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Chapter 1
INTRODUCTION
1.1

New infrastructures for the future

Grid computing represents a big step in the world of computing. It is envisioned as an infrastructure which can be used to maximize the value of
computing resources. Organizations can use Grid to solve problems simply
by sharing existing computing resources.
It is remarked that Grid is ”a new infrastructure” [1]. An infrastructural approach to Grid means that it is more than a single technology;
more than a single framework or tool and more than a single field of research.
Grid computing has recently enjoyed an increase in popularity as a distributed computing architecture and it is presented as a new middleware,
but it is also claimed as the future for Web Services and Service Oriented
Architectures (SOAs); moreover, it is strictly related to other promising technologies such as Peer-to-Peer and Internet Computing (e.g. Kazaa [2] and
Seti@Home [3]).
It is clear that the concrete construction of such Grid infrastructure will
be possible only as a common effort from many diverse fields of computer
science. Exactly those fields in which Grid addresses critical weaknesses:
Middleware, Semantic Web, Web Services, Peer-to-Peer, Internet computing
and World Wide Web. Also many other fields of science and computer science
will be involved in this process (from operating systems to meteo forecasting
models) since today grid is synonymous with electronic science (e-science).
In the first chapter of this thesis we furnish an overview of Grid and key
9
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related technologies, we also outline how they relate to each other. Our goal
is to show that also at the present level of grid infrastructure maturity a
certain degree of interaction between these technologies can be realized and
exploited to construct Grid applications.
To realize our intent we have to use a powerful ”glue” which puts all
these technologies together. This harmonizing ”glue” is called OMG’s Model
Driven Architecture (MDA) which allows to design systems at a higher-level,
leaving platform-specific details aside.

1.2

Challenges for Software Engineering in
Grid

Changes in application infrastructures always imply changes in the methodological approach to the problem that the application solves. Software Engineering has considerably evolved in forty years accommodating enhancement
in programming languages and architectures. Particularly Object Oriented
programming has enabled new approaches for software development and the
creation of important software engineering methodologies. However, today
development of complex software is again a difficult task; despite middleware addressing of non-functional requirement and design patterns, the real
”silver bullet” in software engineering after the waterfall model has been the
prototype development [4].
Having stated this summarized view of software engineering (that is obviously not exhaustive), we want to pose the attention on how a service vision
of applications could give a higher-level of abstraction to the software . It
is meaningful that Service-orienting is a common vision for Grid researchers
[5, 6], for Service Oriented Architecture sustainers [7, 8] and also for middleware developers [9]. These visions confirm that services abstraction can
be considered the new Building Block for software applications [8] at a first
glance in grid contexts, but more deeply in all future distributed application
environments.
For instance both CORBA than OGSA are based on service-oriented architecture (SOA) [10]. A key distinction between CORBA and grid is that
CORBA assumes object orientation (it is part of the name), but grid computing does not. In CORBA, every entity is an object, while in OGSA there are
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only similarities to some object concepts. In OGSA there are no assumptions
about the object-oriented implementation of services (which in addition can
be loosely coupled). Object orientation is reduced to be an implementation
concept that is not considered at this level.
However, the use of a formal definition language (such as WSDL) in
WSRF (Web Services Resource Framework) means that interfaces and interactions are just as precisely defined as in CORBA, sharing one of the major
software engineering benefits also exhibited by object-oriented design.
Lastly, the role of Model Drive Architecture in SOA will be crucial [9, 8].
If UML is a modeling tool for object oriented applications, MDA will be
the modeling tool for service oriented applications. MDA permits to model
applications at the same platform-independent level of abstraction inherent
to services.
This scenarios may potentially allow new Software Engineering practices
that can bring to Service Oriented Software Engineering (SOSE).

1.3

Effort of this Thesis

In this section we summarize the major contributes of this thesis.
The second chapter of the thesis describes technologies used in this work
in detail. The great generality of grid makes it difficult to express this subject
in a digest and complete form . So, for the sake of giving a first grateful approach to grid we depict a ”Grid Map” following the grid description stated
in [1]. We also address common pitfalls about relations between grid and
other lead technologies in paragraph 2.1.6. This fundamental chapter closes
with a complete description of Web Service Resource Framework (WSRF); a
set of work in progress specifications that extends Web Service architecture
with a mechanism that enables stateful Web and Grid Services.
Chapter 4 describes an implemented Tool which using Model Driven Architecture(MDA) allows to model grid services and their interactions (by
means of meta-models for WSDL, WSRF, BPEL4WS and ClassAd). We
describe in more details how grid services are modeled exposing one of the
major contributes of this thesis: the support to the Tool for WSDL/WSRF.
This support permits to rethink the scope of this Tool that was originally

12
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applied only for model choreography and business processes for existing grid
services. With the WSRF support, the Tool is able to further represent and
define services. Hence, it can also be used for grid application development
in the context described in previous paragraphs.
The tool, so strengthened allows to model services for a service oriented
application. Following this intuition with paragraph 4.4 we discuss the hypothesis of a Service Oriented Software Engineering (SOSE). In this perspective the implemented tool can be envisioned both as a support for grid
application modeling (e.g. it can produce WSRF and Globus Toolkit 4 implementation files) and as an early support system for a coarse SOSE (similar
to the Object Oriented support given by OO programming languages such
as C++ or Java).
Chapter 5 furnishes two application scenarios for the presented ideas. The
first case is based on a real project proposed to develop a Grid for the Italian
Civil Protection. The tool is applied to show how a complex application can
be easily modeled in such grid to manage hydro-geological risk and to assist
weather forecasting. The second application scenario uses the Tool to model
a more simple service oriented application. The application we model is the
Tool itself designed as a set of Web Services and WS-Resources.

1.4

Overview

As you can notice this thesis treats a variety of arguments related to Software
Engineering, Middleware System, Web Technologies and Grid Systems. Instead of describing what each chapter and paragraph treats we prefer to give
some instructions on how to read this thesis depending on your background.
How to read this thesis:

Researcher and Grid-Professionals
If you are an IT researcher or a professional in the grid area you will probably
have a strong knowledge of Grid, OGSA, OGSI, Web Services and Middleware subjects so you can even ignore all the paragraphs in chapter 2. However, if your knowledge of WSRF is not so in-depth you can find a complete
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overview of such new technology in this chapter.
Chapter 3 treats arguments related to software modeling. You are probably well familiar with UML and MOF specifications so the only novelty may
be the Model Drive Architecture (MDA) which is described in section 3.3.
A fair knowledge of MDA and WSRF is needed to completely understand chapter 5 which describes the Modeling Tool and the given support
for WSRF. Even in this chapter we discuss the Service Oriented Software
Engineering idea and issues related to modeling grid applications.
Chapter 5 attempts to apply the Modeling Tool to two application scenarios. One is related to the project Grid-Care which is aimed to build a
Grid for the Italian Civil Protection, and the other how to apply the tool to
the modeling of a simple service application: the Tool itself.
In chapter 6 some related tools are briefly exposed and compared with the
implemented Grid Modeling Tool, while Appendix B contains a Manual for
the tool usage.

Final years IT students and professionals
We suppose you have a general knowledge of the subject treated in this thesis.
Depending on your specialization you can choose to read only some parts of
the paragraphs in chapter 2. It is, however, important that you understand
Web Service Resource Framework specifications (WSRF) 2.4. This supposes
a general knowledge of Grid and Web Services that you can obtain reading
the related paragraphs of this chapter.
Some software engineering arguments are treated in Chapter 3. If you do
not know UML well and, particularly, MOF specifications is recommended
the reading of paragraphs 3 and 3.2. The Model Drive Architecture (MDA)
(§ 3.3) is a basic topic for this thesis.
A fair knowledge of MDA and WSRF is needed to completely understand chapter 5 which describes the Modeling Tool and the given support for
WSRF. Even in this chapter we discuss the Service Oriented Software Engineering idea and issues related to modeling grid application (i.e. software
engineering in grid).
Chapter 5 attempts to apply the Modeling Tool to two application scenarios. One is related to the project Grid-Care which is aimed to build a
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Grid for the Italian Civil Protection, and the other how to apply the tool to
the modeling of a simple service application: the Tool itself.

IT students and UML - GRID - WS newbie
If you have absolutely no knowledge of any of the following fields: Unified
Modeling Language(UML), Computational Grid and Web Services; we hope
that this thesis will provide a sufficient introduction about these topics. However, it is important that you understand such matters well before reading
the whole thesis, so if the explanation of these arguments is not enough you
can use the bibliography to find URL and paper references to deeply study
these topics.

Chapter 2
TECHNOLOGIES
In this chapter we will provide a general overview on key technologies concerning our work. The explanation of these concepts are needful for the
complete understanding of the modeling tools and techniques described in
chapters 3 and4 . Our attention will be mainly concerned in representing
how the ”service” concept is treated by such different technologies.
We describe Semantic Web technologies and new Middleware instruments
which are the basis for our discussion about Grid Computing Systems. Finally, a complete overview of Web Service Resource Framework (WSRF) is
furnished. We have outlined in the previous chapter the strategical importance of grid services in emerging software and internet architectures. Here,
the general implication in middleware, semantic web and web service research
fields are addressed to provide a consistent and broad vision of what we mean
by ”service”.

2.1
2.1.1

The Grid
What is grid?

It is not simple to explain what GRID means in computer science. Grid
is more than an architecture, it is more than a new technology and obviously it is more than a specific software framework. We say: ”Grid is an
Idea”. Like the Internet, Computational Grid is a general notion that has
many social and technological implications beyond specific technical benefits.
A general and authoritative definition of grid is given by Foster and Klesselman in [1]:

15
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”[...] A computational grid is a hardware and software infrastructure
that provides dependable, consistent, pervasive, and inexpensive access to
high-end computational capabilities.”.
The keyword noun ”infrastructure” used to define grid argues the general scope of this concept. Though analogies are dangerous things, there
are relevant affinities between Computational Grid and Power Grid, identified by Foster and Klesselman, that can help to explain what ”grid” means.
Like power grids, computational grids must integrate large numbers of geographically distributed resources, connected in different ways and managed
by different organizations. Like power grids there are economic, political and
institutional determining factors which influence the growth of this infrastructure.
The real specific problem that underlies the Grid concept is coordinated
resource sharing and problem solving in dynamic, multi-institutional virtual
organizations [5]. This sharing with which we are concerned is required by
a range of collaborative problem-solving and resource-brokering strategies
in industry, science and engineering. The basic idea is simple: we have vast
numbers of distributed devices (from computers to mobile phones, PDA, TVs
and so on), connected by high performance networks: we put all of them together and define some access rules, the result of this process is the creation
of a ”Virtual Organization” (VO) for global collaborations in science, business, defence and other fields of human life.
So the definition of the Grid is extended ”[...] because of the focus on dynamic cross-organization sharing, Grid technologies complement rather than
complete with existing distributed computing technologies” [5]
The social impact of computational grids will be more critical than other
infrastructural changes. Like Railroads or Power Grids, Computational Grids
could change fundamentally the way we live and the way we think about the
world. The point is that the exponential rate of change in computer and
communications technologies will cause Computational Grid to change the
world so quickly that it raises a lot of controversy. Instead of waiting 30 or
40 years to see these changes, we are going to see effects of this new infrastructure in a few years; anyway much faster than our human, political and
social time scale usually reacts to infrastructural changes.
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Understanding GRID through its history
Computational grid is not a recent idea, the notion of putting together many
computers with networks - linking people, devices, sensors and data - is
decades old:
”We will probably see the spread of ’computer utilities’, which, like present
electric and telephone utilities, will service individual homes and offices across
the country.”’ (Len Kleinrock, 1969)
For many years we have had the instruments to realize these systems but
only recently we can think of a ”reliable” and ”low-cost access” implementation of grids.
The first attempt to develop a low-cost-access system for High Performance Computing (HPC) was sketched by Donald Becker and Thomas Sterling in late 1993 with the Beowulf Project [11]. They outlined a commoditybased cluster system designed as a cost-effective alternative to large supercomputers. Beowulf clusters prevalently use computers for office automation,
home computing, games and entertainment as components. This factor, together with the availability of open source software, the Linux operating
system, GNU compilers and programming tools and MPI message passing
libraries, contribute to the rapid success of this technology.
With Beowulf Clusters we can solve problems that a single machine cannot [12] without the need of high cost supercomputers.
In 1995 and 1996 others HPC key technologies were developed to solve problems that Beowulf clusters could not in the projects SETI@Home, FAFNER
and I-WAY.
Factoring via Network-Enabled Recursion (FAFNER) was a project which
aimed at factorizing very large numbers. Since this is a challenge which can
be broken into small parts, even fairly modest computers can contribute useful power. Many techniques developed for distributing a big computational
problem were used for SETI@home and other ”cycle scavenging” project.
Search for ExtraTerrestrial Intelligence (SETI@Home) [3] simply uses
spare CPU cycle to aggregate computational power. Only a steered and
targeted research is possible with this technology called Desktop GRID or
Internet Computing and it is used in very specific projects.
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I-WAY (Information Wide Area Year) was a project that aimed at linking supercomputers, but using only existing networks, not building new ones.
I-WAY strongly influenced the development of the Globus Project, which is
at the core of most Grid activities, as well as the LEGION project, an alternative approach to distributed supercomputing.
Many tools and many frameworks have been developed in the last ten
years to give a general GRID support to application development and problem solving (Condor, Condor-G, Legion, Nimrod, Unicore etc.). Among them
the emerging leader technology was the Globus Toolkit [13] developed in the
Globus Project, a consortium in which the lead partners are Ian Foster (Argonne Laboratiories) and Carl Kesselman (University of Chicago) who can
be considered to be the fathers of the Grid also for the publication of ”The
Grid: Blueprint for a New Computing Infrastructure” [1] considered to be
the Grid bible.
Nowadays, there are many important industries (such as IBM, Microsoft,
Sun and Oracle) together with thousands of researchers involved in Grid
research and development. Furthermore EU and USA governments are supporting, in their policy, Grid ideas with millions of euro and dollar investments for the development and research in these systems [14]. Since today
the truly grid revolution is carried out by the construction of the grid itself,
and not by the new technologies or the instruments for its development.

2.1.2

The Grid Map

We have drawn a ”Grid Map” to depict the complex world of computational
grids (as described in [1, 6]). Here a complete overview of grid systems is
given together with architectural and social issues.
Grid is a key technology in computer science, it means that in a few
years we will see grid everywhere: in networks, operating systems, software
engineering, artificial intelligence, programming, biology, physics and in every
other field of science and life. Like internet phenomenon or personal computing, grid systems are going to pervade computer science and change our lives.
We may also see grid as a parallel evolution of the actual internet where
what the World Wide Web is to information the Grid is to services [15]. Grids allow us to share data, computational power, knowledge, devices and so on. They make the establishment of Virtual Organizations(VOs) made up of individuals and/or institutions possible.
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Figure 2.1: The Grid Map
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This is to say that the realization of e-science for research collaboration
is only the first step, like ARPANET was for the internet. While Grid technologies are currently distinct from other major technology trends, such as
Internet, enterprise computing, distributed computing and peer-to-peer computing; in future Grid will be the solution for many technology integration
problems (see § 2.1.6).
The idea of a ”pervasive” Grid is supported by problems that it can
clearly solve in the near future. Behind technical issues, the availability of
a general grid framework (such as the Globus Toolkit) will ”bridge the gap”
between [16]:
• Application to infrastructure
• Science to commercial
• Web Service to Grid
• Data to computation
• Organization to Organization
• Country to Country
• Developer to Developer
• Developer to user
This will bring us to a new concept of computer and computing, it will
realize, for example, the Mark Weiser’s vision of ubiquitous computing.
In our opinion the future is not of people who use and enter inside computers (e.g. virtual reality), but computers which stay wherever and are used
outside people and by people in their real-life environments.

2.1.3

Grid Architecture

A reliable vision of the grid architecture for the next future is given by Forster
and Kesselman in ”The Anatomy of the Grid ” [5]. Here a high level architecture design for Grid is given by analogy to the Internet Architecture (figure
2.2 ). The goal is not to identify all required protocols but rather to outline
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Figure 2.2: Grid Architecture
requirements for general classes of component.
Two important aspects characterize this architecture: the organization of
components into layers, and the organization of the layers in an ”hourglass
model”.
The choice to adopt this model arises from one important lesson learned
in Grid applications about the futility of trying to force homogeneity on distributed groups of collaborators, and the wide success of the Internet model
in getting a diverse set of incompatible technologies to work together. An
hourglass model of layer is the result, where a small set of core abstractions
and protocols acts as a neck onto which many different high-level behaviors
can be mapped (hourglass-top) and which themselves can be mapped onto
many different underlying technologies (hourglass-base).
As it can be seen in figure 2.2 there are five layers which make up the
Grid Protocol Architecture:
1. Fabric Layer : which provides the resources to which shared access is
mediated by the Grid protocols. Fabric components implement a local, resource-specific operation to access a specific resource (whether
physical or logical), sometimes richer fabric functionality enables more
sophisticated sharing operations that simplify the deployment of Grid
infrastructure. However, in Grid systems more advanced features are
needed such as enquiry mechanisms (for the resource discovery based
on the structure, state and capabilities of resources) and resource management mechanisms (providing control on the QoS).
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2. Connectivity Layer : which enables Grid-specific network transactions.
It defines communication protocols (for transport, routing, naming
etc.) that enables exchange of data between Fabric layer resources and
authentication protocols built on communication services to verify the
identity of users and resources. In both cases standards developed in
the Internet Protocol stack, are suitable to be adopted (TCP,IP,UDP,
Public key cryptography etc.)
3. Resource Layer : use communication support to define protocols, Application Programmer Interfaces (APIs) and Software Development Kits
(SDKs), for secure negotiation, initiation, monitoring, control, accounting and payment of sharing operation on individual resources. Two
main components define this layer: information protocols used to obtain information about the structure of the state of the resource and
management protocols used to negotiate access to shared resource.
4. Collective Layer : contains protocols, APIs, SDKs and services that
coordinate multiple resource concurrently.
5. Application Layer : includes user applications that operate within a
VO’s environment. Applications are constructed in terms of and by
calling upon, services and protocols at any layer of the architecture.
Since the architecture represents ”application” in a single layer, in practice this layer can call upon complex frameworks and libraries (e.g.,
CORBA, EJB, Workflow Systems)

The neck of the hourglass model is formed by Resource and Connectivity
protocols, for this reason they should be limited to a small and focused
set. These core set protocols will determine the long-term success of Grid
computing, it is expected that they will enable different organizations to
interoperate and share resources much like the core internet protocols enables
computer networks to share and exchange information.
The hourglass in figure 2.3 represents this vision. While Resource&Connectivity protocols must be general in nature and widely deployed, collective
and application layer span the spectrum from general purpose to highly domain specific.

2.1.4

The Open Grid Service Architecture (OGSA)

The establishment, management and exploitation of dynamic cross-organizational VO sharing require new technologies. The grid architecture exposed
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Figure 2.3: Grid Hourglass
in the previous paragraph only addresses high level requirements for the realization of an underlying structure to support Grid development.
To really ”bridge the gaps” between current technologies (see § 2.1.2) we
need a semantic definition of Grid Services and Protocols and one or more
concrete implementations of such instruments. These two requirements are
addressed respectively in the Open Grid Services Architecture (OGSA) [7]
and the Globus Toolkit [13] (§ 2.1.5 ).
OGSA defines a Service Oriented Architecture (SOA) which is the
key to effective virtualization of physical resources. This architecture is defined in terms of Web Service Description Language (WSDL) interfaces and
associated conventions for creating and composing sophisticated distributed
systems. While the Grid Architecture models the entire Grid infrastructure
at a service class level, OGSA models the interface of a generic Grid service,
by assuming that any capability in the Grid can be virtualized.
The increased need of interconnection of systems within and across enterprises leads to this service-oriented model of the Grid architecture. In
OGSA everything is represented by a Service: ”a network enabled entity that
provides some capabilities through the exchange of messages”; resources such
as computational resource, storage, networks, programs etc. are all services.
OGSA does not define a specific set of services; rather it specifies Grid service
interfaces and behaviors to support the creation, termination, management
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and invocation of stateful transient services as named, managed entities with
dynamic, managed lifetime. Such service oriented architecture supports local
and remote transparency that addresses the critical requirement of interoperability and also simplifies the encapsulation behind a common interface of
diverse implementation of the same services (virtualization). WSDL gives
the support for both these requirements. So in OGSA a Grid Service is
defined as a special Web Service that provides a set of basic interfaces and
follows specific conventions.
The small set of standard interfaces addresses:
• Discovery: Query a variety of information about Grid Service with
extensible support for various query languages.
• Dynamic Service Creation: The ability to dynamically create and manage new service instances through a Factory interface.
• Service Lifetime Management: It uses transient, stateful service instance created with a specified lifetime (extensible) or terminated with
a destroy operation.
• Notification: Which allows asynchronous notification among NotificationSource and NotificationSink service interfaces.
• Change Management: In order to support changes made in the definition of Grid services interfaces must be uniquely named (e.g. with the
WSDL portType’s qname § 2.3.3 )
• Other interfaces: Additional interfaces can be realized in the future to
address issues such as authorization, policy management, concurrency
control, monitoring and reliable invocation.
The availability of the OGSA core set of consistent interfaces allows the
creation of high-order services that can be treated in a uniform way across
layers of abstraction. These high-level Grid Services will collectively address
the diverse and sophisticated requirements of grid applications. Such services can be implemented and composed in a variety of different ways due
to the flexibility of this framework and will include Distributed management
services, workflow services, auditing services, security protocol mapping services and so on.
One fundamental need in the OGSA model was the statefulness of a
service. The Web Service technology traditionally addresses discovery and
invocation of persistent stateless service while OGSA requires support for
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transient stateful service instances created and destroyed dynamically. Grid
services can maintain internal state for the lifetime of the service. The existence of state permits the distinction of one instance of a service from
another, OGSA in this manner can be viewed as a distributed object system
where each service instance has a unique identity and each instance has a
state. With the Service-Oriented infrastructure of OGSA, the key gap of
those listed in paragraph 2.1.2 is addressed: the one between applications
and infrastructure.
Statefulness has significant implications for Web Service point of view but
the merits of the resulting service-oriented model (virtualization, hierarchy,
composition) justify this effort.

OGSA implementations: OGSI and WSRF
The GRID community and the Web Service Communities initially worked
without much coordination. The Open Grid Service Infrastructure (OGSI)
specifications [17] released in July 2003 support the OGSA definitions extending Web Service Definition Language (WSDL) and XML-Schema to enable stateful Web Services. OGSI attempts to define smart-state Web Sercives that encapsulate the resource state, with the identity and lifecycle of
the service and resource state coupled. Moreover OGSI did not have a clean
separation of functions to support incremental adoption of functionalities
and flexible composition. These and other issues about OGSI raise a lot of
criticism from the Web Service researchers who claim that ”Web services do
not have state or instances” [18].
The evolution of the Web Service specifications and the use of patterns
has permitted a complete refactoring of the OGSI infrastructure in the 2004
and 2005 with the Web Service Resource Framework (WSRF) [19] specifications. Among these new standard proposals, the Web Service Addressing
(WSA) [20] permits to identify web service endpoints and to include endpoint reference information in messages. WSRF makes use of this mechanism
to split web service data from resource state information obtaining an implementation of OGSA perfectly consistent with the web service world. WSRF
specifications define how to provide Grid capabilities using Web services implementations and identify a set of common requirements for both Grid and
Web Services. The definition of WSRF means that the Grid and Web services communities can move forward on a common base [6] as shown in figure
2.4.
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Figure 2.4: Convergence between Grid community and Web Service community
WSRF and the mechanism just described (called ”implied resource pattern”) are central arguments of this thesis. We give an extensive exposure of
WSRF in paragraph 2.5.

