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Abstract. Recently, there have anerged more sophisticated appli caions, which
have to represent complex objeds related with complex relationships, such as
aggregations and compositions. New objed-relational databases are more
appropriated than relational databases to support complex objeds. Besides, the
most common way of designing databases is using the E/R model, without
taking in acourt the program design. However, new objed-oriented design
techniques, such as UML (Universal Modelling Language), permit modelli ng
the full system, including the database schema, in a uniform way. Besides, as
UML is an extensible language, it allows introducing new stereotypes for
spedfic goplicaionsif it isneaded. So, new stereotypes for database design can
be dso defined. The framework of this paper is an Objed-Relational Database
Design Methodology. The methoddogy spedfies new UML stereotypes for
Objed-Relational Database Design as well as it proposes ome guidelines to
trandate an UML schema into an dbjed-relational one. The guidelines are
based on the SQL:1999 oljed-relational model and in Orade8i as an example
of product. In this paper we focus on the design of two UML constructors:
aggregation and composition. We propose its implementation in Orade8i,
because unlike SQL:1999, Orade8i supports a data type, the nested table, that is
spedally appropriated to represent the UML aggregation and compasiti on.

Keywords: Aggregation, Composition, Nested Table, Database Design,
Objed-Relational Databases, Design Methodology, UML, SQL:1999 Orade8i

1 Introduction

In spite of theimpaa of relational databasesin last decades, thiskind of databases has
some limitations to suppart data persistence required by adua applicaions. Due to
recent hardware improvements more sophisticated appli caions have emerged such as
CAD/CAM (Computer-Aided Design/Computer-Aided Manufaduring), CASE
(Computer-Aided Software Engineeaing), GIS (Geographic Information System), etc.
These gplicaions can be dharaderised as consisting of complex objeds related by
complex relationships. Representing such objeds and relationships in the relational
model implies that the objeds must be decomposed into a large number of tuples.
Thus, a considerable number of joins is necessary to retrieve an objed and, when
tables are too deeply nested, performance is significantly reduced [3]. A new
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generation of databases has appeaed to solve these problems. the objed-oriented
database generation, which include the objea-relational [23] and objed databases [4].
This new technology is well suited for storing and retrieving complex data because it
supparts complex data types and relationships, multimedia data, inheritance, etc.

Nonetheless good technology is not enough to suppat complex objeds and
applicaions. It isnecessary to define methodd ogies that guide designers in the objed
database design task, in the same way traditionally has been done with relational
databases. In last yeas me gproaches to oljed-oriented database design have
appeaed [5,13,17,21,24]. Unfortunately, none of these propasals can be mnsidered as
“the method’, neither for objed-relational nor for objed databases. On the one hand,
they do not consider last versions of the representative standards for both
technologies: ODMG 3.0 for objed databases [8] and SQL:1999for objed-relational
databases [9]. And, on the other hand, some of them are based on techniques as OMT
[5] or, even, on the E/R model [24]. So, they have to be updated considering UML
[7], SQL:1999and ODMG 3.0 astheir reference models.

Objed databases are well suited for storing and retrieving complex data by
allowing the user to navigate through data. However, objed-relational technology,
that is, relational technology extended with new capabilities, such as triggers,
methods, user defined types, etc, presents two advantages compared with objed
databases: it is compatible with relational technology and provides a better suppart for
complex applicaions. Therefore, objed-relational databases are expeded to have a
bigger impact in the market than objed databases [14]. For these reasons in this work
we focus on objed-relational databases design.

In this paper we propcse amethoddogy for objed-relational database design. As
conceptual modelling technique we have thosen the UML classdiagram. UML, as a
Universal Modelling Language, is every day more acceted. It also presents the
advantage of being able to model the full system, including the database model, in a
uniform way. Besides, as UML is an extensible language, it is possble to define the
required stereotypes for spedfic goplicaions. The methoddogy provides ome
guidelines to trandate a onceptual schema (in UML notation) into a logicd schema.
As logicd model we use the SQL:1999 dojed-relational model so that the guidelines
were not dependent of the different implementations of objed-relational products. We
use Orade8i as an implementation example.

