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Abstract. Despite the efforts made to overcome the problems associated with
the development of information systems, it is still an immature activity with
negative consequences in time, budget and quality. One of the main causes for
this situation is the fact that many projects do not follow a structured, standard
and systematic approach, like the methodologies and best practices proposed by
the Software Engineering community. In this paper, we overview an innovative
approach for the development of information systems, called ProjectIT, and
how it is supported by an integrated set of tools, called “ProjectIT-Studio”. This
approach benefits from the ideas of some of the most referred initiatives, such
as the Microsoft’s Dynamic Systems Initiative (DSI) or OMG’s Model Driven
Architecture (MDA).
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1 Introduction
The development of information systems is a complex process usually initiated with
the identification and specification of the requirements of the system to be developed,
and in particular of its software components. Requirements describe what the system
should do, which is obviously critical for the success of the whole development
process. Several surveys and studies (such as The Chaos Report, available at
http://www.standishgroup.com) have emphasized the costs and quality problems that
can result from mistakes in the early phases of system development, such as
inadequate, inconsistent, incomplete, or ambiguous requirements [5]. We consider in
our research work that the emphasis in software development projects should be
stressed in the project management, requirements engineering and design activities,
and consequently the effort in production activities, like software programming,
should be minimized and performed as automatically as possible.
As a result of the experience gathered from previous research and practical
projects, the Information Systems Group of INESC-ID (http://gsi.inesc-id.pt/) started
an initiative in the area of requirements engineering and model-driven development
named ProjectIT [6]. The main results of this project are: (1) a new requirements
specification language, called ProjectIT-RSL ([7] and [8]); (2) a UML profile, called
XIS (short name for “eXtreme modeling Interactive Systems”), which was proposed
and validated in previous work [9,10] and is now in its second version; and (3) a set
of integrated tools, called ProjectIT-Studio [11], that supports the activities of the

software development life cycle, from requirements specification to the application of
generative programming techniques.
Interactive systems are a sub-class of information systems that provide a large
number of common features and functionalities, such as user-interfaces to drive the
human-machine interaction, databases to keep the involved information consistent,
and role-based access control to manage end-users and related permissions [25].
ProjectIT promotes a platform-independent design for interactive systems : starting the
process by specifying and validating requirements by using ProjectIT-RSL, then
refining the obtained high-level model by using the XIS profile which allows the
design of interactive systems at a PIM level (“platform independent model”,
according to the MDA terminology), and finally through model-to-code specific
transformations, different platforms can be supported, such as Web, desktop or
mobile specific platforms.
This paper is focused on the description of the ProjectIT-Studio, which is a
modular and extensible CASE tool where we are testing our research ideas. Section 2
presents an overview of the ProjectIT initiative, in particular how the different roles
involved in the project contribute to the development of information systems. Section
3 gives an overview of the set of tools that together compose the ProjectIT-Studio
workbench. Sections 4 and 5 specifically address the main components of ProjectITStudio: the requirements tools (ProjectIT-Studio/Require ments) and the modeling and
code generation tools (ProjectIT-Studio/MDD). Section 6 describes how the
ProjectIT-Studio tools are combined to work together. Finally, section 7 presents
related work of other initiatives and section 8 concludes this work, justifying our
perception that this proposal has innovative contributions for the community.

2 The ProjectIT Initiative
The Information Systems Group of INESC-ID has been involved for some time in the
development of research projects in the area of software engineering and the software
development process, applying the results achieved in the daily projects in which it is
participates. We started a project, called ProjectIT [6], to provide a complete
software development workbench, with support for project management,
requirements engineering, and analysis , design and code generation activities. This
section introduces the main functional components and the proposed approach of the
ProjectIT.
2.1 Main Functional Components
The functional architecture of the ProjectIT research program is represented in Figure
1. Among others, ProjectIT has two main components that are currently being
developed, and have already reached a significant maturity level:
1. ProjectIT-Requirements [12] is the component of the ProjectIT architecture that
deals with requirements issues. The main goal of this project is to develop a model
for requirements specification, which, by raising their specification rigor, facilitates
the reuse and integration with development environments driven by models. Our
vision is to build a tool for writing “requirements documents”, like a word

processor, and as we write, it will warn us of errors violating the requirements
language rules.
2. After a validation process, the requirements information can be used as input to the
ProjectIT-MDD component [9,13], which applies different techniques and
mechanisms to accelerate and improve the software engineering activities. These
techniques are aligned with model transformation techniques, and in particular
with the so-called XIS UML profile [9], a set of coherent UML extensions that
allows a high-level, visual modeling approach to design interactive systems.
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Figure 1. ProjectIT functional architecture.

