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1 Metamodels and Conceptual Structures

In conceptual modelling, abstraction is applied to reduce complexity for a specific
purpose. For example, abstraction can be used for “developing model-driven meth-
ods and tools for the full-scale automated generation of implementation-ready IS”
as stressed in (Becker, Brocke, Heddier, & Seidel, 2015). The created models pro-
vide values of different quantity and quality: at least, conceptual models serve the
purpose of documentation and understanding by human beings (Mylopoulus, 1992);
to a wider extent, however, such models can also act as a formalized knowledge base
that enables further processing. Karagiannis et al. (2017) elaborate on the possibil-
ities of supporting knowledge management by conceptual modelling means. This
broader notion is visualized in Fig. 1. Accordingly, a modelling method is composed
of a modelling language, a modelling procedure, and mechanisms & algorithms. A
modelling language is then further composed of notation, i.e., the graphical represen-
tation, syntax, i.e., the available language concepts, and semantics, i.e., the meaning
of the concepts.

In order to leverage this broader notion of modelling methods, a co-creation
metaphor, similar to value co-creation and service co-creation (Becker, Beverun-
gen, Breuker, Hanns-Alexander, & Rauer, 2013a; Becker et al., 2013b), needs to be
employed. Co-creation involves both, the development of a new metamodel by the
method engineer as well as their application by the modeller. The method engineer
develops a metamodel as a response to evolving needs and requirements from a spe-
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Fig. 1 Components of modelling methods (Karagiannis & Kühn, 2002)

cific domain. While designing this conceptual structure, design decisions determine
utility, capabilities, and expressiveness of the conceptual modelling language—and,
indirectly, the value of the created models (Bork, 2018). The modeller is then respon-
sible for designing model artefacts, therefore having a direct influence on the model
value.

When considering the purpose of a modelling language, domain-specific mod-
elling languages (Karagiannis,Mayr,&Mylopoulus, 2016) canbedistinguished from
general-purpose ones like the Business Process Modeling and Notation (BPMN)
and the Unified Modeling Language (UML). Whereas languages of the latter cate-
gory evolve slowly and new languages emerge only scarcely, modelling languages
designed to address domain-specific requirements emerge and evolve more fre-
quently.

Due to this fluctuation, developing mechanisms and algorithms on a language-
specific layer is inefficient. Moreover, scenarios build on heterogeneous modelling
languages (Becker, Delfmann, Eggert, & Schwittay, 2012) require for alignment or
even integration of metamodels. This paper amplifies the notion of metamodel from
the formalized specification of a modelling language’s syntax (Bork & Fill, 2014)
towards the notion of “metamodel as a conceptual structure”.

According to Jackendoff (1987), a conceptual structure relates to syntactic, phono-
logical structure, and non-linguistic levels of representation. Ourmapping of the con-
ceptual structure theory to metamodeling is as follows: decompositional—because
it decomposes relevant domain aspects in terms of metamodel concepts (e.g., mod-
eltypes, classes, relations); conceptualist—because domain semantics are identified
with metamodel concepts, and localistic—the geographical structuring in metamod-
els. Based on the characteristics and the utilization scenario, different types of con-
ceptual structures can be differentiated: syntactic conceptual structures focus on the
localistic aspect by specifying structural aspects like inheritance and composition on
metamodel concepts; semantic conceptual structures focus on conceptualist aspects
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by precisely specifying the domain semantics, and hybrid conceptual structures pro-
vide a structure that integrates both, localistic and conceptualist aspects.

This broader notion treats metamodels as first-class citizens, enabling semantical
and syntactical operations (see Sect. 2) that are language-agnostic but allow param-
eterization for specific languages. Specified on structural aspects of a metamodel,
such operations can be used for any specific metamodel. Due to limited space, this
paper sketches recent works and points interested readers to the relevant literature.

2 Operations on Metamodels

2.1 Modelling Language Mapping

When multiple modelling languages need to be aligned, e.g., in case of multi-view
modelling (Bork, Buchmann, & Karagiannis, 2015), metamodels as a conceptual
structure can serve as a basis for the specification of mappings and rules that deter-
mine the alignment. Zivkovic, Kuhn, and Karagiannis (2007) propose a conceptual
structure that targets this research challenge by means of a metamodel mapping
language as visualized in Fig. 2.