2.1.5

The Globus Toolkit

The Globus Toolkit [21, 22, 13] is a concrete implementation of OGSA. It is
a set of software components, developed by The Globus Alliance [23], which
can be used to program grid-based applications: distributed systems in which
diverse and discrete software agents interact via message exchanges over a
network to perform some tasks.
From version 1.0 in 1998 to latest 4.0 version, the Globus Toolkit has
evolved rapidly into what The New York Times called ”the de facto standard”
for Grid computing. Version 4 of the Globus Toolkit (GT4), has been released
in April 2005 and represents significant advances in the implementation of
Web services functionality. The Globus Toolkit 4, in fact, includes a complete
implementation of the WSRF specification. This part of the toolkit referred
to as ”GT4 Core” is the kernel of the toolkit since nearly everything else is
built on top of it. Besides the toolkit includes a set of high-level services that
we can use to build Grid applications and that meet most of the abstract
requirements of OGSA specifications. Most of these services are implemented
on top of WSRF. GT4 also includes some services that are not implemented
on top of WSRF: the non-WS components as represented in figure 2.5.
GT4 is, more specifically, a set of software components that (with some
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Figure 2.5: Representation of the Globus Toolkit 4 Framework Services
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exceptions) implement Web services mechanisms for building distributed systems. Web services technologies, and GT4 in particular, can be used to
build both service-oriented applications and service-oriented infrastructure;
they provide a standard means of interoperating between different software
applications. GT4 is packaged in a set of components that can be used independently or together to develop increasingly complex grid applications.
The GT4 source code includes implementations of a set of Web services
specifications some of these are going to became standards (e.g., WSRF, WSNotification) while others are unique to Globus (e.g., GRAM, RFT). These
implementations can be combined with other components (Web servers, SOAP
engines, etc.) to produce a variety of different GT4 containers, a term introduced to denote Web service containers with a set of common features.
The GT4 tools have been used to develop many Grid systems and applications. The collection of generic components developed by the Grid community as a whole is considered an ecosystem of components each occupying
a niche in the system. Competition that occurs when more than one component occupy the same niche, generating a constant flux that creates benefits
to the common interest in accelerating the adoption of grid and distributed
computing-related standards, software and best practices.
The Globus Toolkit has grown through an open-source strategy that takes
into account the ecosystem represented in figure 2.6. This fact has encouraged
more rapid adoption of this de facto standard as the open-source ecosystemcommunity provides continual enhancements to the product. In addition, the
Globus Toolkit is a central part of science and engineering Grid projects, and
leading IT companies are building their commercial Grid products basing on
this framework.
Finally, the Globus Alliance develops its Toolkit in strict collaboration
with the Global Grid Forum (GGF) [24]: the community of users, developers, and vendors leading the global standardization effort for grid computing. Somehow GGF represents the ecosystem represented in figure 2.6 which
works to standardize and integrate abstract high-level OGSA services.
For the reasons exposed in this paragraph the Globus Toolkit in its current version (4.0) has been used as the basis of our work. We will see in
particular how the GT4 Core that implements the WSRF specifications can
be considered a basis for a hypothesis of Service Oriented Software Engineering.
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Figure 2.6: The Grid ecosystem of researchers, users, software developers,
vendors and practitioners as depicted by GGF

30

2.1.6

CHAPTER 2. TECHNOLOGIES

How Grid relates to other technology trends

It can be given different interpretation of the ”Grid phenomenon”. Grid
can be envisioned as the next-generation Internet, or a source of spare CPU
cycle or again as the genesis of a distributed operating system. Since the
Globus vision of Grid does not completely contrast with these expectations
it is important to understand how grid relates to the other trends of computer science technology.
It can be generally stated that Grid represents an opportunity for the current lead technologies rather than an opponent. For example in Enterprise
Computing where sharing arrangements are relatively static and restricted
within a single organization, Grid can be used to address more specific Virtual Organizational requirements. Current enterprise technologies such as
CORBA, Entity Java Bean, Java 2 Enterprise Edition (J2EE) and DCOM
can achieve interesting interoperational challenge simply adopting Grid support for coordination of multiple resource in construction of distributed applications [5].
Also current sharing trend in e-business realized with Application Service
Providers (ASPs) and Storage Service Providers (SSPs) can obtain many
benefits from the Grid Architecture exposed earlier. The recent emergence
of Utility Computing [24] will achieve enormous economies of scale allowing
customization of resource access based on the customer needs and multiorganizational supply chain systems.
Others important examples of more advanced sharing and computational
structures (beyond client-server), that can use Grid to significantly improve
their capabilities, are Peer-to-Peer computing and Internet (or Desktop)
Computing. These ”Grid Cousins” implement high vertically integrated architectural solutions that focus on specific resource sharing for limited goals
in wide Virtual Organization. P2P and Internet Computing can benefit from
Grid common protocols and standards to enlarge their objectives and to develop more generalized VO’s platforms.
In the previous paragraph we have only outlined how internet technology
relates to grid. Obviously the ubiquity and wide acceptance of the World
Wide Web technologies make them attractive as a platform for constructing
VO systems and applications. For these reasons the convergence between
Grid and Web/Internet technologies can be seen as the real source of innovation in development of the most important technological trends. As
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applications become more sophisticated the convergence of interest between
peer-to-peer, enterprise, utility and internet computing will lead to general
interoperable standards for Grid and computer science.

2.2

The Semantic Web

The basic idea of the World Wide Web (WWW) is an information space
through which people can communicate and share their knowledge. It is realized as a on screen presentation system for multimedia documents with the
use of hypermedia links to allow navigation. Similarities between Web and
Computational Grid technologies are evident; in the following paragraphs we
argue this relation.
The system is based on some simple concepts: a browser which is the
viewer of the hypertextual documents; a server through which it is possible
to access the local resources (it uses two protocols: TCP and IP); a standardized mechanism to identify and specify resources on the net (called the
Uniform Resource Identifier (URI)); some communication protocols (among
which the most important is the HyperText Transport Protocol (HTTP))
that permit access to documents and, finally, a language based on SGML,
the HyperText Markup Language (HTML), to create hypertext documents
and link them together.
Although HTML has some tags to add semantics information in the documents, they are not used much, and in any case, the semantics they provide
are very limited. To cover this lack, the World Wide Web consortium (W3C)
[25] (an organization of organizations founded in 1994 by Berners-Lee to
maintain control over WWW’s evolution) has developed a new technology
standard: the Extensible Markup Language (XML) which is the foundation
of the Semantic Web.

2.2.1

Machine Readable to Machine Understandable

”The Semantic Web is an extension of the current web in which information
is given well-defined meaning, better enabling computers and people to work
in cooperation.” 1
1

Tim Berners-Lee, James Hendler, Ora Lassila, The Semantic Web, Scientific American, May 2001
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The World Wide Web was originally built for human consumption, though
everything on it is machine-readable. But it should be useful not only for
human-human communication; also machines would be able to participate
and help. To achieve these tasks we need a machine-understandable Web.
It is very hard to automate anything on the current Web, and because
of the volume of information this Web contains, it is not possible to manage
it manually. Leaving aside the artificial intelligence problem of training machines to behave like people, the Semantic Web approach instead develops
languages for expressing information in a machine processable form.
The solution proposed is to use metadata to describe the data contained
on the Web. Metadata is ”data about data” and the distinction between
”data” and ”metadata” is not an absolute one (many times the same resource
will be interpreted in both ways simultaneously).
Hence we present another definition taken from W3C [25] Web site:
Definition: The Semantic Web is the abstract representation of data
on the World Wide Web, based on the RDF standards and other standards
to be defined. It is being developed by the W3C, in collaboration with a large
number of researchers and industrial partners.
Semantic comes from the Greek words for sign, signify, and significant,
and today ”means of” or ”relating to meaning”, often in language. The
Semantic Web is seen as an extension of the current Web. It brings to the
Web the idea of having data defined and linked in a way that it can be used
for more effective discovery, automation, integration, and reuse across various
applications.
The challenge of the Semantic Web, therefore, is to provide a language
that expresses both data and rules for reasoning about the data and that allows rules from any existing knowledge-representation system to be exported
onto the Web.
Two important technologies for developing the Semantic Web are already
in place: the eXtensible Markup Language (XML) and the Resource Description Framework (RDF). XML lets everyone create their own tags, briefly,
XML allows users to add arbitrary structure to their documents but says
nothing about what the structures mean. In fact meaning is expressed by
RDF, which encodes it in sets of triples, each triple represents the subject,
verb and object of an elementary sentence.
Another fault of the current web (and web technologies) is that as human language thrives when using the same term to mean somewhat different
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things, automation does not.
A solution to this problem is provided by the third basic component of
the Semantic Web; collections of information called ontologies. A typical
ontology set for the Web has a taxonomy and a set of inference rules. The
taxonomy defines classes of objects and relations among them. Inference
rules supply further power.
Really the computer does not truly ”understand” any of this information,
but it can in this manner manipulate the terms much more effectively in ways
that are useful and meaningful to the human user, besides ontology pages,
solutions to terminology (and other) problems begin to emerge.
The real power of the Semantic Web will be to create an environment
where software agents and web services roaming from page to page, can readily carry out sophisticated tasks for users.
Lastly the Semantic Web will break out of the virtual realm and extend
into our physical world [26]. URIs can point to anything, including physical entities, which means we can use the RDF language to describe devices
such as cell phones and TVs. Such devices can advertise their functionality,
much like agents or web services, and realize with simple semantic descriptions features of the so called ”home automation”. This envision powered
by Grid technologies can bring in the near future to ubiquitous computing
environments where people can share any sort of computable resource.

2.2.2

The Semantic Web Architecture

The Semantic Web addresses to a Web in which machine reasoning will be
omnipresent and highly powerful. We can define the Semantic Web as a
web of data (i.e. like a global database). An outlined architecture of the
Semantic Web (not yet a reality) is done by Tim Berners Lee in [27, 28, 29]
and in many other issues available on line. In Figure 2.7 we show such
architecture.
At the basis of the entire Semantic Web there are Unicode (an evolution of ANSI/ASCII character set ) and Universal Resource Identifier (URI)
[30]. URIs can be viewed as resource static mapping that creates the navigable ”space” (thus they are identifiers not recipes). The second layer is
composed by the eXtensible Markup Language(XML), XML Namespace and
XML Schema which constitute the foundation of the languages used in the
Web. XML for instance provide a basic format for structured documents,
with no particular semantics.
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Figure 2.7: The Semantic Web ”layer cake” as presented by Tim Berners Lee
The RDF and RDF Schema layer include: a basic assertion model, based
on a common model of great generality: the Resource Description Framework
(RDF), and a schema layer which allows one to declare the existence of new
properties and classes and to create range and domains for properties. The
RDF being general is very simple, and being simple there is nothing much you
can do with the model itself without layering many things on top. Anyway
the basic model contains the concept of assertion and quotation, though it
will be needed later, applications at this level (using RDF only for metadata)
are very numerous (e.g. Dubblin Core, intellectual property right, privacy
information). RDF documents at this level are not very potent, we further
need a schema layer to the existence of new property and also express a little
more, typically we want to constrain the type of object it can apply to. This
is allowed by another language the RDF Vocabulary Description Language
(RDF Schema) designed to be a simple data typing model for RDF.
Next we have the ontology layer. It originates with need for more meta
information, such as: transitive property, unique, unambiguous, cardinality,
etc. and gives a huge extra usage for extra functionality. There are many
ontology languages on the web: the Ontology Interchange Language (OIL),
the Simple HTML Ontology Extension (SHOE) [31], the DARPA Markup
Language (DAML) [32] are more popular. Most interesting is Ontology Web
Language (OWL) [33]. OWL is an ontology and inference language based
upon RDF. It takes RDF Schema a step further, by giving us more in depth
properties and classes, and allowing more expressiveness than RDF Schema,
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such as: inverses, unambiguous properties, unique properties, lists, restrictions, and so on. With this more powerful schema concepts, a sort of inference
can be done. The principle of ”inference” is quite a simple one: being able
to derive new data, from data that you already know.
Inference is one of the driving principles of the Semantic Web, because it
will allow us to create Semantic Web applications quite easily. It is considered
the key for allowing important agent’s behavior on the Web.
The next layer, is the logic layer. It will be necessary to construct a
powerful logical language for making inferences. We need a way of writing
logic into documents to allow such things as: rules the deduction of one type
of document from a document of another type; the checking of a document
against a set of rules of self-consistency; and the resolution of a query by
conversion from unknown terms into known terms . In other words this layer
attempts to turn a limited declarative language into a Turing-complete logical
language, with inference and functions. One can see this language as being
a universal language to unify all data systems just as HTML was a language
to unify all human documentation systems. There is still a great amount of
uncertainty about which logical language to choose for the Semantic Web.
The last two layers are proof and trust. There is very little literature
written about this layer even though it will become very important in the
future.
Once we have a proof language, digital signatures turn what was a web
of reason into a web of trust. Digital signatures are simply little bits of code
that can be used to verify that a certain entity wrote a certain document.

2.2.3

The Semantic Web in practice

We give in the following section a brief overview of fundamental languages of
the Semantic Web which are used as the basis of the instruments described
in the next chapter.
The eXtensible Markup Language (XML)
The Extensible Markup Language (XML) is a meta-language of markup that
allows exchange and use of structured documents over the internet. The design of XML was motivated by two observations: the inflexibility of HTML
and the complexity of SGML [34].
Indeed XML is a subset of SGML (that would have served the same
purpose as XML) defined to avoid some complexity of SGML, which makes
it unusable. The main feature of SGML is the utilization of Document Type
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Definition (DTD), that allows to define grammars for elements written in a
document. Since HTML implements only one particular document model,
the XML has been defined making it possible to use documents of applicationspecific document types, which can be created, distributed and interpreted
in an XML environment. There are many benefits associated with the use of
XML, here a list of the most important [35] :
• Self describing documents: XML allows for the ability to include DTDs
inside the document. This means that a single XML document can
contain the rules used to compose the document together with the
actual content.
• Browseable document structure: An XML document can be easily analyzed by XML software, even if it does not contain a DTD (it is said
to be a well-formed document). Consequently, even documents which
are not self describing can still be interpreted and browsed.
• Platform-Independence: XML is an open standard and can be implemented by anyone interested in XML applications.
• Data Interchange: One common issue of data interchange is the difference of structural aspects of the data to be exchanged. We can think
of XML as an intermediate syntax to express easily complex structured
data.
• Document Publishing: XML is perfect to express structured documents,
independently from their final destination, thus the same document can
be transformed for the web, cellular phone, e-book etc.
Figure 2.8 shows a little DTD with a valid document, i.e. it conforms to
the structure defined by the DTD itself.
With XML a set of associated languages (called XML-family languages)
has been developed: for links, namespaces, stylesheet and information description which are exposed in the next sections.
XML Namespaces
XML namespaces provide a simple method for qualifying element and attribute names used in Extensible Markup Language documents, by associating them with namespaces identified by URI references. It is a W3C standard
[36] motivated by the envision that a single application of Extensible Markup
Language (XML) may contain elements and attributes that are defined and
used by multiple software modules. If a markup vocabulary exists which is
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well-understood and for which there is useful software available, it is better
to re-use this markup rather than re-invent it.
An XML namespace is a collection of names, identified by a URI reference, it is declared using a family of reserved attributes. Such an attribute’s
name must either be xmlns (default name) or have xmlns: as a prefix. The
attribute’s value, a URI reference, is the namespace name identifying the
namespace. It should have the characteristics of uniqueness and persistence
because it identifies on the Internet the namespace we are using.
XML Path Language (XPath)
XPath is a language for addressing parts of an XML document. XPath
operates on the abstract, logical structure (known as the data model ) of
an XML document, rather than its surface syntax, and is designed to be
embedded in a host language such as XSLT 2.0. The basic building block of
XPath is the expression that returns one of the following types of objects:
boolean, string, number or set of nodes. The most important expression
type is Path Expression that can be used to locate nodes within a tree. Path
expressions may be relative or absolute (beginning with ”/”) and consist of
a series of one or more steps, separated by ”/”. These steps called Step
Expression are composed of three parts:
• Axis: which defines the ”direction of movement” for the step starting
by the context node (es. child, parent, self)
• Node Test: which specifies the node kind and/or name of the nodes
to be selected by the step (es. para, text())
• Predicate: which consists of an expression, called a predicate expression, enclosed in square brackets.
An example of an XPath expression that returns all the ”section” that descend from a ”chapter” may be in the form of:
/child::doc/child::chapter/descendant::section
XML Stylesheet Language (XSL)
XSLT is designed for use as part of XSL, which is a stylesheet language for
XML. In addition to XSLT, XSL includes an XML vocabulary for specifying
formatting. XSL is far more important for XML than Cascading Style Sheet
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(CSS) for HTML, because HTML specifies semantics and standard formatting for all elements (modified using CSS), while XML documents do not
contain any formatting information, unless specified by a stylesheet. Consequently, without any stylesheet information, XML documents can only be
displayed in a structure-oriented way, for example representing the document
tree. A transformation expressed in XSLT is called a stylesheet because, in
the case when XSLT is transforming into the XSL formatting vocabulary
(XSL-FO), the transformation has the functions of a stylesheet.
XSLT is a language for transforming XML documents into other XML
documents. A transformation expressed in XSLT describes rules for transforming a source tree into a result tree. The transformation is achieved by
associating patterns with templates. A pattern is matched against elements
in the source tree, and a template is instantiated to create part of the result
tree. The structure of the result tree can be completely different from the
structure of the source tree; elements from the source tree can be filtered and
reordered, while arbitrary structure can be added.
Thus an XSLT stylesheet contains a set of template rules. A template
rule has two parts: a pattern which is matched against nodes in the source
tree and a template which can be instantiated to form part of the result tree.
This allows a stylesheet to be applicable to a wide class of documents that
have similar source tree structures.
XSLT makes use of the expression language defined by XPath for selecting
elements to process, to realize conditional processing and for generating text.
A stylesheet is represented by a xsl:stylesheet element in an XML
document, with a version attribute indicating the version of XSLT that the
stylesheet requires:
<xsl:stylesheet version="’1.0"’
xmlns:xsl="’http://www.w3.org/1999/XSL/Transform"’>
<xsl:template match="P">
<H2><xsl:apply-templates/></H2>
</xsl:template>
This simple stylesheet transforms all the element P in H2, and may be
used for example, on a HTML document (qua it exists also a DTD XML for
HTML [37]). XSLT can be useful in many environments in which XML is
used, we will see in section 4.3 how stylesheets are applied to produce XML
documents and Java Classes.
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Resource Description Framework (RDF)
There is no information in an HTML document that denotes what topic
the document treats or the source of the information. Metadata allows the
authors of documents to specify such type of information.
Metadata are ”data about data” (for example, a library catalog that describes publications) and specifically in this context ”data describing Web
resources”. The distinction between ”data” and ”metadata” is not an absolute one; it is a distinction created primarily by a particular application, and
many times the same resource will be interpreted in both ways simultaneously.
Resource Description Framework (RDF) is a foundation for processing
metadata. It provides interoperability between applications that exchange
machine-understandable information on the Web. Since it is not directly
used in this thesis we expect RDF and upper semantic languages (OWL and
others) to became the basic languages of future programming entities such as
services and agents we will realize in a grid-enabled semantic web (see § 2.2.4).
The foundation of RDF is a model for representing named properties and
property values mentioned RDF data model, it is a syntax-neutral way of
representing RDF expressions. Two RDF expressions are equivalent if and
only if their data model representations are the same.
The basic data model consists of three concepts:
• Resources: Any entity imaginable may be a resource described by
RDF expressions. An entire Web page; a part of a Web page (e.g. a
specific HTML or XML element); an entire Web site, are all resources.
Moreover an object may also be considered a resource that is not directly accessible via the Web (e.g. a car). Resources are always named
by URIs [30], and the extensibility of URIs allows the introduction of
identifiers for anything.
• Properties: Any aspect, characteristic, attribute, or relation used to
describe a resource is a property. Each property has a specific meaning,
permitted values and its relationship with other properties.
• Statements: The Resource (subject) together with a named property
(predicate) and the value of that property for that resource(object) is
an RDF statement. The object of a statement can be another resource
(a URI) or it can be a literal (a simple string).
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RDF properties may be thought of as attributes of resources and in this
sense correspond to traditional attribute-value pairs. We can also represent
relationships between resources, and think of an RDF model as an entityrelationship diagram. In an object-oriented design view, resources correspond
to objects and properties correspond to instance variables.
XML Schema (XSD)
The basic mechanism through which a Document Type Definition can be
declared is no longer the DTDs language briefly exposed in section 2.2.3
rather the XML Schema language (XML-Schema).
XML Schema definition language is much verbose than XML 1.0 Document Type Definitions (DTDs) but has the enormous advantage of represent
itself with a XML 1.1 schema. XML-Schema (whose acronym is XSD) is used
to define a ”class” of XML documents whereas an ”instance document” is a
XML document that conforms to a particular schema. An XML document
is not actually required to reference a schema, but is evident the importance
to do so.
For the sake of brevity we give only a brief overview of the various aspect
of XSD. There is a major distinction between definitions and declarations.
Definitions create new types which are used to give a type to new elements. Can be defined simple types and complex types; elements that contain
subelements or carry attributes have complex types, whereas elements that
contain numbers, string, date and not contain subelements have a simple
type. Complex types and simple types are defined in the schema or referred
schema, while some simple types are defined as part of XML Schema’s builtin simple types. Attributes have always simple types.
Declaration enables elements and attributes to appear in document instances assigning they a name and a type (both simple or complex).
Global Elements Declarations (GEDs) and Global Attribute Declarations
are such declarations that appear as the child of the schema element. They
can be referenced in one or more declarations but cannot contain reference
(they must identify simple and complex type directly).
There is a number of built-in simple type from which new simple types can
be derived by restrictions. For this purpose XML-Schema defines (”facets”)
that help to constrain the range of values of an existing simple type. Elements can also be typed with anonymous types (either complex or simple)
defining types directly inside declarations. Also mixed and empty content
model are allowed so as constraint can be applied to a group of elements in
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the content model.
XML Schema is the basis for all other XML languages. In particular the
Web Service Description Language (WSDL) and the Web Service Rersource
Framework (WSRF) defines elements of grid resource state and messages
between grid resources and services in terms of this language. In the next
chapters a simplified metamodel of XML-Schema is used to produce XML
instances that represent Grid resources 4.3.
Other XML Languages
There are many other XML based languages, and others will appear in the
future to meet different needs of the Semantic Web and new technologies.
We have focused on the most important (Standard or Recommendation of
the W3C [36] [38] [39]) omitting XPointer, XLink, XBase, XSL-FO, RSS,
OWL because their discussion goes beyond the scope of this thesis.
In the following paragraphs we expose the Web Service Architecture and
the Web Service Resource Framework, where different XML languages are
used to develop the basis of what we say a ”Machine understandable web”.