In this paper we focus on aggregation and composition design. In the framework of
our methoddogy, we propose spedfic guidelines to design aggregations and
compasitions in an objed-relational model.

Although the methoddogy, as we have explained above, is mainly based in
SQL:1999 in this paper we focus on the aggregation and composition implementation
in Orade8i. The reason is that this product supparts a @lledion data type, the nested
table, which is gedally appropriated to implement aggregations and compasitions.
This coll ection data type is not provided neither by SQL:1999nor by other products,
such as Informix Universal Server [10].

The rest of the paper is organised as follows: sedion 2 summarises the SQL:1999
and Orade8i objed-relational models; sedion 3 is an overview of aggregation and
compasition in UML; sedion 4 sums up the methoddogy focus, in sedion 5 the
design differences between aggregation and composition are explained; finaly,
sedion 5 summarises the main conclusions and future work.



2 Objed-Relational Model

In this ®dion we summarise the objed model of the aurrent standard for objed-
relational databases, SQL:1999[9,15], as well asthe main charaderistics of Orade8i
objed-relational model, as an example of objed-relational product [19,20]. SQL:1999
data model extends the relational data model with some new constructors to suppart
objeds. Most of last versions of relational products include some objed extensions.
However, and because in general these products have gpeaed in the market before
the standard approval, current versions of objed-relational products do not totally
adjust to the SQL:1999model.

2.1 Objed model of the SQL:1999

SQL:1999is the aurrent standard for objed-relational databases. Its data model tries
to integrate the relational model with the objed model. In addition to the objed
extensions, SQL:1999 povides other extensions to the SQL92, such as triggers,
OLAP extensions, new data types for multimedia data storage, etc. One of the main
differences between the relational and the objed-relational model is that the First
Normal Form (INF), the basic rule of arelational schema, has been removed from the
objed-relational model. So, a wlumn of an objed table can contain a wlledion data
type.

SQL:1999all ows user to define new structured data types acording to the required
data types for eat application. Structured data types provide SQL:1999 the main
charaderistics of the objed model. It supparts the ancept of strongly typed language,
behaviour, encapsulation, substitutability, polymorphism and dynamic binding.

Structured types can be used as the type of atable or as the type of a clumn. A
structured type used as the base type in the definition of a @lumn, permits
representing complex attributes; in this case, structured types represent value types. A
structured type used as the base type in the definition of a table crresponds to the
definition of an objed type (or a das9, being the table the extension of the type. In
SQL:1999these kinds of tables are cdled typed tables. An objed in SQL:1999is a
row of atyped table.

When atyped table is defined, the system adds a new column representing the OID
(Objea Identifier) of ead objed of the table. The value of this attribute is system
generated, it is unique for ead objed and the user cannot modify it. Figure 1 shows
an example of a structured type defined in SQL:1999 in (a) the structured type is
used as a value type (as the type of a @lumn of atable) whereasin (b) it is used as an
objed type (as the type of atable).
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CREATE TYPE employeeAS (
id INTEGER,
name VARCHAR(20))

| columnl | column2 | employee | oD |id | name |

(a)Structured type a column type (b)Structured type & objed type

Fig. 1. Structured types used as value and oljed types[15]

A structured type can include essociated methods representing its behaviour. A
method is a SQL function, whose signature is defined next to the definition of the
structured type. The body spedficaion is defined separately of the signature of the
method.

SQL:1999suppats smple inheritance for structured types and for typed tables. A
subtype inherits the dtributes and the behaviour of the supertype. A subtable inherits
the @lumns, restrictions, triggers and methods of the supertable.

A row of atyped table is an objea and dffers from the rest of objeds by its OID.
The value of the OID is generated by the system when a new objed is inserted in the
table. The type of this column is a reference type (REF). Therefore, ead typed table
has a lumn that contains the OID vaue. There ae different REF types, one for eact
objed type; that is, the REF type is a cwnstructor of types rather than a type itself. An
attribute defined as reference type holds the OID of the referred dbjed. So, the REF
type permits implementing relationships without using foreign keys.

