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ABSTRACT

‘This paper describes a methodology and development
approach te implement Object Relational Database
Management Sysiem (QRDBMS) with Frame Model
(Trong's 1997). "The Frame Maodel method is 4 solution Lo
cxtend Relational  Database  Management  System
(RDBMS) to handlc complex data such as objects.
Ohjects can be represenied in Frame Model schema as
classes, constraints and methods.  Schema trapslation is
the first step Lo implement the Objeci-Relational Dalabase
Management  System  (ORDBMS). This  paper
investigates a  stepwisc  methodology  for  schema
translation from a Relalion Model to a Frame Model. The
sccand slep is the implementation of ORDBMS to
incorporate RDBMS as kemnel, Application Program
Interface {APT) as interactive SQL and a method
command interpreter. Mothods are pre-compiled and
stored in RIDJBMS as slored precedures, Methods can be
invoked directly through APE or a constraint class that is
defined in the Frame Model schema when the associated
interactive SQL is issued [rom the APL

1. INTRODUCTION

Relational Database (RDB) has been a legacy systein cven
though it has limitations on multimedia system, foreign
key data  redundancy and intensive  engineering
applications.  Object-oricnted Database Management
System {QODBMS) is capable to handle compiex data
such as object. As a result, it s abstractive, flexible and
productive  in database  system  development  and
cuhancement. The suceess of relational dalabase system
does nol come simply [tom a higher level of dala
independence  and  simplified  data wodel  than  the
preceding systems such as network model and hierarchical
model, but from standardization that it offers.  The
acceptance ol the Structured Query Language (SQL) as a
de acto standard allows a high degree of portability and
interoperability among systems, simplifies the leaming of
new RDBMS, and represents a wide endorsement of the
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relation approacl.  Unfortunately, OODBMS has heen
slow to add SQL support 1o the systems, thereby making
legaey systems very dillicult 1o migrate or convert. There
15 a great gap between RDBMS and QODBMS.
Consequently a new  Object  Relational  Database
Management Sysiem {ORDBMS) is designed to bridge
the gap between RDBMS and OCDBMS, and to provide
object signilicant [eatures and maintain the advantages of
RDBMS,

2. FRAME MODEL

The Irame Mode! is similar to an  object-oriented
database that structures an application dumain into classes
and its data into relational tables, These classes are
organized via gencralization, aggregation and user-
defined relationships. The Frame Model is significant as
it consists of a set of data, as well as active and dynamic
data structure of the legacy data models, with the
constraint  structures to resolve their synonyms and
homonyms conlflicts. These consraints include inlegrity
constraint  enforcement, derived  data  maintenance,
riggers, protection, and version contrel, ete, The Frame
Model unifies data and rules to enable these advanced
leatures to be implemented effectively.

The lrame Model follows the object-oriented paradigm,
All the concepiual entities are modeled as objects.
Similar atiributes and behavior objects are grouped inlo a
class. Both facts and rules are viewed as objects in the
Frame Model design.  The Frame Model logical schema
can be arranged in a class formal and a relation format,
The Prame Model logical schema in a class format is
shown in Table ! (Fong and Huang, 1997).

Header_Class {
Class_Name
Parents

Operation
Class _Type

¥ a unique name in all systeins %/

f# adist of class names */

£ program call for operations */

1* type of a class, e.g. active or static */




}

Attribute_Class {
Attribute_Name/* a unigue name in this class ¥/
Class_Name  f* reference to the header class */
Method_Name /* a unique name in this class */
Attribute_Type /¥ the data type for the attribute */
Delault_Value /¥ a predelined value for (he attribute */
Cardinality /* single or multi-valued %/
Description  /* description of the attribute #/

}

Methad_Class {
Method_Name
Class_Name

/* a unigue name in this class %/
/* reference to the header class +/

Parameters /% a list of arguments for the micthod #/
Method _Type  /* the output data type #/
Condition ## the rule conditions */
Aclion #* the role actions */
}

Consfraint_Class {
Constraint_Name /* a unique name for cach constraint */
Class_Name /* reference to the header ¢lass */
Method_Name /¥ constraint methoil naine #/

Parameters ## alist of arguments for the method */
Ownership I* the class name of the method owner #/
Event /* triggered cvent #/

Scyuencs I+ method action time */
Tinving #* the mcthod action timer */

Table 1: The Logical Schema of the Frame Model in
Class Formal.

The Frame Model consists of two classes: static and
active (dynamic). Static classcs represent factual data
cniities and active classes represent rule entities.  An
active class is event driven, obtaining dala {rom the
database when inveked by a certain event. The stalic
class stores data in its own databuse. The two classes use
the same structure. Combining these two types of objects
within the inheritance hicrarchy struclure cnables (he
Frame Madel to represent helerogeneous knowledge.

