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Abstract. Nowadays, new technologies and platforms are emerging and
changing constantly, which implies a high effort developing software products.
This situation generates different problems related to portability, integration and
interoperability. The Object Management Group (OMG) proposes the Model
Driven Architecture (MDA), which improves portability of applications by
allowing the same model to be realized on multiple platforms. MDA defines an
architecture based on platform independent models (PIM) and platform specific
models (PSM). In this work we present MIDAS, a model-driven methodology
based on MDA for the development of Web Information Systems (WIS). We
apply the MDA metamodel to the Web platform using XML and (object-)
relational technology. MIDAS proposes different PIMs and PSMs and defines
some mapping rules between models. This paper also presents part of a case
study to illustrate this proposal.
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1 Introduction

New technologies are emerging and becoming popular constantly, for example Java,
HTML, XML, J2EE, UML, etc. The enterprises usually develop their information
systems according to these modern technologies. For this reason, new problems have
appeared in relation to the interoperability, the portability and the integration of the
information systems.
To help computer users to solve mentioned integration problems, the Object
Management Group (OMG) has developed the Model-Driven Architecture (MDA)
[12,13,15]. MDA is a model-driven framework for software development that
proposes to specify the whole system with platform independent models (PIM) to be
able to develop the software system for different platforms. MDA proposes a model
classification, the relationship and the mapping rules between these models, as we
will see next:
• PIM – Platform Independent Model

A PIM is a model with a high level of abstraction, independent of any
implementation technology.



• PSM – Platform Specific Model
A PSM is a model for a specific platform. A PIM can be transformed into one or
more PSMs, which are for a specific implementation technology.

MDA also provides mappings between models. A mapping is a set of rules and
techniques used to modify one model in order to get another model. Mappings are
used to transform:
• PIM to PIM

This transformation is used to map the analysis to design models. Usually, models
progress during the development lifecycle with independence of any platform.

• PIM to PSM
This transformation is used when a PIM is refined to be deployed in a platform
specific model.

• PSM to PSM
This transformation usually is related to platform specific model refinement.

• PSM to PIM
This transformation is required to obtain a platform independent model from
models existing in a particular technology.

In this paper we present MIDAS [9], a model-driven methodology based on MDA for
the development of Web Information Systems (WIS). We apply the MDA metamodel
to the Web platform using XML [1,19,20] and (object-)relational [3] technology.
MIDAS proposes different PIMs and PSMs and defines some mapping rules between
models, as we will see next.
The rest of the paper is organized as follows: section 2 is an overview of the MIDAS
methodology; in section 3, a part of a case study of a WIS for a cinema consortium of
Madrid, using MIDAS, is presented; finally, section 4 sums up the main conclusions
and future works.

2 MIDAS: A Model-Drive n Methodology

MIDAS [9] is a model-driven methodology for WIS development based on MDA. We
apply the MDA metamodel to the Web platform using XML and (object-)relational
technology. This methodology proposes some PIMs, PSMs and mapping rules
between the models. As MIDAS proposes to use a unique notation to model the whole
system, both the PIMs and PSMs will be represented with UML. Unfortunately, UML
has some lacks to represent the whole WIS. Recently, some UML extensions for Web
modeling [2,5] have emerged. MIDAS proposes to use some of these extensions and
it also defines some new ones when necessary, as for example the UML extension for
modeling Web services [6,7]; for (object-)relational database design [8,11,18]; or the
UML extension for representing XML Schemas [16] or XLink [17].
According to the proposal of [14], the requirements of the modeling of a WIS can be
categorized by means of three orthogonal dimensions:levels, aspectsandphases. The
first dimension comprises three differentlevelsnamely the content, the hypertext and
the presentation level. The second dimension comprises the differentphasesof a
software life cycle, ranging from analysis to implementation. The third dimension
comprises theaspectsof structure and behavior. We will describe MIDAS according



to this classification of aspects, considering on the one hand the structural models and
on the other hand the behavior models, see figure 1.

