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Abstract. In state-of-the-art of MDE platforms semantic tealogies such as
ontologies are rarely used. Our aim is to undedstae role of ontologies in
supporting model-driven engineering, in particuDE platforms. MDE
platforms may benefit from semantic technologiegoinmal model semantics
and automated reasoning on different levels ofnieéamodelling architecture.
We present an ontology-aware MDE platform architextand outline some
application scenarios where ontologies and aut@maasoning may bring
benefit to such platforms. Additionally, an examplk using ontologies for
verification checks of mapping models in the cowkmetamodel composition
is illustrated.
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1 Introduction

In state-of-the-art MDE platforms semantic techgads such as ontologies are rarely
used. Currently, such platforms focus on aspeath si8 metamodelling, metamodel
composition, model integration, and model transfttion [1]. We are convinced that
MDE platforms may benefit from semantic technolsgparticularly in formalizing
semantics of models on different metamodelling Ievevhich in turn allows for
application of automated reasoning.

Based on this hypothesis, in this research-in-megpaper, we discuss first how a
MDE platform architecture may be extended to besimred as ontology-aware
(section 2). Referring to the introduced architestuwe describe some possible
application scenarios where ontologies and aut@mmatisoning may bring benefit to
such platforms (section 3). Out of these scenafias,highlight in more detail an
example from the metamodel composition domain,llitsstrate how an ontology-
based approach may enhance quality of processgpo#ging verification checks of
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metamodel mappings (section 4). Finally, we summeathe discussion and give
outlook for future work.

2 Architecture of Ontology-aware MDE Platforms

Metamodelling platforms are software environment®viging means for the
management of models and metamodels. Usually, suatel-aware platforms allow
for: (1) definition, storage and maintenance of elecand modelling languages, (2)
execution of mechanisms working on models, metatsoaied the meta-metamodel
and (3) guidance on how to apply a metamodellingglage and/or modelling
languages together with corresponding mechanismzrdduce metamodels and/or
models [2]. Besides these capabilities, metamaodgliilatforms need to meet other
functional and non-functional requirements such raslti-productability, web-
enablement, multi-client ability, adaptability, ersibility, scalability and
interoperability [3].

The architecture for MDE platforms may be seen msnaarnation of the generic
metamodelling platform architecture [2]. Furthermaadding the ontology aspect, we
envision an enriched MDE platform architecture uithg semantic technologies as
depicted in fig. 1.
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Fig. 1. Logical Architecture for Ontology-aware Model Deiv Engineering Platforms

The root core architectural element is the metaametiel which defines the concepts
available for the definition of modelling languagddased on it, the metamodel
library contains metamodels of defined modellinggiaages. The metamodel library
conforms to the meta-metamodel and, in turn, fothes foundation of the model
repository, in which all models are stored.

As an extension to models on different levels, tmology repository serves as
storage of the semantics of models, metamodeldtendheta-metamodeSemantics
can be formally described by using the notion ofotmgy [4]. Reasoning on
ontologies is part of the ontology-aware mechanisms



Model and ontology editors are used for the definiand maintenance of models,
metamodels, and ontologies.

All mechanisms used for evaluating and using modedsstored in the mechanism
base. A fundamental mechanism within MDE environt®és model transformation.
Further important mechanisms are model/metamodelgiation, comparison and
mapping mechanisms. The ability to manage differemtsions of models and
metamodels or its parts is another key charadte$tmodel-aware systems, which
should be enabled by means of model/metamodelorengi mechanisms. To support
syntactically and semantically correct modellinglidation mechanisms on models
and metamodels are used. Furthermore, querying anexhs of ontology-enriched
models and metamodels are needed features to allwus model analyses.
Traceability of transformations, which should supip@uiding the software
development tasks, is another needed mechanisrmWwtBE platforms. Mechanism
editors are used for definition, configuration amdintenance of mechanisms.
Guidance describes the application of modelling emetamodelling languages and
mechanisms. Particularly in context of MDE, thisidaclude guidance on what to
consider when defining certain models or guidantéhe decision what the next step
in a particular model-driven software developmenbvcpss would be. Guidance
information can be stored in process models orlogies, and/or extracted out of
existing modelling artefacts and/or traceabilitykk.

Persistency services support the durable storagemodlels, metamodels, and
ontologies. These services abstract from concragege techniques and permit
storing of modelling information in heterogeneouatad sources such as files,
databases or web services.

Access services serve two main tasks. On the ond tieey enable the open, bi-
directional exchange of all metamodel, model anlogy information. On the other
hand they cover all aspects concerning securith siscaccess rights, authorization,
and en-/decryption.

