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Institute of Intelligent Cooperating Systems, Otto-von-Guericke-University Magdeburg, Germany Over the last decades, the WADT community has studied the formal specification of software (and hardware) in great detail [START_REF] Cerioli | Algebraic System Specification and Development. A Survey and Annotated Bibliography, 2nd Edition[END_REF][START_REF] Astesiano | Algebraic Foundations of Systems Specification[END_REF][START_REF] Sannella | Foundations of Algebraic Specification and Formal Software Development[END_REF]. One important aspect is the structuring of specifications in a modular way [START_REF] Sannella | Specification languages[END_REF], which has been covered in specification languages like CLEAR [START_REF] Burstall | The semantics of CLEAR, a specification language[END_REF], OBJ [START_REF] Goguen | An introduction to OBJ 3[END_REF], ASL [START_REF] Wirsing | Structured algebraic specifications: A kernel language[END_REF] and many others. Here, a powerful abstraction is the notion of institution, introduced by Goguen and Burstall [START_REF] Goguen | Institutions: Abstract model theory for specification and programming[END_REF]. 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 [START_REF] Sannella | Specifications in an arbitrary institution[END_REF], and based on this, later the Common algebraic specification language Casl [START_REF] Bidoit | CASL -the Common Algebraic Specification Language: User Manual[END_REF][START_REF]CASL Reference Manual[END_REF] has been standardised.

While all these developments, including Casl, focus on formal specifications, the approach of providing an institution-independent language for the structuring 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. [START_REF] Maibaum | Conservative extensions, interpretations between theories and all that! In Michel Bidoit and Max Dauchet[END_REF]) und used for the notion of ontology module extraction in various description logics (see e.g. [START_REF] Konev | Formal properties of modularisation[END_REF], and [START_REF] Ibáñez-García | Modularity of ontologies in an arbitrary institution[END_REF] 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 [START_REF] Lucanu | Semantic Web Languages -Towards an Institutional Perspective[END_REF][START_REF] Mossakowski | The Onto-Logical Translation Graph[END_REF].

Moreover, using the notion of heterogeneous multi-logic specification developed in [START_REF] Bernot | Towards heterogeneous formal specifications[END_REF][START_REF] Coudert | Hierarchical heterogeneous specifications[END_REF][START_REF] Tarlecki | Towards heterogeneous specifications[END_REF][START_REF] Diaconescu | Grothendieck Institutions[END_REF][START_REF] Mossakowski | Comorphism-based Grothendieck logics[END_REF][START_REF] Mossakowski | Heterogeneous specification and the heterogeneous tool set[END_REF][START_REF] Kutz | Carnap, Goguen, and the Hyperontologies: Logical Pluralism and Heterogeneous Structuring in Ontology Design[END_REF][START_REF] Mossakowski | A relatively complete calculus for structured heterogeneous specifications[END_REF], a program for the institution-based formalisation of UML multi-viewpoint models has been formulated [START_REF] Cengarle | A heterogeneous approach to UML semantics[END_REF][START_REF] Knapp | Towards an institutional framework for heterogeneous formal development in UML -A position paper[END_REF][START_REF] Calegari | Heterogeneous verification in the context of model driven engineering[END_REF]. 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 institutional specification theory). In order to avoid confusion, we henceforth call the former MDE models.

Based on this observation of similarities between ontologies, MDE models and specifications, the Distributed Ontology, Model and Specification Language (DOL) has been proposed and adopted as an OMG standard [START_REF]Object Management Group. The distributed ontology, modeling, and specification language (DOL)[END_REF][START_REF] Mossakowski | The Distributed Ontology, Modeling and Specification Language[END_REF][START_REF] Mossakowski | The distributed ontology, modelling and specification language -DOL[END_REF]. 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 specification denotes a signature and a class of models over that signature. DOL adopts this, but also features theory-level semantics [START_REF] Roşu | Composing hidden information modules over inclusive institutions[END_REF][START_REF] Sannella | Foundations of Algebraic Specification and Formal Software Development[END_REF] for certain constructs like module extraction or filtering. reduction Casl features hiding of a specification (aka OMS) along a signature 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 [START_REF] Konev | Formal properties of modularisation[END_REF]. 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 [START_REF] Roşu | Composing hidden information modules over inclusive institutions[END_REF][START_REF] Sannella | Foundations of Algebraic Specification and Formal Software Development[END_REF]. The problem of capturing this theory by a finite presentation has been studied for ontology languages under the terms forgetting and uniform interpolation [START_REF] Wang | Forgetting for knowledge bases in DL-Lite[END_REF][START_REF] Lutz | Foundations for Uniform Interpolation and Forgetting in Expressive Description Logics[END_REF]. filtering extraction of a sub-OMS consisting of all sentences that actually are formed over the restricted signature [START_REF] Rabe | A scalable module system[END_REF]. 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 [START_REF] Mccarthy | Circumscription -a form of non-monotonic reasoning[END_REF]. Also, the duals (cofree and maximal OMS) are included. Cofree OMS can be used for coinductive specification of process types, like in CoCasl [START_REF] Mossakowski | Algebraic-co-algebraic specification in CoCasl[END_REF]. refinement simple refinements are specification morphisms [START_REF] Sannella | Foundations of Algebraic Specification and Formal Software Development[END_REF] (logically: interpretations of theories [START_REF] Enderton | A Mathematical Introduction to Logic[END_REF], in terms of OBJ [START_REF] Goguen | An introduction to OBJ 3[END_REF] and Casl [START_REF] Bidoit | CASL -the Common Algebraic Specification Language: User Manual[END_REF][START_REF]CASL Reference Manual[END_REF]: views).

The refinement language of [START_REF] Mossakowski | A simple refinement language for Casl[END_REF] is included into DOL, that is, certain operation 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 ( [START_REF] Codescu | Specification refinements: calculi, tools, and applications[END_REF] had not been available when the DOL standard emerged). equivalence OMS can be declared to equivalent, if they have a common definitional extension [START_REF] Mossakowski | Heterogeneous logical environments for distributed specifications[END_REF][START_REF] Kutz | Carnap, Goguen, and the Hyperontologies: Logical Pluralism and Heterogeneous Structuring in Ontology Design[END_REF]] alignment this notion is a relational generalisation of signature morphisms (which are typically functional in nature) [START_REF] Euzenat | Ontology matching[END_REF][START_REF] David | François Scharffe, and[END_REF][START_REF] Zimmermann | Formalizing Ontology Alignment and its Operations with Category Theory[END_REF]. Between a symbol from the source OMS and one from the target OMS, different relations can be specified. networks networks generalise distributed specifications [START_REF] Mossakowski | Heterogeneous logical environments for distributed specifications[END_REF], networks of alignments [START_REF] Euzenat | Ontology matching[END_REF] and distributed description logics [START_REF] Borgida | Distributed Description Logics: Assimilating Information from Peer Sources[END_REF]. They provide also a formal notion of viewpoint specifications, e.g. collections of UML diagrams providing 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 morphisms, networks correspond to diagrams (in the sense of category theory) of OMS [START_REF] Codescu | A categorical approach to ontology alignment[END_REF]. 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 [START_REF] Borzyszkowski | Logical systems for structured specifications[END_REF][START_REF] Mossakowski | Development graphs -proof management for structured specifications[END_REF] to the whole of DOL is an important task.
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