2.2 ProjectIT Approach
The ProjectIT approach involves several tasks performed by different roles as
suggested in Figure 2, in two main moments:
1. The definition of the artifacts that are the core of the ProjectIT approach, which are
later used in specific projects; these tasks are usually executed by the Architect.
2. The use of these artifacts to develop specific projects, involving the other roles.
Generically, we can say that the application of the ProjectIT approach receives
system requirements (e.g., functional, non-functional and development requirements,
from different stakeholders) as its main input, and produces a set of artifacts (e.g.,
validated requirements, source code, configuration scripts or data scripts) as its main
output.
The tasks performed by the software architect are critical to the operation of the
ProjectIT approach. The Architect is responsible for the following tasks: (1)
define/adapt the linguistic terms and the syntactic and semantic rules of ProjectITRSL which, as described in [8], can be defined on a project basis (thus providing a
true support for a Domain Specific Language [8]); (2) define a suitable and easy-touse UML profile (in the scope of interactive systems the XIS profile could be used;
nevertheless, the ProjectIT approach is profile-independent, which means that
different UML profiles can be used); (3) develop model transformations features,
such as “Model2Model Transformation Templates” to produce new models; and

finally (4) develop model-to-code template features, such as “Model2Code
Transformation Templates”, to produce software and documentation artifacts from
models, using generative programming techniques.
ad ProjectIT-MDD Approach, for the XIS

Architect

Define ProjecIT-RSL

«artifact»

Tester & Integrator

Programmer

Designer

Requirements Engineer

ProjectIT-RSL

Elicit Requirements

Develop
Model2Model-Templates

Define XIS-Profile

Develop
Model2Code-Templates

«artifact»

«artifact»

«artifact»

XIS-Profile

Model2Model Template

Write Requirements
Specification

Model2Code Template

Validate Requirements
Specification

«artifact»
RequirementSpecs

«artifact»

Design System

Apply Models
Transformations

Model

«artifact»
Apply Model2Code
Transformations

Plan & Execute
Software-Tests

Software-Code

«artifact»
Software System

Develop
New/Specific
Software Features

Plan & Execute
System-Deployment

Figure 2. Roles and tasks involved in the ProjectIT approach.

The Requirements Engineer is responsible for gathering different system
requirements using well-known requirements elicitation techniques (such as meetings,
interviews, JAD sessions among designers, clients, end-users and other stakeholders).
These requirements are then specified in ProjectIT-RSL, and validated using a set of
parsing, knowledge extraction and inference tools [14]. The ultimate goal of
ProjectIT-Requirements is to allow a non-technical user to specify the system
requirements by his own. The validated requirements are then passed on to the
Designer, whose responsibility is to produce an integrated set of models (the “Design
System” task). Still, the Designer can apply model transformations automatically
according to the model-to-model transformation templates (represented by
“Model2Model Template”) developed previously by the Architect. This task can be
useful in certain situations in order to simplify or accelerate the design task. The
correctness and quality of the produced models are essential to obtain good results in
the subsequent tasks.
After the Designer’s intervention, the Programmer applies model-to-code
transformations (“Model2Code Template”), which means the Programmer applies
generative code techniques to models, based on the templates provided by the

architect. Because it is not possible to capture and design all the system requirements
(for instance, business rules or non-functional requirements), at least using the XIS
profile, Programmer intervention is still required. Consequently, programmers are
required to produce specific components, typically helper source code, such as
facades, adapters, controllers and business logic. These activities are suggested in
Figure 2 by the “Develop New/Specific Software Features” task.
Finally, the intervention of Testers and Integrators is necessary to prepare and
perform different tests in order to guarantee system quality. These activities are
suggested in Figure 2 by the “Plan & Execute Software-Tests” and “Plan & Execute
System-Deployment” tasks.

