s\ e3eDA, . ZB6xT, 3&WD 00/ 2391T ' PCT/ US99123876 1 5 APR 2003 ACCESSI NG A

H ERARCHI CALWOMDAR3IZNMORE THROUGH AN S M“@“M-ref erence POTRSPLIB
Appl i cations The present applicati onqé““mm t of the filing date of

U S. Provisional S Application No. 601104,.68a»entitled MODELI NG TOO1 5 APR 2003
SYSTEMS AND METHODS, filed on Cctober 16, 1998, incorporated by reference
herein in its enti h i i " |5t fyp co- pendi ng
U S. Patent Appli c'{el?élééﬁl E %X? ?Sﬁkﬁg%?’tAcﬁ#‘ggg%%%élgégS%i Ient I-tled
APPARATUS AND METHOD FOR MODELI NG TOOLS, being concurrently filed on the
sang day, which ig incorporatedq, OHy reference herein inits entirety. The
present appl i cat i SHOSSTGCIERGEID RAALAHRMICAYOIRY U. S. Patent Application No.
(Attorney Docket - i I Ndorah S OF A
MODEL, bei ng concﬁ?ggﬂeté%%?@ﬁgg%ﬁﬁﬁtgég%sﬁgg,gﬁ W :-ﬁ?ﬁ @ﬁ%@r por a{l ed by

r ef er ences heApplicationiNeG 68104,682 gntitledMOMEIINES ENOLaBPSTEMS AND s rel ated to

co- pendi ng U n | icati o (Attorney. Docket #22074661-2SS31 )
ent | tled NETHETHORSDRERT QTR O e e e R R R RIERR | BIeDRY)
bei ng concurrent!| ypé bl’&@éht@?pliéah@n SARRitedAY 2 A enineSU IS PRIROA S 1RGBH No.
reference herein inits entiret The :Present gggllcatlon Isrelated to

co- pendi ng U S pAPétn Dap v;a%a%'@ﬁlﬂés 6r7ied SFRAR AR e AETHOR FOBS3)
entitle . bei n
concurrent| y%é@%ﬁﬁéﬂgab@#} atts h&:ego?@?:or er%yea’ 5 15 E?Cé’?%%étéd

herein iqpitsyedeienesd Kereidkih éts @htitelie | nvention The present invention relates
to a dat abase mangr%gment systemy and_ in 2S particular to an Application

Progranmi ng | nt er ffAg®respmiapphisasion s relafed @tq-pending Uy Sgieatdpalieation No

vari ous dat abase ,g;qg RFB B%ﬁgﬁ ek d If@l?i}?%k t aBase
Connecti vi ty-t@Bg?\ql%gﬁ n %%Y?%at i %6nl r og?gnm r?ngFﬁ{ erface %@g%@fhat
provi des a cANADYSIS OFf AMODEL, baing ssicagrentdy fitedorsthe sarhe dey, guldelyid anguage

30 (SQ.) based dat ab&;e nagepent .systens. Mst vendors have added an ODBC
i nterface to!M9BIGrated PYreigreare REFRYRLesNI8he maj or di sadvant age of the

conventi ggal V‘Qh@?/;é’s@&%ﬁicdﬂ%ﬂi?&?ﬁé@?tﬁr?cﬁpén‘ilir(g“gs.%ﬁte%t % onti@t 1t

was designed to acce rel ational database nmanagenent syste at use
st andard SQL_| anguigterney Dogkiet #220546€k255 )ientitleds MEIHQDROR ME TERMMINGNG

dat abases ha ' LRk rQbl assunes th

rel ati onal ni?lgF E%%hgit%%@g?w @h@?&?@?@qﬁ%«ig%%“@?ﬁ“& ﬁl?fid’é’f a
system and nmehdigiehd @iy, WhithiislineerparatédBerdfaleftd ReteinGh idlehdRky.t hat al | ow
access to non-relational data store such as a hjerarchical ect/ property

obj
nodel . Summary of ¥i§Pressveapplis#iorHe related imeo-pending Uoh Rateny iAd’@gC%iiQJTNOer
that all access i ier. heal h
oS i ot ey lorfie] BodteEstgaBs ok S MEBOBARIPS P TEM FEH
AN EXTENSIBLE MACRO LANGUAGE, being concurrently filed on the same day,

which is incorporated by reference herein in its entirety.
Field of the Invention

The present invention relates to a database management system, and in

ot

25  particular to an Application Programming Interface (API) that allows application

programs access to various database management systems.

