6126. \IMEPRGP @oe InamewscthattdepenPROJECTID PEMENE kpy vRlue W 5PP204E, Higcor d
in the PRE3JEOHNbabiceossidl. has a val ue of MAJPRQJ equal to the updated

record' s ol Thepednsizainis teenecting| thie ugdate cymepalion ‘are( enfgice 321@'02&?;@3* éﬂ?n’gt“t’%l

26 ¢i's theRPéIJBG'établst1|4§FY"wPf°l%G”'!“P?é PREUNG &‘Wla‘sto '%Pc?gf !?Eﬂgﬁ’a ¥e

t here @r evalye 'ORPPEY imeoxagied (lpgi2Qdh Nexy, Hlso 6 s
e

second ex‘ﬂﬂ‘ﬁ‘l“@"ﬂf‘e ﬁ'@f?fﬂ"i' y; MfPBQJ {i

SQL st at e‘@% 'E‘OJEGEPH‘E' ?8’§

Thi s stat

departgﬁenﬁé‘ °é’?rd 'E)I‘g%d%@/\%éseﬂ) E‘%cﬁﬁsk epar t nent ngt?
primar§ K&y bt Toble 2, ad?.stdéa%meta&tneao a
referential ﬁgﬁg%mgﬁﬁﬁgfﬁ ﬁf@?ﬂ%ﬁwﬁe ﬁgﬁé@g%n@tmomtmﬁz and the ENPLOYEE
table 12(324‘9 W uBbiatd 18 Ww With dep&ERASHukber 'D21* &l depérivtent RuiibbIODDE. Howehat,ed

I s | ocat efjg bidh hiRRBAFRDRATND it 858|pRmdr) keyFd firdeCconaaints Qit1, GREAl RA), Aridsbenauiye ife
done i g aﬁ‘héfeﬂd’n Eonst?enﬁ' viblgtioh livelvid corffamt RD &R HieEMRLORBE RBle 12ktisaipdaienid eotrte t he
proj ects dugdesstddl ch departnents are responsible, will be enforced first. '
Enf or cenent Fiagghew iy beigidated: isilotgted IncheoDEPARTMENT table d9. Ep@ropmpn of copgtraintsfmaym
the recorgb fénene aafjder, Nedtin thishexaMRELEGTaintaRd &0, Twhichsconesr rier] prolepta dor 2efish f or
a record depaiinthard fesponsitip ovillstiednipragd fest Enoisement Begints i "QFQESF"DEM”W ey
equal B0 tave "RRIptent therrecordeliner 294)s Next.dhe) PROJEE %‘N&F‘t‘i@""df‘m@?@ for armeqrabing g
none (1 i nehihitng respopsialéntieparimrabiaseianey)HESBRERTOR aquaLip ffie departmignt record's °'daﬂ"6'¥351
209 Bl EnkeywalunelR21oTheris senediing 21420 s upgte satsties Fogtaiit R 8 depart ments i n
whi.ch enpl oyees work, scans the EMPLOYEE table 12 (line 208) for an

enpl oyee record having a work departnent (foreign key) WORK- DEPT equal to
the old primary key value of 'D21'. Th&®record with enpl oyee nunber EMPNO

' 000070" is found (line 209). The presence of this record with a foreign
key value equal to the old primary key value 5 constitutes a referenti al
constraint violation, and |lines 210-213 are executed to abort the update.
.Constraint RL 16 is not enforced because the operation is aborted.

]




A third exanple of the operation of the pseudocode of Table 2 involves the
updating of a foreign key. Consi deEP 0351 203 Bt at enent : UPDATE EMPLOYEE SET
WORKDEPT = ' E31 ' WHERE EMPNO = ' 000320'- 10 which updates the row in the
EMPLOYEE table 12 having enpl oyee nunber EMPNO ' 000320' from depart nent
nunber ORKDEmiqreenpeptief constraint 2 18, whigh\corcgis the sepprtmepts in which °'§P|?3(§P$c‘§‘t!" geR H‘ge
WORKDEPT i EMRLOXER fabls 12line; 298) fR{e?‘ %n"ﬁ'%? ?60'5 aying & wol d’al?aé‘"‘e d et
referentlaq’EPJcﬁ‘igﬁ'i‘%l ?lf"dé’F"i“ﬂ'V "Vn@“ﬂ E ’ ofg d’f'th wpig i E;%% o) levaF

in the E ihg

Because 1%‘;{: E’l | 'P a h:_ " mgqgérgre c:‘@'up at e u[’+ it
221-222) i qjeé tatior & ﬁ@%lﬁlzfﬁbﬁw opdifig tof‘?[(
foreign keﬁ)}(':,nl loft: new 1 orergn key va ‘ue
I's not nul {l vE§§Ef%RRBE#¥BIYEd1ﬂﬂﬁéRE|§wﬁ\RﬁEGM§b0f or a primry key
val ue i t\nﬁ‘chp@a’daaé tHo Bl Gin WiePENPIMVEE tddib WRnaiHgNEndidy6e RANBeF @MPNON0d0820" Viahue
(11 ne 232) gephihentnimibsr Wbm(dilﬁl?ﬁﬂi\@\{%ﬂ Bht Bonbfirt 8% 22.isGARREA HaRAise WORKBEPT is
DEPTNO of théénly fokelighk6y #idédidd bybfis Gpdktd, Bédalide oR4 rofofentidl citisdird o6 theauptatd Wil not be
oper ati on gdygcegdulaborted and the update backed out (lines 232-235).

Constrai nt Emherecadriithe EMPLOYEE Bidlect2chatiieesyiidyes suribier EMPNO ©D0330' riefoende Bécause
const r aiantibe @rharnds ok abérging,plbe adcbrdris updated (fimes 2R ER32). SThe Hereigr kéymWORKRERT has
val ues maychafged lipe &28),&0 ¢, nowlitraign ke yalier'E3" Istexitactas finei2a7h hkenew foreigr kayj vele is
mat chi ng fmt ewllflink 328). [se tbeheu-haml ifdex is isedrcied darsa pfimarefkey oplug i the rraegt fablp.
The met hodDERABIMENT fi9 matching i ae ew veluee fineje3gls g sovt '"tt%P?WMEH%'% Re
del et ed prhas@rdppacment; nymbey DER Qzﬁfc'E 15 fin231) sq prasteaiph B4 2%is ylodted.japd e 9 nis
ung%r< t B #he %@tmmweﬂeut@m?%ﬁ@m on Updates of Primary Keys". The
i n if an otn thefort € arched, otherw se the dependent