2.2.4

Semantic GRID

Putting the World Wide Web and Grid convergence due to OGSA aside (see
section 2.1.4) there is another important vision that supports the Grid and
Web convergence at a higher level. The Semantic Grid idea [40] depicts
the convergence between these two technologies as the creation of internetcentred environments where resources are shared and managed basing on
their interconnection semantics [41].
Semantic Grid supporters are aimed to apply Semantic Web technology
to Grid. While Grid is heralded as the next generation of the Internet, at
the same time the Semantic Web is heralded as the future of the Web but
without much coordination in the two visions. At a more lower level, convergence between Web and Grid is being achieved with OGSA and WSRF as
we will see in this thesis. It is also a fundamental task taking into account
complex related issues, for example, how agents and service can act in the
Grid enabled web to find, manage and understand resources using higher
semantic web layers (ontologies, locics, proofs).
The picture in figure 2.9 shows how the semantic grid represents a meeting point between semantic web and the current grid, obviously based on an
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Figure 2.9: Semantic Grid Vision
underlying agreement at the lower service level.
A clear definition of the intent of Semantic Grid research community can
be understood with David De Roure’s exposure of this vision:
”As the Semantic Web is to the Web, so is the Semantic Grid to the Grid.
By analogy with the Semantic Web, the Semantic Grid is an extension of the
current Grid in which information and services are given well-defined meaning, better enabling computers and people to work in cooperation. Rather
than orthogonal activities, we see the emerging Semantic Web infrastructure
as an infrastructure for Grid computing, permeating all aspects of the Grid
from infrastructure to applications. [...] We call this vision the Semantic
Grid.” (”Semantic Grid Vision” David De Roure, 2004)
This vision does not contrast with the one given by Globus and GGF, but
rather integrates this by solving the next grid problem: how to assemble new
services, or even new Grids, quickly, easily and as automatically as possible
from diverse resources, i.e. dynamic creation of virtual organizations.
The key to achieve such levels of autonomy is to build an infrastructure in which all resources, including services, are adequately described in a
machine-processable form. The instruments to achieve this are all contained,
standardized and used in the current Semantic Web technologies, simply applying this to Grid computing we can realize an extremely powerful semantic
grid infrastructure.
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Middleware and Web Services
Middleware and Distributed Systems

A distributed system can be simply described as a system were components
execute on different computers. Generally speaking this idea is very similar to the Grid Systems we have described in previous paragraphs. We can
consider distributed system as a general model for Grid systems but we will
see there are a lot of differences between these two concepts; first of all, the
”infrastructural” definition of Grid.
Distributed system works at application level (not infrastructural) and
are adopted when some global and non-functional requirement for the application are identified by software engineers. A typical characteristic of a
distributed system that difference it from a centralized one is that it is made
up of components that are distributed over various computer (named host).
A distributed system can have more than one host with components that
need to interact with each other. Instead using complex network operating
system primitives, components make the use of a ”Middleware” layer placed
between distributed system components and the network operating system.
The role of the middleware is to hide the complexity of such a distributed
system from users, administrators and application programmers.
In this context the Colouris [42] definition of distributed systems is adequate:
”[...] a distributed system is a collection of autonomous hosts that are
connected through a computer network. Each host executes components and
operates a distribution middleware, which enable the components to coordinates their activities in such a way that user perceive the system as a single,
integrated computing facility” (Colouris et al., 1994)
Distributed systems together with UML can be viewed as the most important products of a mature object oriented technology. Specifically they
add to the usual centralized object oriented applications the ability to manage autonomous components; using heterogeneous technologies and executing components concurrently. These are the most relevant non-functional
requirements that lead to the adoption of a distributed architecture for an

2.3. MIDDLEWARE AND WEB SERVICES

45

application. More generally these requirements are five [43]:

1. Scalability: the ability to accommodate any growth in future load (employing more than one host)
2. Openness: the system can be easily extended and modified (through
interfaces)
3. Heterogeneity: to integrate heterogeneous components in the programming languages, operating system, hardware platform and network protocols.
4. Resource Access and Sharing: in order to render an expensive hardware, software and data more cost effective (using resource managers
that grant access to such shared resources)
5. Fault Tolerance: that permit a system to operate also in the presence
of faults (with replication of components).
One of the most significant benefits of distributed systems is that all the
requirements exposed above can be achieved in a transparent manner using
a middleware platform. Transparency (for users and programmers) have several different dimensions depicted in figure 2.10.
Transparency dimensions provide a yardstick against we can measure middleware components [42]. Access and Location transparency allows to use the
same interface for local and remote service request without the need to know
the physical component locations and are the first step for distributed system
support. With Migration transparency components can be relocated without
users or designers taking it into consideration. In the same manner Replication of components must be completely managed by the middleware which
synchronize replicas with their originals without user or programmer knowing
whether a replica or master provides the service. Concurrency transparency
allows several components to request services from a shared components without letting users or programmers know how concurrency is controlled and if
the service is requested concurrently.
Scalability and Performance transparency add another level of middleware
abstraction and permit users and designers to be unaware of how the system
scales in case of increasing load and how it uses and balances load among
the resources available to achieve performance levels. Finally Failure transparency permits server components to automatically recover from failures
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Figure 2.10: Multidimensional trasparency in distributed systems
using concurrency and replications mechanisms.
The role of the Middleware systems is just to obtain such levels of transparency providing a higher-level abstraction of the ”network operating system” such as the network support developed in almost all commercial operating systems. This vision poses the middleware between the network
operating system and the distributed application, more specifically middleware supports distributed system construction implementing the session and
presentation layer in the ISO/OSI reference model [44].
Three general categories of Middleware can be identified :
1. Transaction Oriented Middleware: This middleware is often used
to support transactions across distributed database management systems. It implements distributed transactions using two-phase commit
protocol and is adopted to maintain replicas of database in different
servers.
2. Message Oriented Middleware: It supports reliable and asynchronous
communications between components facilitating request and response
exchanges between clients and servers.
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3. Object Oriented Middleware (or RPC middleware): It uses Remote
Procedure Call (RPC) to call operations that can be invoked remotely
across different hardware and operating system platforms.
Among these the most important middleware type for this thesis is the
Object Oriented one. This class of middleware evolved by Remote Procedure Call and comprises some of the most important distributed framework
technologies of the past decade: The OMG’s Common Object Request Broker Architecture (CORBA) [45], Microsoft’s Distributed Component Object
Model (COM/DCOM) and Sun’s Java 2 Enterprise Edition (J2EE). These
middleware explore the successful idea to make object oriented principles
available in distributed system development.
All these systems are based, with some substantial differences, on a few
mechanisms. There is an Interface Definition Language (IDL) that permits
the definition of operations that can be called remotely, along with types of
attributes that can be passed into them. Ideally this IDL should be independent from programming languages and it should permit the representation
of all concepts of the respective Object Model (§ 3.3). IDLs also support
inheritance that is a fundamental aspect in object oriented systems. Presentation and Session layer implemented by the middleware provide the ability
to effectively use operations defined inside the interfaces. Presentation layer
maps interface data structure into a form that can be transmitted using the
transport layer. To achieve this task, from the operation and formal parameter definitions expressed in the IDL, an IDL compiler generates two
stubs: a client stub and a server stub (also called skeleton in CORBA).
These stubs (that can be also created dynamically at run-time) are used to
manage the transformation process, called marshalling and unmarshalling
of actual operations parameters and object identifier. Session layer map
the object identifier references to hosts, implements primitives for activation
and deactivation of object with the object adapter, defines how to manage implementation repository (registry), implements operation dispatch and
synchronization between client and server.

2.3.2

The Web Service Technologies

”Definition: A Web service is a software system designed to support interoperable machine-to-machine interaction over a network. It has an interface
described in a machine-processable format (specifically WSDL). Other systems interact with the Web service in a manner prescribed by its description
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using SOAP messages, typically conveyed using HTTP with an XML serialization in conjunction with other Web-related standards.” [46] (W3C Web
Service Architecture WG, 2004)
Web Services are new increasingly popular frameworks that provide standardbased means of interoperating between different heterogeneous software applications. Since it is expected that this technology becomes a new middleware framework it is not completely correct nowadays to say that ”Web
services are like distributed objects” [47]. So we will say more correctly that
Web Service is a technology that gives an innovative support to
distributed computing.
Web Services add to the current middleware several advantages, like
platform-independence; language independence and more HTTP orientation
for internet-applications. But there is exactly one of these advantages that
alone justifies the enormous success of Web Services. While other middleware
technologies such as CORBA, EJB, Java/RMI support the development of
highly coupled distributed system (following strictly the client-server model)
Web Services permit the construction of loosely coupled distributed systems,
where clients have no prior knowledge of the Web Services until it actually
invokes it. Loosely coupling is better suited for internet-wide applications,
such as grid-based ones.
W3C which is the organization that develops the Web Service idea is
working on a sophisticated definition of the Web Service Architecture (WSA)
[46]: an interoperability architecture that identifies those global elements of
the global Web services network that are required in order to ensure interoperability between Web services. For the sake of brevity and because this
is a work in progress in W3C we do not report completely these arguments
that however in future can be of great relevance.
In our opinion one useful contribute of the WSA Working Group’s work
may be the definition of the fundamental concepts used in Service Models.
We give a brief survey of some of these concepts:
• Message: It is the basic unit of data sent from one web service agent
to another.
• Message Exchange Pattern (MEP): A template that describes a generic
pattern for the exchange of messages between agents.
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• Service: An abstract resource that corresponds to a capability of performing tasks that represent a coherent functionality both from the
point of view of provider entities and requester entities.
• Service Description: It is a set of documents that describe the interface
to and semantic of a service.
• Sementics of a Service: It is the behavior expected when interacting
with the service. The semantics express a contract between the provider
entity and the requester entity. They may be formally described in a
machine readable form.
• Action: Any operation that can be performed by an Agent.
• Agent: It is a program acting on behalf of a person or an organization.
• Capability: It is a named piece of functionality that is declared as
supported or requested by an agent.
• Choreography: defines the sequence of conditions under which multiple
cooperating independent agents exchange messages in order to perform
a task.
• The provider entity: It is the person or organization that is providing
a Web service.
• Provider Agent: It is an agent that is capable of performing the actions
associated with the service. It belongs to a provider entity.
• The requester entity: It is the person or organization that wishes to
use a provider entity’s Web service.
• Requester Agent: It is a software agent that wishes to interact with a
provider agent in order to request that a task be performed on behalf
of its owner (the requester agent).
How the fundamental concepts depicted above relate each other can be
viewed in figure 2.11. A web service alone is an abstract notion, it must be
implemented by a concrete agent. An agent in Web Service lingo means a
concrete piece of software or hardware that sends and receives messages while
a service defines the abstract set of functionality that is provided. Though
there are many ways a requester entity can uses a Web service, some general
steps are required (see them in figure 2.11 taken from [46]).
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Figure 2.11: (1) the requester and provider entities become known to each
other; (2) the requester and provider entities somehow agree on the service
description and semantics that will govern the interaction between the requester and provider agents; (3) the service description and semantics are
realized by the requester and provider agents; and (4) the requester and
provider agents exchange messages, thus performing some tasks on behalf of
the requester and provider entities.

2.3. MIDDLEWARE AND WEB SERVICES

51

Figure 2.12: Web Service Architecture Stack
There are many important technologies involved in the Web Service Architecture that can be involved in the development of a Web Service as there
are many ways to build and use Web Services. However, there are some
critical technologies which have characterized WSA from its birth. These
are Simple Object Access Protocol (SOAP) [48]; Web Service Description
Language (WSDL) [49] and Universal Description, Discovery and Integration
(UDDI).
To describe Web Service standards we can argue the WSA stack (Fig.
2.12):

• Web Service Processes: This is the part of the architecture that involves more than one service. Choreography, aggregation and discovery
services and languages belong to this layer of the stack.
• Web Service Descriptions: It is the layer that is concerned with service description. In WSA, services can describe itself using the WSDL
language that allows to advertise messages, operations and the data
type supported.
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• Web service Messages: Messages are the fundamental mechanism
for all distributed service invocation. This layer is concerned with web
service messaging, invocation and communication (it is very similar to
the Presentation layer implementation in distributed system § 2.3.1).
SOAP specify a general message format for Web Services interaction
and is widely accepted as a standard in service invocations. However,
other service invocation protocols can be used such as XML-RPC.
• Web Service Communications: Communication layer is concerned
with all transportation and dispatching protocols that implements at
low level the interoperation of the web service. HTTP, SMTP and FTP
are the most important protocols usually used in concrete applications.

If we would further investigate similarities between Web Service and Distribute System we can think the Web Service Communication layer like a
network operating system support for distributed system, SOAP and SOAP
Engines as the Presentation layer support of middleware and WSDL similar
to a spacial Interface Description Language.
We remark that this is only a simplified view we use to better explain
Web Services. We repeat that Web Services cannot be considered as a middleware system at the time of writing.
Obviously also in Web Service we can use client and server stubs to simplify marshalling and unmarshalling of invocation messages. In a classical
implementation of the architecture [50] (like the one used in GT4) a SOAP
Engine as Apache Axis manages SOAP request and responses plus generates stubs from WSDL descriptions while an Application and HTTP Server
like Jakarta Tomcat accepts requests from different clients and dispatcher
requests and responses.
Service models can handle state in different manners [51]. The definition
of state is not trite. Currently there is a lot of controversy in the Grid and
Web Service communities on ”what type of data might be maintained in the
resource state and what data might be carried inside the services port type”.
We call this issue the ”state dilemma” and we will see in section 4.4.1 that
this is still an open problem in GGF and Grid Community. In this thesis we
adopt the general notion of WS state [19]: ”data values that persist across
and evolve as a result of WS interactions”. State handling can be modeled
in three ways:
1. Statles service: implements message exchanges with no access or
use of information not contained in the input message.
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Figure 2.13: A typical Web Service Container
2. Conversational service: implements a series of operations such that
the result of one operation depends on a prior operation and/or prepares for a subsequent operation.
3. A service that acts upon stateful resources: provides access to,
or manipulates a set of logical resources (expressed using documents)
based on messages sent and received. The Web Service Resource Framework focuses on this model.
It is clear at this point why Web Service Technology is so important in
Grid Computing. Finding a convergence between Grid and this technology
means finding a convergence between the Web and Grid; Enterprise computing and Grid; Semantic Web and Grid (Semantic Grid), Internet computing
and Grid, Agents and Grid and finally Web Services and Enterprise Computing. These are in other words some of the invisible benefits of a Service
Oriented Architecture and the OGSA 2.1.4.
In the next sections we give a more detailed explanation of WSDL and
SOAP which are the basis to understand WSRF and the modeling tool of
the next chapter. We also describe a new W3C specification: Web Service
Addressing (WS-Addressing) that permit to define more expressive reference
to a Web Service.

2.3.3

The Web Service Description Language (WSDL)

Web Service Description Language is the core of web services idea. It is an
XML format for describing network services as set of endpoints. Operations
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and messages are described both abstractly as well as bounded to one (or
more) specific network protocol.
WSDL permits to describe communication in a structured way. A network service can be described by a WSDL document using the following
elements:

• types - which provide data type definitions (in some type system such
as XSD) used to describe messages that are exchanged
• message - which is an abstract description of the data being exchanged. It is made up of one or more parts associated with a typed
definition
• operation - an abstract description of an action supported by the
service
• PortType - an abstract set of operations, each abstract operation
refers to an input message and an output message supported by one or
more endpoints.
• binding - which specifies concrete protocol and data format for the
operations and messages defined by a particular portType
• port - a combination of a binding and a network address, thus defining
a single communication endpoint
• service - which aggregates a set of related ports.
A WSDL document is a set of definitions, the entire grammar of the language is given in [49]:

<wsdl:definitions name="nmtoken"? targetNamespace="uri"?>
<import namespace="uri" location="uri"/>*
<wsdl:documentation .... /> ?
<wsdl:types> ?
<wsdl:documentation .... />?
<xsd:schema .... />*
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<-- extensibility element --> *
</wsdl:types>
<wsdl:message name="nmtoken"> *
<wsdl:documentation .... />?
<part name="nmtoken" element="qname"? type="qname"?/> *
</wsdl:message>
<wsdl:portType name="nmtoken">*
<wsdl:documentation .... />?
<wsdl:operation name="nmtoken">*
<wsdl:documentation .... /> ?
<wsdl:input name="nmtoken"? message="qname">?
<wsdl:documentation .... /> ?
</wsdl:input>
<wsdl:output name="nmtoken"? message="qname">?
<wsdl:documentation .... /> ?
</wsdl:output>
<wsdl:fault name="nmtoken" message="qname"> *
<wsdl:documentation .... /> ?
</wsdl:fault>
</wsdl:operation>
</wsdl:portType>
<wsdl:binding name="nmtoken" type="qname">*
<wsdl:documentation .... />?
<-- extensibility element --> *
<wsdl:operation name="nmtoken">*
<wsdl:documentation .... /> ?
<-- extensibility element --> *
<wsdl:input> ?
<wsdl:documentation .... /> ?
<-- extensibility element -->
</wsdl:input>
<wsdl:output> ?
<wsdl:documentation .... /> ?
<-- extensibility element --> *
</wsdl:output>
<wsdl:fault name="nmtoken"> *
<wsdl:documentation .... /> ?
<-- extensibility element --> *
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</wsdl:fault>
</wsdl:operation>
</wsdl:binding>
<wsdl:service name="nmtoken"> *
<wsdl:documentation .... />?
<wsdl:port name="nmtoken" binding="qname"> *
<wsdl:documentation .... /> ?
<-- extensibility element -->
</wsdl:port>
<-- extensibility element -->
</wsdl:service>
<-- extensibility element --> *

</wsdl:definitions>
We have also outlined a metamodel of WSDL expressed with an UML
Model where relations between concept described are shown.
As we can see in figure 2.14 a (logical) part of a message is always associated with a type through a message-typing attribute (i.e. element or
type). A message is simply a named aggregation of zero or more logical
parts. Messages are used in operations. An operation is a sort of transmission primitive that an endpoint can support. The input, output and falut
elements within an operation are the basic elements by which the transmission primitive pattern (the operation) can be abstractly defined. Strictly
there is only one primitive operation type to be realized, the one-way operation, but for the sake of simplified sequence flows, the request-response,
solicit-response and notification patterns are also represented as primitive
operation types. A PortType element aggregates abstract operations and
the abstract messages involved. It is a fundamental element in the WSDL
document because it constitutes the abstract basis of the service description.
The binding element is used to concretely define message formats and
protocol detail for operations and messages defined in a Port Type. There
may be zero or more bindings for a given PortType (referenced using the
type attribute). A binding adds extensibility elements to define concrete
grammar for input, output and fault messages; pre-operation information
and pre-binding information. A binding specifies exactly one protocol and
does not specify address information. WSDL specifications [49] currently
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define the binding extension elements for only three protocols: SOAP 1.1
[48]; HTTP GET/POST and MIME
Finally a port element defines an individual endpoint by specifying a
single address for a binding. A port, references a binding with the binding
attribute and uses an appropriate binding extensibility element to specify the
address information for the port. There is exactly one address for each port
element. The service element simply groups related ports together under a
unique name.

2.3.4

Simple Object Access Protocol (SOAP)

We find it useful to briefly expose the second fundamental Web Service language: SOAP. ”SOAP Version 1.2 (soap) is a lightweight protocol intended
for exchanging structured information in a decentralized, distributed environment. It uses XML technologies to define an extensible messaging framework
providing a message construct that can be exchanged over a variety of underlying protocols.” [48]. This definition synthesizes features and purposes
of SOAP specification which is aimed to define an envelopment framework
independent of any implementation specific semantics. SOAP can be also
viewed as a one-way, stateless message exchange paradigm (where applications can create more complex interaction patterns).
The kernel of SOAP is its Processing Model. The Processing Model
defines how a SOAP receiver processes a SOAP message, it assumes that a
SOAP message originates at an initial SOAP sender and is sent to an ultimate
SOAP receiver via zero or more SOAP intermediaries. A SOAP node is
the component of the model that contains the processing logic necessary to
transmit, receive, process and relay a SOAP message.
In processing a message a SOAP node is said to act in one or more SOAP
roles (identified by a URI). SOAP Specifications currently defined only three
roles: none , next ,ultimateReceiver, other role names can be defined by
specific applications.
A SOAP message is essentially a one-way transmission between SOAP
nodes (from a sender to a receiver). It is specified as a XML infoset using
the Envelop element information item with two child properties: Header
(optional) and Body (mandatory). The encodingStyle attribute indicates
the encoding rules used to serialize part of SOAP message.
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The SOAP processing model itself does not maintain any state or perform
any correlation or coordination between messages. SOAP only provides a
simple messaging framework and functionalities that enable extension mechanism. Such extensions are named SOAP features and can be expressed
through two mechanisms: the Processing Model and the Protocol Binding
Framework; respectively used to describe the behavior of a single SOAP node
in processing a message and render the act of sending and receiving a message in a underlying protocol. For the purpose of this thesis we only discuss
extensions expressed at Processing Model level.
SOAP Header in a SOAP message (when present) provides a way to pass
information that is not application payload. It is an extension mechanism
for extending SOAP message in decentralized and modular way, including
a sort of ”control” information such as directives or contextual information
related to the processing of the message. Among the attribute information
that a header block (a child of a SOAP Header) can have there are four
which have a special significance for SOAP processing: encodingSyle, role,
mustUnderstand and realy
A SOAP header block is said to be understood by a SOAP node if the
software at that SOAP node has been written to fully conform to and implement the semantics specified for the XML expanded name of the outermost
element information item of that header block. When the mustUnderstand
attribute is true the SOAP Header is said to be mandatory: the SOAP node
must process the message header or not process the SOAP message at all,
and in this case generate a fault.
The SOAP Body (mandatory) element is where the main end to end information conveyed in a SOAP message must be carried: it is intended to
exchange information. The ultimate SOAP receiver in the SOAP path must
correctly process the body children. No particular structures or interpretation of the body content is specified in the SOAP framework, only one
particular direct child is defined: Falut. This element is used to generate a
fault and contain five child elements whose mining is defined in [48]: Code,
Reason, Node, Role, Detail. A SOAP fault message must not contain other
elements than Fault in the body.
The choices of what data should be placed in the header block and what
in the body are application design decisions.
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2.3.5

Web Services Addressing (WS-Addressing)

WA-Addressing is a recent specification; it allows transport-neutral mechanism to address Web Services and their messages. This specification [20]
define two interoperable constructs that convey information that is typically
provided by transport protocols and messaging systems: endpoint references
and message information headers.
Endpoint reference is a mechanism to identify a Web Service endpoint.
It is a description element type that logically extends the WSDL description
model (not replacing it) and can in some situations replace the use of WSDL
<service/> element. Endpoint reference allows the dynamic identification
and description of service endpoint and instances, in other words it allows
dynamic generation, customization and exchange of endpoint information.
The model for Endpoint Reference has the following properties:

• Address: A logical or a network address URI that identifies the endpoint.
• ReferenceProperties: A number of individual properties that are
required to identify the entity or resource being conveyed. Reference
properties are element information items provided by the issuer of the
endpoint and are assumed to be opaque to consuming applications.
• ReferenceParameters: Individual parameters are associated with
the endpoint to facilitate a particular interaction.
• PortType: The primary WSDL PortType of the endpoint being conveyed.
• ServiceName: This element identifies the WSDL service element that
contains the definition of the endpoint being conveyed. An optional
PortName attribute can identify the specific port in the service that
corresponds to the endpoint.
• policy: A variable number of XML policy elements for the endpoints.
An XML representation of the endpoint reference element has the following contents:
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<wsa:EndpointReference>
<wsa:Address>xs:anyURI</wsa:Address>
<wsa:ReferenceProperties>... </wsa:ReferenceProperties> ?
<wsa:ReferenceParameters>... </wsa:ReferenceParameters> ?
<wsa:PortType>xs:QName</wsa:PortType> ?
<wsa:ServiceName PortName="xs:NCName"?>xs:QName</wsa:ServiceName> ?
<wsp:Policy> ... </wsp:Policy>*
</wsa:EndpointReference>
The wsa:EndpointReferenceType type is used wherever a Web Service
endpoint is referenced. WSDL endpoints are used to establish terms for destinations at which a web service can be accessed; WS-Addressing endpoint
reference defines a new model to describe such destinations.
Message information headers together with endpoint references, provide a mechanism to place the target, source and other important address
information directly within the Web Service message. WS-Addressing decouples address information from any specific transport model, it includes
source and destination information as part of the message itself. Message
information headers simply augment a WSDL message model with the following abstract properties:

• To: an element that specifies the address of the receiver of the message
• From: reference of the endpoint from where the message originated
• ReplyTo: an endpoint reference that identifies the intended receiver
for replies to the message
• FaultTo: an endpoint reference that identifies the intended receiver
for faults
• Action: an identifier (often a URI) that uniquely identifies the semantic implied by the message. It is recommended that value of the action
property identifies an input, output or fault message within a WSDL
port type.
• MessageID: a URI that uniquely identifies the message in time and
space
• RelatesTo: a pair of values that indicate how the message relates
to another message. The related message is identified by a URI that
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corresponds to the related MessageID element. Can also be specified
as a relationship type (At the moment only one predefined relationship
type exists: wsa:Reply).
The XML representation of the element described above is:

<wsa:MessageID> xs:anyURI </wsa:MessageID>
<wsa:RelatesTo RelationshipType="..."?>xs:anyURI</wsa:RelatesTo>
<wsa:To>xs:anyURI</wsa:To>
<wsa:Action>xs:anyURI</wsa:Action>
<wsa:From>endpoint-reference</wsa:From>
<wsa:ReplyTo>endpoint-reference</wsa:ReplyTo>
<wsa:FaultTo>endpoint-reference</wsa:FaultTo>
Since some network technologies cannot assign a unique global URI to a
given endpoint, WSA specifications define a URI to allow an anonymous endpoint: http://schemas.xmlsoap.org/ws/2004/08/addressing/role/anonymous and a URI for unspecified message: http://schemas.xmlsoap.org/
ws/2004/08/addressing/id/unspecified .
It is fundamental to clarify the relationship that exists between WSDL,
SOAP and WS-Addressing. An Endpoint Reference is thought as a new
description element type, with the intent of extending WSDL 1.1 with
the support of a set of dynamic usage patterns. It can be used in several different ways. The primary use is to convey information needed to access web
service (as we see above), but also to address individual messages used by
web services. To support the last usage case a set of message information
header blocks (suitable to be used in SOAP) are defined. WS-Addressing
defines these two constructs to normalize the underlying information above
into a uniform format, which can be processed independently of transport or
application. A good non technical analogy is given in [52]: ”A postal mail
envelope [...]: the destination address is written in the center of the envelope,
and a return address is provided on the back. The specific format of an individual address (Name, Street, City/State/Zip Code in Italy) is analogous to
an endpoint reference. The layout of addresses on the envelope is analogous
to WS-Addressing’s message addressing properties.”
Thus, as almost all WS- specifications, WS-Addressing specify schemas
to use within the header block of SOAP. In addition, this specification has
a relevant relationship with WSDL specification expressed in the PortType
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and ServiceName elements. Finally an important subject is the mechanism
to associate WSA message information header properties with the related
WSDL message description. The Action property is used for this purpose
[53], so the abstract property defined in WS-Addressing can have a binding
in WSDL.
An Action can be associated to a message by a wsa:Action attribute of
the message or using the pattern [target namespace]/[port type name]/[inputoutput name] for input and output messages. For fault messages the default URI http://schemas.xmlsoap.org/ws/2004/08/addressing/fault
is used.

2.4

The Web Service Resource Framework
(WSRF)

The framework we are going to expose in this section has effects on all the
technologies we have exposed in the rest of the chapter. Web Service Resource
Framework (WSRF) arises from the effort made by the Grid Community and
Globus Alliance to concretely integrate the OGSA/OGSI idea with Web Services and the Semantic Web technologies. We have seen in the paragraph
above the importance of ”the grid and web services convergence” for Web,
Semantic Web and Distributed Computing, and we discussed the critiques to
OGSI from the Web Service World. The fundamental enhancement in Web
Services and Grid technologies makes this framework a real challenge to the
future of software interaction over the Internet.

2.4.1

WS-Resource: Modeling Stateful Resource with
Web Services

One important area in which further standardization is required to enhance
Web Service interoperability concerns interactions with stateful resource. A
consistent and interoperable manner to address this issue is the WS-Resource
approach (Foster et all [19], 2004). The WS-Resource construct has been
proposed as a means to codify the relationship between Web Services and
stateful resources in terms of the implied resource pattern, a conventional use
of WS-Addressing endpoint references.
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The WS-Resource approach arises from the observation that ”state” appears in almost all applications. We see in paragraph 2.3.2 the stateful service
model with services that acts upon stateful resources, and the stateless service model where there is no access or use of information not contained in the
input message (i.e. no correlation to prior interactions and no information
from current activity saved for the future).
There are many possible ways in which Web Services might model, access
and manage state; in other words there are many possible message exchanges
a Web Service can implement to enable access to a stateful resource. However in the Web Service Architecture the real thing a service can model with
its message exchange is a set of logical stateful resources (i.e. XML documents) which represents the state of the resource. So the notion of stateful
resource acted upon by the web service implementation is not explicit in the
interface definition, but the messages sent and received by the service imply
the existence of an associated stateful resource.
The WS-Resource approach introduces a set of conventions intended to
formalize interaction with state. It defines the patterns that enable the discovery of, introspection on, and interactions with stateful resource in standard and interoperable ways. The term state can encompass many different
aspects of a computer system, in the WSRF context we focus on ”stateful
resource”. A stateful resource is defined by the following properties [19]:
• a specific set of state data expressed as an XML document (that defines
the type of the resource)
• a well-defined identity and lifecycle
• be known, and acted upon, by one or more Web Services
Note that this definition concerns how a stateful resource is modeled, not
how it is implemented or represented. Examples of possible implementation
of resources (i.e. system components that may be modeled as stateful resources) are: files, database table, EJB or a group of other stateful resource.
The notion of stateful resource acted upon by the Web Service implementation is not explicit in the interface definition.
Lifecycle is expressed in term of resource creation and destruction. Multiple independent instances of a given stateful resource type may be created
and destroyed via a Stateful Resource Factory Web Service. When a stateful
resource instance is created, it may be assigned an identity by the entity that
create it, without a specific form. This ”stateful resource identifier” has a
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central role in all the Web Service Resource Framework specifications.
As we can see, this model introduces support for stateful resources without compromising the ability to implement Web Services as stateless message
processors (OGSI did not do the same), in other words it enables state handling also for the Stateless and Conversational service models.
A complete example of a WSRF definition in WSDL is given in Appendix
A.

The Implied Resource Pattern
The relationship between Web Services and stateful resources in WS-Resource
are codified in terms of implied resource pattern. The implied resource
pattern refers to the mechanism used to associate a stateful resource with the
execution of message exchanges implemented by a Web Service. It is based
on a set of conventions on Web service technologies such as XML, WSDL and
WS-Addressing in which a stateful resource is treated as an implied input
for the processing of message exchanges.
The term implied is used because the requestor does not provide the
stateful resource identifier as an explicit parameter in the body of the request message, instead the stateful resource is implicitly associated with the
execution of the message exchange. The stateful resource identifier used to
designate the implied stateful resource is encapsulated in the WS-Addressing
endpoint reference used to address the target Web Service’s endpoint.
The term pattern is used to indicate the convention that codifies the relationship between the Web Services and the stateful resource. The component
resulting from the composition of the Web Service and the stateful resource
is the WS-Resource.

WS-Resource Qualified Endpoint Reference
We will now examine the conventions that constitute the ”pattern” of the
implied resource pattern concept.
As we discussed in 2.3.5, WS-Addressing [20] standardizes the endpoint
reference construct used to represent the address of a Web service deployed
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at a given network endpoint. The endpoint reference of a WS-Resource contains information that expresses the implied resource pattern relationship.
An endpoint reference expressed in WS-Addressing is an XML serialization of a network-wide pointer to a web service which may contain, in addition
to the endpoint address of the related Web Service, other ”metadata” such
as description information and reference properties, used to contextualise the
use of the endpoint reference.
There are two important components of an endpoint reference that realize
the pattern:
1. The wsa:Address which refers to the network transport-specific address
of the web service (the same address that would appear in the port
element of the WSDL description of the Web Service)
2. The wsa:ReferenceProperties that may contain an XML serialization
of a stateful resource identifier representing the stateful resource to be
used in the execution of the request message.
An endpoint reference containing a stateful resource identifier is a WSResource Qualified Endpoint Reference.
The stateful resource identifier information is ”opaque” to the service
requestor. It is meaningful only to the Web Service that uses it in an
implementation-specific way. The service requestor should not attempt to
interpret the content of the resource identifier. Thus the scope of the identifier does not have to be universally unique but it must be unique within the
scope of the Web Service.
The WS-Resource-qualified endpoint reference can be made available to
other entities through a distributed system which can use it to direct requests to the WS-Resource. These requests flow through the Web Service component of the WS-Resource, which understands the content of the
(implementation-dependent) identifier encapsulated in the WS-Address reference. A drawback of this technique is that we cannot reason about the
identity of a stateful resource component of a WS-Resource (i.e. if it is a
row of a DB, an XML document, and so on). This issue does not represent a
limitation in the Web Service context because the semantic meaning of the
identity is WS-Resource implementation dependent.
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The WS-Resource qualified endpoint reference represent a pointer to the
whole WS-Resource (a Web Service that may be further constrained to execute its message exchange against a specific stateful resource), that is perfectly consistent and harmonized with the Web Service model.

2.5

WS-Resource Framework Specifications explained

We find in the Web Service Resource Framework (WSRF) [51] the true realization of the WS-Resource idea. WSRF defines a rendering of the WSResource approach in terms of specific message exchanges and related XML
documents which allow the programmer to declare and implement the association between a Web Service and one or more stateful resources.
WSRF is a set of five technical separate specification documents that
provide the normative definition of the framework. We summarise these
specifications in the following table (taken from [51]) and in figure 2.15
(taken from [51]) where boundaries between WSRF technologies and other
WS related specifications are shown.

Name
WS-ResourceLifetime

Describes
Mechanisms for WS-Resource destruction,
including message exchanges that allow a
requestor to destroy a WS-Resource, either
immediately or by using a time-based
scheduled resource termination mechanism.
WS-ResourceProperties
Definition of a WS-Resource, and mechanisms
for retrieving, changing, and deleting WS-Resource
properties.
WSRenewableReferences A conventional decoration of a WS-Addressing
endpoint reference with policy information
needed to retrieve an updated version of an
endpoint reference when it becomes invalid.
WS-ServiceGroup
An interface to heterogeneous by-reference
collections of Web services.
WS-BaseFaults
A base fault XML type for use when returning
faults in a Web services message exchange.
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Figure 2.15: WS Resource Framework with other WS-* specifications
In the follow sections we give details of these five specifications.

2.5.1

WS-ResourceLifetime

This specification [54] addresses three important aspects of the WS-Resource
lifecycle: creation, identity and destruction. WS-ResourceLifetime standardizes the means by which a WS-Resource can be destroyed. It also defines the
means by which the lifetime of a WS-Resource can be monitored, but it does
not prescribe the means by which a WS-Resource can be created.

• Factory Pattern: the creation of a new WS-Resource is not regulated by a specific message exchanges in WSRF. New resources may
be created by some out-of-band mechanism or through the use of WSResource factory pattern. A WS-Resource Factory is simply a Web
Service capable of bringing one or more WS-Resources into existence.
The response message of this Factory typically contains at least one
WS-Resource-qualified endpoint reference which may be placed also
into a registry for later retrieval.
• Destruction: WSRF defines two message exchange patterns to destroy a WS-Resource; immediate and scheduled destruction. A service
requestor can send an immediate destroy request message (containing the WS-Resource-qualified endpoint reference) to the WS-Resource
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identified by the endpoint reference. The effect of the message exchange
is the effective destruction of the WS-Resource. The format of the destroy request message is <wsrl:Destroy/> when the WS-Resource accepted the Destroy request it must send a <wsrl:DestroyResponse/>
message and die. WS-Resource may be also scheduled for termination at a future time. In this case, the WS-Resource has an associated
termination time that defines the time after which the WS-Resource
is expected to be destroyed and thus before which the WS-Resource
can reasonably be expected to be available. The standard message
exchange in this case is
<wsrl:SetTerminationTime>
<wsrl:RequestedTerminationTime>
-- xsd:dateTime -</wsrl:RequestedTerminationTime>
</wsrl:SetTerminationTime>
SetTerminationTime request message must however be implemented
by a WS-Resource supporting scheduled destruction in order to allow
a requestor to change its scheduled termination time. When the termination time expires, the WS-Resource may be destroyed and therefore
no longer be accessible.

2.5.2

WS-ResourceProperties

The WS-ResourceProperty specification [55] standardizes the means by which
the definition of the properties of a WS-Resource may be declared as part of
the Web service interface.
The declaration of the WS-Resource’s properties represents a projection
of or a ”view” on the WS-Resource’s state. The projection is defined in
terms of a resource properties document in which type and values of those
state components that can be viewed and modified by service requestors
through the Web service interface are defined.
The term resource property is used to refer to an individual component
of a WS-Resource state and it is represented as an XMLSchema element.
The key ideas of this approach are:
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• The WS-Resource has an XML resource property document defined using XML Schema that serves to define a basis for access to the resource
properties through the Web service interface
• Service requestors may determine the WS-Resource’s type by retrieving
the WSDL portType definition in a standard way
• Service requestors may use Web Service message exchanges to read,
modify and query the resource property document representing the
WS-Resource’s state.

This specification [55] also defines a standard set of message exchanges
that allow a requestor to query or update the property values of the implied
resource.
We can say that the resource property document is the kernel of all the
WS Resource Framework. It is described using XML Schema (§ 2.2.3) and
represent a type to be associated in the Web Service’s WSDL portType (§
2.3.3) definition in order to provide the declaration of the exposed resource
properties. The WS-ResourceProperty specification however does not dictate the means by which a service implement (realize) a resource property
document. It only imposes some rules that a resource property document
must follow 2 :

1. The resource properties document MUST be a global element declaration (GED) in some XML namespace. This GED defines the type of
the root element of a resource properties document and hence the type
of the resource properties document itself.
2. The resource properties document MUST be uniquely identified by a
QName.
3. The complexType defining the resource properties document MUST
define element children only; it MUST NOT define attributes. The
child elements MUST be aggregated using xsd:sequence or xsd:all.
The order of appearance of the resource properties within the resource
properties document does not matter to WS-ResourceProperties.
4. The complexType defining the resource properties document MUST
define a sequence of one or more child elements, called resource property
2

This five rules has been taken from [55] section 4.2
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elements. Child elements MUST be defined using XML schema element
reference (@ref). This specification defines no additional restriction on
the use of @minOccurs or @maxOccurs or other information elements
associated with the XML Schema element definition.
5. The complexType defining the resource properties document MAY allow open element content (xsd:any).
Any Web Service that implements an interface that includes a resource
properties document type declaration is a WS-Resource. A WS-Resource
must necessarily accept message requests declared by the GetResourceProperty message exchange and may accept message requests declared by the
other message exchange patterns defined in WS-ResourceProperty.
Web services allow us the definition of new interfaces from several existing interfaces via a process of composition. Interface aggregation is allowed
in WSDL 1.1 via a manual copy-and-past of operations from the various
constituent interfaces (portType) into a single most derived interface. The
designer may also compose the WS-Resource properties in a unique resource
property document aggregating all of the resource property element declarations from each of the constituent interfaces used in the aggregation of the
most-derived Web service interface. This process yield the final WS-Resource
property document declared with the final composed portType and is referred
as Property Composition.
The values of resource property exposed in the WS-Resource property
document (i.e. the state of the WS-Resource) can be read, modified, and
queried by using standard Web services messages. The collection of message
exchanges defined in the WS-ResourcePropery specification standardize the
means by which a requestor can retrieve, update, and query values of resource properties. We outline these message patterns. We should include
these message exchanges as WSDL operations in any portType that uses the
wsrp:ResourceProper ties attribute to declare a WS-Resource property
document, nay the GetResource Property message exchange (operation)
in these cases must be always supported.
Message Exchange:
GetResourceProperty
Request Message:
<wsrp:GetResourceProperty>
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QName
</wsrp:GetResourceProperty>
Response Message:
<wsrp:GetResourcePropertyResponse>
{any}*
</wsrp:GetResourcePropertyResponse>
Fault Messages :
ResourceUnknownFault
InvalidResourcePropertyQName

Message Exchange:
GetMultipleResourceProperties
Request Message:
<wsrp:GetMultipleResourceProperties>
<wsrp:ResourceProperty>QName<wsrp:ResourceProperty>+
</wsrp:GetMultipleResourceProperties>
Response Message:
<wsrp:GetMultipleResourcePropertiesResponse>
{any}*
</wsrp:GetMultipleResourcePropertiesResponse>
Fault Messages :
ResourceUnknownFault
InvalidResourcePropertyQName

Message Exchange:
SetResourceProperties
Request Message:
<wsrp:SetResourceProperties>
{
<wsrp:Insert>
{any}*
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</wsrp:Insert>|
<wsrp:Update>
{any}*
</wsrp:Update>|
<wsrp:DeleteResourceProperty="QName"/>
}+
Response Message:
</wsrp:SetResourceProperties>
<wsrp:SetResourcePropertiesResponse>
</wsrp:SetResourcePropertiesResponse>
Fault Messages :
ResourceUnknownFault
InvalidSetResourcePropertiesRequestContent
UnableToModifyResourceProperty
InvalidResourcePropertyQName
SetResourcePropertyRequestFailed

Message Exchange:
QueryResourceProperties
Request Message:
<wsrp:QueryResourceProperties>
<wsrp:QueryExpressionDialect="URI">
xsd:any
</wsrp:QueryExpression>
</wsrp:QueryResourceProperties>
Response Message:
<wsrp:QueryResourcePropertiesResponse>
{any}
</wsrp:QueryResourcePropertiesResponse>
Fault Messages :
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ResourceUnknownFault
UnknownQueryExpressionDialect
InvalidQueryExpression
QueryEvaluationError

The functionality provided by the GetResourceProperty message exchange
is a strict subset of that provided by GetMultipleResourceProperties. Collection of resource property values should be formed in the same order as the
resource property QNames were specified in the GetMultipleResourceProperties request message.
The SetResourceProperties message allows the processing of a single request message to make multiple changes to the resource properties document.
QueryResourceProperties allows a requestor to query the resource properties
document of a WS-Resource using a query expression such as XPath (see §
2.2.3).

2.5.3

WS-ServiceGroups

This specification can be used to organize and manage collections of WSResources. The WS-ServiceGroup specification [56] defines a means by which
Web services and WS-Resources can be aggregated or grouped together for
a domain specific purpose. It assumes a distributed computing environment
consisting of Web Services and stateful resources.
The goal of WS-ServiceGroup is to standardize the means by which it
can realize aggregations of Web Services and resources as defined in WSRF.
The specification define three requirements to address this goal:
• Some standard resource properties to query and retrieve content of a
ServiceGroup (ServiceGroup)
• Some standard resource properties to query and retrieve details of an
Entry in the Service Group (ServiceGroupEntry)
• Some standard resource properties and message exchange to add (only)
new entries in a service group (ServiceGroupRegistration)
A ServiceGroup is a WS-Resource, following the implied resource pattern, which represents a collection of other Web services. Each of the Web
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services represented in the collection may be a component of a WS-Resource.
These Web services may be members of a ServiceGroup for a specific reason,
the purpose of the group is application domain specific.
Web Services represented within the ServiceGroup are the ServiceGroup’s
members. The ServiceGroup represents the association with a given member
via an Entry WS-Resource (ServiceGroupEntry).
We describe briefly the resource property that must be included in a ServiceGroup’s resource property document:
• MembershipContentRule: specifies the intensional constraints on
membership of the service group. Membership can be restricted to
members that satisfy particular rules. When no MembershipContentRule
are specified any member can be present in the ServiceGroup, otherwise all rules that apply must be satisfied. The general form of the
resource property is:
<wssg:MembershipContentRule
MemberInterface="QName"?
ContentElements="list of QName"
/>
• Entry: is a projection of the aggregation of the resource property
documents of the ServiceGroup’s entry resource. There is one entry
property for each entry in the Service Group. The general form for this
resource property is:
<wssg:Entry>
<wssg:ServiceGroupEntryEPR>
wsa:EndpointReferenceType
</wssg:ServiceGroupEntryEPR>
<wssg:MemberServiceEPR>
wsa:EndpointReferenceType
</wssg:MemberServiceEPR>
<wssg:Content> {any} </wssg:Content> ?
</wssg:Entry>
Where ServiceGroupEntryEPR is the endpoint reference to the ServiceGroupEntry WS-Resources with which the entry is associated; MemberServiceEPR is the endpoint reference to the member to which the
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entry refer, and the optional Content element contains the resource
property values that conform to the wssg:MembershipContentRule/@ContentElements of the ServiceGroup.

The representation of a member Web service within the ServiceGroup is a
WS-Resource. The Web service component of this WS-Resource implements
the ServiceGroupEntry interface.
The ServiceGroupEntry interface describes the requirements on the Web
service through which management of the entry occurs. A member may
appear in a ServiceGroup multiple times. A separate ServiceGroupEntry
WS-Resource represents each appearance of that member in a ServiceGroup.
A ServiceGroupEntry WS-Resource must belong to exactly one service group.
A ServiceGroupEntry interface may provide additional management functions for a ServiceGroupEntry WS-Resource. In particular, it may provide
independent lifetime management.
The ServiceGroupEntry resource properties are:

• ServiceGroupEPR: Contains an endpoint reference to the ServiceGroup of which this entry represents membership.
<wssg:ServiceGroupEPR>
wsa:EndpointReferenceType
</wssg:ServiceGroupEPR>
• MemberEPR: Contains an endpoint reference to the member to which
this entry pertains.
<wssg:MemberEPR>
wsa:EndpointReferenceType
</wssg:MemberEPR>
• Content: contains information pertinent to the group membership
represented by the ServiceGroupEntry. The Content elements conform
to the XSD element declarations in the membershipContentRule resource property of the ServiceGroup containing this ServiceGroupEntry.
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<wssg:Content>
{any}
</wssg:Content>
Finally, the ServiceGroupRegistration interface defines the message exchange pattern used to add a entry to a ServiceGroup WS-Resource.

