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OBJECT MODEL MAPPING AND RUNTIME
ENGINE FOR EMPLOYING RELATIONAL
DATABASE WITH OBJECT ORIENTLED
SOFTWARE

CROSS REFERENCE TO RELATED
APPLICATIONS

A claim of priorily is made to U.S. Provisional Palent
Application Serial No. 60/069,157, entitled TIER 3
DESIGN SPECIFICATION, filed Dec. 9, 1997 and incor-
poraled herein by reference; and U.S, Provisional Palenl
Application Serial No. 60/059,939, enliled DATABASE
SYSTEM ARCHITECTURE, filed Sep. 26, 1997 and iocor-
porated herein by reference.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT
N/A.

BACKGROUND OF THE INVENTION

The present invention is generally related to database
technology, and more parlicularly to interfacing object ori-
cnted software applications with relational databases.

‘Ihe aeed for interfacing object oriented software appli-
cations with relational dalubases is well known. One method
of interfacing an object orienled application wilh a relational
database is 10 adapt the requests made by the application to
Ihe relational database. More parlicularly, object operations
are leanslated inlo relational database queries. However, this
lecboique is processor-intensive and sacrifices some of the
advantages associaled with the object oricnied model. As a
result, the object oricnted software application is unable to
funclion efficienlly.

Another method of inlerfacing an object oriented appli-
cation with a relational dalabase is lo translale database
information into a format which is compatible with the
objecl oriented application. Relational dalabases typically
separale dala inlo a plurality of lables through a process
konown as “normalization” to minimize duplication. A nor-
malized relational database includes a plurality of tables,
wherein ench table includes at least one field and one key,
and at leas! one feld in each table is uniquely dependent
upon the key that is associated with (he table. These tables
can be translaled into objects. However, the objects can
become inaccuraie when changes are made to the relational
database. Il is known lo adapt to changes in (he relational
database by performing further translations, bul this process
requires substantial effort.

BRIEF SUMMARY OF THE INVENTION

In accordance with the present invention, a mapping
between an object model and a relalional database and a

runlime engine are cmployed to facilitate access 1o 4 rela- s

tional database. The object model can be created from
database schema or databasc schema can be created from (he
object model. Further, the mapping can be aulomatically
generated. The database schema, object model, and mapping
are employed to pravide interface objects that are ulilized by
an object oricuted software application lo access the rela-
tional database,

The present invention provides lransparenl access lo e
relational databasc. The interface objects and runtime engine
perform read and write operalions on the database, including
generalion of SQL code. Consequenlly, ncitber program-
mers nor software applications need have knowledge of the
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database slruclure, lhe dalabase programming interface,
dalabase security, or the database transaction model in order
to obtain access (o Ihe relational database. Further, changes
1o the relationrl database do not always necessilale addi-
tional mapping.

BRIEF DESCRIPTION OF THE DRAWING

Other features and advantages of lhe present invention
will become apparent in light of the following detailed
description of the drawing, in conjunction wilh the drawing,
of which:

FIG. 1 is a block diagram thal illustrales use of the map
lo generate interface objecls that are employed by a runtime
engine and an object odenled software application to access
a relalional database;

FIG. 2 is a block diagram of database schema;

FIG. 3 is a block diagram of an object model;

FIG. 4 is an object diagram ol a mapping;

FIG. 5 is an objcct diagram of the runtime engine;

FIG. § is dn object diagram of RiCore.DLL; and

FIG. 7 is a sequence diageam (hat llustrates opecation of
the runtime engine.

DETAILED DESCRIPTION OF THE
INVENTION

Referring Lo FIG. 1, a mapping 1ool 10 is employed to
generale a mup 12 in which relationships between an object
model 14 und schema associated with a relational dalabase
16 are defined. A code generator 18 is employed to examine
the relationships that are defined in the map 12 and a model
object oriented interface associated with au object oriented
soflware application 22 to generate interface objects 20, The
interface objccts 20 are employed by the object oriented
sofiware application 22 to access the relalional dalabase 16
via a runtime engine 24, which also uses the map 12 to drive
ils processing.

