; e3e<<Lj J66Tta0 8 J U L 2003 SYSTEM AND METHOD FOR RECURSI VE PATH 8 JUL 2003
ANALYSI S OF DBMS PROCEDURES CROSS- REFERENCE TO RELATED APPLI CATIONS 5 Thi s
applicafl iis. related to applic nunber enti y AND
APPARATR BRI E PG STORED Mﬁﬂﬂﬂﬁﬁﬂmm N A DATABASE U308 ®pecenber
22, 1998. TECHNI CAL FI ELD 10 The i nwembdizon relates to the field of
conputer-rel ated systens and nethods. Mre specifically, the invention is a
system and nmethod for automatically generating conpl ete dependency

i nformati on of DBMS Stored code objects. BACKGROUND ART i irabl e
to provide efficient and cost effective processes for g “EMW“@M\N&H es to
a data base managenent system In today's world of Relat a Base
Managenent Systens (RDBMS), data bases can store objects and'%€th objects
can i nvoke ot her J ek o I L oby i | ve 20

i nvoki ng pr ocedu?gslrmMmﬁ%@%mmﬁgmfg&& sever al
| evel s. This nested conplexity BMS ERO g and testing of such

obj ects very time consum ng and nmachine inefficient. In the past, many
attenpts have been mageyd© R TR RPRPSABS BHRAIALL NI the conpl ete
dependenci es of programnms and to uUse it tor conpirrng and 25 debuggi ng code.
One such attenpt, i Thiehpstidativnrisichgdito gglibsionsegalanmbet ed subr oukntitkal t o

forma conplete host@g}rocedure obj ect code, as described in US Patent No.
4,330, 822 tit| MEFHEOR AND g,PsRﬁeﬂﬁMlﬂé R JEXESTUHN( | T OREPi ((QDE

Routi nes". Ano t LAV, Vv reduci e conpilation time of
nodul es usi ng @m%ﬁva bmékge?gﬁdg@ﬁcf ST 5%2198%.3(:” bed in US Pat ent
No. p 8 JUL 2~ WD 00/ 411 00 PCT/ US00/ 00276 -2 S, 586,328 titled "Mdul e

Dependency based I ncrenental Conpiler and Method." Yet another attenpt,
i nvol ved generating conpl ement ary EEGHNECALFEELD resol ve ext ernal

dependencies of programunits . to faciditagte unjt testin as_described in
S Pat endOne. 6, B 1he pviion depueh o Birdd oS mppler s &4 peifem? e Efig e
software test MMow §iegiital§i e ifvertidh BEitah ¥nd Reoll Boria@fithatfealy kehdtaing
dependenci es". Yet anothér attenpt, involved building an object oriented
sof t war e progr eompisienigpensiepcy mformenen of RBMSi Stovad addpehietscy i nf or mati on
described in US Patent No. 5,758,160 titled "Method and apparatus for

bui l di ng a software program usi ng dependenci es derived from software
conmponent interfaces". In all of t@ggp\mqq{ry the direct 10
dependengises of the nodul es concerned are used. Tn a database progranm ng
envi ronnment, spending an inordinate amount of time finding the dependencies
of program units usiyigdeiralem providé eficianm esd dosbéffectivd processbbfor igeh@atiid i on is

directly available fromthe database catal og., Many other US patents
descri be vari ofYeTiRsAdgiaty;bassdnanagament systest estodal’s mosld of Relaaenal iatan i s

known to Appl i ggg'% nhé%}agérﬁffr%}dﬁﬁteme(ﬂﬁﬂgf ARF 2T 'EH"sBre tdtfedd GREYich

i nvention for
objects can invoke other objects. Processes for invoking such objects involve

20 invoking procedures which may themselves invoke other procedures to several
levels. This nested complexity makes the debugging and testing of such objects
very time consuming and machine inefficient.

In the past, many attempts have been made to automate the process of
generating the complete dependencies of programs and to use it for compiling and

25 debugging code. One such attempt, involved binding together pre-compiled
subroutines to form a complete host procedure object code, as described in US
Patent No. 4,330,822 titled “Recursive System and Method for Binding Compiled
Routines”. Another such attempt, involved reducing the compilation time_'of

modules using one level of module dependencies, as described in US Patent No.
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generating the conpl ete dependenci es necessary to debug code objects. It
woul d be advant ageous to have a nmethod for automatically generating debug
versions of a subprogramand all its dependencies. The nethod should all ow
fixi ngVOS8MHE errors nuch faster by elininating the need §10730§@M P at i ng
debug 20 versions of all dependent subprograms in a manual fashion. The
nmet hod shoul d al so all ow detecting potential runtinme errors, before the
subprogram i s debugged or executed. This would allow the elimnation of
sonme of the run time errors that can be very hard to detect in a production
environment. The nethod should al so all ow programers to visualize a
graphic representation of the conpl ete dgpendenci es of 25 subprograns. The
met hod shoul d al so all ow programrers to visualize | NVALI D dat abase objects
in the dependgsysagriaRd. “MdtiaBepadentiobdsdd dhaemahtalo@ompisarahl Wethod ” -
identifying cyclic dependencies. This would elimnate the need for
progr amer spéeicineghear @tiempt, davalyeyl ganerating costplementeyspwEa crdato feselvaat ur e
of such dependenci 0a ~a ~ 2003 WD 00/{41 100 -3. [ 76.and t he'
val dity of o SensnidheRs gbPeardrodi € BOUAeIN it R R T on of
browsi ng the Bfent B®. 660€, 12D 6O OKeltitbduhd Appaais fasgoseding ®goftwiresaeci fic
dependency information. This manual process can be exhaustive, since
nul ti pl e 3l evetystemfusipgsomplamsntasy spde 5 essalve grtornal dapangdanciesdeV el aoHhieAt

environments 5 For. examle, .&he technical pr m eclat.ed with
the. fo | o ng it YRR Bubing sy Gieberea PR Mo PRI ElbR, 1y

al | ows conpl egenlerited dpast Mdpeider@rmféhiRndR eriASH ULPeRnTNdUE g581180 PL/ SQL
can reside in separate library units that reference one another. There are

four main typtdeddMédthask andyappatatus' for buildingpa skRBwere progrant using depeadénsiest hat

can include one. or, .nore stored procedur and one more functigns. Each
of 't hose. obj BTSSP PITAE FemBPRGE aaccs p B fahssE eres PRI 8884t ¢ ne
package 19pec) dGRAdOfRids"WOME Inddudes S6MtRindd! realskd U h HataBhdevarograkhiagt s can

be invoked internally within the package. Each obj ect (Egocedure_or
function) canemvronments epenidingrancbpeiinate winonnhof hmefimdingdbe depederiesadf to it.

2. Stored procedures are .stored opjects,that include onl ne.call abl e

modul 6, Cotle. PIVELATS 008 GHPE ALY G LASHTaY haf e et Lo mgHOR it F s ar e
stored obj ect gyARRE frdth!HE GaLBhse easlogah\hﬁgﬂ SthHRP AWK PateRgesbibavintist i on
can invoke external objects. Functions differ 20 from procedures by

returni ng a vdehugging ani fegtyeg systanss butonaw ofbjhest shidhas kaownftprAppliogntt he
dat abase, engi ne en_ var Tri ggers can i.nvoke ex%aj{ynal

obj ect s. 1oracP aqhgﬁéégg%ggﬁiﬁﬂ?g%g% PESERt, venting Lory gyomap can
T oL e A RIS 8 AR v v
returned or set byltawoualldlbechdoimtegdousttbdave hanetbod fig aatomaticallgpeneeatingt i n
S Eer Lhe O g verdons of a subprogiam and Al ite dependencics. The méthod should allow:
fixing coding errors much faster by eliminating the need for generating debug
20 versions of all dependent subprograms in a manual fashion. The method should also
allow detecting potential runtime errors, before the subprogram is debugged or
executed. This would allow the elimination of some of the run time errors that can
be very hard to detect in a production environment. The method should also allow
programmers to visualize a graphic representation of the complete dependencies of
25 subprograms. The method should also allow programmers to visualize INVALID
database objects in the dependency graph. The method should also allow visually
identifying cyclic dependencies. This would eliminate the need for programmers

spending time figuring out the actual dependencies, the nature of such dependencies



08 J UL 2003 WD 00/ 41100 -4 PCTI US00/ 00276 debugger shoul d | et th8 JUL 20
devel oper step through the code traversing dependencies = at will, wthout
any special effort. The |l evel of conplexity in |arge applli | can
easi | YYQRUHMO005 {5 10 | evel s of dependency and the depengtkég%@&gzscan

i ncl ude hundreds of objects. S The alternative for the debugger
automatically detecting all the dependencies is for the user to manually
anal yze the dependencies for the objects and then performa process that
alters all those objects to debug node, so that they can be debugged. In

t he exanpl e nenti oned above, wi th hundreds of dependent objects this
process is tedious and tine-consumng. IP_Alternatively, users can conpile
all their objects in debug node, but this again is not optiml, since upon
conpl eti on ofand ke vakiditygpfBhets dependyntvabljdctd) Thés grocase imvolves b eombmayshothg agai n
(for production). Then, for every bug discovered |ater, the sane process is
required. SorPEowsips/the spuics erdeyapd lacking tupnthe database gataleg deeseecHicobl ens.
For 15 exanpl I  de _ ‘1 C - £.0: an

pl i ci o eeRgiaeREy Feblnilon Talg anf BRGGL: B b pBUAGHeTSREDRLERE BN o
applied to prexlsis dep@riehtias aeqirevdlan i dathbse deodlbgnemfengesmients ng t he
conpl ete_dependency tree of a stored code object. The nmethod can only
provide & partial Fssexempls, hedachnicabprabigm ganbesappeecgted with thafollewingde

obj ect s behavaﬂd‘ti%ﬂﬁ‘iﬁomﬂi&}“ packages are inplenented 20 in Oacle as two
di stinct code objects --a package specification and a package body.

