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*@300002* METHOD AND APPARATUS FOR EXECUTI NG PL/ SQ. STORED CODE OBJECTS IN A
DATABASE TECHNI CAL FI ELD 5 Thiygmi 1 relates to the field of conputer

rel ated syslesssand net hods. Ntl)\mw“mnwwmmml |y, the inventR@IUB9/2898yst em

and nethod for automatically gener q&jodag paranmetric data for use in
executing code objects in a data base. BACKGROUND ART 10 It is desirable to
provi de efficient and cost effective nmeans for generating code for

execut i Ng METHAI &0 SPPARATHS|FOR EXECUTENGIRLISQL ISAGRED CODEIOBSRATS SUIA DadaBASH ect S

nmust be executed for testing the object, determ ning the code coverage of

the object, profiling the object, debugging the object, and for other
simlar reasons. 15 Cenerating code used for testing, profiling, debugging,

et revont o tnat 1 roti o UNBRBIBHERRL 5o o brone. Srar”

exanmple, in an Oracl eTM data base syadgsn using a PL/ SQLTM query a stored
code object or subprogram can be executed in one oftwo ways 20 1 ) Use an
Appl i cation programm ng interfacergopiiesr @@gpe Call Interface (OCl) that
handl es bi nding of paraneters in additron to allowing the capability to
execut e @n anonynoThisiheotion fetatestathefieldaf comippten gelated sytans2nd WeethedsPL/ SQL

devel opnment tqQaol to construct an anonynous bl ock fhat callg, the subprogram
25 Using an a%rpe%&q%aﬁwwvgwwm@aﬁw@a %‘Eitc)‘%e‘g%d %ﬂ’?‘t‘fé’m&“&ﬁb@%’ﬁapﬁgt
executes a Suga{a%{mmr&%ge inex¥&itih tc'oHEo@QEtﬁm Bfhadack. | S not a practical
alternative to execute subprograns. ébnstr ct1ng an anonynous bl ock that
calls the subprogram can al so be very time consum ng. SQ.*Pl usTM provi des
an " Execute' command that all ows usgrg tg execuie subprograns. To bind
par anet er s, 2 0Jti ~1 2003 / US99/ 29921 SQL* Pl us
providesu}he command " Variable'. Using a conbination of these two commands,
a PL/SQL devel oper can execute subprograns. However, the SQ.*Pl us execution
facility has only \elsydekirablet tochrovide bfficrusgndéost bffedtidiel mouns orl geherating
(SQ*Plus and ORACLE and, ORACLE/ TM are trademarks of ORACLE 5 Corporation).
1) The  Executcede o5 p¥aetiing astsed pede ehiert ima datadase Swdcstensd cede objeets have
conpl ex para ' . . I ec . records.
P X _par amgl gt pb ye?:@éutéd“fo?‘{%mg%%b ect, &E&g%xﬁﬂg tﬁéé&g—cc{\féﬁg{% d&’ the

Oracl e7TM applicatTon "programming 1 ntertaces tsuppor i'ng conpl ex
par anet er typeshjeat)profilirp e bbjetts detiiggingahe obReE @ndFolbothet sichiRareaehers 10
will be limted by the fact that it will not be able to support_ conplex

par amet ef5 t ypedenepafingcedenseh fPraetivacrrofling dehyagings eivusisaan oPisshinanetter s

i nvol ves writi man . Nariabl.e' c nds .whi_ch.i.s very {ine
consun ng. 1 n PHRIRE SR anPhuRRTe wEfEBaER HHE i Rttt Ehne s pase
testing 15 anchightpueaerpaoneONPos utdinglé,l A OMRc™O dAe base Systbmelisiag aSt O e
modi fi ed debug nformation and to construct debug tables to determne the
actual data t3&@%@‘qnwes@;edeppddehlcetiomewbnmgm crn beexeciied iomEAftwH 1
titled "System & Method for supporting run-time data type identification of
obj ects withi nwg’scorrputer program" Anot her such attenpt is described in US
Pat ent 5,519, 8 ' tH gg,gm- [ | e
sel ecti 21%0 and genersl?t tij(b)él&g?ppé’tw? L%{tiﬁ(r)éf quxg%)i)i}%ﬁw&&% OMOCH ifteitit?

(OCI) that handles binding of parameters in addition to allowing the capability to

execute an anonymous block that calls the subprogram; and
2) Use a PL/SQL development tool to construct an anonymous block that
calls the subprogram,

25 Using an application' programming interface to write a program that
executes a subprogram object is very time consuming and is not a practical
alternative to execute subprograms. Constructing an anonymous block that calls
the subprogram can also be very time consuming. SQL*Plus™ provides an

‘Execute’ command that allows users to execute subprograms. To bind parameters,



. . . . _ 2 0 JuN 2003
| anguage instructions,” which describes a systemof automatically

"generating structured query | anguage statenents fromdata i n predefined
data tabl es automatical ly selected output tables. In bpth, se
cases anW%&%g%ﬁate amount of time and effort is devoted to préeb%/az?%}ﬁg and
devel opi ng the data tables and 25 conpil er devel oped tables. Many ot her US
patents descri be various debuggi ng and testing systens for data bases but
none of these which is known to Applicant provides the nethod and system of
the present invention far automatically generating the paraneters necessary
t o execute such a subprogram 2 0J UN- 2003 WO 001 38055 -3

PCT/ US99/ 29921 It woul d be advant ageous -t2- have a net hod for executing
subprograns that allows programrers to input the values of the paraneters
and di spl ay t Qb Hluemrovides the cmmand Péarmbtel e Usingfa evmbihationudfjthesgrtanm
executes. The nmet hod of generating and executin nonynous _bl ocks

aut omat i cal | y SOFUHA S’e?ilﬁ'r/gﬁl'e d%"g‘?% €41 (9?‘%"‘\7\?1%}‘&”% B8 all'for’fﬁevﬁ&r Het er
data types in JaiVAa s aTEESH . t LA Ak ez | ues
for the decl arge £?rkgrret er s.p‘i‘%ﬂ%}k?@% ﬁ%‘fﬁ‘ﬁ%ﬁ glds?g%§+aﬂg%/vb€g{rezfeo>@ggu i ng
subpr ogr ans t Hsdues: (SQLEPinsland QRACLE ahd GRIACLEZM ase adenraekssof<OR ACLES k
which is very laborious and error prone to do in a manual fashion. A

conpl et e ®xecUt9BATHGRY | ity should facilitate thorough testing of code

obj ects during 10 dgv PR hte THi i reduci ng
| ogical errors V\/nenﬁt Egge cogtee %E@Caﬁg%ébfgotl %t&esgagoe%@g;ﬁ/tee%aa%)b xtes'ctEi ed in
production enviavervsaiplex parameh tgpaseint sueh RIL/STE. retbels pnd SRIBQLNabRE 0N
addresses these issues through a framework to provide a conplete execution
facility that 'egefdpe Qradel/MAnpligationepragrasamingfiteriaces do 1oy yppeit Pindingan

execut abl e ano S t | avol di [Wgle] I ers
al together. | nstéea ’pa\li/’%lﬁi&g%&géso%\?rsro gag‘ 6’?@8%‘ mtduoggnbgg%&;rnﬁ}é@% 8%9§§§e¥‘5ar e
decl ar edi@and i willt beslirhif&idby thetfaer thaoORYWiUSotteOsble toAhippbrt tddtplekdarahétect s
called, the variables that correspond to the paraneters that are bound by
reference cont@pes.t he values that are returned by the subprogram The
vari abl e declaratio and.20 inkti.alizati ons are acconmplished through a
conbi nation of pars ﬁ%f‘%cH%n%%ﬁ?%eeO@S‘ge‘yltb&o% §r8 p?rﬁ'g&ﬁ r'%‘gf“’ésrvm%il