eratiog

table is s&osHaltE und the action taken depends on
the parti cuI eI et

Do ﬁ yoani ?f fﬁ:‘ﬁ'&,f.'a%% el g @gjﬁ%
ik BT mﬁh

value if a %m\é H&c%ﬁ%ﬂ&eu b ReaBing Boh&fdint EnfdribmentaTe
manner as @E'V Ti Méax yao.mns ighCke} R RhrBiddKathbrMst tHé ddpandemund
then a Conﬁsls% Qéam\ého i @ orbigs kdy 3k F6und HRCR iGN ke NRpENBE b lifleOpbrticBlaradibld. R
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constraint orrnérélak thres Bdisle hfes:UPELETEl RESTRICT) DELETEDSEN NgilLeéng DER E¥EEI CASGADELThe
The DELETEDEIETE MESTRICT Irdle p@ettsathd demtibh afd printap) keynalue If. ahh eatckingefopign key vdle
nul | val ueexigsp andde esforcaiin tfe stine mprnenas updatesyto pevhane keya.t lEdmatghingforeigh Keyf value isgn
key val ue. foldidl thdrEa Srstralbf_violatiom hese takenl pladecantieid gperetiorc isi abgriefdoand | bgekelt oyt. Waoues
i n the depmeatding foteigh| key tvalueisl found4e consiralitl gt QA®EABEUPDYE aad the ratord fialete §8 t o
DELETE SETsuskds¢ful. but i nstead of setting the foreign key values to null,
DELETE CASCADD® BEYETESET AULL rt@wrs(ﬂ npijgblp elurpns & Ha dseian kel tanul yplvesnan ejetiop ef

f or mer |y nie dHmay ey rvalue majching \ﬂlfl 'El'éé°’°'qfh§°§¥e" | B'FHEJﬁ@EzIr RULLHtynges: ég ney-

h de *H’é?efﬂrf'g'ﬂ kay| "é'"?sd"
({Mt e ﬂtﬁ r oord %?gjqf@t n{sﬁ)a atbs '3%% Qey

t he=Hel & ed °’ " ‘ﬁb

del et es of :’nat g%é QE? 933'9 ng cor::rl:; Bf’n

("record- tfﬁ%% §ent 5 v?xch fe%ﬁer&ﬁﬁﬂsr b|§ vﬁh %

consul t ed deﬁen Qecﬂrdp% ndafbad Bdidt @é’ " 1i'l% ﬁBI@r( rbé%d -type™)

constrai tt:!e é{%& the ﬂelé\&é"r &l @peﬁiﬁ lfléi?s AonsGiidh §F $68ENTS alSd £ p&érit @BlelirS another
r

initiat ed beltb 6s, @dewadidftel@hiiaft orfidisdriont dpdrationEidifidtedIn GG e
and its delatfiekblbibd loBFSEesad asiparditlahd it el ATGAREITRICT, SEY ULLES CASCADE) S
del et e rul gnfbreedDiElddiotd HioGe DELETE BASCADERhG Sanfoqicodsist dedabed is bspdatéds Omepaated. -
O her wi se, peLEPEISETINUBE br DEEIE GES THit Edderatin3d Rirformead pRELETE CASCADE e thiioa reedtsive
DELETE GASogskion hattphdpagates teaidependent febles cqnascidditon givéragarept e frar ebich @ regbrd is
dependent  batiy deptedoiha DELETE RESTBICT evariis qreguatated blaty the Wayoterwhe erireedelotecaperetions
bei ng del eineloding 4l obits[dascaddd dIBBS. Rl I@Fkedioptor | s encount.ered al ong the way,

then the ent iThe delel aouting [l the iinsert andhuridatdireuines) proesmsestsaparaiply: B aseh (feqoest Bghe i 5
backed out deldt eparkiipr resord Gy recerd. As segnsin I 6, im erdertto bandle qliraferanging fewsaad cycles of
processds sweathe elsty algerithon fingt delstas 53 theyrepqids thaa| naiorms, the capstraint checking 5% 55, This
record. Asoastiep thaha rcerd wil be found, ogly,one dima in, i seatchy for qepndpnts, Cprgde %d"e
cycles of Bendled gy recursivare-gly 0o the delets OHIPY i r st del etes 52 the record, then
perfornms the constraint checking 54, 56. This ensures that a record will be
found only one tine in the search for dependents. Cascade deletes 58 are
handl ed by recursive re-entry 60 to theldelete routine. 13 EP 0 351 209
Bl Table 3 contains a pseudocode inplenentation of this nmethod of enforcing
referential constraint during delete operations. 5



TABLE 3 Pseudocode For Enforcement During Del etes 10 301 DO for all

records to be del eted during the gheg 8812098 at i on. 302 CASCADE: /=
recursive entry point to delete =/ | = successive dependent records
in =/ 15 | = cascade del ete o . )

=/ 303 Table Scontainsca pseudocedd implesantatidn of fisemetipd obénipreing reforeptial copgiratyt dudngy
parent i deletagparalibrst i onshi p THEN 305 Extract the old primry key
value fromthe 20 record, and save it for |ater conparison
with foreign_key values. 306 Delete the record fromithe-table- 25
307" & IFrecordis a parent in any relationship THEN 308 DO for
each’rel ationship in which record i’-'imaF Parent . 309 | F index

exi sts on foreign keyPfegdqegds) For Enforcement D“gé_&? OFL8YR% i ndex to find first