3. OVERVIEW ARCHITECTURE

The architecture of Frame Madel ORDBMS is composed
of Schema Translation and Objeet Frame Model Agent
(OFMA).
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Figure 1: The ORDBMS Architecture,

As shown in Figure 1, the ORDBMS archilecture consists
of Schema Translation, OFMA and RDBMS. The
Schema Translation is to translate a relational schema to a
Framce Model schema interactively with confirmation,
The OFMA is to manslale the object-orienled query
{methods) to SQL syntax and methods syntax.  ‘The
OFMA is divided into two parts: the SQL interpreter and
the method interpreter that are described in more details
in later part of this paper. The Relational Databasc
Management System (RDBMS) and Relation Databasc
(RIDB) are 1o store the logical schema of the Frame Model
in class [ormat and data respectively.

4. METHODOLOGY OF OBJECT RELATIONAL
DATABASE MANAGEMENT SYSTEM

Schema Transtation is a process to convert a schicma
expressed in one data model inte an equivalent schema
cxpressed in a different data model. During the process
of schema ranslation, all the functional and inchusion
dependencies in the schema must be identified  and
preserved.  The translated schema must be logically
equivalent to the original schema. Sehema Translation is
significant  and  commonly used in  developing
interoperable systems for varicus databasc models. It
cnables database interoperability in a mulli-databasc
cnvironment. ‘The ideal situation is to provide a multi-
database model, ¢c.g. a universal database model, which
aliows users to access various  databases  without
concerning the undertying data models.

Object Frame Model Agent (OFMA)} is an application
program inlerface {API) that manipulates bolh standard
SQL and method operations. Frame Model methadology
employs a set of definition tables in RDBMS to represent
the object, object instance, object inheritance and object
relationship, The object definitions are stored in four
systems tables; Header Class, Auributes Class, Method
Class and Constraint Class.  Activities that related to
object behavior will be queried fram the four classes



definition tables. Such activities will be re-modeled and
exccuted in RDBMS as defined by Trame Model Classes.

4,1 Methodology for Schema Translation

In this paper, a stepwise methodology is investigated {or
Schema Translation from a Relational Model to a Frame
Model. ‘Fhe [ollowing is a stepwise methodology o help
users 1o capiure a Relational Model schema to a Frame
Madel schema.

Discover Database Keys - By cxamining the relational
schema, the database keys can be easily located, such as
primary keys, foreign keys, composite keys, and the
componenis of the composite keys, with user assistance,

Discover ISA  Relationship - By cxamining the
occurrences of the primary keys of the same name with
the same domain, we can locate their ISA relationships.
A wuser needs (o input the type of class, including
superclass-subclass type, subclass-superclass 1ype and
same class level, for cach set of relations found.

Discover Cardinality - By cxamining the occurrences
between a relation's primary key and anather relation’s
[oreign key, the cardinalily between the two relations can
be located. A user nceds to input the type of cardinality,
including one-to-one (1:1) relationship, one-to-many (1:n)
relationship and many-to-many {m:m) relationship, {or
each set of relations found.

Discover Participation - By cxamining a parent rclation
and its child relation, one can determine its participation
semantic by checking the null value of the foreign key of
the child relation. Il the foreign key of the child relation
has a noll value or it is allowed 1o have a null value, there
is a parlial participation between Lhe parent and the child
retations. If the forcign key of the child relation must be a
non-null value, there is a total partlicipation between the
parent and the c¢hild relations.

Discover Generalization - By examining the primary keys
among subclass relalions under the same superclass

relation, the gencralization semantic can he  casily
determined. User nceds to input the type of
generakization, including  disjoint  generalization  and

overlap generalization, for each set of relations found.

Discover Categorization - By exanuning the primary key
among superclass relations above the same subclass
relation, the chance of having categorization semantic can
be casily located. User needs to inpul whethor each set of
relatiens containg the categorization semantic.
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Discover Aggregarion - By examining the occurrences of
the relations that consist of primary keys composed ol all
composite keys, they can be considered as relationship
relations, I these relationship relations are also in
referential integrity with other relations, hen once maps
these relationship relations to aggregation,
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Figute 2: The Systems Flow Chart of the Schema
Translation Mechanism.

4.2 Mecthodology for Ohject Erame Model Agent
{OFMA)

The prototyping of Object I'rame Model Agent (OFMA)
is to constract an application program interface (APT) Lhat
can  manipulsie  both  standard  SQI.  and  methad
operations.  The APE is implemented with Visuval Basic
3.0, and incorporated with an RDBMS datahase and
Sybase SQL Anywhere 5.0, to store the Frame Model
Class definitions, stored procedurcs for method call and
data tables for the existing application database.,
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Figure 3: Process Diagram for OFMA Sevver ATl
Process.