i nf or mati on st @aRY AP UV afidbte’ CoRPIMAE WHiICHYs VRS (5A6 8bmGmaRd Using a wi zard

to get the parameter values. DI SCLOSURE O THE | NVENTI ON"25 A system
met hod and dat abaselndbe phgspmeny attesopts have Heencmadscte futomate datadase tasting

ti f i ti t d bj i dat
bace. by 13ar o1 f egbenecONE SRt v IPaite BEPRBLED Sop lottsdlehs ch 2
0 ~ UN -2003 \RaaidPard to Comerlict/e8RI2RBRS th Ql@fe%%ﬁiéttge h&BalSda®d Brbes 8L

obj ect, wherein the paraneters nmay represent conplex data types.” Also a
met hod for genebjetts,ray dascribedcint@h Patenn Noy i3, 1 lotifled (Systere&uMietippdafor
subprogramin an Oracl e dat %gase i. i med. Additionally clainmed arg a

|
method S for eXMRPQITMEGULHBY &rt?éﬁ’f's‘a?ﬁ" tipp gfqbiectsyithip 3 cOMPILETROZFThy mous
bl ocks whi ch thﬁg&@}ma&%@gg&r REGHHH iMQLSSgﬁtTeBmB. 5‘§Y§*85¢ﬁ€’1‘e@‘l’iﬁéﬁﬁ&%’ from

t he subprogram-t e execu a net or gerierdting vali

decl ar at 20n st Apparatus sfoof Automatip rtabje aseléatioanard gedeeatibat of biscturedl geerg! ai med
is a systemfoy devel opi ng dafabgse programs conprising a, conputer system
and a program @B&‘@&?e‘&ﬁ&fﬁ%@% ovingh Eﬁrg??étar S¥tery Qf ediomatiGally menerating ode by

parsing sour cegeode el fuetf finkhfl® statements from data in predefined data tables and

automatically selected output tables. In both of these cases an inordinate amount

of time and effort is devoted to preparing and developing the data tables and
25 compiler developed tables. Many other US patents describe various debugging and
testing systems for data bases but none of these which is known to Applicant
provides the method and system of the present invention for automatically

generating the parameters necessary to execute such a subprogram.



~existing code residing in the data base. O her enbodinents of thezgr‘éus%"rg?m

invention wll becone readily apparent to those skilled in these arts from
the foll gw tail ed description, wherein is shown and i pnly the
enbodi WW&&%P%%M invention by way of illustration 15 of the %ﬁégnrmde

known at this tinme for carrying out the invention. The invention is capable
of other and different enbodi nents sonme of which may be described for
illustrative purposes, and several of the details are capabl e of

nodi fication in various obvious respects, all w thout departing fromthe
spirit and scope of the present invention. 20 BRI EF DESCRI PTI ON OF THE
DRAW NGS The features and advant ages of -Bhe system and nethod of the
present invention will be apparent fromthe follow ng description in which:
Figure 1 illustratdswauidibewndvantageoes tothave amsthaidiforf éxgoutirig subprogfamsithat 25
enbodi nent of the Er esent inventjon. lFi %uéﬁsz il |j[JSt r S 18 %I og chqaﬁ)t
showi ng the cdHOW RIAETERMEY Lo mpukthe ypluss ofthe parameters andylisplgy e yajyes

001 38055 -5 PCe LHPA! patdmidtets a’e&%e?sdbydg[%m%&e&t@s. f”r%ematofga%tﬁg the
steps used to construct a conplex paraneter declaration. Figure 4

il lustrates a dndexecoting anopimuisigotkseuniawtiaallytshouldebmintate sodingrerorsopslei n t he

preferred enbo(gpi nt. 5 Figure Sillystrates a flo cgart of the steps used
to constrict 4 cﬁwmﬁ% dete 1¥eE B e repYRANE RissHRranthe FATRR tEneg
illustrates a ; : [ ’ CR{I ' ' seabl e
as either a clﬁ%ﬁﬁogﬁéglfgft]%%ggﬁ gégrrp#é\a%%ﬁ pr ef eétﬁé%g%%g#{%gm\gg?pt he
present i nvent éxeoutingGubirSgramisithatitalie GARY wer Gbfined tfpds NyIphfahiebérs haagkr esent

i nvention provides.a nethod and aratus for executing a subprogramin a
dat abase. The yyg&cf\ilft yewﬁilm@em@f gg_guaﬁﬂnsg%lmsa 'aawhg%ﬁﬁpn_t cp@plgter ement
for a devel Opeéxec%hin]s rf;&'tillrt]g"@gﬁ‘ﬂ?r FacMitdig %B&J&Bgiegti%r&ggtfdgg?be_gﬁgs?d%gt hey 15

i s being devel ope oW ng description

expl anat ilon, sgeeiopmentddthés should iromnfn gve aioneyby redeciagiogicat érhors wher thege t 0
provi de a thorough understanding of the present invention. In the presently
preferred emboeRdesbiectsige latay dgployed ang exssuted Hrpropuctioy ¢pyirgpmegis thraeghe

I nt egrat ed devgde(")l f?égl'anjr:sm’i ronnent (B7E). However, it will 20 be apparent
to one skilled in se arts that the present invention may be practiced

W thout the specifiThelprabhtSinvemionadddeersePiiese Bates Shirdught fambwatk  acl e,
Sybase, DB2, Informx, etc. In other instances, well-known systens and

protocol s are PrRyie asempirse exccaiten fapilit) that cambeiisedio execwieaiedd cbigetadt f or m
BIELEF TSN W Arim R e R

servers. |t iSpgrameters altogether. Instead, variables corresponding to the parameter types are

declared and initialized in the anonymous block. Afterthe code object is called, the
variables that correspond to the parameters that are bound by reference contain the
values that are returned by the subprogram. The variable declarations and
20 initializations are accomplished through a combination of parsing the source code,
looking up the parameter information stored about the subprogram in the catalog

and using a wizard to get the parameter values.

DISCLOSURE OF THE INVENTION
25 A system, method and database development tool are disclosed for
automatically generating parameters for use in executing a stored code object in a

data base, by parsing source code derived from existing data base code which



procedural extension of the standard SQL | anguage. SQ stands for2 0 JUN"2003
" Structured 2 0 earl 2003 WO 00/38055 -6 PCT/US99/299Z 1 Query Language
which is_a standard query | anguage designed to wite queri }
Rel at i on&foﬂ-ﬁsgsgases. PL/SQ. as inplenented in Oracle? dat‘ggrég%gh?%ga )
procedural |anguage geared towards inplenenting rules and other business
l ogic in the database server. In a procedural progranmm ng | anguage, |ogic
for a program5 is typically inplenented as subprograns. |In PL/SQ,
subprograns take the formof one of the following: 1) A PL/SQ stored
procedure, which is a routine that can take input paraneters and return
out put paraneters'; 2) A PL/SQ stored fuhetion, which is a routine that
can take input 10 paranmeters and return output paraneters. In addition
stored functi orpresents e siered code abjeety pvhesedti the paracheters may sepaeseatl aoepddx a
particul ar typ& declared in the specification; 3) APLI SQL stored package,
which is a col PEREPSHR of stored functions and procedures identified as a
single named entity; : i i i i hat
dets oxcouted 15 autumaPeh Bachbia &Rl sttt fock EAUCLI
execut ed in thgsubpredramen aeOvanle databhsk)s ofimadioAgidiviosallpiclatfd drkaekethodhi ch is
an unnanmed set of PL/SQ statenents that can be executed on the server.
‘Once depl dyed, forigseqiing subpsagiansdn ae Siraele dafatbase wpinganearmaes blesksarhichean be
20 execut ed. C I t i ately
Aﬁg@@ﬁggﬁgé%g%%%ga \QLﬂlets I?l?at %&id'esg @J?t?ack@d ﬁéﬁ?l’ﬂa &gallé) rao I4

and is not sto se server. aranet er a gramis a

naned storage b®erédRd,Canphl BetbdCont @inbiatifig &alié dedlathtion Rtatetherlato? 4 hat
can be read and nodified during execution of the subprogram The rules

gover ni ng whet hihprogeay ingn Brade datrebaseacAlse chabiied iscdl spem Joi dexsidpingl i n
Oracl e through,th se_of paranet.er nmodes. Th araneter nmode "IN .

