Metamodeling: Some Application Areas in
Information Systems

Dimitris Karagiannis, Hans-Georg Fill, Peter Hofferer, and Martin Nemetz

University of Vienna, Department of Knowledge Engineering, Briinner Strafie 72,
A-1210 Vienna, Austria
{dk,hg,ph,mn}@dke.univie.ac.at
http://www.dke.univie.ac.at

Abstract. Metamodeling is a powerful concept in the area of informa-
tion systems that can be applied to solve a variety of tasks. The goal of
the paper at hand is to provide an insight into these application areas.
In order to do so first the basic thoughts behind metamodeling are intro-
duced. Then it will be shown that there are applications in the context of
the creation and composition of metamodels that have to be supported
by “cross-sectional” aspects like visualization and simulation. Finally, we
will describe some of these applications in more detail.
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1 Introduction

This paper is going to provide insight into some application areas of metamodel-
ing. The best way to realize such an intention is to start with a discussion of the
meaning of the main term. When considering the term “metamodeling” we see
that it consists of two parts: “meta” and “modeling”. Let’s begin with a deeper
look into the second one.

“Modeling” basically denotes the process of creating models. Models in com-
puter science, in turn, are seen as “a representation of either reality or vision”.
([30], p. 187). Therefore, they describe certain subjects under consideration ei-
ther as they are or as they should be. Of course, this representation is not able to
include all aspects of the original but can only focus on some of them (property
of reduction) and a model is always intended for a specific purpose (property of
pragmatics) [26].

Models can be classified according to the language that is used for their cre-
ation. Non-linguistic or iconic models use signs and symbols that have an appar-
ent similarity to the concepts of the real world that are being modeled. Linguistic
models on the other hand use basic primitives (i.e. signs, characters, numbers,
...) that do not have any apparent relationship with the part of reality being
modeled except the one that is defined in an explicit way [29]. Nearly all models
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Fig. 1. Metamodeling hierarchy (adapted from [29])

used in computer science are of the latter linguistic type! on which we restrain
ourselves hereafter.

Now, we can turn to the second part of “metamodeling” which is the “meta’-
prefix that comes from Greek and according to Webster’s Dictionary literally
means either “between”, “with”, “after”, or “akin to”. One of the actual usages of
this prefix defines a kind of “beyond”-relationship. This also fits the term “meta-
model” as a metamodel can be seen beyond other models in that it is a “a model
of models” [20]. Tt is important to understand this statement in a correct way
where the following example might help. Consider the famous Mona Lisa who
shall be our subject under consideration now. The painting by Leonardo Da Vinci
that can be found in the Louvre in Paris is an iconic model of Mona Lisa. Now
consider a poster reproduction of this painting that can be bought in the museum
shop. This poster again is a model, or to be more precise a model of a model (the
painting). But it is not a model of models (please notice the plural). For some-
thing to be a metamodel it has to describe a set of other models which has to be
understood as providing the means for the creation of other models. Put in other
words this implies that “A metamodel is a model of a modelling language” [4].

A graphical representation similar to figure 1 is typically used to explain this
in more detail while introducing the so-called metamodeling hierarchy. On the
top layer there is the subject under consideration that shall be modeled. This
is done with the help of a modeling language. For instance, when creating a
database for let’s say the management of student data we can use the Entity-
Relationship modeling technique (ERM, [2]) in order to abstract reality. The
available modeling primitives of the modeling language (in the case of ERM:

! Linguistic models can be further distinguished in being realized with textual or
graphical/diagrammatic languages [12].
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entities, weak entities, relationships with different cardinalities) are described in
the metamodel. The metamodel is also generated using another language, the
meta modeling language which primitives in turn can be defined by another meta
layer which is called meta-meta-layer or meta?-layer containing a meta2-model
using a meta? modeling language. Theoretically, this process can be carried on to
the n-th level but for practical reasons it is stopped most often at the meta?-layer.

Research work concerning metamodeling can focus on different aspects. First
“conceptual” formalizations of metamodels concerning their syntax and seman-
tics — i.e. their actual representation using logical rules, graphical representa-
tions, or the like — can be explored. Next the role of metamodels in terms of
theoretical applications can be elaborated whereas we distinguish the two basic
options of “create” and “compose”. The two aspects of formalization and possi-
ble application areas allow for solving concrete tasks in certain domains which
we refer to as “metamodel domain solutions” that finally can be instantiated in
order to deal with real world problems.

