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Abstract. This paper completes our proposal for automatic development of 

Object-Relational (OR) DataBase (DB) schemas. By means of a case study, this 

work focuses on presenting the tooling developed to support the whole process. 

As usual, the proposal starts from a conceptual data model (Platform 

Independent Model) depicted in a UML class diagram. Then, the conceptual 

data model is mapped into an OR DB model (Platform Specific Model) that 

represents the OR DB schema. To that end, we have implemented a set of 

formalized mapping rules using the ATL language. Finally, the SQL code that 

implements the modeled schema in Oracle 10g is automatically generated from 

the OR model by means of a MOFScript model to text transformation. 

Moreover, since the OR model could be refined along the design process, we 

have developed a graphical editor for OR DB models.  

 
Keywords: Model-Driven Engineering, Object-Relational Databases, Model 

Transformations, Code Generation. 

1 Introduction  

In spite of the impact of relational Databases (DBs) over the last decades, this kind of 

DB has some limitations for supporting data persistence required by present day 

applications. Due to hardware improvements, more sophisticated applications have 

emerged, which can be characterized as consisting of complex objects related by 

complex relationships. Representing such objects and relationships in the relational 

model implies that the objects must be decomposed into a large number of tuples. 

Thus, a considerable number of joins are necessary to retrieve an object. Thus, when 

tables are too deeply nested, performance is significantly reduced [3]. A new DB 

generation appeared to solve these problems: the Object-Oriented DB generation, 

which includes ObjectïRelational (OR) DB [22]. This technology is well suited for 

storing and retrieving complex data. It supports complex data types and relationships, 

multimedia data, inheritance, etc. Moreover, it is based on a standard [10]. It extends 

the basic relational model with user defined types, collection types, typed tables, 

generalizations, etc. Nowadays, OR DBs are widely used both in the industrial and 

academic areas and they have been incorporated into a lot of commercial products. 

Nevertheless, good technology is not enough to support these extensions. Just like 

it happens with relational DBs [8], design methodologies are needed for OR DB 



 

 

development. Those methodologies have to incorporate the OR model and to take into 

account old and new problems. Like choosing the right technology, solving platform 

migration and platform independence problems, maintenance, etc. 

Following the Model-Driven Engineering (MDE) [5,21] proposal, this paper 

presents a model-driven approach for Object-Relational Databases development of 

MIDAS [13], a methodological framework for model-driven development of service-

oriented applications. Since it is a model-driven proposal, models are considered as 

first class entities and mappings between the different models are defined, formalized 

and implemented. By means of a case study, this work presents the tooling developed 

to support the proposal. 

The proposal starts from a Platform Independent Model (PIM), the conceptual 

data model, which is mapped to an OR DB model that represents the OR DB schema. 

To that end, we have defined metamodels for OR DB modeling. Then, the Platform 

Specific Model (PSM) is translated into SQL code by means of a model to text 

transformation. This work focuses on the mappings defined to transform the 

conceptual data model into the OR DB schema, i.e. to obtain the PSM from the PIM, 

as well as on the code generation from that schema. 

The rest of the paper is structured as follows: first, section 2 summarizes the 

proposed OR DB development process, including the metamodel for OR DB 

modeling, as well as a brief overview of the PIM to PSM mappings. Next, section 3 

uses a case study to illustrate the tooling developed to support the proposal. Section 4 

examines related work and finally, section 5 outlines the main findings of the paper 

and raises a number of questions for future research. 

2 Object-Relational DB Development in MIDAS 

Our approach for OR DB development is framed in MIDAS, a model-driven 

methodology for service-oriented applications development. It falls on the proposal 

for the content aspect, which corresponds to the traditional concept of a DB. Here we 

focus on the PIM and PSM levels, whose models are depicted in Fig. 1. In our 

approach, the proposed data PIM is the conceptual data model represented with a 

UML class diagram while the data PSM is the OR model or the XML Schema model, 

depending on the selected technology to deploy the DB. 

Regarding OR technology we consider two different platforms, thus two different 

PSMs. The first one is based on the SQL standard [10] and the second one on a 

specific product, Oracle10g [20]. Here, we focus on the OR DB development. We 

have defined two metamodels for OR DB modeling, one for the SQL standard and the 

other one for Oracle 10g. The later will be presented in the next section since the one 

for Oracle is still valid for SQL just by considering some minor differences. 

Moreover, using the one for Oracle we can check the output by loading the generated 

code into an Oracle DB. 