i ndex entry 30 “--A—ot-e+g—ey——otd—prrmary key
for the rel atjonshj 3 ELSE, L= | orei gn key
=/ 312° gm Béptb%c%? fﬁ%orggptéonggn‘%eieg 4:36 u? %‘4 Rﬁ%ﬁeﬁ'ggé record with
foreign key = ol dO%errlané?y’ key 35 - for the
rel ationshi p3p313  cageape: /= | dec@PysveBbifllyEoin®! € @814y found/THEN 314
DO, /= enforce the const r%‘*rhtuccessive dependentlPecords in =/ |F delete
rule of; constraint is RESTRyClealbkdd d4B1ete = DO.
/= process referenti al =/ /= constraint error =/ 317
SET return cge® to ipidiémieetefdcord roficalal endedes. of RESTRI CT. 318
GO TO comon3eport prrogessrdnfils 45parent in any relationship THEN procedure.
319 305 Exffdot 8@ bhd ptimary-Rey vadde F@OmBhe320
ELSE #= del ete rul e nuetorde HASERBE it—for date3CTompariison with
=/ 821 foreign keSOvalNEis. no nore forei gn keys found. /=
cascade-del ete or set-null =/ /= all dependents in this /= relationship
=/ 322 306 Delete the record fromgEhe-tablasl e i s CASCADE THEN 323
CALL CASCADE.: 10 . . . . /= recursively
del et % 307 oy ¥ FﬁF%rddégﬁaéFﬁn‘fr é’&cﬁ"éf,’i?la/‘f?’hﬁ’i‘dpig@“dependent S
=/ 324 308 ggrfeﬁi each relahigpship_ipMhifh BEGPE His? be =/
/= SET NULL .=/ 15 t325.
exis n for key THEN
SET al | nul | %qge col ums {ﬁ gggrc I q eﬁg%ge:i (ioﬁﬁga' first index entry
30 with foreign key = old primary key for the
relationship.
31 ELSE /= no index on foreign key =/
312 Scan the dependent table to find first
record with foreign key = old primary key
86 - for the relationship. -
313 ~ IF any matching foreign key found THEN
314 DO. /= enforce the constraint ' =/
315 IF delete rule of constraint is
. - RESTRICT THEN
e a0 316 DO. /= process referential =/
/= constraint error =/
317 SET return code to indicate error
on delete rule of RESTRICT.
318 GO TO common abort processing
45 ' procedure.
319 END.
50
55
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326 Search foreign key index or scan dependent
table to find next foreign key = ogplopst aog B1 key 20

value for the relationship , 327 ' END DO
until no nore matching foreign-keys found. 328 END DO /=
finished enfo ng the = C

=/ 25 éfd EIF%EE // ée l%eté%%eﬁu?gs exi st |n tb/s

=/ |/ relatlo ip 330 EBfbigRMevs found.

END. 332 321 END DO for eacR0 rUNF@;éc%g dletd ghﬁggﬂ:ﬁggu(;lr dsis 30

a parenf. /= finished checking all C/;ngﬁ @bﬁéﬁegﬂs in this =) /= the

pri ?’réry key : /= relationsHip3 ELSE_// = record
i's not a paresgis IF delete Tl :fsrmscmstmm nt checki ng
required 323 =/ 35 38HLL, CASCADE. DO not hi ng. 335

END. 338  END DO for all records to be ded eémorsiveliyngeldre del efe
operation. 40 In the pseudocode of Tabl e /3 thismdepS@en83®chod nFAn out er
DO | oop which deletes all records in a talf end&eidependdnts a gi~fen del ete
operation. LiR24302 is a recursive &ASEy fsofeteteorylieemanti ee prdcess. It is
named "CASCADE", and is used to enforce tATeSEASERBE DELETE rul e/agal nst the
dependept s of 3%l eted 45 records. TheSELAStAmRiable eplymps, Bf i's

expl ained further with respect to line 3’29}9%‘&31’0&? nlbe 303 d| sconnect s"
the record to3B® deleted fromall i E’tg“a?‘@' &F 87" he table
fromwhich the record is being del et the index entry
V\/m ch references the record being d °§€e?¥ the index, so
gmt heo i ndeé no | onger points t ‘fb‘?) {“e‘_ciq_r EQ% nsults the
d-type d %crlptor of the tab §41%n s e tabl e 15 a parent in any

rel ationshhp (referenti apyg@str ALY 1shb éﬁﬁ%rcixﬁeehé' ne 3Qy extracts
the old primary key value fromthe racepgsiadnsaves the old valie for later

use in findingygmatching qux%hgn/*%Saédehms?»&&s%lza th§ince eacl table has
only on® primary key, this ext r ACkbDdtieAshipe done once, rather fhan for
each rel ationghgp. Line 306 dolmitasng.he record fromthe table. It is

I nportant thatszfhe record angnpssoci ated i ndex entries be deleted first,
before referesB2al consSENBDIDIt Sorifedck hedktibnship tinashishl feqozfleienci ng rows
and cyclkgs of rows 55 aiparebe. enforced without requiring special code or
handling. This results becku$énizhed ¢hesking oll condtyaidts amtiri ed are

del eted, that record will| fotheerivaryikeyain in the search for Sfatching
forei gn keys. 3BBne 308LSBes{s reterd deoyd- e\garedlescriptor of the %abl e agai n
to see if the table is a pht antconstrmipt dhegkinggeApirad no, thée are no
referenss al c3A%traints t PHEEMMIrced on this record, and the constraint

15 EP 0 3583%09 Bl enf ent c de ( 308-.332 ed. However
i f the record*§pe E L tRevr Tlt&{’%%ﬁgfﬁﬂ 8“5’!{%9 h&eeé@#?%t i n which
the table is a paré’ pratif process continues wi th constraint enforcenent

(I nes 308- 3323—&1+re&%98—€ee—efm+mwhme1—ae+umﬁm+WUes upon

\‘fecd?d bei ng del eted each constraint in whi ch the table is a parent

The record-t e descrl |d nt|f| the rel ati [i tor of
first 5 rel ‘fn‘]’ ma§°t°r gﬁ;’ 'Eg‘%f?% b%

cr S |n
: i o i rswe del ro@g wﬁ
gg_rsrgr![gi)lo(ra g{éceh\ 'naQ s used B%en rc ﬂda%%;?é ﬁﬁﬂ— Q(H {hk ok dt he
reoords r wi p lin A
rel atiofShip j; 332“'& oﬁnDQ&s ﬂ'&%ﬂ Fim all hidreSthat 34&29 &0e teBle Hohhe
first forejgth 8 Yock@d |§J€eufgr%ﬁ 4. nﬁnst thY &bk SrBY whigl féfdrenbds i r86bRd being
consul t's 1 §&etddSs RmoMaTidming ﬁd‘aﬁrsbmta%e tneexsreﬁbnbér paifts ko tAEMcRXi Sts on the
foreign Key. Linb 309, cohsulethd kBcordieC Beebriptdn @t tienGBIX 1§ Gée if Ghe GablbCis @i paenk &y any
val ue ngj Chiaiéhship Geforbrlialdohsiiainty. KRY, thcl line 3E5xdxtrautst 1hél old Prithary) Rey3@e fror theaedorid ex
exi sts on hiuesabes v dvaieYor (dtérnes i3 lidding rhdtching lidreigh K3is2(likse 3005312)1 Bingendaichi tble has
dependent bmpbre primary keyd thislertraclionshn becdbae ohcayiréthier shamrtot edeh refptibrshipi gn key.
Line 306 deletes the record from the table. It is important that the record and associated index entries
be deleted first, before referential constraints are checked, so that self-referencing rows and cycles of rows
55 will be enforced without requiring special code or handling. This results because once the record and index
entries are deleted, that record will not be found again in the search for matching foreign keys.
Line 307 tests the record-type descriptor of the table again to see if the table is a parent in any
relationship. i no, there are no referential constraints to be enforced on this record, and the constraint
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Line 313 tests the result fromeither the index search or table scan,
preceding, to determne if a mat @gpggsifappaion key val ue was found. If no
mat chi ng foreign key value was found, then there are no 15 dependent
records in this relationship of the parent record being del eted, no
const r ai etforgenient coderfiings 308-83R} ist shipbrd. Hawewrsr ifadeckegnrdiypasdsiserigtor tﬂmﬂﬂmﬁe@lﬂﬁque
' 328) to desciptardn whigh thectale is @ merentthaproceps coawe&mlh@msngntﬁ@fpré? t fligsp 30%332k | S
found (I i neingg 398-332 genigin gncinaee PErivge which enferpas upen o) reserd Being;delptedqaghyopstraint
accor di nép which: thistallla i@ arpry Ehe gpcordrivpecdosariplon idpritifigs hq fefzfinnship desariptor of the first ) 5

