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1 Introduction

Model-driven approaches to software development have
proliferated in recent years owing to the availability of
techniques based on metamodelling and model
transformations, such as the meta-object facility (MOF) and
the query view transformation (QVT) standards. During the
same period, service-oriented architecture (SOA) has
become the major trend towards the development of
distributed applications. SOA is an architecture style for
developing distributed applications in which application
parts can only interact by referring to each others’ services.
SOA has many potential benefits, such as service reuse and
the possibility of enacting business processes through
orchestration, using executable languages like Business
Process Execution Language (WS-BPEL). Model-driven
approaches allow the separation of implementation issues
from the essential purposes of software systems and in this
respect, they match the purpose of identifying services and
separating them from their implementations advocated by
SOA. Therefore, there are good reasons to apply
model-driven approaches to the development of services
and SOAs. The combination of these two research areas is
the main topic of this special issue, which addresses
advances in methods and modelling techniques for services
and their compositions (including design concepts,
languages, metamodels, profiles and specification
frameworks); advances in methodological guidance for the
model-driven service development process and advances in
model transformations (or mappings) targeted to deploy
services and their compositions in services platforms.

2 Historical background

Both model-driven development and SOA are relatively
new research areas, but the underlying ideas can be traced
back to previous and ongoing developments in software
system design and distributed computing.

Model-driven approaches stem from the OMG’s model
driven architecture (MDA), which is an attempt started
around 2001 to provide a vendor-neutral approach to
address the challenge of business and technology change
(OMG, 2003). MDA is based on the idea that diversity of
systems is unavoidable and that instead of trying to
force acceptance of a single system solution, it is
more realistic to pursue agreement on models of
systems and transformations between these models. For this
purpose, OMG identified three kinds of (viewpoint)
model, namely computation-independent models (CIMs),
platform-independent models (PIMs) and platform-specific
models (PSMs) and possible transformations between these
models. On the one hand, model-driven approaches based
on OMG’s MDA technologies can be seen as the next step
in moving software development towards a higher level of
abstraction (Frankel, 2003), thus, achieving better focus on
application concerns and avoiding error-prone low-level
programming. On the other hand, model-driven approaches
apply a separation of concerns and provide support for

reconciling these concerns in the development process. The
principle of separation of concerns has been characterised
and used already for a long time, in different forms (Parnas,
1972; Vissers and Logrippo, 1985; Silva et al., 1995;
Melliar-Smith et al., 1997), to master the complexity of
systems, shorten development time and facilitate assessment
and maintenance. The main contribution of MDA has been
the separation of viewpoints corresponding to business,
application and technology concerns, respectively and
advances in  metamodelling and  transformation
technologies.

The origin of SOA is less clear, since not a single
organisation can claim the invention of the term and the
definition of the underlying concepts (although, OASIS
more recently published a standard that unifies the SOA
concepts (OASIS, 2006)). SOA is often seen as an evolution
of the client-server architecture. The client-server
architecture distinguishes fixed client and server roles,
which can interact in a point-to-point manner. SOA extends
this structure by supporting discoverable services which are
offered by service providers and used by service consumers
in a way that resembles a commercial marketplace with
matching of capabilities and needs (Papazoglou and van den
Heuvel, 2007). SOA can also be seen as a next step in the
development of software ‘black boxes’ that shield internal
details of application components, providing in this way
coarser level functionality through service interfaces.
Services, in this sense, are the next evolution step after
objects and components (Dodani, 2004), which have
focused on reusing external behaviour and hiding
implementation details. SOA stresses interoperability, as
opposed to the internal operation of individual components
(or objects). The uptake of SOA has been boosted by the
success of web services, which consist of a collection of
technologies (SOAP/XML, WSDL and UDDI) that nicely
support the SOA concepts and principles. Although, web
services technologies are still evolving they are already very
significant for SOA as they demonstrate its technical
feasibility, by providing the technology to implement
architectures that are to some extent ‘service-oriented’.

3 Some challenges

Some important challenges can be observed with respect to
the application of model-driven approaches to the
development of services and SOAs:

1  extending the scope of model-driven approaches
towards the business level

2 coping with behavioural aspects from different
viewpoints (e.g., choreography and orchestration) at
different abstraction levels (e.g., business and
technical) in modelling and transformations

3 coping with non-functional properties in the
development process and propagating these properties
to the final implementation.
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So far, most model-driven approaches have focused on the
creation and transformation of models at the application
level (i.e., PIMs) or models at the technological level (i.e,
PSMs) or on code generation through transformations.
There is still a considerable gap between business
understanding and technology design, making it difficult to
derive proper technology solutions for a given business
problem. Even harder is the challenge to keep the business
and technology aligned in the face of constant changes,
which could be a benefit of using MDA in this area.
Although, service-orientation is already an important
advance as a structuring approach, serious complexity
challenges remain due to various viewpoints of involved
stakeholders and the business-technology abstraction gap
(Johnson and Brown, 2006; Wegmann et al., 2008). MDA
prescribes that business aspects should be captured in CIMs.
However, there is still little agreement on which aspects
should be represented in CIMs and on the techniques that
should be used to represent and transform CIMs into PIMs
(Kherraf et al., 2008).