SQL:1999 supparts another structured type: the ROW type. The ROW type is a
structured type defined by the user. It has neither extension nor OID. So, it cannot be
used as an objed type.

SQL:1999 amly suppats a mlledion type: ARRAY. The ARRAY can be used
whenever another type can be placel (as the type of an attribute of a structured type,
as the type of a wlumn, etc.). The ARRAY type dlows representing multivalued
attributes not forcing tablesto be in INF.

2.2 Objed model of Oraclei

As well as SQL:1999 Orade8i suppats gructured data types that can be defined by
the user (although, with a different syntax). A structured type can be used, as in
SQL:1999 as a wlumn type or as a type of a table. A structured type used as a
column type represents a value type and a structured type used as the type of a table
represents an objed type, being the table the extension of the type. Each row of this
kind of tables is an objed and, in the same way as in SQL:1999 they have aspedal
column of reference type (REF) that alows identifying each objed (OID). It is aso
possble to define an attribute & a reference to an objed type. Orade8i allows
asciating behaviour to dbjed types, defining the signature of the methods as part of
the type definition. The body of the method is defined separately.
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Orade8i suppats two kinds of colledions: VARRAYS, equivalent to the
SQL:1999ARRAY and the nested table. A nested table is atable that is embedded in
another table. It is possgble to define atable data type and to use thistype as a mlumn
typein atable. So, this column contains a table (cdl ed nested table) with a wlledion
of values, objeds or references. Figure 2 shows an example of nested table
(C_Table).

columnl | column2 C Table

Fig.2. A nested table in Orade8i

One of the main differences between Orade8i and SQL:1999 dyjed-relational
model is that Orade8i does not suppat inheritance neither of types nor of tables.
There eist, however, some relational products, as for example, Universal Server of
Informix [10], those suppart the inheritance @ncept in asimilar way as the standard.

However, another difference that make Orade8i more powerful than SQL:1999is
related with the all ection types. The nested table, not supparted by SQL:1999 allows
to represented an objed colledion embedded in another objed, that could be anatural
way to implement the UML aggregation (in sedions 3 and 5 we will see the
diff erences between aggregation and compasition).

3 Aggregation and Composition in UML

An aggregation is a speda form of association between classes that represents the
concept of “WHOLE -PART”. Eac objed of one of the dasses that belong to the
aggregation (the compaosed clasg is composed of objeds of the other class of the
aggregation (the component class). The composed classis often cdled "whole" and
the component classes are often cdled "parts'. Anintuitive example of aggregation is
the relationship between a wood and its threes. The wood can be @mnsidered as the
whole and the threes would be the parts that belong to the wood

Aggregation has been briefly treaed in the literature and dff erent classifications of
aggregations have been proposed [11,12,22,25]. However, UML distinguishes only
between two kind of aggregation: simple aggregation and composed aggregation.

3.1 Aggregation

A simple aggregation is an aggregation where eat part can be part of more than one
whole. This kind of aggregation is very common in the literature and has been often
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referead as logical or catalogue aggregation, even in the first drafts of UML [6]. As
an example of simple aggregation we an think in the cdalogue of ddls of the
“ToysX” storethat contains n Barbie models.

However, the same Barbie models can appea in the cdalogue of dolls of different
toy-stores. Thisis possble because there exists alogicd aggregation, and the dalls do
not compound physicdly the cdalogues. Figure 3 shows a simple aygregation. It is
represented pladng a diamond next to the whole dass

WHOLE PART

e A

Catalog <> Troll

1. 1.

Fig.3. Simple Aggregation Example

Simple aggregation does not imply any kind of restriction over the life of the parts
with regard to its whole.

3.2 Composition

A composition, also cdled compaosed aggregation, is a spedal kind of aggregation in
which the parts are physicdly included in the whole. Once apart has been creaed it
lives and dies with its whole. A part can be explicitly removed before removing its
asciated whole. As it is a physical aggregation, a part can only belong to a whole.
Figure 4 shows an example of composition. University is the whole and departments
areits parts. The live of a department depends on the live of the university to which it
belongs. If the university disappeas its departments disappeas as well. Besides, a
department can be joined only to a university. The representation of the cmpaosition
is smilar to the representation of the ssmple aggregation. The only difference is that
the diamond is fulfill ed.