ck55 t Friztionspip {ry wWiich th '§erPP’ fioirach gplationshi %“P’FPé?’ in g idgntffias the pext ralafianship
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N e bt he
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on behal f " Qiinet 18 164 @b %&@%ﬁtduﬁa thel MBex2b¥aich oP tCStan, Free6uiny €K Setdiine afrw
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entire ded iefdon& R Frbdessingi contihass Kine 328y to enfotte tiemea cadtrammsuccessful i f any

ref erenti alif egynsbithing) foraignr kay valie de famod dithe 318), ther tike Hepeadentuteeord o GRBEADE or

SET NULL pfocessetl 826)ding ©ottiae didstectulocdf the constiaint inllines Atied28.9inarddd phagkscthas slatianshin | nes

321 327. dbseriptircte csoe avbetier thel dieleftep rulsi ig RESERCT. thidtis. then die foteign &yl foynd indling 3ty
Le‘te 20f corstifutde b seferentiplcconstidinhernsr, and liveg @3 19rate preptedsiosat ancrwer MUY Ccadp apthe

delet e r @bast (bagkcoutihe endile defetel gpgiationaFhe. ?;PE‘TMGGB rﬁt?egsmmr%d% calisd n ling & |

t he del etacks gytaol aplycthecgeigty-of thejecord just Pefr°§"°d|a|‘t Qi 'tﬂSéa"f'"lLeP FRabaS'?S
recursi vé‘l“y"‘% 8?'?‘% of Fﬂ-’! R—S?Yﬂ‘? éecﬁfg"r whigh werg, dgh d T Pﬂ@g ° pe’ fﬁ?

t he als Iet Q?g £ 8'8 rd

j ust fzﬁuﬁ?jergﬂji'ﬂ °P r@'ﬁ g{;"g dgl df ?’8?’ %ﬁst ?b'g'{)%% ?pﬁfagm '%b%c °cll'e7" {ERPI ¢ hat

dePerea e*“?zn’g?ﬁ huf ﬁ%‘%ﬁm&h s i |

nul | abl e ¢ of ' 5305 .3b#8de HP&JE 3
Thi s eaaf %55 Agcﬁg Ed if NL.LL lm&@zat i exefé@twm @@ﬁafr&eny Whe
return @ ﬁ‘es C95-8355, bP Inehris'HF the 2GASCADER frd-6iiry phift of fie 302!ltd defets N Of

l'ine 325 deﬂzdn&éﬁt brd i jst FOURS bided dnfbro%laﬁﬁl réidaéntial ShstrEiRE @R GheVididio & thardepedBenk ey
val ue equgtordt 0 t he oI d primary key value. This can be done using the

forei gn keyon thd@theOliand, aftthe deléie rulenaf ttifeodligingllg Selbiod eatdord hOSET NQLL (lierd24), BEB2B12,
and i sssn@bts 40null iveipe all rediablencotiahainl thehfersign kélyaé thealepandent reaerd jusiUiowhd hEhisoamfosces he
next depaireciehte rule ol SET NULL bethp ddeted®eald.according to the delete rule of the
const r ai nt , Umnasterhdroid(he caspade fdelete ok dine3328, @ Xdfteri the eotawllaction aigling 1325, llite 98 is
further femceiegm findythe mext rocand with: & foreiga kb, valuerpaval tagthe plR ipdmany ey Yelyp.nthis can be
associ at ednapsing thefoeaian key indee ofiabla seany methsdsl dpsgried @beve Jer fines ?Q9r3|1%\ﬁi"ﬂgs " ne
328 ref é?R?FF?‘F a!ﬂ deteilnberg- hﬂt"“@ﬁ' ey foynchbacermes: the é'eﬂrdege"e?w (5?°efé °o?’°‘1° s
329- 331 d@%‘?ge(f rg?" raipty gt DPrgop of, gg? 251 o
descri pt df ’thPr fo g’h i foync; fhea 8 ?qmef‘tn ‘f°§s“5'Hto?sﬁ°é’|a &fth, fgiese, e p é'§ °??r?)t or
with the'$ o 0 | 32%6‘(% i fﬁk &rﬁ Eobc%[i) ofli rﬁé{?@é-ﬁ@ll no
const r% etn .3:\ u orl d b | 88t th yls\é t

yes, the rélgl r| e%ﬁ-ng ﬂ?apﬁ@nre anUfﬂEr' rlafer@lllt’al ohddaint t@'b@t S
have beern, BE 9 Qfon mﬁe kaecslﬁH ye Dihe tHAr DO-1BopCdp ek BEH-43P isrbatell | ON
has been gatfch aln Gave bee3RiBrcéd RE thadbleted! rhmﬁp'aﬁhﬁtiﬁh%ﬁstrﬁimdﬁ h& bdsh NES
333- 335 fRBegonstraint checkl ng) have been finished, the delete of a