An important aspect of service-oriented applications is
the definition of the service behaviour. Particularly,
choreography and orchestration are important to guarantee
interoperability and correctness in service interactions
(Quartel and van Sinderen, 2007). Model-driven approaches
to SOA should therefore be able to capture and represent
service behaviours from different viewpoints and at
different levels of abstraction. However, considering UML,
which is the modelling notation of choice of OMG for
MDA, we observe that behaviour can be represented in
different and possibly in mutually inconsistent ways and
that notions of refinement and transformations are still
lacking in these techniques. Since other behaviour
modelling languages and formalisms could be applied in the
scope of MDA as long as they have a MOF-compliant
metamodel, we envisage an opportunity to investigate how
other modelling techniques than UML could be applied to
support these modelling and transformation needs.

Non-functional properties, such as performance,
reliability, availability, etc., should be properly considered
and modelled in the development process of
service-oriented systems, at different abstraction levels.
Models can also be used at runtime, especially if the desired
system functionality and behaviour cannot be fully foreseen
at design time, as is the case with systems that have to adapt
to changes in their environment (Parzyjegla et al., 2008).
Models provide then a semantic base at runtime for
evaluating monitored system states and for decision making
with respect to corrective measures in case an undesirable
state is detected. In this way, non-functional properties can
be improved. Taking availability as an example, models of
alternative system configurations, especially service
compositions when considering SOA-based systems, can be
used at runtime to reconfigure the system after system
failures.

4 Contents of this special issue

This special issue contains three papers that were submitted
as responses to our call for papers and two papers that were
submitted as regular contributions to I/BPIM.

The paper by Brahe and Bordbar, entitled ‘A
methodology for domain-specific business process
modelling and implementation’, tackles especially the
challenge of extending the scope of model-driven
approaches towards the business process level. This paper
proposes domain-specific languages that allow different
experts to specify their aspects of interest using domain
concepts to which they are familiar. Transformations are
defined between these models, in order to enforce their
consistency and speed up the development process. The
paper illustrates the proposed approach with a use case
example and discusses the prototype tools that have been
built to demonstrate the approach.

The paper by Quartel et al., entitled ‘Model-driven
design, simulation and implementation of service
compositions in COSMO’, addresses particularly the
challenge of coping with behavioural aspects of service
specifications at different abstraction levels. The paper
discusses how services and composition of services can be
designed, simulated and implemented, using a unifying
framework called COSMO. Special attention is given to the
support to behaviour refinement, which starts from a
high-level definition of goals for the mediation between
services and results in an orchestration behaviour that
executes the mediation. The proposed approach is illustrated
with an example of the semantic web services challenge.

The paper by White et al., entitled ‘Creating self-healing
service compositions with  feature models and
microrebooting’, is related to the challenge of considering
non-functional properties and propagating them to the
implementation level. The paper discusses a mechanism to
improve the availability of distributed applications by
defining feature models of their service composition and
recover applications after failure by using an alternative
configuration in which failed service components are
replaced. The paper illustrates the approach with Sun’s Java
pet store e-commerce case study, often used for the
benchmarking of frameworks for implementing distributed
applications. The paper also discusses Reflect, which is a
middleware layer that implements the proposed approach.

The papers submitted, as regular contributions to this
journal, concern the verification of behavioural aspects of
service-oriented applications.

The paper by Amme et al, entitled ‘Advanced
verification of distributed WS-BPEL business processes
incorporating CSSA-based data flow analysis’, presents a
technique to verify the data flow of service orchestrations
represented using WS-BPEL using models.

The paper by Lohmannn et al., entitled ‘Comparing and
evaluating Petri net semantics for BPEL’, introduces two
Petri net models for WS-BPEL and compares these models,
showing that they have been devised by taking different
modelling decisions.
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The papers of this special issue present some interesting
developments related to model-driven SOAs. They also
demonstrate that only partial solutions exist for the major
challenges that were identified. In order to achieve the
benefits of model-driven approaches and SOA, further work
is necessary, involving researchers and practitioners of the
respective communities. We hope that readers will find the
papers of this special issue useful as well as inspiring.
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