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1 Introduction

The purpose of this document is to collect requirements to be implemented in ROMULUS from
different perspectives.

First of all, the methodology used for the requirements elicitation is described in Section 2, as well
as the format in which the requirements will be presented in the document.

Section 3 provides a state of the art of some important technologies that are related to the
ROMULUS project: the competing pragmatic web development technologies are analysed to make
an informal comparison between Roma framework, the ROMULUS starting point, and its
competitors in the market. In addition, the open source portal solution Liferay is presented to show
up the potential of its integration with Roma, and overall to be a reference for the reader when
analysing portal related requirements. Finally, persistence frameworks and web services
technologies are introduced as a reference for architectural and service mash-up requirements.

Section 4 identifies a set of requirements having a strong business perspective. Usually a
business goal is the driver for the definition of a set of functional and non functional requirements,
that hopefully will help in reaching the defined business objectives.

Sections 5 and 6 are devoted to the requirements about the user interface. In the first one, the
different typologies of users are identified and opportunely classified. In the second one the
requirements about the ROMULUS user interface are specified, taking into account that
ROMULUS is not a vertical or general purpose application, but that it's a metaframework for
creating web applications.

Section 7 contains the complete set of functional requirements for the ROMULUS core. In
particular, there are requirements about the integration with Liferay portal, the ROMULUS
architecture and the different mash-ups (portal, data, services, business).

Section 8, finally, contains the definition of non functional requirements addressed in the project.

WP2 (ROMULUS requirements)
T2.1 (User Requirements), T2.2 (Technical Requirements), T2.3 (Business Requirements)
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2 Methodology for requirements elicitation

With respect to the user requirements, a first effort was spent by the partners to define which are
the user typologies for the metaframework. The proposed user roles have been elicited by
discussing with partners, consulting researchers and university teaching staff, and taking into
account the development experiences of the industrial partners.

Once the user roles were defined, a set of interviews and meetings with potential users have been
organized in order to elicit the user requirements.

Many user requirements have been elicited by examining similar frameworks, by comparing
current Java technologies and by examining the other European projects dedicated to similar
topics.

To elicit functional requirements the partners used a similar approach. The review of the state of
the art in software development tools, frameworks and tools provided a basis for defining
requirements in order to enhance general developer's productivity. As natural, academic partners
such as UPM and DERI have contributed with scholarly references where the industrial partners
have contributed with references to the latest available and most used tools.

An important contribution on functional and non functional requirements' specification came from
the actual experience in web and enterprise applications development held by industrial partners,
enriched with the methodological contribution of academic partners.

An important role on requirements elicitation was played by the discussion within the different
communities related to project: Imola Informatica hosts the longest running Italian community
dedicated to Java developers (MokaByte), so the readers opinions helped in the definition of Java
development related requirements. For topics such as semantic enhancement of development
tools, DERI participates to FOAF developer mailing list and is in contact with projects such as
BAETLE and MIT SIMILE. The open source communities around Roma framework and Liferay
portals gave another important contribution to the requirements discussion.

For the business requirements elicitation the industrial partners took advantage of internal
resources with a business skill as well as external cooperation (customers, commercial partners,
etc) to define which are the business goals to achieve by means of the specific requirements
implementation: each business requirement is associated with one or more business goals, so the
requirement’s fulfilment implies a step forward in the business goal achievement.

The requirements specification has followed a strict acceptance process based on partner
discussion during the F2F meeting (e.g. Jan 2008 Madrid), on telephone conferences held
regularly, and on discussions on the ROMULUS mailing lists and project portal forums.

2.1 Requirements specification format

The requirements will be specified in natural language, since it makes them more readable even if
less formal. The format decided was a table for each requirement, having the following information
associated:

1. The requirements are classified as:

a) User Requirements (UR)

WP2 (ROMULUS requirements)
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b) Technical Requirements (TR)

c) Business Requirements (BR)

2. The requirements are divided in the following categories :
Shell (SHELL)
IDE Plugin (IDEPLUG)
Portal (PORTAL)
Presentation (PRES)
Business Logic (BL)
Integration (INT)
Persistence (PER)
Semantic Capabilities (SC)
General application development (DEV)
Development Process (PROC)
Security (SEC)
Audit and debugging (AUD)

2. The requirements will have a unique identifier that is composed by:
class -category -number

Ex: UR-PRES-01 is a User Requirement of the category Presentation having the
number 1.

3. Requirement description : a brief description of the requirement

4. Requirement motivation : a short motivation for the specified requirement

5. Relevance: it represents the priority of the requirement. The possible values are:
Important (1)
Desirable (D)
Nice to have (N)

Low importance (L)

WP2 (ROMULUS requirements)
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Important note: the last three values mean option of choices, so only requirements
identified as Important will be implemented, while the requirements identified as Desirable,
Nice to Have or Low Importance will be implemented only afterwards the Important ones,
in case there will be remaining effort and in agreement between partners after a detailed
analysis.

6. For the User Requirements, a corresponding User role must be defined. The user roles
are defined in paragraph 5.1 (“User Roles and Characteristics”)

As example: Web developers (WD)

Example:

Requirement [UR-PRES-01
Identifier

Requirement | The User should be able to create a web application interacting with the
description framework by means of a shell console

Requirement | The users need a quick and effective way to interact with the framework.
motivation

User Role Web Developers

Relevance Important

The section 4 is devoted to the specification of business requirements related to the project. For
those requirements the summary table was slightly changed to better meet the needs of
classification.

The template is the following:

WP2 (ROMULUS requirements)
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Requirement | Business partner contribution
descriptors

Requirement
ID

Requirement
description

Business
Goal

Motivation for
the Business
Requirement

The fields present in the table are very similar to the other one, with some minor differences:

Requirement ID: in this field the code BR identifying the business requirement has been
introduced. For example:

BR-01
Business Goal: describes which is the business goal of the specified requirement

Obviously the User Role and the Relevance fields are missing in this case, since they are not
relevant for a business requirement.

WP2 (ROMULUS requirements)
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3 State of the Art of ROMULUS related technologies

3.1 ROMA framework

The Roma framework [ROMA2008] is an Open Source initiative to facilitate the development of
Java applications. The approach is based on the Domain Driven Design (DDD [DDD]) approach:
developers should concentrate on the application domain and Roma will provide, with minimum
development effort, the most common infrastructures needed for building a web application, such
as persistence (database), presentation (HTML + Ajax), logging, reporting, user management,
sessions, workflow, job scheduling, etc.

Roma is a metaframework, and provides a tool aims at removing dependencies between
application code and underlying frameworks and tools. If correctly used, the metaframework allows
the replacement of a specified technology with minimal changes on the application's code.

Roma borrows some concepts and the philosophy of Model Driven Architecture (MDA), but it's
totally based on POJOs (Plain Old Java Object) with no need of learning other languages or
particular frameworks.

Roma architecture is built upon some basic concepts:

Aspects : a Roma application is built on a core layer, that implements basic functionalities,
and a set of aspects that represent particular functionalities that are common to all
applications and do not depend on the application domain. Typical aspects are view,
persistence, flow control etc. Roma exposes abstract interfaces for each aspect, and
provides different implementations for each interface. A programmer that uses a particular
aspect in his application (i.e. persistence aspect) can substitute the aspect implementation
(i.e. from JPOX [JPOX] to Hibernate [HIB]) without changing the implementation, but just
substituting the aspect implementation.

Modules : external functionalities are implemented as separate modules. A developer that
wants to add particular functionalities to its application can download and singularly
integrate the right module. Roma modules provide complex functionalities, such as
workflow, ETL and scheduling.

Convention over configuration:  whenever developers follow the Roma conventions about
assigning names to resources, method names, etc., the framework knows automatically
how to implement related functionalities (e.g. the methods are rendered as buttons in the
GUI).

Roma takes advantage from the potentials of frameworks and tools for Java development,
reducing the effort and the skills needed to implement enterprise level applications, without limiting
the possibility of customization. Roma developers can:

implement an application domain (an operation that is easy enough to be performed by a
Java newbie programmer) and let Roma automatically generate basic functionalities, such
as user interface, CRUD (Create, Read, Update, Delete), persistence, user authentication,
application logging, etc.

re-implement functionalities to customize single application features (e.g. application flow)
using the metaframework approach

WP2 (ROMULUS requirements)
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bypass the metaframework interfaces to use framework-specific implementation features,
gaining in flexibility but renouncing to the advantages of framework portability.

The current implementation of Roma aspects and modules includes the support for the following
technologies:

Echo2 [ECHO2008] implementation of the view aspect, for AJAX/Web 2.0 based user
interface implementation.

Java Persistent Objects [JPOX]persistence aspect implementation for automatic object
relational mapping. JPOX is an implementation of Java Database Object API [JDO] version
1, 2 and 2.1, and Java Persistence API [JPA] specifications.

Reporting implementation based on JasperReports [JASPER].
Scheduler module based on Quartz Enterprise Job Scheduler [QUARZ]
POJO based Chart generation module based on jFreeChart [JFREECHART]

Scripting module based on Java 6 scripting implementation.

3.2 Gralls

Grails [GRAILS] is an open source web application framework based on Groovy [GROOVY2008]
scripting language and Domain Driven Development (DDD). Grails adopts “coding by convention”
paradigm to obtain high productivity in web development.
High productivity
Grails has three properties that increase developer productivity significantly when compared to
traditional Java web frameworks:

No XML configuration

Ready-to-use development environment

Functionality available through mixins
No XML configuration

Creating web applications in Java traditionally involves configuring environments and frameworks
at the start and during development. This configuration is very often externalized in XML files to
ease configuration and avoid embedding configuration in application code.

XML was initially welcomed because it provided greater consistency to configure applications. In
recent years, however, it has become apparent that although XML is great for configuration it can
be tedious to set up an environment. This may take away productivity because developers spend
time understanding and maintaining framework configurations as the application grows. Adding or
changing functionalities in applications that use XML configuration adds an extra step to the
change process next to writing application code which slows down productivity and may take away
the agility of the entire process.

Grails takes away the need to add configuration in XML files. Instead the framework uses a set of
rules or conventions while inspecting the code of Grails-based applications.

Ready-to-use development environment

When using traditional Java web toolkits, it's up to developers to assemble deployment units which

WP2 (ROMULUS requirements)
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can be tedious. Grails comes with a complete development environment that includes a web server
to get developers started right away. All required libraries are part of the Grails distribution and
Grails prepares the Java web environment for deployment automatically.

Functionality available through mixins

Grails features dynamic methods on several classes through mixins. A mixin is a functionality (in
the case of Grails mixins are methods) that is added to classes dynamically instead of a classical
process where the functionality's code is added to the program and then compiled to make it
running.

These dynamic methods allow developers to perform operations without having to implement
interfaces or extend base classes. Grails provides dynamic methods based on the type of class.
For example domain classes have methods to automate persistence operations like save, delete
and find.

Dynamic tag libraries

Grails provides a large number of out of the box tag libraries. In addition, client tag libraries can be
easily created and reused.

Architecture

Grails applications are developed following the Model View Control [MVC] design pattern. Grails
offers a default application structure that naturally separates Model, represented with simple
objects (POJO), from View, implemented as GSPs (Groovy Server Pages) and auto-generated
CRUD and Controller. Grails includes Inversion of control [IOC] mechanisms based on Spring
framework [SPRING].

Project Management

Grails projects are created and maintained through shell commands that allow to create domain
classes and controllers, to add plug-ins and other common operations. Applications created with
Grails are automatically configured to be run in three different environments: development, test and
production.

IDE integration

Grails projects are ready to be integrated in Eclipse and NetBeans IDEs. Anyway, the integration is
not complete and some operations have to be executed through a shell.

Presentation

The presentation layer of Grails applications is by default implemented with Groovy Server Pages
(GSP), that are very similar to Java Server Pages, but written in Groovy language. In addition, a lot
of presentation technologies can be integrated adding plug-ins, including Direct Web Remoting
[DWR], Dynamic Javascript, OpenLaszlo [OPNLSZ]), Flex 3 [FLEX] and many others.

Persistence

The persistence is implemented by default using Hibernate [HIB] framework. The basic persistence
operations are performed directly by Grails, that allows to save and retrieve domain objects with a
very simple API, the Grails Object Relational Mapping [GORM], without the need to configure
anything: in GORM a save() method invoked directly on domain objects, and queries based on
Hibernate query language. Domain classes are directly mapped on database tables.

WP2 (ROMULUS requirements)
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Authentication and security

Grails provides security mechanisms coming from the different libraries that are integrated in the
framework. With respect to persistence, the GORM library automatically escape parameters to
prevents injection attacks, while the client requests are escaped to prevent code injections.

The authentication and security are supported adding plugins that integrate Acegi framework
[ASS], jSecurity [JSEC], jCaptcha [JCAP] and other frameworks.

Testing

Grails plug-ins offer the possibility to write test cases for applications with different technologies,
including Canoo Webtest [CANOO], a test framework based on Ant tasks, and Selenium
[SELENIUML].

Integration

Grails applications can expose and communicate with web services, using existing technologies
such as Apache Axis2 [AXS] and XFire [XFIRE]. Moreover the JMS support is integrated through a
plug-in. To read feeds, Grails supports (through a plug-in) RSS and ATOM.

3.3 Tralls

Trails [TRAILS] intention is to be the Java response to Ruby on Rails. Trails is a domain driven
development framework that integrates Spring, Hibernate and Tapestry [TAPESTRY] technologies
to rapidly build Java web applications.

Trails allows rapid application development to create, read, update, or delete (CRUD for short)
entities by automatically creating list and edit pages for POJOs.

The framework is very poor and it didn't give any inspiration for ROMULUS requirements, since
Roma framework in its current version already provides all Trails functionalities.

3.4 Salls

Sails (Simplifying Java webapps) [SAILS] is a dynamic, open-source framework for developing
Java web applications, designed in the spirit of Rails.

Sails manages web requests by splitting them into a controller part (performing the logic) and a
view part (rendering a template). This two-step approach is implemented by using the concept of
action: an action can be some logic applied on model part, maybe interacting with a database or
the visualization of a specific template, as well as the redirection to another action. Sails
implements these actions as public methods on Action Controllers and uses Action Views to
implement the template rendering.

Action Controllers are responsible for handling the persistence of entities and the application's
logic. This grouping usually consists of actions for listing objects that are results of a specified
research, and for CRUD revolving around a single (or a few) model objects. For example, if an
entity called “PersonContact” is defined, a ContactController would be responsible for listing,
creating, deleting, and updating Contacts' objects, while a BlogController could be responsible for
both posts and comments over a web blog.

The Action View templates are written using statements written in Viento, a templating language,
mingled in with the HTML.

WP2 (ROMULUS requirements)
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To avoid cluttering the templates with code, a bunch of mixing classes provide common behaviour
for forms, dates, and strings. It's easy to create mixing that are application specific in order to
maintain the separation when the application evolves.