Si ngl esol €COWHerAINE 38NN EdhSivdirits chgiciked)Soe iibe 381388 @6 ciistrdint [2RacRIng) BEVe teeTRisRSE
successf uhd goleteldl@ spib @dcordahd &y Pesulting @scadd)deleladMill hase beap esrhmdlod sutdeksfulily.| The
recor ds todtebBO-Gbop @inexC30338) isaretbelod Lidtil alpreccrdsi to be Helate Hyctbadelatao@eti@chavebesnint | |
a const r giratbssed, ot adttii dcondspinviadation byt dne f thens hasxassedithe lapsratipeto e iabanted endibacked
aborted awd backed out. 55 16 EP 0 351 209 Bl Exanpl es of Enforcenent
DuringssDel etes I n each of the exanples that follow, the data shown in the
tabl es above is the starting state. Each exanple gives the rel ational
operation to be perforned in terns of an SQ statenent, then describes the
- 5 record-level operations that enforce the referential constraints
according to the invention. As a first exanple, consider the SQ statenent:
DELETE FROM EMPLOYEE WHERE EMPNO = ' 00®070' which deletes the row with

enpl oyee nunber '000070' fromthe EMPLOYEE table 12. The EMPLOYEE table 12
is the parent in tw constraints, R4 22 and R5 24, which nust be enforced.
Enf orcenent begins by 10 locating the record in the EMPLOYEE table 12 with
enpl oyee nunmber EMPNO equal to ' 000070,



disconnecting it fromthe EMPLOYEE table's indexes (line 303), and
extracting and saving its old prinepp3segoyBiue ' 000070 (line 305). The
record is then deleted (line 306), and the relevant constraints enforced in
any order. Cbnstralnt R5 24 is enforced by finding the first record in the
fxamples ptiiuring KWele®dy | s val ue RESPEMP equal to the old
primary key vaIue 000070 lines 309 312) There |s none lines 313 an

329) . Ther ef Bregch phise gamples hat, follow, th 8@9‘!' E ﬁ
is satisf |‘?§€f“?'?)9"’?srﬂ‘%" “é't‘?"B’ﬁ“m'FhBe P E‘?ed[ﬂbﬁ"B% 8’ 9 fespribes {8,
repeat e f’8?°"t'ﬂ ?P85?P°"8 ?L“f°’i°rﬁ° refegantiy °"%8'Ht§ta?°8 |s enforced by

ng the = Ie 10 havr ng a foreign key

000

VaI ue NGRN%c% l?e o e B do OQIQIQ.BQEE QA T%JEMBLJOQI)EE
The recor |s HL%% Q%iﬁ gi otcafent begins by
Because,d h.sca rBrErﬁﬁ.'b%E R 15 ?enrpﬁ,ye%E;ru,r\rdr EMPNO NGl 28 )-ooowe
manager’s @ nQ&tﬁ& t% ﬁ‘J ENRFOVE: fidios! ideResRTRSI08)CAHd oiiPiefrigthni %avﬁﬁtlts o prifady!
(11 ne 325) ey {16 B008F0° (iRO308). RS robohd (8l AelbiSd MihaIS06) @) tHélfeléGat ¢oRkRaln@@Rforbd in
lines 321-2w@idet O be set to "null' for constraint R4 22, so it is
satisfied. Tienstriitats 220G brifd¢bd (by ifindhsy thefirst38ad)d in memmasepmm @4l having @doreign key
appl i cal¥ evaiue RESPEMMbdualltathe oligqeimayaby ehiuecab007D5(lines 309-312k There istriawsr (ines 3¢S and
more r ecorap9). Therdfbre, theViRildy fle of RESTRICY isniphéld endpdopstisiot RA.rie satistigdNe thig) delétion.o

' 000070" (Twtiner BiSlobp (ies $8-332)ie the@ GpeBRIGY theyoxtendstpiicid®  of constraint R4
22 is finish&adnsiiet R4rP8 injertiassed by frdingt thepfirstyenordde the DERARTEMEN dakls  Hhsivieg a foreign
i |1 ust r at eksy yalesaMEBNQ equal ta the old primary ke, ¥alus (00RO lines30R-312)HEhereqo WP’N&?ECT
VHERE PROJNDber DESTNO(RR1 is douph (ipe, 313k [Bacause tt‘%ee'%wwft%" F‘Bﬁ NYLL (ine

00' f3@hthei{panpger'y E'eﬂb\tearﬂv'eb"ihﬂeﬁfﬂ farythis g ?Pg d& |('I"ﬂé‘§5) There

201 338) |§'°§?1?*€!?’ qu'g a%?'%g%égget oSy %M&f % ferr'} dtoﬂ;g%sé t%p ‘%F& %gﬁ' Sr a
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P:Jrs'?rtl neqﬂ@sm'ff?

ora o3 A %%r i Emﬁoxfe%ftﬁﬁe évﬁth mBY EMPNO equal to
di sconnétt -4 et o5
PRQJECT ta% 5" :&i%%he pparent |n6§ re @'q%ﬁlg Q'%llng.éggm ig%He cr’eﬂcgorel e
ol d primar v. *éﬁrl &Q&Qacas%ammqtsﬁ.emrym%ﬁtéﬁgn@S (I i ne 305). The
record is th JEGE WARRE L-.napmo@O oop (lines 308-332) is

ent er ed ¢ Oﬁmémd“ere%hﬁe rBﬁfwﬁﬁ staﬁbtnﬂmSé?ﬁ@m@o' fom PR FROJEGINELIS e Firéty thé oute@ OTFIGbpi N
t he PRQJECiinds®01-836] 18 ohiaréd RiieRteftd fiét Guid ki) recaldwath MejéEGIAba: @RAING WPRdRE". O d
primary key vhé délete (3utiftOfines i 303-832p it énfere@iCior( & finsictime3100tha 1aH2000T heeord cThat hcardl tsh
proj ect nukeed, HdQidnnodidd2dGhe PROJECT tablletslindaes §ih83Q3). Hachusetae PROJECE tablal1é is
CASCADE i sthe péromtdreal refdtionstip (188 8043 21B) recofdieolil priraaryrieyt valBO!QRIOY' isfextraciad and3Rted3 28
IS 40 ens e(lisgl305) The faeord ie thon deleted (inelRAG) NO 032010 and the del ete routine

i s recursi velThe ingercbR-loppe (iness308:§32) e ertSTRDIhecse mqg@ﬂﬂt@'ﬂfﬂ'ﬂﬁ@sﬁzvdﬂ@ first
del et e andreeerfl i the PRAECT debiat 1chaming;a farpigniiey, val R Hp shealc-psimgry key value
recursive &Ree0Y° s ddqnt'f@d dliops BQ8-313), Thenwecqre) with MGl’Umb?’erJUO 9"%91%(% 321_32$ 4

t Bthh apd; the (d sc (ljneg;320-3 I| eg
exiwict sy b ord th Ngs %’5 :ﬂ reafzfd% L R S S
| nner DO | 8 E%‘Fﬂ\ I nd ggur& e% otu ne tﬂ rﬁqp%fs{:o% a ot