The object model 14 is a templale (hal has a predeler-
mined slandardized structure. The illustrated object model
includes stiributes and inheritance celationships that are
mapped (o relational database fealures such as lables, rows,
columns, keys, and foreign keys. Mapping the object model
to the relational database schema includes mupping a class
attribute to a table column, mapping a class attribute lo a 1-1,
1-N, or N-N relationship, and mapping class inheritance lo
rows within a table or across tables.

Refecring now lo FIGS. 2,3 and 4, the mapping of a class
aliribule to a table column can be described generally as:
Class Attribute—Table Column+Class Key+Joins, Mapping
the class attribute defines where the attributes are read from
and written to. In the illustrated example, the class attribule
CPerson.name 26 maps lo table column TPerson.name 28,
The “Class Key” is cmployed ta relate an object inslence lo
a row in the table, In particular, key values of the class are
mapped 10 columns in a lable that comprise the primary key.
In the illustraled example, CPerson.id 30 maps (o TPerson.id
32, “Joins” defines keys belween tables within a class. Since
Ibere is only oae table in the mapping of Cperson.name to
Tperson.name, no information is required for Joins. If Cper-
son includes lwo tables, such as Tperson and X, lhen
mapping Cperson.y o X.y includes: Cperson.y Maps to
X.y+Cperson.id Keys to Tperson.id+Tpecson.id Joins to
X.id.

Mapping a class alinbule to a 1-1, 1-N, or N-N relation-
ship with al leasl one othcr object can be described generally
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as: Class Allribule—Class+Class Attribule—Foreign Key+
Joins. When an object has associalions to other objects, an
allribule in the object points to onc or multiple other objects.
If the object points to only one object, there is a one-to-one
(1-1) associalion between the objects. If an object points lo
multiple objects, lhere is either a one-to-many (1-N) or
many-to-many (N-N) relationsbip belween the objects. In
the illustrated example, CEmployee.dept 34 maps 1o Cde-
partroent 36, where CEmplayee 38 o CDepartment 36 is a
one lo one relalionship. “Foreign Key” represents identify-
ing the toreign key. If CEmployee is relaled to CDepartment,
lhere is a foreign key lo anothier table, The foreign key is
idenlified wilhin one ol the tables that comprise Cemployee
and is related (o the class atiribute Cemployee.depl. This
relationship may be inferred from foreign key informatioa in
the database schema. It is also possible lhat foreign key
information is missing or thal there are many foreign keys in
CEmployee lo CDepl. Consequently, this step involves
sclecling columns thal represent the foreign key. In the
illustrated example, Cemployce.dept is associated with
TEmployee.deptid. Once a class nuribute is associated with
the forcign key which resides in thal class, “Joins” is defined
to associaled classes, In the illustrated example, TEmploy-
ee.deptid joins to TDepartiment.id is defined.

Mapping class inheritance to rows withia a table or across
tables is pecformed by specifying a WHERE clause on the
class which can dislinguish the class from the gssociated
parent class. This information is stored in the mapping
model.

Table 1 describes how an object model can be mapped to
structures in a database schema,

TABLE 1

Can be wapped lo;

In object model;

