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TRANSPARENT OBJECT 
INSTANTIATION/INITIALIZATION FROM A 

RELATIONAL STORE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The invention relates in general to object persis 
tence on computer systems, and more particularly, to a 
transparent object instantiation/initialiZation from a rela 
tional database. 

[0003] 2. Description of Related Art 

[0004] In modern computer systems, relational databases 
are used to store large amounts of data. A Relational Data 
Base Management System (RDBMS) is utiliZed to control 
access to, storage in, and manipulation of data that is stored 
in the relational database. More recently, Object-Oriented 
Programming Systems (OOPS) have also been used more 
extensively to create a neW programming environment for 
computer systems. 

[0005] The merger of RDBMS and OOPS has proceeded 
sloWly because of the large differences in approach to data 
storage and manipulation. Further, the large number of 
installations of RDBMS has sloWed the progress of OOPS 
because of this incompatibility. 

[0006] One of the major incompatibilities is that an OOPS 
has difficulties creating (instantiating) a neW object from an 
underlying RDBMS, because the object types, Which are 
described in a header ?le (typically Written in C++), is 
language dependent and therefore cannot be used univer 
sally With an RDBMS. Since creation of instances is dif? 
cult, the data structure of the underlying program cannot be 
manipulated easily, creating sloWer systems and more pos 
sibilities for error. 

[0007] It can be seen, then, that there is a need in the art 
for a method to bridge the differences betWeen RDBMS and 
OOPS. Further, there is a need for a merged RDBMS/OOPS 
system to be able to create an instance of an object Without 
speci?c knoWledge of the object types. There is also a need 
for a merged RDBMS/OOPS system to be able to store an 
instance of an object. 

SUMMARY OF THE INVENTION 

[0008] To overcome the limitations in the prior art 
described above, and to overcome other limitations that Will 
become apparent upon reading and understanding the 
present speci?cation, the present invention discloses a 
method, apparatus, and article of manufacture for instantia 
tion and initialiZation of an object from a relational database. 
The relational database is created With object assist columns 
Within the database, and instances of the object are created 
using the object assist columns. The instance is then stored 
in the database itself. 

[0009] These and various other advantages and features of 
novelty Which characteriZe the invention are pointed out 
With particularity in the claims annexed hereto and form a 
part hereof. HoWever, for a better understanding of the 
invention, its advantages, and the objects obtained by its use, 
reference should be made to the draWings Which form a 
further part hereof, and to the accompanying detailed 
description, in Which there is illustrated and described 
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speci?c examples of a method, apparatus, and article of 
manufacture in accordance With the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] Referring noW to the draWings in Which like ref 
erence numbers represent corresponding parts throughout: 

[0011] FIG. 1 is a block diagram that illustrates an exem 
plary hardWare environment that could be used With the 
present invention; 

[0012] FIG. 2 illustrates entries in an relational database 
managed by an RDBMS; 

[0013] FIGS. 3A and 3B illustrate an implementation of 
a relational database of the present invention; and 

[0014] FIG. 4 is a ?oWchart that illustrates exemplary 
logic performed by the initiator/instantiator according to the 
present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0015] In the folloWing description of the preferred 
embodiment, reference is made to the accompanying draW 
ings Which form a part hereof, and in Which is shoWn by Way 
of illustration a speci?c embodiment in Which the invention 
may be practiced. It is to be understood that other embodi 
ments may be utiliZed and structural changes may be made 
Without departing from the scope of the present invention. 

[0016] OvervieW 

[0017] The present invention discloses a method, appara 
tus, and article of manufacture for instantiation and initial 
iZation of objects using a relational database. The object 
relational bridge uses Application Programming Interfaces 
(API’s) Which are part of the MicrosoftTM Common Object 
Model (COM) speci?cation. Additional columns are used 
Within the relational database to alloW the invention to 
instantiate objects directly from the relational database. 

[0018] The present invention uses a centraliZed repository 
for instantiation and initialiZation of in-memory objects 
from a RDBMS. The present invention also saves (“per 
sists”) existing objects to the underlying RDBMS. Objects 
Which are ultimately persisted in Relational Tables are 
hereinafter referred to as “Persistent Objects”. 