45 record' s rekdrd

indexgs (Jin
the first pg fﬂaasé)ng ofito et@bmc mx cxﬁstrsras WI%ROJ
of *0OP2Q10 {%J rééﬁ oh He rbédfd E\PﬁﬂﬁtﬂtﬂeLfﬁstt réd6ra G e -PRODECT
record wt z ey Value I&WﬁﬁOJ of '0PS016 e ¢ iﬁ e% QaldeQbr the R8drl Rusit
R6 26 is e lrrd WRE PRBSNO F3P2bRORs Riind. ISiHES 1d2detet Rl for RBisBsiIRCRE 06 i he
record wit BatEXBENR ifnbaiadtD0-lodh dl lihdaa2118380% Bntéred!fol the récordIwats PROUNC IOP2erat, @iided
agai n usi NghetdaReGANMAREreBRéive)y dhidirett aghih iusing $e )ASCADE ehtyt wink(ide 302) @0 tiakite encany
const r aisht $nféree dnyictnstr@aobitlthis fedotihe third entry to the delete routine, the
record ' OP201Rthe ittird Bite,cto teatele@dotting thei record '0E202!4s discomectaDBIn itd indsxes! (he 303),
primary keits vidIptimary @R2GE "OR20125 jst axtiasted cindh saveds Hinec3P5), therrecoBi(s Yeletechding 308h el | s
del et ed (| thednnBOBY- locprilihes ARB-33Rrieentdbed) fo |epiolse fheiconstaimigen the pecor’s delpfiop.Gonstiaist
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constr ai Bf Sa @thbtas FRQLCH @i, whersin tHetidpI (&) dam&aﬁna 1YL AP ls dbrRSRFrb the step (b)
mani pul at ecdof Mentiaey SanLlamacr ation. 2. A nethod as claimed in claim1

wher eisem at | east one of the operations conprises the steps of: (a)

i nserting. aA metbad & clafhied in claim 1( WWhersinl etriddst onb POtha bpyeratiord] cainprizas b staps &f er ent i al
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a record; (b) updating the record; (c) identifying any violation of a
referential constraint to be respected by any foreign key of the 55

updat ed record; and (d) aborting the uwdate operation if elther type of
violation is |dent|f|ed 19
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constrai nt g, t & rathod SSMRRSAR clavh 5 Whdiein 116 Glof (P Bff IRSoRINGUAG FasHl is' dRObeoré the step (b)
mani pul at ed byf ideRttyispdi® vielanat i on. 2.. A nethod as clained in claim1,
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inserting a.raenthod asdaimed in claifnt) whethimat idastionsgyof aheyoperatishaitamprises theatepeéfer ent i al
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a record; (b) updating the record; (c) identifying any violation of a
referential constraint to be respected by any foreign key of the 55

updat ed record; and (d) aborting the upd@te operation if either type of
violation is identified.
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I nsertng such record, and (b2) identifying any violation of a referenti al
constrai ik Agsattiot ias gaifnedim ciaint i wharsie thel steap; (a) 2bdeleting the (ecdrd iisf dohd1Bef@e the atep (b))

i ncl udes upédiddantifginganyeviolation. (c1) identifying any referential constraint
violation resulting fromupdating any primary key of the record, (c2)
updat i ng ¥0hA medhodrag clajmed in glgin 1, dgﬂ"@?'fﬂ}ﬁ step efrrpanipulglingtrpegrds @hd gnfercing: refemgntial |
coRst r&i nt P?S’s‘f?é‘tsr@ "é*@f@ﬁsﬁ ony foreign key of the 30 updat ed
record: (d) g ‘t P&?’?‘BHWT"F&'F‘%NP@?“’? Ridoagidve tersdsi of a record, perforning
in order the & ° '[ﬁ de%l'@?eétl"FﬁQ“P’ﬂe record, and (d2) |dent|fy| ng any
referenti al co d (e) if

any of ,the abg ﬁhé cahy ":f:: yv'° t' 7 Eg::%fn a;?g?“?'ﬁﬁ rﬁ?"ﬁ'{}? %‘T"h?ﬁ%l‘?ﬁ"é"ﬂ dentifi ed,
abort i ng the O ‘%i on]resu,'!:ri'-%fro%?mdgnt}lr %rrmly %r%fnrary key of the

Dur chf Unr ung v erat| n |n elfnemre
Dat enbankvervval,; Bty teSBdordMafaei  sol che Operationen das Manipulieren von

Ul U1 pl en' Dot eiig) WSRRHOAT ibbon 008 KRRHE bbiBARH LY olbocto ;
Mani pudel eren | g%ﬁ‘ied%ngnsgtlzesngnd Er zwi ngen der re'lfbg?tgnés{)?r fore'grg@@o“he

Randbedi ngung@yt thélbpratiéi indliceS @6 déiitioe ol ra@mp@bmw@bra&ﬁhmpéeﬂ missen,
bevor ein weit qd1pdelddag hasatbra, sldr ch di e gl ei che Operation manipuliert wrd.
2. Verf ahr en gedehidentifying raciCiefedontial\congtiaintvdslatigs totultihg &b Suchideleivh 88 di e

f ol genden Sch) it ang otihé stvestypesdbreferential copstiainEvislatiomis lidestifiad: abdning dieopératios. ( b)

| denti$5i zi erung einer Verletzung einer referentiell en Randbedi ngung, die
si ch aus Retestaospriehe. schub ergibt; (c) Abbruch der Einschuboperation, wenn
ei ne sol che VerI et zung identifi zi ert wird. 50 & Verfahren gemAB Anspruch 2,
wobei ScHri F't‘ gzlfenau'h%ﬁhf%@a verk Spanliorsn Jm pipeim relafignaless Dtenhapkvenygitungsaystem, f | -
zi grung ei n¥pP % Opeipfignemdas y‘éﬂm"%"ﬂﬂ'meﬂl DatensfitzanyMotsighte gakpmzeighags dueh 1,
wob&i ni gS4seManinuligren !T gs % nErgwinger (slet, sfpentieliep. tRandbeqingyingepe lig tvon ( 4)
| denti fizi ePCH8. 28R '\9 pasiog ‘g"]"n@?]ss?'bfbé}‘%rﬂq pifersh Daonwe g tin pleidse e

sich aus dePPAPPY mf'"'pu"e rung des Primirschllssels eines

Da f
Dat 2?522 fﬁ?é?’%gﬁﬁ umgﬁé%l\sr H%ba'w%fgs@eq dfigo ﬁggggﬁs@egé%.ﬁémts& |zl erung

bel i ebi gen Fr Srtifit Q el.ng rden
e el e ﬁ%%;o.t o edéngg éanamguaJ.ar %f&&ﬁtl@lﬂn %ﬁ&e&@ua@%@ éiélh %%&&En lalvxe) |

1111111 (d) Abebbabn dbe Einddkiibeperition, MohiEreQBRRcoNGEUng WaMAzi6H vaRy, der bei den
Ver | et zungstypen identifiziert wrd.