In the proposed development process once the conceptual data model (PIM) is 

defined, an ATL model transformation generates the OR DB model (PSM). If needed, 

the designer could refine or modify this model using the graphical editor developed to 

that end. Finally, a MOFScript model to text transformation takes the previous OR 



 

 

DB model as input and generates the SQL code for Oracle that implements the 

modeled DB schema. We will present all these mappings in the following sections. 
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Fig. 1. MIDAS technical solution for ORDB Development: M2DAT/DB 

All t his work is been integrated in M2DAT (MIDAS MDA Tool) as a new 

module: M2DAT/DB. M2DAT is a case tool whose aim is to support all the 

techniques proposed in MIDAS for the semiautomatic generation of the information 

system. The modular nature of the MIDAS architecture facilitates the modular 

development of M2DAT. Therefore, we are able to address the development of 

separate modules that implement the different proposals of MIDAS and later integrate 

them by means of a model transformation bus. The tool is now under development in 

our research group and its early functionalities have been already presented [24]. Fig. 

1 shows the architecture of M2DAT/DB. 

2.1 Modeling OR DB 

In previous works we described a pair of UML profiles for OR DB modeling. They 

were defined according to the earlier specifications of the SQL standard and Oracle 

OR capabilities [12]. 

However, when we first addressed the task of implementing the PIM to PSM 

mappings of our proposal, we decided to shift from UML profiles to Domain Specific 



 

 

Languages (DSL) [14]. Technology is playing a key role in the distinction between 

UML based and non-UML based tools: the facilities provided in the context of the 

Eclipse Modeling Project (EMP) and other DSL frameworks, like the Generic 

Modeling Environment (GME) or the DSL Tools, have shifted the focus from UML-

based approaches to MOF-based ones [5]. Therefore, regarding existing technology 

for (meta-) modeling and model transformations, it was more convenient to express 

the new concepts related with OR DB modeling by means of well defined 

metamodels. To that end we have defined a pair of MOF based metamodels. Here we 

will summarize only the one for Oracle10g since the one for the SQL standard is very 

similar. 

Figure 2 shows the metamodel that represents the object characteristics of 

Oracle10gôs OR model. The main differences with regard to the standard metamodel 

are: Oracle neither supports the ROW type nor the inheritance of tables and Oracle 

does support the NESTED TABLE type instead of the MULTISET type (although 

they represent nearly the same concept).  
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Fig. 2.  Oracle 10gôs OR metamodel 

2.2 PIM to PSM Transformations for OR DB Development 

We have to define a set of mapping rules to move from the conceptual data model 

(PIM) to the OR DB one (PSM). Regarding how they should be defined, in [19] it is 

stated that ñthe mapping description may be in natural language, an algorithm in an 

action language, or a model in a mapping languageò. This way, in previous works [7] 

we sketched a common approach to address the development of model to model 

transformations in MIDAS framework: 

o First, the mappings between models are defined using natural language. 

o Next, those mappings are structured by collecting them in a set of rules, 

expressed again in natural language. 

o Then, these mapping rules are formalized using graph grammars. 



 

 

o Finally, the resulting graph transformation rules are implemented using one of the 

existing model transformation approaches (we have chosen the ATL language; 

this decision will be explained later). 

This proposal is oriented to give solution to some problems we have detected in 

the field of model transformations: there is a gap between the developers of the 

different model transformation engines and those who have to use them. We aim at 

reducing this gap by providing with a simple method for the definition of mappings. 

In this sense, the fact that models are well represented as graphs is particularly 

appealing to shorten the distance between modelers and model transformation 

developers. Moreover, formalizing the mappings before implementing them can be 

used to detect errors and inconsistencies in the early stages of development and can 

help to increase the quality of the built models as well as the subsequent code 

generated from them. These activities are especially important in proposals aligned 

with MDA (like the one of this paper), because MDA proposes the models to be used 

as a mechanism to carry out the whole software development process. Likewise the 

formalization of mappings has simplified significantly the development of tools 

supporting any model-driven approach. 

We have followed this method to carry out the PIM to PSM mappings of our 

proposal for OR DB development. As a first step, we collected the mappings in the set 

of rules summed up in Table 1. 

It is worth mentioning that these rules are the result of a continuous refining 

process. As mentioned before, the very first version of these mappings was conceived 

for the SQL:1999 standard and the 8i version of Oracle [12]. 