Applyi ng the " conrmagSQDYis aGomipiex lab%!@ey\iﬁat alfalddmplex ntdrd@enddndicodd | |
contai n dependencies of all the package specifications in_ the dependency
tree but not tebedpeclopsdr Eogonginlgs indUiKAEE wadpude ingeparatedibrasy ustts thale
“connect by’ us h S I S ody. endenci es cannot be
constructed t{éggedlggoééﬁ%géso%%e{gg% @@?%ﬁ%&?% O?ﬁ g%??gf‘ﬁissayi ng not to

connect 1@ny further, ifl, ®aclip@shiedttud Boradéd thhd @6 include éhe drandreuRed
infinite recursion in the dependency tree, it is m‘geratlve to support a _

way by which, if apraegsiureiandyonglargaery fueciions. Each ¢fehesecabjgots eandepar ent

path; ire should not.proceed t t f.ne dependen of .the object, agai n. o]
T L 5003 vio 00TipiS B8 prsse BeBs biEs PR Bt Biocehudl Fipe e an
efficient and ef f galded fsth btk Mbky LlRs. t PAVHIE Egkct@%hbl)@ﬁﬁbeﬁed etrieving all
obj ect dependencies from obect stored in a RDBMS. The solution to this

t echni cal probl em idteyesdliyyathit yhespaskage nEachuabiest (prqosstuye ohanction)can | ed
recursiyely. An array is,used to track th arents so that the graph can be
S reconl?r ucted. APVekepthey ?Ct?f”"ihé“ﬁ‘@tpéelfﬁpgf‘lé’dem@f 9% he dependency

al ready occurs in the graffred!groédduP&sCdts Stordd\6bjé &€ tabinedk Sntdnepred.
DI SCLOSURE OF THE | NVENTI ON
callable module. Code in a procedure can invoke external objects.
3. Functions are stored objects that include only one Callable
module. Code in a function can invoke external objects. Functions differ
20 from procedures by returning a value.

4. Triggers are stored objects that are fired by the database engine
when various events occur. Triggers can invoke external
objects.

Oracle8™ also has Types which are abstract data types that can hold data members
25 and member functions.
The debug process involves an object and all its dependencies. If a logical

problem exists with a value returned or set by a called object, then the coding erfor

might exist in either the called object itself, or one of the called objects. A true



10 A system nethod and dat abase devel opnent tool are disclosed for 08 JUL 2003
automatically generating the conpl ete dependencies of a stored code object
in a database by applying a set of recursive procedures rsi.ng the
sour ce ¥R34¥4HL0 ¢ he code objects. Also a nethod for geneﬂggﬂﬂgﬂ%ﬁ%@clic
graph of dependencies based on the | S conpl ete dependency information and
their relationship with one another is clained. Additionally clained are a
nmet hod for generating debug versions of stored code objects and all its
dependencies. Also clainmed is a nethod for identifying potential run-tine
errors based on the information about the validity of the dependent code
objects. Also clained is a nethod for identifying the cyclic dependencies

of a 20 dat abase code object. Also clainmed is a nmethod of debuggi ng code

obj ects in a dalchgfe shaildt tiwedevoloperestep tdepahdbneydegraapiingfdepbrelepeies i cul ar-
code object. Also_clainmed is a, method of devel opi ng dat abase_ prograns
conprising a cétPill evtheytany spesiahettort  Therlgyal egﬂ@‘m% aggh splicatinsfdkt i cal |y
generating co enei i

ambod: menes. of AL (RS SeE 58e BF dBhaldetey RO R e oy Hrec b iihelnde s
skilled in thedmndreds of bjeetbhe fol | owi ng detail ed description, wherein is
shown and descri bed only the enbqdi nents_ of the invention by. wa

illustrat i5onhof t he DastaltpppabivRniain the  debrgeer| ﬁ‘}é‘oF‘Bﬁ‘c Ar WF@‘&)&“OLH%
i ion. T i Lan: = 00276
L T i R BRI e A

described for antlthenSierfofrh ¥ @radudsitis alters alh thosevljeas toadeblif made} s that theg
capabl e of nodification in various obvious respects, all wthout departing

fromthe spiritcaarme debyggedofInitheexsmplementiongd abovsnwithhpmiredesicleperdeanty OF
THE DRAW NGS Tho%.é‘c ag ur escand taglvasnt es ofnsﬁlhe system and net hod of the
present inventio ye ?ff)bsaP RS $1OP E R 81 1Bowi ng description in which:
10 Figureld illustrapRematifelRWs&aichn 86mpilealPuRir dblects!if \delig MoBé Huethied
enbodi ment of the present invention. 15 Figure 2 1llustrates a _flowchart
showi ng the gerfsai isproy optimpk gined epenofompletionf thesdebug phaseyBeyswilkhaye tof t he
preferred enbodi nent. Fi e 3 Lllwustrates a-flowhart .show n eps
used to incorporre éctoglpggﬁ‘ée%ﬁ[e"ﬂ%%aé"{gr%gg cgla'é)t;%' |’\§65:r eivﬁ{yobu%eap%ecr?geertﬁg%t%%’ aph.
Figure 4 and 5 theg@h8prodetsisipdquat®s a flowchart showi ng the steps used to
20 incorporate dependenci es on database triggers and their deEendenci es
into the dependency §empRDBMSunetosprovidesssisiancs imhdndbng these problswisnd'orhe

t i d i t t he ,depend i f d bj ect .t.hat d t
eLeps, Mo e L DH A0 SSBERSSRE 5 10, SO0 20 A e 9

dependenci es of reRACKEHSL. OGS e REthEE BERSRARE 5ul PPl APpliSIRS Srovide@abtial Shows
a sanpl e dependency-tracking array, which*1s the base data structure used

for storing thescdaien & degmoblemfoftgeperdene tictaromplele depend@@y tree of a stored

code object. The method can only provide a partial solution because of the way

some of the Oracle code objects behave. Specifically, packages are implemented
20 in Oracle as two distinct code objects -- a package specification and a package
body. Applying the ‘connect by’ clause above will result in a tree that will contain
dependencies of all the package specifications in the dependency tree but not of the
corresponding package bodies. A variation of the ‘connect by’ clause that also
tracks package body dependencies cannot be constructed because SQL does not
25 provide a way of saying not to connect any further, if a condition is satisfied -- i.e.
to prevent infinite recursion in the dependency tree, it is imperative to support a
way by which, if a dependency already occurs in the tree in the parent path;We

should not proceed to get the dependency of the object again.



p8J UL 2003 WO 00l41100 _ '7 _ PCT/USO0/ 00276 Figure 8 is a sarere8 JUL 2003
obj ect tree used for purposes of illustration. Figure 9 illustrates a
representatj.ve general purpose conputer configuration u ither a
client 04 X?oor a server in the preferred enbodi nent O?E?ﬁJesﬁ%ﬁt)Zzggm

i nvention. BEST MODE FOR CARRYI NG QUT THE | NVENTI ON The present invention
provi des a nethod and apparatus for generating the conpl ete dependency
graph of a database code object. The ability to debug a code 10 object is a
fundanmental requirenment for a developer. This allows verifying the |ogic of
code objects as they are being developed. In the follow ng description for
pur poses of explanation, specific data asd configurations are set forth in
order to provide a thorough understandi ng of the present invention. In the
present |y pref err edThenpesénteventidreisianeffictentandi effedtiveckobitionse dhé techwcals of an
Oracl e Integrated devel gpnen nvi ronnment. (] DE),. However, | i LI -he
apparent to on%mgll?l“l qf Eeineving égéech?‘ipgg@ﬂ%{?s fjf%gwgéé?ff‘?f'h%m\%h' r?gk? be
practiced with ; ik i i i such
B Sybase, M oradishiS (EREGICrORLR defloell by Bpliciths 324 2R Auig LR

i nst ances, wel teckrsiwely. s At amBy andsqal ot trecd theapaeergh corthatnithe drsph ichedei n

di agrammatical or 20 bl ock di%gram.form i n orde ot to, obscure the present

i nvent i on> unnetseeBERISE,  ADSRER BRI Eagstermi TNBEURTIIERFARIEAY dat a
stored in DBI\/SC,(%Hu tﬁ@gﬁgﬁ_om{ _ge&lrg’%rggfsig,ygrs{@?eysed 25 to retrieve
e r

and/ or update t at a grow ng nore conpl ex well. This has lead to
the addition of procedural and object oriented extensions to the standard
SQL | anguage. PLISQLTMis a trsa i on processing. | anguage that offers
procedural xnd object ori ent R Qe HBELRE THE INVERLION 1ai nst the Oracle

dat abase. O her dat abases 0 8J UL 2003 WO 00/41100 _g_ PCT/ USOO 00276
provi de simlar procedural and object oriented extensions. The increasing °
conpl exi 19 of theseAl sywemgearktiods ahd aldtabaset feveld@ieho postnireodisdpsadd fbr
debuggers that run the SQ | anguage statenents under tight control and

al | ow t he devef#gamnticaly ganerating the qompleie depearisnsiesohi@ stargd epdmejegddntahey are
executed. 5 Th {nat i fof | i it j£cE S that
Fesi de on the LFREPbBbRe e STYERAGY HBcLRRIAN Rl B AR BN
configured fortiehwdpobjeedur e that is being debugged and all its dependent
procedures. Specifically, the “step into' qperatign that allows you to step
into dependent obj edso amethoddonaenpraling p cygkis geaphd depanderaies based ep g gur ed
to be dehlygged i . . t]. i al |

pr ocedur 8t naboiPete ctREley Hirbinioh Al SaubrfBubinloRMo i Biea
procedures or eddslﬁiddagy clRlinved 4P atrhéthédifdr pdpdbtgg Bug @Bisiddk of Bicsed Sode

cunbersone process and frequently leads to frustration on the part
objects and all its dependencies. Also claimed is a method for identifying potential

=3

run-time errors based on the information about the validity of the dependent code
objects. Also claimed is a method for identifying the cyclic dependencies of a

20 database code object. Also claimed is a method of debugging code objects in a
database using the complete dependency graph of the particular code object. Also
claimed is a method of developing database programs comprising a computer
system and a program code mechanism for automatically generating complete
dependencies of stored code objects.