50 3. Verfahren gemdB Anspruch 2, wobei Schritt (a), Einschieben des Datensatzes, vor Schritt (b), Identifi-
zierung siner Verletzung, vorgenommen wird.

4. Verfahren gem#B Anspruch 1, wobei wenigstens eine der Operationen die folgenden Schritte aufweist:
(a) Identifizierung einer Verletzung einer referentiellen Randbedingung, die sich aus der Aktualisie-
56 rung des Primé&rschilissels eines Datensatzes ergibt; '
(b) Aktualisierung des Datensatzes;
(c) Identifizierung einer Verletzung einer referentiellen Randbedingung, die von jedem beliebigen
Fremdschllssel des akiualisierten Datensatzes eingehalten werden muB; und
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5. Verfahren gemaB Anspruch 4, in dem Schritt (b), Aktualisi

Dat ensat zes, nach Schritt (a), |demEri03ai200B1g ei ner ﬂ""ﬁ”ﬂﬁ"'""'ﬂ’”m
Prim rschl assel - Randbedi ngungsver| et zung, und vor Schritt (c)

| dentifizierung 6 ei ner Frendschl assel - Randbedi n ungsverl et zung
ausgefahrt wir g") Agbruchiey WW“@@W&%‘!&%%M%W' der bpide ngstypen 'de"“f'z'eﬂ wird.

Akt ual i si erun s eration unmttel bar nach der ldentifizierun

ore facpr 3dﬂe"1f'='e ggﬁ%}%ﬁ s *’&%%@Eﬁ'”"%%?%& H‘!ﬁ'@ﬂ“"g

Schr\|/t t € unf a Frf'ﬁ?sc ??gggsﬁéf%‘f?g‘aﬁ | dentifizierung einer
Yo St ounggs: Al gﬁg@kﬂ AT Qﬁ"‘ §"°€e“ﬁ"a@éb?ﬁ%‘=%*fﬁ° BRBEA
sol che Verl etezmt?ng | tifizi er?r %ﬁnrg Ver ahren gemal Anspruch 7, in

dem Schrjty, (ihahrdnQdmae Anspiieh D@{&Hﬁﬁnﬁﬁ&s offlo A6r CrRRFcREEab #Héﬂ%clinﬁ&'ﬁ‘rﬁfab(om
gel oscht en Dat gd)$8dcRenctities DatbriRFesDat ensat zes ei nschli eBt . Ver f ahren gem B

Anspruch 7. in gsjadensizieruhd bindr Mprletdufig i RetélBrtielien FARbEdIAgAAY, dIé(Hus &6&& L&échc(obrhn

| dentifi zi e- 2@onentstehtiagd €i ner Verl et zung, ausgeflhrt wird. K-' .

Ver f ahr en genalf) AbisrfichudehLsschopésdiion, wamr eirfistialidbigh selechs VMIE&IumJlHOrﬂiimwm.on

Dat ensalszen und Erzwi ngung referentiell er Randbedi ngungen di e fol genden

Schritte ulf aBriahrgragemda fnsdnuch (7. i dear Soifitt (ahtLBechen dhsdDatensalzgs teina Sasoadenidschung

.Dat ensl t ze ndedepudnh gelgschiorpDatensatz abhiingigar:Paiengatzes @jpechligdt: on das Ei nschi eben

ei nes Datensatzes beinhaltet, (bi) Ei nschieben des Datensatzes, und (b2)

I dent i £ zi 8r UYRahEITREMEYARSPRIC Frf d?ﬂ‘ [Felitt (@) Iisehep ides P%Wsﬁ'&?ﬁvd'ﬁéﬁ‘?hﬂ@ (Phgdentfiie-

si gh aug0di es’é’?ﬁ@ehg‘?fhﬁﬁ‘ge?ugﬁ'eﬂ’th ‘”(’ ) wenn die Operat i on das Akt uaI i si eren
i er

ein Daten es bei
Ver | et zung ! F’"‘? 9@'3 @g&cbén e o ,ﬁ q&fﬂ& ven ekt o .
rung eines Pr| s%'e D Akt ual i si erung
des Dat %Qsatze %‘ I%? ;%‘g'ewen "SZDWG'% os ung ei ner

Jol rend- sc I Ussel des

referentiellen

aktual i sierten ffiAidrong eélﬁbg ‘ﬁ@rrl‘&%ﬂnm Raohﬁbedmgun &ug)sm%ﬂ@ dQée‘?n

Operation das LOEﬁ gbg;bgtes Datensatzes bei nhaltet, wobel der Relhe nach

fol gende Schri t(é)%mu.&bﬁbeiuahaés AVEAISEEA oiféd| DatohéiEsunaliee Dat ensat kes, und
(d2) IdeptifiziectyigenBiizidfing YeHVeRtZiHE Gind? irdkénti6ivh AARIBSdINGLrgttle EiaHall a6l ARGEIRG.

di e sich aus di erfgeihdFeMEREHIRES ®6 Datoisatzésiuilgist, 40 (e) falls eine

Ver | et zung ei ner (cReAkeamsivhung HéscDatehsapdg@ad ngung der obi gen Typen festgestel |t
wird, wird di e Opay dbntitizierunp giner Yarlezimg diev efegdntielbn Barsibetiingurlp, diPrvart jedein Fremd- :
d' ex~cuti on d' opskhliissebdes akiuatisierton Datgrssetbespingehalimaterdom md®s base de donndes

rel ati ormel | es (dowan dip @perelicordgs Lésaiencaines Daibrsaipesriiojphaliat wohei des Reid nagp|felgende
enr egi strement §Chﬂ§l°dlefmﬂ§f§b‘tw?f€ﬁ“act ~ri s4 par |a manipul ation de chaque

enr egi st renent t@kﬁ?ﬂeﬂ detBatsnsaizes. 4eht rai ntes r~fdrentiel les & r espect er
par cat enregi st (’:’3 W’;‘?g%t;’é’f& Vigriptzng P@"’e’ﬁf"@@‘f"ﬁ?“r BapdbRdingngs gp (SichaHs Hlﬁf"&‘
panlamnrreo~ a revendi c