¢ c und Info i
Open DataBase Connectivity (ODBC) is an Application Programming Interface
(API) that provides a common interface for accessing various structure query language
30 (SQL) based database management systems. Most vendors have added an ODBC

interface to their relational databases. One major disadvantage of the conventional
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transforns a hierarchical data store into relational databas abl
Pr eerabI y, WO/28YP)es Hold pointers that point to the act uaﬁ’cﬁg‘%ﬁg@?s&ed
in the hierarchical data store. Then the SQ. input is executed using the
transformed tables. Brief Description of the Drawi ngs 15 Figure 1 i4 3appR 2003
bl ock di agram show ng an ODBC driver int erféced between an SQL report
generator and_a hierarchical data store according to the present invention.
Fi gure 2 i sORBG mihatptyes designgd topgsessclajiopaldatahiags pynagsmens systemastihat

i nvention. Fl § : i . i i ta
Store and ¢ et fiart SOLSEASER ol GRRSIANGR vaPolticd Jit IR Eibaca
Descri pt i onhafmeétheith sigeificamtrprébieins becaust BQAl assahes tieoelatioml nefpreesfthé ed as a
graph of obj.ects and properties. Objects my be owned by and conceptual |y
aggr egat ed AaRRsEt her objects. hjects may hold references to other objects
via refegence prqpefktdrft-is HEpRBle tb PFoAdEa SYIGH aRY ik PRY gmiﬁg ah OIBC
objects. FIG 3 includes a representation of such an hierarchical data 25
store and t fraerfage ondriventhatzdllomt aqcedsao nonatlationa datmestoréisecthaser bierindliedl dat a
store in FIG.3,is a m)dgll of custoners and their order information. The
data store PREF(RIEMBItlact or a group of objects called "Customer” each
having a uni que iSanfhidl of HEMAVEtfolt | ON nunber, "int id". The "Custoner”
object has three properties: one scalar property and two vector properties.
The one scal ar 3aphprpmsemttxyvmloofprwé@ a d@yas'thatiallowys @aeeshof dataployedsna val ue

by definkitiqgn, The firts r r i f e P nunber,” ich
may hol gbna(r?&er%fgﬁlﬁ%lsda%%/&%éﬁﬁ%ﬁﬁl%gﬁhlté%g{e %e%& éégﬁfdoorn E‘?@S&f Wuﬁéheow‘ﬂ}pe
"Order ref ‘tranbfofihis ahieratisioalldatstomriytoralational databasd@bREPrefEaBll Uhe 9bles 76

~ 5 APR 2003 Each value of "Order ref" is a pointer which references
anot her obj &eld paintersghatqyoimt to theragtual datgstored ) the higrarchicaldasp storsy Hrentthee

"Dat eOr der edg, ich: t ticular order that has been
pl aced. Theds'e 1‘3@%&%}9@%&%&?@@9@@8 éa?’?%shal dat abase can be
represented as tBref Despriptibe of tid Psawingshown on the right side of FIG 3.
A 5 "Custoner" tahle has col ums_naped "] d" d "Nane', an "Order”

tabl e hds three 3%3‘& gs ﬁ%& d?@ra@rshpwu}g a‘téggéi g@?’gdmeéfﬁﬁed%ﬁ‘g?@ Mnd a
"Phone” t abl gyNag ot YeRbrafc!andRhidtarRittal §i8 Slore 5%39&%3'{51@&%?&@& iByeh, - The

a
three tables are’|linked to each other through ' of Custoner, "Cust" of
Phone and "Cust" Bigue2der flaw eirarhefitbe ONBIC ideiakr aczbrding tolBe preSentlinyentianbl ock

di agr am show ng Cudriver 6 interface et n S re t generator

2 and a hierar ch?ﬁc}§ e ax}lgst&tgsraereg_resggta ?%86%5&#@@8@2&”%&%@@%?8&% ODBC

i's designed éqivaléifsslatiotlablatgbude. dat abases using standard SQL | anguage

