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ABSTRACT
Assistive technology, especially for persons with disabilities, increasingly relies on electronic
communication among users, between users and their devices, and among these devices.
Making such ICT accessible and inclusive often requires remedial programming, which tends
to be costly or even impossible. We, therefore, aim at more interoperable devices, services
accessing these devices, and content delivered by these services, at the levels of 1. data and
metadata, 2. datamodels and data modelling methods and 3. metamodels as well as a meta
ontology language.
Even though ontologies are widely being used to enable content interoperability, there is
currently no unified framework for ontology interoperability itself. This paper outlines the
design considerations underlying OntoIOp (Ontology Integration and Interoperability), a new
standardisation activity in ISO/TC 37/SC 3 to become an international standard, which aims
at filling this gap.
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INTRODUCTION
1

The Recommendation on software and content development principles 2010 formulated at the
12th International Conference on Computers Helping People with Special Needs (ICCHP
2010) addresses the important aspect of interoperable content from an eAccessibility and
eInclusion perspective. Content interoperability enhances the possibilities to search, retrieve,
and recombine content from different points of view. Content interoperability enhances the
personalisability of ICT devices, which is especially important for persons with disabilities
(PwD). Content interoperability can only be achieved on the basis of – preferably international – standards. However, although a number of pertinent standards exist, some of these need
revision, and additional standards are needed for new requirements.
Content interoperability means the capability of content entities to be combined with or embedded in other (types of) content items on the one hand, and to carry enough context
information for being extensively re-used (i.e. re-usability extended towards re-purposability). Different items of structured content are increasingly combined with or embedded in
each other. The fact that structured content must increasingly be multilingual and also multimodal only adds to the complexity. Therefore, a systemic and generic approach to data
modeling and content management has become the order of the day.
So far the standardisation efforts concerning structured content focused on
● Data categories and metadata used in the conceptual design of individual entries of
structured content,
● Data models and data modeling methods,
● Metamodels to make competing data models interoperable.
Some kinds of structured content, such as coding systems (e.g. for names of countries, currencies, languages or safety symbols) are so important that the content items themselves are
internationally standardised. If ontologies, in the meaning of knowledge representation, are
included, the above-mentioned metamodels need to be extended towards meta ontologies and
ontology languages, in order to provide the possibility to make ontologies interoperable.
An ontology is a “formal, explicit specification of a shared conceptualisation” [1], which represents a shared vocabulary and taxonomy that models a domain — that is, the definition of
concepts and other information objects, as well as their properties and relations. An ontology
language – different from mere knowledge representation – provides a metamodel for such
formal, explicit specifications of a shared conceptualisation.
Particularly in the field of eAccessibility&eInclusion, the use and re-use of all kinds of content across different technical platforms is a must. On the other hand, today, strongly heterogeneous content is still more the rule than the exception. While in the past the development
focus was on tools (i.e. devices, computer hardware and software), it is increasingly recognised today that “communication” ultimately is the most important issue, namely
● communication with and among persons with disabilities (PwD) directly or through
ICT devices,
● communication between PwD and the devices they use, and
● communication among these devices.
2

Needless to say that the above-mentioned approach has a big impact on software development, as can be gathered from the documents MoU/MG/05 N0221 1, [2] and MoU/MG/05
N0222 [3]. Modularity and comprehensive interoperability, capability for multilinguality and
multimodality based on open standards are increasingly required. Therefore, metadata, data
models, messages, protocols, conversion of all sorts, multilinguality (incl. cultural diversity),
multimodality, design for all (DfA) etc. have become the objective of standardisation efforts
in industry, first of all in eBusiness, by specialised organisations or in public institutions. [4]
Since a number of years, the number of standards for services and structured content is growing exponentially. PwD are among those who will benefit most from this development. However, in reality, as experienced in the OASIS project mentioned in Section 2, and elsewhere,
probably most of the existing repositories of structured data are not consistent even within a
given repository, and contradictory between different repositories. Most of them are not based
on proper metadata and data modelling methods, and therefore not integratable, not reliable,
and full of deficiencies. This is inacceptable especially in applications that support PwD, particularly in our aging societies, where more and more people suffer from multiple impairments. Implementing best practices in existing content repositories, such as in eBusiness 2, and
improving data quality and reliability by higher standards for quality assessment and certification, are necessary steps – but not sufficient. The current reality shows that assistive services are, and will most likely always be, relying on a multitude of heterogeneous content repositories with their underlying models and metamodels. The proposed International Standard
“OntoIOp” (cf. Section 3) acknowledges this diversity and aims at bridging such different
models and metamodels.
2