In the following we are not going into any more detail concerning the “concep-
tual” formalizations of metamodeling. We are rather focusing on the application
areas that we are discussing in section 2. Subsequently, some of these areas are
described in more detail in section 3.

2 Application Areas of Metamodeling

In Summer 2006 we did a literature survey concerning existing work in the area
of metamodeling. In order to do so we examined 77 papers from 18 well known
journals in different communities of computer science that is to say software
engineering, databases, knowledge engineering, and information systems. For a
complete list of the reviewed journals and more information on the search process
please refer to [14].

When we started our literature survey we wondered whether we could find
different typical metamodel applications for different areas of computer science.
That would be to assume that, for instance, the knowledge engineering com-
munity is using metamodels in one special way whereas let’s say the software
engineering community is making a completely different use. In fact, we realized
that metamodels are utilized to solve two fundamental types of tasks that we
would like to denote as “create” and “compose”.

“Create” involves the generation of new metamodels (i.e. modeling languages)
from scratch. This is a highly domain-specific task as the created metamodel has
to provide language constructs for all specific aspects that have to be grasped
by the models that are then generated using this metamodel. The advantage
of using metamodels is quite apparent: a commonly accepted understanding of
relevant “real-life”-concepts is guaranteed and new model instances can be cre-
ated in a structured way whereas it is ensured that all relevant aspects are taken
into account and nothing of importance is forgotten. Rosemann and Green [23]
emphasize this when speaking of metamodels as clarifying the understanding,
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Fig. 2. Some application areas of metamodeling

simplifying the communication, being a means for structuring and analyzing,
and finally being the enabler for the derivation of new modeling techniques.

“Compose” on the other hand denotes the combination of already existing
metamodels in order to create one single new metamodel for a specific purpose.
This purpose may, for instance, be to achieve interoperability of the resources
that are modeled using the source metamodels that are composed [13] or to cre-
ate “combined” models that are able to depict all aspects in one single model
that had to be grasped in various separate models before (see section 3.2). Com-
position is done in a mapping process that relates various elements of different
source metamodels with one another?.

Now if we think of actual application areas for metamodeling we can distin-
guish between “create”- and “compose”-applications. New metamodels can be
created in a variety of domains including intellectual capital management, per-
formance management, regulatory compliance, knowledge management, business
process management, and so on. The composition of metamodels is a means
to achieve semantic interoperability, for instance. Finally, there are also some
“cross-sectional” functions that go together with the concept of metamodeling
like visualization and simulation. These findings are summarized in figure 2. In
the next section we are going to describe some of these application areas in more
detail.

3 Metamodeling: Some Applications

In the following we want to provide some insight into actual applications of
metamodeling. First we are introducing an approach that shows the creation of
a new metamodel in the domain of intellectual capital management. Then the
composition of metamodels for achieving semantic interoperability is described.
Finally, we discuss the cross-sectional role of visualization in the context of meta-
modeling.

2 This process is described in some more detail in section 3.2 on page 182.
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3.1 A Metamodel for Intellectual Capital Management

The reporting of intellectual capital is gaining steadily more on importance as the
overall discrepancy between an enterprise’s market value compared to its book
value is getting bigger [27]. When looking at the S&P 500 Companies and their
ratio of market-to-book value, it can be determined that the ratio has reached
in March 2001 more than five times the value of December 1977 [16]. This huge
portion of value of an enterprise that cannot be seen on the traditional financial
balance sheet implies a lot of risks [15]. Due to the variety of intellectual capital
reports that are available, a comparison of values stated in these reports can
most likely not be executed.