All or selected cojumng in a lable, A WHERE
clause can be assacialed wilh n closs to
vpecify which rows of the lable belong lo the
class,
Multiple teblea thot ore joined by the same
primary key, or by & uniqus forcign key
relationahip. IF the aame data is stored in

ltiple tables, the duplicate col can be
landled by mapping one of the able columms
for read, and all of the colunins for insert
and updale,
Multiple tables, possibly in different
delabases, which have similar colunn
definitions {e.g., EastEmployecs and
WestEmployces ibles cun be merged as a single
Cmployees class).
Multiple lables that ore untelated in the
Jalabase, if a logical relationship can be
defined in the mnpping.
A single denormalized wble. Columns thel
conlnin dnts for nll records are 1ypically
mopped Lo Ihe superclass, nnd o WHERE clanse
is defined for each subclass as o
disctiminator (o1 selecling which vows belong
to the given subclass,
Mulliple lables thot hove the same primary
keys. 1o ensure uniqueness of records, the
peimatry keys of “subclass” tables may slso be
defined o4 foreign keys for the “superclass”
table,
A single denormalized tahle. Dilferent
columns are mapped to each of the clagses.
Typically, there are multiple columas thal can
be used as indexes. Tho subclass mapping has
muliiple joins defined, which are used to
ttaverse each of the inheritanco
relationships.

A ringle clags

Single inberited
clusses

Multiple
inherited classes
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TABLE 1-conlinued

In object model:  Cap be mapped to:

Multiple indexed tables. The table that is
mapped lo the subelass has multiple keys
corresponding Lo cach of the keya in the
superclaga tablee. To ensure uniqueness of
records in the subcloss lable, (he key on the
subelass tuble may nol be defined as a multi-
column key. If all the dnta of the superclass
tables is duplicated in Lhe subelass lable,
then no join is required to inelantiale an

i of the subclass. However, joins
would be neaded lo ensure {niegrity of data
when performing insert, remove, ond update
aperations,

Objecl relationships are mapped to the dalabase schema
by defining the joins needed lo nccess relaled objects or
groups of objects (lists). The joins make vse of foreign keys
defined in the {ables that are mapped lo the related clnsses.
Table 2 describes mappiag of object relalionships relative to
the illustrated example.

TABLE 2
Object
Relatlonsblp: Mapping Example:
3-1 object Departtmént can have only one Maoager.

Department clnss has an object atribule (Manager)
that references only one Instance of the Employce
class.

Department tablc has a foreign key column
(ManagorID) that references only one row in the
Employeo table. A join is defined for the Depariment
clans hased on a unique foreign key

Many Enployees have one Department

The Employee clase has en object sliribule
(Department) thal refercaces one instance of e
Department claes.

Tho Employee table has a {orelgn key column
(DeplID) thet relerences one row In the Depariment
table. A join is defined for the employee class lo
wccess Lhe one ww in the Depadment table thal is
roferenced by the foreign key in lhe Employce

toble,

A Department hos many Employees.

The Departineitl class has a list atiribute (Employees)
that reforences tho felated group of empinyeea.
Lmployee toble hes o non-unique foreign key that
references the Depattment (ahle, A Jain is defined
for tha Depariment class [hat sclecla all rows in
Employee thal malches thic current

Departinenl's Deplid.

An Eniplayee can have many Projecls. A project ain
bave many Employees,

The Omployce class has a list altsibule that
references a group of Projects, and the Project class
bas & lisl atiribne thet refsrences a group of
Employees.

“I'his mapping uses joing based on ihe join lable that
relatea the Bmployee table and the Pruject 1able, The
Employes class uses a join lo selecl rows from the
Project tebla thal malch the current instonce's
Employecid, The project claes usos o join to select
rows [rom the Employee tnble that maich 1he current
inslance's Projectid,

relationship

N-1 object
relationship

1-N object
relationship

N-N objecl
relationship

Table 3 describes how structures io a dalabase schema can
be mapped to slruclures in an object model.
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TABLE 3

{n a database

schema; Can be mapped to:

Rows, discriminaled All altiibutes of a single class
by WHERE clause
A single wble All attributes of s class, assuming the other
persistent aliribules of Uhe class are mapped lo
columns io other tables
Multiple classes (eHectively, a verticel eplil
of the wble)
A single-inherlted classes (if at least one
column is appropriote for discrintinating