3 The ProjectIT-Studio Overview
The focus of this paper is to discuss the productivity tool of this initiative, ProjectITStudio. This section overviews its basic architecture and main usage scenarios. The
next two sections analyze some relevant details and its main features.
ProjectIT-Studio is an integrated environment that supports the central tasks of the
software development life cycle, such as requirements specification, architecture
definition, and system design. In addition, and because it promotes productivity,
ProjectIT-Studio provides innovative features such as requirements-to-models,
models -to-models, models -to-code transformation techniques; template managing;
and UML profiles definitions.
The research follows two parallel lines, one more oriented towards the
requirements issues, the other more directed to the study of model driven
development techniques. The requirements line of research has developed an initial
prototype [15] using the Visual Studio .NET extensibility mechanisms . On the other
hand, the XIS project, developed in preliminary versions, applied model driven
development techniques, particularly at the level of model-to-code transformations
[9]. Besides minor issues, these versions showed that we lacked a common base
platform for all our research: the work-around for this issue was accomplished with
the port of the Eclipse platform to the .NET environment, called Eclipse.NET (at
http://www.sourceforge.net/projects/eclipsedotnet ) [11,13].

Figure 3. Relations between Eclipse.NET plugins and extension-points.

Eclipse.NET is an integration platform with a plugin-based architecture that
provides an elegant and efficient mechanism to allow plugins to communicate,
without making them depend on each other [11]. Plugins can have two kinds of
relations: (1) “imports” and (2) extension points. If Plugin A imports Plugin B, then
Plugin A requires that Plugin B is present and functional, otherwise Plugin A will be
disabled. Extension points are conceptually similar to interfaces, as they allow
communication between plugins but a plugin is not disabled if no extensions are
similar; plugins can declare extension points and they can also contribute to extension
points. For example, if Plugin A declares Extension Point A (E.P.A) and Plugin B
contributes to E.P.A, then Plugin A and Plugin B will be able to communicate;
however, if there are no contributions to E.P.A, Plugin A will still be functional
(instead of disabled). Figure 3 illustrates the possible relations between plugins and
extension points: plugins can declare extension points, and they can also contribute to
extension points; it is also quite common for a plugin to contribute to an extension
declared by that same plugin (e.g. for supplying a default information processor).

Figure 4. ProjectIT-Studio main components.

Figure 4 presents the generic architecture of the ProjectIT-Studio environment as
an orchestration of a set of components developed on the top of the Eclipse.NET
framework. Therefore, ProjectIT-Studio should be considered an extensible, modular
and plugin-based environment.
On the other hand, Figure 5 presents some usage scenarios for ProjectIT-Studio.
Basically, it can be configured and used in two situations: stand-alone (single-user)
and collaborative work (multi-user) scenarios. It should be stressed that,
independently of these scenarios, ProjectIT-Studio is used differently based upon the
interacting role (Architect, Requirements Engineer, Designer or Programmer) as
discussed previously in Section 2.
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Figure 5. ProjectIT-Studio usage scenarios.

4 The ProjectIT-Studio/Requirements
The ProjectIT-Studio/Requirements component follows an innovative approach
concerning the capture and management of requirements. Its goal is to support natural
language free-form text requirements processing, by providing: (1) a flexible and
robust approach to requirements elicitation, where requirements engineers, as well as
non-technical stakeholders, can write the specification of the system to be developed;
and (2) activity guidance assisted by a rich set of GUI components, namely on-the-fly
feedback during the specification activity. Besides the tool, we have developed a new
requirements specification language, called ProjectIT-RSL (or PIT-RSL for short),
defined after the identification of the most common linguistic patterns used in
requirements specification [8]. The supporting concepts of PIT-RSL are aligned with
our MDD component metamodel, allowing a clear mapping between them; thus, the
produced artifacts can be passed as input to the MDD component, which in turn
becomes responsible for initializing the internal generative process and produce the
source code of the specified system.
The ProjectIT-Studio/Requirements component follows the normal project creation
cycle: (1) project creation; (2) requirements edition; (3) requirements analysis and
validation; and finally (4) the possibility to export the captured information to other
formats, persistent database storage or, eventually, proceed to further software
product’s life-cycle stages, specifically modeling and automatic code generation
activities both supported by the ProjectIT-Studio/MDD component tools .
In terms of text edition, the specific PIT-RSL text editor supports all the typical
IDE features [17] [18] [19], such as on-the-fly syntactic verification and full syntax
highlighting, which means that as we write, all expressions are validated by the
language checking component; in case there is an error, it is immediately detected and
highlighted. The auto-complete feature is also always available, providing the user
with hints of how to complete each PIT-RSL sentence. Upon the creation of a
syntactic and semantically correct, consistent requirements repository, the integration