[0019] All persistent objects must support dual interfaces 
IDispatch to provide late binding facilities to the repository 
for object initialiZation, and Custom to provide fast in 
process access to COM clients. 

[0020] All persistent objects must support the IMetaPer 
sist custom interface. This interface provides identifying 
characteristics for every object contained in the RDBMS. 
This interface provides access to at least tWo properties: 
ClassID, Which uniquely identi?es the Class Factory for an 
object, and ObjectID, Which uniquely identi?es an object 
Within its relational table. 

[0021] Persistent objects are instantiations of a class. The 
classes that de?ne persistent objects are described Within an 
RDBMS schema. In general, each class de?nition is repre 
sented by a table, With each property in the class represented 
by a column in the table. Instances of the class (persisted 
objects) are then stored as relational tuples (roWs in the 
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table). Primary keys (ObjectIDs) support retrieval of unique 
instances; foreign keys and reference tables enable class 
relationships and collections. 

[0022] Each property column in an object table is associ 
ated With tWo “object assist” columns. These columns 
furnish type information for the property and a late binding 
index for initialiZation of the property Within an instantiated 
object. When objects are referenced from Within an appli 
cation, they must be instantiated from the repository. 

[0023] HardWare Environment 

[0024] FIG. 1 is a block diagram shoWing a hardWare 
environment implementing one embodiment of the present 
invention. A computer device 102 and one or more DBMS 
nodes 104 typically implement the database management 
system 100 of the present invention. The computer 102 
implements a user interface 106, a session manager 108, a 
parser 110, a resolver 112, a Global Data Dictionary (GDD) 
manager 114, query plan generator 116, optimiZer 118, 
evaluator 120, and a dispatcher 122. The dispatcher 122 
contains instantiator/initiator 124 of the present invention. 
DBMS nodes 104 may include one or more relational 
databases 126 that have one or more Global Data Dictio 

naries 128, and one or more object servers 130A, 130B, and 
130C. 

[0025] The user interface 106 translates computer mes 
sages into user-vieWable results, and accepts client com 
mands and translates those commands into computer inter 
pretable instructions. 

[0026] The session manager 108 creates a session that is 
used to communicate With the client, and assigns a session 
identi?er. This session manager 108 handles incoming 
requests and sends back responses to the client. 

[0027] The parser 110 checks the syntax of the client 
commands and uses a grammar de?nition to generate a 
high-level collection of object structures that Will be later 
optimiZed and converted into a query execution plan. This is 
accomplished by de?ning language protocol classes 
(objects) that represent the parse tree. In one embodiment, 
these objects are de?ned according to the C++ protocol. 

[0028] The parser 110 creates a link-list of attribute 
objects, table name objects, and predicate expressions for 
use by the resolver 112. 

[0029] The resolver 112 receives the object structures 
from the parser, iterates over the object parse tree, and binds 
attributes and UDF invocations to object-relational tables 
and libraries. The resolver 112 also appends statistical, static 
cost, and historical usage information to the parse tree 
objects. This information is later used to optimiZe the query 
plan. 

[0030] The resolver 112 also obtains statistical, static cost, 
and historical usage information from the Global Data 
Dictionary (GDD) 128, Which is stored in the form of GDD 
tables in the RDBMS 126, and managed by the GDD 
manager 114. The GDD manager 114 also maintains a 
user-con?gurable and de?nable GDD cache that is updated 
When changes are made to the GDD 128. This is accom 
plished by spooling entries during data de?nition language 
(DDL) M-SQL operations or checking a time-stamp or 
version number associated With the GDD 128 tables. If a 
change has occurred, the GDD manager 114 updates the 
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GDD 128 cache. The GDD 128 cache structure is subdi 
vided into boundary areas that are allocated to a GDD 128 
table Whose values are replaced using a least recently used 
(LRU) algorithm. This method decreases system response 
times and improves overall performance. The GDD manager 
114 also checks the integrity of the entries in the GDD 128. 

[0031] The plan generator 116 translates the optimiZed 
parse tree into a query execution plan. The optimiZer module 
118 optimiZes and balances query plans. This is performed 
by Writing functions that transform parse-tree objects into 
commands that can be understood by the component mod 
ules that Will receive these commands. 