Any data type in a Sails application, including Java built-in types, primitives and wrappers, may end
up in HTML or JavaScript. In an effort to ease development and remove duplication, adapters
provide a way for the framework to convert Java data types into Strings to be used in HTML and
JavaScript, and convert them back into objects when a request is made.

Some important characteristics of Sails are the following:
Is created using test-driven development.
The controllers are testable.
Leans heavily on convention over configuration.
Binds URLSs to Actions on Controllers and renders their templates.
Converts objects into Strings and Strings into objects.
Is Enterprise ready.

Is Ajax enabled.

3.5 JBoss SEAM

Boss Seam [SEAM] is a powerful application framework for building web applications which
includes and integrates technologies like Asynchronous JavaScript and XML (AJAX), Java Server
Faces (JSF), Enterprise Java Beans (EJB3), Java Portlets and Business Process Management
(BPM).

The main aspect that should be noted is that JBoss Seam is part of the JBoss project [JBOSS], the
open source world leader Application Server, so the integration with J2EE technologies provided by
the underlying server represents the most attractive characteristic. Whenever the integration with
J2EE technologies is not needed, the framework can be easily considered as an heavy weight
solution.

Application framework for EJB 3.0

EJB 3.0 has changed the notion of EJB components as coarse-grained, heavy weight objects to
EJB as lightweight POJO with fine-grained annotations. In Seam any class may be easily
transformed in EJB by adding annotations [ANNOT]. This is actually not different from any
framework providing integration with an application server EJB 3.0 compliant. By using the EJB 3.0
programming model, it means annotations to define the “nature” of the objects, Seam eliminates
the distinction between presentation tier components and business logic components, bringing a
uniform component model for the entire EE platform.

Backward compatible with J2EE

Seam is not limited to environments that support EJB 3.0. Seam may be used in any J2EE
environment, or even in plain Tomcat.

Easy to integrate with AJAX

Seam integrates open source JSF-based AJAX solutions like ICEfaces and Ajax4JSF with Seam's
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unique state and concurrency management engine. AJAX can be added to applications with ease,
without the need to learn JavaScript, having also the protection from potential bugs and
performance problems associated with the switch to AJAX. This is another advantage of being
tightly integrated with JBoss application server.

A new approach to state management

Before Seam, the HTTP session was the only way to manage Web application state. Seam
provides multiple stateful contexts of different granularity from the conversation scope to the
business process scope, liberating developers from the limitation of HTTP sessions. In this case, it
took advantage of using JSF.

Flow management

Seam integrates transparent business process management via JBoss jBPM, making it easier to
model, implement and optimize complex collaborations (workflow) and complex user interactions
(pageflow).

3.6 Ruby on Rails

Ruby on Rails [RR1, RUBY2008] is an open source framework for rapid development of web
applications. Its main goal is to increase developers productivity by facilitating their work: it helps in
creating database-driven web sites, it offers skeleton code frameworks (scaffolding) from the
outset. Ruby on Rails is an open source project written in the Ruby programming language, while
the applications created using the Rails framework are based the Model-View-Controller design
pattern.

Model-view-controller (MVC) is an architectural pattern used in software engineering. In complex
computer applications that present a large amount of data to the user, a developer often wishes to
separate data (model) and user interface (view) concerns, so the modifications to the user
interface will not affect data handling, and that the data can be reorganized without changing the
user interface. The model-view-controller solves this problem by decoupling data access and
business logic from data presentation and user interaction, by introducing an intermediate
component: the controller.

This pattern splits the view (also called the presentation) into "dumb" templates that are primarily
responsible for inserting pre-built data in between HTML tags. The model contains the "smart"
domain objects (such as Account, Product, Person, Post) that holds all the business logic and
knows how to persist themselves to a database. The controller handles the incoming requests
(such as Save New Account, Update Product, Show Post) by manipulating the model and directing
data to the view.

Ruby on Rails characteristics

The fundamental Ruby on Rails principles include Convention over Configuration (CoC) and Don't
repeat yourself (DRY).

"Convention over Configuration" means that a developer only needs to specify unconventional
aspects of the application. For example, if there's a class “Sale” in the model, the corresponding
table in the database is called “Sales” by default. It is only if one deviates from this convention,
such as calling the table "products_sold", that some code writing is needed .

"Don't repeat yourself' means that information is located in a single, unambiguous place. For
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example, using ActiveRecord, the developer does not need to specify database column names in
class definitions. Instead, Ruby can retrieve this information from the database.

Technical overview

Like many contemporary web frameworks, Rails uses the Model-View-Controller (MVC)
architecture for organizing application programming.

Rails provides 'out of the box' scaffolding which can quickly construct most of the models and
views needed for a basic website. Other helpful development tools come with or are installed with
Rails, such as the WEBrick web server and the Rake build system.

For web services Rails initially supported lightweight SOAP; later it was replaced by RESTful web
services.

Framework structure

Ruby on Rails divides itself into various packages, namely Active Record, Active Resource, Action
Pack, Active Support and Action Mailer [RR2, RR3]. Apart from standard packages, developers can
make plugins to extend existing packages.

Rails is a full-stack framework for developing database-backed web applications according to the
Model-View-Control pattern. From the Ajax in the view, to the request and response in the
controller, to the domain model wrapping the database, Rails gives a pure-Ruby development
environment. To use it, all it is needed is to add a database and a web server.

Supported Web servers

For the web server, there are recommended Apache, lighttpd, or nginx proxying to Mongrel (or
using FastCGl).

Supported databases
The following databases are supported: MySQL, PostgreSQL, SQLite, Oracle, SQL Server, DB2.

3.7 Persistence ORM frameworks

The persistence aspect is crucial for any approach to the development of web applications. In fact,
each framework examined in the previous sections has its own approach and technology to access
data and to manage the database interface. ROMULUS, being a metaframework, should be
independent from any technology for managing persistence: the approach is to define a set of
operations related to data management within a generalized interface (the persistence Aspect) that
will be implemented by connectors to the different persistence technologies available in the market.

For this reason, it's important to understand which are the best candidate technologies for
implementing the persistence aspect, assuming that Roma already provide an implementation
based on JPOX [JPOX].

The main reason for looking for another technology to implement the persistence aspect is not the
enlargement of ROMULUS technologies' support, even though important, but it represents a way
to prove the strength and the soundness of the persistence aspect interface definition. In order to
be able to state that the metaframework is able to support different technologies for the data
accessibility, in a crucial aspect as the persistence one, at least two implementation should be
provided.

In this section a short description of the main technologies for the persistence management are

WP2 (ROMULUS requirements)
T2.1 (User Requirements), T2.2 (Technical Requirements), T2.3 (Business Requirements)
Status: Final — Distribution: Public



ICT ROMULUS 217031
by D2.1 — ROMULUS Requirements
Page 18 of 94

introduced. The main functionalities and characteristics for each framework will be described,
taking into account also their position in the global market and how they are supported by the
related communities.

3.7.1 Hibernate

Hibernate [HIB] is a framework for the Object Relational Mapping (ORM), based on a POJO +
XML approach.

Getting the definition from Wikipedia [HIBW]:

“Hibernate's primary feature is mapping from Java classes talutge tables (and from Java data
types to SQL data types). Hibernate also provides data queryedneval facilities. Hibernate
generates the SQL calls and relieves the developer from manual sesuiandling and object
conversion, keeping the application portable to all SQL databases, with datghatability
delivered at very little performance overhead. Hibernate providesparent persistence for Plain
Old Java Objects (POJOs). The only strict requirement fqeesistent class is a no-argument
constructor, not compulsorily public. (Proper behavior in some applicatitsts raquires special
attention to the equals() and hashCode() methods.). ”

At this moment Hibernate is probably the most famous persistence tool in the world, and one of the
most used. Its success is based on its performance, its expressive power for querying, a lighter
approach with respect to EJB 2.0 that makes it usable also without the presence of a full enterprise
application server. This way, many applications that don't critically need enterprise level services
can leave the burden of a J2EE application server and rely on light weight servlet containers,
reducing operational effort and costs.

Hibernate is part of the most famous open source project in the world, namely JBoss, so it provides
a great support to the developers and the users, complete documentation, a reliable community
that releases hot fixes and patches with a very high frequency.

3.7.2 TopLink

Oracle TopLink [TOP] is an object-relational mapping package for Java developers, initially created
and managed by Oracle and recently donated to Eclipse Foundation, that started the EclipseLink
project [ELNK].

As the other ORM technologies, TopLink provides the functionalities for connecting to a database,
persist objects data content, perform queries returning the results as objects, and create
transactions which synchronize changes to the object model and database.

The TopLink runtime environment provides also advanced features such as object caching (which
may dramatically improve application performance) and the TopLink Query Framework to simplify
database queries.

A distinctive part of TopLink is without doubt the Workbench, a primary development tool which
creates and manages the mapping metadata that describes the relationship between Java classes
and data source. It is really powerful and user friendly, so it can be considered as a plus for users
that has already in place a complete Oracle development environment. For the one that uses the
modern version EclipseLink, it will not help.
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3.7.3 SunJPA

The Sun JPA [JPA] (the EJB 3.0's [EJB3] persistence engine) is the “abstract” persistence engine
produced by Sun and used as persistence proxy layer in EJB 3.0. JPA can be considered as the
Sun response to the success on the market of the ORM technologies, such as Hibernate or JDO.
Since it was impossible and maybe not strategic to provide another technology for the object
persistence implementation, Sun opted for a process of standardization of the existing approaches
to the persistence management, in order to facilitate the usage of existing technologies and
framework within a J2EE architecture.

A JPA implementation is released with open source licence with the Sun GlassFish application
server, but it's reasonable that other vendors will provide implementations of the standard when it
will have some more success in the market.

In a certain sense, this effort on standardization done by Sun is similar to the idea of ROMULUS to
have a standard persistence aspect, but there is a big difference in the final goal: while JPA wants
to standardize every possible functionality related to the data object persistence in order to provide
a broad support for every application in the enterprise context, the ROMULUS approach is
restricted to find out the minimal set of functionalities related to the persistence needed to rapidly
implement web applications. This is an important consideration that should be taken into account
defining requirements.

3.7.4 Spring Persistence

Spring [SPRING] is a framework for building enterprise applications: it offers many features well-
organized in several modules. From the persistence perspective, Spring offers an ORM module
that is organised similarly to JPA EJB 3.0, so it's organised following a “wrapping approach”: Spring
is not itself a persistence engine but it provides a set of higher level APl and functionalities to
manage the persistence and delegating any 1/0O operation to the ORM running behind.

Since ROMULUS metaframework is based on Spring, it could seem reasonable its usage also for
the implementation of persistence related functionalities. Actually it isn't, because it will constitute
another mediator between the developed application and the actual persistence framework, in
addition with the mediation already provided by the defined persistence aspect. This represents an
aspect to carefully evaluate when defining requirements.

3.8 Web services runtimes

One of the main objectives of the project is the introduction of Web Services (WS) technologies
and their mash-up in the ROMULUS architecture. In this context the focus of the discussion is not
in the WS specifications, but in their implementations that can be integrated in ROMULUS.

First of all it's important to clarify that is out of the scope for the project the compliance with the
complete set of WS specifications: the only compliance that is required is the WS- [WSI], a set of
specifications to guarantee interoperability, with their Basic Profile [BP]. With respect to the second
generation of WS specifications, usually called WS-*, that provide support for non functional
requirements implementation, they will be considered only in relationship with the security and
reliability implementation.
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3.8.1 Apache Axis 2

Apache Axis [AXS] is an open source, XML based Web service framework that currently offers a
Java and C++ implementations. With Axis there are two approaches of creating Web Services:
bottom up and top down. The bottom up approach starts from the definition of a Java class
containing the logic of the service that can be annotated to show up to the framework which is the
method to be called once a request is received. The top down approach starts from the definition of
a WSDL description of the service, including an XSD description of data types, delegating to the
framework the creation of the needed Java classes (Stub and Skeleton) to be filled with the service
behaviour.

Axis is fully compliant with the WS-I specifications only by version 2: at the moment of writing this
document, not all the WS-I specifications are implemented in this framework.

Despite his great popularity (it was the first WS-runtime appeared on the programming arena), and
the fame of Jakarta Group, the project, like many others from the same organisation, lacks broad
support documentation especially concerning the latest versions. This could represent a problem
for developers and architects who need to take decisions about Axis adoption in critical projects:
for example, at this moment is not clear the level of implementation of the WS-l security
mechanisms. In an enterprise scenario (where features like interoperability, security, transactional
support are very important), this shortage becomes an unbearable limit to ensure the development
of projects.

3.8.2 Sun Metro

Metro [MTR] is currently the Web Service stack that implements a more complete and updated
compliance with the WS-* specification, with a particular attention to WS-Security (based on the
mechanism of the handlers). Moreover, Metro fully supports Sun JAXWS [JSR224] standard API
(JSR 224), that probably will be likely the most supported standard in the future.

The JAX-WS stack will provide the needed libraries and API for the management of SOAP protocol
and, overall, the non functional requirements implementation (Security, Transactions, Reliable
Messaging).

Metro is released from Sun as a part of the Glassfish project: on the web site is possible to find
many resources, documentation, and an active community of programmers involved in the
application server developing and support.

3.8.3 Apache CXF

A very interesting runtime support for Web Services came out in the last months is Apache CXF,
released with open source licence by Apache. CXF helps you build and develop services using
frontend programming APIs, like JAX-WS. These services can speak a variety of protocols such as
SOAP, XML/HTTP, RESTful HTTP, or CORBA and work over a variety of transports such as HTTP,
JMS or JBI.

CXF includes a broad feature set, but it is primarily focused on the following areas:
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Web Services Standards Support: CXF supports a variety of web service standards
including SOAP, the Basic Profile, WSDL, WS-Addressing, WS-Policy, WS-
ReliableMessaging, and WS-Security.

Frontends: CXF supports a variety of "frontend” programming models. CXF implements
the JAX-WS APIs (version 2.0 will be TCK compliant). It also includes a "simple frontend"
which allows creation of clients and endpoints without annotations. CXF supports both
contract first development with WSDL and code first development starting from Java.

Ease of use: CXF is designed to be intuitive and easy to use. There are simple APIs to
quickly build code-first services, Maven plug-ins to make tooling integration easy, JAX-WS
API support, Spring 2.0 XML support to make configuration a snap, and much more.

Binary and Legacy Protocol Support: CXF has been designed to provide a pluggable
architecture that supports not only XML but also non-XML type bindings, such as JSON and
CORBA, in combination with any type of transport.

Following the experience of its ancestor, namely XFire, Apache CXF is though to follow the
developer ergonomics: the API is pretty friendly and the web service configuration is easily
performed without mucking with XML, using annotations. Moreover, it's highly integrated with
Spring and JBI compliant, that can be very useful in the ROMULUS context.

3.9 Templating frameworks

In the rapid development of web application, the possibility to reuse pages to create structured web
sites with a minimal effort is a very important task.