University ‘ Department
1 1.*

Fig.4. Composition Example
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4 Objed-Relational Database Design

The proposed methoddogy for objed-relational database design is based on the
proposal of Bertino and Marcos [3] for objed-oriented database design and on the
proposal of Marcos and Cacees [16]. Figure 5 summarises the main steps of the
methoddogy.

Analysis Desig
Standard Lagical Design Specific Loéﬂco\ Design
UML UML
+ +
ML SQL:1999 Stereotype Stereotypes Product
Class Diagram > A A

h 4

SQL:1999 Product
Specification Specification

A 4

Product
Implementation
with Tunning

Fig. 5. Objed-Relational Database Design Methoddogy

The methoddogy proposes three phases: analysis, design and implementation.
Nonetheless as it is shown in figure 5, differences between analysis, design and
implementation phases are not as drong asin structured design.

At the analysis phase, we propcse to use the UML class diagram to design the
conceptual schemainstead of the Extended E/R Model (commonly used for relational
databases), becaise UML is the standard language for objed-oriented system design.
Unlike E/R, UML has the alvantage that it all ows to design the entire system making
easier the integration between diff erent system views.

The design phase is divided into two steps:

e Standard design, that is, alogicd designindependent of any product.

»  Spedfic design, that is, the design for a spedfic product (Orade8i, Informix,

etc.) without considering tuning or optimisation tasks.

Standard design is espedaly important in objed-relational database design
becaise eab product implements a different objed-relational model. This phase
provides an objed-relational spedfication independent of the product improving the
database maintainabil ity as well as making easier migration between products. Asit is
shown in figure 5, we propase two aternative techniques for this phase: defining the
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schema in SQL:1999 becaise it does not depend on any spedfic product; and/or
using a graphicd notation describing a standard oljed-relationa model (the
SQL:1999model). This graphicd notation corresponds with the relational graph that
represents the logicd design of a relational database [2]. As graphicd notation, and
due to UML can be extended, we propacse to use UML extended with the required
stereotypes for the SQL:1999 dyjed-relational model. In this paper, we leave out the
design graphicd representation.

For the spedfic design (intermediate stage between design and implementation),
we have to spedfy the schema in the SQL (language) of the chosen product. We use,
as an example, Orade8i. Besides, we dso propose to use optionaly a graphica
technique to improve the documentation and the understandabili ty of the generated
SQL code. The graphicd notation is also UML substituting the SQL:1999 stereotypes
with the spedfic stereotypes for the seleded product.

Finally, the implementation phase includes the physicd design tasks. In this phase
the schema obtained in the previous phase should be refined, making a tuning to
improve the resporse time ad storage space acording to the spedfic needs of the
applicaion.

Relational database methoddogies propase some rules to transform a @nceptual
schema into a standard logicd schema. In the same way, we dso propase atechnique
that allows transforming a schema from one phase to the next. This technique
suggests ome rules that have to be amnsidered only as guidelines.

These rules are summarised in table 1.

Table 1. Guidelines for objed-relational database design.

UML SQL:1999 Oraclegi
Class Structured Type Objed Type
ClassExtension Typed Table Table of Objea Type
Attribute Attribute Attribute
Multivalued ARRAY VARRAY
Composed ROW / Structured Typein column Objea Typein column
Calculated Trigger/Method Trigger/Method
Association
One-To-One REF/REF REF/REF
One-To-Many REF/ARRAY REF/Nested Table
Many-To-Many  ARRAY/ARRAY Nested Table/Nested Table
Aggregation ARRAY Nested Table
Generadisation Types/Typed Tables Orade cana represent
direaly the generalisation
concept

ClassTransfor mation. Only persistent classes have to be transformed into a dassof
the database schema. A persistent class in UML is marked with the stereotype
<<persistent>> (or, in Rational Rose notation with <<schema>>). To transform a
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UML persistent classinto a SQL:1999 ¢ Orade8i class it is hecessary to define the
objed type & well as its extension. An objed type in SQL:1999 is defined as a
structured type, and its extension is defined as table of the aforementioned oljed
type. A UML persistent classis trandated into Orade8i in the same way as into
SQL:1999 They only differ in the syntax of the structured type (in Orade8i the
structured type spedfies "AS OBJECT"). Figure 6 shows an example of a UML
persistent classand its corresponding spedficaion in SQL:1999and Orade8i.