~queries._The CDBC driver 6 of the present invention allows standard SQ

| anguag ueries e@ peseniptignaf the JaNeRUOhr 2 to be used against a
standard 15 objec i ot i ical

dat a ot or e 4 acooraneRghiok] diRE fortl kit Y brally b ehs MEBAPENLE"

recei ves t heObjgttsingyie dwigeth iyhandomneeptally dbgrégated inpo dther dbjectslr Ovjettstnay

identifies opj.ect classes and their, properties to be processed based on the
recei ved sq.&‘ﬁﬁ%ff?eni‘?? tgothsr phectsyda Fﬁf Fﬁ?WE%FF‘eE}a&P%Ft?F éfe4°‘f’%°aa by and

transforned jnhaqidd iatd sHjadts. AR s eIl feg,ray‘eﬁﬁtiaab'rm ﬁqiigg{bgcav&aat hat

the hierarchical™ data store 4 20 appears be a rel ational ase to the
SQL repodl gsinesranddhat®f an equivplenf relatiodaladatabdserent , step 14 invol ves the

tranet or ved i nro. 1op BRFsRaiEA dabitatedR P & S oidlantoRloRiel wil ey Bifer <
transforned idfb@naiohaThe dafadtdie idthdesah obfiict of ¥ BRUPDT dhjRistafEd eCRitsmBS: an

“1d" that contains the unique identifier of the'instance and is the
each having a unique internal identification number, “int_id”. The “Customer” object

3.

has three properties: one scalar property and two vector properties. The one scalar
30 property is of type “Name” which can hold only one value by definition. The first
vector property is of type “Phone_number” which may hold many values by definition.

The second vector property is of type “Order_ref” which may also hold many values.



25 primary keyooddddy an "Omner” that contains a foreign key repereosme3dmck
to the owni ng object; 2. each non-reference scal ar property of an object
becomes a colum in the ° object's class table; and 3, each non-reference
vector property is transforrred into a table.z3 Each table of 30 this type has
two pseudocol ums: a "Sequence" colum that contains a sequence val l gA‘PfBrZOG}

each el ementpof) Japfe ofeOh @ RPUisiapoRAbl whikh kéterentéd Bovhek 8ljcbOsallbdeOkdd €,
and an " Omner” um that~contains a foreign key back to the owning object

and i s part Tie ‘Owder” dbjasCh@0d PepdrTy SUOYpe/SDete@3dared’swpichrstorgs thedateari@d 15 APR

2003 4. h f bot.h

cal cul at o o WG PSR RE PFSIRATEY. 176 ropalREAHE Slothin DRjadRaL B
obj ect 0wWNi Nghnt¥AGepr@E N sThiRE 98I AtY tables\RRROWH BNNRE ASHEAAde dfHIGES. and
colums are created/transfornmed, they pref erablk/ have poi nters that gqel nt

to the act ua‘rcmxaerf’éadql@lhaﬁgtwmolumnsma@mr‘aﬁ| Iﬂ@ma » @ 6 Peder tabledensi

store the dat themsel S n
executed in gcﬁg N3 Rarfy E@ge{-r ans t}gﬁ%g&? B ga %O&?ﬁé\%ggﬁhﬁ]&of
the executi ogolugnt hanedaCEstY “Seq’t 4Rl ‘PepAE t tnugﬁj&ﬁ’r arlwthi’eettbbllks aredinked td ed t he
SQ input. 10 A nore detajl ed explanatlon of the steps in FIG 2 wll

be
provi ded bel eaghqthes threpgh cldc of Cystamen,iust’ d?fPé‘Qa?rﬁP‘é u3t” phBdes which kave
exanpl e, ass}i{éﬁu%ﬁ%luwe ODBC driver 6 receives the foI | owi ng SQL i nput
gquery transm fromthe SQL report generator 2: Select DateOrdered from
Order a, lsztonermesraeblacthsgram stﬁwmgdeDBGDdhlaerm mtérfaned betWhieen atove