Message Exchange:
Add
Request Message:
<wssg:Add>
<wssg:MemberEPR>
wsa:EndpointReferenceType
</wssg:MemberEPR>
<wssg:Content>
{any}
</wssg:Content>
<wssg:InitialTerminationTime>
xsd:dateTime
</wssg:InitialTerminationTime>?
</wssg:Add>
Response Message:
<wssg:AddResponse>
wsa:endpointReferenceType
</wssg:AddResponse>
Fault Messages:
ContentCreationFailedFault
UnsupportedMemberInterfaceFault
AddRefusedFault
Other Faults
Notice that the endpoint reference returned by the response message
refers to the ServiceGroupEntry WS-Resource created by the ServiceGroup
to represent the association of the member within the ServiceGroup.
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2.5.4

WS-BaseFault

The goal of WS-BaseFaults is to standardize the terminology, concepts, XML
types, and WSDL usage of a base fault type for use when returning faults in
a Web service message exchange.
The Base Fault specification arises from the observation that support for
problem determination and fault management can be enhanced by specifying
Web services fault messages in a common way. While there is nothing specific
to WS-Resource in WS-BaseFaults specification, it is used by all of the other
WSFR specifications. Consistence of faults make it easier for requestors to
understand and correct problems.
The fault syntax defined in [57] is as follow:

<BaseFault>
<Timestamp>xsd:dateTime</Timestamp>
<OriginatorReference>
wsa:EndpointReferenceType
</OriginatorReference> ?
<ErrorCode dialect="anyURI">xsd:string</ErrorCode> ?
<Description>xsd:string</Description> *
<FaultCause>wsbf:BaseFault</FaultCause> *
</BaseFault>
A Web service may return a more refined fault instead of a particular
fault that is defined by a WSDL operation.

2.5.5

WS-RenewableReferences

WSRF also defines mechanisms that can be used to renew an endpoint reference that has became invalid. WS-Addressing can contain in its end point
reference policy information concerning interactions with the service.
WS-RenewableReferences defines a specific WS-Policy to renew the endpoint reference when the information contained becomes incoherent with the
endpoint location and/or with the policy governing the message exchange.
At the time of writing, the Globus consortium has not yet released a first
issue of this specification. It will probably be found in the future at Globus
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web site [23].

2.5.6

Security and Notification in WSRF

There are also many points of extension of the features of WSRF through
other WS-* specifications.
Since WS-ResourceLifetime addresses some notification issues, more sophisticated notification can be realized using WS-Notification. Especially
asynchronous notification.
The importance of notifications leads Globus to standardizes such matter
with a specific OASI TC named WSN. The WSN Technical Committee
was formed to work on WS-BaseNotification, WS-Topics, and WS-BrokeredNotification specifications. WS-Nofication [58] family of specifications
defines a standard Web Service approach to notification which allows more
sophisticated interactions than those defined in WSRF. Interaction patterns
such as Notification-Based and Event-Driven can be realized and used in
WSRF to develop for example publish/subscribe systems.
Also security is an aspect which is not directly addressed by WSRF.
Globus refers to Microsoft’s WS-Trust and IBM’s WS-Security OASIS standards to introduce such capabilities inside WSRF.
Generally, many other aspects of a GRID or a stateful system can be
described and specified in the future using the so called WS-* specifications
(WS-Metadata, WS-Topics, WS-Policy etc.) both defied and coming.
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Chapter 3
MODELING
We have seen in the previous chapter some technologies and recent efforts
to solve interaction problems among them. We argue that a fundamental
chance in this process is represented by the Grid and Web Services integration realized in the Service Oriented Architecture (SOA). However, there is
another point of view that can help to speed up this process: the modeling
approach.
The Object Management Group (OMG) [59] is a consortium aimed to
produce and maintain a suite of specifications that support distributed, heterogeneous software development projects from analysis and design through
coding, deployment, runtime, and maintenance. OMG has driven Object
Oriented Technologies development with clear architectural statements since
1990. It has released CORBA specifications and more general specification such as Unified Modeling Language (UML) and Meta Object Facility
(MOF). OMG instruments, UML in particular, have been used in thousands
of projects all around the world and are today widely accepted as standards in
software engineering. In recent years the increasing demand of complex business applications and the growth of different distributed systems technologies
have determined the emergence of new approaches to modeling standards.
This situation led OMG to release a more general system to drive software
development lifecycle called Model Drive Architecture (MDA).
In this chapter we will first of all describe UML modeling language, then
we will give an overview of MOF and MDA mechanisms and how these
concepts can be used in the development of Grid Systems. A concrete and
more effective MOF and MDA explanation will be given in the next chapter
where MDA and related instruments are used in a modeling tool for Grid
Applications.
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The Unified Modelling Language (UML)

The Unified Modelling Language (UML) is a language for specifying, visualizing, constructing, and documenting the artifacts of software systems [60].
The UML represents a collection of the best engineering practices that have
proven successful in the modelling of large and complex systems. It focuses
on a standard modelling language, not a standard process, thus UML must
be applied in the context of different development processes. UML provide
users with a ready-to-use, expressive visual modelling language to develop
and exchange meaningful models with extensibility mechanisms to extend
the core concepts.
An easy way to understand UML is to fit it in the four-layer metamodel
architecture [61]. The meaning of each layer of the architecture is shown in
the Table below:

Layer
meta-metamodel

metamodel

model

user objects

Description
Example
The infrastructure for a
MetaClass,
metamodeling architecture.
MetaAttribute,
Defines the language for
MetaOperation
specifying metamodels.
An instance of a metaClass,
metamodel. Defines the
Attribute,
language for specifying
Operation,
a model.
Component
An instance of a metamodel.
StockShare, askPrice,
Defines a language to describe
sellLimitOrder,
an information domain.
StockQuoteServer
An instance of a model.
SoftwareShare98789,
Defines a specific selllimitorder, 654.56,
information domain.
StockQuoteSvr32123

The meta-metamodeling layer forms the foundation for the metamodeling
architecture. The primary responsibility of this layer is to define the language
for specifying a metamodel.
A metamodel is an instance of a meta-metamodel. The primary responsibility of the metamodel layer is to define a language for specifying models.
Metamodels are typically more elaborate than the meta-metamodels that
describe them, especially when they define dynamic semantics.

3.1. THE UNIFIED MODELLING LANGUAGE (UML)

83

A model is an instance of a metamodel. The primary responsibility of
the model layer is to define a language that describes an information domain.
User objects are an instance of a model. The primary responsibility of the
user objects layer is to describe a specific information domain.
UML is structured within the metamodel layer. The UML metamodel
defines the complete semantics for representing object models using a subset
of UML notation and semantics to specify itself (see paragraph 3.2 for more
details). In this way the UML metamodel bootstraps itself in a manner
similar to how a compiler is used to compile itself.
The metamodel is described in a semi-formal manner using three views
and both text and graphic presentations. These three views are: Abstract
syntax, Well-formedness rules and, Semantics.
Since the metamodel layer is relatively complex it is decomposed into
logical packages as shown in the UML class diagram of figure 3.1 taken from
[60].

Figure 3.1: UML class diagram showing Package Structure
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3.1.1

UML Notation

UML defines twelve types of diagrams, divided into three categories: Four diagram types represent static application structure (describing the elements in
the system and their relationship); five represent different aspects of dynamic
behavior; and three represent ways you can organize and manage application
modules.
These three domains are called:
• Structural Diagrams: that include two static structural diagrams
called the Class Diagram and Object Diagram that show the entity
in the system with their static relationship, and two implementation
diagrams; Component Diagram, and Deployment Diagram for the implementation aspects of the model (i.e. source code structure and
execution-time configurations).
• Behavior Diagrams: composed of the interaction diagrams called
Collaboration Diagram and Sequence Diagram, for model collaboration
among objects and rules, and Statechart Diagram, Activity Diagram
very similar to finite state machine. Also the Use Case Diagram, used
by some methodologies during requirements gathering, belong to this
domain.
• Model Management Diagrams: include Packages, Subsystems, and
Models. They are used essentially to describe the logical organization
of models. It corresponds to the model management view in fig. 3.1.
The most important module is the structural classification, because its
static diagrams (Class and Object) are the foundation of every UML model.
So we focus our attention largely on these diagrams. In the following sections
we study in deep each of these relevant diagrams.

3.1.2

Static Structure Diagrams

Class Diagram
Class diagrams show the static structure of the model, in particular, the
things that exist (such as classes and types), their internal structure, and
their relationships to other things. A class diagram is a collection of (static)
declarative model elements, such as classes, interfaces, and their relationships, connected as a graph to each other and to their contents.
We start discussing classes from their relationships (association and generalization), and their contents (attributes and operations). In a class diagram,
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classes are represented by boxes with three parts separated by horizontal
lines: the name of the class, the attributes of the class (specified by their
name, type and visibility) and the operations of the class (specified by name,
argument list, return type and visibility). Three types of relationships may
be used between classes:
• association, is the most general type of relationship and is represented
by solid lines between two classes with optionally named ends, or roles.
• generalization, represented by lines with large hollow arrow heads pointing to the super class. We can add constrains between brackets as the
predefined incomplete, complete, disjoint, overlapping.
• aggregation, an association with a diamond at the aggregate end of the
link. It represent a relation of whole-part between the instances of the
classes.
• composite aggregation, a stronger type of aggregation notated by a solid
black diamond which implies the same life-cycle by the instances of the
whole and parts.
The ends of association and aggregation relationships may be annotated
with multiplicity indicators giving a range of numbers. This denotes how
many instances of the class at one end of the relationship can be associated
with each instance of the class at the other end. Also, a small barbed arrow
head may be used to specify that an association or aggregation relationship
may only be navigated in one direction.
Rectangles with dog-eared corners are notes, a common use of notes is to
attach OCL constraints to classes and associations.
Note that a ”class” diagram may also contain interfaces, packages, relationships, and even instances, such as objects and links; in effect a better
name would be ”static structural diagram” but for convenience reasons OMG
[59] maintain this name.
Class diagrams may be further organized into packages either with their
underlying models or as separate packages that build upon the underlying
model packages. Classes declared in the class diagrams are used in most
other UML diagrams.
Object Diagram
A static object diagram is an instance of a particular class diagram; it shows
a snapshot of the detailed state of a system at a point in time with a graph
of instances, including objects and data values.
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Figure 3.2: A UML Class Diagram
It depicts objects and links between objects-instances consistently with
the relationships that hold between the linked objects’ classes. The class of
each object included in the diagram, must be specified and the object may
optionally be named. The values of the object’s attributes must be shown.
UML itself does not define a standard set of primitive types for attribute
and operation declarations; however, the Object Constraint Language (OCL)
does. The use of object diagrams is fairly limited, mainly to show examples
of data structures. We show an example of a class diagram in figure 3.2 with
a related object diagram (figure 3.3).

3.1.3

Use Cases

Use case diagrams show actors and use cases together with their relationships.
A use case is a kind of classifier representing a coherent unit of functionality
provided by a system, a subsystem, or a class. An actor defines a coherent
set of roles that users of an entity can play when interacting with the entity.
An actor may be considered to play a separate role with regard to each use
case with which it communicates.
The standard icon for an actor is a ”stick man” figure with the name
of the actor below. A use case diagram is a graph of: actors, a set of use
cases (represented as ellipses), possibly some interfaces, and the relationships
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Figure 3.3: A UML object diagram representing a piece of family relations
in ”the bold and the beautiful” soap opera
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Figure 3.4: A use case representing a marriage
between these elements. Use cases may optionally be enclosed by a rectangle
that represents the boundary of the containing system.
There are several standard relationships among use cases or between actors and use cases. The only relationship between actors and use cases is
the Association represented as a solid line between this two elements. With
associations instances of actors and instances of use cases communicate with
each other. In order to describe situations where an instance of a use case
may be extended by some behavior specified by another use case, an Extend
relationship between this two element can be used. Similarly an Include
relationship indicates that an instance of a use case will also contain the
behavior as specified by another use case. Also Generalization from use case
and actors are permitted.

3.1.4

The Object Constraint Language (OCL)

The Object Constraint Language (OCL) is a formal language used to express
constraints. Users of the Unified Modelling Language and other languages
can use OCL to specify constraints and other expressions attached to their
models.
A UML diagram, such as a class diagram, is typically not refined enough
to provide all the relevant aspects of a specification. There is commonly a
need to describe additional constraints about the objects in a model. Such
constraints are often described in natural language this will always result in
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ambiguities.
In order to write unambiguous constraints, there are a lot of formal languages available. The disadvantage of this traditional formal languages is
that they are hard to use for persons without a strong mathematical background. OCL has been developed to fill this gap. It is a formal language
that remains easy to read and write.
The Object Constraint Language is a pure expression language so the
OCL expressions are evaluated and they do not have side effects; i.e., the
evaluation of expressions cannot alter the state of the corresponding executing system. When an OCL expression is evaluated, it simply returns a value
and cannot change anything in the model.
Introducing constraints in the UML model can be useful for a number of
different purposes:
• To specify invariants on classes
• To describe pre- and post conditions on Operations and Methods
• To specify types in the class model
• To specify constraints on operations
• To describe more accurately the behavior of elements in the model
All the expressions of OCL for a UML model must be within a so-called
context declaration at the beginning of an OCL expression. The context
declaration of the constraints is denoted by the keyword context.
An expression can be defined as:
• an invariant (inv): a property on an element which must remain true
for all instances of the element at any time.
• a precondition (pre): a condition which must be true before the execution of a specific piece of the system.
• a postcondition (post): a condition which must be true after the execution of a piece of system.
Contexts for invariants are classes (or types), while contexts for pre- and
postconditions are operations.
OCL define four basic type: Boolean, Integer, Real and String.
OCL also provides a mechanism to define and use type Collections.
All constraints (expressed in OCL, natural language or other formalisms)
are represented in UML as a text string hold in bracket. Often constraints
are inserted in note elements. As shown in the class diagram of 3.2.
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Meta Object Facility (MOF) and Metamodels

Meta Object Facility (MOF) [61] defines precise mapping rules that enable
CORBA interface for metamodels to be automatically generated for both
the MOF and UML models. MOF specifies a set of CORBA IDL interfaces
that can be used to define and manipulate a set of interoperable metamodels
and their corresponding models. The set of interoperable metamodels managed by MOF includes the UML meta-model and the MOF-meta-metamodel
togheter with future OMG metamodel specifications.
MOF as well as UML is based on the traditional four-layer metamodel
architecture in table of section 3.1. More specifically MOF is an instantiation of the complete four-layer architecture where MOF represents the
meta-meta model and the UML metamodel can be consider as an instance of
MOF. Indeed due to the different usage scenarios where these two modeling
languages are applied (UML is very general purpose instead MOF have to
be extremely simple) the mapping is not so immediate. In other words ”[...]
there is a strict isomorphic mapping between all the MOF meta-metamodel
and the UML meta-metamodel elements” [61], and often strict mappings
between metamodels are impossible. Fortunately, for the sake of MOF we
do not need a complete mapping between these two models; a small set of
primitive concepts can be sufficient to have a relationship. For this set the
mapping is quite straightforward.
One of the great advantages of MOF is the support for the creation of
CORBA-based design and reuse repositories which encourage consistency
in manipulating metadata and models in the whole lifecycle of distributed
applications.
As we can see in figure 3.5, the MOF meta-metamodel (also called MOF
Model) allows the definition of metamodels that are domain and architectural independent under use of transformation rules; this capability leads
OMG to the idea of MDA described in following sections. The two key factors that distinguish the MOF meta-data architecture from the others are:
the object-orientation of the MOF Model and the fact that the MOF model
is self describing.

3.2. META OBJECT FACILITY (MOF) AND METAMODELS
UML Metamodel
Association (n-ary)
AssociationClass
AssociationEnd
Attribute
BehavioralFeature
Class
Classifier
Constraint
DataType
Dependency (class)
Exception
Feature
GeneralizableElement
Generalization (class)
Interface
ModelElement
NA
NA
Namespace
Operation
Package
Parameter
StructuralFeature
Type (stereotype)
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MOF Metametamodel CORBA IDL
Association (binary)
NA
AssociationEnd
Attribute
Attribute
BehavioralFeature
Class
Interface (as Class)
Classifier
Constraint
DataType
Data type
/dependsOn (association)
Exception
Exception
Feature
GeneralizableElement
generalizes (association)
Generalization
Class (as Interface)
Interface
ModelElement
Reference
Constant
Constant
ĨR Containers
Namespace
Operation
Operation
Package
Module
Parameter
Parameter
StructuralFeature
Class (as Type)
Interface (as Type)

The MOF’s core meta modeling constructs are a subset of the UML core.
The four main modeling concepts that define the MOF’s ”abstract language”
are as follows:
• Classes: which model first-class (M1) meta-object. They can have
three structural features Attribute, Objects and References
• Associations: which model binary relationship between meta-object
• DataTypes: which model primitive, external and other data
• Packages: which modularize models
MOF also supports Abstract Classes and Generalization in a similar manner of UML but without overriding.

92

CHAPTER 3. MODELING

Figure 3.5: The MOF metadata Architecture

3.2.1

MOF Mappings

MOF mapping allows M2-level meta model mapping to other M2-level or
M1-level models. It is important to understand the distinction between
Data and Modeling viewpoint of MOF before explaining the mapping. In
a Data perspective the focus is on manage information corresponding to a
given information model represented in the current meta-level and sometimes
considering the upper high-level model. On the contrary in a Modeling viewpoint, MOF is used to define an information model for a particular domain
of interest, and then guide the software development supported by such information model.
Figure 3.6 represents how a model can be mapped following MOF specifications. An ”Abstract Mapping” instantiates a MOF meta-model into an
abstract information model to be represented. An IDL mapping (performed
by a specific application) produces the IDL interfaces for meta-object that
can represent meta-data conforming to the MOF meta-model. Similarly an
XMI Mapping produces standard XML DTD which can be used for interchange meta-data conforming to the meta-model. The standard IDL interfaces created in the MOF to IDL mapping support creating, updating and
accessing of meta-data in the form of CORBA object. The XMI mapping allows the interchange of meta-data and meta-model between MOF repository
in a standard way.
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Figure 3.6: MOF Mappings

3.2.2

The XML Metamodel Interchange(XMI) Technology

The XML-based Metadata Interchange (XMI) is a language developed by
the Object Management Group (OMG) [59] to support the interchange of
any kind of metadata, including both model and metamodel information.
Specifically, XMI is intended to help programmers, using the Unified Modelling Language (UML) with different languages and development tools, to
exchange their data models with each other using XML. XMI is an interchange format for metadata that is defined in terms of the Meta Object
Facility (MOF) standard (i.e. using the MOF Model meta-metamodel used
in the typical OMG metamodel architecture as is in the UML metamodel
layers shown in 3.1).
The two major components of XMI specification are :
1. The XML DTD Production Rules for producing XML Document Type
Definitions (DTDs) for XMI encoded metadata. XMI DTDs serve as
syntax specifications for XMI documents, and allow generic XML tools
to be used to compose and validate XMI documents.
2. The XML Document Production Rules for encoding metadata into an
XML compatible format. The production rules can be applied in reverse to decode XMI documents and reconstruct the metadata.
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The DTD Production rules provide a way for creating a DTD from an
MOF-based metamodel. The DTD defined by these rules may be used to
validate the XML text, created following the XML Document Production
Rules. As we can define the UML metamodel in terms of MOF Model we
can generate using XMI’s XML DTD Production Rules a DTD for the UML
metamodel, and use UML metadata in XML format using the XML Document Production Rules. Thus the main benefit of using XMI is to identify
a standard XML DTDs that allows the exchange of UML (and MOF) information. XMI will also enable the automatic generation of XML DTDs for
each meta information model.

3.3

Model Driven Architecture(MDA) Specifications

As we stated earlier, at the beginning of this chapter, OMG’s Model Drive
Architecture (MDA) [62, 63] must be interpreted as an alternative way to
solve the middleware interoperability problem. Obviously, MDA does not
exclude other more technical approaches such as the Grid to Web Service
convergence and Grid to Enterprise Computing relative influence. MDA is
only another prospective to see and solve the same problem which enriches
features and flexibility for future Software Development Environment.
MDA is based on a straightforward idea: simply exploiting the MOF
mechanisms to allow the development of software at an higher-level than it
commonly used to (i.e. with UML). It obtains this goal separating the specification of system functionality from the specification of the implementation
of that functionality on a specific technology platform [62].
We start engineering an application business functionality and behavior
building a Platform Independent Model (PIM) in UML. This model
is expected to remain stable as technologies evolve (such as frameworks,
platforms, operative systems, network protocols etc.). Then an MDA development tool converts this Platform Independent Model in one or more
Platform Specific Model(s) (PSM) and finally to (one or more) working
implementation on virtually any middleware/framework platform: DCOM,
.NET, XML/SOAP, GT4, EJB, J2EE etc. This idea has a great power, it can
address not only the interoperability problem but also integration, extensibility, change management, portability, refactoring, maintenance and lifecycle
issues of complex software systems.
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Figure 3.7: Model Drive Architecture representation

OMG acclaims MDA as ”The architecture of Choice for a Changing
World ” [59]. It is in fact an open language-, vendor- and middleware-neutral
approach to easily manage changes on technologies and platform. It supports
interoperability between current middleware platforms and between present
and future middlewares. Instead of searching for a common agreement on a
unique general middleware platform (like in the CORBA approach), OMG
realizes that there will never be a winner in the middleware competition and
develops this new approach where the core modeling standards are employed
to pull the whole picture together.
Figure 3.7 reports the Model Driven Architecture as depicted by OMG
[59].
The core of the architecture is based on UML, MOF and CWM all called
”core models”. Although UML is widely used in MDA, the real specification that is required for MDA is Meta Object Facility (MOF) exposed in
section 3.2. Any modeling language used in MDA must be described in
terms of the MOF language. Actually it is MOF that defines the support
for model repositories, IDL mapping, XMI DTD serialization, consistency
checking and hence model transformation. Even if not formally required,
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UML plays a fundamental role in the MDA. Application development in this
architecture is typically based on a Platform independent UML model to be
mapped in PSMs. To better support platform-independent modelation OMG
is developing a small set of UML Profiles to be included in the core model
collection. UML Profiles for PIM tailor the UML language for a particular
computing area (such as Enterprise Computing, Real-Time computing etc.)
representing common features and supporting special needs of all middleware
platforms of these areas. Also models realized with UML Profiles must be
independent of any specific platform.
When the platform-independent application model is realized in UML
(or the appropriate Profile) we start using the second ring of figure 3.7. It
is expected that some platform specialists will convert the PIM into one or
more targeted specific platforms (such as .NET, J2EE, EJB, XMI/XML etc.).
Platform specialists are usually required in order to make some decisions in
the transformation process. However many of these decisions can be defined
using UML Profiles even for Platform Specific Models. UML Profiles for
PSM (also ”dialects”) target UML for particular platforms (e.g. CORBA,
EJB etc.) and allow the definition of standard mapping which increases the
level of automation for conversions between models. Maximizing automation
of mappings is one of the main goals for MDA specifications and tools.
The last step of the architecture which can be seen in figure 3.7 is the generation of the code itself. The more completely the UML dialect represents
the components of the specific platform environments, the more completely
the PSM represents the behavior and semantics of the application. A good
PSM model premises for a more complete generation of the application code.
Now it is clear that the emergence of a new middleware platform will no
longer be a problem if MDA is used. After identifying a way the platform
represents and implements common middleware concepts the platform can
be incorporated in MDA simply by integrating its mapping rules.
There is indeed another level in the MDA architecture that can be viewed
as a ring that encloses the overall architectural diagram. It is the Pervasive
Services level in which some functional and non-functional requisites for the
application are represented (scalability, real-time, fault tolerance, security,
persistence, transactions and others). Pervasive Services are available for all
applications and in all environments as essential services, they are represented
by OMG in the PIM level to give a common model for this components. Generalizing pervasive services is the basis for a universal integration goal.