The here presented Intellectual Capital Report Benchmarking (ICRB) Frame-
work consists of a set of four areas. As indicated in figure 3, these four areas
interact with one another in the following way: By focusing on step (1) of the
framework, the organizational structure of an organization under study (OSUS),
i.e. the main processes as well as its organizational charts will be elicited as a
basis for the application of the ICRB framework as both the processes and orga-
nizational charts will serve as the starting point for the identification, utilization,
management, and reporting of an organization’s intellectual capital. However,
as soon as an organization aims to manage and/or reports its intellectual capi-
tal, it can choose from a variety of available intellectual capital methods. These
methods may differ completely and thus, divergent results may be produced
when relying on diverse intellectual capital methods ([18], but cf. e.g. also [1],
pp. 283-374, who indicates exemplarily the differences of 25 methods for intel-
lectual capital management and reporting). Thus, the selection of a method for

; 0
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2 OSUS IC Templatesf
1 OSUS ... Organisational Structure under Study 3
IC ... Intellectual Capital

R ...Report B ... Benchmark

Fig. 3. Intellectual Capital Report Benchmarking Framework
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intellectual capital management and reporting, as it is indicated in step (2) in
figure 3 on the preceding page, influences the outcomes in the long run due
to diverging data, but even more important the application of available intellec-
tual capital templates in the short run. These templates (marked with step (3) in
figure 3 on the previous page) are seen as constructs that organize both data ma-
terial describing an organization’s intellectual capital and linkages of these data
with the organizations processes and organizational charts. Eventually, these
templates have been realized by establishing metamodels for intellectual capital
reporting, as it is indicated in figure 4 on the facing page. By this step many of the
existing intellectual capital methods can be applied on an organization by keep-
ing the required intellectual capital data in certain areas of the instantiated meta-
models. Thus when applying the ICRB framework, in step (4) outcomes in form
of reports can be created (periodically) by relying on diverse intellectual capital
methods, which allows in turn a comparison of values as it anticipated above.

Finally, the ICRB framework is accompanied by a step model (indicated in
figure 3 on the previous page by the dashed cyclic arrows), which shall act as
a guideline for the introduction of the ICRB frameworks in organizations. The
ICRB Step Model starts with the elaboration of the strategy and tactical targets,
wherein the firm’s global strategy is defined as an intellectual capital report and
depends also on the company’s strategic and tactical objectives. Further, step 2,
the definition of the business processes and working environments has to be exe-
cuted as the firm’s business processes have to be modeled for being able to step
forward to the extraction of intellectual capital-relevant business processes and
working environments. Here, those business processes that contain intellectual
capital-intensive activities have to be identified, before in step 4, the intellectual
capital processes are defined and subsequently in step 5, the selection of applica-
ble intellectual capital reporting concepts can be chosen. Finally, step 6 contains
the evaluation of reported values, where based on automatically created intel-
lectual capital reports, it can be checked whether the company’s performance is
satisfactory according to its prior-set strategy [18].

In the following, the afore-referred to metamodels for intellectual capital re-
porting shall be outlined briefly:

As the firm’s business processes play a major role when considering an or-
ganization’s intellectual capital, they have to be included in the considerations
concerning the creation of a metamodel for intellectual capital reporting. In the
following, figure 4 on the facing page [17] gives an overall picture of the whole
modeling method containing seven metamodels for intellectual capital reporting,
one metamodel for business processes and one metamodel for working environ-
ments. The seven intellectual capital reporting metamodels are again classified
into two categories: Primary model types and secondary model types, whereas the
first consists of the human factor metamodel (HFM), the structural factor meta-
model (SFM), and the relational factor metamodel (RFM). The secondary model
types are composed of the risk metamodel (RM), the cost metamodel (CM), the
competence pattern metamodel (CPM), and the patent map metamodel (PM).
The primary model types contain information that is directly related to and can
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Fig. 4. Metamodels for Intellectual Capital Reporting [17]

be found in intellectual capital reports, whereas the secondary model types are
composed of data that is relevant for the linking and/or calculation of values rel-

evant for intellectual capital reports. Hence, they represent the supporting means

for the values to be included in the primary model types [17].
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The final outcome of the modeling of an organization’s intellectual capital are
reports that indicate the development of an organization’s intangibles. Hereby,
the meta-data for the reports is visualized with the aid of XML and XSLT', which
allows for the automatic transformation of these meta-data into various formats,
as e.g. HTML, RTF but also the visualization of data in a spreadsheet program
like MS Excel. These by one click automatically created and selectable reports
should serve as key performance indicators, which do both measuring intellectual
capital factors and also support the management in the course of either the
establishment or the maintenance of environments that allow employees to think
freely, to take over responsibility, and to share knowledge, which in turn helps
the firm to create higher profits [19].