SQ. i nput neans that the geper r vvou I ke to r ive teOrdered for
all orders tRSL repoéseneryiop? ap EI lelr?fC]P af{alt‘bﬁale‘{e‘g 1scygsed gbRyerhe Cust omer

and the O degofahl ﬁﬁal @I%Beeqp&%fén‘?:é t@ﬁcde% ReMioh] dd?@&asémm@t%afd@(ﬁﬂe

"Cust" colum of r tabl™e should match the value in the Id colum of
t he Custoner laﬁ@ua@xlteneﬂ' h€he OBBQ drivéred ¢fithernregerkapvention aHewgsigndaré SQlabl e

and "Cust™ a forei of e Order tabl As can he appreci ated by
er sonsof  olHIEHER AR ot L Trort Binstinis o ayel et PSR | v FIG o
is not seb Ulébje@t/ﬁrobw}rfohéltofllﬁfohﬁﬁﬁbd YucH e alherBdchical @ity efdkd BedordibBo the
interface. This is one of the problens that is solved by the ODBC driver 6

accor di ng t o stepe OﬁF&é&thnlSWelr% therdrives 6 Terei wothe @Qwépu'féi’%ﬁlﬁ)&eégraiﬁe? In
recei ved SQ sg 'B%&%gﬂ'n)efign BE g?ot%;@& c%%&cﬁdq{\éﬁ f)Fq}eME@tto Pg E%CEQ:F&) Based

processed. Th Iver ranst orns eac ect

table. In ot karthewdceived SQlainpixads stepthetHeShla'a&:aicﬁd dita stoeerd lis ﬂrﬂfsfﬁrrrfedeﬁto
obj ect class because o Ject cl as he exa | e above,

o tabl
there are onlr§lafigepl gatabese blewgﬁaﬁa?m %ilannﬁl& that tg\%E’SFE’&?}H §1atat~°'\%et4abl es
named " Cygt O’I\?gfar@ﬂdbegg’relﬂ] af dat@Jaee fJ @atsest. reﬁanrg%&ramr ot hg atp&éxeﬁé&r mat i on

process, the ums for e tables are created partly by anal yzi ng what
colums are tmnboghmaitestem&émvplveslﬂm foowing-nasgulatiangsiuchahatibe higrazehatallyi ng

}32-?-/ Brsgg/erzglg Ilggtggg(é%ggésfgrlma tso reiaﬁonalcd%t lt";ase tagﬁg to the VO 001 23917

1. each class of object is transformed into a table. Each table of this type has
two pseudocolumns: an “Id” that contains the unique identifier of the instance and is the
25 primary key, and an “Owner” that contains a foreign key reference back to the owning
object;
2. each non-reference scalar property of an object becomes a column in the
object’s class table; and
3. each non-reference vector property is transformed into a table. Each table of
30 this type has two pseudocolumns: a “Sequence” column that contains a sequence value
for each element of the vector and is part of the primary key for the table, and an

“Owner” column that contains a foreign key back to the owning object and is part of the



S properties. In addition, the internal identification nunber "] Lde is
mapped to aWOMHM’of the corresponding table. As a result oqufﬁlgé”}zga%
transform the ODBC driver creates a "Custoner” table with "1d" and "Nane"
colums, and an "Order” table with "Order i¢", "DateOrdered" and " GustAPR 2003
colums as shown in FIG 3. The "int_id" and 5 "Nanme" of the Custoner
object map to "1d' and, "Nane" colums of the "Custoner"” table, and the
"int_ id aRdmapake@Bdred” of the Order object map to "Order id",

"Dat eOr dered” colg Bt Rfferbh préb &8y, hotttRhi8r arff vdchirSmR9bBlused B aRilate £0! UM
that we need to synthesize is the ™Cust” columm of thé O-der table.
However, t hdorigtleyeelaponshir fromithe réferehdedrobjeshiccthe obgchowningtthe wfetores not
exist in the "Order" object. In other words, there's no property in the