3.3. MODEL DRIVEN ARCHITECTURE(MDA) SPECIFICATIONS 97

Figure 3.8: MDA Metamodel Description

3.3.1

MDA Mappings

In MDA models represent part of functions, structures or behavior of a system. The separation of ”refined” model views from ”simplified” ones permit
”zooming” in multiple alternative models of the same system functionality.
Mapping of models is one of the key features of MDA. A set of rules and
techniques is used to transform a model into another one. The MDA Metamodel Description [62] (figure 3.8) can help us to describe different kinds of
mapping which can occur in MDA:

• PIM to PIM: This mapping is generally related to model refinement
(e.g. analysis to design transformation) or other conversions between
core models which for some reasons do not need platform independent
information.
• PIM to PSM: This is the classical MDA transformation we used to
explain MDA in the previous section. It is used to project a PIM of
the application to the execution infrastructure.
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• PSM to PSM: This transformation is used in component implementation and deployment. Different package of components can be mapped
or implemented in different specific models.
• PSM to PIM: It is used to obtain the contrary goal of PIM to PSM
transformation. When we have a model for an implementation and
we would abstract it to a PIM we use this process. It is very hard to
automate such process though in some cases, part of the mapping is
supported in MDA tools.

It is important to point out the fundamental role of UML profiles in
MDA mappings. Especially enterprise application transformations involve
many choices which are not always expressible in model-transformation rule
language. It is expected in a few years that OMG will deploy all the PIM
and PSM UML Profiles for the most relevant technologies commonly used in
professional software development.

Chapter 4
THE GRID MODELING
TOOL
In this chapter we will present an MDA based tool for the modelation and
representation of grid services [64, 65, 66]. The Tool has been originally used
for composition and orchestration of Grid services using BPEL4WS [67] and
ClassAd [68] languages. We enhance the functionalities of this framework
by introducing the base support for WSRF and Web Services and abstracting away a Platform Independent meta-model based on the ”services” entity.
The tool makes use of other existing products for UML, MDA, MOF, Grid
and Web Services, it represents a prototype for a concrete convergence between the Grid vision and the Web Service vision of services.
We start this chapter by giving an overview of the issues in modeling Grid
Applications introducing some elements for a Software Engineering in Grid.
Then we provide a complete description of the tool technologies and how we
apply them to the modeling of Grid Services. Finally a hypothesis of Service Oriented Software Engineering is discussed emphasizing some structural
parallelisms between object orientation and stateful services systems.

4.1

Modeling Grid Applications

Reasons that lead to the adoption of a Grid based strategy for the development of a software application are multiple and different from organization
to organization. In Section 2.1.2 we give a map-of-grid that contextualizes
this topic using five major classes of applications that can be further resumed
as: computation intensive applications, data intensive applications and dis99
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tributed collaboration applications [6].
Common factors in such applications can be anyway identified (we may
also call them grid requirements). They all arise from increased need in collaboration and share of computing resource, data and instruments
for the solution of new problems placed at different inter-ogranizational levels. This vision suggests that the only two non-functional requirements that
lead to the adoption of a Grid architecture rather than a distributed system architecture are: loosely coupling of components and increasing in
sharing capabilities. So the real factors that designers must take into consideration when they model grid applications are essentially related to the
business organization and the size of the problem. There will no longer be
specific stakeholder requirements for the problem, because the problem itself is less important than the grid infrastructure the designer is building to
solve the problem. Since technical issues common to all grid applications are
quite understood and addressed by Tools and SDKs, the requirements that
a Grid Designer must consider are therefore needed to answer questions like
”How should I arrange the VO to address the problem?”, ”How many people
are interested in resolving the problem and how should they collaborate?”,
”What must the order of interaction in the system be?”.
In other words a software engineer in grid will no longer deal with ”How
to solve the problem with a software”, which is usually addressed at a lower
level by the ”resource” to be shared (i.e. by the distributed or centralized
application or database or instrument which is a resource that solves a piece
of the big-problem).
Software Engineering in grid deals with coordination, integration, interaction and management of Organizations and shared resources to address a
more generalized vision of a problem (solved on a smaller scale with other
technologies).
To give a more complete introduction to software engineering in Grid we
refer again to figure 2.1 where grids are described using the ”communities”
they serve. Foster and Kesselman [1] identify four types of communities.
We start from this classification to identify specific grid requirements for
each class of grid communities:

• National grid communities: National grids rely on very small groups of
organizations (usually strongly connected) which have to deal with a
national-level (big) problem. Organizations of this type are represented
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essentially by national and international Government communities. For
example Military, Civil Defense, Police, Local Agencies, can make grid
for various purposes: crisis management, wars, earthquakes, terrorist attacks, electronic democracy and electronic government. These
grids need to integrate diverse high-end complex resources sometimes
in relatively short time. Resource allocation must be balanced on the
importance and real-time requirements of the problem.
• Private grid communities: In these grids the principal purpose is to
share power and costs of expensive resources such as: supercomputers,
medical devices, complex or experimental instruments etc. These grids
are usually built in health related contexts to optimize the use of expensive machines and at the same time to allow more people to use
them (electronic medicine). Usually they are central managed.
• Virtual grid communities: Resources shared in virtual grids are very
similar to private ones. These grids however are oriented in collective
share of knowledge (comprising instruments) and are characterized by
dynamic membership without central control. They are realized for a
strong unified matter to pursue long or short term goals. We expect
many e-science grids be included in this class.
• Public grid communities: These grids can comprises potentially enormous communities to share simple resources for a very specific (sometimes personal) goal. We can think of this as an evolution of the internet communities, Peer-to-Peer communities or the internet computing
systems. Problems addressed by public grids are less noble than other
classes. These grids could be used for entertainment, gaming, graphic
modeling and private finance modeling. Realization of public grids are
the least concrete since the consumer will also act as a producer. The
high levels of heterogeneity of the components require an efficient and
trusted loosely compiling resource support.
However, the characteristics of grids can be various and changeable, so
we can find need for different types of grids in different communities. The
topology we give above, taken from [1] and adapted for software engineering
purposes is only a simplification of this complex and mutable world.
The tool presented in the next section is aimed to support the development of grid services in terms of the engineering issues just described. The
next chapter shows how the tool can be applied to support the design of a
national-private grid for civil protection.
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4.2

A tool to model Grid application

In this section we will describe the implemented tool and its functionalities.
This Tool applies the Model Driven Architecture approach to the modeling
of some aspects of a Grid system and is able to produce part of the XML
documents and Java interfaces that must be used in the implementation of
the represented system.
The tool has been originally thought as an instrument to model only interactions between existing Grid Services [64, 66]. It has the support for
BPEL4WS and ClassAd languages and allows to model interaction and composition of grid services with a MDA Platform Independent Model (PIM).
In the next section we will see how the tool has been employed also to model
WSDL and WSRF specification and in order to allow the concrete definition
of Grid Services themselves.
This instrument makes use of some existing frameworks that implement
the MOF and MDA specifications and allow an effective consistency between
realized models and meta-models. The tool architecture is used in two steps:
1. The first step consists in the generation of the MOF repositories for
the source meta-model (which allows the design of PIMs) and for the
target meta-model (for the relative PSMs)
2. The second step uses the products of the first step to develop a ”PIM
to PSM” (see § 3.3.1) conversion. A model described according to the
platform-independent meta-model is transformed in an instance of the
platform-specific meta-model then used to produce XML and Code files
through some XSLT stylesheet.
Figure 4.1 describes these behaviors.

4.2.1

Base Software Frameworks

dMOF
As we can see in figure 4.1 the tool makes use of different frameworks and
applications. One of the most important is dMOF. dMOF [69] is an implementation of the OMG’s MOF specification (see §3.2) developed by the
Distributed Systems Technology Center (DSTC). dMOF provides the following instruments:
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Figure 4.1: The Modeling Grid Tool general architecture
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Figure 4.2: A metamodel for a TriteService
• The dMOF Meta-model Repository. A persistent implementation of the
OMG’s MOF meta-model repository specification.
• The MODL compiler. That loads a MOF meta-model (specified in the
MODL language) into the meta-model repository
• The MOF meta-model interchange tools. That allow the interchange of
MOF meta-models encoded in XMI.
• The MOF IDL generator. Which produces CORBA IDL for meta-data
repositories defined by a user meta-model.
• The Moflet generator. It produces moflets; i.e. Java code implementing
the repository meta-objects that represent a user’s metadata.
• The XMI generators. Which produce a DTD and encode/decode software, allowing the interchange of the user’s metadata via XMI.
To create a repository in dMOF we have to define a MOF meta-model.
We can carry out this task using UML and hence a UML Modeling Tool
(such as Rational Rose [70], Together or ArgoUML) but we recall from section 3.2 that we can use other specification languages that permit to express
a meta-model conform to the MOF Model.
In Figure 4.2 we depict an example meta-model where an Element Class
with an Attribute named name of Type String is specialized by the Classes
Service and Property. Property defines a further Attribute named value of
Type String. An Association has been defined between Classes Service and
Property with the name hasProp which aggregates a number of properties
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for a service.
Having defined this informal representation of the model we have to produce a correspondent formal definition in the DSTC’s MODL syntax. MODL
is a specific language created by DSTC which allows to define in a formal
and unique way a meta-model to be used in dMOF. In the tool a script for
Rational Rose has been developed to automate this task. The result of this
transaction for the meta-model in figure 4.2 is as follow:

package TrivialService {
abstract class Element {
attribute string name ;
} ;
class Service : Element {
reference props to theProp of hasProp;

} ;
class Property : Element {
attribute string value;

} ;
association hasProp {
composite end single Service theService;
end set[0..*] of Property theProp;

} ;
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} ;
When we have obtained the MODL definition of the meta-model, the
next step is to use the dMOF instruments to produce a repository. The
repository will manage meta-information complying with the meta-model in
a persistent way.
To create the repository we have to:
1. Compile the MODL file with the MODL Compiler (modl2mof ). It
performs syntax and semantic checks and then creates the meta-objects
representing the meta-model in the dMOF meta-model repository.
2. Use the IDL Generator (mof2idl) to generate CORBA IDL interfaces
for the metadata repository. Files are generated complying with the
OMG’s MOF IDL mapping specifications.
3. Use the Moflet Generator (mof2moflet) to produce the Java files implementing the repository meta-objects.
Once you have these files you must compile the IDLs with an IDL Compiler (the default compiler for dMOF is Borland’s Visibroker idl2java) and
obtain the CORBA stubs and skeletons needed to compile the moflet. The
moflet and the generated studs can be compiled with any Java compiler or
using Visibroker vjc. Figure 4.3 represents the dMOF repository generation
for a meta-model.

TokTok
TokTok implements the DSTC’s specification of the Human-Usable Textual
Notation (HUTN) to represent models [71]. Toktok starts from a metamodel defined using MOF and generates an HUTN Parser and a Stylesheet.
The Grammar Generator gives out the Java code that implements the
Parser which allows a consistency-checking between models and the related
meta-model. It also loads the model in the repository previously created
with dMOF. The Stylesheet is created with the XSL Generator and permits
the conversion into XMI models stored inside the repository.

4.2. A TOOL TO MODEL GRID APPLICATION

107

Figure 4.3: Generation of a repository in dMOF
The tool also provides a script to get HUTN models from the Rational
Rose ones. Besides the parsing, DSTC’s HUTN has advantages for metadata
interchange between repositories and automation of changes when the metamodel is updated. Moreover the HUTN notation is ”human usable” and
allows any MOF metamodel to be represented in a compact and expressive
way.
To give you an idea, a couple of pages of XMI-Textual notation for the
model in figure 4.2 can be expressed in a dozen of HUTN rows as follows:

TrivialService "1" {
Service "c1" {
name : "webserver"
props:

Property "p1" {

name: "name"
value: "Tomcat"
}
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props: Property "p2" {
name: "platform"
value: "indipendent"
}
props: Property "p3" {
name: "language"
value: "java"
}
}
}

ModFact
ModFact is a framework to build applications in accordance to the MDA
concepts. ModFact is an Open Source project developed in the LIP6 [72]
and it is composed of several projects. In the tool we use the QVT framework
for the execution of model transformations.
OMG is in the process of standardizing a transformation language that
can express transformation rules between two MOF-compliant models called
”MOF 2.0 Query/ Views/ Transformations” [73]. As a contribution to these
standardization efforts, LIP6 has developed a transformation language called
Simple TRL (Simple Transformation Rule Language).
A model transformation in Simple TRL (also STRL) consists in writing transformation rules and applying them. Transformation rules specify
the mappings between concepts of the source meta-model and those of the
target meta-model. Once the transformation rules for a particular transformation are defined, the transformation engine applies the rules to a source
model (the modeled PIM scenarios) and automatically produces the corre-
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Figure 4.4: The LIP6’s Modfact QVT Engine
sponding target model (PSM).
The transformation rules are applicable to any source model that conforms to the source metamodel because they are defined in the metamodel
level. The complete Simple TRL metamodel is given in figure 4.6.
According to the MOF 2.0 Q/V/T standard, transformations are automatic. The QVT engine takes in input the following XMI files:
• Transformation rules file
• Source meta-model file
• Target meta-model file
• Source model file
It constructs the repositories that store transformation rules, source model,
and target model (Modfact has also a repository management component).
Guided by the supplied rules, the core engine reads the source model and
creates the corresponding target model. Finally, the transformation service
exports the target model in XMI format.
To apply the transformation rules, the QVT core engine first binds each
object in the source model to a rule (or rules). Then it evaluates the transformation operations in the rules. The expression classifier will delegate an
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Figure 4.5: Modfcat Simple TRL Transformation
expression to a specialist evaluator according to its type. If the expression
contains subexpressions, they are evaluated recursively.
Simple TRL [72, 74] is based on the ongoing TRL language. Modfact also
defines a Rule Parser which allows the transformation of textual-rules in a
model consistent to the SimpleTRL meta-model (Figure 4.6). More exactly
the Rule Parser reads the textual file containing the rules and using a Repository building an instance of the Simple TRL meta-model that is returned
as an XMI file.
Simple TRL is based on three main constructs: transformation rules; expressions and constants.
Rules simply group expressions together. Parameters can be passed from
a rule to another, for each rule there are two default parameters #context
and #result that represent respectively the context of the rule application
and the result that the rule return (to a calling rule or inside the target
model). There is a special rule called Entry Point Rule which acts as a
”main” rule. It is the starting point of the transformation process. In this
rule, the Source and the Target metamodel to be used must be indicated.
RulesUnit SimpleUML_to_TrivialService @S SimpleUML @T TrivialService
{
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[...]
}
The other rules are referred to as Called Rules because they are invoked by the RuleUnit or other Called Rules. For example a rule invocation
can be #result!props=#context.attributes.CreateProperty() whereas
a called rule for our example meta-model can be as follows:
Rule CreatesProperty()
return=#result
[#result!name=#context.name
#result!value=#context.initialvalue
]
It is important to understand that STRL is aimed to express correspondences within concepts and not to express algorithmic steps [74], so rules
must not be thought as procedures or functions.
A number of different types of expressions has been defined for different
purposes:
• ValueExp groups expressions that return a value when executed.
• StatementExp groups expressions that modify the destination target
model when executed.
• PropertyCallExp allows navigation across properties (attributes and
classes) of a context.
• PropertyAssignExp expresses the assignment of a value to a property.
Assigned values must be of the same type of the property.
• CompareExp compares a context with a specific value and return a
boolean value.
• IfOfTypeExp allows to make a test on the type of context.
• IfExp allows to specify an if-else evaluation.
Finally Simple TRL also allow the definition of constants such as StringLiteral, BooleanLiteral, IntegerLiteral, DoubleLiteral and EnumLiteral.
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Figure 4.6: The Meta-model for SimpleTRL
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Rational Rose Scripts and Plugin
Rational Rose is a software instrument that allows the development of UML
diagrams with a fashionable and usable user interface. Rose is developed by
Rational Software (now part of IBM) and it is one of the most popular software for design and modeling in software engineering. One of the advantages
of Rose exploited in the Modeling Tool is the ability to use third-part plug-in
and scripts.
The tool makes use of Unisys XML Plugin (developed by Unisys) to import/export models and meta-models in XMI for UML 1.3 and in XMI for
MOF 1.3.
Moreover, the Rose Extensibility Interface (REI) provides object interfaces that allows to manipulate diagram components (e.g. classes, attributes,
associations etc.). Using the REI and Rose Script facilities two fundamental
scripts for the Tool have been developed:
• The first script (MODLexporter) allows the production of dMOF
MODL description of a diagram defined in Rose, hence we can directly
use dMOF even without knowing MODL syntax.
• The second script developed (SimpleUMLhutnGenerator) allows to
obtain an HUTN definition of a model for SimpleUML (the meta-model
used in the Tool).

4.2.2

MOF repository generation

Figure 4.7 represents the steps needed to generate files used in the model
transformation.
(1) The user creates the source and target meta-models using Rational
Rose; it exports these models in XMI through the Unisys XML Plugin that
will be used by the transformation engine.
For the implemented mappings we use SimpleUML as source meta-model
(a simplified UML meta-model). Using the MODL Exporter (2) we obtain the
MODL equivalent of the metamodel (SimpleUML metamodel.modl). The
meta-model expressed in MODL is loaded into the MOF Repository (3) and
the following components are generated:
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Figure 4.7: Model generation flow of the Modeling Tool
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• SimpleUML Repositoy(4) the repository which allows the management
of models complying with SimpleUML.
• SimpleUML HUTN Parser (5) that reads SimpleUML models expressed
in HUTN and loads them into the repository. It also performs a
consistency-checking between the model and SimpleUML meta-model.
• Simple UML XMI Producer (6) which is used to extract in XMI models
from the SimpleUML repository
In the same manner a repository for the target meta-model is built extracting its MODL representation (7 and 8). Also this model is loaded into
the MOF repository (9) to generate the Target repository (10). There are
presently all the document to build WSRF, WSDL, ClassAd and BPEL4WS
target models.
At this point a set of Simple TRL rules for these sources and target
metamodels must be transformed in XMI using the ModFact Rule Parser
(11 and 12). We obtain the Transformation rules.xmi file. Having finished
these tasks, the tool architecture is ready to perform the transformation.

4.2.3

Model Transformations and Use of the Tool

Figure 4.8 depicts how to use the tool architecture to obtain the desired
transformation.
The user models the application scenarios using Rational Rose in a platform independent manner (i.e. conform to the Simple UML meta-model).
Using the Simple Uml Hutn Generator (1) it obtains the representation of the
model in HUTN for SimpleUML: SimpleUML instance.hutn. The SimpleUml
Hutn Parser loads the HUTN file, parses it and generates an instance of the
model in the SimpleUml Repository(3). The SimpleUml Xmi Producer reads
from the repository(4) and generates the XMI document which represents
the user model(5): SimpleUML instance.xmi. At this point all documents
needed for the transformation have been prepared. The Modfact Transformation Engine takes in input:

• SimpleUml Instance.xmi (6) - The user model accordant to SimpleUML
• SimpleUml Metamodel.xmi (7) - The SimpleUML meta-model
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• Target Metamodel.xmi (8) - The metamodel of the target platform or
technology
• Transformation Rules.xmi (9) - The SimpleTRL transformation rules
The result of the transformation is the instance of the target meta-model
stored in the file Target instance.xmi (10) which represents the Platform Specific Model (PSM).
Finally, a series of XML/XSLT Stylesheet are used to generate relative
files to be used in the target platform technology such as XML documents,
Code and so on. In our case the target platform is GT4 WSRF and generally
Web Service technologies so WSDL documents are generated.

4.2.4

BEPL4WS and ClassAd transformation support

Web Services allow users to connect different components across organizational boundaries in a platform and language independent way. However,
none of the WSDL foundation standards (WSDL,SOAP,UDDI) allow to define the composition and hence the behavior of more than one Web Service
in the context of so called ”business process” [75, 66].
A ”business process” specifies the potential execution order of operations
from a collection of Web services, the data shared between these Web services, which partners are involved and how they are involved in the business
process, joint exception handling for collections of Web services, and other
issues involving how multiple services and organizations participate. Web
Services are usually isolated and self contained entities. We must break this
isolation by connecting web services and specifying how collections of web
service are jointly used to realize complex functionalities (i.e. business processes).
Business Process Execution Language for Web Services (BEPL4WS) [67]
is the language that allows specifying business processes and how they relate
to Web services. It originates from the convergence of two former service
composition & coordination languages: IBM’s Web Service Flow Language
and Microsoft’s XLANG.
Classifier Advertisement (ClassAd) [68] are used to describe jobs, workstations, and other resources in Condor processes. They are exploited to
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Figure 4.8: Transformation flow of the Modeling Tool

117

118

CHAPTER 4. THE GRID MODELING TOOL

enquire about the current state of the system and to schedule jobs. ClassAd
is a functional language with an abstract and some concrete syntaxes. It is
based on the definition and evaluation of expressions and it is used principally for matchmaking of resources.
Both BEPL4WS and ClassAd elements can be represented inside the Grid
Modeling Tool. Two target metamodels [64, 66] have been defined for these
languages that allow service scenarios modeled in a platform-independent
way (i.e. using SimpleUML) to be automatically transformed in ClassAd
and BEPL models.
Especially BEPL4WS can be used in conjunction with WSDL and WSRF
to implement a complex service coordination inside grid applications.