! of rows for cubclosses)
Multiple-inherited classes (if the inble has
multiple indexcs)
A single class (il the key structure exlats to
join row uniquely)
Multiple classca (unrelaled, unless key atructure
exists (o support [oina)
A single cluss (hel represents a logicel merge of
the tables, (NOTE: Primary key values nusl be
unique belween the tables,)
Single inherited classes (euch tuble sepresents a
cluss, keya used to dofine joina between aubclass
1ablea and superclass Lable,
single class (with Joins based on primary key)

Multiple tables,
different cotumns

Multiple table,
same columns

Multiple tables,
same primary key

If the same dala is stored in multiple tables, ihe duplicale
columns can be handled by mapping one of the table.col-
umns for read, and all of (he columns for insert and update.

Schema relationships are mapped directly to object
relationships, cither in the form of object altributes or list
attributes. o general, a foreign key in the database schema
is mapped to an inverse relationship between an object
alteibute (oo the class mapped to the table holding a foreign
key) and a list altribute (on the class mapped to the table
referenced by a foreign key). A join table is mapped to an
inverse relationship belween list attributes defined on sach
of the classes mapped lo the tables related by the join table.

Table 4 describes how rclational keys are mapped to
object relationships relative 1o the illustrated example.

TABLE 4
Schema
Relationship Cotresponding Object Relationship
Unique J-only-1 object relalionship repressnted by
Fareign Key au obfeet altribute with s cardinality of
on¢ on the closs mapped to the lable that
hea the foreign key. This relalionsbip con
also be mapped as an embodded type.
Non-Unique N-1 object relutionship, rcpresented by an
Foreign Key object atlribute on the class mapped to the

table wilh the foreign key, and o Jist
atiribule on the class mapped lo the lsble
referenced by the foreigu key.

N-N object relationship, represenicd by a
list attribute on each of the clesses mapped
lo the lables relnted by the juin, Bach

list attribute represents a collection of
references lo objects of the other 1ype.

A class mapped to the join lable, AND & N-N
object relalionship, reprosented by a list
oltribule on cach of the classes mapped to
the tables reloted to the join.

Join Table (with
no other
dalp columny)

Join Table (with
additional dala
columns)

Refercing to FIGS. 5 and 6, the runlime cngine comprises
a plurality of dynamic link librarics (“DLLs”) including:
RiMap.dll 50, RiCore.dll 52, DbObjs.dll 54, OiGenBase.dll
57, and a set of generaled DLLs 56, The generated DLLS 56
conlain one COM inlerface and implementation class for
each class defined by a mapping model. A mapping made]
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binary flle is generated in parallel with each DLL containing
the mapping intormation associaled wilh the DLL The
RiMap.dll 50 implements the classes that can load the
information from the bioary file al runlime and make it
available lo the runtime interface objecis essociated wilh
DLLs 56 and fo Lbe client objects 58 of the generaled COM
abjects through a set of predefined COM interfaces.

Classes OOBase and OObject in RtCore.dll 52 form the
core of the runtime engine 24. The OOBas¢ is a base abslract
class which is used as a base for all the generated imple-
menlation classes. The generated classes are ATL COM
objects implementing one of lhe staoclard [DslObject/
IDsIList/IDs1Qlist and one or more of the client inlerlaces
(¢.g., Bmployee). The ATL implementation classes have
state implemented as a set of attribuies of the primitive types
called the “fronl state” (or the front data set). The OOBase
contains a pointer to the OObject and a public pure virluat
method to access lhe address of each attribute in lhe classes
descending from itself. The altributes are indexed according
lo the class definition for the object. The OObject class is
abstracting the runtime functionality for a gencric object. It
contains a set of attribute info-value pairs (one per altribule,
construcled when the object is initialized 1o form a “back
statc,” or baseling), OODbjecl also has a set of attribule flags
(one per atiribute, bitwise or of values like isModified,
isRetrieved, isDirly, isNull and others). One instance of the
OObject is crealed for cvery instance of the generated
objects to lake care of the inlerface o the persistent data
storage through a set of DB objects thal are MTS stateless,
teansactional objects.

