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ABSTRACT

A common trend in Service Oriented Architecture (SOA) is to
consider Information Systems exposing software as services. This
current approach is not only applied to new software
developments, but also it is related to the maintenance of legacy
systems. Nowadays, a cornerstone of Information Systems are
relational databases, which constitute meaningful sources of
services. These services can provide database's information in
SOA scenarios. This paper presents a reengineering process to
recover and implement Web Services in automatic manner from
relational databases. This process follows the ADM approach
(Architecture-Driven  Modernization). In this paper authors
present a case study that has been carried out using a tool built to
support the process. This tool is used to generate a set of Web
Services which are integrated into a web development allowing to
modernise the legacy database in a SOA context. This case study
has been carried out in the context of software company Indra.

Categories and Subject Descriptors

D.2.2 [Software Engineering]: Design Tools and Techniques —
Computer-aided software engineering (CASE). D.2.7 [Software
Engineering]: Distribution, Maintenance, and Enhancement —
Restructuring, reverse engineering, and reengineering.

General Terms
Algorithms, Design and Experimentation.

Keywords
Web Services, SOA, software modernisation, ADM, relational
databases, MDA

1. INTRODUCTION

Nowadays, in the globalized world, organizations are increasingly
forced to share more and more information as a basic activity in
their daily operation [32]. Besides, the heterogeneity of
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Information Systems (IS) is growing every day due to the
appearance of new technological environments, paradigms and
standards [11, 12]. As a consequence of this fast technological
evolution and high level of uncertainty in these markets (and in
order to keep their competitiveness level through their
Information System), organizations are involved in a process of
continuous renewal [13].

Under these circumstances, developers of IS based on ICT
(Information and Communication Technologies) are required to
make shorter developments and maintenances [11]. This
acceleration in the development process involves reusing
components and software artefacts already existing in the
organization [33]. The current Information Systems consist of
several software artefacts. However, databases are possibly
considered as one of the most fundamental assets since they
contain all organization’s information. Therefore, databases turn
out to be the basis of decision-making at the operational, tactic
and strategic levels.

Re-engineering has emerged as a powerful and accepted method
to address the necessary evolution of IS in terms of migration and
reuse of its artefacts (for example, to target environments such as
the Web) [13].

Moreover, MDA (Model-Driven Architecture) is influencing the
software development, rising it to higher abstraction level [26].
MDA considers each system or each piece of systems as models.
Later on, transformations can be established among these models.
Besides, ADM (Architecture-Driven Modernisation) appears to
carry out re-engineering processes which follow the MDA
approach [27]. This paper presents a re-engineering process based
on ADM approach with the following performances: (1) recovery
functionalities in data sources (these sources are typically
relational databases); (2) functionalities are transferred towards
services; and (3) these services are exposed through Web
Services. Furthermore, a tool is implemented to validate the
modernisation process. This tool performs the detection,
implementation, setup and deployment of Web Services in an
automatic manner.

The remainder of this paper is organized as follows. Section 2
summarizes related work. Section 3 focuses on proposed
modernisation process. Section 4 presents the implemented tool
and Section 5 shows its use in a Web development. Finally,
section 6 addresses the conclusions of this paper as well as the
future work.



2. RELATED WORK

To improve the understanding of paper, the re-engineering
concept should be remembered. The re-engineering is “the
examination and alteration of a subject system to reconstitute it in
a new form and the subsequent implementation of the new form”
[1]. According to [9], the process has three stages: (1) reverse
engineering in order to recover abstract representation of subject
system; (2) restructuring to modify the system at same abstraction
level; and (3) forward engineering to address the generation of
new system version containing new features.

Existing research, about re-engineering on applications and
database jointly, has usually been focused on certain aspects. One
of them is SQL code embedded in applications or the extraction of
functionalities from PL/SQL code [31]. The migration of database
models [2]. The design recovery of database [16]. The integration
of database based on different data models through wrapping
techniques [22]. Building database-driven applications [30]; and
so on. Nevertheless, there is little research on detection of services
from databases.

Keeping re-engineering process in mind, the first stage typically
focuses on achieving a set of abstract specifications in order to
generate a new system with the new requirements. However, there
are instances where the creation of a new database is not required,
but to wrap database through an interface for access to it, with no
need to restructure it [35]. These techniques are called ‘wrapping
techniques’ and them consist in building software components
usually wrapping a DBMS. This is accomplished by transforming
the requests to subject data model in another target model which
is independent from DBMS [34]. In this way, databases could be
integrated into new IS for which they were not initially designed
[35]. The database life cycle is therefore extended.