An ontology-aware MDE workbench serves as a comemironment for integrating
different editors.

3. Some Ontology Application Scenarios in MDE Ptforms

The “ontology” concept, as the literature descriliiesseems to enjoy as many
definitions as there are attempts to define it. tHa course of this paper, we will
favour the one we believe to best match the conieger consideration. Hence, we
understand an ontology as axplicit conceptual model extended by formal logic
based semantics [5]. Formal semantics expressiveness of ontolégitadels is a de
facto advantage compared to conceptual models fiwa® engineering i.e. MDE.
Model checking, model enrichment and dynamic cfasdion are some of the
identified usage scenarios when thinking about wmagr ontological and
metamodelling technical spaces [6].

In the following, we describe some scenarios, wharmlogies may find its usage
within MDE platforms. We concentrate particularly the following core elements of
the MDE platform (see section 2): the model, met@@hocand meta-metamodel



element (section 3.1), the mechanism element (gedt2) and the guidance element
(section 3.3). Each section starts by introducingr@blem domain, followed by an
ontology application scenario description and fired with a list of possible benefits
gained by using semantic technology.

3.1 Ontologies and Models on M1, M2 and M3 Level

Problem Domain: The 3-layer MDE architecture enables definitioh nsodelling
languages, and based upon it, creation of moddis. M3 model, i.e. the meta-
metamodel, defines the syntax of the metamodellamguage which is used for
modelling metamodels on the M2 layer. Similarlye tl2 model, the metamodel,
constructs the syntax of the modelling languagettier application domain used on
level M1. Even though the abstract syntax is stmadly well defined, metamodelling
language (M3) and modelling languages (M2) lacK-defined semantics. Currently,
language semantics on M3 and M2 level may be egpdealgorithmically in the core
implementation of the M3 model or in the M2 modéisother approach is to use a
declarative language, such as the Object Constraamguage (OCL [7]) to
additionally define the semantics of M3 and M2 nisde

Furthermore, modelling task on M1 level requireeqdte knowledge about the
subject under consideration. Such knowledge masently be captured and reused
via reference models or patterns. However, morehistpated mechanisms to
facilitate modelling task semantically are missimgpich would prevent heterogeneity
problems, model ambiguity etc.

Ontology Application Scenario: The syntax-rich languages (M2 and M3 languages) in
MDE platforms may be extended by semantically mesgressive ontology
languages, in order to take advantage of automagasoning. There are different
approaches, which tackle the problem of convergiamgguages from different
technical spaces, such as UML+OWL integration F8ving integrated languages,
their synergetic effect may be exploited. On the side, automated reasoning may be
used for model consistency checks which may outperfxisting solutions in terms
of semantic soundness. On the other side, ontdaggd approaches may be used
both for the definition of modelling languages (M&)d their models (M1). Relying
on common domain ontologies in form of machine-eddel and reusable domain
knowledge, quality of modelled solutions may beedi

Gained Benefit: Semantically enriched modelling languages and etspdnachine-
readable formal semantics of models; enhancedtyudlimodelling solutions.

3.2 Ontologies and Mechanisms

Problem Domain: Mechanisms are applied on models residing onemifft
abstraction levels (M1, M2 M3 models). According tbe abstraction level,
mechanisms may be generic, metamodel specific loridhyGeneric mechanisms are
defined on the M3 level, thus being independentaofjuages defined on the M2
level; e.g. generic import/export interface for mbéxchangeMetamodel specific
mechanisms require explicit knowledge about metamodels, ideorto work on their



underlying models on M1 level; e.g. business preeasdel simulation mechanism.
Hybrid mechanisms are a combination of the previous two. They amege, but they
are adaptable to specific metamodels; e.g., modmistormation is a hybrid
mechanism which uses M3 level constructs to defiimasformation rules between
M2 models, which are, in turn, executed on modeisMl level. Other MDE
mechanisms such as model integration, metamodgbasition or model comparison
fall into this category as well. The challenge ppling metamodel specific or hybrid
mechanisms lies in their configuration. For exampée enable a simulation on a
specific process language, mappings to genericepsoconcepts need to be defined.
Similarly, the specification of metamodel mappirigs hybrid mechanisms such as
transformation, metamodel composition or model gragon is, in most cases,
performed manually (see section 4 for a detailedrgte).

Ontology Application Scenario: Ontologies may be applied to fill the formal setia
gap towards support of automated configuration etamodel-specific and hybrid
mechanisms. For instance, in the case of modedfsemations, this would mean e.g.
an ontology based model transformation approach.tf@nother side, metamodel
specific mechanisms such as simulation would befrefin ontologies, by relying on
e.g. generic, machine-readable process ontologg. drkerequisite is that different
simulation-enabled languages, i.e. process modelinguages have to conform to
particular generic process ontology. Consequertig, process of configuring a
simulation mechanism for different process langsagay be automated by inferring
mappings out of ontology.