Spoci fi o+ hot dittasE BiastamERSARRAER » PGS sr o Senl eGP Ela COdBmponism £ s
that the jpar amegreiutsramtidafly gemiatiill PLATIOtoREbyPAtking 86urddodd derfdeld from

specifies that the parameter can be read and nodified. Each parameter has a
data type, whi existingxcagle residinglipthe3latbayel 38055 - 7 PCTI US99i 29921 speci fi es

th i bl I . f t 1 .th ti t hat b
per f ormed on { he valib® SHRRITERa) e ERTCkeriion o BERS OB ARRrery s
supports a st agsgidle SRille@fin fedd fts $RIA tﬁé’ﬁﬁéwidrgfﬂei‘egﬁhtdeﬁ’éﬁptﬁk,/ whireffl i§ 0

supports a set of user defined data types. User defined types can be based
on 5 the data dedwmand descobedzonititel anboslimetas ofithe envestidrebyowayefillistratiased on

defi ned definition. .def.i ned ¢ f.initi
O A B A A NI

is capable of other and different embodiments some of which may be described for

illustrative purposes, and several of the details are capable of modification in various

obvious respects, all without departing from the spirit and scope of the present

invention,
20
BRIEF DESCRIPTION OF THE DRAWINGS
The features and advantages of the system and method of the present
invention will be apparent from the following description in which:
Figure 1 illustrates a flow chart of the overall flow of a preferred
25 embodiment of the present invention.

Figure 2 illustrates a flow chart showing the construction of a list of

parameters.



.data types and can al so have an unlimted nunber of nesting. Dur 2 fgUN 2003
devel opnent of subprograns, it is inportant for PL/SQ. progranmmers to be
able to execute the object to see how the function behave xﬁﬁ iven
differen“THQF§W§ter val ues for the input paraneters. Even§C enp%%gzﬁoghc IS
correct, the object m ght behave incorrectly when an invalid set of
paraneters is passed in. Subprogram execution based on different paraneter
val ues are necessary to detect coding errors during devel opnent. In order
to execute a subprogram the caller needs to know about all the 15
paranmeters and the associated data types. This know edge is required

i ndependent of whether: 1) an anonynous-Bl-ock is constructed to execute the
procedure; or 2) a programthat executes the subprogramis witten using an
Oracl e Appl i cati on Fgaer 3ilestrates tacfldva chart 2Bowinigntije steph asedfo tomssacnet hods
to execute a subprogramis gptine-consuning task. The fornmer nethod

i nvol ves doi ngcORPiQpATamster declaralidhsuni ng and error prone tasks 1)
Constructing an an : Qﬁ]%‘ﬂ ; rations
for the paraneter s?ﬂéng Eﬁlg??&%naf@%ﬁq@fs#& t %g?%ﬁ%@%nﬁa%gﬂﬁgp%th a
set of valid parkepriefsrreddmiesiiméie | atter method invol ves debuggi ng and
testing a new program just to execute a subprogram 2 0J UN 2003 WO

001 38055 PCTNS99| 298igyre Yillagteatospiflow hrgpoRIRISIORT usPd 40 pANSHRGHEN ARQAYMAUSH
operates in antﬂ &Sin%?ﬁféferﬁ’él @ml%%ﬁlﬁ&ﬁl pur pose conputer unit which may
a ?y sone” or adl 0 '

i ncl ude gener e elenments shown in Figure 6, wherein
the general purposeFi%uﬁdemuamesiam regififatide gareReplrpadedorPitebedtmgupgionher eon
an input/output ("1/0'") sectjon_ 205, one or nore central processing units
("CPU') 207, awngable gt ether & eliant B anddprygnsecter imphenproferrad #mggdmmmf ecar d
211 related to_it. The I./O section 205 is connected to a keyboard 226,
other simlar Brgﬁeé?g}vef}ﬂ?[bose conputer units 225, 215, a disk storage unit
223 and g CD-ROM drive unit 217. The CD-ROM drive unit 217 can read a

CD- ROM nedi um 219 10 which typically contains prograns 221 and ot her data.
LOg' C C| I’CUitS or ot her Esuu!n":-‘e.-. R A :_‘_lj(‘ .__fﬂ, 3 |_|u§|g 3 i

performseries of specificall ident f.i ” oper ins di t edb .conput er
progranms as descri b@ge !%?sgmf Elll¥ njiof Argvidesri, ‘%ﬁ%}:@ﬁ@ﬁa %fﬁﬁ@{mﬂ% %The
present 1 nvent k&'ﬂrc%r%' i @dafaba® "ok Aty 30 BRdchte S subBrogParf Ui fufarfiental
subprogramin an’[Oacle] database. In a preferred enbodi nent, the nethod

t akes t he val usguuoémentfor a gevebopet. cfhis alloxws verifymgithelogio o€ carsj objectssasdheyi spl ays
t he val US of t e.%eu g&r aneters. A selected code object, a user

i nterface’t hat 52¢% Ff‘?ﬁ ting paraneter val ues of the sel ected code

obj ect and a user i ff @lefRA6wing ddictptigy £d ¥ 8t 4pBnon Gfecid!dat and
paraneters are used inet he prgcesczi.i5 lThe r?glrgécg'?ed ég‘gdle1 oobf gfe&c provi%nes t he

i nformati on r eqonfigadations race sstfertie nordeeto providecuthosugb dedeastanding ofitheng t o

t he object. The source code is then passed to. a specialized parser, that
extracts conpl BSESERIKEBHER- Tnghs Breseniii peetested egibodiment s Fentastisdeserbet mat i on

about the para .
engi neer ed frommélgﬂst%@rgc%z& Sgtg%figé&ﬁ%n%gﬁghe er?g%F Z'rﬁg%?‘é"ﬁﬁwglm t he
cat al og 20d t hbe dgrentadions skilled kst anatiaethe@uésentintention alay be peaeticed s i n

turn used to construct variabl e declaration statenents and vari abl e
i ni tializati onvithauiehhe specifiqdetailss inayasious Data Base systems such as Oracle, Sybase,