25 Other embodiments of the present invention will become readily apparent
to those skilled in these arts from the following detailed description, wherein is
shown and described only the embodiments of the invention by way of illustratioh

of the best mode known at this time for carrying out the invention. The invention



of the developer. PL/SQ is a conplex |anguage that allows conpl ex 08 JuL 2003
i nter-dependent code 1 S to be devel oped. Code nodules in PL/SQ. can reside
in separate code objects that reference one another. Cod]gC Lects in PL/SQ
t ake t MO PY¥HM0%f one of the following: a} A PL/SQ store %@Zoﬂ%r‘se, whi ch
is aroutine that can take input parameters and return output paraneters,

20 b) A PL/SQL stored function, which is a routine that can take input
paranmeters and return output paraneters. In addition stored functions can
be used in an expression and returns a value of a particular type declared
in the specification, c) A PL/SQ stored package specification, which forns
the specification 25 for a collection of gstored functions and procedures
identified as a single naned entity, d) A PL/SQ stored package body, which
forms the inpliecapablads aherfand diffecmit lembbdiaened sah®oEehich nedyiberdesaivdd for .

procedures identified as a single entity, . 0 8 J U% Zg‘%g WO 00141100 -9
PCT/ US00/ 0027 6llesirativemurpgsss, andgereraliof the é&ﬂéi"‘ﬁ eaReble A MPALICRIPANP YANIOYS  whi ch
forms the specjifi i o) . I i

functions i denébrv*oﬁlgégsggagt {‘!ll %&ﬁ@tn%%g&gnfé?&%% ?ﬁi&%gﬁ;g %@égﬁgr d ? %tpe
body( Or acl e8TNhwstiyn., Which forns the 5 inplenentation for a collection of
menber functions identified as a single entity, g) A PL/SQ. stored trigger,
which is & routine that gets executed automatically, when a data

mani pul ati on statenent i X0 [ PR SRTNEK and h) An
anonynous PL/SQL bl ock, wWiTC il‘ﬁ;,@gllug (glﬁe(gﬁsa of  PL/ bkﬁ 10 statenents

that can be execut €he Ganirbe afi®ad@intadddt FOHRESysEIP RAH t metabe if- 1BE | pRedeit]
programmng in different ways. Oracle7TM supports this programmn

. s A > LNl [ g

net hodol ogy t hinvaan pill sapparent Senphelfolipviggdessriptipniipdichhd PL/ SQL st ored
Package Bodi es. Although the syntax 15 of such support is different on
di fferent databases, the fundanental concept of having a specification
whi ch canor epr esentFigfireasfllugtgdtes at HobRat 3o i) dverilie ARt af | L Pproférréd
i npl enents the specification is supported in all databases (Oracle,
Oracl e7, O acl egbodzment PE h8@resentinventtbanar ks of Oracl e Corporation). The
debug process involves an object and al! its dependencies. If a |ogical 20
probl em exists with a value returned or set by a called object, then the
coding error nght Egeb illudteics faqrmﬁdnsrt%ﬁé\bvﬂ@bmblgeﬁém PbcQSifig Bowl dFehe
dependenci es of the called objects. A true debugger should |Iét the
devel oper st eprecinsivaghalysisstepscd the prefersidregnishimentenci es at wil |, wi t hout
any speci.al effort. The level of conplexity in large applications can
easily régch 5 to 10 Il evel.s of dependency and.the dependency tree 25 can
i ncl ude hundreds of Fighjeed illustrates & floichast ishewing thengeproutedgler MSoAPeFAtE i cal | y
detecting ail i | Sy t t nual | y anal yze the
dependenci es fggrb%{“ﬂeg‘gggﬁgé}it%gg%nwdf%ghmpe?)Tegc?(fqn{cg ggarqg@ess that alters all
t hose objects to debug node, so that they 0 aaa ~ Zoos W 00141100 - 10
PCT/ US00/ 00276 can prufephsidsdogdtRertill@st@¥&MPNEwiRat SRt AROMEps el Ho
hundreds of dependent

20 incorporate dependencies on database triggers and their dependencies into the

dependency graph.

Figure 6 illustrates a flowchart showing the steps involved in getting the
dependencies of a code object that does not take into consideration the indirect
25 dependencies such as the dependencies of package bodies and dependencies on

triggers.

Figure 7 shows a sample dependency-tracking array, which is the base datg .

structure used for storing the data elements of the dependency graph.
30
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objects this process is tedious and tine-consum ng. Alternatively, users

can conpile all their objects in debug node, but this again is not optimal
si nce conpl eti on of the debug phase they will have >conpil e
everyﬂ&Bﬁ@“gg%in (for production). Then, for every bug 5?2@%@%@3@9|ater,
the sane process is required. OPERATI NG ENVI RONMENT The present invention
operates in and as a part of a general purpose 10 conputer unit which may
i ncl ude generally sone or all of the elenents shown in Figure 9, wherein

t he general purpose system 201 includes a notherboard 203 havi ng t hereon an
i nput/output ("1/0O") section 205, one or nore central processing units
("CPU'") 207, and a nenory section 209 which may have a flash nenory card
211 related to it. The I/O section 205 is connected to a keyboard 226,
other simlar 15 dJagweedlis psampple®birshtrae esedfor purppsds, of ABirationli sk st or age
unit 223 and a CD-k Hn've unit 217. The CD- drive unit %%7 can read a
CD- ROM medi um 21 RIEHE R US{ERES? [epresaitetne e gpigiagie <omputit sofRtioty o

Logi ¢ circui tigedie N Bffer QUTBRANBO AR af R8RS INHIROPRIIRE HMTIHESRE D hd |
performseries of specifically identified operations dictated by conputer
prograns as dweeniipechtionre fully bel ow. 20 THE PREFERRED EMBODI MENT The
present invention provides a nethod and apparatus for generating the
conpl et e"dependency graph of a stored code object. In a preferred

enbodi ment, the mnet hod&w@ggﬁ@gmﬁﬁg@gmmﬁmof a stored
code object in an 25 Oracl e dat abase. e nethod takes 1 nto consideration,
getting the dependenci es of object oriented code objects that have

i mpl tati t hat ate fr. , ificati 1N the f d
ebodl mont,  Chis. R 819 IRGBP GYAY AT PREUADE ABEHENS LObFenSRERBEE and

T Bodi . S . _ =
00 41100 - 11 PR A, PERRRIBAC! SRe Bhicot TpBatiiy fo A VAL 1
al so takés i notject sratustianehiabrequicknpenn fieaaieesopsr. dhisadilass verifyggeths logie | gger s

are code objects that are executed automatically as a result of executing a
Dat a Mani pul aficofe Sbigets #p they @RPSINg HEYEIORRS: fi es” data in a particul ar table.
Ot her code objects -] . i : ver, an

i ndi rect dependenc%patlhgfég@?é‘?%?%?h‘b\%%ﬁﬁ’?ﬁiyﬁ% Segg%)i%leatg% h%%@?ﬁtlféds—péggm,

st at ement t hasindaydhfigmiations dry sepfertitiesrder ko pre/ide 4 therdughgmderstaitiag pf esent

i nvention acconplishes this through a process, described by the foll ow ng
al gorithm 1.8‘%“??5“‘6!“\’9@&'9?-3%@3 greatly peetermed erpediment the HWRHMGS es of
procedural 10,¢0 j i L i obj ect
oriente %coded%bﬁq%gtqg{t&g‘;sz)ggﬁg)ﬁq‘ggg@gg%g%g%v%iﬁp E{%ﬁgﬂc‘i\g a a@g@%t returns a
single | evel Hbweegendinbee apparent tbonBgkillbé inf thesy Stsvihatithe padumténventihep 1 to
determ ne the dependenci es of inplenentations of object oriented code

obj ects, basefaphe pragtiead wislpt ike spesticdietailsaievatipug DatatBasp sysiens fighe | evel
of dependenci gse . US| urc i 0 . jdentify
DML st at emont & Dphte MisrabREGL § Ve B i Rl BY B o8 0 i or
UPDATE, DELETweltReoWhNSHEIms it pidesdods aréRRoWA afi@ dedcHBEY infdigfrathiatiéalpe of the
statement and al so the database table. The al gorithmthen checks whether a
cor r espotfdi ngbloek diggrameforetia ordertniob tajelbsebesiBe pTésent invhation unaesessagly.
dependenci es on triggers of any stored code 20 object. The flowchart in
Figures 4 and 5 explains a variation of this algorithmthat