with the ProjectIT-Studio/MDD’s plugins (ProjectIT-Studio/UMLModeler and
ProjectIT-Studio/MDDGenerator, presented in the next section) allows further
refinement and automatic code generation of the captured information. This process
thus covers all the stages of the software lifecycle, supporting the entire development
process, from specification to delivery.
4.1 ProjectIT-Requirements Specification Language
To define ProjectIT-RSL, we analyzed the format and structure of the requirements
gathered from previous projects that we have been involved, which were mainly
interactive systems. Afterwards, we identified a common set of linguistic patterns for
the requirements of this category of systems , and finally derived a metamodel of
requirements that can adequately represent the patterns identified [8].
The linguistic patterns’ analysis leaded us to the identification of the main concepts
of our language, the PIT-RSL, namely : (1) Actors, which are active resources that
perform operations on entities; (2) Entities, which are static resources affected by
operations; (3) Properties, which are entities’ attributes that represent and describe
their state; (4) Operations, consisting on a composite workflow that modify entities
and their properties; operations are further specialized in (5) Activities, which are
composite operations, and (6) Actions, which are atomic and primitive, and with
direct support by the code generation tools.
Besides these core concepts, we have also identified more high-level concepts
because requirements documents, despite being written in natural language, should
follow a predefined structure. We identified these high-level constructs that group
classes of requirements, the Section element, and the coherent collection of sections
that define a specific software component, the System element. Sections have a type
for specifying the category of the enclosed requirements.
The proposed context -free grammar serves only the purpose of defining the
structural elements of the requirements document, such as systems and sections
declarations, and also the requirements statements structure. All syntactic and
semantic constructs of PIT-RSL are specified in the form of Template Substitution
(TS) rules that are used by the Fuzzy-Matching Parser as described in the next
section. The complete analysis of all the linguistic patterns identified is beyond the
scope of this article. However, we present here, in EBNF notation, some of the highlevel tokens that are used as reference when elaborating the previously mentioned TS
rules.
<Entity Definition> : <Entity
Inheritance
Definition>
|
<Entity
Property Definition> | <Entity Equivalence Definition> | <Entity
Association Definition>
<Entity Inheritance Definition> : <Entity> is a <Entity>
<Entity Equivalence Definition> : <Entity> is the same as <Entity>
<Entity Property Definition> : <Entity> has <Property Definition>*
<Property Definition> : [ a | an | the ] [<Primitive Type>]
[<Quantifier>] <Property>
<Quantifier> : <number> | at least <number> | at most <number> | a list
of | each | …
<Property> : Name | <Entity>
<Entity Association Definition> : <Entity Active Association Definition>
| <Entity Passive Association Definition>

<Entity Active Association Definition> : [<Quantifier>] <Entity> <Active
Verb> [<Quantifier>] <Entity>
<Entity Passive Association Definition> : [<Quantifier>] <Entity>
<Passive Verb> [<Quantifier>] <Entity>