IMPLEMENTATION CASE: THE OASIS EU PROJECT

OASIS (Open architecture for Accessible Services Integration and Standardisation) is an ongoing European large-scale Integrated Project within the 7th Framework Programme. It started
in January 2008 for a period of four years. OASIS aims at an innovative reference architecture, based upon ontologies and semantic services, which will allow plug and play and costeffective interconnection of existing and new services in all domains required for the independent and autonomous living of the elderly and enhancing their Quality of Life (for this and
the following see [5]). Despite including Ambient Assisted Living (AAL) components, the
focus on services means that the OASIS approach is generic and thus applicable to
eApplications beyond the functional and technical requirements of AAL.
OASIS will provide a complementary solution to the direction now being pursued in the Semantic Web approach to ontology design: whereas in the Semantic Web re-usability is pursued across open ontologies, OASIS wants to achieve re-usability within strict modularity, by
means of a Common Ontological Framework (COF). COF follows the above-mentioned
1

MoU/MG: Management Group of the ITU-ISO-IEC-UN/ECE Memorandum of Understanding on standardisation in electronic business
2
For eBusiness content repositories, we refer to the standards developed by ISO/TC 184/SC 4.
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MoU/MG recommendation, which states as basic requirements for the development of fundamental methodology standards concerning content interoperability the fitness for
1. multilinguality (also covering cultural diversity),
2. multimodality and multimedia,
3. eAccessibility (also covering eInclusion), and
4. multi-channel presentations,
which have to be considered at the earliest stage of software design and then throughout all
software development cycles. [2] As side effects in software design are a source of major system instability, development and maintenance costs, avoiding them for ontology design will
be a major innovative contribution of considerable benefit.
3

OntoIOp (ISO/TC 37/SC 3 WI 17347)

Although in current ontology standardisation initiatives much has already been taken from established software engineering practice, surprisingly little of what is known about modularity
and structuring has so far been applied. Part of this gap can be traced back to differing starting
points: adopting a description logic basis, as typical within Semantic Web oriented
information modelling, has restricted the development of more powerful and generic approaches to supporting modularity. This is largely due to the fact that existing metamodel
specifications and ontology definition standards assume that the ontologies produced are essentially compatible down to the exchange of terms and filling in respective knowledge gaps.
But this ‘assumption’ of ontological compatibility frequently fails to hold. It also does not
match current practice nor expectations when standardisation is considered across technical
communities.
In order to fill the current gaps in modular ontology design and to augment ongoing standardisation efforts with an essential layer of standardised modularity and structuring guidelines, a
new working item (WI 17347) on “Ontology Integration and Interoperability (OntoIOp)” has
been initiated in ISO/TC 37/SC 3 “Systems to manage terminology, knowledge and content”.
The initiative brings together new results in the international state of the art in ontology-based
interoperability. This includes results from several large-scale initiatives. Thus the proposed
International Standard OntoIOp aims at bridging the above-mentioned gaps in standards and
guidelines.
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Fig. 1: Interoperability of Knowledge, Service, and Hardware