Aspects

Levels

Hypertext

Structure

Behavior

Content

Presentation

Structural
Models

Phases

Behavior
Models

Conceptual Logical Physical
Modeling Modeling Modeling Implementation

Fig. 1.- MIDAS structural and behavior dimension (based on [14])

MIDAS has a model-driven architecture. It has a system core, that represents the
domain and business models. Over this central core, we define a ring which includes
both the structural and the behavior dimension of the system. The core and this ring
represent the technology and platform independent modeling. The external ring
focuses on the different platforms and supported technologies. Based on this
architecture (see figure 2), in the same way as in MDA, MIDAS defines a framework
for the specification of information systems, which differentiate between the system
functionality specification and the system functionality implementation specification
[12].
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Fig. 2.- MIDAS architecture

MIDAS defines PIMs and PSMs according to the structural and behavior dimension.
And also proposes some mapping rules between the different models, that is to say,
between PIMs, between PSMs and between PIMs and PSMs.
In this work, we present a specific MDA application for the Web platform and for
(object-)relational (OR) and XML technologies. We will focus on the structural



dimension of MIDAS, which is the marked part in figure 2, describing the specific
PIMs and PSMs and the mappings between them.

2.1 Models of the Structural Dimension

The models of the structural dimension of MIDAS are divided into PIM and PSM,
that is, platform independent and platform specific models:

• Structural PIMs
The proposedplatform independent models include the levels of content,
hypertext and presentation at the conceptual modeling phase, as you can see in
figure 1.
At the content level, we propose to use the UML class diagram to carry out the
data conceptual model. At the hypertext level, MIDAS proposes to realize the
hypertext with two techniques: the slice and the navigation conceptual models
proposed in RMM [4] using, respectively, the slice and navigation diagrams in
extended UML. The proposed notation is based on the UML-based Web
Engineering (UWE) approach [5]. At the presentation level we propose to use the
presentation diagram defined in UWE [5] to carry out the presentation conceptual
model.

• Structural PSMs
The proposedplatform specific models are based on (object-)relational and XML
technology concerning the logical and physical modeling and implementation
phases. (Object-)relational technology is used to represent the content level and
XML technology to represent the hypertext and presentation levels.
At the content level, the logical data model is carried out with the (object-)
relational model according to the proposal defined in [11]. At the hypertext level,
MIDAS proposes to realize the logical models of the hypertext (slice and
navigation model). The slices are represented at a logical level with XML
Schemas [19] in extended UML [16] and the slice and navigation logical models
with XML Linking Language (XLink [20]) in extended UML [17]. The
presentation logical model is deployed with XSL [21].

2.2 Mappings between the Mode ls of the Structural Dimension

The MIDAS methodology also provides some mappings between the models
described previously:

• Mapping from PIM to PIM
MIDAS proposes guidelines based on RMM [4] to pass from the data conceptual
model to the slice and navigation models. The methodology also provides some
guidelines to obtain the presentation conceptual model from the data and
hypertext conceptual models.



• Mapping from PIM to PSM
The mapping rules from the structural PIM to the structural PSM start from the
conceptual models (at the content, hypertext and presentation levels) into the
logical models.
The conceptual data model will be transformed into a data logical model
following the transformation rules defined in [10,11,18] for (object-)relational
database design. The conceptual hypertext models will be transformed into
logical hypertext models using XML technology, XML Schemas [16] for the
slices y XLink [17] for the slice and navigation diagrams, both in extended UML.
The conceptual presentation models are mapped directly to a logical level by
means of the definition of style sheets in XSL [21].

• Mapping from PSM to PSM
The mapping rules between the structural PSMs allow making the transformation
between different platform specific models, that is to say, between logical
models, and between logical and implementation models.
At the content level, MIDAS proposes some transformation guidelines to obtain
the database implementation in the SQL of a specific product (for example,
Oracle9i) [11]. At the hypertext and presentation levels, MIDAS provides some
mapping rules to map the logical models into the implementation models. These
rules describe how to obtain the final dynamic Web pages in XML, extracting the
information from the database implemented at the content level. MIDAS
provides also some guidelines to define how the integration from de XML pages
with the database is made using some technology as ASP, JSP, etc.