DB2, Informix, etc. In other instances, well-known systems and protocols are

shown and described in diagrammatical or block diagram form in order not to
obscure the present invention unnecessarily.
25
ADDITIONAL BACKGROUND INFORMATION
PL/SQL is programming language available in Oracle7 servers. It is a

procedural extension of the standard SQL language. SQL stands for Structured



information fromthe catalog is sufficient to construct declarati 0410 JUN 2003
statenents for 2 0 J UN 2003 WO 00138055 g PCTIUS99129921 scal ar data
types. Y 8055for conpl ex data types the actual decl ar apicei;g9606521t 0 be
dupl i cat ed. I'S process all ows bypassing of the explicit binding of .
paranmeters to values, a process that is not conpletely inplenented for
conpl ex types. The anonynous bl ock generation is conpleted by constructing
the string to make the 5 actual call to execute the subprogram To display
the output variable values a set of printing routines based on the DBVMS
OQUTPUT O acl e system package is appended after the call to the subprogram
The anonymous bl ock generated is then exBcuted and the DBMS QUTPUT nessages
t hat out put parameter values are displayed. 10 An Anonynous Bl ock is an
unnamed bl ock QaerpilLasgpageouhich isa stc@cﬁlrcbgugydemmge desighed temrite quériemynous

bl ock i | d d i i ngl ' d ; d
bl 0cks whi ch AHEBTSORAMIUN DHABESA/SEL FF TITHRLR MO SRS B5Fo
execut e a_sUbDBELHAR iahgibdeichred B areSnp) EnGAIRE R AndUn A BOENER SO CK

that calls the subprogram e call to the subprograminvol ves passi ng
i n paranet er vthe detabasé spraven bt eprocedusal pacgrdmuing labguage himigiccfan a lpeogmeoci at ed

with a value. The,ksybprogram can then access_t e paraneter ari abl es
within the souFé@“@gﬁgP&%@EWega§ %ﬁ?ﬁf%?a%gn}%gﬁgn%&&og{a%,taiﬁ?%%}(%t er
type and a pargrEker tidgowhePar ameter name is an identifier given to the
paranmeter. A paraneter type gefi nes the set of data that specifies the
range of val ues thal) aAZRL/SQLastered procedues swhich. is Zheutine amattean tdkepmpann be

ei ther scalar or conplex. Exanples of scalar parameter types include NUVBER
and VARCHAR?. P3laeesangreluhpitayt nasamgieser t ypes i ncl ude RECORDS and
RECORDS of PL/ SQL t ex. CORR4!  PL/ i . osite
of scal ar types. R@O&’% Igygﬁe nes 3%‘ " e gg%\?%&t%ﬁgtpg;g%\ %a;(r?awgggp

RECORDS fibat cpathmetarsGindaetuZboRmit@REmetérs Plaradtdiion storediftundgdnsas b uiged
behavi or of the paraneters. The three paraneter nodes, [N, OUT .and I N OUT,

can be used wi iEngxEresNMANGGRHMS 2 xplue of Anartigular sypeslerlatgd iy the sperifieationy al ues

to the subprogram bgj n i.de the. r . I r er
acts as a constant %dg§q§9§§%°€é@’2‘°ga§r‘gﬁ‘é’gﬁg%\?g%@%f&g?@ fﬁh({%}%{l gg%OS WO
001 38055 PCT/ Uﬁﬂﬂé(ﬁﬂ&ﬁaemﬂﬁdlh@a%lepﬁﬁ@ﬂﬁhﬁfy; allows you to return values to
the caller. Inside the subprogram the OUT paraneter acts as an

uninitialized vari ah) eAaRE/SQL ctareditriggery adhich jsna IruidneT thatr gate esecwed ows
you to pass values j.nt.o the subprogr.a nd return.nmodified.valu back.
/et do L8 sunpronelf: rde A W RAPRAERE sStnet i Suecf i fhe filanade

vari able and sge6@hafie read and nodified. Fig. 1 is a block diagramof the
present invention in a preferred enbodi nent. The user interface conponent

11 gets the subprogfhmAncanesymsuschi/SQL bihek, weldch isranaurmmamed setpbPRRQIL2 get s
t he paraneter val ues tgat W%E i nput ted Conﬁrgnent 18 is a nodul e that

i ssues the queF{HeRIeREs thak @ny &xﬁgﬁegr%‘ttg?’s?‘fﬁ , type, node etc. The 10

modul e then builds hge ibfbyedl theahREEiRifed ﬁ?i%mﬂydﬁl%ekéﬁ rdnd cdige Lo
construct the user interface conponent 12. After gathering the paraneter
val ue i nf20r nmat iegetutedoApanenymdis biewkinrthe bther hendhis @rgouted invhediktelysamigis out put

from the conponents éS ahnd 14. To construct an anonynous bl ock that
executes the s®BhHOWAMthe JatabaseseBist. 15 i nvention receives the fol | ow ng

inputs in the prefery ﬁ{é?é? 1 r . t jeON

wi thin the dat abaseA(@%ﬁpone(r?topﬁ%h%ragaéb%ﬁ?‘?&gg%@?éé}%aggﬁgﬁé e? d\f(a)ll ues
for the sel ect egntainingraogiain typosidananit chr be feadiagid mbdifieddhribgexesueRardf

i nvention generates a tenplate for enteri&% paranet er val ues based on the

subpr ogr am sel ¢k sbprogeany Biegules goerning:whetheeaspastmetgecanhf readiomodified

paraneters. To. R 0 t in BHag. 1 uerni eswthe dat abas

cat al og tzc%) i der‘l{jfpfe%lﬁf%(ian gg@e”@f@lghgt@epgsg %lrf%r?'ﬂ%ergﬂﬁgfﬁpi e&ara&ie&%r Bﬁ’%ﬁm&t er.
The fol | owi ng ONeGhecifidsehit tAERrRdterl QAR bEX @l bRt AR Rfled) OET” bhdciies that
information for a stored 25 procedure. Simlar queries can be witten to
extract this i thoparametoncandre raadshus canhot beatadified and SINOEH pedifieethpt theedur e
or a stored package functjon: ,SELECTY.n , ,O0.hane, a.argynent, )

a. sequence#, a.pé(FgTeF%a‘ifﬁ, {’ed.r??gsar"hi ’Bﬂ‘,ﬂﬁﬁ‘.ﬂt , parameggy S‘B’F% g type, which

PCT/ US99/ 29921 DECODE( DECODE( a. type, 29, 3,69, 11, a.type), 0, No Paraneters',
1, VARCHAR2', 2, NUMBER , 3, NATIVE INTEGER, 8, "LONG, 11, ROWND, 12,
"DATE' , 23, "RAW, 24,' LONGRAW, 96,' CHAR , 106,' MLSLABEL', 105, S
"MSLABEL', 250,' RECORD , 251, "TABLE , 252, "BOOLEAN ),

DECODE( NVL(a. defaul t#,0),1, YES , NO ) DEFAULT#, NVL(a.in Qut,O, NVL(a.

| evel #, 0),
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10 NVL(a.length, 0), NVL(a.precision,0), NVL(a. scale,0), NyL{a.radix,Q0),
" decode(o. status, 1, 1, 0), bitand(b.options, 4) 15 FROM sys.argunent$ a,
sys.obj$ o, sys.user$ u, sys.procedure$ b WHERE a. OBI#(+) = ' nd
0. obj # = BYUIBESSAND 0. owner# = u.user# and o.linkname is r?tﬁ'll%%ghg% 0.type
= 7 and ( o.owner# in (uid, 1 /* PUBLIC'n or 25 (0.0bJ# in (select obj# $om
sys. obj aut h$ where grantee# in (select kzsrorol from ptsgl auth) and
privilege =12) !''* EXECUTE */ Qd ,! UN 2003 WD 00/38055 - 12 or (exists
(select null fromsys.v $enabl edprivs PCT/US99/ 29921 where priv nunber in
(-144 /* EXECUTE ANY PROCEDURE */,-142, -143, S -141 /*CREATE ANY PROCEDURE
*n In the preferred enbodi ment, the presdnt invention constructs a |ist of
14 paraneters and its associated types in nenory. The list is singly nested
for conpl ex paspecifiesthetpppsilsie vangs of vamgsdoethie pasaneeter, thesuperations tHatearebé s a
plurality of nesting.in this list in the case of conpl ex rameter types
that are nest eBerforfied OPité‘dii‘éeslﬁ‘Q thewayyeyehigh thepvalues argotared: f or getting the
i nput paraneter val TR ! t I i
nputt | ng-those val L QharpofiEEsAMaR B SR P IR RS HUABIELIL | ) tes

speci fied by t o bymperteh sttef weardefinéddata kyy@s. Wsdr iefingitypeccambe tiged b f 1 ow
charts which depict the steps used to ggqr;erate t he anonynous bl ock.
Conponent § 21 Hieapedafinitioaof aparticplar depkase tale encasrhekased an agperyisfinpdt er s