[0032] The evaluator evaluates the query plan for access 
ing the RDBMS 126, and the dispatcher 122 distributes the 
commands to the RDBMS 126 and the object servers 130. 
For the RDBMS 126, these steps are in the structured query 
language, SQL. For the object servers 130, these steps are 
sent to an interface manager (IM) for evaluation. The 
dispatcher 122 also coordinates execution of the commands, 
and coordinates sending ?rst-pass results from the com 
mands to the requesting client. 

[0033] In general, the object initiator/instantiator 124 
comprises data and/or instructions Which, When read and 
executed by the computer system 100, causes the computer 
system 100 to perform the steps for performing and/or using 
the present invention. Generally, the data and/or instructions 
are embodied in and/or readable from a device, carrier, 
and/or media. For example, the data and/or instructions can 
be embodied in and/or readable from a memory, data storage 
device, Application Speci?c Integrated Circuit (ASIC), 
remote devices coupled to the computer via a data commu 
nications device for doWnloading a ?le from a netWork to the 
computer as is done in client-server architectures and on the 
Internet, ?oppy diskettes, CD-ROM disks, or other mag 
netic, optical, electronic, or other storage media or devices 
that can be connected to and interpreted by the computer. 

[0034] The exemplary environment illustrated in FIG. 1 is 
not intended to limit the present invention. Indeed, other 
alternative hardWare environments may be used Without 
departing from the scope of the present invention. 

[0035] Thus, the present invention may be implemented as 
a method, apparatus, or article of manufacture using stan 
dard programming and/or engineering techniques to produce 
softWare, hardWare, ?rmWare, or any combination thereof. 
In addition, the term “article of manufacture” as used herein 
is intended to encompass logic embodied in or accessible 
from any device, carrier, or media. 

[0036] Relationships and Operation 

[0037] FIG. 2 illustrates entries in an relational database 
managed by an RDBMS 126. Within a relational database, 
entries correspond to several attributes and are related to 
each other via relational tuples. Each roW in the database is 
a relational tuple that describes the object. 

[0038] As an example, a database managed by an RDBMS 
126 is shoWn in FIG. 2 that describes typical entries in a 
sales database. Class CDomain 200 contains tuple 202 that 
describes the “sales” force for a given company. Within 
tuple 202, there are several attributes, name attribute 204, 
maximum connections (MaxConn) attribute 206, and 
dimension collection attribute 208. Dimension collection 
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208 is a pointer 210 to another portion of the RDBMS 126 
that contains additional attributes associated With tuple 202. 

[0039] Pointer 210 points from dimension collection 208 
to table 212. Table 212 contains tuple 214, Which has 
attributes name 216 and ID 218. Name 216 attribute is used 
to couple table 212 to other classes in the RDBMS 126. 
Name 216 of table 212 is referenced to class Dimension 220 
for additional description and qualities associated With name 
2016. For example, description 222 and Attribute Collection 
224 are part of the tuple 202 associated With name 216. 
Attribute Collection 224 relates class CDimension 220 to 
table 226. 

[0040] Table 226 provides additional information about 
name ?eld 216. Table 226 is further de?ned in another class 
228. This description method is shoWn for illustration pur 
poses only, and is not meant to limit the present invention. 
Further, the number of tables and classes are not limiting to 
the present invention; larger or smaller numbers of tables, 
classes, or combinations of tables and classes are integrable 
With the present invention Without exceeding the scope of 
the present invention. 

[0041] The properties for class 200, class 220, and class 
228 may be retrieved from the database, but Without knoW 
ing the structure of the object, e.g., name ?eld 204, it Would 
be dif?cult if not impossible for the RDBMS 126 to actually 
populate an object With the relational tuple 202 containing 
that object’s property values. 