To provide a brief insight on the nature and aspect of the previously mentioned TS
rules, we supply part of the PIT-RSL built-in TS rules XML file, where the simpler
entity definition TS rules are presented. The description XML element allows the
reader to easily establish the relation between the above EBNF notation rules
specification and the rules exhibited below. Except for the particular PIT-RSL
concepts specific tags, we have adopted the Brown Corpus tag-set notation [20] [21].
The capitalized words in the template XML elements represent keywords of our
specification language, whereas lower-case words in the substitution XML element,
prefixed with $ symbol, represent a variable binding with the value matched by the
respective word in the template during the parsing process.
<BusinessEntities>
<!-- ENTITY DEFINITION -->
<TSRule>
<description>Entity Inheritance Definition</description>
<template>new_entity/PROP IS ENTITY</template>
<substitution>$NODE/EID</substitution>
</TSRule>
<TSRule>
<description>Entity Equivalence Definition</description>
<template>new_entity/PROP IS SAME AS entity/ENT</template>
<substitution>$NODE/EED</substitution>
</TSRule>
<TSRule>
<description>Entity Property Definition</description>
<template>new_entity/PROP HAS property/PROP</template>
<substitution>$NODE/EPD</substitution>
</TSRule>
<TSRule>
<description>Entity Property Definition</description>
<template>new_entity/PROP HAS property_list/PROP/LIST</template>
<substitution>$NODE/EPD</substitution>
</TSRule>
(...)
<BusinessEntities>

4.2 ProjectIT-Studio/Requirements Architecture
The ProjectIT-Studio/Requirements component is composed of two main packages.
The first package, PIT-RSL Parser, contains all the logic responsible for the early
stages of the natural language processing, such as the Structural Parser (SP) and
Fuzzy-Matching Parser (FMP), which can operate in standalone mode. The second
package aggregates all the logic related with the Eclipse.NET plugin; it encompasses
all the functionality associated to the text editor and GUI components that provide onthe-fly feedback for assisting the requirements text editing activity. Figure 6
overviews the high-level ProjectIT-Studio/Requirements’ architecture.
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Figure 6. ProjectIT-Studio/Requirements architecture’s overview diagram.

The Structural Parser (SP) is a part of the PIT-RSL Parser package and deals
with the early format/typographical normalization and document structural analysis
stages of the parsing process. It is a LARL (1) parser generated by CSTools (an
object-oriented compilers’ generation tools framework with a similar Lex/Yacc
scripting language, available at http://cis.paisley.ac.uk/crow-ci0/), after processing a
lexical and a grammar files, which contain the lexical and context -free grammar rules,
respectively.
The Fuzzy Matching Parser (FMP) processes natural language free-form text
requirements by implementing a rule-based fuzzy matching algorithm for Natural
Language Processing (NPL) [22] [23]. It provides a robust and flexible approach
because it does not follow a rigid syntax approach as classical programming
languages do. The core concept is to take advantage of the intrinsic adherence of text
semantic to its sentence syntax, which can be applied to requirements’ textual
representation when considering their specific features, which allow us to make some
simplifications.
The Fuzzy Matching Parser’s main goal is to find the optimal parsing tree, by
successive comparisons between natural languages patterns (defined by a set of rules
designated as TS rules) and the written requirements; every time a valid match occurs,
the parser performs the respective rules substitutions in a controlled recursive process,
until no more TS rules can be applied.
The ProjectIT-Studio/Requirements Plugin is the root package, built upon
Eclipse.NET framework, which provides a powerful extensibility mechanism and
plugin architecture. It encapsulates specific text editor’s behavior and the base classes
responsible for the plugin initialization, logging, and termination. It contains the PITRSL Text Editor with several other tree-view components , and provides a coherent set

of IDE features that extend the base platform with specific behavior to support the
PIT-RSL requirements specification process.
The PIT-RSL Text Editor implements our vision to build a tool for writing
“requirements documents”, like a word processor that detects and gives feedback of
errors violating the requirements language and grammar rules, as described in [8].
This component implements all the required features to assist the stakeholder during
the requirements specification process, encompassing the code responsible for
extending the available text editor extension point of the Eclipse.NET platform. It
provides syntax-highlighting, auto-complete, on-the-fly error checking with text
annotation, and other kind of graphical annotations such as tasks and bookmarks,
giving instant feedback on most syntactic and semantic problems, or avoids them
entirely. Figure 7 presents a screenshot of the PIT-RSL Text Editor.

Figure 7. ProjectIT-Requirements screenshot.