3 A Case Study

In this section we are going to show part of a case study, which is a WIS for the
consortium of several cinema chains of Madrid. This WIS can be visited at
http://kybele.escet.urjc.es/ejemplos/cine_entradas/. It offers information about all the
chains of the consortium and also a service to buy online cinema tickets. In this paper,
we will focus on the structural dimension of the WIS.
As we have mentioned before, the models of the structural dimension of MIDAS are
divided into PIM and PSM, that is, platform independent and platform specific
models. At first, we will show the obtained conceptual models: data, slice and
navigation conceptual models (Structural PIMs). And afterwards, we will show the
logical data and hypertext models and their implementation (Structural PSMs).

• Structural PIMs

The platform independent models of the case study, include the levels of content,
and hypertext at the conceptual modeling phase. We have left out the presentation
level for the sake of the brevity.

At the content level, we propose to use the UML class diagram to carry out the
data conceptual model. We will only present a reduced part of the data conceptual
model. This partial data conceptual model, from which we start, includes several
cinema chains, which can be composed of more than one cinema. In each of the



cinemas there are played several movies and a movie can be played in more than
one cinema. A movie can be shown in various sessions, but in a session only one
movie can be played. A movie has only one producer who can produce more than
one movie (see figure 3).

Fig. 3.- Partial Data Conceptual Model (PIM)

At the hypertext level, MIDAS proposes to realize the hypertext with two
techniques: the slice and the navigation conceptual models. From the data
conceptual model we obtain the slices and the slice diagram, which we represent
in the extended UML notation based on the proposal of UWE, see figure 4. Each
slice is represented with a navigational class named in the same way as the class
from the data conceptual model from which the main information is obtained. The
information presented in each of the slices corresponds with the information that
would be shown in the pages and can belong to one or more classes of the data
conceptual model. There can also be some classes of the data conceptual model
that will not be included as a navigational class. In our data conceptual model
exists a class Producer, which does not appear in the slice conceptual model. The
only information of this class that will be shown is the name of the producer and it
is included as an attribute producer in the navigational class Movie.



Fig. 4.- Partial Slice Conceptual Model (PIM)

In the navigational conceptual model, the access elements (indexes, guided tours,
queries and menus) are added to the slice conceptual model. So in our case study,
we include four indexes to navigate between the navigational classes: Cinema
Chain, Cinema, Movie and Session (see figure 5).
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Fig. 5.- Partial Navigational Conceptual Model (PIM)

• Structural PSMs

The proposed platform specific models are based on (object-)relational and XML
technology concerning the logical and physical modeling and implementation
phases. (Object-)relational technology is used to represent the content level and
XML technology to represent the hypertext level.

At the content level, in parallel to the hypertext design, the logical data model is
carried out with the (object-)relational model; we will carry out the database



design in the standard SQL:1999, applying the transformation rules defined in
[11].
In this case of study, the database is independent from the design of the hypertext
and may have other uses. Each of the classes of the refined conceptual model:
Cinema Chain, Cinema, Movie, Producer and Session are transformed into object
types. The relationships between the classes are transformed by means of a
reference REF or an ARRAY of references to the class with which it is related.
The type (REF or ARRAY) used to represent the relationship depends on the
multiplicity of the relationship. So, for example the many-to-many relationship
between the classes Cinema and Movie will be represented including in the object
type Cinema an attribute play that is an ARRAY of references to the movies that
are played in the cinema. To represent the two-way relationship, we include in the
Movie object type also an attribute is_played, which is an ARRAY of references
to the Cinemas, which play the movie. The user defined types will be represented
with <<udt>> stereotyped classes, as for example, Type_Price and Type_Address.
The graphical notation used to represent the database design is the extended UML
[11]. Figure 6 shows the data logical design in UML represented for the standard
SQL:1999.