3.2 Combining Metamodels and Ontologies to Achieve Semantic
Interoperability

The topic of integrating data and ensuring the interoperability of information
systems and business processes is of great practical importance which can al-
ready be seen by the fact that according to Gartner up to 40% of the companies’
information technology budgets are spent on integration issues [10]. The hetero-
geneities that have to be dealt with in this context are usually classified to be of
syntactical, structural or semantic nature [22] whereas resolving the latter seems
to be most laborious as 60-80% of the resources of integration projects are spent
on reconciling semantic heterogeneities [3].

In this section we want to demonstrate that the composition of metamodels
is a powerful means in order to achieve semantic interoperability of modeled
resources. A composition of metamodels can be realized in a process of comparing
two metamodels with one another in order to identify semantic equivalences
between metamodel elements. These equivalence relationships can then be used
either as loosely defined mappings as well as a basis for the creation of one
single new integrated metamodel. Related work concerning these issues can, for
instance, be found in [31] where an abstract syntax of a mapping definition
language is introduced as well as a language for integration rules that allows for
the combination of two source metamodels in one integrated metamodel. The
shortcoming of this and other similar approaches is that the semantics of the
metamodel elements is not taken into account in an explicit way. The mapping
process is mostly done by domain and metamodeling experts that have to put
forth a lot of knowledge concerning the meaning of metamodel elements in order
to be able to identify equivalent parts.

In [13] a generic architecture is introduced that allows for the (semi-)automatic
identification of semantic equivalences which is achieved through the establish-
ment of semantic mappings between metamodel elements and ontology con-
cepts that provide explicit and machine-processable representations of meanings.
Figure 5 on the next page depicts this architecture showing that the abstract
metamodels 1 and 2 are to be mapped with one another whereas for demon-
stration purposes the relationship between A and B shall be examined in more
detail. Basically, there are two aspects concerning semantics that have to be
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Fig. 5. Architecture for the composition of metamodels using ontologies (adapted from
(13])

taken into account when comparing (meta-)model elements: first is type seman-
tics and second inherent semantics. The difference between these two aspects
can be explained best using an example like, for instance, from the area of busi-
ness process modeling. Consider an “activity” of a business process model that
has been generated using the Business Process Modeling Notation [21]. The fact
that something is an “activity” means that something is done by some performer
using some resource. We denote this as type semantics. In the process model this
activity is now given a name like “deny proposal” which is some more meaning
as we exactly know what is done (“deny”) on which resource (“proposal”). This
additional meaning is called inherent semantics.

When comparing two (meta-)model elements for semantic equivalence both
semantic aspects have to be considered. Type semantics is provided by the
metamodeling hierarchy whereas inherent semantics is provided when mapping
(meta-)model elements with ontology concepts.® In our example in figure 5 we

3 These interrelationships are described in some more detail in [13].
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see that A and B are carrying the same type semantics as they are both derived
from 2. Additionally, they have the same inherent semantics which can be in-
ferred through the fact that ontology concept I (which is connected to A4) and
ontology concept II (connected to B) are semantically equivalent through an
intermediate concept III, which is taken as valid assumption in this example.

Now, one benefit that arises from revealing semantic equivalence between
different elements of metamodels (and therefore language descriptions) is that
model instances that have been created using these modeling languages can be
made interoperable or can be integrated as well. This is also indicated in figure 5
on the preceding page where two models 1 and 2 can be combined in one single
new model due to the knowledge that A and B are equivalent. This induces that
a and b are equivalent concerning their type semantics. The inherent semantics
of a and b can be explicated the same way as described above for the metamodel
elements and if this semantics type turns out to be equivalent as well (which is
taken as granted in this example) then ¢ and b can be unified in one single
element in a new model as indicated in figure 5.

Finally, the link from metamodel mapping and integration to semantic inter-
operability has to be elaborated as it may not be obvious. This link exists as
metamodels provide the means to create models which in turn represent reality.
Now, when semantic equivalences between (meta-)model elements are revealed
the underlying models or represented aspects of reality, respectively, are found
to be equivalent as well. In the context of business process models this can now
for instance be used in order to establish interoperability of real processes that
are carried out in different departments or organizations (cf. [13]).

