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A common understanding of ontologies is that an ontol-
ogy is a structured framework used to organize information
and knowledge in a specific domain. It defines concepts,
categories, properties, and relationships in a way that both
humans and computers can understand. Typical ontologi-
cal components include concepts (or classes), instances (or
individuals), properties describing characteristics, and rela-
tionships between concepts as well as between instances
(e.g., a "Person" has a "birthdate" and “Konrad Zuse” is an
instance of "Person" and has his birthdate on “June, 22”).

Practical applications demonstrate that ontologies can be
successfully used in a variety of domains, such as artificial
intelligence, the semantic web, enterprise architecture, or
information retrieval, often in the form of knowledge graphs.
This makes them particularly attractive when the goal is to
capture, share, and reason about domain knowledge.

When comparing the language constructs, the ontology
approach is very closely related both to UML class dia-
grams and to MOF-based metamodels. However, in both
cases expressibility, but in particular their purposes differ
to a large extent. It is therefore worthwhile to compare both
individually.
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1 Ontologies vs. MOF-basedmetamodels:
domainmodeling

When looking at domain modeling from a conceptual per-
spective, a comparison between ontologies and MOF-based
metamodels may be appropriate. Both ontologies and meta-
models aim to describe a domain, but they again do so with
fundamentally different objectives.

Ontologies are primarily designed to capture domain
knowledge and to someextent also to support reasoning (even
though not that intensively used in practice). They allow the
derivation of implicit knowledge, the detection of inconsis-
tencies, and the alignment of heterogeneous data sources.
Their semantics follows an open-world assumption, where
incomplete knowledge is acceptable.

MOF-based metamodels, in contrast, define the abstract
syntax of modeling languages. They specify the concepts,
relationships, and constraints that can be used to construct
models. Their purpose is not only to describe a domain, but
to enable the definition of domain-specific modeling lan-
guages (DSMLs) and to support model creation, validation,
and transformation.As such, they are inherently constructive,
complete, and operational.

Furthermore, a MOF-metamodel usually comes
acquainted with a concrete syntax completing the modeling
language definition, while ontologies remain "abstract" in
that they act toward database structures.

This differences lead to distinct characteristics. Meta-
models rely on strong typing, explicit constraints such as
cardinalities, and typically a closed-world assumption to
ensure that models are well-formed and can be processed
reliably by tools. Ontologies, on the other hand, emphasize
flexibility and extensibility, allowing knowledge to evolve.

Fromapragmatic point of view, these approaches are com-
plementary. Ontologies can serve as a semantic foundation
that captures shared domain knowledge, while metamodels
operationalize this knowledge within concrete and stable
modeling environments. A systematic mapping between
ontologies and metamodels—where concepts become meta-
classes, and relationships become references—could enable
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both reuse of domain knowledge and integration withmodel-
driven engineering toolchains.

2 Ontologies vs. UML: software
development perspective

AUML class diagram is at the beginning of a software devel-
opment, i.e., in the requirements phases, used for capturing
domain knowledge for that specific project. But later on, i.e.,
in design, implementation, and testing, it is used to describe
software structures. Between requirements elicitation and
architectural design, a class diagram takes a strong semanti-
cal shift (without changing the syntax!).

It is thus worthwhile to compare UML class diagrams for
requirements capture and ontologies for domain knowledge
capture the context of software development. This compari-
son remains relevant, as both are used to model domains at
a level closer to implementation.

The ontology approach is indeed closely related to UML
class diagramswhen comparing language constructs and pur-
poses. Both describe concepts, properties, and relationships
within a domain. However, there are notable differences.

Most obviously, UML class diagrams do not directly
describe instances. To some extent, the “<<singleton>>”
stereotype partially mimics this, but a better approach is to
use UML object diagrams for instance-level modeling. Here
each object also has its class used as type. This is a nice sep-
aration, using one kind of diagram for one purpose, where
ontologies use a one-fits-all-approach and integrate both the
conceptual and instance levels within a single framework. On
the other hand, UML class diagrams provide a much richer
language for describing structures: for example, their asso-
ciations describe multiplicities and navigability, subclassing
has impact on the typing of instances. UML class diagrams
have enumerations, interfaces, abstract classes, derived prop-
erties, and more.