-<<PK>>nombre
-logo
-description
-web_site
-<<array>>has:{50,<<REF>>:{Cinema}}

«Object Type»
Cinema Chain <<udt>>

<<table>>

-<<PK>>name
-enterprise
-address
-telephone
-communications
-num_rooms
-prices
-esp_days
-services
-<<array>>play:{30,<<REF>>:{Movie}}

«Object Type»
Cinema

<<udt>>
<<table>>

-<<PK>>name
-summary
-originaltitle
-type
-director
-year
-duration
-nationality
-productor
-dealer
-age_calification
-actor_role
-trails
-photo
-<<array>>is_played:{100,<<REF>>:{Cinema}}
-<<array>>has_session:{5,<<REF>>:{Session}}
-<<REF>>Productor

«Object Type»
Movie

<<udt>>
<<table>>

-<<PK>dayWeek
-<<PK>>hour
-day_Week
-<<REF>>is_played:{Movie}

«Object Type»
Session

<<udt>>
<<table>>

<<knows>>

<<knows>>

-street
-number
-city

«UDT»
Type_Address

<<knows>>

-normal
-reduced

«UDT»
Type_Price

<<knows>>

<<knows>>

-name
-nationality
-contactphone
-<<array>>produces:{100,<<REF>>:{Movie}}

«Object Type»
Productor <<udt>>

<<table>>

<<knows>>

Fig. 6.- Logical Database Design in SQL:1999 (PSM)

At the hypertext level, we have to carry out the logical slice and navigation
model. To obtain the logical slice model, each of the slices obtained in the
conceptual slice model is transformed into an XML Schema using the UML
notation proposed in [16]. In figure 7 we present the XML Schema obtained from



the Cinema Chain slice in UML notation as well as the corresponding XML
Schema code in figure 8.

<<ELEMENT>>
CINEMA CHAIN

1

<<ELEMENT>>
LOGO

1.1 <<ELEMENT>>
NAME

1.2 <<ELEMENT>>
DESCRIPTION

1.3

type: string type: string type: integer

<<sequence>>

<<ELEMENT>>
CINEMA CHAIN

1

<<ELEMENT>>
LOGO

1.1 <<ELEMENT>>
NAME

1.2 <<ELEMENT>>
DESCRIPTION

1.3

type: string type: string type: integer

<<sequence>>

Fig. 7.- A slice represented in XML Schema in UML notation (PSM)

<?xml version=“1.0”?>
<!-- File Name: CinemaChain.xsd -->
<xsd: schema xmlns:xsd=“http://www.w3.org/2001/XMLSchema”>
<xsd:elementname=“Presentation”>
<xsd:complexType>
<xsd:sequence>

<xsd:elementname=“LOGO” type=“xsd:string”/>
<xsd:elementname=“NAME” type=“xsd:string”/>
<xsd:elementname=“DESCRIPTION” type=“xsd:string”/>

</xsd:sequence>
</xsd:complexType>
</xsd:element>

</xsd:schema>

Fig. 8.- A slice represented in XML Schema in the corresponding code

After obtaining the XML Schemas of each of the slices of the conceptual slice
model, we have to build the logical navigation model. This model describes how
to navigate through the pages, including access elements to them. Applying the
mappings rules between models, conceptual navigational model is transformed to
a logical level. So, we have to transform it into XLink, following the rules defined
in [17].
You can see in figure 9, the complete navigation conceptual diagram is
transformed, at the logical level, into an <<Extended Link>>, which associates an
arbitrary number of resources. The extended link will be represented in XLink
with an abstract class called ‘Logical Navigation Model’. This class is related with
all the slices that compose the logical navigation model by means of a
composition association <<is_composed>>. Each slice of the slice conceptual
model will be transformed at the logical level in a local resource represented with
a <<XLink Locator>> element, named with the corresponding slice name. In this
way, we have obtained a resource for the slices Cinema Chain, Cinema, Film and
Session. The access elements of the navigational logical model: indexes, guided



tours, queries and menus, can also be transformed at the logical level in a local
resource represented with a <<XLink Locator>>. The navigation between two
slices or between a slice and an access element (in this case, four indexes) are
represented with an <<arc>> association. The information of how this traverse is
done, is included in the arc association specifying its tagged values. The
corresponding XLink code is shown in figure 10.