The general picture of interoperability that we propose is shown in Fig. 1. Read from left to
right, the story of the picture is as follows: ontology-based knowledge infrastructure provides
the conceptual background for service-oriented architectures, and software services in turn interact with hardware targets (devices) in smart environments (such as ambient assisted living
homes). Read from top to bottom, the story is that individual concepts belong to ontologies,
which in turn are formulated in some ontology language, such as OWL or Common Logic.
Likewise, services adhere to service descriptions, which are in turn formulated in a service description language, such as WSDL or DIANE. Finally, hardware devices (called targets)
conform to target descriptions, and e.g. the Universal Remote Console consortium has
formulated an XML format for such target descriptions [6].
The important insight is that interoperability – the third dimension in this diagram – needs to
address all these levels. Concerning the vertical line, let us stay at the left column (knowledge
infrastructure) for a moment. Interoperability of data means that data is converted from one
format into another one as required (e.g. JPEG to PNG). At the ontology level, there is the
need to relate different ontologies using different terminologies and concepts. Finally,
ontologies may have been formulated in different ontology languages, and these languages
need to be related in order to gain interoperability. Indeed, interoperability between two
knowledge representations may involve mappings at all three levels simultaneously: data,
ontologies, and ontology languages. The mappings arising at these levels are represented by
the dashed lines. For ontology-based web services and for devices, the situation is similar, but
mappings have not yet been studied to the same extent as for ontologies.
Concerning the horizontal line, interoperability of services and service composition can often
be enhanced by grounding the service descriptions in some ontology (or different but interop5

erated) ontologies. Interoperability of targets is often ensured by encapsulating as software
services and then using service composition techniques.
The OntoIOp standardisation effort has been started with this big picture of interoperability in
mind, but soon forces have been concentrated to the ontology part of the picture – this bears
enough complexity in its own. As indicated by the structural similarities, we hope that the
lessons learnt there will be useful for the service and device level as well.
3.1 Motivation of OntoIOp
We now provide details for the ontology part of the above diagram but refer to [7] for a more
in-depth elaboration. As a matter of fact, we face a multitude of ontology languages. While
the OWL standard [8] has led to an important unification of notation and semantics, still many
diverse formalisms are used for writing ontologies. Some of these, such as UML class
diagrams [9], can be considered fragments and notational variants of OWL, while others, such
as Common Logic [10], clearly go beyond the expressiveness of OWL. Moreover, not only
the underlying logics are different, but also the modularity and structuring constructs, and the
reasoning methods.
Many ontologies, in AAL and other domains, are written in description logics such as
SROIQ(D) (underlying OWL 2 DL) and its fragments. These logics are characterised by a
rather fine-tuned expressivity, exhibiting (still) decidable satisfiability problems, whilst being
amenable to highly optimised implementations. However, in many practical cases the expressivity has to be extended beyond the scope of standard DLs – to first-order or even
second-order logic. As an example for the former, consider simple devices such as light
switches, which only need a simple domain model for their own operation, whereas the model
required for integrating many such devices in a complex AAL environment can be provided
by grounding the simple individual ontologies in a foundational ontology, such as DOLCE
[11], with its abstract, generic notions of space, time, parthood, etc.
As OWL mainly targets applications in the Semantic Web and related areas, it cannot be expected to be fit for any purpose: there will always be new, typically interdisciplinary application areas for ontologies where the employed (or required) formal languages do not directly fit
into the OWL landscape. Heterogeneity (of ontology languages) is thus clearly an important
issue. This does not only include cases where the expressivity of OWL is simply exceeded
(such as when moving to full first-order logic), but, ultimately, also cases where combinations
with or connections to formalism with different semantics have to be covered, such as
temporal or spatial logics; cf. e.g. [12].
Ontology interoperability is closely related to ontology matching and alignment [13]. Here,
we will not consider the process of finding suitable matchings and alignments, but rather aim
at a language for expressing them. Ontology interoperability is also related to ontology modularity and structuring; see [7] for further details.
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3.2 Requirements for a Future Standard
We here propose a solution to the above issues based on the concept of heterogeneity: facing
the fact that several logics and formalisms are used for designing ontologies, we suggest heterogeneous structuring constructs that allow to combine ontologies in various ways, in a systematic and formally and semantically well-founded fashion.
The proposed standard will specify a distributed ontology language (DOL), which will serve
as a language for distributed knowledge representation in ontologies and interoperability
among ontologies, and in the long run also among services and devices.
It is important to stress that we do not aim at “yet another ontology language”. Rather, DOL
will be a meta-language for integrating existing ontology languages, such that one can continue to use existing tools. DOL shall allow for including all practically relevant languages –
OWL together with its sublanguages (called profiles), the UML class diagrams, Common
Logic (and its dialects), and others [7] – but also possible future languages. This is achieved
via conformance criteria inspired by Common Logic [10]. We are currently specifying
criteria for how each of the following can conform with DOL: a logic underlying an ontology
language, a concrete serialization of an ontology language, a document (which may contain
fragments in different ontology languages), and an application that processes such documents.
DOL will allow the user to integrate and compare ontologies written in different languages.
Mappings between ontologies, as they occur in ontology matching and alignment [13], will be
first-class citizens. Moreover, the standard will also accommodate for
● translations between ontology languages, as objects expressible in the language;
● heterogeneous ontologies combining parts written in different languages; and
● ontologies distributed over different internet locations.
DOL will be defined with a formal syntax and criteria for further serialisations to conform. In
particular, we shall target machine processing by specifying conforming XML and RDF
serialisations called Distributed Ontology Interchange format (DIF). Existing ontologies in
existing XML- or text-based serialisations shall be made valid DOL ontologies with a
minimum amount of syntactic adaptation.

