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Abstract. Nowadays, a typical software development process involves
a great number of developers which participate in the development pro-
cess by using a wide variety of development tools. As a consequence, the
data representing the project as a whole is separated over the different
development tools. For the purpose of consistency, maintainability and
tracebility it is an essential task to be aware of the relationships between
semantic equivalent data in different tool repositories. The Real-Time
Systems Lab and the Darmstadt University of Technology performs re-
search in the area of tool and metamodel integration to provide solutions
to overcome this gap. We will explain why EMOF is not the right choice
for meta-modeling-in-the-large activities as sketched above and show why
we urgently need features provided by CMOF for that purpose. Further-
more, we will list some properties for a true meta-modeling-in-the-large
language that even go beyond the capabilities of CMOF (and UML).

1 Introduction

The integration of development tools, or rather of the metamodels which are
implemented by the development tools, requires a metamodeling language which
provides sufficient features for clearly structured and well formed metamodels.
Since, known from experience, metamodels of development tools are usually quite
big and complex, only a metamodeling language which is able to deal with large
and complex specifications is suitable for the purpose of metamodel integration.
In other words, the potential of an integration approach is directly dependent
on the used metamodeling language’s capacity.

The most promising approach concerning the size of specifications is provided
by MOF 2.0 [Obj06], or, to be more precise, by the most sophisticated part of
MOF 2.0 which is denoted as CMOF. Thus, the integration approach which
is developed at the Real-Time Systems Lab [KS06] [KS05] is conceptually and
technically [AKRS06] [MOF] based on CMOF. In the following we will present
a short example of metamodel integration and briefly present important meta-
modeling features before we come up with a short conclusion. We concentrate
on conceptual issues rather than on implementation issues (like concurrent ac-
cess, concfiguration control etc.) which we gained from several industrial projects
[SDG+07], [A+03].



2 Integration of metamodels

Figure 1 shows an example from the area of automotive systems development
processes. It is limited to the application of the requirements engineering tool
Doors [Doo07], the system design and simulation tool Matlab/Simulink [Sim07]
and a standard UML tool, though the number of tools used in a development
process of automotive systems is typically larger. The improvement of automo-
tive systems development processes by means of tool integration is currently
addressed not only by research organizations but also by industrial partner-
ships [Aut06].
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Fig. 1. Example of integrated metamodels

For each tool, besides the metamodel as provided by the tool developer there
exists an extension of that metamodel specific to the development of automotive
systems. A variety of integration rules is required to keep semantic equivalent
data represented in multiple tools consistent. Again, these integration rules can
be subdivided into those which are applicable for all users of the tools listed
above and those which are specific to the development of automotive systems.
For the latter we can further distinguish between rules that apply to the standard
metamodels of the tools and those that deal with domain specific extensions.

Both the basic metamodels provided by the tool developers as well as the
basic integration rules need to be refined to be appropriate for the domain of
automotive system development. In the following, we point out a set of impacts
these refinements and the size of the metamodels have on the requirements to
metamodeling and integration tools. Most of these requirements have been im-
plemented in the MOFLON Tool Suite [AKRS06], an implementation of MOF



2.0, including an implementation of MOF QVT [Obj05] based on Triple Graph
Grammars [KS05] for model-to-model transformations. However, the semantics
of the concepts introduced by MOF to support metamodeling-in-the-large are
defined in an unprecise manner in certain aspaects, which makes the implemen-
tation of a MOF-compliant tool rather hard and needs to be improved in future
versions of the specification.

2.1 Modularization

To provide appropriate support for the definition of large metamodels and their
integration, a modularization concept in both, the metamodeling and the inte-
gration language, is required, since the number of integration rules grows with
the size of the metamodels. To keep metamodels of that size manageable, a hier-
archical concept for namespaces is required. A global namespace (as in EMOF)
prevents the designers of the metamodel and the integration rules from intro-
ducing a clear structure and results in problems concerning overview and main-
tainability.

From the introduction of namespaces follows the necessity to provide a con-
cept to access elements from different namespaces, which is required to be able
to reuse and refine these elements. As a matter of convenience, the import of
single elements as well as of all elements from a different namespace should be
supported. The possibility to reuse parts of the metamodel described by other
domain experts is not only essential for the definition of clearly structured and
understandable metamodels. It also allows developers to share knowledge spe-
cific to their area of expertise with each other. Reusablilty of components has
proven to be of value in the design of large software systems for years, and it
should be self-evident when designing large metamodels as well.

2.2 Relations

One of the absolut essential features for the purpose of metamodel integration
is an advanced relation concept. Since, the integrated metamodels must not be
affected in any kind, it must be possible to model a relationship between elements
of different metamodels without modifying the involved classes. It is essential
that the involved metamodels on the one hand and the integration construct on
the other hand can be separately compiled1. If the integration causes changes
in the integrated metamodels, a separated compilation would be impossible. For
this demand, the concept of a reference consisting of two mutual referencing
class attributes simply fails.

In fact, associations as first class modeling constructs are indispensable to
allow an integration which does not enforce the modification of the integrated
metamodels. The association concept applied in CMOF introduces associations
as packagable classifiers next to classes. This concept, which treats associations
1 In an ideal world, the compiled tool metamodels are provided by the tool manufac-

turer and, therefore, have to be treated as read only.



as relations rather than mutual pointers, offers the possibility to maintain as-
sociation instances independend from their involved class instances and thus, in
turn, allows to implement the integration issues separately from the integrated
metamodels. Finally, a metamodeling language which is suitable for integration
has to provide real associations instead of simple references.

2.3 Refinement

For the extension of metamodels and integration rules as shown in Figure 1, a
concept allowing to reuse and refine existing elements in the metamodel must be
present in a metamodeling language. These refinements must be possible with
respect to the immutability of the metamodels provided by tool developers. The
necessity to introduce refinements does not only apply to classes, but also to asso-
ciations and entire namespaces, which need to be introduced as stated in the pre-
vious sections. Besides the generalization of classes, CMOF therefore introduces
subsetted and redefined association ends and package merges. These concepts
also allow to define several views of the same element in different namespaces,
each of which may abstract from certain aspects and introduce new features as
required.

2.4 Implementation

One last aspect, which is indeed a matter of implementation, is the subject of
qualified associations which offer the possibility to query related objects based on
attribute values. For an efficient implementation of a model repository, queries
based on attribute values are extremely helpful. We had to gain this experience
during the work on our metamodeling framework MOFLON. Thus, we would like
to emphasize the relevance of qualified associations although they are dispensable
from a conceptual point of view. In this case the practical point of view prevails,
which triggered us to introduce qualified associations in MOFLON although they
are neglected in CMOF as well.

3 Conclusion

Our mentioned integration approach highly benefits from the presented features
of CMOF. In fact, they are an essential part. Although, CMOF meets our de-
mands, we also notice that in the meantime EMF is the more prominent alter-
native. Since, we cannot abandon the powerful features of CMOF but are also
not averse to a more popular and well known base technologie, we keep an eye
on the discussion about the future of EMF and are curious in which way EMF
is evolving. The main issues which should be taken into account from our point
of view are stated throughout this position paper.
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