_ S 21 4R _ R 74 St aoperiaan c
Uner It o7 1 ace S REARNT AEFudinaPpBHER GO RERE CERONHREor e BT 1)

wel | as by the dataamesand cal dekhayeanakimied aabadmestinghe present invention
then scans the |ist _(component 23 in Fig. 2 ) starting with the_ first item

Conponent 24 in Fi gDupinghdevelopmeat fr subpsogren it is isnestaak forr BRESQE . | f

it is a conplex. para he flowehart,in Fig..3 [l rates the
anonynous bl oc ' %ﬁ@ﬁgﬁgé P%%bl%&ogégéﬁ%tﬁf 08’(38‘1 t&rsge }é%\’&h}eﬁﬁ%nibfﬁavgs (‘?’(Blﬁxbl ex
par anet eryo 25 Ghardifesent phiathetdr YaRBAfdr thdlinbliOpardmblels) Bvedb@n theloglcgps t hat
declare and initialize a scalar parameter. The steps starting in conponent
23 in Fig. 2 arcerreapthgtabiect might behaye nnoarestly whep an dmealid et ofsparameters is hat
declare and initialli zg all Barame .erﬁ of. tpgi.sul%gro rgm ‘After t he

decl aration an(?afsﬁﬂni' \ﬂ?pf%ﬁr T c[’“Bﬁ %Fﬁgf)g S PRIARICEY SGUCP HENCCDSHY ) 11 N
2009 W O 00! 38@8detediTodingcHoPPduth3dbvélbpeghart in Fig. 5 illustrates the
steps the present invention uses to conplete the construction of the
anonynous bl ock. Onde ordes taaxssytepusubpragram) thenaler nagds tatknow about all the

15 parameters and the associated data types. This knowledge is required independent

of whether:

1) an anonymous block is constructed to execute the procedure; or

2) a program that executes the subprogram is written using an Oracle
Application Programmer Interface.

20 Using either of these methods to execute a subprogram is a time-consuming
task. The former method involves doing a couple of time consuming and error-
prone tasks

1) Constructing an anonymous block that has the correct data type
declarations for the parameters; and

25 2) Initializing the parameters manually with a set of valid parameter values.

The latter method involves debugging and testing a new program just to

execute a subprogram.



it is executed on the server and the output parameters are out puttZa8.JUM@3
" present invention keeps two strings to construct the declaration and 5
initialization sections of the anonymous bl ock. To declarepgy 03

par amet er\’{OPwOﬁ% esent invention first reverse engi neers tﬁe source code of
the obj'ect fromthe Oracle server (conponent 31 in Fig. 3). It then parses
the source code to extract the string that declares the conpl ex paraneter
(conponent 32 in Fig. 3). A standard searching algorithmor a sinple state
di agram based parser may be used for this 10 purpose. The string parsed out
is then nodified to nmake it a variable declaration statenent as opposed to
a paraneter declaration statement. The resSulting string is appended to the
string that stores the declaration section of the anonynous- bl ock.. After

constructing the st ORERATINGIENVYRONMENTn of the conplex type, the
present invention ac%esses the nested list, that holds %Eg araneters of the
t

15 subprogramto gefr B HRICHSNS tNYeREPD IRPRERCY Reand, s &di¥flo .“S'T'al PHEPEB NI ex
type (conponent, x%gufepuﬁ't gvhiéﬂm *hcﬁ%&%ﬁ’dﬁg shiiE ok‘laﬁtogﬁlteaerléﬁ s ol ih e
first scalar suB onponent o Pheecs ex paraneter. For each scalar sub

conponent, an iFigired, iviidréinnhé gaheralepirpbse $ysm 2ONELIdes & endthérbearl 263val ue
inputted in conponent 12 in Fig. 1. The initialization statement is then
appended t5 t hdaging thegeantparinpis{ogepur §“l @D seetian 205 onetor s1ere eentrabprogéssinge

bl ock ) 44 .in Fig. 4). E . t it h I
fvoe "the or escrts CRBERT Rb7, g oy sochinn 2R iR RF TRV F st Alter 1
conponent 41 i Bjkigatedto iIh_?h@ﬁoqe,@eﬁ&{zds(}Eeémuea@o 5 Réybbaraedel 6080 ddiar O acl e

catal og (conmponent 18 in Fig. 1) is used for the purpose. The present
i nventi on t hen generstpunpose donputeriunita 25,2150 a dek atoeageninit 223 ragd RIGD-ROM

fﬁg";ﬂ;_ﬂ%ﬁﬁsi Sireinis217c ol SOROVE pevent B St Gl 02@&?&4@0”5 o
oar 1l bltbck op PRGN AhATR BEEGRE Sh Sy Ry Jifly bty W dlfer”

PCTI US99/ 29921 chliponérts of thdse \peografimédeompaestwill giesfoih aedexlef ipecifi¥livut e
t he subprogram using the subprogram name from canponent_ 11 in Fig. 1 and
yﬁ@}pw.

t he paraneter ridentified pparaionasiigialed by eomputer programsen dessribedygorefulf

appended to the string that contains the partial anonynous bl ock
constructed in conponent 43 in Fig. 4. 5 The present invention then
constructs the call sTiE FREFERREDEMBOBBMENTt he out put paraneters. The
process of scanning the Tist of paraneters Is again applied for the
purpose. For each scHieaprepentdnyention provides ameathest and appsratws furtezecutipgraanet er

apply the rscoreppesrveorIeRiaiiey retiS shtBeic e RET T U
a single call tge %Qué%ﬁnﬁ&rmﬁgsﬁﬁews fHe cbheosjs%faﬁmga&@& theQhlubdisf

paranmeter. Followi ng is an exanp an anonynous bl ock generated in the
preferred enmbodheeutpufparameterso Aestlestadoadea pbjectpa gieointaifape hatalloves inguttig has

two paraneters. The first patameter, “scalarl' is,a scalar.lN parameter of
Lype VARCHARD. PRTETGER ufiten ot fiedelerted cads dhject pad 3456 BERAFRLS BapaK s
of type "taRl %I YEE, L@rs i 3 C st f
colum “col I’ O‘Faﬁtw;p())e A@R%%%gg)ﬁgnﬁé? ﬁéed g‘@@% 13)‘6%8] gﬁnjﬁ [coﬁéﬁgf()b{e%e
NUMBER. The anomywides theodifogratimmatreqlited appleverss efiginger oced woarceboude wi | |
be: 1. declare; 20 2. scalarl varchar2(2000); 3 . record 1 tap_ 1 %YPE, 4,
begin;: 5. scal asqrrespondingiorthg objegs. Thesenrse cods is then passaghta a specialized parser

recordl .col 2 : z%l%lfa&t}éis,q%nléé;&é%%ﬁi ?é%ﬁlgﬁﬁg&ﬁn %g?nh'g;sgurcg RB%e. itfdMfhei R

line( recordl.