Fig. 2: Mapping two ontology languages into a third one
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For giving DOL a well-defined formal semantics, we will define and standardise a core graph
of appropriate ontology language translations (see below), which is open for extension by
translations to further conforming languages. Every pair of ontology languages should have
ontology translations into a common target language (cf. Fig. 2).

Fig. 3: Mapping between ontologies formulated in different ontology languages

3.3 A Very Brief Sketch of the Hyperontology Framework
The definition of the semantics of the distributed ontology language DOL leads to technical
challenges, since all the individual ontology languages come with their own syntax and semantics, which need to be integrated properly. Addressing this problem of logical translation
between ontology languages, [14] has presented the theoretical foundations for the distributed
ontology language DOL on the ‘translation layer’. The general idea here is that such translations will allow users to use their own preferred ontology formalism, whilst being interoperable with other formalisms.
At the heart of our approach, therefore, is a graph of ontology languages and translations, enabling users to:
1. relate ontologies that are written in different formalisms;
2. re-use ontology modules even if they have been formulated in different formalisms;
3. re-use ontology tools like theorem provers and module extractors along translations.
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More generally, our approach is based on the theory of institutions (i.e. abstract model theory)
and formal structuring techniques from algebraic specification theory. Its main features are
the following, paraphrasing [15]:3
4. The ontology designer can use, e.g., OWL to specify most parts of an ontology, and can
use first-order (or even higher-order) logic where needed. Moreover, the overall ontology can be assembled from (and can be split up into) semantically meaningful parts
(‘modules’) that are systematically related by structuring mechanisms. These parts can
then be re-used and/or extended in different settings.
5. Institution theory provides the framework for formalising ‘logic translations’ between
different ontology languages, translating the syntax and semantics of different formalisms. These translations allow in particular the ‘borrowing’ of reasoning and editing
tools from one logic to another, when appropriately related.
Tool support for developing heterogeneous ontologies is available via the Heterogeneous Tool
Set Hets4, which provides parsing, static analysis and proof management for heterogeneous
logical theories. Hets visualises the module structure of complex logical theories, using socalled development graphs, as well as the concept hierarchies of individual theories (i.e.
ontologies) in that graph. Moreover, Hets is able to prove intended consequences of theories,
prove refinements between theories, or demonstrate their consistency. This is done by integrating several first-order provers and model-finders (Spass, Darwin), the higher-order prover
Isabelle, as well as DL reasoners like Pellet and Fact++.