Besides, Model-Driven Architecture (MDA) [26] advocates for IS
developments based on models. MDA converts one model into
another model of the same system through transformations.
Moreover, MDA automatically generates source code from
subject model. This is not a novel idea; according to [21], interest
in ‘Write Once, Run Anywhere’ approach has been shifted to
‘Model Once, Generate Anywhere’ approach. MDA addresses
some challenges arising from IS heterogeneity, since according to
MDA, a system can be represented at different abstraction levels
through different models [26]. Therefore, on the one hand, a
system could be represented through a model at business level
which depicts its functionalities. It is called Platform-Independent
Model (PIM) [26]. And on the other hand, transformations are
performed from PIM to achieve models at technological platform
level which support specific details of each platform. It is called
Platform-Specific Model (PSM) [26]. Finally, source code is
generated from certain PSM models. In MDA approach each
model represents one system and each model is depicted
according to one meta-model. Meta-models are models which
allow representing models.

Further, several works about re-engineering focused on MDA
approach are frequently found in literature. This is known as
Architecture-Driven Modernisation (ADM) [25, 27]. ADM is the
evolution of MDA. ADM intends to carry out re-engineering
processes which take into account different models as input and
output artefacts of these processes. Some research in this direction
is being carried out in both academic and industrial environments
[17,24].
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Organizations feel increasingly compelled to adopt the new
market viewpoint which is service-oriented. This new paradigm
emerges in order to separate possession and ownership concept of
use concept [36]; SOA defends just this approach [6]. A particular
implementation of SOA is the Web Services technology [8, 18].

On this other side of the spectrum, in terms of re-engineering
processes toward Web Services generation, relevant work can also
be found in literature. Sneed in [33] proposes a re-engineering
process obtaining Web Services from legacy COBOL
applications. In [3] a MDA process is depicted transforming PIM
models according to UML2 [28] meta-model toward several PSM
models, one of them to support the generation of Web Services. In
other works as [10], re-engineering processes are carried out on
legacy systems taking Web Services as a major construction unit.

After presenting theoretical background of this work as well as
related work, the next section will depict the proposed process in
this paper.

3. PRECISO: THE ADM PROCESS

The process aims to establish guidelines to allow the generation of
Web services from relational databases through re-engineering
process on MDA artefacts, i.e. a modernization process. Figure 1
represents the proposed re-engineering process focused on ADM
approach: First, a legacy relational database is the input of the
process. A PSM model, according to SQL-92 meta-model [20], is
afterward obtained from input database through reverse
engineering. Then, the PSM is transformed to PIM model which
raises the abstraction level of the system. This PIM model is
represented in terms of UML2 meta-model [28]. The process
generates a certain PSM model from PIM model through forward
engineering. This PSM model depicts Web Services, and
abstraction level is thus reduced again.
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Figure 1. Re-engineering process according to ADM approach

The depicted scheme in Figure 1 is the structure of the proposed
process. Figure 2 depicts the modernisation process which
consists of three main activities. Each major activity is broken
down into a set of tasks; these tasks are partially arranged. Each
activity is detailed in the following subsections.

3.1 Database Model Recovery

The first activity aims to create a PSM model that represents the
input database. In addition, the information extraction on database
schema is used to discover potential services. Tasks involved in
this activity are detailed in following paragraphs.



DMR. Database Model Recovery

.—} 1. Database Reverse Engineering

2. Service Discovery

OMG. Object Model Generation

1. Object Model Transformation

Modernisation Process

WSG. Web Services Generation

1. Generation of WSDL interfaces

2. Generating code of object model -

3. Web Services Publication

4. Web Services Deploym ent

Figure 2. Proposed ADM process to generate Web Services from databases.

DMR 1. Database Reverse Engineering. The first task of the
modernisation process is the recovery of relational database
design through reverse engineering. Recovered metadata of
database will make up a PSM model according to SQL-92 meta-

model (see Figure 3), based on [7].

[Schomaobject| 1 1 [Saischema] 1" 1 [ camieg |

DataType

Figure 3. SQL-92 meta-model

DMR 2. Service Discovery. Potential
simultaneously discovered along the previous task. Certain
patterns are sought in recovered database schema. Well known
services are inferred from these patterns. According to [14] it is
called ‘Model Driven Pattern Matching’ (MDPEM).

services can be

3.2 Object Model Generation

The second activity generates an object model through obtained
information from database recovery. This model of objects will be
afterward the basis to generate Web Services in followings
activities. This activity has a single task.