A templating system or framework is a tool that processes web templates and content information
to output web documents, the ones showed finally to the user. A template is a meta-web page,
namely a page created by composing several pieces, each of them is a different web page. Usually
the templating approach is used to create several pages having the same structure but a different
content: a typical example is the division of a page in different areas, containing header, footer,
menu, page body, where the header and footer is common to many pages, while the menu and the
body differs following the navigation.

Some templating frameworks offer a declarative system (XML based) to define the main structure
of a page (a meta-page) at design time, while some others propose textual configuration files.

Here there is an example of meta-page organisation:
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Figure 1: a graphic description of a page. This structure could be used
as template by providing any page part at runtime.

In the current scenario it is possible to find many tools that offer a valid solution for the template
functionalities. On Wikipedia there is a big comparison matrix [TMPL] about several templating
frameworks. Limiting the analysis to the Java scenario and focusing on the most widespread
systems, the frameworks and technologies in the following of the paragraph have been chosen.

3.9.1 JSF fragments

JSF [JSF] allows the usage of a technique called “page fragments” [PFR]: this technique allows the
programmer to create a JSF page by including other JSF pages. The “fragments” are created to
help the user in the rapid development of web interfaces: the programmer “draws” the fragment in
the target page instead of using a declarative, centralized mechanism like the one used, for
example, in Tiles. This approach has the important limitation of being expensive when the interface
refactoring is needed.

The page fragments technique, because of its programmatic approach (the composition must be
performed as in HTML frames on each page, and it is not possible to extract any common
composition rule), is considered uncomfortable in the development of applications. Another
problem of using fragments is the impossibility of using them independently from JSF, so its
adoption will be possible only for JSF based web applications.

3.9.2 Apache Tiles and Apache Velocity

From a technological perspective, both Tiles [TIL] and Velocity [VEL] offer similar characteristics:
both implement a mechanism of centralization for the template structure definition and allow to
reuse shared parts (pages, static files, etc.) in order to build the composed page.

These tools allow the definition of the template page layout (see the previous figure) in a
declarative way by using XML files, so the template definition is defined once and reused as many
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time needed in any page of the application.

Tiles and Velocity differs for the goal of the projects. Velocity offers a more sophisticated structure
based on a modular approach, while its Engine allows the usage of a simple template language to
reference objects defined in Java code. The integration into web applications and frameworks is
available through the Apache Velocity Tools Project.

Velocity is provided also with tools for text composition (Texen), for XML-to-XML transformation
throughout XSLT (DVSL, Declarative Velocity Style Language), general XML-to-any transformation
(Anakia), or for generating help documentation (the DocBook Framework). Due this organisation
Velocity is a very complete and powerful tool for the content management, not only limited to the
part of templating.

Tiles is less complete in terms of functionalities than Velocity, since it was designed solely for the
management and the organization of the page's structure, the population of the various templates
area, the definition of the templates and page composition. Although Tiles could be considered a
more specific (and limited) tool, this facilitates the integration into frameworks having the specific
objective to manage the layout of the pages, thus being an important benefit from its wide
dissemination and knowledge by a large number of programmers.

With respect to the ROMULUS approach, Tiles and Velocity seem to be the frameworks that are
closer to the templating aspect implementation (today provided in Roma by a custom
implementation).

3.10 Enterprise Service Bus

In the last years, with the increasing success of SOA methodologies and its supporting
technologies, such as Web Services, the integration among heterogeneous applications is
becoming easier. The main evolution in this field is ascribed to the born of the Enterprise Service
Bus (ESB) components. An ESB is an architectural component usually identified in the middleware
category that provides foundational services for more complex architectures via an event-driven
messaging engine (the bus) [ESB]. The main advantages of an ESB is its implementation usually
based on its intrinsic distribution approach. These are the main reasons that decreed its success
with respect to the existing EAI approach, intrinsically monolithic (hub and spoke architecture) and
based on non custom components.

With respect to integration themes, many ESB are based on JBI (Java Business Integration)[JBI],
a Java specification that defines an integration architecture based on plugin components that
interoperate by exchanging messages through the bus, which represents the mediator.

The SOA approach, and in particular a JBI compliant ESB, can result particularly useful to provide
support for business service mash-ups. For this reason, in the following sections the most
important and widespread ESB with open source licence will be described and examined.

3.10.1 Sun Open ESB

Open ESB is an industry-leading open sourced enterprise service bus (ESB) implementation
developed under open community process. The latest release, Open ESB 2.0, allows developers
to integrate web services and enterprise applications as loosely coupled composite applications,
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thereby making large-scale implementation of service-oriented architecture (SOA) principles
manageable in a heterogeneous world. Open ESB includes a standards-compliant Java Business
Integration (JBI) runtime and a variety of components and technologies designed to increase
business agility and reduce overall integration costs.

In particular, Open ESB includes features and tools to help enable the development and
deployment of composite applications while leveraging existing applications and systems.
Specifically, the integration platform offers:

Increased interoperability with third-party components and platform expansion opportunities
that help enable developers to create additional plug-in components to fit specific tasks

Greater integration with other open source software offerings, including Sun-led projects
such as GlassFish, which offers an integrated runtime for Open ESB, and NetBeans IDE,
which provides developers with a single design tool to build, deploy and test an end-to-end
composite application

A viable alternative to proprietary ESB platforms that, through its transparent product
development process, helps prevent vendor lock- in issues for developers and helps enable
independent software vendors to extend established open platforms with customized
offerings to meet specific customer needs.

Many enhanced JBI Service Engines, such as BPEL for process definition and execution,
IEP for event processing, ETL for data extraction transformation and loading, XSLT for
messages transformation, and Binding Components such as CORBA, EJB, CICS, SIP, File,
FTP, HL7, JDBC, JMS, MSMQ, MQSeries, RSS, SAP, SMTP, UDDI, XMPP, and others
under development to provide the needed protocol transformation.

The combination of Open ESB, GlassFish V2 and the NetBeans architecture provides Java
technology developers with powerful and quick access to building SOA-based composite
applications. The NetBeans plugin that should be implemented in ROMULUS could take great
advantage from the previously described integration.

Open Enterprise Service Bus (Open ESB) is designed to host a set of pluggable component
containers that will provide integration with various types of IT assets. These pluggable component
containers are interconnected with a in-memory messaging bus called the Normalized Message
Router (NMR), with an optimized communication and a reliable delivery. Service containers adapt
IT assets to a standard services model, based on XML message exchange using standardized
message exchange patterns (MEP) based on abstract WSDL. This improves interoperability and
allows a mix-and-match of technologies from various vendors. When sending and receiving
messages outside the JBI environment, the engine component containers communicate using the
in-memory NMR messaging infrastructure and pass messages out to the client through an
appropriate binding component container. When communication is entirely within the JBI
environment, no protocol conversion, message serialization, or message normalization is
necessary because all messages are already normalized and are in standard abstract WSDL
format.

3.10.2 PEtALS

PEtALS [PETALS, PET1, PET2, PET3] provides an open source (released as LGPL license) ESB
that supports Service Oriented Architecture. The concept of ESB as it is adopted in PEtALS means
a distributed integration infrastructure, which leverages interoperable standards and provides a
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centralized view for monitoring and administration.

The PEtALS platform is lightweight, highly distributed and scalable, suitable for both A2A
(Application to Application) and B2B (Business to Business) integration and it is based on JSR-208
specifications. By supporting a large number of protocols, formats and integration features, it offers
a very competitive integration solution, also having a strong focus on distribution and clustering.

PEtALS helps to integrate Enterprise Business Units in order to provide a value added global
solution. Since it can assemble all the enterprise elements, new applications can be provided by
re-using some existing ones.

The PEtALS Project registered in the initiative ESB thrown by ObjectWeb in June, 2004 to gather
the efforts around open source projects in the field of incorporation middleware [EBM]. PEtALS
works in close cooperation with the Celtix project to accomplish a bidirectional incorporation
between both projects: from one side, PEtALS uses JBI Binding Components already implemented
by Celtix to bridge the gap with competing open source ESB (BPEL, XSLT, EIP service engines
and Http, Soap, FTP, Mail binding components), on the other side Celtix will use PEtALS as
implementation of JBI standard specification.

With respect to the JBI specification, PEtALS is able to run many JBI containers on different JVMs,
achieving location transparency via a JMS-based transport layer. It also provides ready-to-use
systems, including transformation, logging, routing and B2B features.

As a JBI open-Source implementation, PEtALS has been conceived from the beginning as a fully
distributed stand-alone application. This is one of the main strengths of the product. You can define
multiple domains on different machines and different locations and consider them as a global bus
(NMR). PEtALS competitors released standalone versions of their ESB product in the last months,
but it still maintains a certain advantage in this particular aspect.

Differing from OpenESB, which is closely integrated with NetBeans, PEtALS development tools are
based on Eclipse and do not emphasize on WSDL as Netbeans does.

With respect to J2EE integration, PEtALS is tested with JOnAS and JBoss application servers, and
it's available also as OSGI bundle.

PEtALS distributed architecture

PEtALS approaches the problems of highly distributed environments and it's designed to be very
scalable, since it's able of treating from also hundreds of service containers (JBI components). Its
distributed architecture is the heart of PEtALS and the most important piece in this architecture is
the distributed registry.

This distributed registry is replicated across the "nodes" of a PEtALS configuration: in each node,
the registry holds the data concerning the services deployed at that node level and also a copy of
the data describing the deployed services in all the distant related nodes. This mechanism enables
the calling of services that run in distant nodes. In case the distant node is unavailable, it is still
possible to call its services asynchronously. When the distant node becomes available again, the
service is called. If the service is not present on the node anymore, an error results and it can be
processed by any error management routine.

Another characteristic is that exchanges between nodes are done directly from one peer to
another. Thus, this architecture is very scalable, the same way the Internet is.
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3.10.3 Apache Service Mix

ServiceMix is an ESB based on JBI. Released under the Apache license. It is an open source ESB
and SOA toolkit built on JBI's semantics.

Following the “Characteristics of an Agile ESB” [SOAEDA], the ESB should be:

Standards based - While standards-based support is marketed by many ESB vendors, the
support is provided externally, requiring developers to work with proprietary APIs when
directly interacting with internal APIls. ServiceMix was designed with the requirement to
eliminate product API lock-in, by being built from the ground up to support the Java
Business Integration specification (JSR 208). An agile ESB needs to use JBI as a first class
citizen, but also support POJO deployment for ease of use and testing.

Flexible - Another characteristic of an agile ESB is the flexibility with which it can be
deployed within enterprise application integration frameworks: standalone, embedded in an
application component, or as part of the services supported by an application server. This
allows for component re-use throughout the enterprise. For example, the binding for a real-
time data feed might be aggregated as a web-service running within an application server,
or streamed directly into a fat client on a traders desk. An agile ESB should be able to run
both types of configurations seamlessly. An ESB that is simple and lightweight should be
deployed into any JVM or into a web server or a full Java EE server, reusing all the
available facilities in which it is deployed.

Reliable — The ESB should be able to handle network outages and system failures, by
rerouting message flows and requests to circumvent failures.

Breadth of Connectivity - An agile ESB must support both two way reliable Web-services
and Message Oriented-Middleware and needs to co-operate seamlessly with EIS and
custom components, such as batch files.

Apache ServiceMix can be considered as an Agile ESB, because it provides all the characteristics
listed above.

ServiceMix is based on standards, since it's JBI compliant, and uses a standard for the deployment
and management of integration components. In this way integration architects, developers and
component vendors are not to be tied to the proprietary API's that have existed to date when
deploying within an ESB. ServiceMix is flexible, because it can run inside a client or server, as a
standalone ESB provider, or as a service within another ESB.

ServiceMix is also reliable: it distributes events using a plug-able message routing architecture,
called a Flow. By default, ServiceMix supports three Flow types for message routing:

STP: straight-through interactions, components are interacted with directly. This is ideal for
embedded or light weight deployment.

SEDA (Staged Event Driven Architecture) for scalable message routing

Clustered - Components seamlessly register themselves with other ServiceMix instances
in a cluster, allowing for seamless distributed event propagation

Finally, ServiceMix can handle any JBI standard component; so components from other open
source projects such as PXE from FiveSight or components from the Celtix project should just drop
right in. Moreover, it's integrated with JBoss and Apache Geronimo, as well as Spring.
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ServiceMix also includes the following components and services:

Service components
Rules-based routing via the Drools rule engine
A client API for working with JBI components and services
An implementation of Web Services Notification
Business Process Execution Language (BPEL) support for Web Services BPEL via
PXE (preboot execution environment)
Support for caching service invocations using a Map cache or a JCache provider
Support for the Java Connector Architecture
Timer integration via the Quartz library
Scripting support, allowing any Java Specification Request 223-compliant scripting
engine to be used to create a component, perform a transformation, or act as an
expression language
Transformation using Extensible Stylesheet Language Transformations
Schema validation of documents using the Java API for XML Processing 1.3 and XML
Schema or RelaxNG
XSQL for working with SQL and XML via Oracle's XSQL library

SOAP bindings
Support for a SOAP stack based on the Streaming API for XML (StAX) via ActiveSOAP
Support for the Java API for XML-based Web Services to make a Web services client
invocation or host a Java-based Web service and expose it over multiple protocols
Reflection to allow plain-old Java objects (POJOSs) to be deployed in ServiceMix
SOAP with Attachments API for Java and Apache Axis support
Integration with POJOs via the XFire SOAP stack
Integration with the Apache Web Service Invocation Framework (WSIF)

Transport bindings
Email support via JavaMalil
File-based components for writing messages to files and polling directories and sending
files into the JBI
FTP support via the Jakarta Commons Net library
HTTP support for client-side and server-side processing
Bindings to the Jabber network via the Extensible Messaging and Presence Protocol
JMS support via ActiveMQ
RSS support via the Rome library for accessing and processing RSS feeds
VFES (virtual file system switch) via the Jakarta Commons Net library, which provides
access to file systems, jar/zip/bzip2 temporary files, World Wide Web Distributed
Authoring and Versioning, Samba (Common Internet File System), HTTP, HTTPS, FTP,
SFTP, and others

3.10.4 Mule

Mule [MULE] goes beyond the typical definition of an ESB. Mule is a light-weight messaging
framework that contains a distributable object broker for managing communication between
applications. The point of the object broker is to manage service components. These components
are called Universal Message Objects or UMOs, and are basically just plain old java objects
(POJO). UMOs can exist in the same VM or can be scattered around your network and the
Internet. The object broker itself follows a Staged Event Driven Architecture or SEDA design
pattern. All communication between UMOs and other applications is made through message
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endpoints. These endpoints provide a simple and consistent interface to vastly disparate
technologies such as JMS, SMTP, JDBC, TCP, HTTP, XMPP, file, etc.