The OFMA Process

The API process handles user input command as shown in
Figure 3. The command can be IDME. or Method. The
APL process first scans the input command, when the



command is DML command. OFMA then parses the
DML directly to RDBMS.  All syntax checking and
exceution are carried out by RDBMS.  When the
command is a method, OFMA decodes the inpuat token to
extract the method name, class name, and input
parameters (if any). OIMA also performs  syntax
checking on the input token for error. OFMA is then to
verify the existence of class name and method name from
the Frame Model Class that was defined, When all syntax
and verification have been validated, OFMA will invoke
the storc procedure that was pre-compiled for the
corresponding method and parse the parameter that was
previous stored (if any).  After cxccution of the store
procedure, OFMA will return result whatever relurns hy
RDBMS.

Object Frame Model Agent (OFMA) Logic Flow

The implementation of OFMA is divided into threc pavis;
the command scanner, the method interpreter and DML
interpreter.

i. Compnand Scanner

The command scanner is to identify the input command
type: DML or Method, The first word in the command
line is compared with identifier that classifies the DMI.
command or Method command, If the input command &
DML, the DML Interpreter routine will be invoked, and
all DMI. syntax and runlime error checking will be
performed by RDBMS. When the first word in command
line is not DML command, the Command Scanner will
perform syntax checking and extract the input parameters
for the methed command.
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Figure 4: Logic Flow for Command Scanner.

it. The Method Interproter

When the command is looking for a method that is
delined in the Method Class, the interpreter will decode
the class name, the methed name and the argument(s).
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This decoded information will verify by OFMA [rom (he
Frame Model schemi.  OFMA will then execule the
conmand by invoking the associated stored procedure,
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Figure 5: L()glC Fluw [or Method Interpreter.

iii. The DML Interpreter

There are four kinds of SQL commands; seleet, insert,
update and delete. For a SQL command that performs
modification of data, OFMA will check for any constraint
that was defined in Constraint Class, Exccute the
constraint method aceording to the teiggered cvent and the
sequence of liring, and then execute the SQL command.
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Figure 0: Logic Flow for DML Command Interpreter.



4.3 Object Oriented Behavior of OFMA

Encapsularion - Altribules and meihods in an ohject are
bounded within an object and some of them are not
accessible outside the ohject. As a resull the only way can
an object be accessed and operaled is through system
tunction ealls, whiclh arc the methods of the object 10
communicate with the external.

Inheritance - Allributes and methods in an objecl can be
owned from ils superclass(es) above on its branch of the
class hicrarchy. A class may inberit from a single class
(single inheritance} or multipic superclasses (multiple
inheritance).

Polymorphism - A message sent 1o different objects may
have different corresponding behaviors, For example, the
command new() creates an instance for paticnt and
deparinent will have dilferent results for patient and
departiment.

Event Driven - Some operations should be triggered for
certain events happening to an object.  For example,
creale a new record ol a particular objeat, it will invoke /
trigger another method call "check_duplicate” 1o check
whether the record already exisis or not.

Class Constraint - Additional constraint to enhance the
referential integrity which docs not provided by relational
database, e.g. prototype class ward-record {(Ward_ree)
and outpatient-record (Outpatieni_ree).  In the case ol
crealion a ward_rec record, a constraint method will
check whether the record exists in Gutpatient_rec or not,
I the record has already existed in the Outpatient_rec,
then the creation is not allowed.

5. CONCLUSION

Objeci-relational  databuase  adds new  functions  and
fexibility for data storage and business modeling. As
comparcd 10 relational dalabase system, abject-relational
technology greally expands the space of alternatives
available (o the schema design, such as using inheritance
hicrarchy, making inter-object references or key/forcign-
key pairs, and using set-vaiued attribules 1o represent
multi-valued  auributes.  Object-relational  technology
olfers new oplions to overcoming weaknesses in pure
objects ot pure relation solutions,

Frame Mode! methodology cmploys a sct of definition
1ables in RDBMS (o tepresent the object, ohject instance,
objcct inheritance, multisvalued attribules and  objet
relationship, Object definitions are stored in four sysiems
lables: Header Class, Attributes Class, Method Class and
Constraint Class, Activities that related to ohject behavior
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will query [rom the four elasses delinition tables. Such
activities will be re-medeled und exccuted in RDBMS as
defined by Frame Model Classes.

In this paper, ORDBMS, schema translation is to translate
a Relational Model into a Frame Model schema, and
several OO features  are  implemented such  as
encapsulation, polymorphism, inheritance, event driven
and class constraints.

The possibility to use Trame Model Class delinition is
demonstrated in this paper by building a prototype
interface allow user to input standard SQL command and
method  commnd  in syntax  "call  method_name
{parameter 1, parameter 2 ...} on class class_name”.
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