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ABSTRACT
Nowadays, a typical software development process involves
many developers which participate in the development pro-
cess by using a wide variety of development tools. As a con-
sequence, the data representing the project as a whole is dis-
tributed over different development tools. For the purpose of
consistency, maintainability, and traceability it is an essen-
tial task to be aware of the relationships between semantic
equivalent data in different tool repositories. The Real-Time
Systems Lab at the Technische Universität Darmstadt per-
forms research in the area of tool and metamodel integration
to provide solutions to overcome this gap. In this demon-
stration we present the metamodeling framework MOFLON
that addresses these issues by bringing together the lat-
est OMG standards with graph transformations and triple
graph grammars. Using MOFLON, developers can gener-
ate code for specific tools needed to perform analysis and
transformation on one development tool or to incrementally
integrate data of different modeling tools.

Categories and Subject Descriptors
D.2.2 [Software Engineering]: Design Tools and Tech-
niques—Computer-aided software engineering (CASE)

General Terms
Design, Languages

Keywords
model-driven software development, tool integration, triple
graph grammar, model transformation

1. INTRODUCTION
During the last decades, industrial software engineers have

been facing ever growing complexity in their development
processes. This complexity does not only originate from
the sheer code size produced by dozens of developers dur-
ing the evolution of long-lived industrial projects to reflect
changing and sprawling requirements. Apart from that, it is
also very difficult to consistently keep up the whole project
with evolving technologies like hardware platforms, operat-
ing systems, tools, and programming as well as a plethora of
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modeling languages. OMG’s vision of model-driven applica-
tion development (MDA) helps to manage the first kind of
complexity by defining corresponding layers of abstraction
for each project. However, the related tools even add to the
second kind of complexity.

Taking the development of embedded systems in the auto-
mobile industry as an example, the development processes
involve quite a number of different tools each specialized
in certain tasks (e.g. requirements engineering, modeling of
software and hardware functionality, test case maintenance).
Thus, the data of a project as a whole is distributed over
different tools. Typically, these tools are commercial off-
the-shelf (COTS) that are rarely designed to integrate with
each other. Nevertheless, the data stored in the separate
tools is related and must be kept consistent. Thus, we need
an appropriate tool integration approach that supports the
rapid development of analysis, transformation, and integra-
tion operations on models that are stored in different COTS
tools.

For this purpose we are developing the MOFLON meta-
modeling framework [19], which features metamodel edit-
ing, code generation, XMI import/export, graph transfor-
mations, and triple graph grammars. MOFLON is used to
create tools that analyze, transform and integrate models
which are created using already existing COTS tools.

2. METAMODELING WITH MOFLON
The integration of development tools, or rather of the

metamodels which are implemented by the development tools,
requires a metamodeling language that 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 metamodel-
ing language which is able to deal with large and complex
specifications is suitable for the purpose of metamodel in-
tegration. In other words, the potential of an integration
approach is directly dependent on the used metamodeling
language’s capacity. The most promising approach concern-
ing the size of specifications is provided by OMG’s latest
metamodeling standard MOF 2.0 [14].

The Meta Object Facility (MOF) basically provides, for
the purpose of metamodeling, an optimized version of the
popular and well-known class diagrams of the Unified Mod-
eling Language (UML) [16]. The main benefit of MOF 2.0
compared to its predecessors consists of its sophisticated fea-
tures for modularization and refinement. Modularization is
on the one hand provided by the advanced package concept
which allows for the specification of namespace hierarchies



and on the other hand by an association concept which treats
associations as first class modeling constructs that can be
instantiated and queried as an independent link repository.
Particularly, the latter feature is absolutely necessary, since
for the purpose of integration, it is very important that links
can be established without modifying the involved classes.

Refinement, which has been available for classes since the
early days of visual data modeling, is in terms of MOF 2.0
expanded to encompass complete packages and associations
as well. The feature called package merge offers the pos-
sibility to refine complete packages as collection of classes
and associations and, therefore, allows to spread metamod-
els over several packages on different levels of abstraction
and facilitates reuse of such metamodel abstractions. Since,
such a package wide refinement is only possible, if it can
be transferred to the included classes and associations, the
refinement of associations in form of subsetting and redef-
inition becomes even more important. MOFLON provides
full MOF 2.0 support by offering graphical editors for the
creation of MOF 2.0 compliant metamodels as well the con-
siderably more important feature of code generation. It gen-
erates a repository implementation which is compliant to the
Java Metadata Interface (JMI) [5] and, therefore, provides
standardized [5] interfaces for the creation, storage, access,
discovery, and exchange of metadata as well as interfaces for
reflective usage.