O der obj ectP"M Wt ing back to the "Cust" ("int id") of the Customer object.
In fact, 5it's theyhay@enecibaryifble€Ail dofitfns A8 tRARAArDRIGHHEE, they Prefdigbly
Custoner object that points to the Order object. This is a difference in

t he topol ogilage peinigzethatpaint tatthe acthaldlataagsidmedn thednersnghienl dptastase.tapdidodel

such as the hierargchi.cal. data st A5 1n this S i.t .S recogni zed that
the » Oust~ Bt GRIE P8 BRORI S Jh8 qveisoMebtate BRES L dbmt s S RS imt g1
key concept digp Fd & thetrah§fofmed{ableaN L step OREhE Yesult of il éXeidTCiitlianl pad&dda
store such as the "Order ref' proper of the "Custoner" object.

t :

Recogni zi ng to1iag Teppid SaRAsatpr 2é‘éﬁ§i“ia§§mii%éfié‘?ee$@h Y. backwards, the "Order ref
' proper of the " | - Ne&ai S8, S | IR d
synt hesilt%d, and tﬁ&d ng%gﬁleg%éﬁﬁhtﬁ%é?fgﬁ%ﬁg%é 1? 3: r%tbﬂ\gg";@cf %&agécggégm@?ng
the "int id" meferéfdve t&asdupieof exdmple SQN inputsh d siume example, hsshineshanhe ODBEMS
fully built, the tables preferably store pointers that pojpt to the actual
data residing in QRErRir Y%ﬁﬁ%&l%&aﬁ%@ww{t ey e fomete heTasper
thensel ves. Alternatively, actual data may be stored in the tabllsg“egera*d}zf?

second exanpl e of an SQ | anguage i nput, assune that the ODBC 2 river 6
receives the follow ng: Sel SelectiDataOrdenstbfzom{Orden LiSustoreer tawhérh@r@isb=wher e

a.ld = b, Cus nd me_z."Sears". In this exanple, a different transform
occurs b@caué‘é‘??“?d‘?éﬁgfe_ncggea vector property "phone nunber”. As di scussed
above, each non-ref er eME@abS e SOL bud HREAY thift the gbiidafr WoukHlikdioGeseit@bl €.
The property itself maps to one colunn nanmed "phone nunber”. Two nore

col ums are Dmﬂxé@'cd&pt.allcméerééhasﬁ‘i?on’éh@cpla@stln r¢lationad targps(the iwayithe )  of
t he object (} 0 " t " e y . Q 3917
PCTNS90/ 238(7%%\'%%’%“’%’;@51 %@ﬁér @ﬁ@’g%r ‘g’gf‘%‘%%f)% r?egm?sg{eh&* ﬁﬁgg'ag“r? E’\r/égft reg%y

i ncreasi ng nosldgin ofahd Ofder tatié shictld nmatvhrike valudar the Td coluivth ofthe Cabtpaet can
be differentiated. As In ilhe first exanpl once the sgarZ t abl es %?d
st f g‘@b’ to

I \ nece
col umms 40 e fablg. yTheildt 1s the pripgpy kKey @F@?ﬁ'ﬁb‘?‘?“s‘?‘?#@“ﬁo&ﬁﬁer‘% qygien
the actual d {6l i i; i T input is
t hen execute %%fdra?g{aﬁ]é;qpt*gr %%%@é%l%@?%@&%ﬂ?&?g%ﬂImnﬂg‘étaﬁ,th gel ection
criteria of thierarEiikal damstomrip Gl 8 ds mat sérupnintaHferrhtleatads meladidybisaide by st or e
pointed to by the, poi .Stfored in the transfo d tables a as o]
Phe ropor ¢ gentyBRIDsRE iRlerhts Kl ainestins pobleGians saven by B eBBC
Fromthe for ‘aﬁ%m:agd'o}diﬁ‘%_{d therévehf @veioad that, al though specific 10

n

enbodi nents of the invention have been described herein for purposes of
illustrabon, The ODBC driver 6 analyzes the received SQL input and identifies the