Zivkovic et al. (2007) identify the following set of mapping structures attached
with cardinalities: (1) mapping structure: class-to-class (C2C), attribute-to-attribute
(A2A), relationship-to-relationship (R2R), attribute-to-class (A2C), attribute-to-
relationship (A2R), relationship-to-class (R2C), and (2) mapping cardinality: one-
to-one (1-1), one-to-many (1-N), many-to-many (M-N). A recent work by Awadid,

Fig. 2 A conceptual structure for mapping modelling languages (Zivkovic et al., 2007)
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Bork, Karagiannis, andNurcan (2018) further developed thesemapping types toward
patterns of metamodel relationships with an emphasis on multi-view consistency.
These mappings and patterns contribute the design and analysis of new modelling
methods comprising multiple metamodels.

2.2 Reference Alignment

A different way of integrating two or more metamodels is by incorporating an addi-
tional, language-agnostic metamodel that acts as the bridge between those other
metamodels. Reference alignment is defined as aligning several metamodels to a
common semantic backbone provided by a reference metamodel. Thus, reference
alignment utilizes a mapping between multiple specific conceptual structures and a
generic one which realizes modelling language independent functionality.

Reference alignment uses a generic conceptual structure as referencing structure.
Common semantics can then be defined for the generic concepts—thus, this structure
is domain- and/or purpose-specific. Moreover, model processing functionality can
be realized on the generic structure and then utilized, by rule-based mappings, by
all specific conceptual structures. Some possible options for referencing of concepts
are: a concept that captures merged meaning (union of attribute sets); or a concept
that captures the overlapping meaning (intersection of attribute sets).

A full-stack example, showing the possible strengths of the reference alignment
approach is documented in (Prackwieser, Buchmann, Grossmann, & Karagiannis
2013) and visualized in Fig. 3. Here, a hybrid modelling and process simulation
algorithm is realized on the generic conceptual structure, enabling its utilization for
arbitrary referencing metamodels (i.e., specific conceptual structures). The example
is based on a generic conceptual structure for process-related modelling languages.
Thereafter, four modelling languages, i.e., Process Maps, Business Process Man-
agement Systems (BPMS), BPMN, and EPC reference to this generic conceptual
structure. As a result, models of all four languages can be simulated in a hybrid
manner, e.g. a subprocess of the BPMN is detailed in an EPC model. The hybrid
simulation algorithm is capable of traversing multiple models of different modelling
languages due to its generic implementation.

In order to equip an additional modelling language with the hybrid simulation
capability, a method engineer only needs to map the new specific conceptual struc-
ture to the process simulation concepts of the generic conceptual structure. This
generic conceptual structure comprises e.g., (cf. Prackwieser et al., 2013, p. 151
for a description): Activity, Sub Process, Start, End, XOR, AND,Merge, Event, and
Neutral.
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Fig. 3 Alignment between specific and generic conceptual structure

2.3 Semantic Lifting

A different approach, using a hybrid conceptual structure, targets the integration of
ontological aspects in metamodels—semantic lifting. Semantic lifting refers to the
process of associating syntactic conceptual structure items with suitable semantic
conceptual structure items as metadata to create semantic knowledge resources. In
the context of metamodelling, semantic lifting refers to the integration of formalized
semantics as an extension of metamodels (c.f. Fill, 2011; Hrgovcic, Karagiannis, &
Woitsch, 2013). The authors in (Woitsch, 2013) report on the conceptualization and
ADOxx-based implementation of five different types of semantic lifting:

• Non supported direct linkage requires no changes in the metamodels, the user
needs to manually enter the linkage in an existing suitable attribute;

• Supported direct linkage, can be realized by an AdoScript that accesses the other
modelling tool and enables the selection of an object;

• Indirect linkage can be realized using a so-called transit model type where con-
cepts of the corresponding other metamodel are included. Hence user-friendly
mechanisms to reference model objects can be used.