Mule has been designed to provide a simple, powerful model of wiring POJO services together
using endpoints and makes no assumptions about the message or interfaces being used. Mule's
ultimate goal is to be the "Swiss-army knife" of integration. It is adaptive to its surrounding
technology rather than prescribing it. There are no hard and fast rules on how your integration
service layer should behave when using Mule; you can pull in JBI, EJB, Mainframe apps,
Messaging, web services, sockets and file systems and interact with them all in simple consistent
way.

When the Mule project started there seemed to be a gap in the market for a simple and lightweight
way to write components that do something to data without needing to worry about the sender or
recipient of the data, the format of the data or the technology being used to send/receive the data.
The key feature here is "simple"; although many brokering and integration technologies offer the
ability to connect to disparate data sources, you often have to do extra coding to get it to behave
the way you want and to deliver the data where you want it to go. Mule allows you to quickly
develop components and then change the way they behave through configuration instead of
coding.

The main goals of the Mule project and Universal Message Objects are:

Scalability : the messaging framework should handle most of the complexities of systems
integration.

Easy to use : simple autonomous component development and deployment.

Code reuse . If all components are self-contained, independent units of work they can be
plugged into any other system.

Rapid time to market . Using Mule will provide time-saving features and functionality with
no development or maintenance overhead.

Flexibility . A powerful configuration that should be easy to manage over a distributed
environment.

3.11 LIFERAY Portal

A portal is a web based gateway which allows users to locate and create relevant content and use
the applications they commonly need to be productive. Portals offer compelling benefits to today’s
enterprises: reduced operational costs, improved customer satisfaction, and streamlined business
processes.

Liferay portal [LEP2008] is an enterprise portal solution, born in 2000, and since 2003 supported
by several companies, including Liferay GmbH and Liferay Inc. Liferay Portal is a portlet container
(JSR 168 [JSR1682003] and JSR286 [JSR2862007] standards) and built over Java and Java EE
technologies. The project is open source (released under very liberal and business friendly MIT
license) and fully customisable. It was one of the first portal solutions to provide an easy-to-use,
drag-and-drop interface.

Liferay Portal tries to be a tool agnostic as much as possible, thus allowing to run on any Java EE
major application server and servlet container, all major databases and operating systems (over
700 deployment combinations [LEPDM2008]). It features out-of-the-box usability (there are more
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than 60 pre-blunded portlets), out-of-the-box development tools, built in Content Management
System (CMS) & Collaboration Suite, AJAX enabled user interface, localized to 22 languages
(covering 13 languages spoken in EU: Catalan, Czech, Dutch, English, Finnish, French, German,
Greek, Hungarian, Italian, Portuguese, Spanish and Swedish), full LDAP synchronization. Security
is also an important focus point and it has been benchmarked as among the most secure portal
platforms using LogicLibrary's Logiscan suite [LEPA2008].

Portal architecture is based on users, users collections and web pages associated to those users
or users collections. Portal is accessed by users, and users can be collected into groups and
belong to organizations. Organizations can be grouped into hierarchies, such as Home Office ->
Regional Office -> Satellite Office. Users, groups and organizations (as a whole) can belong to
communities having common interests.

Users are collected in multiple ways:
Users can be members of Organization hierarchies, such as Liferay, Inc -> Security.
Users can be collected into arbitrary User Groups, such as Writers.
Users can be members of Communities which share common interests.

Users can have Roles which describe their function in the system, and these roles can be
scoped by Portal, Organization, or Community.

User Groups are simple, arbitrary collections of users. They can be members of Communities or
Roles. Portal permissions can be defined for groups, granting access to group members for portal
resources.

A Role is used to define permissions across a given scope (portal, organization or community).
Users, User Groups, Communities, or Organizations can be members of a Role.

Organizations are hierarchical collections of users, that can have portal pages and roles (granting
particular permissions to members of that organization). A user can be member of multiple
organizations, while an organization can be member of a community.

A community is a collection of users who have a common interest. Liferay's default pages are in
the Guest community, because everyone (anonymous or authenticated users) has a common
interest in the public portal pages.

Liferay Portal, as a portal container, delivers its functionalities through portlets. Portlets are web
applications that appear as windows on a page. They are written by developers and can have any
functionality a web application has. Many portlets can be added to a single page, allowing
convenient access to many applications just in one place.

Liferay Portal offers a large number of interesting features, some of them targeted to end users
and others targeted to developers.

From the end user perspective, Liferay Portal implements the following features for enhancing and
easing web navigation:

Just in time portlet rendering: portlets load independently as they become ready, so users
don’t have to wait long time before accessing the main page.

One click look and feel change: graphical user interfaces can be selected by end-users
without modifying core code. New themes can be added instantly using a plugin installer.

WebDAV support: it allows user to be more productive managing portal content, as they

WP2 (ROMULUS requirements)
T2.1 (User Requirements), T2.2 (Technical Requirements), T2.3 (Business Requirements)
Status: Final — Distribution: Public



ICT ROMULUS 217031
by D2.1 — ROMULUS Requirements
Page 30 of 94

can use familiar operating system conventions for documents and folders.

Freeform portlets: support for free-floating layout that mimics the look and feel of a desktop
environment.

AJAX UI: rich user interface that includes drag-and-drop portlet re-positioning, dynamic
portlet loader, portlet stylizer that allows to customize colors, fonts, and links without editing
stylesheets or HTML.

Context-Sensitive help: portal users can access information specific to the tool they are
using at any given time by clicking on a "question mark" icon.

Plugins catalog, remote portlet and theme repositories. It keeps track of new versions and
updates. It allows portlets to be instantly updated or rolled back without restarting the
server.

Support for import / export of full websites and application data.

Figure 2 shows a general screenshot of a typical Liferay Portal page, filled with portlets, including
navigation and configurations options available through the dock (in the upper right corner) and a
list communities and organizations the user is member of.

Figure 3 shows a list of available portlets, that can be added to any page (assuming the user has
permissions to do that) by clicking on Add button or by directly dragging it to the desired position.
For ease of use, portlets are categorized and can also be searched by name using the incremental
search dialog box.

Figure 2: Liferay Home Page
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Figure 3: Liferay Portlet List

From the developer perspective, Liferay Portal provides the following features:

Standards compliant: Liferay Portal complies with the JSR-168 and JSR-286 portlet
standards, and can therefore consume any portlet adhering to these standards. Other
complied standards are AJAX, JSON, hCalendar, iCalendar, JSF (JSR 127), JSR 170 (a
content repository APl for CMS), JSR 220 (Hibernate for persistence), OpenSearch,
WebDAYV, RMI, REST, Burlap, Hessian, WSRP [LEPS2008].

Bridges are provided to allow developers to use many popular frameworks, such as JSF,
Spring Framework, or Struts to write portlets. Other technologies present in Liferay Portal
are ICEFaces, jQuery [JQUERY2008], Ruby (using jRuby), PHP [PHP2008], Lucene,
ehcache and Velocity.

A reusable, extensible fine-grained authorization's architecture is used throughout the portal
and is applicable to individual portlet elements such as buttons, messages, as well as
portlets as whole and users. Permissions can be defined at enterprise level, portal level,
organization level, community level, portlet level, user or user's role level [LEPP2008].

Workflow capabilities: jBPM is used by default, but it may be replaced by other workflow
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engines.
CSS2 Compliance

AJAX Interface Tools: Liferay-tailored Javascript client libraries based on jQuery with
support for JISON Web Services.

Themes/Layout enhancements:
Role-based theme management
Excellent support for the jQuery JavaScript Framework (used internally)

All other JavaScript libraries can also be used. This is possible because internally
jQuery is used in a non-conflicting mode.

CSS and Velocity technologies to develop themes
Semantic and non-obtrusive markup
Standards compliance

Support for developing hooks to extend the import and export of web sites to include data
from custom applications.

Liferay plugins SDK [LPG2007]
Liferay installation wizard for Windows
Liferay ServiceBuilder [LEPSB2008]

Liferay core is under heavy development, and modifications by third parties developers is not
recommended, as integration with new Liferay Portal versions may be difficult. For the purpose of
portal customization and integrations with new developments, three mechanisms are provided:

Extension environment: it is an environment distributed with Liferay Portal providing a
mechanism to override portal default behaviour (as defined in the core) without changing
core itself. The integration is performed by overwriting logic classes and merging of
configuration files.

PluginS SDK: this mechanism provides a well defined API for the development of portlets
and themes (globally considered as plugins).

Service Builder: this is a tool built by Liferay to automate the creation of interfaces and
classes that are used by a given portal or portlet. This includes code for EJBs, Spring,
Persistence, and Model.
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4 Business Requirements

The success of a product, both for commercial and user perspectives, is strictly related to the
achievement of business goals. Of course the business goals are not by themselves requirements
for an application, but they can drive the definition of specific technical requirements or in
prioritizing the already defined ones.

In this section will be specified a set of business requirements elicited by interviewing resources
with a business skill recruited inside and outside the consortium.

Requirement | Business partner contribution
descriptors

Requirement | BR-01

ID

Requirement | The metaframework should have good documentation, tutorials and examples to
description provide support for its usage.

Business Reducing time to market and increasing productivity

Goal

Motivation for | This is a classical problem for open source projects: there's lack of documentation
the Business |and working examples, so the usage of such frameworks or libraries is difficult and
Requirement |time expensive, especially when the products are young. Very often the
development teams decide to write custom solutions instead of using existing open
source software because the starting step is too much expensive.

Requirement | Business partner contribution
descriptors

Requirement | BR-02

ID

Requirement | The metaframework should provide specific functionalities for rapid prototyping
description

Business Reduce development costs by stabilizing requirements throughout rapid
Goal prototyping and analysis improvement

Motivation for | One of the most interesting aspects of ROMULUS is the possibility to create
the Business | prototypes for web applications in a really short time. In the European market web
Requirement | applications are mainly realized by small companies, whose architects have a
direct interaction with the final users and the domain experts. In this context the
ability to quickly realize a prototype to present to the customer helps in formalizing
the functional requirements and the graphical interface aspect, reducing the
variability of requirements.
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Requirement
descriptors

Business partner contribution

Requirement
ID

BR-03

Requirement
description

The metaframework should provide facilities for architects

Business
Goal

Reduction of project start up and design time

Motivation for
the Business
Requirement

The architects are critical resources in a standard development team: they usually
have responsibility on application analysis and design, development team support,
interaction with users and customer. The reduction of design time by standardizing
solutions and using already provided functionalities allows the architect on
concentrating on other critical activities.

Requirement
descriptors

Business partner contribution

Requirement
ID

BR-04

Requirement
description

The metaframework should provide AJAX and validation facilities

Business
Goal

Reduction of costs for rich client interfaces implementation

Motivation for
the Business
Requirement

The development costs of rich graphical interfaces are really effort consuming.
Facilities that help in this specific aspect of development will sensibly reduce the
development costs.

Requirement
descriptors

Business partner contribution

Requirement
ID

BR-05

Requirement

The web applications created by using ROMULUS should be compliant with well

description known and accepted standards, such as XHTML1.0 and CSS2.
Business Reduction of integration costs for web applications with a rich interface
Goal

Motivation for
the Business
Requirement

In order to create an application with a rich interface it's necessary to integrate the
output generated by different sources. The presence of content compliant with only
well known standards helps in the realization of complex interfaces.
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Requirement
descriptors

Business partner contribution

Requirement
ID

BR-06

Requirement
description

Ability to integrate functionalities through mash-ups.

Business
Goal

Reduction of development costs and time to market

Motivation for
the Business
Requirement

Modern web 2.0 applications are created by integrating services or functional
components implemented by third party companies. The ability to create rich
interfaces by using mash-up may be a key factor for reducing time to market.

Requirement
descriptors

Business partner contribution

Requirement
ID

BR-07

Requirement
description

Standard Open Source Licence

Business
Goal

Provision of services to customers and increasing the product dissemination

Motivation for
the Business
Requirement

ROMULUS should provide a standard and well defined Open Source Licence in
order to be exploited as a whole.
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5 User Roles and Characteristics

For the ROMULUS project the user roles described below have been identified.

5.1.1 Web developers

This user type is supposed to be the main user of ROMULUS. He has the knowledge to develop
new applications using server side technologies and can also leverage client side technologies to
improve the development of certain applications. He has a positive approach on using new Web
development frameworks that facilitate the design and development of Web applications.

5.1.2 Enterprise Architect

This user is expert on enterprise applications development. The concept of enterprise architecture
and enterprise services are well known and consolidated. He mainly focuses on exporting already
implemented services in order to make them available to the global enterprise information system,
and overall on creating higher level services by integrating already existing lower level services
(service mash-ups).

5.1.3 Web users

Users with no or low application development skills. He is interested in developing Web
applications by themselves, in a simple and intuitive way: may be an end user, who has only
access to client side technologies, and is not supposed to have advanced technical skills, but
acquire development capabilities thanks to the tools provided by ROMULUS project.

5.1.4 Security Auditor

Auditor who carries out security and privacy tests in order to audit the web application security.
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6 Requirements for the ROMULUS user interface

The purpose of this chapter is to define the requirements regarding the interaction between the
different roles of users, the metaframework and the generated applications. In ROMULUS, each
user in the defined classes will be able to interact with the metaframework by means of:

A Textual interface (a shell)

A Web interface (only for the subset of functionalities compliant with this particular channel)

Portal interface (for the configuration of portal based applications)

IDE plugin interface (for an easy development of application logic)

6.1 User Requirements for the textual interface

The Roma framework, as well as many competitors such as Ruby on Rails, provides a shell for
interacting with the user.

The new functionalities that will be implemented during the project will need an enhancement of
the shell interface, it means the definition of specific commands for:

The rapid generation of simple, CRUD based, web applications with a minimal (ideally
without) coding effort

The creation of portlets to be deployed in the Liferay portal server

The creation of service mash-up

The creation of business service or their exportation as web service

In terms of requirements:

Requirement
Identifier

UR-SHELL-01

Requirement
Description

The user should be able to create very basic applications interacting with
Romulus metaframework by using the shell, with a minimal (ideally without)
programming effort. The logic for this applications is minimal (CRUD based) and
the interface provides the necessary support for basic visualization

Requirement

Increase of development productivity

motivation
User Role Web users, web developers
Relevance Important
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Requirement
Identifier

UR-SHELL-02

Requirement
Description

The user will be able to create and deploy CRUD portlets from the domain
description

Requirement

Increase of development productivity

motivation

User Role Enterprise architect, Web developers
Relevance Important

Dependecy TR-PORTAL-01

6.2 User Requirements for the IDE plugins

Since the main users of ROMULUS will be the developers, it seemed reasonable to provide the
metaframewaork functionalities directly within the IDE environment. For this reason, plugins for the
currently most used and important IDE in the market will be provided, namely Eclipse and

NetBeans.

In this section will be specified the user requirements that will drive the plugin implementation.
Since the plugin is part of the hosting IDE environment, many functionalities provided by the IDE
will be provided also in the textual and graphical editors of the plugin, whenever they definition is

needed.