3.3 Metamodels and Visualization

In business informatics the visual representation of models, data and their rela-
tionships plays an important role. Examples can be found in several areas that
are either core parts of business informatics or contribute important aspects
to the field such as enterprise modeling, descriptive statistics, graph theory or
knowledge management ([7]). In the following the specific relation between meta-
modeling and visualization shall be highlighted.

Whereas metamodeling can be seen as a method to identify the concepts and
relationships of a certain domain for the purpose of model creation by human
users, the role of visualization is often seen from a different point of view. In
most international publications in the area of computer science visualization is
mainly regarded from a technical, data-oriented perspective (cf. e.g. [25]; [24]):
There, it is used as a technique to discover new facts in large data sets through
mapping data to graphical representations. By applying methods such as color
coding or specialized types such as parallel coordinates ([9]) previously unknown
relationships that are contained in the data may be found. Examples include the
discovery of relationships in business data ([11]) or applications in the natural
sciences such as the mining of the human genome ([28]). However, visualization
is not only a technical science but has a long tradition in other fields as well.
These include the different domains of art and design and the foundations of
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visualization in the area of geometry and mathematics as well as in the field
of visual language theory and semiotics [7]. It thus seems obvious to take into
account not only the technical aspects of visualizations focusing on methods for
representing data but also its conceptual foundations. In this sense visualization
fulfills a function that is similar to that of metamodeling: Based on a number of
graphical primitives compositions of these primitives can be created that may
then be used for representing human knowledge as well as information. In addi-
tion, these compositions can not only be created by human users but may also
be assembled based on computer algorithms, e.g. for creating visualizations for
analyzing data. This additional aspect closes the loop of the concept of visu-
alization to the technical, data-oriented view as described above. One way to
formalize the conceptual aspects of visualization has been described by the ap-
proach of Semantic Visualization ([5], [6]). The central idea of this approach is to
define visual objects that contain not only graphical representations but provide
mechanisms to influence the representations by inherent control structures and
variables. To integrate visualizations that have been specified elsewhere it is also

Ontology

.| Semantic Mapping

Meta-Model Visualization

[ L

Fig. 6. Application of semantic visualizations to metamodels [8]

Fig. 7. Dimensions of the mapping between metamodels and visualizations [8]
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possible to recursively insert visual objects into each other. Thereby the syntac-
tic basis for a conceptual view on visualizations is established. To relate these
visual objects to other conceptualizations such as metamodels the approach of
Semantic Visualization defines linkages between the visual objects and seman-
tic schemata. The visual objects together with these semantic annotations are
termed Ontological Visualization Patterns. In detail it is then possible to anno-
tate an arbitrary visual object (e.g. one that represents a gauge) together with
its variables (e.g. for modifying the position of the needle in the gauge) by the
corresponding semantic concepts (e.g. thermometer and temperature). Thereby
a semantic description of the visualizations is determined.

To link the Ontological Visualization Patterns to metamodels it is equally
necessary to semantically annotate the metamodels. By traversing from meta-
models to the corresponding semantic schema over to the semantically annotated
visual objects a direct mapping of visual representations and metamodel classes
and relations can be established (see figure 6).

The mapping of Ontological Visualization Patterns to metamodel elements
can be done in a variety of ways ([7]): The functional implementation can either
be accomplished automatically through the application of logical reasoning via
the ontology, semi automatically with additional input from a user or manually.
For the definition of metamodels and ontologies it can be reverted to standards
or proprietary technologies. The definition of Ontological Visualization Patterns
may also be realized with proprietary techniques or by the extension of existing
standards such as Scalable Vector Graphics ([7]). The mapping can either be
static or dynamic - in the sense that the patterns are tightly coupled to the
metamodel elements or may be dynamically allocated. Similarly, the assignment
may be performed on demand or based on pre-configured mappings. A summary
of these mapping dimensions is given in figure 7.

4 Conclusion

This paper provided an introduction into possible application areas of metamod-
eling in the context information systems. After a short description of the term
metamodel we provided a classification of these applications according to the
basic metamodel operations “create” and “compose” that have to be supported
by “cross-sectional” aspects like visualization and simulation. We described the
creation of a domain-specific metamodel for intellectual capital management and
the composition of metamodels using ontologies in order to achieve semantic in-
teroperability. Finally, we took a glimpse on how metamodel elements can be
mapped to visualization patterns.
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