OMG 1. Object Model Transformation. This task carries out
transformation PSM - PIM which involves respectively the
model of relational database schema and the object model (see
Figure 1). Object model is developed according to UML2 meta-
model [28]. Transformations can be formally established through
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specific languages for defining transformations among models
such as QVT (Queries / Views / Transformations) [29] o ATL
(ATLAS Transformation Language) [19]. On the contrary, the
transformations can also be described manually through source
code when a tool is being implemented to support this
modernization process.

3.3 Web Services Generation

The third activity of the process is considered as 'front-end’
activity which finally generates the Web Services to manage the
initial input database.

WSG 1. Generation of WSDL interfaces. This task drops the
abstraction level obtaining PSM model that supports Web
Services (see Figure 1). This new PSM model is achieved through
two input artefacts: the PIM representing the object model and
discovered services through patterns. These patterns are
summarized in Table 1. This task will generate the PSM model
according to WSDL meta-model (Web Services Description
Language) [37].

WSG 2. Generating code of object model. This task generates
source code to support the object model obtained in previous
tasks. This code will be the basis for implementing the
infrastructure of Web Services.

WSG 3. Web Services Publication. Web Services are built
through source code of object model and descriptions of WSDL
interfaces. It also publishes a set of services belong to candidate
services discovered from database schema through MDPEM [14].

WSG 4. Web Services Deployment. Web Services are finally
deployed moving to production, thus these services become in
fully operational services.

So far, general description of the proposed modernization process
has been detailed. The implemented tool is presented as follows.

4. PRECISO: THE TOOL
4.1 Developed Tool

A tool has been implemented in order to support the mentioned
modernisation process. This tool automates tasks of the process to
carry out the Web Services generation from relational databases.



Table 1. Patterns and candidate services which are examined in relational database schema

Select_A_of B (pkB)
Select_B_for_A (pkA)

A B

kA RkB
colsA kB
colsE

Select_A_for_B (pkB)
Select_A_for_B_filtrado (pkB, colsM)
Exists_A_related_with_B (pkA, pkB)
Select_A_for_B_and_C (pkB, pkC)

Table Select_A_for_B_and_C_filtrado(pkB, pkC, colsM) Ztm
Exists_A_related_with_B(pkA, pkB, pkC) N
kN
colsN

Simple CRUD operations
. Tables
Services Getters & Setters Operations
Views Queries
Referenced
Table
Combined

A

pkA
colsA n
pkh

FhMA

B
pkB fkWB
colsB

Advanced Patterns
Services in
database
schema

Observed
Table

Select_A_for_B (pkB) -
Select_B_for_A (pkA)

PkA
TkAM
colsA

pkB M

TkBM nkhd
calsB colsM

N
pkN
TRMM
colsh

4.1.1 Database Model Recovery

Necessary functionality to recover database models is provided to
the tool. Candidate services are also carried out in conjunction.

DMR 1. Database Reverse Engineering. Models derived from
databases will be represented according to SQL-92 meta-model
which is based on the meta-model presented in [7]. The tool has
been developed using SQL-92 standard [20], since according to
some studies these are the kind of databases more widely used in
software industry [4, 5]. However, the PSM model may be built
from other database management system whose data model are
other standards such as SQL-86, hierarchical databases, databases
based on COBOL, and so on. For this purpose, tool would only
need using the appropriate meta-model to faithfully represent the
model.

Metadata needed in SQL databases-92 to build the database
schema model can be taken through INFORMATION SCHEMA
[23]. This is a standardized mechanism that identifies a set of
views. These views return metadata on a standardized manner. In
addition, the built model can be made persistent through XMI
(XML Metadata Interchange) [15]. XMI facilitates their safe
handling and integration within the overall process.

DMR 2. Service Discovery. The obtained database model is
examined and candidate services are inferred through certain
patterns based on MDPEM techniques [14]. Table 1 details both
search patterns as well as services that can be derived from each
pattern. On the one hand, there are simple services involving only
a single table. These services are directly obtained from database
scheme and matched with CRUD operations (Create / Read /
Update / Delete) as well as getters & setters methods for handling
various columns on each table. And on the other hand, advanced
services involve several tables of schema (see Table 1). In this
case, services may be directly obtained from views, or on the
contrary, services could be obtained from the following patterns
that are recognized in the relational database scheme: (1)
referenced table, when there is a foreign key among two tables;
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(2) combined table, when there are two or more foreign keys from
one table to other, likewise (3) observed table, unlike the previous
one, this pattern searches two or more foreign keys to the same
table.