With respect to the specific IDE plugin functionalities, the following requirements have been elicited

and specified:

Requirement
Identifier

UR-IDEPLUG-01

Requirement
Description

The main functionalities provided by the ROMULUS console (shell interface)
should be provided by the IDE plugin. An example is the creation of the Web
Application, the creation of CRUD, business services, portlet scaffolding, service
mash-up.

Requirement
motivation

This requirement represent an alternative way for application generation which is
wizard driven and thus easy to use and also eliminates errors.
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User Role

Web developers

Relevance

Important

Requirement
Identifier

UR-IDEPLUG-02

Requirement
Description

Starting from the POJO (the domain representation), the user should be able to
navigate main related resources, for example the XML annotations, in the same
editor. How it will implemented is still under investigation (as tabs, as a different
window).

Requirement

The POJO is the core element in the DDD approach: from that the developer
should be able to easily access the related information.

motivation
User Role Web developers
Relevance Important

Requirement
Identifier

UR-IDEPLUG-03

Requirement
Description

Extension by Composition is a feature of Roma and should be navigated in the
IDE as class hierarchy and class outline.

Requirement

The extension by composition pattern has the meaning of the inheritance, but it's
created by association, so the usual editor navigation results uncomfortable. The

motivation : . : ;
editor should be able to understand the pattern and provide the inheritance
navigation facility more than the association one.

User Role Web developers

Relevance Important
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Requirement
Identifier

UR-IDEPLUG-04

Requirement
Description

The IDE should integrate automatic generation of configuration file based on the
domain description.

Requirement

The automatic generation of configuration files related to particular aspects will
help the programmer by reducing errors and increasing productivity

motivation
User Role Web developers
Relevance Nice to have

WP2 (ROMULUS requirements)

T2.1 (User Requirements), T2.2 (Technical Requirements), T2.3 (Business Requirements)

Status: Final — Distribution: Public



ICT ROMULUS 217031
by D2.1 — ROMULUS Requirements
Page 41 of 94

7 Functional and technical Requirements

The goal of this section is the specification of the functional and technical requirements for the
ROMULUS metaframework. Functional requirements are meant to be the functionalities that the
metaframework should be able to provide to the different user roles to achieve their respective
goals.

Considering that ROMULUS is not a usual application providing domain specific functionalities, but
a metaframework that provides support to the developer for the implementation of web
applications, many requirements that will be specified are related to technologies to be integrated,
methodologies to be applied by the metaframework on the generated code and design patterns to
be implemented. These particular requirements will be generally addressed as technical
requirements. In order to clarify the requirements' specification, the UML Use Case notation will be
used to specify metaframework's functional requirements. Each use case will have a set of
associated requirements: after a short introduction that justifies its specification, each requirement
is described indicating also the motivation behind the definition.

Figure 4: Use Case Diagram for ROMULUS functional requirements
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7.1 UCL. Create Portal Applications

The introduction of Liferay Portal as a core technology requires the support for Portlet based
application development. The Figure 5 shows the details of Portal Application functionalities
introduced in the previous UC Diagram.

Figure 5. Detail of the Portal Application functionalities package

In order to provide this functionality, ROMULUS should fulfil the following requirements:
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Requirement
Identifier

TR-PORTAL-01

Requirement
Description

The metaframework should be able to create portlet compliant to JSR168 and
JSR286 specification.

Requirement

Nowadays, portlets (as defined by JSR168 [JSR1682003] and JSR286
[JSR2862007] specifications) are the most common way to extend portals

motivation . . . . : .
functionality. Liferay Portal is a portlet container capable of running any portlet
adhering to the aforementioned specifications. ROMULUS should provide a way
to generate web applications packaged as portlets.

User Role Web developer

Relevance Important

Requirement
Identifier

TR-PORTAL-02

Requirement
Description

Every functionality related to the portal integration and portlet development
should use Liferay interfaces. The Portal core should not be modified.

Requirement

Liferay core is under heavy development, and modifications by third parties
developers is not recommended, as integration with new Liferay Portal versions

motivation e : ) _
may be difficult. Liferay Portal offers mechanisms for extending portal, such as
extension environment or service builder.

User Role Web developer

Relevance Important
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Requirement
Identifier

TR-PORTAL-07

Requirement
Description

For ROMULUS web applications, and in particular for portal applications, there
should be available different working modes (development, test and production).
Each working mode will have a set of associated configuration parameters for
logging, database connections, etc.

Requirement
motivation

Different moments in the application life cycle usually determinate different
requirements for operational environment and application's configurations. At
development time, long logs and error traces are very important for fast and
comprehensive bug detection and correction and for appropriated profiling. As
change is the key, cache and other intermediate storages hinder development.
On the other hand, debug information is useless to end user and cache may
greatly improve certain operations. Switching from one scenario to another
usually requires modification of a great number of parameters, making it difficult,
error prone, slow and usually based on hidden platform tricks. Availability of a
well defined, proven and reliable mechanism for switching from one operational
mode to other will make development easier and faster.

User Role

Web developers

Relevance

Important

7.1.1 UC1.1 Create portal mash-ups

In order to speed up complex web applications development, a strategy that is showing interesting
benefits is the creation of complex portal applications through mash-ups. The idea is quite simple:
functionalities already implemented by third parties are made available to be used, after a basic
configuration, inside other applications.

The number of websites allowing users to build and reuse mashups is quite large, including (but
not limited to) Google Mashup Editor [PW2008], Yahoo Pipes [YP2008], Microsoft Popfly
[MSPOPFLY2008], ProgrammableWeb [PW2008] or JackBe [JACKBE2008].

These sites offer the developer (even a end user) interesting features as:

Comprehensive list of available mashups and mashups API
(http://www.programmableweb.com/mashups/directory,
http://www.programmableweb.com/apis/directory), along with good documentation.

Easy

access to feed sources (http://code.google.com/gmef/tour/tour2.html,

http://pipes.yahoo.com/pipes/docs?doc=sources) [GME2008]

Wide variety of functionalities (http://pipes.yahoo.com/pipes/docs?doc=string):

predefined user inputs (http://pipes.yahoo.com/pipes/docs?doc=user_inputs)
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data operations, such as regex pattern matching, data splitting or data sorting
(http://pipes.yahoo.com/pipes/docs?doc=0operators)

string, numbers, date and other type specific operations

From these points, the following requirements arise for ROMULUS at portal mash-up development
level:

Requirement | TR-PORTAL-03
Identifier

Requirement |Availability of a library of transversal applications functionalites and a
Description mechanism to use them from portal applications.

Requirement |Many portlets and web applications have a core functionality and a set of extra
motivation functionality shared with other applications, so factorization of common
functionalities to rationalize development, improve the design and empower
software reuse.

User Role Web developers

Relevance Important

7.1.2 UC1.2 Use WSRP OASIS protocol (Web Services for Rem ote
Portlets)

WSRP [WSRP] is an OASIS-approved network standard protocol designed for communications
with remote portlets. The WSRP specification defines a web-service interface for interacting with
presentation-oriented web services. Initial work was produced through the joint efforts of the Web
Services for Interactive Applications (WSIA) and Web Services for Remote Portlets (WSRP)
OASIS Technical Committees. With the approval of WSRP v1 as an OASIS standard in September
2003, these two technical committees merged and continued the work as the Web Services for
Remote Portlets (WSRP) OASIS Technical Committee.

WSRP defines how to plug remote web services into online portals pages and other user-facing
applications. This allows portal or application owners to easily embed a web service from a third
party into a section of a portal page as a portlet. The portlet then displays interactive content and
services that are dynamically updated from the provider’s own servers.

WSRP enables greater flexibility and agility at the presentation layer in a modern service-oriented
architecture deployment.
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Requirement TR-PORTAL-04
Identifier

Requirement |ROMULUS should provide support for Web Services for Remote Portlets
Description (WSRP) OASIS standard protocol.

By providing this support the ROMULUS based applications will be able to

Requirement . ) : :
9 embed a web service from a third party into a section of a portal page as a

mofivaion portlet, thus helping in creating complex portal applications by mashing up
existing functionalities.

User Role Web developers

Relevance Nice to have

7.1.3 UC1.3 Use server side scripting capabilities

There are a large number of portal frameworks such as WebGUI [WEBGUI2008], ez Publish
[EZP2008], Typo3 [TYPO32008], Drupal [DRUPAL2008] or Joomla [JOOMLA2008] relaying on
scripting technologies. The most commonly used scripting languages are Ruby [RuBY2008], PHP
[PHP2008 and Groovy [GROOVY2008]. It is widely agreed that scripting languages leverage better
productivity to developers.

When referring to portal development, these scripting languages are usually used in conjunction
with powerful frameworks, such as Ruby on Rails or Grails (both described in this document), that
delivers even higher productivity levels.

These frameworks provides (among others):
Skeletons and code generation to easily build certain types of applications.
Pre-selection of certain technologies (such as database, applications server, persistence).

Availability of differentiated database configurations for development, test and production
mode.

From this points, the following requirements arise for ROMULUS:
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Requirement
Identifier

TR-PORTAL-05

Requirement
Description

The metaframework should provide the support for server side scripting
languages.

Requirement
motivation

Script languages are a powerful tool that usually delivers high productivity, but
generally at the expense of limited functionality or lower performance, in contrast
with traditional languages, focused on generality or performance. Both elements
can be merged, allowing the use of server side scripting languages for the
development of certain elements where they are specially well suited, such as
text manipulation or fast prototyping. Groovy, Ruby or PHP are good candidates
for this kind of operations.

User Role

Web developers

Relevance

Important

7.1.4 UC1.4 Use client side scripting technologies

Traditional development lifecycle is rather long, starting with a user requesting some functionality, a
developer coding it and a final stage of deployment. Client side technologies offer an opportunity to
greatly reduce coding time and avoid the deploying stage for certain type of features.

In the last 2-3 years there have been a great proliferation of Javascript based frameworks driven
by the success of AJAX and related technologies. Some of the most well known are Prototype
[PT2008], jQuery Ul [JQUERYUI2008], Ext JS [EXTJS2008], Mootools [MOONTOOLS2008],
Yahoo User Interface [YUI2008], Dojo [DOJO2008] or Backbase [BACKBASE2008]. These
libraries provide a way to implement client-side functionalities by easing the interaction with the
browser and the content in the web pages. The most advanced ones also offer Ul components
ready to be used, such as:

draggable

items (http://dev.jquery.com/view/trunk/ui/demaos/ui.draggable.html,

http://wiki.script.aculo.us/scriptaculous/page/print/SortableFloatsDemo ).

text

autocompletion

(http://developer.yahoo.com/yui/fexamples/autocomplete/ac_states_jsarray.html,
http://demo.script.aculo.us/ajax/autocompleter).

mutable lists (http://demo.script.aculo.us/ajax/sortable_elements)

visual

effects  (http://wiki.script.aculo.us/scriptaculous/page/print/GhostlySortableDemo,

http://demos.mootools.net/Asset.css)

data combination and aggregation (http://simile.mit.edu/exhibit/examples/flags/flags.html)

or more advanced features/applications as:
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image organizers (http://extjs.com/deploy/dev/examples/organizer/organizer.html).
mail applications (http://dojotoolkit.org/demos/email-using-1-0, )
calendars (http://developer.yahoo.com/yui/examples/calendar/multi.html)

Another project based on client side technologies that may be very useful for the purposes of
ROMULUS is Exhibit [EXIBIT2008]. Exhibit provides a higher abstraction level than the JavaScript
libraries mentioned above. It defines itself as a web application framework providing data
presentation and manipulation functionalities without requiring database or web/application server
connection. The primary purpose of Exhibit is load data sources (primarily in JSON format,
although there are importers and conversion utilities for other formats) and present it in a given
format. The presentation is defined using exclusively HTML. No need of JavaScript or any other
technology is required.

These technologies could provide an opportunity to meet some of the functionalities that users
often require to portal applications. Interviews with Liferay core developers and Liferay consultants
revealed that customers very often ask for:

More flexibility in adding small functionalities to the portal, in particular to consume services
from the Internet or external applications. This need is increasing lately due to the
proliferation of technologies that allow third parties to provide such services in a component
composed way that are easy to add to existing web pages.

Some of the most successful technologies to provide such componentized
functionalities are Google Gadgets [GGGADGETS] and Netvibes Widgets
[ECOSYSTEM]. There is also an W3C initiative formed with the purpose of creating and
standard for this type of client side components [W3CWIDGETS]. The great availability
of this widgets empowers users to create and use more widgets.

Creation of dashboads-like applications that are a combination of functionalities organized
in a certain specific way. Currently this requires considerable custom development every
time such an application is developed and it has to be adapted to the specific needs of the
client. An alternative and much more productive way for satisfying this needs would be to
create this functionalities in a modular way and use client side technologies to let the user
himself to combine them as needed. In this context it is very important to consider the
communication of these components so that when combined together new functionality
emerges to satisfy the user needs. On the other hand this communication should couple
the modules in a very loosely coupled way, so each one can work independently.
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Requirement
Identifier

TR-PORTAL-06

Requirement
Description

Allow end users to use componentized services from the Internet or external
applications

Requirement

Componentized services are an easy way to add functionality to existing web
pages.

motivation
User Role Web developers, Web users
Relevance Important

Requirement
Identifier

TR-PORTAL-08

Requirement
Description

Allow end users to create dashboads-like applications that are a combination of
loosely coupled modules organized in specific ways.

Requirement

Portal applications, as every presentation centric application, is particularly
subjected to user customization. In order to minimize the custom development,

motivation : : . " . . :
the client side functionalities can be designed and implemented in a modular
way, so the application can be created by assembling components and
customizing only what is strictly needed.

User Role Web developers

Relevance Important
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Requirement | TR-DEV-10
Identifier

Requirement |Allow end users to adapt the presentation of the information
Description

Sometimes it is difficult for customers to define the exact way data should be

Requirement .
9 presented, due to the large number of end users and the variety of end user

motivation _
requirements.
User Class Web developers, Web users
Relevance Important
7.2
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7.3 UC2. Create Web Applications

The Roma framework is already able to create standard web applications. The requirements here
specify how such generation should be improved by integrating new technologies and defining
completely new aspects.

The Figure 6 shows the details of the previously presented Web Application functionalities
package.

Figure 6: Detail of Web Application functionalities package

7.3.1 UC2.1 Use wide accepted web technologies for the pr  esentation
aspect

The way how the applications present their services or their contents to the user is particularly
important for their actual success in the market. The user interface is created on the base of
graphical studies, usability requirements, domain dependent characteristics and user needs, so the
definition of generic requirements able to cover every possibility will result inappropriate, out of the
scope for the ROMULUS project, and maybe not feasible.

In order to create true standard web applications, the view aspect of ROMULUS should be
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implemented by using only standard technologies, such as JSP, HTML, CSS. Such applications
may have a less powerful interface, but it will consume less resources and should work on most
environments, including those with limited resources.

Requirement
Identifier

TR-PRES-01

Requirement
Description

The view aspect should have an implementation based only on wide accepted
technologies, such as JSP, HTML or CSS.