SQL:1999

CREATE TYPE Figure AS

(Figure_Id INTEGER,
Name VARCHAR(30),
Colour VARCHAR(15));

CREATE TABLE Table_Figure OF Fgure
Figure (PRIMARY KEY (Figure_Id),
<<persistent>> UNIQUE (Name));
<<PK>> Figure Id
<<AK>> Name

Colour |||]|:|'> Oracle&i

el CREATE TYPE Figure AS OBJECT
Ared) (Figure 1d INTEGER,

Name VARCHAR(30),

Colour VARCHAR(15));

CREATE TABLE Table_Figure OF Fgure
(PRIMARY KEY (Figure_ld),
UNIQUE (Name));

Fig.6. Transformation of classes

Attribute and Method Transformation. Each attribute of a UML class is
transformed into an attribute of the type. Nor SQL:1999 neither Orade8i suppart
visibility levels, so in design and implementation phases they disappea. Visihility
levels ould be implemented by defining views or privil eges, etc.

Multivalued attributes are represented in SQL:1999and Oracle8i with a wlledion
type. In SQL:1999 the wlledion type is the ARRAY type, becaise it is the only
colledion type supparted by the standard, whereas in OradeSi it is possble to choose
between the VARRAY and the nested table types. Using the VARRAY is
recommended if the maximum number of elements is known; if the number of values
is unknown, or very uncertain, it isrecommended to use anested table. We ca notice
that the possbhility of defining multivalued attributes without additional tables,
eliminates one the first rules in a relational database design: the first normal form is
mandatory in every table.

Composed attributes can be represented in the objed-relational model without
creding an associated table, transforming it into a SQL:1999 ROW type and into an
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Orade8i objed type without extension (that is, defining the objed type and not
spedfying the associated table).

Derived attributes can be implemented by means of a trigger or by means of a
method in both models, SQL:1999and Oradesi.

Each UML classmethod is transformed into SQL:1999and Orade8i spedfying the
signature of the method in the definition of the objed type. In this way the method is
joined to the type to which it belongs. The body of the method is defined separately.

Asxciation Transformation. UML associations can be represented in an objed-
relational schema dther as unidiredional relationships or as bi-diredional
relationships. A unidiredional association means that the awciation can be aoss
only in one diredion whereas a bi-dirediona assciation can be aossd in the two
diredions. If we know that queries require data in both diredions of the a&ociation
then it could be recommended to implement them as bi-diredional relationships
improving in this way the resporse times. However, we have to take into acount that
bi-direcional relationships are not maintained by the system, so the cwnsistence has to
be guaranteed by means of triggers or methods. Therefore two-way relationships,
despite of improving in some cases the response times, have ahigher maintenance
cost. The navigability (if it is represented) in a UML diagram shows the diredion in
which the assciation should be implemented.

Depending on the maximum multiplicity of the two classes involved in an
association, we propaose the foll owing transformation rules (considering bi-diredional
associations):

e Oneto-One. It would be implemented through a REF type dtribute in ea
objed type involved in the aciation. If the minimum multiplicity were one,
it would be necessary to impase the NOT NULL restriction to the REF
attribute in the arresponding typed table (because the restrictions have to be
defined in the table rather than in the objed type).

e Oneto-Many. It would be transformed including a REF type dtribute in the
objed type that participates in the @asociation with multiplicity N and
including an attribute of colledion typein the objed type that participates with
multiplicity one. The mlledion types contain references (REF type) to the
other objea type involved in the relationship. In SQL:1999the colledion type
is an ARRAY (becaise it is the only colledion type suppated by the
standard). However, in Orade8i it is possble to use nested tables instead of
VARRAYS becaise this constructor alows maintaining colledions of
elements without a predefined dmension. If the maximum cadinaity were
known (for example, suppcse that a plain could not contain more than 10
figures) then it would be more alvisableto use aVARRAY.

