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INTEROPERABILITY ISSUES OF MDWE

METHODOLOGIES

ATTILA ADAMKÓ AND LAJOS KOLLÁR

Abstract. Due to the evolution of Web technologies experienced in the
past 10–15 years, the Web has become a primary platform for developing
applications. However, as these technologies evolve very fast, they might
become obsolete soon. Developers of Web applications need sophisticated
solutions that support the whole product lifetime of an application that is
able to cope with the skyrocketing changes of the underlying technologies.

Model-driven Web Engineering (MDWE) is a still emerging field aim-
ing at providing sound model-based solutions for building Web applications
that try to separate the abstract design (PIM) from the concrete techno-
logical platforms (PSMs). However, current MDWE approaches cannot
provide solutions for all kinds of the requirements against a software sys-
tem therefore a lightweight, extensible, loosely coupled set of models for
designing applications are needed.

This paper introduces an approach for the interoperability of (some)
existing methodologies based on metamodeling, model transformations and
model weaving which allows the MDWE methodologies to be extended in
a consistent manner where new model kinds are separated and weaved
together with the classical models that each approach supports.

1. Introduction

Existing model-based Web Engineering approaches provide different meth-
ods and tools for both the design and the development of various kinds of Web
applications. In order to reduce complexity, most of the methodologies pro-
pose the separation of different views (i.e., models) of the application into 3
levels: structural (or content), navigational (or hypertext) and presentational
models. For more information see [9]. Figure 1 shows the most common design
dimensions of the currently existing methodologies.
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Figure 1. Design dimensions of Web applications [9].

In addition, some methodologies add some new models (or refine existing
ones) to obtain a more fine-grained solution when modeling the application.
Despite the separation, the levels should be interconnected in order to be able
to capture the semantics behind the elements of the different models, e.g., the
navigational objects are based on certain elements of the content model.

Beyond the creation of the models for the corresponding levels, Web appli-
cation designers need to be aware of the various aspects of the systems to be
modeled. Some applications are providing access to more or less static infor-
mation hence they require much less behaviour modeling compared to systems
that need to perform several complex business processes like e-commerce ap-
plications. Both structure and behaviour need to be modeled using a uniform
notation that has to cope with the specific characteristic of each of the levels.

Current design methods offer some possibilities for modeling the levels and
aspects mentioned above but they all has a unique approach (e.g., offering
some model kinds that the others not) so this field is not standardized.

2. Research background

2.1. Domain-specific modeling, Metamodeling. The main goal of domain-
specific modeling is to raise the level of abstraction by specifying the solution
directly using domain concepts. The final product (and maybe several inter-
mediate artifacts, as well) are generated based upon these high-level specifica-
tions. It also allows the stakeholders and domain experts to concentrate to the
domain only. Domain-specific languages (DSLs) are built in order to capture
domain semantics. A very common (but not the only) way of defining DSLs
is metamodeling. The previously mentioned Web application design methods
contain notations that can be used for describing a model of a Web application
so they can be considered as DSLs for Web applications hence.

Some of the existingWeb application design methods (e.g., UWE,WebML)
offer a metamodel, as well [?, ?]. This allows model-based development since
one need to build models conforming to the appropriate metamodel in order
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to capture the structural, navigational or presentational structure of the ap-
plication to be developed. However, in the most of the cases, these models mix
the different levels of Web applications that results in a solution that might be
appropriate for the given application domain but makes the reuse of models
or model parts almost impossible.

2.2. Model transformation, Model weaving. Model transformations are
the most important operations in model engineering, describing how elements
in the source model are converted into elements in the target model. This
is achieved by relating the corresponding metamodel elements in the source
and the target metamodels. Transformations can be classified into two cate-
gories: vertical transformations (a.k.a. refinements) are defined between mod-
els of different abstraction levels (e.g., PIM—PSM mappings), while horizontal
transformations are mappings between models of the same level of abstraction
(e.g., for improving or correcting a model).

Weaving models are used to explicitly describe fine-grained relationships
between models and metamodels (that are models themselves, as well) and
execute operations based on them. With the help of applying weaving models,
large metamodels that capture all aspects of a system can be avoided and a
lattice of metamodels can be constructed instead where each metamodel that
focuses on its own domain is maintained independently from the others. The
links defined by the weaving model have some associated semantics about the
linked elements.