FIG. 7 illustrates the sequence of aclions thal take place
when a business object creates 8 Dsl object in step 61,
accesses lhe name property in step 65 and saves the object
in step 69, OObject is constructed when the constructor of
the DPerson (the generated COM implementation class) is
iavoked in step 62. The conslructor passcs as paratoelers the
appropriate constant ClassInfo reference and a reference lo
itself. ‘The OOBject initializes all fags and sets the aliribuies
to the default values as defined in the Alirlnfo objecls
associated with the Classinfo in step 63. The GelAttrPte( )
function defined by the OOBase is employed to get (he
attribute address for each altribule in the class in order to
initialize the front set of atiribules on lhe object in step 64.

When the getName (propget) of the generaled object is
called in slep 65, the generated code checks to sce if the
attribute was reirieved. If the attribute was retrieved then the
cached value is relumed, Otherwise, RetrieveAtirVatuc() of
the OODbject is called in step 66, passing the id of the desired
attribute (name in the example). The OObject will look at the
feleh matrix for this altribute and see what olher atlribules
should be retrieved with it in slep 67 and then determines
what lables and columos are involved, how Lhey are joined
and execules the appropriate SQL statcmenls using the
slateless MTS object. The GelAltrPir( ) function defined by
the OOBase is employcd to get the allcibute address for each
altribule in the class in step 68,

Wheo the object is saved in step 69, the generated code
calls the OObject SaveChange( ) method in step 70. The
OObject delermines what attribules have changed and,
depending on the concurrency control mode in effect, makes
sure the appropriate locks and ransactions are set and
respectively open and then execuies the appropriate SQL to
wrile the dala to the persistent storage in slep 71.

Referring again lo FIGS. 14, lhe runtime engine also
includes a pluralily of performance enhancing fealures such
as oplimized data retricval algorithmos. An attribule retrieval
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can be associaled with each allribule to oplimize attribule
relricval from the dalabase. As a defaull case, all allribules
are retrieved when any one of an object’s allributes are
needed. However, the attribule relrieval list for any altcibute
can be edited (o specity different altribute retricval behavior.
For cxample, a request for an Employee Id may cause the
Pholo attribule Lo be dropped from the attribule retrieval list
on the fd altribute if that data resides in another table and is
only infrequently used. Aliribute retrieval lists are a perfor-
mance fealure that enable optimized data access by only
doing JOINS and additional SELECT stalements when the
data returned by those aclions is needed.
Performance is also enhanced by “just in lime” data
retrieval, By delault, whenever an attribule value is read
from the datobase, all of the other siteibutes for thal instance
are also read. However, Data Componeat Developers are
permilied lo modify the mapping information for a Dala
Component to define an atinbute reiricval group for each
attribute of a class that determines which other attribute
values are relurned when the requested attribule is read from
Ibe dalabase. This makes il possible 1o avoid cxccutiog
JOINSs or SELECTS to relrieve data that may not be needed.
For example, assume thal a class, CPerson, has four
atiributes: Id, Name, Zip, and Photo, and the Photo attribute
is mapped to & column in & different lable from lhe others,
The Data Component Developer may drop Photo from the
group of allributes Ihat are retrieved when either Id, Name,
or Zip are read. A query is issued lo gel the Name and Id of
a instance of CPerson where Id=10. Based on the altribute
retricval information, lhe run time cngine retrieves only the
values for lhe person.id, person.name, and person.zip
attributes, thus avoiding an unnecessary join lo relurn the
photo attribute value as well,
If an objecl does not have an atiribute in memory when an
attempt is made to use that attribute, the object will issue a
SELECT statement lo retrieve the attribute from the data-
base. “Jusl-in-time” altabute population allows the object to
be populated with the minimal amount of information nec-
essary for the application while still making any remaining
informalion available when it is nceded.
Lazy reads are also employed {o enhance runtime perfor-
mance. When a query is defined to identify objects for
retrieval trom the database, the SQL SELECT slatement is
not issued immediately. Queries are executed only after an
altempl has becn made to use or modify the resulling dala.
Having described the embodiments consistent with the
present iovention, other smbodiments and vatialions con-
sistent with Ihe present invention will be apparent lo those
skilled in the arl, Therefore, the invenlion should not be
viewed as limiled lo the disclosed embodiments but rather
should be viewed as limited only by the spirit and scope of
lhe appended claims.
What is claimed is:
1, A method for interfacing an object oricuted software
application with a relational database, comprising the sleps
of:
selecling an object model;
generaling a map af al Jeast some relationships between
schema in the database and the selected object model;