[0042] FIGS. 3A and 3B illustrate an implementation of 
a relational database of the present invention. Although class 
200 contains relational tuple 202, name ?eld 204, maximum 
connection ?eld 206, and dimension collection 208, class 
200 (and therefore relational tuple 202) also contains entries 
to assist the RDBMS 126 in instantiating and initialing 
objects. These entries, namely entries 230, 232, 234, and 
236, are called object assist entries (or object assist columns 
in the database). An object assist column exists for each 
object property. The creation of object assist entries 230-236 
shifts the object description from a language dependent 
header ?le to an entry in the relational database Where the 
objects are stored. Thus, the RDBMS 126 can noW store not 
only the properties of the object, but the description of the 
class and/or instance of the object as Well. To further assist 
the RDBMS 126 in instantiating and/or initialiZing the 
object, FIG. 3B illustrates a reference table 240 that maps 
class ID numbers 218 to table 242. Table 240 is used to 
instantiate an object from the RDBMS 126 by identifying 
the objects class factory, and thus constructor. 

[0043] Object Creation—CoCreateInstance 

[0044] When a client Wishes to instantiate a persistent 
object of a given class, it may choose to create an empty 
object itself, or ask the RDBMS 126 to create the object on 
the client’s behalf If the client Wants to create the object 
itself, it can create an object Without regard to the RDBMS 
126. 

[0045] HoWever, if the client requests object creation by 
the RDBMS 126 using the present invention, the client sends 
a ClassID 218 as an argument to the creation call. The 
ClassID is a 128 bit GUID as indicated in the MicrosoftTM 
Common Object Module (COM) speci?cation and is passed 
through to the COM API CoCreateInstance(). CoCreateIn 
stance locates the class factory (and thus constructor) for the 
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object associated With the ClassID 218 in table 240, loads 
the class factory into memory, and invokes the constructor 
corresponding to the ClassID 218, Which creates the object 
in question. 

[0046] Object InitialiZation—IDispatch 
[0047] After successful object creation (Whether an 
“empty” object Was passed, or object creation Was requested 
via a ClassID) the RDBMS 126 has an empty instance of the 
required class Within the client’s address space. The next 
step is to initialiZe the object from persistent data. The 
IDispatch interface that is implemented in every persistent 
object enables this initialiZation process. IDispatch furnishes 
an invoke() method, Which uses a dispatch map (indexed 
table of function pointers) to late bind to property initial 
iZation methods Within the persistent object. The repository 
Will obtain the relational tuple 202 corresponding to the 
ObjectID and map each column value into the object, by 
using the “object assist columns” shoWn in FIG. 3A. These 
columns provide the invoke() dispatch index, and type 
information for the property being initialiZed from the 
database column. 

[0048] As an example, object assist column 230 is passed 
to the invoke function, Which used the entry (NmDispID=1) 
to locate the persistent object method that knoWs hoW to 
retrieve or set the object property. For example, to set the 
name 204 property of an entry (object) in class CDomain 
200: 

[0049] dispid=SQL (Select NmDispID from CDo 
main . . . ) 

[0050] //get the DispID for the Name property pDis 
patch-> 

[0051] Invoke(dispid, . . . , DISPATCH_PROPER 

TYPUT, <“putvalue”>. . . ) 

[0052] The call on the object through pDispatch requires 
that all persistent (saved) objects implement the IDispatch 
interface. In essence, the persistent object supplies a pointer 
to the IDispatch interface that is used by the RDBMS 126 to 
gain access to the Invoke method. This agreement ensures 
that the RDBMS 126 can initialiZe any persistent object 
Without compile-time knoWledge of the object’s structure. 

[0053] To retrieve an object from the RDBMS 126, the 
table 240 is used to recreate the object from the class ID. The 
pointers (object assist columns 230-236) associated With the 
class ID through tuple 202 recreate the object and the 
properties of the object upon recalling the object. 

[0054] Logic of the Initiator 

[0055] FIG. 4 is a ?oWchart that illustrates exemplary 
logic performed by the initiator/instantiator 124 according to 
the present invention. 

[0056] Block 244 represents the computer 100 performing 
the step of representing a class de?nition as a table in the 
relational database, Wherein an instance of the class is 
represented by a tuple of the table, a property of the instance 
is represented by a column of the table, and one or more 
object assist columns is associated With the property. 