« Many-to-Many. Following the same reasoning that in the previous case, a
many-to-many asociation would be transformed into SQL:199 defining an
ARRAY attribute in ead objed type involved in the relationship. In Orade8i
VARRAY s dould be replaced by Nested Tables.

If the association represents the navigability then it would be implemented as we

have explained above, but just in one diredion. Therefore the atribute of REF type
(or the oolledion of REF type) would be defined only in a dass
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Generalisation Transformation. SQL:1999 supparts generalisation of types and
generalisation of typed tables. The first one dlows implementing the inheritance
concept asociated to a generaisation; the second one dlows implementing the
subtype @ncept (every objed that belongs to the subclass aso belongs to the
superclass) that is aso asociated to a generali sation. The definition is made including
the UNDER clause in the spedfication of ead subtype indicating its supertype (only
simple inheritance is allowed). It is also necessry to spedfy the crresponding
hierarchy of tables by means of the UNDER clausesin the mrresponding subtables.

Orade8i does not suppat inheritance. Therefore, generali sations are implemented
using foreign keys, as in the relational model, or using REF types. Besides, it is
necessary to spedfy restrictions (CHECK, assertions and triggers) or operations that
permit to simulate their semantics.

There ist, however, some commercial products that implement inheritance such
as Informix Universal Server. Although Informix does not suppat the etire
semantics of the inheritance @ncept (for example, tables inherit only attributes), it
allows to define it and suppats ome of its charaderistics. It is expeded that future
versions of objedselational products will include inheritance Meanwhile, when an
objed -relational database is being designed it isimportant to spedfy the SQL:1999
schemain order to maintain the semantics that is lost in the implementation phase due
to ladks of the product models.

5 Aggregation and Composition Design

In this dion we present the rules to transform UML simple aggregations and
compasitions into SQL:1999 and Orade8i, discussing the main differences between
both of them.

5.1 Simple Aggregation Design

To represent this kind of aggregation in an objed-relational model we propcse to
include in the definition of the whole type an attribute of colledion type. This
colledion contains references to its parts, that is, references to the objeds that
compound the whole. For example, in figure 7, we @an see a aggregation between a
projed and its plains. As we @n seg it has been defined in SQL:1999and Orade8i
including an attribute Has_plain in the definition of the dass projed. This attribute is
a mlledion of references to class plain. In SQL:1999 the wlledion is defined by
means of an ARRAY of references. In Orade8i the wlledion should be anested
table. If the maximum number of components (maximum cardinality) is known (for
example, suppose that in a plain there could not be more than 10 figures) then it
would be more alvisable to use aVARRAY .

We propose to define the mlledion as a set of references, because, as we have
explained in sedion 3, a simple aygregation is an aggregation where eat part can be
part of more than one whale. It does not imply any kind of restriction over the life of
the parts with regard to its whole.



20¢€

) Oraclesi
Project
<<PK>> Project_Id CREATE TYPE Plain AS OBJECT
Name Plain_ID NUMBER,
End_Date DATE,
Figure_Numbers NUMBER,
Architect VARCHAR (20);
CREATE OR REPLACE TYPE List_Plain
ASTABLE OF REF Plain;
Plain
<<PK>> Plain Id CREATE TY PE Project AS OBJECT
End date ( Project_ld NUMBER,
Architect Name VARCHAR(30),
Figure_number Has Plain List_Plain);
CREATE TABLE T_Project OF Project
SQL:1999 (PRIMARY KEY (Project_ID))
NESTED TABLE Has Plain STORE AS

CREATE TYPE Project AS Table_Plain;

( Project_Id INTEGER, _ _
Name VARCHAR(30), CREATE TABLE T_Plain OF Plain
Has Plain REF(Plain) ARRAY [1000] ); (PRIMARY KEY (Plain_ld));

CREATE TABLE T_Project OF Project

(PRIMARY KEY (Project_Id));

Fig. 7. Simple Aggregation Transformation

5.2 Composition

The compasition, as we have explained in section 3.2, isa spedal kind of aggregation
in which the parts are physicdly linked to the whole. So, a mmpasition defines three
restrictions with regard the gggregation concept:
Restriction 1 A part can not simultaneously belong to more than one whale.
Restriction 2 Once apart has been creaed it lives and deswith itswhole.
Restriction 3 A part can be eplicitly removed before to remove its asociated
whole.