4.3

Modeling WSRF Resources with the Tool

As we have said earlier, in the Modeling Tool there are all the documents
needed to model service interaction in BPEL4WS and ClassAd [64, 66]. More
specifically we can describe composition of Grid Service and their interaction
following some ”business processes”. The BPEL4WS mapping in particular
allows the representation of different Grid WordkFlow: sequential, parallel,
iterative and conditional. It essentially uses activity diagrams to represent
dynamic business situation which are then translated in correspondent class
diagrams to allow the Tool Transformations.
To explain why we need to introduce WSDL and WSRF support in this
tool we recall the Web Service Architecture of Figure 2.12 in which all the
layers of a Web Service Architecture have been depicted.
The first two layers (communication and message) are usually managed
by the so-called ”Web Service Container” (see fig. 2.13) specifically by SOAP
Engines and Application/Web Servers. Thus to model a Web Service does
not usually imply to take into consideration issues related to these two layers,
not even for programmers.
Choreography among more than one service, aggregation and discovery
of web service belong to the top level in the architecture stack (Web Service
Process layer). This is the level of abstraction where BPEL4WS and ClassAd
can be related and it is very important to be able to model such scenarios
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with a MDA-enabled tool like the one we present in this thesis.
However, it is likewise important to give the fundamental support for
the modeling of service descriptions (i.e. the Web Service Description layer)
where we can model and define ”the service itself”.
We retain it will be a great opportunity for this tool to allow also the
Definition of the Web Service managed in the Process layer. While services
in the Web Service Architecture are described using (only) WSDL we choose
to introduce the support for the modeling of description also with WSRF
and hence for Grid Services.
We retain it will be straightforward to integrate BPEL4WS with this new
feature in the tool. More exactly it is expected to model the coordination
and dynamic aspect of Grid Service interactions directly with BEPL PIMs
expressed as UML (or SimpleUML) dynamic diagrams (activity, coordination, statechart diagrams etc.). While Service-based PIM static scenarios can
be modeled directly with SimpleUML WSRF static diagrams such as Class
and Object diagrams in UML Object Oriented applications. At this point
the implemented tool gives support for modeling both Process and Description layers of the Web Service Architecture. It permits modelation of Grid
Services (more generally Web Services) in a Platform Independent way.
In the context of this thesis we have implemented support for Web Services and Grid Services for the tool. Figure 4.9 represents a Target metamodel for WSDL and WSRF where service definition models can be defined.
Following the tool MDA architecture, a Grid application designer represents needed services in a Platform Independent Model (PIM) using SimpleUML. It can represent four types of web services using the proper stereotype:

• <<service>>: It represents the definition of a new stateless service. It
also represents a Web Service, so the user has to define only the ”Port
Types” (interfaces) for that service. Names for the port type and the
formal parameters must be given together with their types.
• <<resource>>: It represents the definition of a new stateful service.
It will likely be a WSRF Grid Service. Besides interface definition,
the designer has to give a set of resource properties representing the
resource state (i.e. the WSRF resource property document). Resources
can be of two types:
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Figure 4.9: The developed (Target) Metamodel for WSDL/WSRF
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1. Singleton Resource: it is the most simple case of resource in which
we have a resource manager (e.g. the GT4 Resource Home) which
always returns the service object. It is only used for very simple
services and it is more similar to a OGSI service than a WSRF
resource.
2. Multiple Resource: it uses a more complex resource manager and
implements the ”Factory Pattern” that allows the realization of
the WSRF implied resource pattern. The factory/instance pattern automatically defines a factory service which implements a
create() operation which returns a WS-Addressing Endpoint Reference containing the ResourceID in a Reference Property when
invoked.
• <<serviceRef>>: It represents a reference to an existing service. At
this level of abstraction we do not have to mention if the service is implemented and how. We only give the portType and WSDL definition
for the service.
• <<resourceRef>>: It is represents a reference of an existing resource.
It works like the serviceRef stereotype.
Some special attributes called ”statement attributes” have been introduced to specify for example the TargetNamespace for services, if the resource
is a multiple resource (Factory) and other general implementation information. Figure 4.10 depicts an example of a single <<resource>> definition.
The source model is then used in the Tool as we exposed in paragraph
4.2.3 to produce an instance of the WSRF metamodel (the target model ) in
XMI. A UML representation of the target model for the simple source model
in figure 4.10 is given in figure 4.11.
Finally, two XSLT stylesheet use the XMI target model to produce the
WSDL definitions and some Java code for the Globus Toolkit 4. It will be
simple to develop other XSLT stylesheets that starting from the generated
target model define documents for Microsoft WSRF.NET [76] and other
future implementations of WSRF.
At this state of development, the tool models service and resource only
in a Web Service context. It is plausible that PIM service definitions can be
transformed also in other target models for other service/interface based system such as IDL CORBA, .NET, EJB XDoclet etc. Moreover using stylesheet
or developing other meta-models for these platforms, the production of many
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Figure 4.10: Source model for a single resource modeled with SimpleUML
specifications and deployment codes can be automated.

4.4

Service Oriented Software Engineering

Middleware producers have made an enormous effort in the last years; they
realized a transparent support for the development of distributed applications. However interoperability between different middleware platforms (in
space and in time) it is not completely realized today.
There is the need for a lightweight framework that realizes interoperability
between and inside middleware technologies.
MDA attempts to address these needs starting from the point of view of
models and model-specifications. This seems to be a good prospective from
which the problem can be solved but is not enough.
Another more specific solution is given by Service Oriented Architecture
(SOA) which is an approach to distributed computing that regards software
resources as services available on a network [9]. Actually, also Middleware
such as CORBA or DCOM can be considered SOA, but their components
are tightly coupled and proprietary. The real improvement of SOAs is due
to the Web Service orientation of such systems. We have shown, in previous paragraphs, how many middleware weaknesses disappear with Web
Services. Web Services have the enormous advantages of allowing ServiceOriented Architectures standards-based and with loosely coupled services.
This solves the interoperability problem, but we need further support to obtain our ”lightweight framework”.
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Figure 4.11: An example of a generated WSRF model for the single resource
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Distributed applications cannot be developed only though Web Services
(in section 2.3.2 we exposed that a Web Service always need a concrete software agent to work). Web Services have been created to support this new
”non-functional” requirement for distributed systems that is ”loosely coupling of components”. Since many middlewares support Web Service technologies, they use these architecture only for message and XML document
exchanges without significant enhancement in their ”component vision” of
the world.
Though Web Service cannot be considered as middleware, we has another
emerging middleware which shift the emphasis on resource sharing rather
than on simple remote object coordination, and also uses loosely coupled
components: the Grid.
The ”lightweight framework” we are searching for actually already exists.
It is the convergence between Grid, Web Service and Middleware,
envisioned as a Service Oriented Architecture, supported by the
versatility of Model Driven Architecture.
This is a new vision of how to apply distributed system to applications,
using the Service abstraction. So we propose Service as a new abstraction
for software development, and Service Oriented Software Engineering
(SOSE) as a new hypothetical approach to the definition and development
of enterprise service oriented applications. Ian Forster in a recent draft of
the GT4 documentation wrote that: ”a service-oriented application is constructed via the composition of components defined by service interfaces (in
the current context, Web services)” [8]. This phrase synthesizes this vision
of convergence between middleware components, web services and WSRF
WS-Resources.
The Model Driven Architecture provides the needed high-level approach
to services development and allows the management of application business
semantics and lifecycle. It further permits to integrate other technologies
and maintains complex application within an easy architecture. MDA in
SOAs will enable a Service Driven approach to the development of Enterprise Applications [8]. This maintains that MDA together with WSRF can
be the technical framework which can give to the development of distributed
software the higher level of ”service abstraction”. It will permit and facilitate the development of grid system and application which is currently ”an
exercise of software integration” [6].
A framework that meets integration issues allowing to compose and define
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WSRF services in a platform independent way may significantly reduce the
development cost of Grid systems.
In this scenarios, the Globus Toolkit 4 integration and enhancement of
Web Services and the Model Driven Architecture tools will be the likely key
software to be included in such ”lightweight framework” for middleware. It
is meaningful that a possible solution for distributed systems interoperability
problem arises from technologies that are outside current middleware platforms.
The tool we have presented in this chapter can be a valid prototype to
support Service Oriented Software Engineering. With the added support for
WSRF we are able to model in a Platform Independent Model (PIM) stateless and stateful services (hence Grid Services). In other words we describe a
Service Model for the application that can be instantiated like a UML Class
model.
Similarities between such vision of Service-Orientation and the ObjectOrientation one are many and can help the future acceptability of SOSE.
The following table reports some general affinities between these two words:

Objec Oriented
Concept
Class
Object
Constructor
Destroyer
Object State

Service Oriented Concept
WS-Resource & Resource Property Document / Web Service
WS-Resource and RPD Instance / Web Service Instance
Factory create() portType of the WS-Resource
Immediate and Sheduled WS-ResourceLifetime destroy()
Resource Property Document Instance / Web Service itself

We can think of the GT4 Core (which is the implementation of WSRF) as
a base system that supports this ”SOSE framework”, like the basic support
for the Class/Object abstraction given by the Object Oriented languages
(such as C++, Java, Eiffel etc.). While our Tool Platform Independent
models (WSRF service models and BPEL4WS activity models) are something like UML models used to model common object oriented applications
leaving aside stateless/stateful detail issues for the service definition.
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The State Dilemma

To solve the ”state dilemma” we introduced in section 2.3.2 and which has
not yet been addressed by the OASI and GGF communities we try to give
a consistent interpretation of how state must relate to a service. We remark
that the state of a WS-Resource is not represented by a state inside the
object itself contrary to the object state which identifies the instance of the
related class. The identifier (which identifies an instance of the service but
which actually instances only the underlying resource) is inferred from the
resource through the implied resource pattern. The identity of the service
instance is the implied ID of the resource which contains metadata or state
information related to the whole WS-Resource.
In WSRF we lose the concept of an ”instance” identifier as for object
(moreover this is one of the reasons of OGSI’s Grid Service failures). An
identity of a service instance is the identity of the associated resource (if
any). Actually the service has a single instance that is specialized providing
an identifier of a specific resource with which it can be used.
The second issue that must be addressed to solve the state dilemma is
”what can be stored in a WS-Resource state (i.e. using resource properties)?”. The answer for this question is a direct consequence of the state
explanation given above.
State in WS-Resource may be as follow [55, 50, 77]:
• service instance data (state data)
• metadata about the resource, or more in general
• ”data that evolves as result of service interaction”
The implementation of the service executes against such dynamic states:
state for which the service is responsible between message exchanges with its
requesters [19]. Specifically, state data presents itself as a resource. This
fact helps to treat the information described above consistently as resource
property.
These considerations outline an idea of the state as being independent
from the notion of service instance. Another singular aspect is that data
contained in states (rather than carried in message exchange) is only that
conceptually connected to the service work, which seems that it could be only
metadata about the resource or data for which the service is ”responsible” (obviously including state data). Finally, it must be remarked that
the state managed by WSRF is actually a representation of the state (i.e.
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the database row, file, variables or component that store the state) which
is managed by the underlying application. Information that represents the
state is accessed, modified and deleted through the resource property document.
The ”state dilemma” is anyway an open problem. In this paragraph we
clarify this aspect which is not treated directly by WSRF specifications. We
try to outline a possible solution basing on ideas enucleated from GGF online forum; WSRF specifications, and some mail exchanges with OASIS’s
WSRF Technical Committee Chairs.
In the proposed Service Oriented Software Engineering and relative roles
that we may imagine, a ”grid application designer” will be in charge of make
the choice of what data must be managed in the resource state and what
in port types. The application designer is the person who must model the
”Service Model” described in paragraph 4.3. A consequent issue for SOSE
that arises from state dilemma is: ”When should a resource be accessed using
a Web Service rather than a WS-Resource?”.
We think that this choice is more application-specific than the state
dilemma and it must be completely carried out by the designer who composes
and integrates services. Starting from the definition of resource as given in
WSRF: ”a logical entity with an identifier, zero or more property and a lifecycle”. We can say that a WS-resource (with a state) must be used only
when it is required in the design of the application. When used, a state is
treated as a stateful resource with an id, some properties and a lifecycle. If
the designer needs such properties for the management of the service inside
the application, then it must use a WS-Resource. Otherwise, if the designer
does not need to manage state data or metadata or resource dynamic changing data and hence it has no need for identifiers and lifecycles for treated
information, then a Web Service is more appropriate. This implies that the
same resource can be represented (and used) sometimes as WS-Resouces and
sometimes as Web Services.
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Chapter 5
REAL APPLICATION
SCENARIOS
In this chapter we present two real application scenarios for the Grid Modeling Tool where we make use of the WSRF meta-model and transformations.
The first scenario relates to a ”national grid” and represents the general service model for such system. The second scenario shows how the Tool can be
also used for the development of more simple application, such as the Tool
itself represented as a set of resources.

5.1

A hypothesis of a Grid for Civil Defence

On 26th December 2004 one of the greatest catastrophes in history happened.
In South Asia more than 300.000 people died due to a Tsunami caused by a
9.3 Richter marine earthquake. This tragedy would have been significantly
reduced if a world-wide Civil Protection alert system existed.
Since a Civil Protection world-wide system is today a great challenge,
governments are working hard in Italy and in Europe to better enable citizen
defense for national and international natural calamity.
A more modest project has been initiated in Italy for issues related
to meteorology and hydro-geology (Italian Parliament’s Acts 267/98 and
365/2000). The project is aimed to create a number of Functional Centers (CF) that continuously (24 hours a day) elaborate meteorological and
hydro-geological predictions for an assigned region. This project will be a
leading experience for others EU countries.
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The CF Project supposes a strict correlation between centers distributed
all over the national territory. These facts imply the need for great levels of
resource sharing between centers which are highly heterogeneous. Centers
are different either because of the technologies used or because of the administrative organization. There are CF affiliates to University or research
centers (CETEMPS - Abruzzo, CIMA - Liguria), others included in Minister departments or Regional agency (National Civil Protection Department
- Italy, SPC Regione Marche - Marche) and others organized in semi-private
forms (ARPA agency - Emilia Romagna).
Despite these ”structural” lacks of homogeneities between participants,
the functional centers system is strategical and must be created anyway. Laying aside business organization issues also technical integration is not simple
in these centers. They do not usually have the complete control of networks
in their organization, furthermore, they use different platforms for operating
systems (Unix, Linux, MacOS, Windows) and databases (Oracle, Microsoft
SQL Server, DB2, proprietary Databases). Discrepancies occur also in instruments. Meteorological and hydrological sensors are built by different
producers, take measures at different time lags and transmit data using different network technologies (GPRS, UHF Radio, SHF Radio, PSTN).
Having stated such scenarios and technical needs of Functional Centers it
will be a great idea to build a Grid that connects them without the attempt
to change this great level of inhomogeneity. A Grid for Italian Functional
Centers Virtual Organization (VO) may solve many share and interaction
problems and allow a more efficient usage of resources. For instance there
are tens of gigabytes data received from the Meteosat satellites which are
currently stored in every CF database and rarely accessed. A Grid could
logically centralize the management of such data and optimize resources for
every center. Another example may be the need of computational power for
elaborate models. Meteorological and hydro-geological models could run on
a Civil Protection Grid and give results faster and better than now.
Once we create this first Grid VO that interconnects Civil Protection
Centers, other applications can be carried out straightaway: epidemiological
simulation for bacteriological attacks; earthquake modelings, climatological
studies and other usages of the grid can be explored to improve virtual collaboration.
The Functional Center in the Marche Civil Protection is planning a
project called Grid-Care with the intent to obtain, in the future, a Civil
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Protection Grid scenario like the one depicted here.

5.2

Application Service Model for Grid-Care

Grid-Care is aimed to produce a Grid support infrastructure for Civil Protection Functional Centers. The key needs are related to the sharing of the
following resources:
• Computational power.
• Storage and Databases resources.
• Data from meteo-hydrological sensors.
• Maps and Graphs.
Once services for these basic needs are defined, more complex applications can be developed to support risk management and monitoring basing
on them. We show how to apply the Modeling Tool for the design of two
complex applications using these services, and represent them as a service as
well: A Meteo Forecasting Support System and a Storm Tracking System.
For the GRID-Care project we identify ten fundamental services, only in
part to be realized. These services can run (or live) in the Grid and be used
independently from some applications or through web user interfaces. The
service model of Grid-Care is made up of:

• RealTimeMeteoData: This is a service implemented as a WSRF
Resource. It allows to access remote meteo-hydrological sensors to
obtain current measures. It has a single portType named RealTimeDataSensor which allows to obtain data from specific sensors in a defined circular area.
• LokalForecast: This Web Service is a referenced service which
furnishes output data of the LokalModell developed by the COSMO
project [78]. This model requires a lot of computational power to run.
It takes in input meteorological forecasting from a General Model and
computes rainfall prediction on a smaller scale.
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• GridStorage: This is a WS-Resource that implements a storage
manager inside Grid-Care. It is referenced and may be usually developed directly from the platform specific framework (for example in
GT4 we can use OGSA-DAI services).
• GridComputationPower: As for the GridStorage service above this
is a general service used to obtain computational power submitting
Jobs. Like for storage it is referenced and we can think it may be
developed using some framework existent services such as GT4 WS
GRAM.
• SatelliteObservation: It is another referenced service that accesses
a service that returns Meteosat8 satellite data and maps.
• LokalRiskDatabase: It is a stateless implemented Web Service
which returns historical data on landslides, inundations, seaquakes, tornados, meteorological alerts and hurricanes.
• GeneralModelForecast: It is a referenced Web Service that returns general forecasting model output. General Models do the same
work of local models but for a wider area and obviously with less precision.
• FloodModel: This referenced resource returns the output of a model
that computes behavior of floods on a specified basins.
• MeteoForecastSupport: Using services described above, a meteo
forecast support system can be realized as a WS-Resource. It permits
to use the services of Grid-Care simultaneously and in one system.
• StormTracking: It permits to put meteorological observation and
prediction together with the hydro-geological response of the territory
and notify if risks situations occurs.
A complex application like this can be represented, modeled and in part
realized and maintained using this tool and Service Oriented Software Engineering. Figure 5.1 represents this application scenario in SimpleUML using
stereotypes defined in section 4.3. In the following sections we give details of
the RealTimeMeteoData WS-Resource.
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Figure 5.1: The Grid Care Service Model
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The Meteorological Station WS-Resource

In this section we give a complete exposure of the RealTimeMeteoData WSResource used in figure 5.1. Real-time data is very useful in meteorological
nowcasting forecast systems, where predictions for the next 3-6-12 hours are
given to prevent meteo and hydrogeological disasters. In the service scenarios we can see how other services and resources are connected to this web
service to obtain such information.
The MeteoForecastSupport resource needs to access this service to know
the instantaneous air temperature in a land or the level of a river or again
the quantity of rainfall. It then represents this data on graphs that a meteorologist can interpret. Also the StormTracking resource, in its artificial
intelligence elaboration of the situation, can ask for an update on the current observation for the specific areas and to integrate them into the carried
process. Similar requests can be made by the LokalForecast service to refine
its model or set initial conditions for a new local elaboration.
In a Civil Defense Grid sensor data access and share have great importance. In other words, this scenario resumes the principal needs of Grid-Care
and it is meaningful for the grid power in e-science sharing of knowledge. It
also provides an example of a virtual instrument sharing according to the
GRIDCC idea of remote sensing: ”virtual instrument as special kinds of resources”.
In the description of this we can further clarify the ”state dilemma” addressed in 4.4.1. We said that data in a state can be ”metadata on the resource” or ”data for which the service is responsible” (including state data).
RealTimeMeteoData use both these types of state information. For instance
SensorConstructor, networkType and technology are metadata about the
meteorological sensor resource; while bandwidth and networkBus are state
data which dynamically evolve during the execution of message exchanges.
We choose to manage other information such as sensor type (measure) and
observation area (radius, longitude and latitude) using the service port type.
We make this choice only because we retain it useful in the context of these
application, obviously sensors could be modeled in other ways.
The generated WSDL/WSRF for such WS-Rescource is reported in Appendix A
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The MeteoForecastingSupport and StormTracking WS-Resource

The aim of the Grid-Care application scenario is to show how useful applications can be easily modeled using the Grid Modeling Tool. The MeteoForecastingSupport service and the StormTracking service meets two fundamental needs for Functional Center Project. Application like these will be
developed with much lower costs and less effort once the other seven services
are implemented.
MeteoForecastingSupport service is an application which returns a number of meteorological maps. Maps are rendered both from observed data and
prediction model data:
• forecastMap() returns two maps for local rainfall and temperature forecasting in the region stored in the state (it uses the LokalForecast service)
• realTimeRainfallMap() returns the last observed rainfall for the region
in a picture (it uses RealTimeMeteoData)
• realTimeTemperatureMap() returns the last observed temperature in
the region.
• generalModelMap() returns the rainfall and temperature forecasting in
the entire country as modeled by GeneralModelForecast service.
• satelliteInfraredMap() and satelliteVisibleMap() return respectively satellite images rendered with infrared sensors and satellite images from
visible sensor data.
Attributes in MeteoForecastingSupport service are all state data and
maintain: the current date (today); the time when the next output from
the General and the Local Models (nextLocalUpdate, nextGMEUpdate)is
expected and the predefined name of the region in which meteorologist are
interested (regionName).
The StormTracking application is more complex from an implementation
point of view. It tries to model a very challenging problem. Rainfall forecasting is not solved at small basins hydro-geological process scales; so it is
very hard to relate meteorological situations to hydro-geological risks (storm
tracking). Scientist normally use probabilistic and mathematics models to
solve this problem. With this service we propose to model a storm tracking
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system that can use Artifical Intelligence algorithms to relate meteo observation and historical information to predict hydrogeological risks. The service
also monitors meteorological risks (tornado, hailstorms, storms etc.) for a
given area. The state of this resource maintains some information needed in
the forecasting that may also be used by other services for real time computations. It makes a wide usage of lokalRiskDatabase service to extract
historical information.
Since it is expected that StormTracking will have a complex implementation; resources needed for this very complex service are all easily accessible
in the modeled Grid. Moreover, the availability of a computational power
service and centered database allow the realization of this application in a
cost effective way.

5.3

The Modeling Tool as a Service

In this section we are going to show how the implemented Tool can help to
model orders of magnitude of simpler scenarios. We model the tool itself as
a set of services interacting with each other (Figure 5.2). This example gives
the idea of how small applications are likewise represented in an architecture
design.
The ModelLoader WS-Resource is implemented to load a meta-model
expressed in MODL into the dMOF repository. It is a Resource since it
has a state where the filename of the repository is maintained (the repositoryName attribute). Invoking this resource allows the generation of the
repository for the specified meta-model. Then a hypothetical client user
interface can load a model complying with the meta-model using the ModelLoader WS-Resource. ModelLoader creates an instance of the model inside
the repository specified in the repositoryName attribute of a given ModelLoader Web Service-instance thus sets the ModelInstRep attribute with the
name of the repository model file.
Rule Parser is a simple stateless web service which can be invoked to parse a
file containing a set of STRL rules. The service returns the XMI file with the
rules. Finally, the ModelTransformation Web Service takes in input the four
XMI files (source metamodel, target metamodel, source model and trasformation rules) and returns the XMI file which represents the target model.
Here we also represent an XSLT Processor as Web Service that performs
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the last transformation of the target model and produces implementation
files.
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Figure 5.2: The Service Model for the Modeling Tool

Chapter 6
RELATED WORKS
In this chapter we discuss some works related to the Grid Modeling Tool described in chapter 4. Specifically there are currently two interesting projects
which give support to WSRF in the development and design of Grid Services:
the Globus Service Build Tool and the IBM Emerging Technologies Toolkit.
Both these tool furnish an IDE for the development of Web/Grid Service
exploiting the Eclipse plug-in facilities.