[0057] Block 246 represents the computer 100 performing 
the step of identifying one or more methods of the class 
de?nition associated With the property based on the object 
assist column. 
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[0058] Conclusion 

[0059] This concludes the description of the preferred 
embodiment of the invention. The following describes some 
alternative embodiments for accomplishing the present 
invention. For example, any type of computer, such as a 
mainframe, minicomputer, or personal computer, could be 
used With the present invention. In addition, any softWare 
program utiliZing (either partially or entirely) an RDBMS 
and/or object-oriented programming could bene?t from the 
present invention. 

[0060] In summary, the present invention discloses a 
method, apparatus, article of manufacture, and data structure 
for persistently storing objects in a relational database. A 
class de?nition is represented as a table in the relational 
database, Where an instance of the class is represented by a 
tuple of the table, a property of the instance is represented 
by a column of the table, and one or more object assist 
columns are associated With the property. One or more 
methods of the class de?nition associated With the property 
based on the object assist column are identi?ed. 

[0061] The foregoing description of the preferred embodi 
ment of the invention has been presented for the purposes of 
illustration and description. It is not intended to be eXhaus 
tive or to limit the invention to the precise form disclosed. 
Many modi?cations and variations are possible in light of 
the above teaching. It is intended that the scope of the 
invention be limited not by this detailed description, but 
rather by the claims appended hereto. 

What is claimed is: 
1. A method of persistently storing objects in a relational 

database, comprising the steps of: 

(a) representing a class de?nition as a table in the rela 
tional database, Wherein an instance of the class is 
represented by a tuple of the table, a property of the 
instance is represented by a column of the table, and 
one or more object assist columns are associated With 
the property; and 

(b) identifying one or more methods of the class de?nition 
associated With the property based on the object assist 
column. 

2. The method of claim 1, Wherein the object assist 
column comprises an indeX for the method. 

3. The method of claim 1, Wherein the object assist 
column comprises a dispatch indeX. 

4. The method of claim 1, Wherein the method is a 
persistent object method. 

5. The method of claim 1, Wherein the method is selected 
from a group of methods comprising a get method and a set 
method. 

6. The method of claim 1, Wherein the method is a late 
binding function associated With the property. 

7. The method of claim 6, Wherein the late binding 
function comprises an initialiZation method for initialiZing 
the property Within the instance of the class. 
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8. The method of claim 7, Wherein the initialiZation 
method maps the property from the column of the table to 
the instance of the class. 

9. The method of claim 7, Wherein the late binding 
function comprises a retreival method for retreiving the 
property from the instance of the class. 

10. The method of claim 7, Wherein the late binding 
function further comprises a persistent storage method for 
storing the retrieved property in the relational database. 

11. The method of claim 1, Wherein the object assist 
column comprises a data type for the property. 

12. The method of claim 1, further comprising the steps 
of: 

instantiating an object from the class de?nition; 

retrieving a tuple from the table; and 

invoking the method for the property using the object 
assist column. 

13. A device for instantiating an object from a relational 
database in a computer, comprising: 

(a) means, performed by the computer, for representing a 
class de?nition as a table in the relational database, 
Wherein an instance of the class is represented by a 
tuple of the table, a property of the instance is repre 
sented by a column of the table, and one or more object 
assist columns is associated With the property; and 

(b) means, performed by the computer, for identifying one 
or more methods of the class de?nition associated With 
the property based on the object assist column. 

14. A program storage device, readable by a computer, 
tangibly embodying one or more programs of instructions 
executable by the computer to perform method steps of 
instantiating an object from a relational database stored in a 
computer, comprising the steps of: 

(a) representing a class de?nition as a table in the rela 
tional database, Wherein an instance of the class is 
represented by a tuple of the table, a property of the 
instance is represented by a column of the table, and 
one or more object assist columns is associated With the 
property; and 

(b) identifying one or more methods of the class de?nition 
associated With the property based on the object assist 
column. 

15. A data structure stored in a memory for use in 
supporting object-relational databases, Wherein the data 
structure comprises a relational database storing one or more 
tables representing one or more class de?nitions, Wherein an 
instance of a class is represented by one or more tuples 
stored in the table, a property of the instance is represented 
by one or more columns of the table, one or more object 
assist columns are associated With the property, and the 
object assist columns identify one or more methods of the 
class de?nition associated With the property. 

* * * * * 