<<Extended XLink>>

<<XLink Locator>>
Cinema Chain

Logical Navigation Model

<<is_composed>>

<<XLink Locator>>
Index 1

<<XLink Locator>>
Cinema

<<XLink Locator>>
Index 2

<<XLink Locator>>
Session

<<arc>>
{S:“replace”
A:”onRequest”}

<<arc>>
{S:“replace”
A:”onRequest”}

<<XLink Locator>>
Movie

<<arc>>
{S:“replace”
A:”onRequest”}

<<arc>>
{S:“replace”
A:”onRequest”}

<<arc>>
{S:“replace”
A:”onRequest”}

<<arc>>
{S:“replace”
A:”onRequest”}

<<XLink Locator>>
Index 3

Fig. 9.- Logical Slice Model represented in XLink (PSM)

<Links xmlns:xlink=http://www.w3.org/1999/xlink>
<logicalNavigationModel xlink:type=“extended”
title=“Cinema Consortium”
<!--definition of all local resources-->
<cinemaChain xlink:type “resource”
Xlink:label=“sliceCinemaChain”
</cinemaChain>
<index1 xlink:type “resource”
Xlink:label=“sliceIndex1”
</index1>
<cinema xlink:type “resource”
Xlink:label=“sliceCinema”
</cinema>
<index2 xlink:type “resource”
Xlink:label=“sliceIndex2”
</index2>
<film xlink:type “resource”
Xlink:label=“sliceFilm”
</film>
<index3 xlink:type “resource”
Xlink:label=“sliceIndex3”
</index3>
<session xlink:type “resource”
Xlink:label=“sliceSession”
</session>

<!-- definition of the links
between slices-->

<link1 xlink:type=“arc”
xlink:from =“sliceCinemaChain”
xlink:to=“sliceIndex1”
xlink:show=“replace”
xlink:actuate=“onRequest” />

<link2 xlink:type=“arc”
xlink:from =“sliceIndex1”
xlink:to=“sliceCinema”
xlink:show=“replace”
xlink:actuate=“onRequest” />
<link3 xlink:type=“arc”
xlink:from =“sliceCinema”
xlink:to=“sliceIndex2”
xlink:show=“replace”
xlink:actuate=“onRequest” />
<link4 xlink:type=“arc”
xlink:from =“sliceIndex2”
xlink:to=“sliceMovie”
xlink:show=“replace”
xlink:actuate=“onRequest” />

<link5 xlink:type=“arc”
xlink:from =“sliceMovie”
xlink:to=“sliceIndex3”
xlink:show=“replace”
xlink:actuate=“onRequest” />

<link6 xlink:type=“arc”
xlink:from =“sliceIndex3”
xlink:to=“sliceSession”
xlink:show=“replace”
xlink:actuate=“onRequest” />

<link7 xlink:type=“arc”
xlink:from =“sliceMovie”
xlink:to=“sliceIndex2”
xlink:show=“replace”
xlink:actuate=“onRequest” />

<link8 xlink:type=“arc”
xlink:from =“sliceIndex2”
xlink:to=“sliceCinema”
xlink:show=“replace”
xlink:actuate=“onRequest” />
</logicalNavigationModel >
</Links>

Fig. 10.-Corresponding XLink Code

4 Conclusions and Further Research Topics

In this paper, we have described MIDAS, a model-driven methodology for WIS
development. This methodology is a specific application of MDA for the Web
platform using XML and (object-)relational technologies. MIDAS proposes some
platform independent models (PIMs) and some platform specific models (PSMs). It



also defines mappings between the previously mentioned models. We make a first
classification of these models according to the structural and behavior dimensions
defined in MIDAS.
In this paper, we have focused on the structural dimension of a WIS, describing at
first the PIMs for the content, hypertext and presentation levels, and afterwards,
summing up the PSMs for these levels. Next, we have shown the mappings between
the models and finally, to validate the proposal, we have developed a case study of a
WIS for a cinema consortium in Madrid, using the proposed UML extension and
techniques of MIDAS.
Now, we are also defining the PIMs and PSMs for the behaviour dimension, in the
same way that we have done for the structural one. We are also working on extending
MIDAS to other platforms and technologies as J2EE or .NET and also on the
implementation of the rest of the defined mappings between the models to (semi-)
automate the generation of an IS.
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