6.1

The Globus Service Build Tools (GSBT)

The GSBT [79] is an Eclipse 3 plug-in aimed to simplify the development of
WSRF Java Web Services in the Globus Toolkit 4 framework. It provides
the programmer with a GUI abstraction of both a ”GT4 Project” and a
”GT4 Service”. A GT4 Project may contains more than one service. For
each service the programmer deals only with high-level concepts, providing
some parameters used by the plug-in to automatically define the service. The
GSBT automatically generates: a WSDL definition, the service skeleton in
Java, the WSDD file and the JNDI deployment file. It also allows the generation of the GAR file directly from Eclipse GUI.
Despite GSBT being a very specific tool (only GT4 for Java support)
it works similarly to our Grid Modeling Tool. Especially, in the definition of the service (hence the WS-Resource) the inserted parameter are
very similar to the ones we used in the implemented support for WSRF.
We can see in figure 6.1 the definitions of the Target Namespace, PortType Name and Design Pattern parameters that correspond respectively to
<<stm>>TargetNamespace, Class Name and <<stm>>factory elements in
the SimpleUML representation of Services.
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Figure 6.1: The GT4 Service definition window in the GSBT Eclipse plug-in

It will be interesting to combine the features of GSBT with those of our
tool. This plug-in does not explore modeling such abstraction with UML at
all thus it is far from a Model Driven Architecture approach to the WSRF
modeling.
We mean that it will be a good opportunity to introduce the Grid Modeling Tool ideas in a programmer plug-in like this. It will extend GSBT
capabilities with the ability to model and coordinate services in a more effective way and it will furnish a more complete support for code generation
and component deployment than the one currently developed for the Grid
Modeling Tool.

6.2

IBM Emerging Technologies Toolkit (ETTK)

The IBM Emerging Technologies Toolkit (ETTK) [80] is a collection of technologies realized by IBM software development and research labs. It provides
experimental tools, for example code, documentation and executable demos
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that illustrate IBM’s current approach on emerging technology topics. Technologies within the ETTK may (or may not) be introduced in future IBM
products.
ETTK is a complex project with many subfields. We only are interested in ”ETTK for Web Services and Autonomic Computing” (ETTK-WS)
which furnish support for the development of Autonomic and Web Service
applications. ETTK-WS is a software development kit for designing, developing and executing Web Service technologies using open specifications such
as SOAP, WSDL, WS-ResourceFramework and Web Services Distrubuted
Management (WSDM).
ETTK-WS provides to developer basic software components needed to
experiment with and create Web services and autonomic programs. In particular it gives a Java implementation of all WSRF specifications and allows
WS-Resource to be modeled with some plugins for IBM WebSphere and Rational Application Developer (RAD).
Despite WSDL being supported by ETTK GUI plugins (see figure 6.2)
, the WSRF code and specifications have to be added with command line
scripts and predefined operations. This is not very useful.
Thus our Grid Modeling Tool ideas can be also helpful for the IBM ETTKWS project. Moreover similar prototypes are not new in ETTK. A tool to
automatically develop BEPL4WS and WSDL files from an Activity Diagram
in UML has been developed by one ETTK research group [81]. However it
was less expressive than our Grid Modeling Tool (it did not support WSRF
and Stateful Resources) and it did not implement a complete Model Driven
Architecture (it only uses a UML Profile to export BEPL and WSDL files
without using MOF). Figure 6.3 depicts the tool functionalities.
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Figure 6.2: A Web Service defined in the Rational Application Developer
tool used by ETTK-WS

6.2. IBM EMERGING TECHNOLOGIES TOOLKIT (ETTK)

Figure 6.3: Usage of the UML to BPEL ETTK Tool
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Chapter 7
CONCLUSIONS
I was surfing the internet when I read this headboard:
”June 01, 2005: The European Commision claims that grid technology
has put Europe on the edge of another technological revolution”
It is an emblematic article that confirms the Grid Guru’s prediction about
Grid development [1, 21]. Differently from other technological trends in computer science, Computational Grids do not need only technical solutions to
be realized. Economical and political factors are equally important. This is
due to the fact that Grid is an infrastructure that is very similar to internet
and its development will involve and interest everybody, just like the internet.
Fortunately, governments take this argument into serious consideration
and invest millions of euros a year in this specific research field [14]. Governments can take significant advantages from Grids which can be used not
only for economic Return Of Investments but also to save citizen lives as we
have shown with Grid-Care.
The aim of this thesis is to give a modest contribution to the Grid research profiling new outlooks in software engineering for grid applications.
The service abstraction and service-oriented view of software is an emerging idea which meets consensus in various fields of research. ”Service” is one
of those words in computer science fated to be overloaded. Like it was for
”Object Oriented” or ”Agents” and like it is for ”Grid System” we already
have this term everywhere: Service Oriented Architecture (SOA), Service
Driven Design, Service Oriented Infrastructure, Service Oriented Enterprises,
Service Oriented Computing, Service Society etc. This fact confirms the im145
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portance of the service concept for the future.
The definition we give of Service Oriented Software Engineering (SOSE,
yet another term!) is intentionally premature and incomplete. Actually it is
not yet time for SOSE. WSRF specifications have not been completely defined
at the time of writing and they must obviously be tested and widely used
before they became standards. Moreover, the Semantic Grid field seems to
open a new perspective to reinforce this strategical key convergence between
Web Service and Grid. It is likely that the real application of the Service
Oriented Software Engineering that we will see is in Semantic Grid. Semantic
Grids and Service Oriented Applications immediately lead us to the concept
of Agent and hence to investigate relationships between SOSE and Agent
Oriented Software Engineering (AOSE) [82, 83]. In my opinion SOSE and
Service-Oriented distributed software are probably the first steps which will
lead to the realization of AOSE and Agent vision of systems. This reinforces
the role of the Semantic Web and the Semantic Grid for SOSE since Semantic
Web is the natural environment for intelligent agents today. Convergences
of interests between Grid and Agents have also been discussed by Ian Foster [84] who depicts the role of the grids as the ”brawn” (infrastructure, tools
and sharing applications) and the one of agents as the ”brain”(autonomous
problem solvers which act flexibly in uncertain and dynamic environments).
Proceeding in small steps, a methodological approach that can support
SOSE and make it able to take into consideration Agents and Semantic Web
may go through ontologies. More specifically integrating SOSE and the Ontology Deriven Design Method (ODD) [85, 86, 87] can help to achieve ”a more
fine-grain intertwining of the two technologies, with Grid technologies becoming more agent-like and agent-based systems becoming more Grid-like” [84].
Both agent and Grid systems consist of dynamic and stateful services, this
is a means to integrate these two visions inside a single modeling framework
based on the higher-level service of abstraction. Since an agent is no more
than a special ”active” kind of grid service ”resource”.
The Modeling Tool we presented in chapter 4 gives an essential support
for the SOSE idea. It allows to model both the Web Services and Grid Services, it also permits to define business processes for those services which
permit a first model of behavioral aspects of such services (thus in future for
agents). We give a better presentation of the WSRF implemented support
which is the core of the whole thesis. It brings the grid together with other
technologies, it enables grid services to be modeled in MDA, and in other
words, it permits a first tangible support for the Software Oriented Software

147
Engineering idea.
The Modeling Tool and its underlying idea represent a project which will
hopefully be carried out.
The first dimension of the tool (a tool to model and compose services for
grid systems) represents the first concrete application of SOSE and also a
support for the current grid application development (e.g. for GT4). Proper
stylesheets can produce all the codes needed to support the development and
deployment of services. It will be interesting fot this dimension to integrate
the Tool (or its idea) with other similar instruments such as IBM ETTK or
the GSBT Eclipse plug-in. In general, integration of the Tool in Eclipse will
be likely to happen.
The second dimension of the tool (a tool that furnishes a basis for serviceoriented abstraction for software) is equally important to consider. It is obviously a more theoretical vision that can be completely refined only with
a strong SOSE definition. Above all it is influenced by WSRF standardization, which defines basic creation, destruction and lifetime and notification
mechanisms among WS-resources.
Hence both for the project part and the theoretical part of this thesis
there is a lot of work to do so that real complex application can concretely
benefit from these mechanisms. However, the two real scenarios presented
for Grid-Care and the Tool itself give a very straightforward vision of the
system in a working Platform Independent Model (PIM) (which is still a
success for SOSE). The generated model allows to automatically generate all
the WSDL Service Definition Document, together with the WSRF Resource
Property Document and part of the Globus Toolkit 4 code needed for the
service development and deployment. Adding a support for other secondary
WS-* specifications such as WS-Notification, WS-Topic, WS-Policy and WSSecurity more complex services and service scenarios can be modeled allowing
the definition of richer service models for real grid applications.
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Appendix A
A complete WSRF usage
example
GCareMeteoSensor.wsdl
<?xml version="1.0" encoding="UTF-8"?>
<definitions name="GCareMeteoSensor"
targetNamespace="http://protezionecivile.regione.marche.it
/namespaces/ gridcare/MeteoDataSensor_instance"
xmlns:tns="http://protezionecivile.regione.marche.it/
namespaces/gridcare/MeteoDataSensor_instance"
xmlns="http://schemas.xmlsoap.org/wsdl/"
xmlns:wsdl="http://schemas.xmlsoap.org/wsdl/"
xmlns:wsrp="http://docs.oasis-open.org/wsrf/2004/06/
wsrf-WS-ResourceProperties-1.2-draft-01.xsd"
xmlns:xsd="http://www.w3.org/2001/XMLSchema"
xmlns:wsrpw="http://docs.oasis-open.org/wsrf/2004/06/
wsrf-WS-ResourceProperties-1.2-draft-01.wsdl"
xmlns:wsdlpp="http://www.globus.org/namespaces/2004/
10/WSDLPreprocessor">

<!--==========

I M P O R T S

==========-->

<wsdl:import namespace="http://docs.oasis-open.org/wsrf/2004
/06/wsrf-WS-ResourceProperties-1.2-draft-01.wsdl"
location="../../wsrf/properties/WS-ResourceProperties.wsdl" />
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<!--==========

P O R T T Y P E S

==========-->

<portType name=RealTimeMeteoDataPT
wsdlpp:extends="wsrpw:GetresourceProperty"
wsrp:ResourceProperties="tns:RealTimeMeteoDataRP">
<operation name="RealTimeMeteoData">
<input message="RealTimeMeteoDataIM">
<output message="RealTimeMeteoDataOM">
</operation>
</portType>

<!--==========

M E S S A G E S

==========-->

<message name="RealTimeMeteoDataIM">
<part name="measureTypePRT" element="tns:measure" />
<part name="areaPRT" element="tns:area" />
<part name="pollingFrequenceMinutesPRT" element="tns:polling
FrequenceMinutes" />
</message>
<message name="RealTimeMeteoDataOM">
<part name="realTimeDataPRT" element="tns:realTimeData" />
</message>

<!--==========

T Y P E S

==========-->

<types>

</xsd:schema
targetNamespace="http://protezionecivile.regione.marche.it
/namespaces/gridcare/MeteoDataSensor_instance"
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xmlns:tns="http://protezionecivile.regione.marche.it/namespaces
/gridcare/MeteoDataSensor_instance"
xmlns:xsd="http://www.w3.org/2001/XMLSchema">

<!-- REQUEST and RESPONSES -->

<xsd:element name="measure" type="xsd:string"/>
<xsd:element name="pollingFrequenceMinutes" type="xsd:int"/>
<xsd:element name="area">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="latitude" type="xsd:string"/>
<xsd:element name="longitude" type="xsd:string"/>
<xsd:element name="radius" type="xsd:int"/>
<xsd:sequence>
</xsd:complexType>
</xsd:element>
<xsd:element name="realTimeData" minOccurs="0"
maxOccurs="unbounded">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="station" type="xsd:string" />
<xsd:element name="value" type="xsd:double" />
<xsd:element name="date" type="xsd:dateTime" />
</xsd:sequence>
</xsd:complexType>
</xsd:element>

<!-- RESOURCE PROPERTIES -->
<xsd:element
<xsd:element
<xsd:element
<xsd:element
<xsd:element

name="sensorManufacturer" type="xsd:string" />
name="radioQualityLevel" type="xsd:int" />
name="nextPolling" type="xsd:dateTime" />
name="bandwith" type="xsd:string" />
name="network" type="xsd:string" />
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<xsd:element name="RealTimeMeteoDataRP">
<xsd:complexType>
<xsd:sequence>
<xsd:element ref="tns:sensorManufacturer"
minOccurs="1" maxOccurs="1" />
<xsd:element ref="tns:radioQualityLevel"
minOccurs="1" maxOccurs="1" />
<xsd:element ref="tns:nextPolling"
minOccurs="1" maxOccurs="1" />
<xsd:element ref="tns:bandwith"
minOccurs="1" maxOccurs="1" />
<xsd:element ref="tns:network"
minOccurs="1" maxOccurs="1" />
</xsd:sequence>
</xsd:complexType>
</xsd:element>

</xsd:schema>
</types>

</definitions>

Factory.wsdl
<?xml version="1.0" encoding="UTF-8"?>
<definitions name="FactoryService"
targetNamespace="http://www.globus.org/namespaces/
examples/core/FactoryService"
xmlns="http://schemas.xmlsoap.org/wsdl/"
xmlns:tns="http://www.globus.org/namespaces/examples
/core/FactoryService"
xmlns:wsa="http://schemas.xmlsoap.org/ws/2004/03
/addressing"
xmlns:wsdl="http://schemas.xmlsoap.org/wsdl/"
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xmlns:xsd="http://www.w3.org/2001/XMLSchema">

<!--==========

T Y P E S

==========-->

<types>
<xsd:schema targetNamespace="http://www.globus.org/
namespaces/examples/core/FactoryService"
xmlns:tns="http://www.globus.org/namespaces/
examples/core/FactoryService"
xmlns:xsd="http://www.w3.org/2001/XMLSchema">

<xsd:import
namespace="http://schemas.xmlsoap.org/ws/2004/03/addressing"
schemaLocation="../../ws/addressing/WS-Addressing.xsd" />

<!-- REQUESTS AND RESPONSES -->
<xsd:element name="createResource">
<xsd:complexType/>
</xsd:element>
<xsd:element name="createResourceResponse">
<xsd:complexType>
<xsd:sequence>
<xsd:element ref="wsa:EndpointReference"/>
</xsd:sequence>
</xsd:complexType>
</xsd:element>
</xsd:schema>
</types>

<!--==========

M E S S A G E S

==========-->

<message name="CreateResourceRequest">
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<part name="request" element="tns:createResource"/>
</message>
<message name="CreateResourceResponse">
<part name="response" element="tns:createResourceResponse"/>
</message>

<!--==========

P O R T T Y P E

==========-->

<portType name="FactoryPortType">
<operation name="createResource">
<input message="tns:CreateResourceRequest"/>
<output message="tns:CreateResourceResponse"/>
</operation>
<operation name="create">
<input message="tns:CreateResourceRequest"/>
<output message="tns:CreateResourceResponse"/>
</operation>

</portType>
</definitions>

Appendix B
The Grid Modeling Tool
Manual
This manual describes the fundamental steps needed to install and use the
Grid Modeling Tool described in Chapter 4.
To download the tool files you must require them to moretti@cs.unibo.it
The Grid Modeling Tool works on Windows 2000 Pro/Server, Windows XP
and Windows 2003 Server.
Before useing the Tool you have to install the following softwares:
• Java SDK 1.3
• Java SDK 1.4
• Borland VisiBroker 4.0 for Java
• DSTC dMOF XMI 1.1
• LIP6 Modfact
• IBM Rational Rose Enterprise Ed.
• Unisys XMI 1.0 Rose plug-in
• TokTok 1.0
Supposing that you installed the software above on the C:\Soft\ directory then you have to set the following environmental variable using the
Autoexec.bat file or the Control Panel->System menù.
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SET PATH=%PATH%;C:\Soft\Inprise\vbroker\bin
SET PATH=%PATH%;C:\Soft\jdk13\bin
SET PATH=%PATH%;C:\Soft\dMOF_1_1\bin
SET
SET
SET
SET

CLASSPATH=C:\Soft\Inprise\vbroker\lib\migration.jar;%CLASSPATH%
CLASSPATH=C:\Soft\Inprise\vbroker\lib\vbdev.jar;%CLASSPATH%
CLASSPATH=C:\Soft\Inprise\vbroker\lib\vbjdev.jar;%CLASSPATH%
CLASSPATH=C:\Soft\Inprise\vbroker\lib\vbjorb.jar;%CLASSPATH%

SET
SET
SET
SET

CLASSPATH=C:\Soft\dMOF_1_1\lib\dMOF.jar;%CLASSPATH%
CLASSPATH=C:\Soft\dMOF_1_1\lib\collections.jar;%CLASSPATH%
CLASSPATH=C:\Soft\dMOF_1_1\lib\xml_dom.jar;%CLASSPATH%
CLASSPATH=C:\Soft\dMOF_1_1\lib\CosNaming.jar;%CLASSPATH%

SET CLASSPATH=C:\Soft\TokTok-1.0a1\lib\toktok.jar;%CLASSPATH%
SET CLASSPATH=C:\Soft\TokTok-1.0a1\lib\antlr.jar;%CLASSPATH%
Ok, now all programs required for the Grid Modeling Tool are installed
in your system and you can start using the tool.

– Model generation flow of the Modeling Tool –
// First of all you must design a Platform Independent Metamodel (PIM)
// to use inside the tool. It may be a UML Profile, in this case
// we use the SimpleUML metamodel designed with Rational Rose.
Rational Rose: SimpleUMLmm.mdl
//
//
//
//

Then you have to deploy a MOF repository to maintain this metamodel.
You have to start the dMOF meta-model repository (i.e. the MOF
meta-metamodel repository) and write the object reference
in the dMOF.ior file
dMOF: repository-fdmof.ior--new

// Using the Rose plug-in described in § 4.2.1 you can export
// the metamodel in MODL and produce the SimpleUML.modl file.
Tool: MODLexporter.ebs
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//
//
//
//
//

Then you can use the dMOF tool to compile the MODL file and get
the meta-model described in MODL into the dMOF meta-model
repository. dMOF creates some new meta-objects representing the
meta-model in the repository, it performs also syntax and semantic
checks on the loaded model.
dMOF: modl2mof-mdmof.iorSimpleUML_metamodel.modl

// Once the metamodel is inside the dMOF repository you can use the dMOF
// to generate the IDL from your meta-model. The CORBA IDL files defines
// the interfaces for a metadata repository of the meta-model. After this
// step you can automatically generate a collection of Java files that
// implements the IDL (together with dMof runtime libraries). Such files
// are written in the /[MetamodelName]Impl directory (in this case
// /SimpleUMLImpl ) and realize the moflet.
dMOF: mof2idl-x-mdmof.ior-pSimpleUML-fSimpleUML.idl
dMOF: mof2moflet-x-mdmof.ior-pSimpleUML
//
//
//
//
//

Now you have to start building the moflet. First you must use
Visibroker to compile the generated IDL file. The .java files
representing the CORBA stubs and skeletons are stored
in the directory /[MetamodelName] (e.g. /SimpleUML).
They are needed to compile the moflet.
Visibroker: idl2java-I"C:\Soft\dMOF_1_1\idl"-C-no_examplesSimpleUML.idl

// With the MOF meta-model interchange tools you can generate two
// java programs. The first that will create XMI documents from metadata
// in a moflet instance and the second which reads XMI documents
// containing metadata conforming to the meta-model and uses them to
// populate a new Package instance in the moflet.
// XMI Producer and Consumer consist in a main class and a parser that
// produce and consume XMI documents: they extract models in XMI from
// the generated repository
dMOF:mof2xmiproducer-pSimpleUML-mdmof.ior
dMOF:mof2xmiconsumer-pSimpleUML-mdmof.ior
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// The last step for the generation process is the realization of the
// HUTN parser for the metamodel. TokTok generates the metamodel parser
// in java and stores it in the directory \[MetamodelName]_Parser.
// This component parses models according to the defined metamodel and
// then charges it into the repository.
TokTok: vbj-Ddmof.license.dat=C:\Soft\dMOF_1_1\License
-Dvbroker.orb.embedCodeset=falsehutn.grammarGen.GrammarGenerator
-pSimpleUML-mdmof.ior
// Once also the parser files have been generated you can compile
// the entire moflet with the Visibroker Compiler, Javac or other java
// compilers (stubs and skeletons will be automatically compiled)
Visibroker:vbjcSimpleUML\*.java
Visibroker:vbjcSimpleUMLImpl\*.java
VisiBroker:vbjcSimpleUML_Parser\*.java
// To run the generated moflet and extract/import XMI file
// you have to use the Visibroker vbj command
Visibroker: vbj-VBJpropdmof.license.dat="C:\Soft\dMOF_1_1\License.txt"
SimpleUMLImpl.SimpleUMLServer-fSimpleUML.ior--new
Visibroker: vbj-VBJpropdmof.license.dat="C:\Soft\dMOF_1_1\License.txt"
SimpleUMLImpl.XMIProducerMain[generatedMoflet].ior
Visibroker: vbj-VBJpropdmof.license.dat="C:\Soft\dMOF_1_1\License.txt"
SimpleUMLImpl.XMIConsumerMain[modelToImport].xml
SimpleUML.ior[generatedMoflet].ior

Transformation flow of the Modeling Tool
//
//
//
//

To use the tool with the generated moflet you have to design a
model representing the application scenario using concepts of
the PIM metamodel (which is stored on the repository). We assume
you will model it with Rational Rose.
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Rational Rose: example.mdl
// Using the developed Rose script SimpleUMLhutnGenerator
// you can export your SimpleUML application scenario model
// in the HUTN language. You will obtain example.hutn
Tool: SimpleUMLhuntGenerator.ebs
// Now you have to run the repository created in the model generation flow
// as explained in the previous section. Then you can parse and load
// the model in the metamodel repository using TokTok classes.
Tool: vbjSimpleUML_Parser.SimpleUMLDriverSimpleUML.iorexample.hutn
// Using the dMOF XMI Producer you can export the parsed XMI file
// which represent the SimpleUML model in example.mdl
Tool: vbjSimpleUMLImpl.XMIProducerMainSimpleUML-esempio.ior
//
//
//
//
//
//
//

Now it is time to use Modfact and start the transformation.
The Modfact class carry out the transformation and generates a PSM
(for WSRF, BEPL4WS or ClassAd) from the PIM of example.mdl
It uses the following files: the SimpleTRL rule file in XMI; the
SimpleUML metamodel in XMI; the XMI file of the model extracted
from the repository; the XMI representation of the target metamodel
(in this case WSRF).

Modfact: javaorg.objectweb.modfact.qvt.service.Client
C:\Soft\modfact\suml_to_wsrf/suml_to_wsrf.xml
C:\Soft\modfact\suml_to_wsrf/simpleuml_mm.xml
C:\Soft\modfact\example.xml
C:\Soft\modfact\suml_to_wsrf/wsrfcoremetamodel.xml
// The output of the Tool is an XMI file representing the target metamodel
// instance corresponding to the platform independent model example.mdl
Tool: C:\Soft\modfact\suml_to_wsrf\wsrfcoremetamodel.xml_instance.xml
// You can apply a series of XSLT stylesheet to this file in order to
// obtain WSDL/WSRF documents, GT4 code and other platform specific
// files. It is also possible to realize the metamodel repository for
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// the target metamodel like we did for SimpleUML and then load
// the generated model on this repository.