object classes that need to be processed. The ODBC driver 6 then transforms each
object class into a table. In other words, a database table is created for each identified
object class because object classes map to tables. In the example above, there are only
two objects, “Customer” and “Order”. Accordingly, two tables named “Customer” and
30 *“Order” are created. As part of the transformation process, the columns for the tables
are created partly by analyzing what columns are being referenced in the received SQL

language and by analyzing the properties of the object classes since columns map to the



vari qus nodivdeatisens may be made without deviating from the mgrwsob/2387d
scope of the invention. WO 001 23917 What is clainmed is: 1. A nethod of
accessing data stored in a hierarchical data store by using an SQI35 APRIP003
conprising the steps of: receiving an SQL ifiput; 5 transformng a

hi erarchi cal data store into relational database tables based on the
received SQprdgﬁﬁws; 1 AHiB1E Cht infegndl hdenBftationpiuimbes g _itthes spspedfieaned
tables. 15 2003 2. A nethod _as in claimZ1 includi nfg anal yzi ng the received
SQL input t 6ok@meefithecorrespendingablyr Asfereswt atthe tipsiore, the SHLBCKrYal dat a
store to tr%{@ie%ram \ﬁ{o?netr’hﬁbfee\kf “ﬂpq})d dﬁﬁﬁxg’aéﬁum"r)\s, d .t“laﬂgma%?ﬂlgwqtlha' m 2
wher ei n anal'yzing the recelved I nput 1 ncludes selecting at Teast one of
t he obj ect s “Oadérhid i Pate@rleteddland &Cast’s talumns 4s skdwreinlKiG. 8f Thecansiditand
particular data froma hierarchical data,store, conprising: receiving an
SQL i npuf; ah’éﬂﬂzi"%&’et(l:n‘é“?@%‘é? Hmapylo | pl?’[‘gtﬁa’éi'été Wﬂ%’é°gﬂ}eetqustﬂ“§§ses in
the hierarchigal 5l OH® ahPBReOHR®GF 1RGIE bbRet M [P4SiakesrSQL | nput
to determ ngéﬁég’laﬁgﬁfgérleﬁerenced@bgl the recel ved S('E fnp?R; crealt?‘lg‘%lgj at

| east one t &MateOrderedt) colbjnms bf hed'€sdarfigablé.s t o be queried, the table having
at |l east one colum to, represent a property in the, object class; . "

synt hesi zi ng at | east ‘%htggcﬁﬂ"ﬁrﬁai‘ff’ﬁﬁ’ %ﬂ‘gn’?ﬁ}aé?’vﬁﬁ‘eﬁ%& %yﬁﬁieﬁ@eéﬁt?‘f"egé‘ft one
table; and RGMHPIPEIHAEr gHec Wge% 1 oﬁgemclﬁ BHipeAgdh ﬂ%thiérﬁf‘chiéaphﬁﬁ

creat ed. 1 5 APR 2003 s 5. met hod as in claim4 including transform ng
a scal arlOpr spareidpes motznisbly the t'Order’t thjedti dn athehvords, thateds Be prapeityimthehe

tabl e, whi ch.tabl as.at l.e ne~calum, f e scal ar. propeyt ng at

| east one C(k)ti)’ﬁ%ﬁo%(?? P&“%B&geﬁagﬁg%‘g‘& gggoz‘ [ lgi—le&éﬁ\ﬂnﬁnpﬁ ¢lhsg°’8%'jog)&cg {%’%ﬁeﬁﬁ hod
as in clai mfe im@kdedbfige felatidfilatibag tecx@Rlind therQuResmat dbfectthadPpiattioittie t he
hi erarchical _data store.into_the table, whjch table has at | east one col um
for at |eastOwiseobigrl el isisialiffcrenecon thg tppglogics bstwesnea relptiond database andrasi gn

key associ at &geévpﬂ'(};bequ&wl §%h as the hierarchical data store.

15 In this case, it is recognized that the “Cust” column is a foreign key in

the relational database. The foreign key concept is similar to a reference property in the

hierarchical data store such as the “Order_ref” property of the *“Customer” object.