about the parameter name, type and storage length are all reverse engineered from
25 the Oracle catalog. The parameter information from the catalog and the declaration
statement parsed out of the source code is in turn used to construct variable
declaration statements and variable initialization statements. The parameter

information from the catalog is sufficient to construct declaration statements for



~~ 0. JUN 2003 WD 001 38055 - 15 PCTNS99/29921 Line 2 above is constnac? 8d)Usy 2003
using the paraneter list constructed in conponent 18 of Fig. 1. Line 3
above is constructed by parsing out the declaration out of e code
usi ng t heVeO¥e®Ss in conponent 32 in Fig. 3. Lines 5 throdﬁ%nﬁgégﬁhﬁ _
constructed using the process illustrated in Fig. 4. Line 8 is constructed
by using 5 the paraneter names stored in the paraneter list, Line 9 which
out put the OUT paraneters is constructed by scanning the paraneter |ist and
checki ng whet her they are OUT paraneters. Note that other Relational Data
Base Managenent Systens (RDBMS) may refer to read only, wite only and
read/ wite constraints by other terns. 109Additional background i nformation
specific to the Oracle Data Base, PL/SQ and SQ.*Plus can be found in the

fol | owi ng ref esedigaiatadypesh Howevesrfobyomplexndapotypesatle foahil Yedlantomndeyds to
reference: 1. SQ. *Plus er's Guia&g agggRef erence Rel ease 3.1 p 645. 2.
PL/ SQL User's Ggidyplicatrd. Favsprosess aipyebgpassngoithgexpieit binding of paremgters 7
Application De 'S i 1 i i tion
internms of a \é{r;lé’ e(ré%;eadp regdn%sggpér_}r)g%lﬁ &?‘%"%%‘V%’ﬁ%’&%éﬁ%ﬁ?z@ﬁ%gsgy E illed

in the art thatangsymeushliéoksemerttion énesnalctpd bp ossstiotini the strihgrtd wiike thay be
substituted for the configuration described above to achieve an equi val ent

resul t. Sidni | ardctpal call tgiexecuse thesybarogeane dTe display theromtmt varigblgyyalues@ s€t r cui t s

are configured f e NSy { [ LRl ssi ng
parametric i npucffci}rg]%é%? éﬁrpnﬂ%?%gﬁdiggg%e@%@+ﬁgﬁ%?¥ éé&gé%ﬁ? ?"fs'%ta 8lpa§>g<§§ut e a
stored data objpéndetiafivd the chlbtcAROaLRFogri®. THOSONGHibS 6tk genéraRddd thed hat
nodi fications and variations ofthe preferred enbodi nent are possible, which

fall wthin thexeeuied s thetDBNS EPIST mensagenthaheutowt pasametersvaless asg t he
foll owi ng cl ai @ ~pJ UN 2003 WO 00138055 - 16 CLAIMs What is clained
is: PCT/US99/ 2 sﬂayfﬁ" A nethod of automatically generating code, using a

conputer y#i ch 5 hasprtAnbARRbUABRICRGEHEinamBR BRIk of BLIHORYoodk R ich@¥E PUL
devi ces and connectivity software to connect to a data base server, the

met hod conpri siexgeuthe os theperver. Amanyhous tdanks are woypdled end exeduted oma singlet i ng
code residing in a database tp generate pararneters, i ch may include
compl exdat -t yietaiola Repry ChEu rB R romaed ! Exebuel BB 1 o
use in execut i Ngsthcl Bp&h@6RITEECROE Sprogtim/n BRISHIIE Hhe HEVR! QRSB ah 00!
enbedded on a conputer readabl e nmedium conprising; neans recorded on the

medi um f or par sanogymous beck thue caltsrthe eubprogyam| Ti eatli totthespbpouram ésioliiesg i n a
dat abase i)g gener axe, par anet er
d

,_Which may,include ¢ | ex data types; and

means reco? ded RATSIAN RARDEIRY Y"’i‘r‘esu@ipﬁ’&n{q’% Idraeq vare trhé'?ﬁ?PBF ?SPéE‘Eaeat e
code for use i nygKaQHuk "Phedubbigttn CaBePRcES these parameters as variables within
the source code. Each parameter has a parameter name, a parameter type and a
parameter mode. A parameter name is an identifier given to the parameter. A
parameter type defines the set of data that specifies the range of values that a
20 parameter can assume. The parameter type can be either scalar or complex.
Examples of scalar parameter types include NUMBER and VARCHAR2. Examples
of complex parameter types include RECORDS and RECORDS of PL/SQL tables.
ARECORD is a PL/SQL data type that is a composite of scalar types. RECORDS
can be nested in the sense that you can have RECORDS that contain other
25 RECORDS. A parameter mode defines the behavior of the parameters. The three
parameter modes, IN, OUT and IN OUT, can be used with any subprogram. An
IN parameter allows you to pass values to the subprogram being called. Inside the

subprogram, the IN parameter acts as a constant and so cannot be assigned a value.



20 3) A systemfor generating paraneters which may include conpleg{hﬁpgzmm
"types for use in executing a stored code object resident in a database
conprizing: a digital conputer; a parsing device configur source
code der WRH%38%m exi sting 25 code residing in a dat abase%ggyté’sgﬁéé%?e _
paranet’ers, which may include conplex data types; and an execution device
configured to use the generated paraneters to create code for use in
executing a stored code object. 2 0J UN 2003 WO 04138055 - 17
PCT/ US99129921 4) A nethod for generating an executabl e anonynous bl ock
that can be used to execute a subprogramin an Oracl e database, using a
conput er which has at |east a processor;l0enory, display, input/output
devi ces and connectivity software to connect to the Oracle server, the
met hod conpri siAagOUTepataseter Gillows Pu &€ lrétmin Rglues Sabiheogilm f IideatheOr acl e
catal og; b) getting source_code for the subpraogram by reverse engi neering
t he subpr ogr anfubpyogsmsthe QU T pargegter acts suan yrinibiglized veriablejand sorannetrbeof

paranmeters fromth ; Q d),.generatin ecut abl e
anonynous bl oc Reag's ?‘Héﬂggpifn@’?%fﬁ“& gﬁ&’é‘é ORdP g’&f Se‘@?%eﬁ "ﬁﬂ gﬁl%l g@ p&#%rtaf“o?{ldof
paraneters. 5) relit@ niGRlifiddcakies Backi Msile MeRUBprogide tRMBEOUa RarReteNyddPas bl ock
can be used to execute a subprogramin an Oracl e database as part of a

PLI SQL 155t est amigitiaized vasipbigland sechobk rshd endiinedifiedher ei n t he execut abl e
anonynous bl ock can_be. us . execu a subprogramin_an acl e. dat abase
as part of a PL/ SQ_F@ohgagg‘\?k%%EaWB%ﬁ?prfﬁﬁn ?‘V Ié’nﬁ’éf‘ﬂ‘@gerﬁqgeﬂ%é’i%m‘%‘_tMer ei n
the executabl e TapQQY WREFadY Geht Peedis At ﬁgpﬁﬁ%ﬁﬁ@b@eﬁémﬁqulﬁmsbﬁ an
Oracl e dat abase as part of a PL/SQ. profiling t6ol. 25 8) The nethod of

cl ai m 4 wher ei interfase coraponeabl 2:geisitha paromstebvaluds thawab mputted Gamporestl®e a

subprogramin an Oracl e database as part of a PL/ SOL debugger 0J UN
3005 VD 00/ 38085 Tobia364 580 GuS 1By Bots s MRSt NaEE DR HRUSSIB F Ryt arrs

in an O 3¢ e dafRR%ken bidldShe list of parameters in memory. The list is used to construct
the user interface component 12, After gathering the parameter value information,
component 15 constructs the anonymous block using output from the components
13 and 14.
To construct an anonymous block that executes the subprogram, the present
15 invention receives the following inputs in the preferred embodiment:

1) The subprogram name and location within the database (component 11

in Fig. 1); and
2) The parameter values for the selected subprogram (component 12 in Fig.
1).
20 The present invention generates a template for entering parameter values

based on the subprogram selected and prompts for the values of the individual

parameters. To do this, component 18 in Fig. 1, queries the database catalog to

identify the parameter types and the subtypes of each parameter. The following

Oracle query against the Oracle catalog gives this information for a stored

25 procedure. Similar queries can be written to extract this information for a stored
function, a stored package procedure or a stored package function:

SELECT u.name, 0.name, a.argument, a.sequence#, a.overload#, a.position,

a.type,



a conmputer which has at |east a processor, nenory, display inputl g'ﬁt&\ﬁ

devi ces conprizing the steps of: a) selecting a subprogramfrom a ac?nén

catalog; 5 b enerating an execut abl e anonynous bl ock usi er

val ues i ﬁ’&ﬁ)@é@@as by data extracted fromthe subprogram c)ﬂ&%ﬁ%&% .

anonynous bl ock to execute the subprogram and d) using a program nechani sm

that outputs OUT paraneter values after the execution of the subprogramis

conpleted. to 10) The method of claim9 conprizing the additional step of

constructing statements to output O TT paraneter val ues by obtaining OLTT ~

paranmeter information froma paranmeter list that is constructed by

extracting paraneter information fromthel subprogram 1S 11) A nethod of

generating valid declaration statenents of an Oracl e subprogramin an

Oracl e dat abase, usDECEDE@DPUOPE(aMips 29339, | a.typa)0, Mo Pafeaiast,, nmenory,

di splay, inputloutput devices and connectivity software to connect to the

Oracl e server, the met hoYARGHMRZ hNUNBER ¢ psNATIVEOINFEGER i di ng a

dat abase devel opnent t%OIL(SlQGf,'lqqu@(g\ﬁﬁ’ qez lﬁgf']:} Q3de1¥gw)’p PL/ SQL code

agai nst an Oracl e dat abase servet; revet seé enginéering’ source code of a

subprogram from an or aQ4eLONGRAW’, 63’ CHAR' N6t’MILSIOABER’ clode for a

paraneter declaration and then 25 nodifying the declaration to nmake it a

valid vari%bl e decl ar at M-AREl{enent; and d) using the variable declaration

statenent to develop t R ogle. . , t el opi ng dat abase

prograns conpri sing: Esoéﬁéﬁgﬁvggoﬁégéﬁﬁi ﬁ’é@%@gguggzl a) a

conputer which has HWECEORFNVLY. RFARHU),L TERDFNO’)ADEPARN. T4 nput | out put

devi ces and connectivity software to connect to an Oracle server; and b) a

program code nechaniNViadn_OQuit®rati cal |y generating valid 5 PL/ SQL code by
arsing source code jved fraomexisting code residing in an Oracle

8at abage. l\?\?ua. Fevel#, 63, 9 9

- AACAFR. AL (L. A9. AL. AXvL@A lefitifNO)A- Al . Ah. A&U. A" ?. AL As. A" . Asy, +45wW uadJ%ys

ni d_zy ca} ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a]

ca] ca] ca] c”*a] c: aU] ca] cafeh{aaefisien],Cr! % N w

U y7*uXi N} xsnid_Z] ca]c cal.cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca] ca] ca] ca] ca] ca] CM}W}‘l&g}’ca] ca] ca] ca! N; kn~Be) z>7 F

{val gb] X] c] ca] ca] cahgeq ] ] &4 ] ca] ca] ca] calca] cal]ca]ca]calc

a] caU] ca] ca] ca] ca] ca] cAgf‘]ég?’cog’]adgg?%éé?Fﬁﬁhgqéq?d )

(VETPETVE T g # 3 Rand@lopndd, 4) | ' 1' | vgl ga\ W ] ca] cal] ca] c$a] ca] ca] c”al ¢

a] ca] ca] ca] ca] ca] ca].cal] ca] ca] ca] cra] ca] ca% cal ca] cg] cal ca] ceg caé cal ca] ca] ca]

cal 1' 1 (((3D))) 6**** Sy a]gumeptd 4, sys.obj5 o, sys.user u, sys.procedure’ b

A 1 plywgl ghr,ﬁq LcalaU] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca] ca] ca]ca]ca]calca ﬂ?a???%@?ca?é@?ca] ca] ca] ca! p//0c0004111-2222H3T3333

J4444 and o0.obj# = b.obj#

5[ 55555555C666} wr ngb ] ca] ca] ca] c™a] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca]ca]calca]ca]calc QAPBYTCH-B¥T# a] ca] ca] ca] cal 6371 88 9] 9v99

L <<@====>>U?? BB Wgﬁlﬂ%ﬁ wrmhc] X] ] ] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca

] ca] ca] ca] ca] ca] ca] ca]cd] caJ ca]calca] ca] ca] ca] ca] ca] c”a] ca] ca]ca] ca] ca! hFFM

MVIVINK NNDOBEPP/ QL Q? kg 9pe@QQ=RRSThTT

and

(

o.owner# in (uid, 1 /* PUBLIC*/)

or

25 (0.0bJ# in (select obj# from sys.objauth$

where grantee# in (select kzsrorol from ptsql_auth)
and privilege# = 12) /* EXECUTE */
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ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! UBVVV7WNN X9 XCXTXYXhXXYRYYYS8[ [ [ 4\
\WW]]MMAG___ O |wnmrhc”Y]]]]ca]ca] ca]ca] ca]ca]ca] ca]ca]cal ca! ca! c%: %ca] ca]
ca] ca] ca]W@P¥3808%] ca] ca] caU] ca] ca] ca] ca]ca]calcalca!l * " aah PUEPEt g Jffff
%' 92g>gCgQygg?hhhi $jrjj~ytoje [V]]ca]ca]ca]ca] ca] ca]ca]ca]ca] ca] cal] ca] caU
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] caU] ca] ca!jj kkkkk4l ||
n" nOn3n<nBnl n] nl nnoSooo

p7pvpppg6qyqqq?r{vqgl gb] X] ]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal] ca] ca] ca] caU] ca] cal] ca] ca] ca] ca]ca] ca]ca]ca]ca]lca! ?rKr_rrrsPsssssssCtttu
[ uguuuvsvyvvvgwwyww x*xx{vql gb] X] ] ] ca] edRca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] caU] ca] ca] ca] ca]-ca] ca] ca] ca! XXXXXXX' ywyyy
z8ztzzzz3{| {{{{3|{|edP}}}}~f~~~|wnhc”Y]]]]ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]l ca]ca] ca]ca]ca]c

a] ca] ca] ca] ca] ca] cafexissclaplect)nullfeem sys v epablpdnrivs~~Us Gzt zzzz3{ | {{{{3|{| | } P}
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to generate the template for getting the input parameter values. This mechanism
allows error detection while inputting these values the values have to conform to
15 the range of values specified by the type of the parameter.

Fig. 2 through 5 comprise the flow charts which depict the steps used to
generate the anonymous block. Components 21 and 22 illustrate the construction
of the list of parameters in memory. The list obtained as output from these modules
is used by the User Interface Component to input parameters (component 12 in Fig,

20 1) as well as by the anonymous block generation component.