DITIO KGRO 0] TION

As the data stored in DBMS grows more complex, the SQL queries used

25 to retrieve and/or update the data are growing more complex as well. This has lead

to the addition of procedural and object oriented extensions to the standard SQL
language. PL/SQL™ is a transaction processing language that offers procedural amd -

object oriented extensions to program against the Oracle database. Other databases



starts with the dependencies on tables working backward to find t hel 8 JUL 2003
dependencies on triggers. 4. Using the recursive procedure in Step 1 to
determ ne the dependencies of triggers found in Step 3, based on_a query
agai nsWQ M¥41A8R abase that returns a 25 single |evel of depEHIWASs. 5.
Repeating Steps 2 through 4 until there are no new dependencies. The
general flow of the preferred enbodi nent is now described with reference to
the Figure 1. 0 $J UL 2003 W 00/41100 - 12 PCTJUSOO 00276 The user
interface el ement conponent 11 is used to select a code object fromthe

dat abase. The sel ected code object provides the information required in
generating the dependency information. Cofrponent 12 is used to generate the
conpl et e dependency graph of the selected object. It generates a data
structure thatprovide! eisnitaheprooeduralt endl ebiued esrightéd ferrensidnso rMTte hbgasingr ned a -
tracking array. The tracki nlg array is ugﬁg by Conponent 13 to generate a
User | nt erf acecompignityiof these langugaes has lead inihe develepsisatRisneqal debuggerstbatponent

14 the t ' ' ' ' hi ‘
step eneuros t 1AL SO ERTRS i 1dfc SORTRRY Wb R ERAE B0,
I f any of the atragivatt il analyee degitements Bs eydedagouredle are | NVALI D,

Conponent 1 S shows the conpl ete dependency graph with | NVALI D objects
hi ghl i ght®d. | NVALI Dhepprbinaionpfineragivasicbugging pathrede gbigstapiat regigtanf i es

code paths th can, result .in_ runti LI QIS wIhi i |.LE Ve

i ndi spensabl ea&grseﬂlée{ i‘ﬁg_iegdﬁ? Sgﬂr gﬁr‘}ﬁ%sgﬁeé? ﬁ‘ceedect))f’ ﬁée?rv’\}fl déggécé)@%egcf%@eamunt
of time may bep®b&itire tHayis®eing Getugfed drfdiall ith dependesicprofedares LBpetifig®iye tHeO -
Conmponent 14 15 scans the dependency array and for each object in the

array, checks \septinfer opeationdbptcadiowis yop 49 stepfintg dependert abigstsiwvill vegrk anly

wel | - known graph,traversal. al gorit LS used,for t pur pose.. lic

el ement s of o hb WPSEHOd Bvied A barBulsR 0% e aekd Bo e 857 e B Bnent
that di sphays idegifaneBsiEipee MBEIuFRTRARANbeled SRMudMHrbéAIds RAll I ay
generated in Conponent 12 and the objects conpil ed i n debug node 20 to

| aunch t he Debbygthese piidnedgren er else they ighieawl the fillLidébogging certiesl pr obl em i s now
described with reference to Fiqure 2 thr h 5. onen | in Figure 2
appl i es the flowchart'SitH2 ﬁ‘l"@tfﬁr%’“? WSCCQ%?{@&%HE"@Y%&%H tﬁ'ésttrﬁﬁ?%wg}e endent
code objects. Ih@eel@ypéata structure shown in Fig.7 25 contains all the
information necessary to draw a dependency graph. The al gorithm does not

t ake into consi der aPLéSQbapenomplek dangoagetthatpjlomes campleslintermdepdagrandedeci es on
i mpl ement ati ons_ of . obj ec rient (oJ0) jects...As a result,.after the
ot o A8y Tneodveloen e eeaodlsi BESU P M Reirif Sla ot Far
conponent A 23 yefifle onf dilothel EoddBBjMO R MIIEHOrakd Ind Gk §OBhOBEThe | S
descri bed below with respect to Figure 3 wherein the dependencies on

i mpl ement at i onfollwwingj ect oriented code objects are identified. Then the
system fl ow proceeds to con})onent B, 24 whi ch {y,s descri,beﬂai n below with

respect to Figure 4 wie e PR/SQly swepbprgesiure svhigh 153 [yEing that eandlake 1Rk d.
After determ NbB3meters and return output parameters,
20 b) A PL/SQL stored function, which is a routine that can take input

parameters and return output parameters. In addition stored functions can be used
in an expression and returns a value of a particular type declared in the
specification,
¢) A PL/SQL stored package specification, which forms the specification
25 for a collection of stored functions and procedures identified as a single named
entity,
d) A PL/SQL stored package body, which forms the implementationfor  ~

a collection of stored functions and procedures identified as a single entity,



5 that no new nodes were found (conponent 22) the routine is conpl et & Ui 2083
the array containing all dependencies of the target object Referring nowto
Fi gure nent 31 selects the next code object stargd } the first
one in@%o&?{@bgki ng array Conponent 32 checks whet her thﬁe(hggsddgyogigjﬁect is a
Package or a Type. (Packages are defined and described in Chapter 10 7,
Oracl e7TM Server Application devel opers Guide, which is hereby incorporated
fully herein by reference. Types are defined and described in Oacle8 SQ
Ref erence, Release 8 0, which is hereby incorporated fully herein by
reference). If it is a package or type, Conponent 33 applies the flowhart
in Figure 6 again to incorporate the depefdenci es of the package body or

the type body respectively into 15 the tracki ng)'rarra%. Conmponent 34 then
é , . T )

checks whether this i$) $QLstases] pe spepifieaen(Draclad gnky), rvaliciciorms et 41
in Figure 4 selects t.h ex Lect | ' kf St in the
t racki ng array.ss%té%%ﬂgrg&% °‘§‘%ﬂ §nf[3 Egﬁgéalﬁg{r? 5%&?8‘3%&1@%&&5‘%‘%&@%?%5 of
the code obj ecta sugll®garded@ftigase query agai nst the catal og. Conponent 43
sel ects 20 the next database table dependency starting with the first one.
Conponent 44 gets t he fHebdideRLi &eoregntypst basaEracledYgenly), owhich omas dbise
table. (Trdggers are fined a descs i bed i.n apter..8, Oacle' T'.. M Server
nopl 1 eat | on- ey B BRERET e SielG FLhREr R 5iRe ath PiER S oi n by
reference). Conponent ¢§5asEl/80LS stoh& r, dAtigb ASE réuting ARt gapeReansy
starting with the first one. nmponent 46 parses the 25 source code of the
code object t o aueomiticalihewher a slaamanihblatipu stateiment iStexe@nethin (hendatabiaket
"fires" the tri ﬁfer !?ds present in the source code. If such a statenent is
present, conpor&hf™8% in Figure 5 applies the flowchart in Figure 6

agai n"Ta I ncorporate tt?Mﬂ%?QSGQPES blobe WHiditig 8h uhflinfedt € of PBEOING
array. Conponent 53 8 J UL 2003 00/ 41 100 -14 PCT/ US00/ 00276 in

Fi gure 5 dheckstattmentethat harsbé exechted loaghe sarvegger dependency. |f No, Control
returns to Conponent 45 in Figure 4 that selects the next trigger
dependency. If Yes, Conponent 54 in Figure 5 checks whether this is the

| ast tabl e dependen t a SRMRRN ST diffSrel heure 4
that selects the ne)iltﬁatgg{sgﬁggssugggﬁt ggiegtrglg%g%ep?l%;. | f Yglg,dlgﬁngo‘?hﬁi fts

t o Conponent 22XraclefTsupp@ts lds prograkening andierdology ethrougt ePld€ladittedd dur i ng

l'i cati f th I ifhnos in Ei 3 d4. 1f.No,.th I ith
P et e BBt SRSty FIOE e it bR
i nformatipn of Mﬁmﬁ%@saﬁ% Hffﬂ?el@@n.e&ﬁ%re@to&@£b%sé§?ﬂé'ﬂlﬁdjan%§ﬁrcbﬂéé prof the

basi c recursive process Is now descri be wth reference to Figure 6 and

Figure 7. The chavingnta spatificatiprecwhicls qans sepdesemt as abstrat gdate nype cankdhen
algorithmin Figure 6. Conponent 61 in 6. adds the (furre t .code
)<

i gur.
obj ect as a nevfMRlEREHtaIgmwhich &ER‘FW@"%FE%WR% iepiesupparted 1 all databagethg
array i s depict J i e i ;§(§a i nsi sts
of the follow n g{;lg’rr(g}nat%}sw’- Ogﬁé&g%?de%}tﬂ I arg%%%{ﬁ@r& éqéﬁgft ﬁh?%ﬁg 8
identifies the obj ecTh¢ debupgratassdhasites dnfubjeabireicill inakpend2ncieN df awsgicalof t he
object 73, a flag indicating whether the object is residing in the current
dat abase 7%, t hiroblgmesxists withea valedeturmed onset by asslledehiect Hisme codingtarrod

obj ect ids 76. child J i 76.track th irect.d n Ci of a
particul ar code'L(‘h)%}tee():{fs.t '?2% eeﬁfthﬁggega‘%ﬁ&tt’o rﬁ"ﬁuo(?éﬁ%?epé}é%’gﬁgﬁ? %gezcﬁﬁegri es
the database capljeqd A@ru@@elﬁl%@eﬁsh@uld'ldtﬁfédﬁ@ll@?@@%%@ﬁgl@fbe’fd&ﬂe EraAvESE

obj ect. Conponent 63 then gets the next direct dependency starting wth the

first one. Conpéepsndergiesahadlksvithout aey speciabeffnti chg/leved of tompldxitnindargsonent
63. If none was faund, the algorithmitermnates. Jf on f oynd,
Comonent 65 ¢ e 8 A RS a5 EPeareney B the Beneiii s ect
- to contaipsthi scdeRende g e&gtgf%b!egtsdone by adding the 25 object id of the
dependent object as a chi Ié object 1d in to the tracking array el enent