Table 1. OR PIM to PSM Mappings 

Data PIM 
Standard Data PSM 

(SQL:2003) 

Product Data PSM 

(Oracle10g) 

Class Structured Type + Typed Table Object Type + Object Table 

Class Extension Typed Table Table of Object Type 

A
tt

ri
b

u

te
s 

Multivalued Array/Multiset Varray/Nested Table 

Composed ROW/Structured Type (column) Object Type (column) 

Calculated Trigger/Method Trigger/Method 

A
s
s
o

c
ia

ti
o

n 

One-To-One Ref/Ref Ref/Ref 

One-To-Many Ref/Multiset/Array Ref/Nested Table/Varray 

Many-To-Many 
Multiset/Multiset 

Array/Array 

Nested Table/Nested Table 

Varray/Varray 

Aggregation Multiset/Array 
Nested Table/Varray 

of References 

Composition Multiset/Array 
Nested Table/Varray 

of Objects 

Generalization Types/Typed Tables Types/Typed Tables 
 

The next step was the formalization of the mapping rules using a graph 

transformation approach [2]. Finally, those rules are implemented using the ATL 

Language [11], a model transformation language developed by ATLAS Group. It is 

mainly based on the OCL standard and it supports both the declarative and imperative 

approach, although the declarative one is the recommended. 

We have chosen ATL because, nowadays, it is considered as a de-facto standard 

for model transformation since the OMGôs Query/View/Transformations (QVT) 



 

 

practical usage is called into question due to its complexity and the lack of a complete 

implementation. There do exist partial implementations, both of QVT-Relational, like 

ikv++ôs medini QVT, and QVT Operational Mappings, like SmartQVT or Eclipseôs 

QVTo. However, none of them combines both approaches (declarative and 

imperative), in theory, one of the strengths of QVT, and they are still to be adopted by 

the MDD community. On the other hand, ATL provides with a wide set of tools and 

its engine is being constantly improved. Next section presents some of the mapping 

rules next to their implementation using the ATL language.  

3 Case Study 

This section presents, step by step, our proposal for model-driven development of OR 

DB by means of a case study: the development of an OR DB for the management of 

the information related to the projects of an architect's office. 

It should be noticed that, once the PIM has been defined, the whole process is 

carried out in an automatic way. Nevertheless, the designer has the option to refine 

and/or modify the OR generated model before the code generation step. To ease this 

task, we have developed a graphical editor for models conforming to the OR 

metamodel sketched in section 2.1. 

3.1 Conceptual Data Model 

The first step in the proposed development process is to define the conceptual data 

model. Fig. 3 shows the model for our case study: a project manager is related to one 

or more projects. Both, his cod_manager or his name serve to identify him. He has an 

address plus several phone numbers. In its turn, every project has a name and it 

groups a set of plans, each one containing a set of figures. We would like to know 

how many figures a plan contains. Thus, a number figures derived attribute is 

included in the Figure class. Those figures could be polygons, which are composed of 

lines. Every line has an identifier and contains a set of points. The length of the line is 

obtained by computing the distance between their points. 

We have used UML2 to define this model. UML2 is an EMF-based 

implementation of the UML metamodel for the Eclipse platform. We use UML2 for 

the graphical definition of PIM models in M2DAT.  



 

 

 
Fig. 3. Conceptual Data Model for the case study 

3.2 PIM to PSM Mapping 

Now we will show how some of the mapping rules are applied to obtain the OR 

PSM for Oracle 10g. We present the formalization of each rule with graph grammars 

next to its ATL implementation.  
 

Mapping Classes and Properties. Left-hand side of Fig. 4 shows the graph 

transformation rule to map persistent classes (PIM) to DB schema objects (PSM). 

ownedAttibute

*
*

???:UML::Class

name:String=???

1

match(1).name:OR::Typed Table
1ô

match(2).name:OR::Attribute

datatype = match(2).datatype

2ô

match(1).name + ñ_Typeò:OR::Structured Type

1ô

???:UML::Property

name:String=??

datatype:Datatype=??