3. Problem statement

Most of the methods mentioned in Section 1 are using different notations
for these models, hence the interoperability between them is very hard to
achieve. This also deceases reuse as one cannot import, for example, a con-
ceptual model or a part of it when developing an application for a similar
domain.

The idea of complete integration of the existing languages and methodolo-
gies, i.e., developing a common metamodel and unified phases of development
that everyone will use in the future is utopian and (in our opinion) it must
not be the goal of any integration or interoperability efforts. The main reason
behind it is that different domains and various flavours of Web applications
may require different styles of modeling and it is almost impossible to achieve
such a common modeling notation which is easy to understand and work with
while being flexible enough to solve the uprising issues. Therefore we should
work on bridging the different models together that allows (or promises, at
least) the interchangeability of models and/or model pieces instead.
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New models, processes and transformations should be included into the
existing design methods when new aspects arise. However, these changes to
a methodology are very risky and can cause several problems. In [6], three
categories of concerns were identified:

• dependent concern, that depend on some other (earlier defined) con-
cern(s), e.g., navigation (which depends on the conceptual model);

• replacement concern, that fully replaces a previously defined concern,
e.g., presentation;

• orthogonal concern, that is a brand new concern which is completely
independent of all the others, e.g. business process models.

However, we are not against the creation of subsequent metamodels and/or
methodologies as they can result in better description of system parts or im-
proved development processes. We only claim that a common metamodel is
not the Holy Grail of MDWE as each and every “common” one will most
probably fail as being a universal solution because the diversity of Web ap-
plications will require new answers for such questions that probably had not
been asked by the time of developing the common metamodel.

4. Proposed solution

Our goal is to establish an extensible model-based framework which can
provide interoperability among the existing Web modeling languages. This
task has to be achieved by separating the different concerns (i.e., levels, phases
and aspects) of Web applications in order to be able to either reuse relevant
model parts or “transfer” a model into another notation (e.g., after a structural
model is created conforming the metamodel of language A we decide to build
the navigational model in language B since it might be more appropriate for
our goals).

Hence, it is extremely important that the metamodels defining the lan-
guages for describing the various aspects of a Web application need to be
separated from each other as much as possible. So we suggest of decomposing
the various methods into a combination of models, each of which conforms to
a well-defined part of the whole application domain regardless of the language
used for the notation. For example, that allows of describing the structural
model either in relational model, Entity Relationship (ER), UML or by us-
ing any custom DSL but it requires the separation of the structural model
from any other models (e.g., navigational or requirements model). Besides,
we suppose that no method uses a notation that does not conform to the
MOF metapyramid (in fact, this is not a heavy constraint).

In our proposed solution, model weaving should appear on two levels:
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(1) On intra-method level, the relationships existed before the decompo-
sition of the concerns need to be defined in a weaving model in order
to be able to produce the same level of expressiveness. Let us con-
sider the well-known conference management system as an example!
In UWE, for instance, we would have a UML class called Paper in the
structural model while its derived (and stereotyped) versions would ap-
pear in the navigational and presentational model, as well. Instead of
the given method’s built-in notation for this derivation, weaving links
should be established in a weaving model that comprises statements
about the relationship between the models in question. This weaving
model can also be used later on when the starting point of the design
is the building of the structural model as it captures the semantics
that structural model elements also become (stereotyped) elements of
the navigational model under given circumstances so a transformation
might be applied to the structural model in order to create an initial
version of the navigational one.

(2) On inter-method level, when the relationships described by the weaving
model define which model elements of a given model Ma conforms to
which model elements in Mb. Ma and Mb here typically have the same
level of abstraction (e.g., they both are structural models described
by different methodologies) and the weaving model is defined between
their corresponding MMa and MMb metamodels. For example, if one
of the methods uses ER for describing the structural model while the
other one applies UML for the same purpose, then the weaving model
should contain that the strong entity type of the ER corresponds to
a class in a UML class diagram, etc. This approach allows not only
the generation of such a model transformation based on the weaving
model that can transform a model in a notation into another model of
another notation but model traceability is also supported.
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