Requirement

Web applications relying on standard technologies should work on very most

Identifier

motivation environments, including those with limited resources.
User Role Web developers

Relevance Important

Requirement |TR-PRES-02

Requirement
Description

ROMULUS should generate applications with internationalization support

Requirement

This requirement can make application more accessible to users in different
locations.

motivation
User Role Web users
Relevance Nice to have

7.3.1.1 uc2.1.1 Provide templating functionalities

An important functionality for web applications is the possibility of defining templates. The usage of
templating will provide many advantages to the developers, such as the standardization of the
layout or the possibility of reusing already implemented web pages in different part of the

application.

Roma Framework already offers a template-like structure to the views called “Areas”. Each view is
composed by nested areas. Each area can be of type:
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column, to place components in vertical

row, to place components in horizontal

grid, to group components inside a table

dashboard, something like the grid but the user can move cells as he wants
placeholder, the default one

Each area can be aligned horizontally and vertically inside its container. This is a very generic and
powerful way to define complex forms.

Following the metaframework approach, the ROMULUS templating functionalities will be part of the
presentation aspect, and should be general enough to adequately support the most important
templating frameworks currently existing in the market. As described in the paragraph 3.9, there
are two main approaches to templating: the first one uses the “pages fragments”, is related to the
JSF, so it cannot be provided without adopting JSF technology, out of the scope for the project.
The second one is based on XML layout definition (Tiles and Velocity), where an external tool is in
charge of implementing such important aspect, and seems more in line with the ROMULUS
approach. Following the consideration already provided in the state of the art, the integration
Velocity, with its related over-set of functionalities seems to be adequate only for heavy weight web
applications, such as portal ones, while for light weight CRUD based web applications, such as the
ones proposed by Roma, Tiles represents a good candidate. Anyway, the choice of the right
technology will be taken later on the project, during the design phase.

Requirement | TR-PRES-03
Identifier

Requirement Web applications created by using wide accepted “plain old” web technologies
Description as the ones specified in the requirement TR-PRES-03 needs for templating
support, in order to avoid custom (non standard) implementation. ROMULUS
should enrich the implemented (custom) templating aspect by using a widely
accepted tool for web page templating management.

Requirement | The templating will help the developer in creating and standardizing web pages,
motivation increasing productivity.

User Role Web developers, web users

Relevance Important
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7.3.1.2 UC2.1.2 Use AJAX functionalities

Requirement
Identifier

TR-PRES-04

Requirement
Description

The view aspect should be enriched to explicitly provide AJAX facilities. An
implementation should be provided based on existing market established open
source libraries.

Requirement

AJAX improves user interactivity and response time

motivation
User Role Web users, web developers
Relevance Important

7.3.2 UC2.2 Use enhanced transactional capabilities

For standard web applications, usually based on a Model View Controller pattern implementation,
the business logic is usually very thin and the persistence aspect is essentially related to CRUD

logic.

When the complexity of the logic increases, for example in enterprise level applications, an
enhanced transactional behaviour should be available to the developer. When the business logic
involves external services communication, interaction with a workflow engine, access to a remote
API or the transactional behaviour is related not only to database access, but to a more complex
set of operations,framework’'s support is highly desirable and greatly appreciated by the

developers.

In terms of requirements:

Requirement
Identifier

TR-BL-01

Requirement
Description

The framework should provide a specific aspect for the transaction
management. For CRUD based applications the aspect will have a default
implementation based on the standard transaction capabilities provided by
the persistence aspect; for complex applications, the framework will provide
an enhanced implementation for the transactional aspect, with enriched APIs
and complex implementation.
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Requirement Often, in order to manage the transactional behaviour for complex business
motivation logic implementation, enhanced transactional capabilities are needed to the

developers. The framework's support in these situations is really important to
reduce complexity and improve reliability.

User Role Web developers, enterprise architect

Relevance Important

7.3.3 UC2.3 Integrate relevant persistence frameworks

As well as for the transactional behaviour, the persistence aspect could require some
functionalities richer than the standard ones already provided by Roma.

There is a strict relationship between the persistence aspect and the transaction aspect, even if
they surely won't overlap. A simple example could be the CRUD functionalities: they can be
provided with standard transactional behaviour (starting a transaction for each CRUD operation) or
using a provided transactional context (attaching the local transaction to a global one).

With the goal of favouring the metaframework dissemination and in order to make easier the
integration of ROMULUS based applications with other web applications, it will be important to
provide the support for the currently most famous ORM technologies.

As described in paragraph 3.7, the market proposes many approaches and implementations to
ORM. The most famous one is probably Hibernate, which provide the better performance and a
very consolidate querying language. With respect to the technologies examined in the state of the
art, JPA represents the best option, because the TopLink most important benefit are the best
Oracle support and a graphical benchmark, which are not a priority for ROMULUS, and Hibernate
is JPA compliant, therefore by integrating JPA also Hibernate will be supported.

Requirement | TR-PER-01
Identifier

Requirement | The enriched version of the persistence aspect should be implemented also by
Description using JPA and Hibernate

Requirement [ The JPA based implementation will help in ROMULUS framework dissemination
motivation and integration with other existing applications. Other implementation for the
persistence aspect can be provided later.

User Role Web developers

Relevance Nice to have
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7.3.4 UC2.4 Create data mash-up through semantic capabili  ties

In order to provide provide support for semantic capabilities, different tools are to be created. The
tools will be able to work independently from the ROMULUS framework, but they will also be
integrated with the ROMULUS framework so to make it straightforward for developer to try these
relatively new functionalities.

Two semantic based tools will be developed and extended within ROMULUS scope:

Extraction Tool of semantically structured document s from existing databases . This
semantic tool will be able to expose data of relational databases, so different access
mechanisms will be created or improved. The applications which will be created using this
extra piece of infrastructure will be able to expose the data using the HTTP protocol and in
compliance  with  the principles of the Linkihg Open Data initiative
( http://lesw.w3.org/topic/SweolG/TaskForces/CommunityProjects/LinkingOpenData ).

Semantic Web Pipes . An engine which allows developers to create data pipelines which
provide mashup capabilities. The previous tool (extraction tool of semantically structured
document from relational database) will provide inputs for Semantic Web Pipes which
however will be able to use any other structured datasource as well. The homepage of this

project is http://pipes.deri.org.

These requirements are born from the study of the state of the art with particular interest to the
features which are currently missing in open source projects such as D2RQ and Triplify.

Requirement
Identifier

TR-SC-01

Requirement
Description

The data mashup tool should be able to access every single record of the
database.

Requirement

Access to single record of data and provide functionality to import it in RDF
format.

motivation
User Role Web developers
Relevance Important
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Requirement
Identifier

TR-SC-02

Requirement
Description

The data mashup tool should be able to export a full database into RDF.

Requirement

Access to entire dump of the database and provide functionality to import it in
RDF format.

motivation

User Role Web developers

Relevance Important
TR-SC-03

Requirement
Identifier

Requirement
Description

Thedata mashup tool will provide support for SPARQL endpoints.

Requirement

Provide functionality to query the database using SPARQL endpoints.

motivation

User Role Web developers

Relevance important
TR-SC-04

Requirement
Identifier

Requirement
Description

The data mashup tool should support for different relational databases.

Requirement
motivation

Support for different relational databases like MySQL, ORACLE, MS SQL,
PostgreSQL, ACCESS.

User Role

Web developers

WP2 (ROMULUS requirements)

T2.1 (User Requirements), T2.2 (Technical Requirements), T2.3 (Business Requirements)

Status: Final — Distribution: Public



ICT ROMULUS 217031
by D2.1 — ROMULUS Requirements
Page 58 of 94

Relevance

important

Requirement
Identifier

TR-SC-05

Requirement
Description

Support for static representation of data.

Requirement

Similar features as described in TR-SC-04 for static representations of data

motivation (XML, plain old files).
User Role Web developers
Relevance important

The following requirements deal with a specific, but nevertheless very important, detail of semantic
web representation of data: identifiers. Identifiers are the key to information aggregation and reuse
and attention must be put in finding appropriate identifiers, e.g. reusing existing ones whenever
possible. The following requirement will be fulfiled in cooperation with the OKKAM European

project.

Requirement
Identifier

TR-SC-06

Requirement
Description

Relating identical entities existing within different databases.

Requirement

The ability to try to perform automatic matching among names (identifiers) to
recognize identical entities within different databases [OKKAM]

motivation
User Role Web developers
Relevance Low Importance

Semantic Web Pipes

Semantic Web Pipes will provide and engine for creating data pipelines and data mashup

capabilities.

Requirement

TR-SC-07
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Identifier

Requirement
Description

Providing a mashup tool and execution engine

Requirement

We want to provide an execution engine for data level mashup which can be
both embedded or used using the web pipe paradigm (a mashup is invoked as a

motivation call to an HTTP service)

User Role Developers

Relevance Fundamental
TR-SC-08

Requirement
Identifier

Requirement
Description

Provide transformation blocks which cover most data integration cases

Requirement

Within the pipe execution engine we want to provide blocks which allow
developer to perform the most common and useful data integration processes. In

motivation ) . , : ! )
particular we provide transformation blocks which can contain pieces of
declarative or imperative programming to match and harmonize different data
streams.

User Role Developers

Relevance Fundamental
TR-SC-09

Requirement
Identifier

Requirement
Description

Providing a GUI for the mashup tool- foster reuse of exisithg mashups

Requirement
motivation

In order for data level mashups to be easy to use we want to provide an intuitive
GUI dedicated to developers. Users will be able to drag and drop sources and
operators to create their mashups on the fly. Users will be able to search in a
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repository of existing mashups to reuse in composing new ones

User Role

Developers

Relevance

Fundamental

Semantically Powered Software Development Tools

It will be provided enhancements to developer tools (IDEs such as Eclipse and Netbeans as well
as web based tools) which both produce and consume semantic web data to provide new

functionalities.

Moreover, RDF will be extracted from the data of the most common community tools for
developers, such as Jira, Confluence, Track, Bugzilla, Mailman, etc. The functionalities that will be
provided to these community tools include the ability to trace discussions and mentions of bugs,
tasks and issues across different systems, e.g. Jumping from one message on system to another
based on aspects such as same author, same issue mentioned and others. These functionalities
will be accessible trough extra buttons and widgets in the user interfaces of said web systems.

To perform this, we will both contribute and take contributions primarily from the BAETLE
community ( http://code.google.com/p/baetle/ ).

Requirement
Identifier

TR-SC-10

Requirement
Description

It will be provided functionalities for extraction of RDF data from the most
common community tools for development, such as Jira, Confluence, Track,
Bugzilla, Mailman.

Requirement

Often very important information that is needed for business and management
purposes is stored within forum messages, mails, bug tracking tools. The

motivation : : _ .
otivatio extraction of these data in a standardized format (RDF) that has an enriched
querying mechanism helps in managing projects and creating new business
opportunities.
User Role Web developers
Relevance Important
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7.3.5 General presentation requirements

Requirement
Identifier

TR-PRES-05

Requirement
Description

The web application generated by using Romulus should be fully functional on
the latest versions of Mozilla FireFox and Internet Explorer, the most widely used
web browsers.

Requirement

A Web application should run on most of the currently used browser.

motivation
User Role Web developers, web users
Relevance Important

7.3.6 Other development requirements

Requirement
Identifier

UR-DEV-01

Requirement
Description

Possibility to change either the database structure or the class definitions so that
they reflect in the definition of their counter-part structures (e.g. when adding a
new column in a table to have the possibility to easily update the corresponding
class or vice-versa)

Requirement

Easy accommodation with code / database changes

Requirement
Identifier

motivation

User Role Web developers

Relevance Desirable
UR-DEV-02

Requirement

Possibility to design database driven applications starting from an existing
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Description database schema or the other way around i.e. starting from domain classes.

Requirement |Allow the database driven developing

motivation
User Role Web developers
Relevance Desirable

7.4 UC3 Create Enterprise Web Applications

With respect to enterprise applications, the web is usually considered as an additional way
(channel) to provide services to the users. In a bank environment, the services provided to the front
office users are often provided throughout the 3270 character terminal as well as a web interface,
and the process of substituting legacy interfaces is far to terminate.

A web interface for an enterprise service is not easy to implement, for several reasons. First of all,
the web technology to be used depends not only on the operational environment, but also on the
other technologies they have to integrate with in order to reuse existing legacy applications. Also
the design of new web applications has many explicit and implicit constraints, due to the integration
needs, to the organizational problems, and so on.

In the last year, however, many enterprises started to develop new business services with up to
date technologies, imposing the web channel as user interface, that will be fully supported in the
future. In this case, many constraints have been relaxed and it is possible to design an application
taking in mind requirements like maintainability, reliability, reuse.

In this scenario, ROMULUS can be particularly useful to increase productivity and reduce time to
market for critical business services. Once it is possible to define a clean domain without very strict
environmental constraints, the domain driven development approach can really help the rapid
creation of services and web interfaces. Anyway, the intrinsic complexity of enterprise systems
cannot be faced designing applications with a standard MVC pattern, or with a 2 tier architecture.

In order to deal with enterprise information systems, an enterprise web application should have a 3
tier architecture, applying a set of well known design patterns to favour maintainability and
integration, allowing the reuse (actually the shared use) of the newly implemented services.

The Figure 7 shows the detail for the business mash-up service functionalities.
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Figure 7: Detail of the Business Service functionalities package

7.4.1 UC3.1 Export business services by using WS technolo gy

Web Services are not any more an emerging technology for accessing business services, but they
are becoming the “standard” way to access services in a world base scale.

The ability to define services with a Web Service interface, as well as the access provision of the
already implemented logic trough a standard interface, is currently a crucial factor for the success
of every framework. Moreover, the SOA approach is becoming a reality in many enterprise
environment in Europe, SOA roadmaps are widely open also in medium sized enterprises: the web
services are the qualifying technology for the implementation of a SOA. For these reasons,
ROMULUS should be able to provide support for this technology.

Requirement | TR-BL-02
Identifier

Requirement | The framework should provide support for Web Service technology. In particular, it
Description should provide facilities for the provision and consumption of web services.
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Requirement Web Services are the qualifying technology for a SOA implementation and
motivation provide a standard way to access business logic functionalities. Providing support
help in the ROMULUS acceptance and dissemination.

User Role Enterprise architect

Relevance Important

Once this particular aspect is defined, an implementation to be released with the framework should
be found and the specific adapter implemented. With respect to the technologies reviewed in the
paragraph 3.8, Apache CXF [CXF] seems at the moment the most adequate one for the
ROMULUS needs. Anyway, a final choice will be taken once the design phase for the new
functionalities and the revision of the ROMULUS architecture will be completed.

7.4.2 UC3.2 Create Enterprise Services mash-ups

The possibility of creating business services by composing existing ones is a key factor for
reducing time to market and development's effort, so the ROMULUS framework should provide
support for this particular functionality.