Beside the specification of a modeling language’s abstract
syntax with MOF 2.0, MOFLON provides the possibility to
specify a language’s static semantics with the Object Con-
straint Language (OCL) [15]. Beside pre- and postcondi-
tions for operations, the textual constraint language OCL
particularly allows for the specification of invariants and
derivation rules. MOFLON includes specified constraints in
its code generation process and generates repository imple-
mentations which are enriched by code for the surveillance
of invariants or the calculation of derivation rules, respec-
tively. On the one hand, OCL constraints can be used for
the specification of a modeling language’s abstract syntax as
well as on the other hand for the specification of the mod-
eling language’s application in form of modeling guidelines.
The metamodel-based specification of modeling guidelines
is an important task since in some domains, for instance in
the domain of embedded systems, models have to adhere to
high quality standards. Thus, it is very beneficial to consider
modeling guidelines in form of OCL statements already at
the stage of metamodeling.

The combination of MOF and OCL enables MOFLON to
support the specification of a modeling language’s abstract
syntax and static semantics. Thus, the last component for
a language specification which meets the before mentioned
demands for being integrable, is a technique for the specifica-
tion of dynamic semantics. For this purpose, MOFLON in-
tegrates the technique of Story Driven Modeling (SDM) [21]
which is basically a combination of UML activity diagrams
and graph transformation rules. This technique is used for
the specification of classes’ behavior, whereas the control
flow is modeled with activity diagrams which, in turn, con-
trol the application of local in-place model transformations.
A model transformation rule is declaratively specified by the
left-hand and right-hand side of a graph transformation.

The crucial point of the integration of graph transforma-
tion techniques into MOFLON is, that MOF 2.0 acts as
graph schema language rather than old versions of UML or

proprietary approaches, which is a considerable novelty in
the community of graph transformation tools. Thus, the
promising features of MOF 2.0 like association subsetting
and redefinition can be applied in the context of graph trans-
formations. The great benefit of SDM consists of the pos-
sibility to directly map the specified transformation onto
source code. Thus, MOFLON’s code generation mechanism
is finally able to generate repository implementations which
are additionally able to analyze and modify models on the
base of complex metamodel specifications. Hence, it is not
only possible to enrich a metamodel with formal specifica-
tions of modeling guidelines, it is also possible to formally
specify how violations of such guidelines can be automat-
ically repaired (see [2] for more details). Fig. 1 gives an
overview about the before mentioned components as part of
MOFLON’s internal architecture and the generated reposi-
tories.
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Figure 1: Overview MOFLON architecture

Considering the purpose of metamodeling, this graph trans-
formation technique can be used to specify a modeling lan-
guage’s dynamic semantics and as such, together with static
semantics specified in OCL based on a MOF 2.0 compli-
ant specification of the language’s abstract syntax, enables
MOFLON to generate a repository which meets the de-
mands of tool integration. In the following we will demon-
strate how MOFLON’s combined metamodeling approach
can be used as base for the application of integration tech-
niques between different metamodels.

3. TOOL INTEGRATION
The tool integration approach realized in MOFLON is

based on the technique of triple graph grammars (TGG).
TGGs have been introduced by Schürr in 1994 [18]. They
can be used to visually define the simultaneous evolution of
two graphs, the construction of links between nodes in both
graphs and bidirectional model transformation. These links
form a third graph, which holds explicit information about
which nodes from both graphs correspond to each other.
The third graph also holds information about the transfor-
mation process itself. This allows to check for consistency
between source and target graph and to recover consistency
if it has been destroyed. Incremental updates are also pos-
sible by this approach. If nodes have changed in one of the
graphs—after links have already been established between
nodes—these changes may be propagated to the other graph.



Originally TGGs have been introduced in the world of
graphs, but they have been applied to the world of meta-
modeling, also [8]. Throughout this paper, we will use some
terms from both worlds interchangeably. The following table
shows the terms that correspond to each other:

world of graphs world of metamodeling
schema metamodel
graph model
node type class
node object
edge type association
edge link

TGGs consist of a schema and a set of declarative rules.
The schema declares types for correspondence links and as-
sociates these correspondence link types with classes from
the metamodels of the tools that will be integrated. The
schema supports concepts for modularization, refinement
and reuse [7] which is an advantage when dealing with large
integration specifications, i.e. when the development tools
have many elements that must be integrated. Each link type
owns a TGG rule that defines a mapping between elements
of the integrated metamodels. During runtime, instances of
link types will play the role of traceability links that map
elements of one metamodel to elements of the other meta-
model and vice versa.

To be able to integrate two development tools, two meta-
models are required that represent the structure of the tool’s
data. These metamodels may be created by MOFLON or
by another CASE-tool (e.g. IBM’s Rational Rose) and then
be imported into MOFLON. If this prerequisite is fulfilled,
we begin with the specification process of the TGG.