Trandating the UML concept of composition into an objed-relational schema
depends on the target model. Considering the trandation to the SQL:1999 as the
standard oljed-relational model, there is not any difference with the aggregation
implementation. To represent an aggregation or a mmpasition in SQL:1999we have
to introduce an attribute in the spedfication of the whole. As SQL:1999 povides only
the ARRAY colledion type, this attribute has to be aa ARRAY in both cases. The
restrictions mentioned above have to be implemented by means of cheds, assertions
and/or triggers. Thisisjust like some objed-relational products, such as Informix that
provides the set, list and multiset coll ection types.

However, in Orade8i it is posshle to implement diredly the mncept of
compasition maintaining the differences with regard to the aygregation concept. This
is because Orade8i besides supparting the VARRAY colledion type, it also provides
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the nested table. A nested tableisa alledion type but it is also atable. Being atable,
it can be defined as an objed table. So, the nested table can contain the parts as
objeds rather than as references. At the same time the nested table is embedded in a
column of another objed table (the whale). Figure 8 shows the spedfication of a
compasition in Orade8i.

Oraclesi

CREATE TYPE Line AS OBJECT
(Line_Id NUMBER)

Line CREATE OR REPLACE TYPE Lista _Lines
Polygon <<PK>>Line 1d | | ASTABLE OF Line
Lines_Number Origen_Line -
End Line CREATE TYPE Polygon AS OBJECT
Length (Polygon_Id NUMBER,
Lines_ Number NUMBER,
Tiene LineasLista_Lineas)

CREATE TABLE T_Polygon OF Polygon
(PRIMARY KEY (Polygon_ld))

NESTED TABLE Has LinesSTORE AS
Table Lines;

Fig.8. Compasition Transformation

When the cmposition is represented in the way defined above, the three
compaosition restrictions defined previously are fulfilled. Therefore aty check,
assertion or trigger hasto be defined to implement the composition semantics. So, the
nested table dlows implementing the @mposition and the simple aggregation
maintai ning their semantics differences, in the same way asin UML.

6 Conclusions and Future Work

In this paper we have summarised a methoddogy for objed-relational database
design focused on the aggregation and composition implementation. The
methoddogy proposes three phases. analysis, design and implementation. As
conceptual modelling technique we have chosen the UML class diagram. As logicd
model we have used the SQL:1999 djed-relational model, so that the guidelines are
not dependent of the different implementations of each objed-relational product. Asa
product example we have used Oradesi.

We have briefly explained the rules to transform a UML aggregation into an
objed-relational model considering the differences between aggregation and
composition. We have focused on the implementation in Orade8i becaise this
product supparts a olledion data type, the nested table that is pedally appropriated
to implement aggregations and compositions. This colledion data type is not provided
neither by SQL:1999nor by other products.
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In the methoddogy we have propacsed two aternative techniques for the standard
design phase: defining the schema in SQL:1999 because it does not depend on a
spedfic product; and/or using a graphical notation describing a standard obed-
relational model (the SQL:1999model). This graphica notation corresponds with the
relational “graph” that represents the logicd design of a relational database. As
graphicd notation, and due to UML can be extended, we propose to use UML
extended with the required stereotypes for the SQL:1999 dyjed-relational model.
Although there ae some proposals of UML stereotypes for database design, [1,1§],
they are focus on the relational model. So, we ae working now extending UML with
stereotypes for objed-relational design.

The next step will be completing the methoddogy taking into acount the UML
use caes diagramsto design the behaviour of the dasses.
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