The definition of service is quite large, so a service can be both a well identified Java method
defined in a POJO, a CORBA service, a business method of an EJB available through JNDI, or a
web service. Currently, the most successful approach to the enterprise integration is based on JBI
[JBI, WLME], standing for Java Business Integration, which is a “specification developed under the
Java Community Process [JCP] for an approach to implementing a Service Oriented Architecture
[SOA]". The JCP reference is JSR 208.

JBI is built on web services model, and provides a pluggable architecture for a container that hosts
service producer and consumer components. JBI specifies two different kinds of components:

Binding components, that are in charge of normalizing interfaces by producing
correspondent WSDL for many different protocols or technologies, and messages, that will
be traduced in a standard, technology free XML representation.

Service Engines, that will implement the actual integration and compaosition logic.

By using binding components, a service implemented in a specified technology can be transformed
in a web service: its interface will be described in terms of WSDL and its actual data in terms of
XML documents. Therefore, JBI represents a standard way to provide an homogeneous access to
heterogeneous technologies throughout the usage of Web Service technologies. For this reason
it's possible to fix the focus of business service mash-ups only on Web Service technology, without
loosing generality.

Anyway, a SOA approach based on Web Service technology doesn't exclude another interesting
way to provide access to services in the web: REST (REpresentational State Transfer). REST is an
architectural style, based on simplicity: it borrowed the functional model of HTTP protocol, where
the target of requests are Resources and their access is managed by very simple interface
composed by SET, GET, UPDATE and DELETE operations.
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The REST approach is meant to be “minimal”, since the services are specified as resources, the
interface (usually described by using WSDL) is fixed to the four specified operations, and the
transport protocol is the simple and well known HTTP (no SOAP needed).

Requirement | TR-INT-01
Identifier

Requirement | The JBI standard specification will be used to provide an homogeneous access
Description to heterogeneous technologies, throughout the usage of Web Service
technology. The service mash-up is created on services having a usual WSDL
interface as well as a REST interface.

Requirement [Since the mostly used technologies in the enterprise context may have a WS
motivation access (throughout JBI integration components), by concentrating in WS
technology doesn't constitute a limitation, rather allows the definition of a unified
model for service mash-up in the enterprise environment.

User Role N/A

Relevance Important

In order to favour service decoupling, the SOA approach introduces an architectural component
that is in charge of managing the communication between “normalized” services, by routing the
“normalized” messages: this component is called Enterprise Service Bus (ESB) [ESB].

In particular, an ESB provides an abstraction layer on top of an implementation of an enterprise
messaging system, which allows integration architects to exploit the value of messaging without
writing code. Contrary to the more classical enterprise application integration (EAI) approach of a
monolithic stack in a hub and spoke architecture, the foundation of an enterprise service bus is
built of base functions broken up into their constituent parts, with distributed deployment where
needed, working in harmony as necessary.

There are many ESB JBI compliant which provide implementations for binding components and
service engines that are very useful in the enterprise environment: there are binding components
for protocol translation such as FTP, SMTP, HTTP, SIP, CORBA, CICS, EJB, and service engines
providing logic for services orchestration (BPEL), services transformation (XSLT), data extraction
and loading (ETL), event processing (IEP), etc.

For this reason, an ESB JBI compliant will be used in ROMULUS for service mush- up.

Requirement | TR-INT-02
Identifier

Requirement  [An ESB JBI compliant will be used in ROMULUS for business service mash-up.
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Description

Requirement

JBI compliant ESB are the state of the art for SOA approach to integration and it

motivation provides off the shelf components for protocol translation (connectors).
User Role N/A
Relevance Important

From a first analysis, the one that can be made in a really early moment of the project, three
different kinds of service mash-ups can be identified:

Simple transformation mash-up

: the mash-up service invokes a single service, usually

transforming the data format and fixing the value of some parameters. It can be defined as
a simple service delegation with parameters transformation. For the implementation of this
mash-up, the XSLT technology will be used. See use case UC3.2.1.

Business Service Composition mash-up : the mash-up service is the result of the
composition of several services. In this case, the assumption is that the mash-up is a
business level service, it means a service having a business importance and created by
composing a set of other business level services. For this particular type of services the
BPEL orchestration is needed, so the mash-up service will be a BPEL process. See use
case UC3.2.2.

General service composition mash-up : in this case, no assumption can be made on the
composed services, so the BPEL language may be not enough expressive, so the Java

expressiveness and power is needed. For this implementation, Java POJO will be used.

Requirement
Identifier

TR-INT-03

Requirement
Description

ROMULUS should provide support for the General service composition mash-
up.

Requirement

The general service composition mash-up as defined below is the most general

motivation case on enterprise service mush-up, so it will cover the most common business
cases

User Role Web developer, Web User, Enterprise Architect

Relevance Important

In order to help developer in creating the different kinds of service mash-ups, a set of facilities will
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be made available throughout the IDE plug-in.

Requirement |UR-IDEPLUG-05
Identifier

Requirement | The IDE plugin will provide support for creating the different types of business
Description service mash-ups.

Requirement | This facility will reduce errors and increase productivity in defining service mash-
motivation up.

User Role Web developer, Web User, Enterprise Architect

Relevance Important

7.4.2.1 uC3.2.1 Service mash-up through XSLT technology

There are different ways to compose services, depending on which kind of composition is needed.
If the composition is only an interface modification, the XSLT [XSLT] standard will help in obtaining
the result.

Assuming that a JBI compliant ESB will be integrated in ROMULUS to implement service mash-up,
a JBI compliant service engine providing XSLT functionalities will be used for its implementation.
The XSLT Service Engine is a Java-based transformation engine that is used to convert XML
documents from one data format to another. The XSLT Service Engine makes it easier for users to
configure and expose XSL style sheets as web services. Using the XSLT Service Engine requires
no special knowledge of XSL, but rather allows any XSL style sheet to be deployed as a JBI
service unit.

The XSLT Service Engine is not solely responsible for performing transformations. XSL style
sheets implement a web service operation (as normally defined in a WSDL). When deployed as
JBI service units, these service units correspond to a service endpoint. Each endpoint is activated
when the XSLT service unit is deployed. In a sense, the XSLT Service Engine is a container of XSL
style sheets, each of which represents a service endpoint in the JBI environment.

Then, a service mash-up that involves only a data transformation or message transformation will
be easily implemented with the support of this service engine.

Requirement | TR-INT-04
Identifier

Requirement [A JBI XSLT service engine will be used for implementing “Simple service
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Description transformation mash-ups”

Requirement [JBI compliant ESB provides a service engine for XSLT transformation, that can

motivation be used for implementing the specified kind of service mash-up.
User Role N/A
Relevance Desirable

7.4.2.2 UC3.4.2 Service mash-up through BPEL technology

When the services' composition needs for some logic addition, a business process must be
defined, so the BPEL (Business Process Execution Language) [BPEL] technology will be used.

BPEL allows the definition of processes with a quite complex logic, that are started when a
particular SOAP message is received and ends sending a reply message to the caller or simply
executing it's own code. The BPEL process doesn't allow interaction with human operator, but only
the definition of automatically executable workflows.

Requirement | TR-INT-05

Identifier

Requirement
Description

A JBI BPEL service engine will be used for implementing “Business Service
Composition mash-ups”

Requirement

JBI compliant ESB provides a service engine for BPEL orchestration language,

motivation that can be used for implementing the specified kind of service mash-up.
User Role N/A
Relevance Desirable

The current version of Roma already define a workflow aspect, and provide a custom
implementation through a component called Tevere [ROMA]. In order to favour the ROMULUS
dissemination in the enterprise environment, where the usage of standard is a key factor, an
implementation for the workflow facilities based on BPEL standard instead of Tevere could be
provided. Therefore:
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Requirement | TR-INT-06
Identifier

Requirement |[An implementation of the ROMULUS workflow aspect can be provided through
Description the BPEL service engine (already available in JBI compliant ESB).

In order to favour the ROMULUS dissemination in the enterprise environment,

Requirement where the usage of standard is a key factor, the implementation of the workflow

motivation aspect by using a standard technology as BPEL may be very important.
User Role N/A
Relevance Nice to have

7.5 UC4. Use automatic support for the compile, bui Id,
distribute process

ROMULUS should provide support and tools for the life cycle management. Since ROMULUS itself
is a metaframework based on an agile methodology, and the developed web applications should
have the same approach, it's important for the developer to be provided with the needed
methodological and development support. Therefore, tools for code quality assessment, quality
assurance, test generation and execution should be available and integrated with the framework.

7.5.1 Apache Maven integration

The current version of Roma metaframework creates web application with a “custom” (i.e. not
standard) workspace. The process of compilation, build and distribution of the generated
applications is managed by Apache Ant [ANT], that uses automatically generated scripts.

With respect to the management of compilation and building process for Java web applications, in
the last years Apache Maven [MAVEN] is usually preferred to its competitor Ant, because it
provides a building process already defined, divided in different phases, that contains the
automatic unit test run to increase code quality. Apache Maven has the ulterior advantage of
providing mechanisms for the management of application's dependencies: the libraries needed to
the application are automatically downloaded into a repository in order to be accesses for the
compilation and building process.

Maven imposes also a well specified workspace to the applications, that at the moment is not
compliant with the scaffolding created by ROMULUS for its applications.

Requirement | TR-PROC-01
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Identifier

Requirement [ The building process aspect can be implemented, as well as Apache Ant, also
Description with Apache Maven, which has open source licence.

Requirement |Maven is currently the most used and advanced tool for managing the building
motivation process. The ROMULUS generated web applications will have a great benefit on
using Maven for their building process management.

User Role N/A

Relevance Desirable

7.6 UCS. Generate support for automatic testability

In order to increase software quality, reducing bugs, increase maintainability and reliability, the
implementation of automatic test is considered more than a best practice, it's an actual
requirement. Unfortunately, many developers are not used to write automatic tests, because it's a
boring activity or just because they consider that are not useful or that there is not “enough time” to
implement them. Project managers, on their side, sometimes consider this activity as useless, very
often believe that the budget is to short or that “testing is in charge of the operational department”.

The described misbehaviours cannot be addressed by ROMULUS metaframework, but it's still
possible to do something. For example, if the developer has a clear architecture designed to be
tested, with clear interfaces for the business methods to be tested, then the testing work is
schematic, easy and repetitive. If the code for the tests is created automatically, following the
design of the application, the developer's work is mostly reduced: it has only complete the test with
preconditions and postconditions. If the development time is reduced and the tests are
implemented, maybe there will be a possibility for the manager to see the benefits of having less
regressions in the applications (means minor maintenance costs), higher quality in the code
(means less bug, so less costs), and they will believe that tests are not useless but cost effective.

Requirement TR-PROC-02
Identifier

Requirement ROMULUS should automatically generate the code for testing the generated
Description application. ROMULUS will reduce the effort in test generation in at least 50%,
thanks to the automatic generation of tests based on annotations, which are
relevant to testing.

Requirement A good test coverage help in reducing regressions, so increases applications
motivation maintainability; it reduces errors in the code, increasing quality and reliability by
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reducing development time.

User Role

N/A

Relevance

Important

Depending on the applications typologies, different tests may be automatically generated, that will
be described In the following paragraphs.

7.6.1 Test of the persistence layer

For the persistence layer, the tests will verify the correctness of the CRUD operations.

The tests will check the correct execution of any CRUD operation, will verify if the defined
constraints meet. The tests will be generated starting from domain entities and annotations.

Requirement
Identifier

TR-PROC-03

Requirement
Description

ROMULUS will create code for testing the functionalities of repository classes
and generated CRUD.

Requirement

The database access is a critical part for each web application. The consistency

motivation between the representation of data in the code and their actual storage in the
database reduces bugs in the developed applications.

User Role N/A

Relevance Important

7.6.2 Test for the service layer

In the business logic layer, the granularity for functional testing should be the service. Depending
on the actual service implementation, a test can be created for each exported service if a service
execution specification is available.

Requirement
Identifier

TR-PROC-04
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Requirement
Description

ROMULUS should automatically create tests for services or business methods
defined in the business logic layer.

Requirement

The functional testing implementation reduces user testing, very boring and

motivation expensive, by reducing time to market for the developed applications.
User Role N/A
Relevance Important

7.6.3 Test for the front end layer

The automatic creation of tests for the front end layer is a well known and greatly debated problem
in the literature. Currently there are no instruments that can automatically create a test suite on the
user interface layer.

The web interface heavily depends on requirements which are difficult to summarize and
generalize: usability, look and feel, are requirements that can be implemented in many different
ways, so the automatic creation of tests is a quite difficult task.

Some research will be performed in this direction, but no requirements can be specified at the

moment.

Requirement
Identifier

TR-PROC-05

Requirement
Description

ROMULUS will provide automatic generation of functional tests, following a
black box orientation for testing the full application, including its front layer.

Requirement

Testing the front layer is a difficult task since it requires its testing in different

motivation browsers. ROMULUS will provide automatic record of user navigation that will
be executed in at least MS Explorer 6 and Mozilla, using a framework such as
Selenium

User Role N/A

Relevance Important
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Requirement
Identifier

TR-PROC-06

Requirement
Description

ROMULUS will provide automatic load testing generation for he full application
following a black box orientation.

Requirement
motivation

Testing the scalability of the solution is a strong business requirement, that
provides useful information for its scalability planning. ROMULUS will follow the
standard approach of testing the application with increasing number of users,
and defining different navigation paths for these users. Other approaches for
detecting bottlenecks (such as databases) are in principle excluded, since they
require to develop specific agents for a particilar software artifact (application
server, database, etc.).

User Role

N/A

Relevance

Important
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8 Non functional requirements

One of the main goals of ROMULUS is improving the quality of Java Web Applications by involving
non-functional requirements (soft-goals) in its full development cycle.

Usually, the following typology of non-functional requirements is distinguished:

1. Reliability : The ability of a system to perform and maintain its functions in routine
circumstances, as well as hostile or unexpected circumstances.

2. Scalability : The ease with which a system or component can be modified to fit the problem
area.

3. Maintainability : The ease with which a software system or component can be modified to
correct faults, improve performance, or other attributes, or adapt to a changed environment.

4. Security : The ability of a system to manage, protect, and distribute sensitive information.

5. Efficiency : The degree to which a system or component performs its designated functions
with minimum consumption of resources (CPU, Memory, 1/O, Peripherals, Networks).

6. Accessibility : The degree to which the software system protects system functions or
service from being denied to the user.

7. Availability : The degree to which a system or component is operational and accessible
when required for use.

8. Compatibility : The ability of two or more systems or components to perform their required
functions while sharing the same hardware or software environment.

9. Usability : the ease with which a user can learn to operate, prepare inputs for, and interpret
outputs of a system or component.

In the scope of ROMULUS, only security, reliability and scalability are considered, as described in
the following subsections.