Gained benefit: Reduced costs through automated configuratiormethanisms;
increased potential for reuse; low efforts for gitbon and extensions of
mechanisms.

3.3 Ontologies and Guidance

Problem Domain: Guidance in the MDE context may include inforraaton what to
consider when defining certain models, or informatof the next step in the model-
driven software development process. Often, exeoutf a step within the software
process is influenced by many factors, such aspdepost-conditions, defined rules
etc.

Ontology Application Scenario: Ontologies and automated reasoning may leverage
execution of process models, by formalizing its aetics in the form oforocess
guidance ontologies that formalize rules, conditions and actions aveaifé engineer
has to conduct in specific situations. This wagsming technology would infer the
next step within the process based on the proagdamre ontology and by deriving
implicit knowledge from corresponding modellingedects.

Gained Benefit: Flexibility of process definitions; enhanced duyabf guidance.

4 An Example: “Verification of Mapping Models”

Mappings define correspondences between elementiffefent models. Particularly,
metamodel mappings have an important role in theEM@pproach by building



semantic bridges between different metamodels. Thed knowledge about
integrative usage of different modelling languagsesll leaving the integrating
languages independent. Bridging of metamodelling amtology languages is done
via mappings [10]. Rules for MDA based model transfations may be built based
on existing mappings [11][12]. Furthermore, mappingre used as input for
metamodel composition rules by stating about stirattsemantic relationships of
metamodel elements from different metamodels [Hjwever, two problems arise
when the mappings are applied: First, discovernappings by means of metamodel
matching is a complex task, being a tedious worlerwkxecuted manually and a
challenging task for semi-automatic identificatigh4]. Second, mappings are
managed as models and are built based on a malapiggage. Thus, mappings need
to be verified against their syntax and defined astims. This may imply not only
checking the mapping model, but also crossing thdehboarder and diving into the
semantics of metamodels being integrated, in otdewerify certain mapping
statements against e.g. cyclic generalization icglahips, multiple inheritances,
redundancy etc.
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Figure 2 Ontology-aware Modelling and VerificatiohMappings for Metamodel Composition

Figure 2 illustrates the simplified case of a maidel composition using mappings.
Let us assume that the MDE platform supports twadetimg languages, e.g. BPMN
[15] and the ADONIS Language for Organizational Mbidg [16], separately. The
envisioned integrated metamodel (MM3) should exhibiaracteristics of a business
process modelling language extended by the condeptsodelling organizational
structures (in Fig. 2 as MM1 and/or MM2). A propdsapproach is to assemble
existing metamodels by utilizing metamodel mappingie manual process of
metamodel matching results in three identified niage (Fig. 2, 1, 2 and 3), which
are candidates for integration points. At firstrgle, everything seems correct, as the
defined mappings conform to the mapping languagewhniquely state correlations
between elements. However, after generating thegiated metamodel (MM3) (see
[13] for detailed integration rule definitions) aenfication check founds an



unconformity against the meta-metamodel, which Idigs multiple inheritance of
elements. The drawback of the solution is, thatuwefication of a mapping model
may only be done after having generated the intedranetamodel, since such cross-
model correlations may not be examined in the mapgesign time. Here, ontologies
may be used guiding both metamodelling and modgtihmetamodel mappings. If
metamodels are designed with the support of coorefipg ontologies, as depicted in
the Figure 2, not only the metamodel matching sceay be enhanced, but also an
early verification of a mapping model in design @iragainst integrated semantics
stemming from both problem domains may be possilieaddition, large scale
metamodel integration scenarios may especially fiitefrem the ontology based
composition approach reducing ambiguities and imipg quality of modelling
solutions.

5 Summary and Outlook

In this research-in-progress paper we presentedsailjje extension of the generic
architecture for MDE platforms [3] towards an on}-aware MDE platform. Based
on this architecture and its core elements, pasgilnitology application scenarios
have been discussed. Some of their expected benedit

e Semantic-enriched models (on M1, M2, and M3 level).

* Machine-readable formal semantics of models.

* Semi-automated configuration of mechanisms.

* Increased potential for reuse of mechanisms.

» Flexibility of process definitions for guidance.
We are currently working on the refinement of thesented ontology-aware MDE
platform architecture to support first prototypepiementations. This includes the
application of ontologies for enhanced softwarecpss guidance.
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