Another strong difference lies in the role of constraints.
UML is primarily designed for software engineering and
focuses on specifying the set of allowed data structures. The
above-mentioned types, attributes, associations, and cardi-
nalities are used to precisely define and restrict possible
data configurations. This is essential for developing robust
software systems that must behave correctly for all possi-
ble inputs and data given. Thus, developers have to include
all forms of corner cases, because they might occur in the
unforeseeable forms of software uses. A strong, statically
checkable type system defined by the classes are therefore a
key asset.

Ontologies, on the other hand, are often used in data ana-
lytics contexts, where systems operate on existing and largely
immutable datasets. In such scenarios, unusual or unforeseen

relationships are less critical, and the emphasis is on cap-
turing and exploring knowledge rather than enforcing strict
constraints.

Interestingly, while UML class diagrams and ontologies
are bothwidely used,UMLobject diagrams are rarely applied
in industrial practice. One possible reason is that tool sup-
port has historically neglected them. Strengthening their role
could allow developers to define concrete data sets for ini-
tialization, testing, or data exchange—bringing UML closer
to some practical uses currently occupied by ontologies.

It is often argued that a major advantage of ontologies
is their ability to automatically derive relationships between
instances through reasoning. However, this capability is less
frequently exploited in industrial settings, where ontologies
are often used primarily to define structural relationships,
sometimes reduced to simple ownership hierarchies—simi-
lar to a bill of materials. In such cases, their expressive power
is not fully utilized andmay even fall short ofwhatUMLclass
diagrams can provide in terms of precise structural specifi-
cation.

3 Toward an integration of both worlds

Considering both perspectives, the purposes of ontologies
and model-based software engineering approaches start to
overlap. Ontologies aim to capture domain knowledge and
support reasoning, while metamodels and UML models aim
to enable the design and implementation of software systems.

Several integration scenarios can be envisioned. One pos-
sible direction is to use ontologies as a domain-semantic
foundation for metamodels. In this approach, an ontology
captures the domain knowledge, including concepts and their
relationships, while a corresponding metamodel defines how
this knowledge is operationalized within a modeling lan-
guage. Then, here we assume that the domain ontology is
"known" knowledge and the metamodel can be semantically
grounded in that knowledge. The metamodel introduces the
necessary constraints and structures required for model cre-
ation and manipulation, while a corresponding ontology tool
provides reasoning, validation, and interoperability.

A second option is a much tighter integration, where
ontology concepts are systematically mapped to metamodel
elements. Concepts become metaclasses, properties become
attributes or references, and ontology constraints are trans-
lated intometamodel constraints where possible. At the same
time, reasoning capabilities from the ontology world are
mapped to metamodel-based validation by detecting incon-
sistencies or inferring additional model elements. If the
metamodel then also is equipped with a concrete syntax,
then a concrete domain-specific language with ontological
grounding, reasoning capabilities, andmost importantly con-
sistency checking is defined. A variant of this option would
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be to use an ontology as an early intermediary step when
designing a new DSL.

A third possibility finally would be to integrate ontology
and UML class diagram (as well as partly to an object dia-
gram). Here, an ontology serves as a librarymodel, capturing
domain constructs and relationships (i.e., classes, associa-
tions, and attributes) like it does now. Those are mapped to
UML class diagram elements, thus serving as a good foun-
dation for the requirement phase of a software development
project.AdditionalUMLclass diagrams, e.g., capturing tech-
nical classes, GUI classes, communication, security, etc., can
be defined and merged and thus used in the downstream
software development process. Here, the ontology does not
describe a metamodel and thus a new modeling language,
but a concrete class model for a concrete software project,
which makes ontologies a perfect library for reusable class
diagram models.

Such integrations also open perspectives for connecting
behavioral models from the UML with domain knowledge.
For example, state machines, activity models, or process
models could operate on instances defined by an ontol-
ogy, enabling richer semantic validation andmore expressive
model transformations.

Ultimately, combining ontologies and MOF-based meta-
models or UML modeling techniques allows leveraging the
strengths of all three worlds: the reasoning capabilities of
ontologies, and the constructive, tool-supported nature of
metamodeling and model-driven engineering. This synergy
could significantly enhance model-based software develop-
ment by improving reuse, interoperability, and the alignment
between domain knowledge and system design.

Wouldn’t that significantly advancemodel-based software
development toward a more knowledge-driven discipline?

For a deeper discussion and more ideas on this, we may
also refer to Brian Henderson-Sellers paper on “Bridging
metamodels and ontologies in software engineering”.
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