The alternative for the debugger automatically detecting all the

-

dependencies is for the user to manually analyze the dependencies for the objetts

and then perform a process that alters all those objects to debug mode, so that they



of the current object. Conponent 66 then checks whether this dependeRP JuL 2003
object is already present in the tracking array. If Yes, Control shifts to
compon rcTi 0 $J UL 2003 WO 00/41100 -15 PCT)LBRR gets

t he ne5658??%c dependency. If No, the algorithmis recué3|veé@&%g | ed by
passing in this dependent object as the argunent. An exanple, which depicts
a typical object and its dependency analysis, is now described with
reference to Figure 8 S Following is an exanple of a typical stored
function: 1. create or replace function CheckGender return nunber 2. as 3.
begin 4. procl; 10 5. procZ; 6. proc3; 7. end; 8. / The function is
depicted as the node with "id=1" in FiguKB-S. The function 15 has direct
dependenci es on 3 procedures " proc 1' proc2' and proc3' depicted in
Figure 8 as theanriddebuggadnin fhe-ezampleimies@onech above with hmp@btqf\ﬂépsndeﬂhe

procedure "pro s not have an endencies. The procedure " proc3' has
a dependency oﬁ?}bj%t‘:ti) JBALFRIS 'b‘ﬁ%‘t%av“dg@g “QBHMM® Fi gure 8 as the node with

~id=10". For '||U5tAﬁ&ﬂn¥tﬂ'e@UG§HP§€a% cdhifileSAUhER dbpstes B detiigQfibde, bt BHOWN
bel ow. 20 1. create or replace procedure procl as 2. begin 3, proc4; 4.

insert into takga isvel ogtgn(l,lsmceapoprqowlet@a of theedebugphase They will bewelte e

“proc 1' pas dlrect dependenci es on roch pi ct ed
in Figure>8 as'cHoBRle Gy 5%@3‘“‘5 Q’% &ﬁ%fggb?%e%gﬂgéilsngﬁed 1”8“8 JuUL
2003 WO 001 411(3@ samd Brdesh/iegn QD276 has a Data Mani pul ation Statenment
(DIVL) that fires an insert trigger trlg 1' depicted as the node with

€

id=6" in Flgure 8. The trlgger trlgl in turn has dependenci es on
procedures proc3' and i.n Fi gure 8 as the nodes with

i d=4" and "id=8 2 ~rgger trig 1' also has adependency
on a S stored packagg %Hx‘ Qﬁmn% e i aH4E Bpas &8 JAEGI Phlpdse | d=9'
The specification of cp?gck m(‘:I]oes no e?1av<la any adep(gndenm €es. % e?? t he
body of ‘1packl tommeaudemﬂmynmdqjganeaﬂulsemermr(aﬂ ofdh«plekcmdtsmhoﬁngure 8

as the nodevvli7 i d=2' In this exanple, the aI 5 mworls\ss FfIollows
Appl yi ng t he aFligawe Onmhersingbeigeneral li’tnmegsyﬁr@nez‘{ Helyges & metheppaard ¢

algorithmin F b I f

obi ect s wi 1 | egngloldSyiphisf: CRESiERRFRIE AN oF IR EABS bl
items. Item 1 Hag (OOPEY)207,0ind aitghompsectst 209%which m’éyhﬁrde 4 flash mbinbe, cbd ect
ids. Item2 has object id 2 and has entries 5 and as child object ids.

| tem 3 has obj 8kt relaed3odndhei¥© sn@anmoﬁas@mpmtoak@bpardq%\%@ﬁ}eéémlad 4 and

has entry .10 as_15,the onl ild. o ltem 5 ha d nd has
no chil dylgbj ec BERergl purpose 4 G’B]”BJH ﬂf&;s,a%@slﬁggr%% %%P%'b‘f%gp R@ I'tem
7 has obj ect 'Gn&@uﬁﬂdlﬁa’?héemﬁowdﬁm gt Zl‘ﬂ%an Mali LeD-RaM Qg peoadency
of “procl' (id=2) on the trigger “trigl® (id=6) is not incorporated yet.

The dependenci edidalf typleallyt congyey prograngd 221aamd atheo datt  Logisr puuis ed ofter .
Applying the aI r%%gemrt]g :)fn thgslcgpgjrz)gramxée%egom};uetl:rgSwﬁl perfo ?%Cgenesn?‘ specifically

identified operations dictated by computer programs as described more fully below.
20
THE PREFERRED EMBODIMENT
The present invention provides a method and apparatus for generating the
complete dependency graph of a stored code object. In a preferred embodiment, the
method generates the complete dependency graph of a stored code object in an
25 Oracle database. The method takes into consideration, getting the dependencies of
object oriented code objects that have implementations that are separate from
specifications. In the preferred embodiment, this involves incorporating the

dependencies of Package and Type Bodies in addition to the dependencies of
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20 graph with no changes. Applying the algorithmin Figure 4 and 5 then

yi el ds a dependency graph that includes all the nodes in the conplete
depend h. Item2 now has id 6 as an additional chj i . The

t racki §g8§918£11§(pn0w has 10 itens. Item 8 has object id 6 gggﬁjﬁg@%ﬁ ries 8,
9 and 4 as child object ids. Item9 has object id 8 and has no child object
ids. Item 10 has object id 9 and has no child 25 object ids. However, the
dependency of the body of package " packl' (id=9) on the procedure " procl
(1d=2) is not yet incorporated in the dependency graph. W then apply the
algorithns in Figures 3 through 5 again, since the condition in conponent
22 in Figure 2 evaluates to "Yes' - Nodeslwith ids 6, 8 and 9 were added
when we 0 8 J UL 2003 WO 00141100 -17 PCTNSQOO 00276 applied the

al gori thns i n Packegeand Tyne Swgeifisationpplhe rpethpd lsa takes Antp; episidendtionse| ds

the conplete d ndenc r - t.h dency 0 . hac b " pack
1% (7as8) “on ¢ REOIDEEH oF SRR T e SIS Lsdogb SRR MR R | 2T
10 in the trackitifatRallypas S1R¥ilDebexceitig £Daki PRhiputhtidn StRBMELTDMDEthat
algorithmin Figure 4 and 5 5 does not change_ the dependency graph. The

condi ti on in coafifiesslata ira paricpargable Otherrgde\nhiasts ase nobdiregsly dependeat op new
nodes were added. The al gorithmdn Fjqure 2 t.erm nates, The tracking, array
now hol ds 5t he. TIREGTEERSHEnaBaB 4 dsBeferts S WsnRrerdehafe BER IR aon.
The tracking asfedytet 8 DMEtAERARAHat Rt QRS xEAReACREG”Y BleIHEESF, Dhe al |
objects in the dependency graph. If any of the objects so 10 conpiled is

| NVALI D, such pisjeatingention decemnplishhs this thnoughea penvessedescribbddnndie fdlpwirgiph.
For each obj ect [‘{ the tracking array a well-known graph traversal
algorithmis apBPiB% to identify whether they are part of a cyclic

dependency. Such cygligsiRahhecurfivé pRcedaBihal RuirREfegth@ldi@iteocelitiral he
present exanple object ids 2, 6 and 9 forma cyclic path and so those nodes
and the P&t hs aede dhjemis anghdapendeniies of gpgrifidations af objegreamtédadode wbjentst e | oop
at runtine. Th aph identifies the possibility that, ep,the trigger
Mrig 1 (i deopeshd PRA ity %enestiie RugeRB Ry et BEnge N ot P S ackage
body of “packl’ (i dz9)yiEyihk Rechttive préleliulellf SPEPE B HERmIAE W depbhdbndies
thereby resulting in a potential infinite | oop. Having described the

i nvention in tef mplehematpme b€ objed: enmdntdli cxelet gbjedts, biabdd @0a leenyagaigstithed by

those skilled i,n the art that variou es .of .general purpose conputer
har dwar e nay b@at%‘iﬁﬁ%f}\af[ﬁt‘éfﬂsf‘é‘r“g{‘ﬂé"eiB%EWS’t‘?‘ descri bed above to

achi eve gy equi val ept gggdl Lo égfd*: gﬁ%ﬁeﬁé prdcedthile!to %ngﬁgc il ﬂt@lﬂerg?ﬁ{at

arithmetic logic circurts are con to perform required neans in
the cl ai ns for car tiies griggers. Specifiebllys ebeipatser poaksoioo PRDATE, EIHTHgnd

rotocols; for mtting the naster unit 25 to adaptively distribute
Brocessi ng assirggérgﬁtséat?’g?m?-rﬁl?rﬁaﬁifr ng‘élgéﬁfea‘eafﬁﬂe Pgﬁ‘epsé?tﬁ%‘/“@?tiad’ﬂ also ke e
nmenbers to rec i i ; r i T .
Tocogn zi ng. medabdl bl the SROFRER I dhel Ahatnb BOREBSding Mkdef bxists

appar enT~ t hosén gliei dakabdsd. Thishidentifies ttheatiependehdienbn riggead of ¥y statedaspde of t he
preferred 0 8 JUL 2003 WJ 00/4110U -18 PCT/US00100276 enbodi nent are
possi bl e,20hi ctobeetl TheflewehartimEiguresd ans § explaing ayeopionef thisalgoskmthadn as

measured by t h%ta];‘tglwgtﬁ)Yﬁerb%pgAd%hggs' on tagleg v\‘i]oerIg b%glg\%ar\ﬁl?oqg(dllthg‘ ggpendencies
on triggers.
4. Using the recursive procedure in Step 1 to determine the dependencies
of triggers found in Step 3, based on a query against the database that returns a
25 single level of dependencies.
5. Repeating Steps 2 through 4 until there are no new dependencies.
The general flow of the preferred embodiment is now described with -

reference to the Figure 1.