One of our goals is to keep our tool compliant with OMG’s standards such as UML
2.0 and the XMI format. The possibility to export to the XMI format provides an
industry-standard, widely accepted way to exchange information, captured during the
requirements natural language processing stage, to other modeling and MDD thirdparty tools.
Despite of the existence of a modular Structural Parser for format/typographical
normalization and document structural analysis , in parallel and overlapping some of
this standalone parser responsibilities, we had to create a similar internal parser
mechanism to take advantage of the full out-of-the-box potential provided by the
Eclipse.NET framework. This Internal Parser (IP) processes all the information
required to support the annotation model features (namely the error reporting
mechanism) and feeds the outline page view. When working with the PIT-RSL Text
Editor, the Structural Parser assumes a secondary role since it is only used to load and
parse (eventually, in a recursive manner) the requirements documents and templates
files, and their respective systems specifications referred in the requirements
document’s import section.

Finally, there are two packages crucial in this architecture, the RSL-to-RDF/OWL
and a Jena.NET port. The latter package represents a .NET port of the Jena
framework (available at http://jena.sourceforge.net/), created by using IKVM.NET
(available at http://www.ikvm.net). This framework endorses the ProjectITStudio/Requirements Plugin with the knowledge-base and inference-engine
capabilities typical of a natural language parsing tool [26]. The former package
contains the adapter pattern code that provides a clean C# API for using the Jena.NET
without the necessary traces of Java syntax code.
The Jena framework stores all the gathered concepts bundled by each individual
optimal parse tree, as a tree forest that constitutes an ontology, where concepts are
related to each other in a graph, which allows navigation through class and properties
lattices [31]. The inference engine offers specialized reasoners (RDF and OWL
engines) and, in addition, a generic rule-based inference engine, which supports
forwards, backward, and hybrid chaining reasoning engines. Jena is essential for
extracting requirements’ implicit knowledge through flexible queries.

5 The ProjectIT-Studio/MDD
The ProjectIT-Studio/MDD component supports the modeling and the transformation
tasks according to the ProjectIT approach. This component aggregates two plugins:
(1) a standard UML visual modeling tool (ProjectIT-Studio/UMLModeler) and (2) a
template-based code generator (ProjectIT-Studio/MDDGenerator).
5.1 ProjectIT-Studio/UMLModeler
The ProjectIT-Studio/UMLModeler plugin consists of a tool for standard UML
modeling in the context of the ProjectIT approach. The tool allows the designer to
create visual models of the system using the UML 2.0 modeling language [27], as
Figure 8 illustrates . The designer creates the models based on a given UML profile,
e.g. the XIS UML profile [10]. These models are used in the definitions of generative
processes (specified by the programmer, as the next subsection describes) to generate
the system artifacts according to specific software architectures.
In addition to the creation of UML models , the tool also features a simple Profile
definition mechanism, which allows the further customization of UML; this allows
the designer to adapt the system modeling language to the templates that the
subsequent generative process (in the ProjectIT-Studio/MDDGenerator) will use.
A profile definition consists of two separate components: (1) the syntax and (2) the
semantics of the profile. The syntax is defined by associating stereotypes with images,
which is the typical mechanism that the UML specification provides [27] and that
most UML modeling tools support; this association between stereotypes and images is
done entirely within the tool. As for the definition of profile semantics, the tool
supports the graphic specification of extensions between Stereotypes and UML
metaclasses (similarly to Enterprise Architect [28]). The tool also supports additional
profile semantics, using external .NET assemblies containing code to validate the
model in terms of the profile; this allows the tool to assure the continuous validation
of the model being created, according to both the UML semantics and the profile
semantics.

Figure 8. A usage scenario of the ProjectIT-Studio/UMLModeler.

5.2 ProjectIT-Studio/MDDGenerator
ProjectIT-Studio/MDDGenerator is the plugin responsible for the generation of
system artifacts. As input, it receives a generative process, which is a configuration
file that specifies the name, model, and software architecture of the final application.
Figure 9 shows an overview of generative process concepts which we describe next.
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Figure 9. Overview of generative process concepts.