8.1 Security and Privacy

8.1.1 Security Requirements Elicitation Approach

In order to define security and privacy non functional requirements, a review of the state of the art
in Security Software Engineering and Secure Development best practices [GRAF03] has been
followed. In order to detail the requirements, UML Jacobson use case notation [OMGO05] has been
used.
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8.1.2 Secure Software Engineering

Traditionally, software engineering deals with security as a non functional requirement and usually
considers it after the definition of the system [MOUO7]. Secure software engineering [MOUQ7] or
secure coding [GRAFO03] is the branch of research concerned with the development of secure
software systems, which integrates security and software engineering. Activities related to this
approach are [MOUOQ7]:

Identify security constraints that affect the confidentiality, integrity, and availability of a
system.

Take into account Security design guidelines to reduce common vulnerabilities.

Realize a Security implementation review that helps reduce the number of implementation
errors.

Realize Security testing to avoid future attacks.

In the context of web applications, the project OWASP (Open Web Application Security Project)
[OWAOQ7] is devoted specifically to the development of best practices for secure web application
development.

OWASP is an open community focused on improving security applications that provides extensive
documentation about secure developing methodologies and security testing, such as best
practices and security recommendations documents. The OWASP community is supported by the
OWASP Foundation, a non-for-profit entity that provides all needed infrastructure. In addition,
OWASP has developed guides and tools for supporting the main activities related to secure web
development, such as code analysis, check list and security testing. OWASP is structured into
project focused on different aspects. Some of these projects are specially suited for ROMULUS
needs. In particular, this section details OWASP Testing Guide, OWASP Top Ten and OWASP
Enterprise Security API.

Main goal of OWASP Testing Guide [OWAOQ71] is to create "best practices" security testing
frameworks which developers can use to improve security of their applications. This guide covers
all life cycle steps proposing different security tests to avoid most common security weakness. Last
released version is the second, actually they are working in the third one.

OWASP Top Ten is a ranking of the most critical security vulnerabilities that are in actual web
applications. It has been realized by web security experts who had shared their experience. Its
main goal is to educate developers about the consequences of the most common vulnerabilities.
This guide provides basic methods to protect against them. This ranking is frequently actualized,
last version was released in 2007.

OWASP Enterprise Security API (ESAPI) [OWAO08]) is a open set of methods that developers can
use to improve the security of their web applications. Now, there is only a Java version, but, in the
future other language versions will be released. Developers can just use the interfaces and build a
personalized implementation or they can use the reference implementation directly. ESAPI covers
protection of 90% of the OWASP Top Ten vulnerabilities.

8.1.3 Security design

Following the ROMULUS approach, also the main security functionalities should be specified as
functional aspects. The functions of the security aspects will be implemented by using the most
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appropriate open source frameworks, that anyway can be modified by the user providing an
alternative implementation.

Therefore, the following general design requirements are specified:

Requirement
Identifier

TR-SEC-01

Requirement
Description

The metaframework should be extended with transversal security related
functionalities, such as authorization, authentication or encrypting.

Requirement

ROMULUS should integrate different security frameworks to allow users to build
secure applications using metaframework principles. A interesting specification

mofvation for being included Is JAAS (Java Authorization and Authentication Service).
User Role Web developers
Relevance Important

8.1.4 Security and privacy requirements

This section collects security and privacy requirements. The following figure represents a
conceptual map of these concerns. The rest of subsections develop these requirements following
standard UML use case notation.

Figure 8: Security and Privacy Requirements
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8.1.5 Security Requirements
Use cases have been organised into packages. The following packages have been identified:

Development . This package collects use cases with the needs of security during
development. They are detailed in Development Requirements section, that is focused on
Web Application development, with a developer approach. Also, it includes a Privacy
Requirements sub-package.

Testing . This package is focused on testing and code validation of developed web
applications for avoid most common security weaknesses. Security Testing section take a
assessment approach.

Figure 9: Security Requirements

8.1.5.1 Development Requirements

In order to elicit development requirements, it has been followed the OWASP Guide to Building
Secure Web Applications and Web Services [OWAO05], which collects the main security problems
of web applications. In addition, Secure Coding recommendations [GRAF03] has been considered,
for the whole life cycle, especially in design and implementation steps.

This use case package is focused on development of secure applications following secure coding
practices. The principal goal of these requirements is avoiding most common security flaws. Some
of the most common sources of vulnerabilities [OWAQ72] are input and parameter validation,
session management and lack of URL securisation.
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A sub-package has been identified which is focused on Privacy and collects use cases about
sensitive information and user management policies. ROMULUS should help the developer in
easily and quickly verifying these issues, so the developer should only focused on the application
design and implementation.

Figure 10: Development Requirements

Requirement | TR-SEC-02
Identifier

Requirement Developers should have facilities to validate all type of user inputs (form inputs,
Description parameters, cookies, etc.) to avoid most common code injections.

Requirement |Attackers may inject malicious code in all Web application inputs in order to
motivation compromise the application. In OWASP Top Ten Vulnerabilities of 2007, the first
and the second most serious vulnerabilities are XSS (Cross Site Scripting) and
“Injection flaws” because several Web Developers realize a superficial validation
of inputs, usually they only prove most common SQL attacks, but there are many
types of injections as LDAP, XPath, XSLT, HTML, XML, OS command injection
and many more.

User Role Web developers

Relevance Important
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Requirement
Identifier

TR-SEC-03

Requirement
Description

ROMULUS should provide security facilities for managing sensitive information
of developed web applications and its secure transmission and storage.

Requirement

Some information about users (personal data, credit card numbers, ... ) and

motivation applications accounts (user name, password, ... ) should be sent secured,
because communications could be spied by a third part.

User Role Web developers

Relevance Important
TR-SEC-04

Requirement
Identifier

Requirement
Description

Developed Web applications should use a strong session management. 1D
session couldn't be predictable. All sessions should be closed properly.

Requirement
motivation

Attackers may pretended to be another user through a weak session
management. They could capture and collect Cookies and Session IDs from a
user session that could be analysed. After, attackers might generate a new
Session ID to impersonate that user.

Session ID must be:
Randomized
Unique
No predictable

User Role

Web developers

Relevance

Important
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Requirement
Identifier

TR-SEC-05

Requirement
Description

Developers should have a easy way to build secure URLs to avoid Cross Site
Request Forgery (CSRF) attacks.

Requirement

Web application users may be forced to realize some actions through a Cross
Site Request Forgery attack. Attackers include a link or script in a page that

motivation ' : : |
accesses a site to which the user is known to have authenticated.

User Role Web developers

Relevance Important

8.1.5.2 Privacy Requirements

Proper authentication and session management is critical to web application security. Flaws in this
area most frequently involve the failure to protect credentials and session tokens through their life
cycle. These flaws can lead to the hijacking of user or administrative accounts, undermine
authorization and accountability controls, and cause privacy violations. Also, according to OWASP
Top Ten Vulnerabilities and Testing Guides, sensitive information of Web Applications must be
secured. ROMULUS should provide a simple mechanism to ensure a strong user authentication
policy and to encrypt sensitive users information. This mechanism should be easy to use,
developer should not implement it.

Requirement
Identifier

TR-SEC-06

Requirement
Description

ROMULUS should provides to the developer a easy path to implement a secure
user authentication.

Requirement

A secure user authentication is essential in a Web application. Each user needs
to be authenticated in the Web application to access its resources and personal

motivation ' '
information.

User Role Web developers

Relevance Important
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Requirement | TR-SEC-07
Identifier

Requirement |Developed Web applications should be based on industry best practices.
Description OWASP Guide to Building Secure Web Applications provides a set
recommendations that could be considered.

Requirement |Using security recommendations is a good practice to ensure security and earn

motivation time. Experience of other Web developers helps to improve security in
applications.

User Role Web developers

Relevance Desirable

8.1.5.3 Security Testing Requirements

In addition to the availability of frameworks for including security during the development, it is
important to rely to some tools that helps in reviewing the security of the developments. There are
two general approaches to testing that should be used also for security: blackbox and whitebox
testing.

Blackbox testing takes an external perspective of the tested object. Tester only knows the inputs
and outputs of the application. Outputs must be expected values according to the introduced
inputs. Blackbox testing is a good approach to anticipate attacks, because it proves the application
from a attacker's perspective. This kind of test have been identified in Attack Test Requirement
[OWAO071].

Whitebox testing is a more exhaustive approach because it needs to look into the application code
to find security weaknesses. This kind of test have been identified in Code Validation Requirement
[OWAO071].

ROMULUS tests should be based on OWASP Testing Guide and should avoid the OWASP Top
Ten vulnerabilities. Moreover, it should have some automatic security code validation and attack
tests.
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Figure 11: Testing Package

Requirement
Identifier

TR-SEC-08

Requirement
Description

Functionalities should be provided to perform automatic security test validation.
This code validation should be based on the OWASP recommendations.

Requirement

Validation code assessment helps to detect secure issues. Usually developers

motivation don't review their code before production phase and their applications have
several security flaws.

User Role Security auditor

Relevance Important
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8.1.6 Authentication Requirements

In this section, the requirements about authentication will be specified.

Requirement
Identifier

TR-SEC-09

Requirement
Description

An authentication functionality should be defined, in order to provide different
implementation of authentication services. In this way the services will be
pluggable and customizable.

Requirement
Identifier

Requirement Provision of additional authentication methods. Potential implementation of
motivation JAAS.
User Role Web users
Relevance Important
TR-SEC-10

Requirement
Description

The authentication functionalities should support the selection of LDAP
authentication mechanisms

Requirement

LDAP technologies are widely used so it is desirable to easy integrate them in
application.

motivation
User Class Web developers
Relevance Nice to have
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8.1.7 Other security requirements

Requirement [UR-SEC-11
Identifier

Requirement | The web applications created with ROMULUS should provide a functionality for
Description configuring security issues, such as:

Users' registration and login features.

Creation, editing, and deletion of user profiles and groups.
Assigning roles to users.

Assigning users to groups.

Email validation on new user registration.

Requirement | This ability of configuring the basic security functionalities will help the user in

motivation the provision of the right level of security to the implemented application .
User Role Web users

Relevance Important

8.2 Audit Trail

According to the National Information Assurance (IA) Glossary, an audit trails is the “chronological
record of system activities to enable the reconstruction and examination of the sequence of events
and/or changes in an event”.

Audit trails in software intensive systems is used to record who has accessed a computer system
and what operations he or she has performed during a given period of time. Audit trails are useful
for maintaining security and recoverability.

ROMULUS metaframework must automatically record events in a certain scope in order to provide
the audit trail. This information that can be used to understand the activity of the system and to
diagnose problems.

Generally speaking, audit trail requirements can be of various types. First, which data are to be
stored needs to be addressed, i.e., which information needs to be retrieved for being considered
useful. Additionally, it is necessary to consider how auditing data will be logged to allow data

querying.
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Also, ROMULUS usage is a cross-cutting concern. ROMULUS is both a development tool and a
runtime framework and as such two auditing contexts are distinguished. As a development tool,
actions such as class annotations or code generation need to be audited. At runtime, both
application logic and framework operations are performed, hence auditing information have to be
extracted out of this combination of application and framewaork.

Requirement | TR-AUD-01
Identifier

Requirement |The framework will provide ability to generate logs. Frameworks such as
Description java.util.logging, Apache commons logging or Log4J will be analysed for its
selection. The information included as well as the output (filesystem, database,
service, tc.) in the log will be configurable by the developer

Requirement | A configurable audit data enables its customisation to end customers.
motivation

User Role N/A
Relevance Important
8.3 Reliability

Reliability is the probability of failure-free software operation for a specified period of time in a
specified environment'. As many others non functional requirements, the achievement of reliability
is really expensive in terms of effort, since the effort needed increases following an exponential
function with respect to the percentage of requirement fulfilment [ISSEQ7].

A very high degree of fulfilment for the reliability requirement is so expensive that only systems with
critical safety requirements can afford. Moreover, as others non functional requirements such as
the security one previously addressed in the document, the application reliability can be achieved
only when the whole development process is specialized for reliability requirements
implementation.

Starting from the requirements definition, they should be specified in a very formal way, in order to
eliminate possible ambiguities, to facilitate code review and testing. The application design should
provide mechanisms for automatic error detection and application recovery: it should be possible to
recover from an error state to the closest correct state, maintaining the application flow.
Mechanisms of fault tolerance should be in place for a defined set of possible errors (usually
addresses as classes), and availability provision mechanisms should be implemented.

The source code should have a very high quality, it should be continuously reviewed by highly
skilled resources, possibly some processes of continuous integration should be in place and the

1 Software Reliability. In Software Reliability, Jiantao Pan, Carnegie Mellon University, 1999, Available at
http://www.ece.cmu.edu/~koopman/des_s99/sw_reliability/
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test coverage must be close to the 100%.

It's important to point out that the reliability of an application depends also on the reliability of the
user and on the reliability of the environment. Of course both of them are out of the scope for the
ROMULUS metaframework: the created applications are completely general purpose, so no
assumptions can be taken on their users, while the operational environment is a responsibility of
the company that buy the application or of the department that manages it. For these reasons and
assuming an approach to development based on productivity and rapidity, a formal approach to the
reliability is out of the scope. With respect to the developed applications, many requirements have
been specified about the automatic creation of skeleton for functional tests in the business layer,
data layer and for part of the presentation layer, as well as specific tests for ensuring and
increasing security. A good test coverage, together with the automatic creation of basic part of the
created application (part of the design, application of well known design patterns, conservative and
reliable error management), will drastically reduce the errors making applications much more
reliable, in line with the average web user expectation
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10 Glossary

POJO Plan Old Java Object

DDD Domain Driven Development
MVC Model View Controller

CRUD Create Read Update Delete
I0C Inversion of Control

DWR Direct Web Remoting

JPOX Java Persistent Objects

ETL Extract Transform Load

GUI Graphical User Interface

JMS Java Message Service

AJAX Asynchronous JavaScript and XML
JSF Java Server Faces

EJB Enterprise Java Beans

BPM Business Process Management
EE Enterprise Edition

ORM Object Relational Mapping
J2EE Java 2 Enterprise Edition

JPA Java Persistence API

WS Web Services

WS-I Web Service Interoperability
WSDL Web Service Description Language
XSD XML Schema Definition
JAX-WS Java API for XML Web Services
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JSR

DVSL

XSLT
CoC
DRY
i18n
JSON
RSS
Csv
RDF
JBI
SOA
JCP
ESB
EAI

BPEL
OWASP

ESAPI

JACC

A2A
B2B
UuMO

SEDA

Java Specification Request
Declarative Velocity Style Language

eXtensible Stylesheet Language Transformation
Convention over Configuration
Don't repeat yourself
Internationalization

JavaScript Object Notation
Really Simple Syndication
Comma Separated Values
Resource Description Framework
Java Business Integration
Service Oriented Architecture
Java Community Process
Enterprise Service Bus

Enterprise Application Integration

Business Process Execution Language
Open Web Application Security Project
OWASP Enterprise Security API

Authorization Contract for Containers

Access to Archive

Business to Business

Universal Message Object

Staged Event Driven Architecture
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