-19 AIMS What is clained is: PCT/US00/ 00276 1 ) A nethod of autorratolacgm_yzms
generating a conpl ete dependency graph of a 5 database code object, using

conmput o ¥Piigéh has a processor, nenory, display, |nput/o E@}ﬁgmﬂﬁg%ces and
connectivity software to connect to a database server,

conprising the steps of applying a recursive algorithn1that gueries a
dat abase for dependency information and outputs a direct dependency graph
of a database code 10 object, the "direct dependency graph" containing
dependenci es representi ng dependenci es that do not involve dependencies on
triggers and on inplenentati ons of object-oriented code objects in the
dat abase; applying the recursive algorithmon each of the object-oriented
code 15 objects in the dependency graph to incorporate dependencies of
i mpl ement ati ons of dJdddensebjnsenface glemént cdmpanentd;l 1siusadtoseloetraseade ohjeshich of

the code objects in t den 0 identif aterren s that
"fires" trigge thﬂ"@ A(}g?})aﬁ ff)rl'ﬁa g?)8h8‘étrﬂf%lge %et?%gbﬂz‘?gm%e ¥bl yvi ng
the recursive gémauﬁ@%@ae&aa&@fmfo?@aﬁdﬂ qUSHonet 100698 ek 418 the ‘
dependencies of the triggers into the de endenC{ graph; and repeating the

procedure for cmdppaiwcmdegcydgrpelndfétheseé@tadfobjmp Aratasi aghtaoftruotr etat

ted d | th d t d
dependenc os uRTd (NS sPgRlindaRantney sOBPUREr Ry dBieds PR Rafdabhey
graph. 19 IhiahaiP ARk ) QUrRERLHTAN AR 205D BkATIAL i m

1 conprizing the additional step of using the ' generated dependency graph
to conpile codshoyy thecompletedigpeylentyigrapts Compbnat 14 sdatsabasekngdeapbnect
debuggi ng t ool The method ,of claim,1 .conprizing the addjitiopal, step
of using the gewpﬁeeaﬂede*peﬂaérhé?@eaﬁet "Btemlgre HPPSATIp PR TR o

dat abase code ggy, e&eg.efr&m %ﬂxﬂqugnfbye@t%%ecﬁQHBra'r@& lfeaff

additional step of using t e 10 rate ndency” graph to 1 ent|
cal ling pgéths debug rdadahasIHVaﬁddB Gbmpomenprl6fshcbwmtjpetconipletéldiep&)de‘n*d:}egmph hod of

G aph in a dat SN VAHD 8 e Rahadier ot ottt o Sek s depgadency
graph in a da

conprizing the i t hto
identify depenglaaﬂ)gg ?@Ss&Pﬁg?ﬂg}%ﬁICQNI%Q%EP%"?ﬁRFﬁ% egfg)trggg@gﬁﬁ 9; yflalﬁ

met hod of cl ai indispeasghié fdrm;tatbhse @ogdiahinerabined etherwfiseis iragertdoas ganeat af ed

dependency graph to identif { cyclic dependenci es anong dat abase code
obj ects. 8) Th&medpapbe sent rﬂn&tqld@aw%rthezﬁwcw’ea%oﬁm? gfmal Cemponest 1dsi ng

the 25 gaer at g dSRenEnEkngy AR ik e SEACSIRNGY 'Y, SHeBRSMeict okt 00T

object is part of a cyclic dependency A well-known graph traversal algorithm is
used for the purpose. Cyclic elements of the graph are then highlighted in a User
Interface component that displays the dependency graph. Component 16 uses the
tracking array generated in Component 12 and the objects compiled in debug mode
20 to launch the Debugger.
The general technical solution to the problem is now described with
reference to Figure 2 through 5.
Component 21 in Figure 2 applies the flowchart in Figure 6 to generate a
tracking array of dependent code objects. The array data structure shown in Fig.7
25 contains all the information necessary to draw a dependency graph. The algorithm
does not take into consideration dependencies on triggers as well as dependencies
on implementations of object oriented code objects. .As a result, after the initfal ~

array data is generated in block 21, flow then proceeds to component A 23 which



-21  PCT/US00100276 9) A method of generating a basic dependency tyrgeqypfm
code object that does not take into consideration dependencies on triggers
and on,j ntations of object-oriented code objects,quﬁl

conpr?gkﬂﬁhﬁﬁﬁ steps of 5 querying a database catal og for |$§@¢ﬁg
dependenci es of a code object and then for each dependency found, doing the
query recursively until all basic dependencies are generated into a
dependency tree 10 10) The nethod of claim9 conprizing the additional step
of using the generated dependency tree to conpile code objects in debug
node as part of a database code object debugging tool. 11) The nethod of
claim9 conprizing the additional step-dai-using the 15 generated dependency

tree to identify calling paths in a database code coverage tool. 12) The
met hod of cl aisndescuberh betown gvithh sespaeli t¢ dhgures B ephereiny then dependengiasepnt ed

dependency tree,to identify,callin aths i.n a datab cqode obj ect
r ot 11 ng t ooPISsnidts ALRER orotied Bhid okBud e I RRTR. The by Rl ot ep o
using the genﬁé\ﬁgﬁécééﬁﬁ?d‘é&ﬂﬁé(nénfﬁzy Ryviicll & abREBeLRARIGR VAR rebfsch k69 t ool .
25 14) The nmethod of claim9 conprizing the additional step of using the
gener at ed depEigdené wheraieanyodépgadercies aletpiggeisrare ovfluateds Afien desereimiNng/ALI D i n
t he dat agase. Lo 0 ﬁ J UL f200 00/ 41 ; CT/ US00/ 0027161: 822 Jtﬁ The
met hod of cl alft 8 BEWFPHey We e RN {FFMROPAN 24 15 TG IS SRIFEd WIIRE, ot ed
dependency tr g@a oritdlfiRg hil YefenabhGesiSBR ERPE StjectONg dat abase code
objects. 5 16) The nethod of claim9 conprizing the additional step of

usi ng t he gener at eRefbepamdeway Kigere 3,nCampenet ddnselectyr thp mepr externaedton

tool . 17) A method ting depend i nf or matj.on i nel udi 0
dependenti o5 SPBBAANE Berresh tedBRar; dounecrent & plete M bR ng
the steps of: cddelobjtei 89 P@cl!ag;EHf STYfe. APIQLE T [iBfined YRS Midbb& Hatbase

catal og for direct” dependencCies of a code object and then for eac
dependenidy f oldndractkdi™ §etvier Agpkcayionaievels pers|Guidetwhictais lhetzhg incodmpetedenci es

Code obi act s P PEeBoBLAtERDse o i £ Hediets A9 BRErBes I RAtes SaE
"fires” tri gg%ﬁrén@@,r é@&%ﬁ@%}sﬂ%ﬁ@ﬂﬁ%%&t@éﬁm hE{eir%%ffe?ére:%L).%m ying

the recursive algorithmon eac ers to 20 in porate’ the
dependenci es @fis alpackageggayse, iduntpdnent 33 pepics nby figwetpint, indiighrd b ageaat i ng
steps 1-3 for  incorporating dependencies on triggers and their dependencies
until new depdifa@REete dependenicies atithe Pagkagsdodkpe Me@ogx EgSPectiygly mto

15 the tracking array. Component 34 then checks whether this is the last object in the

tracking array
Component 41 in Figure 4 selects the next code object starting with the first
one in the tracking array. Component 42 gets the dependencies on database tables
of the code object using a database query against the catalog. Component 43 selects
20 the next database table dependency starting with the first one. Component 44 gets
the dependencies on database triggers of the database table. (Triggers are defined
and described in Chapter 8, Oracle7™ Server Application developers Guide, which
is hereby incorporated fully herein by reference). Component 45 selects the next
database trigger dependency starting with the first one. Component 46 parses the
25 source code of the code object to verify whether a Data Manipulation Statement
(DML) that “fires” the trigger is present in the source code. If such a statement is
present, component 52 in Figure 5 applies the flowchart in Figure 6 again 7 -

incorporate the dependencies of the trigger into the tracking array. Component 53
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0 8 J UL 2003 wo ooi ai i oo PCTI USQ0/ 00276 - 23 18) The nmethod of claim 17

conprizing the additional step of using the generated dependency
informatign to identify calling paths in a database code ool. 5
19) Thé"(r’rg?’ﬂblao of claim 17 conprizing the additional st egggfxﬁﬁ@ﬁﬁéthe
gener ated dependency information to identify calling paths in a database
code object profiling tool. 20) The nethod of claim 17 conprizing the
additional step of using the 10 generated dependency information in a

dat abase code object testing tool. 21 ) The method of claim 17 conprizing
the additional step of using the generated dependency information to
identify dependent objects 15 that are ILNYALID in the database 22) A nethod
of generating dependenci es of code objects as well as inplenentations of
obj ect ori ent e Eigdee Sb¢hecksswhether thit mithe dgst thggendepandermynifi Nsj Ggntrble st eps’
of: 20 1) applying a recursive algorithmthat queries a database fo
dependency infé‘\ﬁfg‘ﬁitB YRRPnSHt trg[%gurgﬁ,tget(s B85 rgges depedencyq If abase

code obj ect, 1t ¥g. (UnRhtndRPRIERS R RARR N BCIERERERORERY T2t do

not invol ve dependencies on trifggers and on I npl enent ati ons
obj ect - ori ent eNo¢ datmijretotrs 1o ICanpondatt 48bmdlagui2s 1At sefeptsythagext hlatabesaur si ve
al gorithmon each of the o(t;{lgect -oriented code objects.in the dependenc

graph to ? ncor?léleé’ceé’e’&‘@ﬁ‘éh Hes d<ongrol shills i EAMRPREHH 42 BYF1gyae thel dweks | ﬁ t he
dat abase; and thgrg n%w]nd'de.lwa%oagaem%%gﬁido q/tﬁésggér?%rzrgxr léx%érc%h .