According to the ProjectIT approach, a model is an abstract representation of a
software system, created by the designer and based on a given UML profile, e.g. the
XIS UML profile [9]. Subsystems are divisions of the model that pertain to a category
such as entities, actors or interaction spaces .

According to the same approach, a software architecture is a generic representation
of a software platform, created by the architect by developing templates for that target
platform. Templates are generic representations of software artifacts to support the
“Model2Code” transformations, they pertain to a category such as database, data
services, user interfaces, and others. Figure 10 shows a part of a template that
specifies the transformation that generates SQL-DDL scripts to create database tables.

Figure 10. Template editor.

Figure 11 shows the editor provided by ProjectIT-Studio/MDDGenerator that
allows the configuration of generative processes; subsystems and templates can be
selected individually to allow the incremental generation of the final system.

Figure 11. A usage scenario of the ProjectIT-Studio/MDDGenerator.

The ProjectIT-Studio/MDDGgenerator woks as follows: it reads the generative
process and loads the model with the selected subsystems, then passes the result as
input to each selected template, which is then processed by the template engine.
The template engine transforms templates into C# source code, compiles and
executes it in runtime, and then collects the output into the specified file artifact (see
Figure 12). This engine is derived from TemplateMaschine (more information in
http://www.stefansarstedt.com/templatemaschine.html), which we adapted to support
new directive operations that help the architect to specify richer templates in an
artifact-oriented perspective, using a syntax similar to ASP.NET.
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Figure 12. Template Engine overview.

6 The ProjectIT-Studio – Putting all together
One of the requirements we had in mind when designing the architecture of
ProjectIT-Studio was the ease of installing/removing components, which requires a
certain degree of independence between these components. However, these
components are required to cooperate (when deployed), which also requires a certain
dependency between them. The underlying platform (Eclipse.NET) features a plugin
architecture with an extension-based collaboration mechanism for plugins, allowing
the fulfillment of these requirements in an effective and elegant manner.
ProjectIT-Studio is implemented as a set of plugins for the Eclipse.NET platform:
ProjectIT-Studio/Requirements,
ProjectIT-Studio/UMLModeler,
ProjectITStudio/MDDGenerator, ProjectIT-Studio/Kernel, and ProjectIT-Studio/CommonDB
(for text simplicity, we will omit the “ProjectIT-Studio” prefix in the remainder of
this section). The Kernel and CommonDB plugins are base plugins, whose function is
to support the development-oriented top-level plugins: Requirements, MDDGenerator
and UMLModeler. Figure 13 illustrates how the ProjectIT-Studio plugins are working
together.
The Kernel plugin provides basic framework facilities, like the UML2 metamodel,
to the top-level plugins. The CommonDB plugin allows the top-level ProjectIT-Studio
plugins to serialize and deserialize information to a persistent storage mechanism
(such as a relational database), decoupling persistence details from those plugins.

Serialization to a persistence medium used by multiple ProjectIT-Studio instances
allows those instances to be synchronized with each other.
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Figure 13. ProjectIT-Studio’s plugins and relations between them.

The top-level plugins (Requirements, UMLModeler and MDDGenerator) also
interact with each other, through Eclipse.NET’s extension-point mechanism.
Requirements declares an extension-point, called “RequirementsModelProvider”,
which means that the plugin can provide models; any plugins that can process (i.e.
consume) models produced by Requirements should declare themselves as consumers
of this extension-point.
UMLModeler also declares an extension-point, called “ModelProvider”, with a
purpose similar to Requirements’ “RequirementsModelProvider” extension-point.
Additionally, since the ProjectIT approach includes obtaining models from
requirements, UMLModeler declares itself as a consumer of Requirements’
“RequirementsModelProvider” extension-point.
MDDGenerator, as the last tool to be used in the ProjectIT approach, does not
declare any extension-points, since there would be no consumers. The plugin does
declare itself as a consumer of both UMLModeler and Requirements’ extensionpoints (“ModelProvider” and “RequirementsModelProvider”, respectively). This way,
MDDGenerator can receive models from both Requirements and UMLModeler,
allowing the developer to: (1) directly generate code from Requirements; or (2)
generate code from a model specified using UMLModeler.
All the plugins that supply extension-points (i.e. Requirements and UMLModeler)
are configured to present the developer with a set of options, allo wing the choice of
the consumer that should receive the model. Figure 12 previously illustrated this, with
the “Create Generative Process” context menu entry meaning that the model currently
being specified would be supplied to MDDGenerator (that declared itself as a
consumer of UMLModeler’s “ModelProvider” extension-point).