After all elements that should be integrated have been
identified and it is clear which elements from the source
metamodel correspond to elements in the target metamodel,
we start creating the TGG schema. For this purpose, we
use the TGG Editor that comes as part of the MOFLON
metamodeling framework. As the TGG schema specifies
the structure of links, it defines which elements of the in-
tegrated metamodels may be linked with each other. The
schema definition somehow naturally affects the definition
of TGG rules. As mentioned earlier, a TGG rule is declar-
ative and is always associated with exactly one correspon-
dence link type. Each rule is responsible for creating links
between corresponding elements. In our approach the rule
may only create links that are instances of the link type this
rule belongs to. A rule typically contains a context match-
ing part and a creation part, whereas the creation part is
only executed, if the matching part succeeds. For a more
detailed description of TGG schemas and TGG rules please
refer to [9] and [7].

After the TGG has been successfully created, the TGG
is translated into a MOFLON MOF representation. In this
step correspondence link types are translated into classes
and associations and declarative TGG rules into operational
rules. An operational rule is represented as an operation
that is owned by the class of the corresponding link type.
The operation contains an SDM diagram that is derived
from the declarative TGG rule. From each declarative TGG
rule a set of operational rules is created. These operational
rules can be used to perform forward and backward trans-
formation of tool data as well as link creation or deletion
and consistency checking.

The MOF representation of the TGG is an intermediate
representation only. A TGG repository is generated from
it which contains the mapping directives (i.e. operational
rules) that are able to integrate data of both development
tools. Figure 2 schematically shows how the repositories
are used by our integration tool “integrator” to perform tool
integration tasks.

Figure 2: Schematic view of the integration process

The integrator operates on the reflective JMI interfaces
that are provided by the generated repositories. As men-
tioned in chapter 2 for each tool a repository is generated.
These repositories must be adapted, so they can directly
modify tool data. The adaptions that have to be done are
tool specific and depend on how a tool gives access to its
data. We are currently doing research on how adapters can
be partly generated. The main tasks of the integrator are
to establish correspondence links between source and target
model by invoking according operations in the repositories.
And to keep track of changes in source and target mod-
els and incrementally propagate these changes to the other
model. The integrator also visualizes elements of both tools
and links between these elements and supports basic navi-
gation operations on traceability links.

4. RELATED WORK
Like MOFLON, there are a number of approaches for

metamodeling and model transformation. In this section
we focus on tools that are specifically interesting for our
approach.

Some tools like GReAT [1], and MDR [11] value OMG
standard-compliant schemata like MOF and UML, while
GME [1], MetaEdit+ [12], PROGRES [17], prefer propri-
etary metametalanguages. Fujaba [21] mixes standard and
proprietary elements, EMF Transformation Engine / GMF
[10, 20] only implements EMOF, a small subset of the cur-
rent standard, and tools like AToM3[4] use ER-Diagrams
that could be considered ”standard” some time ago.

Only MOFLON puts a strong emphasis on complete stan-
dard compliance with MOF 2.0 to benefit from its new fea-
tures. Among these are strong modularization and refine-
ment possibilities. Tools like [4] provide no schema mod-
ularization at all, others like [21, 1, 12, 17] provide either
hierarchies or view mechanism to structure data. MOFLON
uses package imports, package merges, element imports, re-
definition of association ends etc. with full effect on identi-
fier visibility not only in schemata but also constraints and
graph transformations.



Many tools [4, 1, 20, 13, 3], often called meta-CASE tools,
deal with the concrete syntax of modeling languages to create
diagram editors. MOFLON is more about model analysis,
transformation and integration and hence, does not support
concrete syntax.

MOFLON provides local model transformations through
graph transformations, which is also true for [17, 21, 1,
4]. Other tools [10, 6] only provide textual model trans-
formations or none at all [11]. Like MOFLON, only some of
these tools [17, 21, 1] use visual rule application strategies
to compose large transformations. Only Fujaba and hence
MOFLON use standard-compliant UML activity diagrams
to this end.

MOFLON and Tefkat[10] provide declarative model-to-
model transformations that are QVT-like. Opposed to that,
GReAT only provides the possibility to define operational
unidirectional model-to-model transformations.

5. CONCLUSION
MOFLON combines the OMG metamodeling standards

MOF 2.0 and OCL 2.0, for the specification of a model-
ing language’s abstract syntax and static semantics, with
the technique of SDM graph transformations for the spec-
ification of dynamic semantics. Since MOFLON basically
aims to integrate development tools (with existing concrete
syntax), the definition of a modeling language’s concrete
syntax, as done in traditional meta-CASE tools, is out of
MOFLON’s scope. MOFLON rather provides the specifica-
tion of declarative integration rules between different meta-
models with triple graph grammars. The integration rules
can finally be translated into executable Java code which
synchronizes semantically equivalent data in different devel-
opment tools at runtime.
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