employing the map lo creale at leas! one interface object
associated with an object corresponding lo a class
associated with the object oriented soflware applica-
tion; and

5
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utiliziog n reatime engine which invokes said al leasl one
interface object with the object oricated application to
aceess data from the relational database.

2, The method of claim 1 further including the step of

mapping a class altribule to a table column,

3. The method of claim 1 furlher including the siep of
rapping o class allribute to a 1-1 relationship.

4. The method of claim 1 ‘further including the siep of
mapping a class attribute to a 1-N relationship, where N is
an integer that is greater than 1.

5. The method of claim 1 further including Ihe step of
mapping a class attribute 10 an N-N relationship, where N is
an integer Lhat is greater than 1.

6. The method of claim 1 further including the step of
mapping class ibheritance to rows wilhin a table.

7. The method of claim 1 furlher including the step of
mapping class inheritance across a plurality of tables.

8. The method of claim 1 furtber including lhe step of
crealing a plurality of said interface objecls,

9. The method of claim 8 further including the step of
creating at least one stateful interface object and at least one
stateless interface object.

10. A computer program fixed on a corpulter-rendable
medium and adapted lo operate on a computer to provide
access o a rclational database for an object oriented soft-
ware application, comprising:

a mapping rowtine that generates a map of at least some
relationships belween schema in Lhe dalabase and a
selecled object model;

8 code generator that employs said map to create at least
one interface object associated with an objecl corre-
sponding to a class associated with the object orienled
software application; and

a runfime engine that invokes said al least onc interface
object to access data from the relational dalabase.

11. The program of claim 10 wherein said mapping
rouline is operative 10 map a class allribute 1o a lable
column,

12. The program of claim 10 wherein said mapping
rouline is operalive lo map a class aitribute to n 1-1 rela-
tionship.

13. The program of claim 10 whercin said mapping
routine is operative to map a class allribule lo a L-N
relationship, where N is an integer that is greater than 1.

14. The program of claim 10 wherein said mapping
routine is operative lo map a class altribule to ao N-N
relationship, where N is an integer that is grealer than 1.

15. The program of claim 10 wherein said mapping
routine is operative lo map class inheritance to rows within
a lable,

16. The program of claim 10 wherein said mapping
rouline is operalive lo map class inheritance across a plu-
rality of lables.

17. The program of claim 10 wherein said code generator
is operative lo creale a plurality of said interface objects.

18. The program of claim 17 wherein said code generator
Is operative to creatc at least one stateful interface object and
al lcast one stateless interface objecl.
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EX PARTE
REEXAMINATION CERTIFICATE
ISSUED UNDER 35 U.S.C. 307

NO AMENDMENTS HAVE BEEN MADE TO
THE PATENT

AS A RESULT OF REEXAMINATION, IT [IAS
BEEN DETERMINED THAT:

The palentubility of claims 1 18 is confirmed.

New claims 19-44 are added and determined to be patent-
able.

19. The method of claim 1 further comprising roading the
map with the runtime engine to at least one of, read dala
JSrom and write data to the relational datatnsa.