7 Related Work
The idea of providing a complete software development workbench, throughout the
entire life cycle is not new, but only recently some attempts had some success. Since
the first CASE tools (many of which have already disappeared from the market) that
we have been pursuing the idea of code generation, but the best we reached was the
generation of database scripts. In terms of modeling, many tools have been created,
but they concentrate of the visual issues, and not on the automation of tasks of the
development process. For example, many requirements tools deal with requirements
as information that is managed like any other concept managed by an information
system; requirements are thus inserted, updated and viewed as records in a table of a
relational database.
Even in terms of research there are not many proposals , like that we propose, that
start in the requirements specification task and end with the application of code
generation techniques. Ambriola and Gervasi proposed a “lightweight formal
method” approach, supported by the use of modeling and model checking techniques
to produce a formal validation of the requirements written in natural language [16].
The project CIRCE uses NL as the specification language and provides feedback to
the user with a multiple -views approach. They also use fuzzy matching domain-based
parsing techniques to extract knowledge from requirements documents, which is later
used to provide different views and models to analyze this knowledge. Although
Circe and ProjectIT-RSL have some similarities, there are between them many
differences, namely in the architecture, concepts and algorithms used, and above all,
in the strategy: the goal of CIRCE has been requirements validation, and only recently
moved to research about the integration with model driven approaches, whereas our
goal with requirements specification is to obtain a consistent requirements document
that is in conformance with a metamodel, which also enables the use of model driven
techniques and code generation.
Microsoft itself announced the Dynamic Systems Initiative, an approach that
integrates ideas and tools, with impact at the hardware, systems, applications and
process levels, in order to easy the development and management of information
systems. Among other key ideas, it is supposed to automate some of the development
tasks, thus resulting in increased productivity and reduced costs. Particularly
important in this initiative is the Software Factories line of research [24], that follows
the ideas of software product lines (it researches the key issues related with producing
software like the traditional industrial product lines) and domain specific languages
(it is concerned with the creation of specialized languages for the specification,
design, modeling or even programming software systems) [29,30]. A more detailed
comparison between DSI/Software Factories and ProjectIT results in the identification
of many similarities, but still some important differences; for example, we strongly
believe in the importance of getting a correct and validated requirements specification
at the beginning of the projects, whereas Software Factories typically do not address
the requirements phase.

8 Conclusions and Future Work
This paper introduces the ProjectIT research initiative, its main issues and challenges.
In order to validate the proposed ideas, and contributions, we decided to design and
develop our own workbench, called ProjectIT-Studio. This paper presents and
discusses the most relevant architectural aspects of ProjectIT, as well as its innovative
and distinct features.
ProjectIT-Studio is an integrated environment of a set of components developed on
top of the Eclipse.NET framework, and so it is an extensible, modular and plugin
based environment. ProjectIT-Studio currently supports the two most relevant and
distinctive features of the ProjectIT initiative: (1) requirements specification and
management and (2) models definition and model-to-code transformations. The
results we have achieved until now show that the ambitious vision we had in the
beginning of this project is possible. It is possible to produce software systems in a
more productive way, by adapting and integrating techniques such as rigorous natural
language based requirements specification, system modeling, code generation or
models/artifacts transformation.
However, and in spite of the results already achieved, there are many issues,
questions and research to be done in the near future. The first key issue at the stage of
our research is results validation: the proposed features must be validated and tuned in
real-world projects, which means that some of them could be applied by third parties,
such as software houses. Second, the issue of components integration is also a
mandatory one: we are currently lacking an adequate and integrated support for all
our tools at the data representation and storage level. Frequently, each component
manages its specific information in separate repositories, thereby implying a need to
duplicate information. Third, the issue of model transformations is something
relevant, namely to enhance the designer and the developer’s productivity, and we are
considering paying more attention to it in the near future.
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