4.1.2 Object Model Generation

The next activity is implemented in the tool allowing the object
model generation.

OMG 1. Object Model Transformation. The tool at this stage
must address the SQL-92 model transformation to the UML2
model, i.e. a PSM=2PIM transformation. These transformations
could be specified for example through QVT. These
transformations could be afterward implemented in the tool.
However, in this tool, an existing algorithm that is depicted in
[30] has been used. Realized transformations are as follows: a
table > a class, a column -> an attribute, a foreign key >
association, and so on. Moreover, SQL-92 data types are mapped
on data types of generic programming language which is used to
generate source code.

4.1.3 Web Services Generation

Finally, the tool allows publication and deployment of Web
Services. The implementation details are presented in the
following paragraphs.

WSG 1. Generation of WSDL interfaces. This task takes the
obtained object model likewise the discovered services as its
inputs. And it generates Web Service descriptions through WSDL
interfaces as its output.

WSG 2. Generating code of object model. In order to get
executable Web Services, tool must write source code of object
model in hard disk through a programming language supporting
Web Services technology. In this tool C# was used. Moreover, the
tool offers the user option of modifying the source code of object.

WSG 3. Web Services Publication. The tool allows selecting
services among discovered services. User selects services which



will compose the future generated Web Service. Due to security
reasons, as well as others, it is not advisable to open the entire
database through publishing certain services that will not be used.
Moreover, tool can generate several Web Services with different
services each of them. Each Web Service can show different
points of view of the database.

WSG 4. Web Services Deployment. In this last stage the tool
configures the built Web Services to enable them to execute
requests on the Web. First, a certain application server should be
selected to be used. The tool is ready to interact with Microsoft
Internet Information Server 6 (11S6). According to the used
server, the deployment may vary. Nevertheless there are two
responsibilities that are always carried out: (1) source code files
are copied in the correct location of the application server; and (2)
this source code is stated as a Web directory accessible on the
Web.

4.1.4 Other aspects to highlight

The tool semi-automates several tasks in the proposed
modernization process (see Figure 2). But in addition, the tool
must address other issues such as remote database connection,
connections to databases from different manufacturers, project
management, graphical display of involved models, testing,
reporting, and so on. The proposed architecture, taking into
account the previous challenges, is shown in Figure 4. Likewise
the skin of the developed tool can be seen in Figure 5.

Metadata

Figure 4. Architecture of the developed tool

5. CASE STUDY

The case study consists on a project which was jointly carried out
by the University of Castilla-La Mancha and Indra Software Labs
(a multinational software company) in the context of the
“CATEDRA INDRA”, a R+D centre (located in Spain) devoted to
carry out research projects in a close cooperation between
industry and university. This research centre is supported by the
'University of Castilla-La Mancha' (UCLM) and ‘INDRA
Software Labs at Ciudad Real’.

There was a need for CATEDRA INDRA (CI hereinafter) to
develop its corporate Web site in order to support all the
information produced from the cooperation of industry &
university. This site is addressed to academics, researchers,
teachers, PhD candidates and students. The site contains
information about conferences, lectures, courses, grants offered,
events, awards, papers, journals and so on.
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The website has been built using a standard Web architecture
based on the Microsoft .NET platform. On the one hand, it has
used Microsoft Content Management Server 2002 (MCMS) as a
content management system (under the RDBMS Microsoft SOL
Server 2000). And on the other hand, Active Server Pages (ASP)
has been used for the presentation layer. Finally, the whole
application (that is, the MCMS and the Web application) has been
deployed through Microsoft Internet Information Server 6 (11S6).

Due to size limitations, the case study focuses on a portal’s sub-
module. This module deals with the tasks to manage the research
papers produced by CI. This module will search research articles
according to different criteria. Furthermore, this module will add
new paper data, modify or delete existing paper data.

5.1.1 Problem Specification

The development staff in charge of this project was interviewed to
understand the information needs. They reported the information
needs according to established user requirements. This valuable
information would help in the usage of the tool to obtain the set of
Web Services required to feed with information the Web layer.

In a nutshell, the problem is the following: implement a module to
consult information about the publications of the researchers of
the CI. That is, it will keep all the information from conferences
and journals, data from the authors, R+D projects financed, and so
on. Moreover, this module will contain a search engine to set up
filters to carry out customized searches according to different
criteria such as conference, journal, international/national,
whether a conference is a LNCS, whether a journal is an indexed
one, authors, and other criteria.