2

:UML::Stereotype

name: String= Persistent

3

LHS

- UML Class Diagram -
RHS

- OR Model -

rule Class2UDT {

from

c : UML!Class

to

udt : modeloOR!StructuredType(
Name <- c.name + ó <<UDT>>',

typed <- tt,

method <- meth_seq,

supertype <- if (not c.generalization-> first()->oclIsUndefined()) then

c.generalization->first().general
else

OclUndefined

endif,

model <- thisModule.package

),
meth_seq : distinct modeloOR!Method foreach

(op in c.ownedOperation)(Name <- op.name),

tt : modeloOR!TypedTable(

Name <- c.name + 's <<PERSISTENT>>')

}

rule Property2Attribute {

from

p:UML!Property (not p.isDerived and not p.isMultivalued() and

p.refImmediateComposite().oclIsTypeOf(UML!Class))
to

a : modeloOR!Attribute(

Name <- p.name,

Type <- p.type,

structured <- p->refImmediateComposite())
}
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Fig. 4.  Persistent Classes mapping rule 



 

 

Whenever an UML class stereotyped as persistent is found on the PIM (¡ī£), a 

structured type (also known as user-defined type - UDT) and a typed table are added 

on the PSM (¡ô). The type of the new table will be the UDT. Each property 

associated with the persistent class will be mapped by adding an attribute to the UDT 

(¢Ĕ¢ô).  

Right-hand side of Fig. 4 shows the Class2UDT and Property2Attribute ATL rules 

that implement the prior graph transformation rule. The Class2UDT rule states that 

for every Class found in the source model (UML!Class ), an UDT and a typed table 

are created in the target model (modeloOR!StructuredType  and 

modeloOR!TypedTable ). A set of direct bindings initialize the simple attributes of 

the structured type, such as the name. While more complex bindings serve to initialize 

the rest. For instance, the expression used to initialize the supertype attribute first 

checks if the source class was the descendant of any other class (lines 9-13). 

On the other hand, the Property2Attribute ATL rule maps every UML property of 

each class in the source model to an attribute of the corresponding UDT. To that end, 

the structured property of each new attribute is bound to the source class that contains 

the property that is being mapped (line 30). When the ATL engine evaluates this 

expression, the reference to the source class is replaced by a reference to the 

structured type that maps the source class. This way, we do not need to navigate the 

target model when we need to establish references between its elements. It is the ATL 

engine that deals with this task using its resolve mechanism [11]: whenever a 

reference to an element in the source model is found, it is replaced by a reference to 

the element that maps it in the target model. 

rule Class2UDT {é}

rule Property2Attribute {é}

 
Fig. 5. Mapping of class Manager 

Fig. 5 shows the instantiation of this rule. On the left-hand side there is an extract of 

the conceptual data model: the Manager UML class owning a set of properties. The 

right-hand side is a partial screen capture from our graphical editor. It shows the 

elements that map the source class into the target model: an object type named 

Manager owning a set of attributes, next to the corresponding Managers typed table. 

Notice that we have opted for giving a UML-alike appearance to the graphical 

editor. This way, we try to take the best from UML: it is well-known by software 

engineers and developers. However, we try to take out the worst from UML: its 

complexity. When you are developing model transformations for UML stereotyped 

models you have to deal with the complex and big metamodel of UML ī profiles 



 

 

always add something, they never remove anything. We prefer to avoid this 

complexity by using a DSL with ñUML graphical syntaxò. 
 

Mapping Multivalued Properties. The mapping rules we have just presented work 

fine for mapping classes and their properties in the generic case. However, as showed 

on Table 1, specific mapping rules are needed to handle the special nature of certain 

properties. This way, we have defined rules for mapping multivalued, composed and 

calculated (i.e. derived) properties. For the sake of space we present here just the first 

one (see Fig. 6). 

LHS

- UML Class Diagram -

RHS

- OR Model -

ownedAttibute
*

???:UML::Class

name: String=???

1

match(1).name:OR::Typed Table
1ô

match(1).name +ò_Typeò:OR::Structured Type
1ô

match(2).name:OR::Attribute
2ô

match(2).name+ò_MSò:OR::NESTED_TABLE

datatype=match(2).datatype

3ô

???:UML::Property

name: String =???

isMultivalued() = true

datatype: Datatype = ???

2

rule PropertyMultivalued2Attribute {

from

p :UML!Property (not p.isDerived and p.isMultivalued() and

p.refImmediateComposite().oclIsTypeOf(UML!Class))

to
a : modeloOR!Attribute(

Name <- p.name,

Type <- thisModule.generateNestedTableMultivalued(p),

structured <-(p.refImmediateComposite())

),
st : modeloOR!StoredNestedTable(

Name<- p.name + ós_ Listô,

attribute <- a,

typed <-thisModule.resolveTemp(

p->refImmediateComposite(),'tt')
)

}

unique lazy rule generateNestedTableMultivalued {

from

p: UML!Property
to

nt : modeloOR!NestedTableType (

Name <-'NT_' + p.name + ós <<NT>>',

Type <- p.type,

model <- thisModule.package)
}
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Fig. 6. Multivalued properties mapping rule 

Multivalued properties on the conceptual data model correspond to columns of a 

collection type on OR DB schemas. Oracle 10g provides with two pre-defined 

constructors for collection types: VARRAY and NESTED TABLE. Fig. 6 shows the 

graph transformation rule when we choose the NESTED TABLE constructor.  