The present invention then scans the list (component 23 in Fig. 2 ) starting
with the first item. Component 24 in Fig. 2 checks whether the item is a complex
parameter. If it is a complex parameter, the flowchart in Fig. 3 illustrates the
anonymous block construction steps that declare and initialize a complex parameter.

25 Otherwise, the flowchart in Fig. 4 illustrates the steps that declare and initialize a
scalar parameter. The steps starting in component 23 in Fig. 2 are repeated for
every parameter to construct a string that declare and initialize all parameters of the

subprogram. After the declaration and initialization of parameters is completed, the
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The present invention keeps two strings to construct the declaration and

—

5 initialization sections of the anonymous block. To declare a complex parameter, the
present invention first reverse engineers the source code of the object from the

Oracle server (component 31 in Fig. 3). It then parses the source code to extract the

string that declares the complex parameter (component 32 in Fig. 3). A standard
searching algorithm or a simple state diagram based parser may be used for this

10 purpose. The string parsed out is then modified to make it a variable declaration
statement as opposed to a parameter declaration statement. The resulting string is
appended to the string that stores the declaration section of the anonymous block..

After constructing the string for the declaration of the complex type, the
present invention accesses the nested list that holds the parameters of the

15 subprogram to get the list that holds the sub components of the complex type
(component 33 in Fig. 3). It then scans the list starting with the first scalar sub
component of the complex parameter. For each scalar sub component, an
initialization statement is then constructed using the value inputted in component
12 in Fig. 1. The initialization statement is then appended to the string that holds

20 the initialization section of the anonymous block (component 44 in Fig. 4).

For a parameter with a scalar type, the present invention constructs the
declaration of the parameter in component 41 in Fig. 4. The parameter information
retrieved from the Oracle catalog (component 18 in Fig, 1) is used for the purpose.
The present invention then constructs the initialization statement using the

25 component 44 in Fig. 4.

Once the declaration and initialization sections of the anonymous block are

completed, the present invention combines the initialization and declarations

sections to form a string that holds a partial block of PL/SQL code.
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The present invention then constructs the code to execute the subprogram
using the subprogram name from component 11 in Fig. 1 and the parameter names
from component 18 in Fig. 1. The string is then appended to the string that contains
the partial anonymous block constructed in component 43 in Fig. 4.
5 The present invention then constructs the calls to output the values of the
output parameters. The process of scanning the list of parameters is again applied
for the purpose. For each scalar parameter, check whether it is an output parameter
and if it is append the call to output the value. For a complex parameter, apply the
recursive process of scanning the sub components. Then construct a single call to
10 do a formatted output of the subcomponents of the parameter.
Following is an example of an anonymous block generated in the preferred
embodiment for a stored procedure;
A stored procedure ‘foo’ has two parameters. The first parameter ‘scalarl’
is a scalar IN parameter of type VARCHAR2. The second parameter ‘recordl’ is
15 a complex parameter of type ‘tabl%TYPE’, where the table ‘tab1’ has two columns,
the first column ‘coll’ of type VARCHAR2(30) and the second column ‘col2’ of

type NUMBER. The anonymous block generated by applying the procedure above

foo( scalarl, recordl ),

dbms_output.put_line( recordl.coll | ¢, || record1.col2 ),

. end;

will be:
1. declare;
20 2. scalarl varchar2(2000);
3. recordl tab 1%TYPE;
4. Dbegin;
5. scalarl ;= ‘input 1’;
6. recordl.coll ;= ‘input 2’;
25 7. recordl.col2 = input3,
8.
9.
1

)
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parameters is constructed by scanning the parameter list and checking whether they
are OUT parameters. Note that other Relational Data Base Management Systems
(RDBMS) may refer to read only, write only and read/write constraints by other
terms.

10 Additional background information specific to the Oracle Data Base,
PL/SQL and SQL*Plus can be found in the following references which are hereby
incorporated fully herein by reference:

1. SQL *Plus User’s Guide and Reference Release 3.1 p 645.

2. PL/SQL User’s Guide and Reference Release 2.2 Chapter 8.

15 3. Oracle 7 Application Developer’s Guide Release 7.3.

Having described the invention in terms of a preferred embodiment, it will
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

20 circuits are configured to perform each required means in the claims for processing
parametric input to automatically generate the required calls to execute a stored
data object. It will be apparent to those skilled in the art that modifications and
variations of the preferred embodiment are possible, which fall within the true spirit

and scope of the invention as measured by the following claims.
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CLAIMS
What is claimed is:

1) A method of automatically generating code, using a computer which
5 has at least a processor, memory, display, input/output devices and connectivity
software to connect to a data base server, the method comprising the steps of:
parsing source code derived from existing code residing in a database to
generate parameters, which may include complex data types; and

using the generated parameters to create code for use in executing a

10 stored code object.

2) A database development tool embedded on a computer readable
medinm comprising;
means recorded on the medium for parsing source code derived from
15 existing code residing in a database to generate parameters, which may include
complex data types; and
means recorded on the medium for using the generated parameters to

create code for use in executing a stored code object.

20 3) A system for generating parameters which may include complex
data types for use in executing a stored code object resident in a database
comprizing:

a digital computer;
a parsing device configured to parse source code derived from existing

25 code residing in a database to generate parameters, which may include complex
data types; and

an execution device configured to use the generated parameters to create

code for use in executing a stored code object.
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has at least a processor, memory, display, input/output devices and connectivity
software to connect to the Oracle server, the method comprising the steps of:

5 a) selecting a subprogram from an Oracle catalog;
b) getting source code for the subprogram by reverse engineering the
subprogram;
¢) parsing the source code to extract a declaration of parameters from
the source code; and
10 d) generating an executable anonymous block using parameter values

indicated by the declaration of parameters.

5) The method of claim 4 wherein the executable anonymous block can
be used to execute a subprogram in an Oracle database as part of a PL/SQL
15 testing tool.

6) The method of claim 4 wherein the executable anonymous block can
be used to execute a subprogram in an Oracle database as part of a PL/SQL code

coverage tool.

20
7) The method of claim 4 wherein the executable anonymous block can
be used to execute a subprogram in an Oracle database as part of a PL/SQL
profiling tool.
25 8) The method of claim 4 wherein the executable anonymous block can

be used to execute a subprogram in an Oracle database as part of a PL/SQL
debugger.
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9) A method for executing subprograms in an Oracle database, using
a computer which has at least a processor, memory, display input/output devices
comprizing the steps of:
a) selecting a subprogram from an Oracle catalog;
5 b) generating an executable anonymous block using parameter values
indicated by data extracted from the subprogram;
¢) using the anonymous block to execute the subprogram; and
d) using a program mechanism that outputs OUT parameter values after
the execution of the subprogram is completed.
10
10) The method of claim 9 comprizing the additional step of constructing
statements to output OUT parameter values by obtaining OUT - parameter
information from a parameter list that is constructed by extracting parameter
information from the subprogram.
15
11) A method of generating valid declaration statements of an Oracle
subprogram in an Oracle database, using a computer which has at least a
processor, memory, display, input/output devices and connectivity software to
connect to the Oracle server, the method comprising the steps of:
20 a) providing a database development tool configured to be used to
develop PL/SQL code against an Oracle database server;
b) reverse engineering source code of a subprogram from an oracle
catalog;
c) parsing the source code for a parameter declaration and then
25 modifying the declaration to make it a valid variable declaration statement; and

d) using the variable declaration statement to develop the PL/SQL code.

12) A system for developing database programs comprising:
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and
b) a program code mechanism for automatically generating valid
5 PL/SQL code by parsing source code derived from existing code residing in an
Oracle database.