20. The method of claim 19 wherein the rending the wap
comprises loading information from the map at runtine.

21, The method of claim I further comprising creating ai
instance of a runtime engine class by the runtime engine (o
absitract relational dotabase access functionulity from the
object oriented software application, wherein the. relatlonal
database access functionality comprises reading and writing
data.

22, The method of claim 21 wherein the creafing com:
prises creating one instance of the runtime enghte clays hy
the runtime engine for every interface objuct instnce.

23. The method of claim 19 further canprising generating
ai least one mapping model file containing ut least some
mapping information from the map, wherein ilre generaring
ai least one mapping model file occurs prior 10 ulilizing the
runtime engine,

24. The method of claitn 23 wherein reading the map fir-
Hier comprises loading information ffom one or more map-
ping moed filex by the runtime engine,

25, The method of claim 1 fitrther compriving executing u
query by the rumime engine to one of, rejrieve ar store pr-
ticular data after detecting a need 16 one of, use or modify
the particular data by the software application.

26. The method of claim 19 further comprising execnting
a query by the runtime engine to one qf, retricve or More
particular data afler deteciing a need tn vre f, use or
modify the particular data by the saftware application,
wherein executing the query occurs afler reading the map.

27. The method of claim 19 wherein utiliziug the runtime
engine comprises invoking at least one infecface objest afler
reading the map with the runtime enghe.

28. The computer program of elaim 10 wheyein suid rit-
ime engine comprises at least one shared library.

29. The computer program of claim 28 wherein satd af
feast one shared library includes execut:ible loading code

Jfor the loading mapping information from the map.

30. The computer program of claim 28 wherein salif
least one shared library includes executable absiraciing
code for abstracting relational database access functionality
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from the object oriented software application, wherein the
relational database access functionality includes reading
and writing data.

31, The computer program of claim 28 wherein said ot
least one shared library includes at least one dynamic link
library (DLL).

32. The method of claim | wherein said utilizing is further
defined as the object orfented software application invoking
at least one inlerface objeci to request data from the rela-
tional database corresponding to at least one attribute of at
least one abject corresponding to a cluss associated with the
object oriented saftware application.

33. The method of claim 32 wherein said wtilizing is fur-
ther dufined as ut least one interface object invoking the
runtime engine 1o obtal data requested by the object ori-
ented sofiwasre application.

34, The methad of claim 33 wherein said utilizing is fir-
ther dofined as ol least one interface object calling a method
an i runfime engine object.

5. The method of claim 33 wherein said utilizing is fur-
Heer defined as the runtime engine accessing the database to
vbtain the data requested by the object oriented software
applivation.

364, The method of claim 35 wherein said wiilizing Is fur-
ther defined oy the runtime engine reading the map to deter-
mine al least one table and at least one coluni that needs to
be aceessed to obtain the data reguested by the object ori-
ented suftware application,

37. The method of claim 35 wherein said utilizing is fur-
ihor dofined us the runtlme engine Invoking at least one
database ohject te execute a database query.

38, Tl method of claim 33 wherein said wtilizing is fur-
ther defined as the runtime enging invoking at least ope
interfoce objeet to deliver the data requesied by the objeét
oriented software application.

39, The method of claim 1 firther defined as creating the
olject model corrzsponding to the object oriented software
spplication,

40. The method of claim 39 further defined as creating
schema tn the datebase based on the object model.

1. The methot of claim ! further defined as creating
schema in the tatabase.

42. The method of claim 41 further defined as creating the
alyect model corpesponding fo the object oriented sofiware
applieation based on schema in the database.

13. The cemputer program of claim 10 wherein the runt-
lme engine includes a runtime engine class for defining at
leust oneg method to absiract relational database uccess

Jinctionallly from the object oriented software application,
anal wherein the relational database access functionality
comprises reading and writing data.

44, The enaipuier program of claim 43 wherein an
instanes of the vintime engine class is created for each inter-
face object instanee,



