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Over the last decades, the WADT community has studied the formal specifi-
cation of software (and hardware) in great detail [9, 1, 42]. One important aspect
is the structuring of specifications in a modular way [43], which has been covered
in specification languages like CLEAR [6], OBJ [18], ASL [46] and many others.
Here, a powerful abstraction is the notion of institution, introduced by Goguen
and Burstall [17]. It enables the study of concepts and languages for structured
specifications in a way that is completely independent of the underlying logical
system — the only condition being that the logical system is formalised as an
institution, which is a rather mild requirement. Such an institution independent
kernel language for structured specifications has been introduced in [41], and
based on this, later the Common algebraic specification language Casl [3, 37]
has been standardised.

While all these developments, including Casl, focus on formal specifications,
the approach of providing an institution-independent language for the structur-
ing of logical theories (or more precisely, finite presentations of these) can be
applied to other areas as well.

In particular, in research on ontologies, the notion of conservative extension
has been cited from the algebraic specification literature (e.g. [25]) und used
for the notion of ontology module extraction in various description logics (see
e.g. [21], and [19] for an institution-independent generalisation). The existing
multitude of ontology languages like OWL and its sublogics, RDF, RDFS and
their relations have been captured using institutions [23, 32].

Moreover, using the notion of heterogeneous multi-logic specification devel-
oped in [2, 12, 44, 14, 27, 28, 22, 36], a program for the institution-based formali-
sation of UML multi-viewpoint models has been formulated [8, 20, 7]. Note that
model here is to be understood in the sense of model-driven engineering (MDE),
to be distinguished from models in the sense of logical model theory (and in-
stitutional specification theory). In order to avoid confusion, we henceforth call
the former MDE models.

Based on this observation of similarities between ontologies, MDE mod-
els and specifications, the Distributed Ontology, Model and Specification Lan-
guage (DOL) has been proposed and adopted as an OMG standard [38, 33, 31].
Ontologies, MDE models and specifications are commonly abbreviated by the
acronym OMS. Hence, DOL can be seen as a language for building OMS in
a structured way and expressing their relations. Casl already provides several
structuring constructs, e.g. (possibly conservative or definitional) extensions,
unions, translations and hidings. DOL extends these in several ways:



theory-level semantics Casl uses a model-theoretic semantics, that is, a spec-
ification denotes a signature and a class of models over that signature. DOL
adopts this, but also features theory-level semantics [40, 42] for certain con-
structs like module extraction or filtering.

reduction Casl features hiding of a specification (aka OMS) along a signa-
ture morphism, corresponding to the restriction to an export interface. DOL
features three more similar operations:
module extraction extraction of a sub-OMS such that the original OMS

is a conservative extension [21]. The extracted module may extend the
given restriction signature.

approximation gives the theorems visible over the restriction signature
and corresponds to the theory-level semantics of hiding [40, 42]. The
problem of capturing this theory by a finite presentation has been stud-
ied for ontology languages under the terms forgetting and uniform in-
terpolation [45, 24].

filtering extraction of a sub-OMS consisting of all sentences that actually
are formed over the restricted signature [39].

minimization whereas free specifications in Casl allow the selection of the
least intepretation of e.g. predicates, minimization allows the selection of
all minimal interpretations, following McCarthy’s circumscription [26]. Also,
the duals (cofree and maximal OMS) are included. Cofree OMS can be used
for coinductive specification of process types, like in CoCasl [34].

refinement simple refinements are specification morphisms [42] (logically: in-
terpretations of theories [15], in terms of OBJ [18] and Casl [3, 37]: views).
The refinement language of [30] is included into DOL, that is, certain oper-
ation on refinements are available, like composition and extension. However,
neither architectural specifications nor branching refinements are included,
because their semantics is still subject of ongoing research ([11] had not been
available when the DOL standard emerged).

equivalence OMS can be declared to equivalent, if they have a common defi-
nitional extension [35, 22]

alignment this notion is a relational generalisation of signature morphisms
(which are typically functional in nature) [16, 13, 47]. Between a symbol from
the source OMS and one from the target OMS, different relations can be
specified.

networks networks generalise distributed specifications [35], networks of align-
ments [16] and distributed description logics [4]. They provide also a formal
notion of viewpoint specifications, e.g. collections of UML diagrams provid-
ing different views on a system. A model of a network is a family of models
of the involved OMS that is compatible along the mappings of the network.
Networks can also be refined.

combination When alignments are normalised to spans or Ws of signature mor-
phisms, networks correspond to diagrams (in the sense of category theory)
of OMS [10]. A network can be combined into a single OMS by taking its
colimit. Under suitable amalgamation conditions, the combination captures



the model class of the network and thus can be used for reasoning about
networks.

entailments between OMS, or of an OMS by a network.
heterogeneity support for multiple logics (institutions) as discussed above:

OMS can be translated along institution comorphisms, be projected along
institution morphisms. Also, approximations, refinements and alignments
can be heterogeneous.

internet compatibility all names are full URLs resp. IRIs, and prefix maps
allow the convenient abbreviation of these.

This completes the overview of DOL, which is currently being finalised. The
DOL standard document is available at omg.org/spec/DOL; further information
can be found at dol-omg.org. Tool support for (an increasing part of) DOL is
provided by the Heterogeneous Tool Set (hets.eu) and Ontohub (ontohub.org).
Sample DOL documents can be found at ontohub.org/dol-examples.

Future work will address the further extension of DOL, e.g. with queries and
architectural refinements. Also, the extension of proof support from standard
structured specifications [5, 29] to the whole of DOL is an important task.
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