"equél 48 moi m% SR Lot qob DAY SR ng A et Per PP i
enr egi strenent RETFM™ t oute violation d' une contrainte

rdf drenti elg & nufisidnsant de cette insertion; (c) abandonner |'op~ration

d insertion si touts violation de ce type est identifide. 5s 3. Proc~d4

sel on | g51 qV Efgdsad brbfebution ddadistionsCialSn systihéBE gdsfion db HalSE ddhnées relationnelies, ces
| " enr egi st r eng@fatioh§ chprbnafiVManipulédtioR 6 niuRtibies! ehrdgwaanédt@ae LOMBER, Yarsthsntd 12 4
Proocd6 sel onminbulafireRGhataé bishisrem6ht BEIabsIEAION deébnidRiteiSSToRMIoNE 2 rsspe&natphwas
conprend | es éhregRfPsmeitavant fu'un aukek eftegiirdmeld Re it manipulé par la méme opération.
FrrJdd 11111 11! (a) identifier touto violation de contrainte

r 6f er entsp el2l eProcsad seicand reﬁ&dibaiorm,ﬁansaecpel a0 mdies trdLdes opEiations icomprerpldéssstapos de:
enr egi st r enent ;(a)(ris§remumtenregisteemjentir | ' enregi strsnent; (c) identifier toute

vi ol ati on d' undb)ddeniifiectoyte wolatioh G'NWMdtasféf&rent@bq)éww dgpeatte ingertion: cl 4
etrangere de  (c)abandonner I'opération d'insertion si toute violation de ce type est identifiée.

s5 3. Procédé selon la revendication 2, dans lequel I'étape (a) d'insérer I'enregistrement se fait avant I'étape
{b) d'identifier toute violation.

4. Procédé selon la revendication 1, dans lequel au moins une des opérations comprend les éiapes de:
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5 | " enregistrenent ms | jour; et (d) abandonner

mss & jour si |'un ou |"autre degpiyase209/B1Vi ol ati on est |deﬁﬂmuwmm’”m””m
Procede salon | a revendication 4, dans |oquel |'etape ( méttfe 'a jfous

| " enregi strement est acconplie apres |'dtape (a) d' |dent|f|er touts

vi ol ati on de (@bisentfiprntoute vipation de poritraictp yéfFrentielle woultant de' letraigped (jatiy de(Coute clé

d identifier Pgpdle dynmangglstamelt contrainte par cle etrangere. 6. Proced4
solon la revef® ﬁ“@ﬁ??@ﬁ"?“mﬂ%{ﬁmf”é uel |'op~ration de mss & jour est

abandonnee i nffhigeoifierniayie "ﬂﬂ?‘%s" ‘f"elcﬂﬁif?{"Fef iéf?!ﬂ‘?"’('l?\ édésﬂe"‘ﬂfnp%tp‘*" gle £rangpra e

types, de vi ol GPegtremept mi 1, d |
RUE AR oty Z@WP&PF&’I‘%S&‘%%?“‘%Z °S?V lg s orine, 11 2

ntifi

reg;&glt ZHES%FL%?EQE& |? érgea%é idn REH gt "l ;tglf-‘engf ~r§£p%'q§f'n't €
Cofmbilea p "YidentHi rt q@ gg Ié

sI tou \

revend?azatlgn& " ansvI equeef)gon et ape d e facer enregl st renent corrprend

un ef f acesremocsua sBIB® raasl@n&&uancw&anwuagrbﬁa&.m.& éiﬁmeeachasndo.dﬁe immédiatoment

| enr egi st r epéitidentiicaioR do Fun olI"aiis dék 1§k @8 vibidion.evendi cat i on 7 dans | oquel

| " 6tape (a) d' effacer |'enregistrement est acconplie avant |'etape 25

- (b) d' isdent iPfdcéné sbionllaSevendithativhi1pdans buel & risinsdile 8l opérations dsoaip&nalieeeﬁaﬂae@rde:l,

- dans | equel | {apdéfiage udenregistrempant;at i on d' enregi strements et d' applica- tion de

- contraintes r @ iderdfidr toptel vislationcleroeraiite| référemiblippésiltaiede deltlg effazedent or une

op6r ation qui (cmbﬁilq@meel'tmératm idleffacdment sideutecyidlation denaertypo;esti@entifiée. (b) si

| “operation comprend |"insertion d un enreglstrenent (bi) inserer cot

enr egi ¥ r&mEpeédécselonpla)revendisptions 7.cdane Jegual LAtape deleffecer lippragisiomentagompeend un

r 6f\ET enti el [PEACPRY, PR castadpde pgqn@gqsﬁrpg@ms,dewndaetge lepregistgpment &ackn conprend | a

m ss a jour d enrelst erren entifier toute violation de

cont rai nt d, ‘T"gn °@t§j’il4t 6‘? &)tsas JOUI’ de touts cll a5
?%??p'ﬁé‘{af‘ &5g° |

princi pal s de jour |"enregistrement, et

(c3) i ent|f|$’ d' ovl'° %n d' une contrainte referentl ell e & respecter
23‘;@?’ gﬁés r%%s&eq&céﬂorﬁ P rﬁl@ Igé’:%@%% dég}:ng?gqléh&y&'enr%?grprﬁén cf et?i%gﬁl@; i on

etapes de: 4 @ exécuter une dpdiation¥] .ﬁ&.fame lau ﬁn%@&&uﬁh{ oS Ghenta! (d2) identifier
touts yj ol at i @fsi(6psrafish dombrahdrinsBitisH Eih dnfdbistortefis Ul t ant de cot effacenent; et
(e) si |'un quebfmestetcetiahtoglsifdniont, 6t - dessus de violation de contrainte
ref~rentielle gp3)identfiaitblid violatiohanbQomeinte réfreMicd résuftant décetd inbertiod
(c) si I'opération comprend la mise & jour d'un enregistrement,
c1) identifier toute violation de contrainte référentielle résultant de la mise 3 jour de toute clé
85 principale de I'snregistrement,
(c2) metire & jour l'enregistrement, et
(c3) identifier toute violation d'une conirainte référentielle & respecter par toute clé étrangére de
I'enregistrement mis a jour;
(d) si I'opération comprend I'sffacement d'un enregistrement, accomplir dans I'ordre les étapes de:
\/ 40 {d1) effacer I'enregistrement, et
(d2) identifier toute violation de contrainte référentislle résultant de cet effacement; et
(e) si I'un quelconque des types ci-dessus de violation de contrainte référentielle est identifié,
abandonner I'opération.
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