repeati ng steps n for incorporat ené‘enm es ntation of
obj ect ori ent eahdhdENofhe algsrithii tefmingtes aieihs dravkihg srray eontuirds theldemplete t he
dependency graph. 5 23). The method of claim 22, conprizing the additional
step of using HeRendenryrinfosnatipnribe selsctedésieR¥schn in the direct dependency
graph to identify calli ' ot The
nmet hod of claim 22 %o%f%e?ﬁéygﬁgﬁgggﬁ)ﬂonsﬁg% g‘g&(’) ﬁég%sggsﬁohg%fgng%@ner at ed
dependentd i nf odtiatieeanck to Fizaredé antFigdepEndency graph to identify calling

paths in a database_code ob{ ect profiling tool. 25) The nethod of claim 22
conpri zing the addi flihgrrarrest egdedbieasiin gassed inyaney ygumerdpdhrialgeyithm in

information in i ] r 5 ] hase code. ect

testing tool. E%lﬁe]‘ﬁed oﬁ%gﬁpbgg ﬂ%’?é_l}é ﬁﬂgfgggggrepcru }'@Ptﬁc&q?hgg%c? iatr}e%%%mgr{ ep of

usi ng the genetdd gacldepandsng ¥ampleQteiin Ditacking Areaydk agjﬁ&tedapsigdﬁmmgr aph
a

to identify dependent objects that are INVALm I n the database. 20 27) A
system for i deHlustrptady threpagkinghairais consistsaefythe dollawing elgmentd at thetnbirst ébde

obj et §8e, Y35 SICOTRLL Shildely el k oBREPHR saebalZ ARG SEE P,

the owner of the object 73, a flag indicating whether the object is residing in the

current database 74, the type of the object 75 and a variable number of child object

ids 76. The child object ids 76 track the direct dependencies of a particular code

object. Referring again to Figure 6, Component 62 queries the database catalog to

20 get the direct dependencies of the current object. Component 63 then gets the next

direct dependency starting with the first one. Component 64 checks whether a

dependency was found in Component 63. If none was found, the algorithm

terminates. If one was found, Component 65 then updates the tracking array

element of the current object to contain this dependency. This is done by adding the

25 object id of the dependent object as a child object id in to the tracking array element

of the current object. Component 66 then checks whether this dependent object is

already present in the tracking array. If Yes, Control shifts to component 63 whith -
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25 a data base coupled to the database server having data stored therein,

the data conprizing object-oriented code objects, 0 8 JUuL 2003 WO

00l 411Q90P05:/]4'4H§00{ 00276 - 25 specifications of packagesp(g.}moﬁ, tations
of packages, specifications of types, inplenentations of types an _
triggers; and a code nechani smfor generating a dependency graph, the
dependency graph being a data structure and having entries to contain
representati ons of dependi ng code objects, specifications of packages,

i npl enent ati ons of packages, specifications of types, inplenentations of
types, triggers and dependencies of triggers which are relevant to the
target data base code object. 10 28) A mgthod for generating dependencies
of a target data base code object, using a conputer having a processor,
menory, di spl agetsithemed direcpdepentiendyc ENo, theaigosthnod recorsprelystatigd bhpassingps  of
provi ding a data,base coupled to the conputer having data stored therein,
the data corrpri"}ﬂ‘?fg‘felpg’b‘fegg8l?‘)?%ftais@hesar§f'mi - obj ect-ori ented code objects,
speci fications of paGKkaQRple, WRRHhRIEBRIAS {ypRal BfecPARKAIRPendeROF Adalysf fsons of
types, inplenentations of types and triggers; and using a recursive code
mechani sm f or gewaleatribed vathorefezerdeno YFiggraph, the dependency graph being a

data strucgture and hayi 20.entries . to.contajn representations of
dependent %code obj ectf‘)ﬁ@ﬁ’éﬁi‘%?’bﬂiﬂm of gy typiga s&%rgg?uqc fenent ati ons of

packages, specificationsy OfrdasiSreplaBPRRBRAN GebRBendef rebtR@BmbeF | ggers and
dependenci es of triggers which are relevant to the target data base code
object. 25 0 8 ~ a ~ 2D03asWD 00/ 411 00 PCT/ US00/ 00276 -26 29) A conputer
program product enbedded on a conputer readabl e nmediumfor use in debuggi ng
a target data base code %bP@EP conprizing: a recursive code nechani sm for
generating a dependency grgﬂgﬂof the target data base code object, the
dependency graph being a data Structure and having entries to contain
representl@ i ons of depenfli pgoa2pde obj ects, specifications of packages,

i npl enent ati ons of packages, triggers and dependencies of triggers which
are relevant to the targ t PB3a base code object; and 10 a program code
mechani sm for using the gepgpdency graph to debug the target data base code
obj ect. 30) A conputer program product enbedded on a conputer readable
medi um for use in debugg8ng a target data base code object conprizing: 15 a
first program code nechani smfor apRLying a recursive_algorithmthat

queri es a database fo¥ fHagiondedenicte 6?‘\%‘9#%Withﬁé=b’d{‘ Figuze §. Hhe upetion
dependencps gr a%agfre& ﬂﬁémg‘ag“s &nrflgﬁﬁ c%teiﬁ“r% a)r&he, ‘égicggefr;[d d‘g?&%“ﬁ'&ﬂ&@ A aph”

cont ai ni ng dependenci es* represe peéndenci’e not “i'nvolve
dependenci es OIFigilireJO& the abdesoRit Bd+=DpFigAEninat idedSregfectliflg CTheqirbéstues code
objects in the database; .
‘proc2’ does not have any dependencies. The procedure ‘proc3’ has a dependency
on a procedure ‘proc6’ depicted in Figure 8 as the node with ‘id=10’. For
illustrative purposes, the source code of ‘procl’ is shown below:
20 1. create or replace procedure procl as
. begin
. proc4;

2
3
4. insert into tablel values (1);
5. procs;

6

25 . end;
7./
The procedure ‘proc!’ has direct dependencies on procedure ‘procd’amd -~

‘proc3’ depicted in Figure 8 as nodes with ‘id=5" and ‘id=7". The procedure also
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a second program code nmechani smfor applying the recursive algorit hn? onJUL 203

each of the object-oriented code objects in the direct dependency graph to
i ncorp endenci es of inplenentations of code obj ¢
databag%?&ggquthird program code mechani sm for parsingefﬁguggﬁ&%§ code of
the code object to identify DML statenents that "fires" triggers, thereby
identifying the dependencies on triggers; 0 8J U. 2003 WO 00/41100

PCT/ US00/ 00276 7_ a fourth program code nechani sm for applying the
recursive algorithmon each of the triggers to incorporate the dependencies
of the triggers into the direct dependency graph; a fifth program code
mechani sm for repeating the procedure fd6-i ncorporating dependenci es of

i mpl enentation of object oriented code objects as well as the dependencies
on triggers ur@esla Raty Meppvagern Stateraerd (ROVILXdertdfites anhinseré fBgEeENEY81gr aph;

2 She e BRSBTS [P gl 19 teulgReEon st
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the complete dependency graph — the dependency of the package body of ‘packl’
(1d=9) on the procedure ‘procl’ (id=2) is added during this step. Item 10 in the
tracking array now has a child object id 2. Applying the algorithm in Figure 4 and
5 5 does not change the dependency graph. The condition in component 22 in Figure
2 now evaluates to ‘No’, since no new nodes were added. The algorithm in Figure
2 terminates. The tracking array now holds the information needed to generate a
complete dependency graph. The tracking array is then scanned to generate the
debug versions of all objects in the dependency graph. If any of the objects so
10 compiled is INVALID, such objects are highlighted in the generated dependency
graph. For each object in the tracking array a well-known graph traversal algorithm
is applied to identify whether they are part of a cyclic dependency. Such cyclic paths
in the graph are then highlighted. In the present example object ids 2, 6 and 9 form
a cyclic path and so those nodes and the paths are highlighted. This identifies a
15 potential infinite loop at runtime. The graph identifies the possibility that, when the
trigger ‘trigl” (id=6) fires and the package body code gets executed, the package
body of ‘packl’ (id=9) may in turn call the procedure ‘procl’ (id=2) thereby
resulting in a potential infinite loop.
Having described the invention in terms of a preferred embodiment, it will
20 be recognized by those skilled in the art that various types of general purpose
computer hardware may be substituted for the configuration described above to
achieve an equivalent result. Similarly, it will be appreciated that arithmetic logic
circuits are configured to perform each required means in the claims for processing
internet security protocols and tunneling protocols; for permitting the master unit
25 to adaptively distribute processing assignments for incoming messages and for
permitting cluster members to recognize which messages are theirs to process; and
for recognizing messages from other members in the cluster. It will be apparenfto ~

those skilled in the art that modifications and variations of the preferred
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U& () -F 10 104066l leEpdisible] @ch fall within the true spirit and scope of the invention

as measured by the following claims.
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What is claimed is:
1) A method of automatically generating a complete dependency graph of a
5 database code object, using a computer which has a processor, memory,
display, input/output devices and connectivity software to connect to a
database server, the method comprising the steps of:
applying a recursive algorithm that queries a database for dependency
information and outputs a direct dependency graph of a database code