• Loose coupling is a special form of indirect linkage, as the concepts that are
referenced are not the target concepts but a reference ontology, which is referenced
by the source and the target concept;

• Direct and indirect linkage is a combination of supported and non-supported link-
age, by supporting a fixed core set of concepts but permit the flexibility to also
allow agile evolving concepts.

Figure 4 exemplifies the indirect linkage semantic lifting type. Three different model
types are necessary for this type of semantic lifting: (i) original model (in this case
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Fig. 4 Semantic lifting based on an indirect linkage conceptual structure (Fill, 2011)

a process model on the left side); (ii) ontology model (in this case based on OWL on
the right side); and (iii) annotation model (visualized in the centre). The annotation
model type acts as a conceptual structure referencing both, the elements of the process
modelling language and the ontology model. It also permits to specify the annotation
type—shown in Fig. 3 by the example of the Refers-to annotation type.

One strength of this approach is its flexibility and easy customizability for arbitrary
modelling languages (left side of Fig. 4) and ontologies (right side of Fig. 4). The
original modelling language only requires minor extensions by means of references
to the annotation model type. In contrast to the related approach referred to in the
literature as model weaving (Del Fabro & Valduriez, 2007), this semantic lifting
approach employs visual means of specifying annotations.

2.4 Semantic Interoperability

In complex scenarios, e.g., enterprise modelling, all requirements cannot be covered
in a single metamodel or a single ontology. The question arises of how to combine
metamodels and ontologies in a coherent way that yields an integrated and com-
prehensive enterprise specification. Höfferer (2007) propose an integrated way of
achieving interoperability by combining syntactic conceptual structure information
with semantic conceptual structure information. Thus, this is an example utiliz-
ing a hybrid conceptual structure. Figure 5 visualizes the architecture for semantic
interoperability. Linguistic metamodelling, i.e., the conventional meta-hierarchy as
employed in conceptualmodelling bymeta2model,metamodel, andmodel (c.f. Kara-
giannis & Kühn, 2002, pp. 3f.) is separated from ontological metamodelling, i.e., the
semantic definition of the relevant aspects of the domain by means of ontologies.
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Fig. 5 A conceptual structure architecture for semantic interoperability (Höfferer, 2007)

“The basis for semantic interoperability is provided via linking model elements
of arbitrary layers of the metamodel hierarchy with ontology concepts.” (Höfferer,
2007; p. 1626) The approach further differentiates two layers where the integration of
the ontologies and metamodels yield interoperability. On the upper two layers, link-
ing meta2model or metamodel concepts to ontological concepts enables the formal
specification of type semantics—contributing to modelling language interoperabil-
ity (e.g., the identification of semantic similarities between different meta2models
and metamodels). On the model layer, the semantics of the instantiated model ele-
ments can be specified by linking to concepts of the ontologies. This latter form is
referred to as inherent semantics—contributing to model interoperability (e.g., the
identification of semantic similarities in conceptual models).

2.5 Model Synchronization

A paramount requirement in complex modelling scenarios refers to the consistency
among different models that jointly describe the system under study. It is common
sense to refer to multi-viewmodelling approaches when aiming for a comprehensive
specification of e.g., an enterprise, comprising structural, behavioural, and informa-
tion perspectives. In Karagiannis, Buchmann, and Bork (2016) a consistency man-
agement approach is proposed that relies in semantic queries applied to a structured
RDF serialization of metamodels and models. Consequently, this approach is one
example building on a hybrid conceptual structure.
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Fig. 6 Synchronization queries based on conceptual structures (Karagiannis et al., 2016)

Based on a generic RDF serialization proposed by Karagiannis and Buchmann
(2016), the approach introduces twoways ofmanaging consistency betweenmultiple
views: (i) semantic queries as view synchronization rules, and (ii) semantic queries
for passive view consistency checks. Figure 6 visualizes an example of consistency
management for the Semantic Object Model (SOM) method (Ferstl & Sinz, 2013),
realized in a modelling tool (Ferstl, Sinz, & Bork, 2016) by means of SPARQL
queries that perform synchronizations on the RDF graph base. In the upper exam-
ple, an enforcing transaction of the Transaction Decomposition Schema (TDS) of
SOM needs to be synchronized with the corresponding relation in the Task-Event
Schema, connected by a sending and a receiving task. The lower example covers the
SOM decomposition rule no. 6 (see Ferstl & Sinz, 2013, p. 210). Accordingly, any
business transaction can be decomposed into three sequential transactions (initiating,
contracting, and enforcing). This information needs to be synchronized between the
TDS and the Interaction Schema (IAS).