Recognizing that the query requires a foreign key backwards, the “Order_ref” property

of the “Customer” object is read, the inverse relationship is synthesized, and the “Cust”
20  column is then synthesized or created using the “int_id” of the Customer object.

With the necessary tables and columns fully built, the tables preferably
store pointers that point to the actual data residing in the hierarchical data store, and do
not store the data themselves. Alternatively, actual data may be stored in the tables.

In a second example of an SQL language input, assume that the ODBC

25  driver 6 receives the following:

Select phone_number from Customer a, Phone b where a.Id = b.Cust and
a.Name = “Sears”.

In this example, a different transform occurs because it references a
vector property “phone_number”. As discussed above, each non-reference vector

30 property is transformed into a table. The property itself maps to one column named
“phone_number”. Two more columns are synthesized. One column named “Cust” is

the id (“int_id™) of the object (“Customer’) that owned the “phone_number” and a



7. A nmethod i aim4 including storing in the table at |

i nstance of “gi?dﬁé?f‘)dat a. 8. , Anethod as in claim4 including s %9?{}%7% n
the table at | east one pointer to data. 9. A nethod as in claim4 5 Ap
including: transformng a scalar property ifn an object in the hi egarékﬁ%@%
data store into the table, which table has at |east one colum for the

scal ar prop S « i i wth
tho obj ot ; TEbid PlinBinahed e ¥ al HEHRRY Wit BinaiLENAR of D ARG RGHe

hi er ar chi cahurdbdra fatthe smendhyedtioen beifferenthaiedh t abl e has at | east one col um
for at |east one value in_t vector and at | east or{)e[ col um for aﬁ{l‘gei gn

key associated with théRHjedEst exampie, angsthe seeessary gables 3pd qplpmasgare aim9
wher ei n at j f t i es
that the. scb e heliics ARl bR RIRraR O ISt tl R S RE |
from a hd er hiecdrcluedl ddtatstorst dhe SQE.anput is then.exeated wsing thertransformed itated.

t at t; I i the. S { at t i bj t i th
b or ar ohi ool hASE TR 15 SpleSuteTieas obhe S el e SRRt tene. sq
statenent r gguirtRisal dafa?disrE QoitdiDoty e PointrdiiiBRd iR MhEfhndfothitdaabiaPhfy t hat

contains at |east a colum that contains an unique identifier to act as a
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4, A method of accessing particular data from a hierarchical data store,
comprising:
receiving an SQL input;
analyzing the received SQL input to determine object classes in the hierarchical data store
to be queried;
analyzing the received SQL input to determine columns referenced by the received SQL
input;
creating at least one table for an object class that is to be queried, the table having at least
one column to represent a property in the object class;
synthesizing at least one column for one foreign key in the at least one table; and

executing the SQL input against the tables created.
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8. A method as in claim 4 including storing in the table at least one pointer to
data.
9. A method as in claim 4 including:

transforming a scalar property in an object in the hierarchical data store into the table,

which table has at least one column for the scalar property and at least one column for a foreign
key associated with the object; and

transforming a vector property in an object in the hierarchical data store into the table,
which table has at least one column for at least one value in the vector and at least one column

for a foreign key associated with the object.
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receiving an external SQL statement;

analyzing the SQL statement to determine objects in the hierarchical data store to be
queried to provide the data that the SQL statement requires;

transforming each determined object into a table that contains at least a column that
contains an unique identifier to act as a primary key for the table and a column that contains a
foreign key reference back to the owning object;

transforming each non-reference scalar property of an object into a column in the table
that is the transformation table for that object;

transforming each non-reference vector property of an object into a table, which table has

a sequence column to be at least part of the primary key for that table, a column that contains a

foreign key reference back to the owning object;

calculating from each reference property of an object a foreign key relationship from the
referenced object to the object owning the reference property;

populating the tables with one of the following: actual data, references to actual data, or a
combination of actual data and references to actual data; and

executing the SQL input against the tables.

12, * A method as in claim 11 wherein at least some, but not all, of the properties

in the hierarchical data store are transformed into the relational database.