10 object, the “direct dependency graph” containing dependencies
representing dependencies that do not involve dependencies on
triggers and on implementations of object-oriented code objects in the
database;
applying the recursive algorithm on each of the object-oriented code

15 objects in the dependency graph to incorporate dependencies of
implementations of code objects in the database;
using a parser on each of the code objects in the dependency graph to
identify DML statements that “fires” triggers thereby identifying
dependencies on triggers;

20 applying the recursive algorithm on each of the triggers to incorporate
the dependencies of the triggers into the dependency graph; and
repeating the procedure for incorporating dependencies of
implementation of object oriented code objects as well as the
dependencies on triggers and its dependencies until new dependencies

25 are not added to the dependency graph.
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2)  The method of claim 1 comprizing the additional step of using the .

generated dependency graph to compile code objects in debug

mode as part of a database code object debugging tool.

5 3)  The method of claim 1 comprizing the additional step of using the
generated dependency graph to identify calling paths in a database

code coverage tool.

4)  The method of claim 1 comprizing the additional step of using the
10 generated dependency graph to identify calling paths in a database

code object profiling tool.

5)  The method of claim 1 comprizing the additional step of using the

generated dependency graph in a database code object testing tool.
15

6) The method of claim 1 comprizing the additional step of using the

generated dependency graph to identify dependent objects that are
INVALID in the database.

20 7)  The method of claim 1 comprizing the additional step of using the
generated dependency graph to identify cyclic dependencies

among database code objects.

8)  The method of claim 1 comprizing the additional step of using the

25 generated dependency graph in a dependency graph presentation

tool.
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9) A method of generating a basic dependency tree of a code object

that does not take into consideration dependencies on triggers and
on implementations of object-oriented code objects, the method
comprising the steps of*

5 querying a database catalog for direct dependencies of a code
object and then for each dependency found, doing the query
recursively until all basic dependencies are generated into a

dependency tree

10 10)  The method of claim 9 comprizing the additional step of using the
generated dependency tree to compile code objects in debug mode

as part of a database code object debugging tool.

11)  The method of claim 9 comprizing the additional step of using the
15 generated dependency tree to identify calling paths in a database

code coverage tool.

12)  The method of claim 9 comprizing the additional step of using the
generated dependency tree to identify calling paths in a database

20 code object profiling tool.

13)  The method of claim 9 comprizing the additional step of using the

generated dependency tree in a database code object testing tool.

25 14)  The method of claim 9 comprizing the additional step of using the
generated dependency tree to identify dependent objects that are

INVALID in the database. - -
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1 The method of claim 9 compnzmg the additional step of using the

generated dependency tree to identify cyclic dependencies among

database code objects.

5 16)  The method of claim 9 comprizing the additional step of using the
generated dependency tree in a dependency graph presentation

tool.

17) A method of generating dependency information including
10 dependencies of code objects on database triggers, the method
comprising the steps of:
1) using a recursive algorithm for querying a database catalog for
direct dependencies of a code object and then for each dependency
found, doing the query recursively until all basic dependencies are
15 generated into a dependency graph;
2) using a parser on each of the code objects in the dependency
graph to identify DML statements that “fires” triggers thereby
identifying dependencies on triggers;
3) applying the recursive algorithm on each of the triggers to
20 incorporate the dependencies of the triggers into the dependency
graph; and
4) repeating steps 1-3 for incorporating dependencies on triggers
and their dependencies until new dependencies are not added to

the dependency graph.
25
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5 19) The method of claim 17 comprizing the additional step of using the
generated dependency information to identify calling paths in a

database code object profiling tool.

20) The method of claim 17 comprizing the additional step of using the
10 generated dependency information in a database code object

testing tool.

21) The method of claim 17 comprizing the additional step of using the
generated dependency information to identify dependent objects
15 that are INVALID in the database

22) A method of generating dependencies of code objects as well as
implementations of object oriented code objects in a database, the
method comprising the steps of:

20 1) applying a recursive algorithm that queries a database for
dependency information and outputs a direct dependency graph of
a database code object, the “direct dependency graph” containing
dependencies that do not involve dependencies on triggers and on
implementations of object-oriented code objects in the database;

25 2) applying the recursive algorithm on each of the object-oriented
code objects in the dependency graph to incorporate dependencies

of implementations of code objects in the database; and - -
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3) repeating steps 1 and 2 for incorporating dependencies of
implementation of object oriented code objects until new

dependencies are not added to the dependency graph.

5 23) The method of claim 22 comprizing the additional step of using the
generated dependency information in the direct dependency graph

to identify calling paths in a database code coverage tool.

24)  The method of claim 22 comprizing the additional step of using the
10 generated dependency information in the direct dependency graph

to identify calling paths in a database code object profiling tool.

25) The method of claim 22 comprizing the additional step of using the
generated dependency information in the direct dependency graph

15 in a database code object testing tool.

26) The method of claim 22 comprizing the additional step of using the
generated dependency information in the direct dependency graph

to identify dependent objects that are INVALID in the database.

20
27) A system for identifying dependencies, if any, of a target data base
code object, the system comprizing'
a digital computer;
a database server coupled to the computer;
25 a data base coupled to the database server having data stored

therein, the data comprizing object-oriented code objects,
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specifications of packages, implementations of packages,
specifications of types, implementations of types and triggers; and
a code mechanism for generating a dependency graph, the
dependency graph being a data structure and having entries to

5 contain representations of depending code objects, specifications
of packages, implementations of packages, specifications of types,
implementations of types, triggers and dependencies of triggers

which are relevant to the target data base code object.

10 28) A method for generating dependencies of a target data base code
. object, using a computer having a processor, memory, display,
input/output devices, the method comprising the steps of:
providing a data base coupled to the computer having data
stored therein, the data comprizing representations of
15 object-oriented code objects, specifications of packages,
implementations of packages, specifications of types,
implementations of types and triggers; and
using a recursive code mechanism for generating a dependency
graph, the dependency graph being a data structure and having
20 entries to contain representations of dependent code objects,
specifications of packages, implementations of packages,
specifications of types, implementations of types, triggers and
dependencies of triggers which are relevant to the target data base

code object.
25



10 11831 10%& ()- @ 109% ()- L! 109%& ()- gl0% ()-109%& ()-yF 109%& () - ps23iOkm3
10 |1 &@#109BB& ()-!0& 109%& ()-!x& 10%&' ()-!10%J& ()- !s!10%}& ()-

109 ()- puuVv7 10 !'3 10%& ()-!10%&' ()- S109%& ()- " 1%%&} (% VWV 10V
10V & ' ()-uhndBuv7 10 !'1110%& ()-Zy10%&' ()- s! YU 0o () - f
1098 () -y- 109& ()-n9d*}~?2uv7 10

1 S)910%& ()-' 10%&' () - &YA0%& () - F! 109m& () - F! F! 10900& () - F!y! 109888 () - Z*- WV
{\=27 1 10510%& ()- &L10%&' ()-!&L10%HE& ()- & 109%C

C& () - Y! x& 10%0C& () - Y*109& () - VWKeqwnN' L@ 109& () - 109& () - @

109%&' ()-!109%& ()-S10%& ()-L' 10% ()- 10 1050dEnN L@

109@9$10%&' ()- "109%& ()- - 109& ()-3310%& §3-10% ()-y10%& ()-DdE:/ 10

10" L310%&' ()-, 10% ()-L*GLO% ()- @ 10%& ()-' 10%&' ()- %d0%& ()->yxY:/ 10f
10% & ()-t10% & ()29Y 10&d8inphtet!ptOfthf rirpdid HintieddedDALOBIMULYF readable

medium for use in debugging a target data base code object
comprizing:
a recursive code mechanism for generating a dependency graph
5 of the target data base code object, the dependency graph being a
data structure and having entries to contain representations of
depending code objects, specifications of packages,
implementations of packages, triggers and dependencies of triggers
which are relevant to the target data base code object; and
10 a program code mechanism for using the dependency graph to

debug the target data base code object.

30) A computer program product embedded on a computer readable
medium for use in debugging a target data base code object comprizing:
15 a first program code mechanism for applying a recursive algorithm
that queries a database for dependency information and outputs a
direct dependency graph of a database code object, the “direct
dependency graph” containing dependencies representing
dependencies that do not involve dependencies on triggers and on
20 implementations of object-oriented code objects in the database;
a second program code mechanism for applying the recursive
algorithm on each of the object-oriented code objects in the direct
dependency graph to incorporate dependencies of implementations of
code objects in the database;
25 a third program code mechanism for parsing the source code of the
code object to identify DML statements that “fires” triggers, thereby

identifying the dependencies on triggers;

— -
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into the direct dependency graph;
a fifth program code mechanism for repeating the procedure for

5 incorporating dependencies of implementation of object oriented code
objects as well as the dependencies on triggers until new dependencies
are not added to the dependency graph; and
a sixth program code mechanism for using the dependency graph to

debug the target data base code object.
10