The UML class (¡) has a multivalued property (¢). It is stated by the true value 

of its isMultivalued attribute. Therefore, the structured type that maps the persistent 

class (¡ô) owns an attribute of a NESTED TABLE type (¢ôī¢ô) (the same is valid 

for a VARRAY type). 

When we coded this rule we did not know of any way to decide whether we want 

to create a VARRAY or a NESTED TABLE each time the rule is executed. 

Therefore, we chose NESTED TABLE as the default collection type since it is the 

less restrictive. Right now we have solved this problem using annotation models to 

parameterize the transformation. Right-hand side of Fig. 6 shows that we need two 

different rules to code the mapping of multivalued properties. The guard of the 

Property2MultiValuedAttribute rule ensures that only multivalued properties of UML 

classes will match this rule (line 3-4). Its target pattern specifies that two elements 

will be added in the target model to map the property found on the source model: an 

OR attribute and an OR Nested Table (lines 11-25). Moreover, by the time the new 

attribute is created, a Nested Table type is also defined. To that end, the type property 

of the new attribute is initialized by calling the generateNestedTableMultivalued lazy 

rule (line 8-9). A lazy rule is also a declarative rule but it has to be explicitly called. 

This way, the type of the attribute is the newly created Nested Table type. 

Fig. 7 shows the result of mapping the multivalued property Architects of the class 

Plan. 



 

 

rule PropertyMultivalued2Attribute {é}

unique lazy rule generateNestedTable {é}

 

Fig. 7. Mapping of Architects multivalued property 

Mapping Associations. We propose different transformation rules depending on the 

maximum multiplicity of the classes involved in the association (see Table 1). For the 

sake of simplicity, we have considered only uni-directional relationships. The same 

rules can be applied for bi-directional relationships with two minor adjustments: 

duplicating the construction in both sides of the rule and adding some mechanism to 

maintain referential integrity (a trigger for instance). Here we introduce the rule for 

mapping many-to-many associations. 

As left-hand side of Fig. 8 shows, Maximum Many Multiplicity associations are 

identified in the PIM by the value of the upper attribute in the UML property (¢) of 

the source class. The corresponding uni-directional relationship in the PSM is built 

upon an attribute in the Structured Type that maps the source class of the association 

(¡ôī¢ô). This attribute is a collection of references to the Structured Type that maps 

the target class (¢ôī¢ô). Thus, it is a Nested Table object containing a set of 

references (REF type objects).  
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- OR Model -

ownedAttibute     *
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???:UML::Class

name: String=???
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???:UML::Property
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2

???:UML::DataType
3

???:UML::Property
4

match(1).name:OR::Typed Table
1ô

match(1).name +ò_Typeò:OR::Structured Type

1ô

match(2).name+òMSò:OR::NESTEDTABLE
2ô

???:UML::Class

name: String=???

5

match(2).name:OR::Attribute
2ô

match(5).name:OR::Typed Table
5ô

match(5).name +ò_Typeò:OR::Structured Type
5ô

match(2).name+ò_Refò:OR::ReferenceType

2ô

rule PropertyAssocMulti2Attribute {

from

p:UML!Property(p.refImmediateComposite().oclIsTypeOf

(UML!Association) and p.isMultivalued() and

p.isChangeable())
to

a : modeloOR!Attribute(

Name <- p.name,

Type <- thisModule.generateNestedTable(p.type),

structured <-p.getProperty().type),
st: modeloOR!StoredNestedTable(

Name <- p.name + ó_Listô,

attribute <- a,

typed <- thisModule.resolveTemp

(p.getProperty().type,'tt'))
}

unique lazy rule generateNestedTable {

from

c:UML!Class

to
nt : modeloOR!NestedTableType(

Name <- 'NT_' + c.name + ós <<nt>>',

Type <- thisModule.generateReferences(c),

model <- thisModule.package)

}
unique lazy rule generateReferences{

from

c:UML!Class

to

ref : modeloOR!ReferenceType(
Name <- 'Ref_' + c.name + '<<REF>>',

Type <- c,

model <- thisModule.package)

}
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Fig. 8. Associations mapping rule 

Right-hand side of the picture shows the corresponding ATL implementation. The 

guard ensures that only UML multivalued properties of an UML association will be 



 

 

mapped by this rule (line 3-5). To map the property, an OR attribute is created (lines 

6-16). The type of the attribute will be a Nested Table type. It is created by the 

generateNestedTable lazy rule (lines 17-25). Also, we need to create a new REF type 

by invoking the generateReferences lazy rule (lines 26-33). It serves to define the 

type of the elements of the Nested Table type. Notice that both lazy rules are unique. 