The semantic queries approach, as visualized in the right column of Fig. 6, utilizes
SPARQL queries on RDF as an additional structure to bridge conceptual modelling
with Semantic Web technologies. It thereby applies “knowledge engineering tech-
niques in support of knowledge management concerns—that is, in support of man-
aging the inherent complexity of knowledge externalized as multi-view enterprise
models” (Karagiannis et al., 2016). Thus, modellers can concentrate on the correct
representation of domain semantics by means of a conceptual model whereas the
semantic queries, running in the background RDF structure of the metamodels and
models manage consistency.

3 How to Structure Metamodels?

Recently, two research streams were initiated that target the question of how to
structure relevant domain-specific aspects in metamodels. An attempt to assess the
status-quo of domain-specific metamodels was published in Bork (2018). The paper
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Fig. 7 Slicing metamodel specification technique in BPMN (Bork et al., 2018)

reports on the application of metrics to 40 domain-specific metamodels realized
with the ADOxx metamodeling platform (ADOxx.org, 2018; Efendioglu, Woitsch,
& Utz, 2016; Karagiannis & Fill, 2013). The paper compares the results with metrics
on Ecore-based metamodels found in the literature. The lessons learned indicate
points of interest in identifying metamodelling patterns and how such patterns can
contribute to increasing the quality of metamodels.

A second recent research stream investigates how standardization consortia spec-
ify widely adopted industry modelling languages standards like BPMN, DMN, and
UML. Bork, Karagiannis, and Pittl (2018) identify six different techniques that were
applied in 11 investigated modelling language standards: Slicing Metamodel, Refer-
encing Metamodel,Generic Metamodel, Notation- aware Metamodel,Matrix Meta-
model, TableMetamodel. Thus, although some institutions likeOMGare responsible
for multiple investigated standards, no coherent way of specifying modelling lan-
guage metamodels was found.

Figure 7 visualizes an example of the slicing metamodel specification technique
as used by BPMN. The two metamodel slices redundantly specify the concepts Base
Element, Documentation, and the relationship between those two. Such a specifi-
cation technique enables structuring large metamodels by decomposing them into
redundant slices. The redundant concepts foster comprehension and show, how the
slices need to be assembled in order to derive the overarching metamodel. At the
same time, these redundant concepts also increase the risk of inconsistent specifica-
tions as changes on concept and relationship level possibly need to be performed at
multiple slices.

4 Concluding Remarks

This paper provides a brief overview on recent works in the field of metamodeling
with an emphasis on amplifying the notion of metamodels toward “metamodels as a
conceptual structure”. This extended notion spans not only pure formal specification
of a modelling language’s syntax, but treats metamodels as a conceptual structure
that enables further processing. A differentiation between syntactical, semantical,
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and hybrid conceptual structures has been considered, and example operations been
illustrated, including modelling language mappings, hybrid simulation, and model
synchronization.

Albeit the undisputable role of metamodels, it is surprising that, up until now,
there exists no common standard for the metamodel specification itself (see Sect. 3).
Not only the standardization institutions like OMG and the OpenGroup use different
techniques to specifymetamodels, also the research community uses a heterogeneous
and uncontrolled set of techniques when introducing newmetamodels. It is therefore
one of our future research objectives to propose a specification technique that, when
applied on a broader basis, enables easier comprehension and comparison of meta-
models. We plan to deploy a first version of this specification technique in our Open
Models Laboratory (OMiLAB) (Götzinger, Miron, & Staffel, 2016) community to
gain feedback and agilely revise the technique accordingly.
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