The system is based on an existing database provided by the CI.
This database, which was created long time ago, keeps a lot of
information from existing publications of people involved in the
CI. This information is not managed by any application; therefore,
in this context, it is possible to find the suitable conditions for
implementing a modernisation process through the tool. Thus, the
CI’s database is considered as a legacy system. The tool will
expose the required functionalities by means of Web Services
starting from this legacy system and following the proposed
process.

5.1.2 Execution of the case study

Firstly, the tool establishes a connection to the database of the CI.
Subsequently, it generates a xmi file containing all the metadata
about the studied database (see Figure 6). Second step is creating
the object model for support the future Web Services. The tool
generates necessary classes depending on the metadata obtained in
the previous stage. Additionally, the tool writes executable class
(in this case, C# language). Then, the Web Services are built
through the tool. It will have achieved the executable Web
Services, using the class model created in the previous step (see
Figure 6). The tool allows selective publication of services.
Therefore, it is sufficient to make some public services. These
expose only the necessary parts of the database, for the
development of the project. Finally, the tool converts Web
Services in operational Web Services, carrying out the
deployment of these in a Web application server. Therefore, it has
been achieved suitable Web Services to provide the required
functions for handling the database, according to the previously
imposed information needs.
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Figure 5. Graphical User Interface of the developed tool

5.1.3 Obtained results

The tool made a selective publication and deployment of the
generated Web Services. The Web Services to provide with the
required information by the development staff constitute a small
set from the total of candidate services discovered from the
database. Table 2 shows a summary of this performance. This
table considers (1) the different types of services, (2) services
generated for each type, (3) the number of services (for each type)
included in the sub module of the CI and (4) the percentage of
services included. The percentage of services that was published
to support the functionalities of the CI portal was 30%. This
percentage included 73 services on a total of 245 candidate
services.

In addition, the development staff noticed that the non selected
Web Services would be very useful for future developments.
Since these non considered services were identified and collected,
it would be easy to deploy and integrate them into the CI Web
application for the implementation of additional features. The tool
keeps information of the modernisation project, that is, the object
model, configuration of the generated services, services deployed
and services available. Thus, we only need to load the project of
the current case study to deploy new Web Services to fulfil new
information requirements.

The result is an operational Web Service which handles the legacy
database. The Web Service supports the information needs in a
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SOA context such as CI portal. At this point, the CI portal can
carry out the required functionalities by means of the new Web
Services.
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Figure 6. Generated artefacts throughout the process

The development staff took advantages from the availability of the
required information to improve the development process: since
all the required information was available as services, the staff



could work with real data when developing the Web application.
The staff could put all their effort into the development of the
Web interface. Furthermore, since the required information was
available from the first, all the features of the CI Web application
could be tested with the real information of the database. It
allowed the staff to accelerate the testing process, because web
developers could build the necessary web interfaces which in turn
will use the aforementioned Web Services, and will properly
display the information.

Table 2. Performance of published services in CI

Kind of Service Candidate Services | Published Services Performance
insert 13 11|/GH 85%
update 13 11|GN 85%
delete 13 11|@H 85%
select 13 12|GN 92%
setters 56 0@ 0%
|getters 56 0|@ 0%
show 13 0|@ 0%
views 4 1|OR 100%
referenced tables 24 12| 50%
combined tables 32 8| 25%
observed tables 8 4]0 50%
TOTAL 245 73|@ 30%

6. CONCLUSION AND FUTURE WORK

This paper has proposed an ADM process to automatically
generate Web Services from relational databases. This ADM
process has allowed modernizing legacy systems such as
databases to deliver its functionality in services manner. Thus,
databases can be integrated into SOA environments. In addition, it
has built a tool supporting this process.

The modernization process includes a set of meta-models to
represent models involved in every task. For example, SQL-92
meta-model has been used to represent the database model (or
PSM model). Moreover, UML2 meta-model has been utilized to
represent the system (or PIM model), among other meta-models.

In order to empirically validate the process, this paper has also
presented a case study in an industrial context. The developed tool
was used to carry out a modernization process within the
development of a Web portal. This case study revealed a number
of advantages of the proposed process such as development
process acceleration, easy integration into SOA environments and
certain improvements in testing.

The future extensions to this research focus on two key aspects.
(1) It will carry out an in depth analysis in order to infer services
based on searching of more patterns into database scheme. (2) It
will formalize transformations among models through specific-
purpose languages such as QVT or ATL languages. Indeed, new
versions of the tool supporting new advances in this research will
be further developed.
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