This way, we ensure that neither the REF, nor the Nested Table types will be 

duplicated if those rules are called again with the same parameters. Instead, they will 

return a reference to the already created types. 

rule PropertyAssocMulti2Attribute {é}

unique lazy rule generateReferences {é}

unique lazy rule generateNestedTable {é}

 
Fig. 9. Mapping of Has_Figures association 

Fig. 9 shows the result of mapping the association between a Plan and its Figures: 

apart from the structured types and the typed tables that map the Plan and the Figure 

classes, a REF type (Ref_Figure) and a Nested Table type are created (NT_Figures). 

The later contains a collection of objects of the former. 

3.3 Code Generation 

In order to implement the generation of the corresponding SQL code from the OR 

model, we have chosen the MOFScript language [18]. MOFScript is a prototype 

implementation based on concepts submitted to the OMG MOF Model to Text RFP 

process. 

In front of the declarative approach of ATL (and the vast majority of existing 

model to model proposals), model to text transformation engines take the form of 

imperative programming languages. In fact, a MOFScript script is a parser for models 

conforming to a given metamodel. While it parses the model structure, it generates a 



 

 

text model based on transformation rules. On a second phase this text model is 

serialized into the desired code. This way, the script uses the metamodel to drive the 

navigation through the source model, just as an XML Schema drives the validation of 

an XML file. As a matter of fact, every model is persisted in XMI format, an XML 

syntax for representing UML-like (or MOF) models. 

The program that implements the model to text transformation is basically a model 

parser. It navigates the structure of the OR model, generating a formatted output 

stream: the SQL script that implements the modeled DB schema in Oracle 10g. In the 

following we introduce this script showing some code excerpts. The reader is referred 

to [18] for more information on how to configure MOFScript execution. 

As showed below, a main function (line 13) is the entry point for the script. It 

includes a set of rules for processing each possible type of element that can be found 

in the source model (so-called context types in MOFScript). Besides, we include the 

eco parameter in the script header to specify which the input metamodel is (line 11). 

To that end we use the URI that identifies the OR metamodel we have presented in 

section 2.1. 

11 texttransformation codigo (in eco:"http:///modeloOR.ecore") {

12

13   eco.Model::main(){

18     //Structured Type code generation

19     self.datatype->forEach(s:eco.StructuredType)

20     {

21 s.generateStructured()      

22     }
 

Next, a transformation rule is defined for each context type. For simple rules, we 

code the rule inside the main body whilst the complex ones are coded by means of 

auxiliary functions. Those functions are invoked from the main body. 

For instance, the rule for Structured Types creation is probably the most complex 

one since it encapsulates a lot of semantics. Thus, it is coded in the 

generateStructured auxiliary function. The main body invokes it for every Structure 

Type object found in the source model (line 21 below). 

The next code extract presents the generateStructured function (for the sake of 

space, we have skipped the code for attributes mapping, lines 100-127). 

88   // Auxiliary Function for Structured Type code generation

89  eco.StructuredType::generateStructured() {

90      var texto:String=""

91      if (self.supertype.Name.size()=0)

92      texto="CREATE OR REPLACE TYPE " + self.Name.replace(" <<UDT>>", "") + " AS OBJECT \r\n("

93      else

94      texto="CREATE OR REPLACE TYPE " + self.Name.replace(" <<UDT>>", "") + " UNDER " + 

95 self.supertype.Name.replace(" <<UDT>>", "") + "\r\n("

96       println(texto)

97       

98       // Attributes

99       self.attribute->forEach(a:eco.Attribute) {

      

128       // Typed Tables

129       self.typed->forEach(t:eco.TypedTable){

130         println("CREATE TABLE " + t.Name.replace(" <<PERSISTENT>>","") + 

" OF " + self.Name.replace(" <<UDT>>","") + "\r\n(")

131         t.generateTypedTable()

132          println("")

133       }

134    }

 