Fig. 4: Translations between ontology languages
3

For technical detail and extensive discussion we have to refer to [15].
http://www.dfki.de/sks/hets
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A detailed discussion of the various translational relationships between (almost) all known
ontology languages can be found in [14]; Fig. 4 illustrates the translational relationships.
Leaving out technicalities (but see [14]), a ‘regular’ translation between two ontology languages means that the syntax and semantics of one logic can be translated into another. This
means that, typically, the former is a fragment of the latter. A standard example would be
OWL which, via the standard translation, can be considered a fragment of first-order logic.
The languages shown in Fig. 4 range from sub-Boolean (OWL fragments) to sub-secondorder (Common Logic, but extending full first-order by some second-order constructs).
Notice that there are often several translation between two distinct languages, namely one
given by an immediate arrow (the ‘natural’ translation), and one given by composing several
other translations. The reason for giving translations that could alternatively also be obtained
via composition of already existing translations is that the ‘natural translations’ typically have
better properties in terms of comprehensibility and succinctness. The choice of a translation
therefore impacts in particular computational properties and tool re-usability.
3.4 Embedded Documentation
Accessibility is not just enhanced by offering novel services that assist end users by performing actions on their behalf, but also by explaining the functionality of existing services. To
that end, we require ontologies to not just enable knowledge representation in an explicit, machine-comprehensible way, but also to provide human-comprehensible annotations of its concepts. Such embedded documentation obviously supports knowledge engineers and service
developers in using an ontology, but services can also expose the documentation to their end
users at runtime.
State-of-the-art ontology languages hardly address documentation. Common Logic [10], for
example, merely allows for attaching unstructured comments to its phrases (modules, sentences, imports, or text). OWL [8], thanks to its roots in the RDF metadata model, allows for
supplying additional types of comments (annotation properties) and supports complex multilingual annotations, but there are fewer subjects within OWL ontologies to which such annotations can be attached. More complex kinds of annotations, e.g. of subsets of an ontology 5,
are not currently supported by any language – let alone the software engineering practice of
“literate programming”, where natural language documentation and formal expressions are
freely interwoven and reference each other in a fine-grained way, enabling the generation of
both a reference manual and compilable/executable code (here: a formal ontology) from the
same source.
Building on initial results obtained with a proof–of–concept ontology language with rich
documentation capabilities [16], DOL intends to enable ontology engineers to document arbitrary fragments of existing ontologies without having to translate them. To that end, DOL
will extend the annotation facilities of existing ontology languages with a vocabulary for non5

unless such subsets have been modeled explicitly as ontology modules
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intrusive standoff markup, pointing to the exact subjects of annotation from external documentation files or from special internal comments. The DOL annotation sublanguage will be
built on established Semantic Web standards, including RDF for representing annotations in
general, RDFa [17] for fine-grained embedding of annotations into XML serialisations of ontologies, and XPointer URIs [18] as a non-destructive means of referencing text or XML
pieces, where the original ontology language does not provide built-in identification mechanisms.
Finally, we will compile a list of vocabularies recommended for annotating ontologies, comprising generic metadata vocabularies such as Dublin Core [19] as well as ontology-specific
vocabularies such as the Ontology Metadata Vocabulary (OMV [20]).

4

SUMMARY AND OUTLOOK

Content integration – whether in the form of virtual or real data integration – and content interoperability must be based among others on
1. consistent methodology standards for data models and data modelling,
2. coordinated standardisation of several kinds of structured content,
3. standardised identification systems for individual pieces of information,
4. standardised transfer protocols and interchange formats, in order to be efficient and
reliable,
5. standardised metamodels and a standardised meta ontology language.
Persons with disabilities are among those who will benefit most from these standards. They
will not only be able to use information across technical platforms, but also gain access to information and knowledge in general, which would also improve their access to education.
There are several technical committees sharing standardisation work on the above-mentioned
aspects. OASIS attempts to combine the results of a number of past projects with best practices concerning structured content development and maintenance as well as with respect to
content integration. We have sketched a new “distributed ontology language”, DOL, enabling
integration of a number of existing and future ontology languages, as well as ontology
mappings and language mappings, leading to sustainable interoperability among ontologies. A
formal, machine-comprehensible semantics is provided by the Common Ontological
Framework and its sophisticated heterogeneous structuring mechanisms, whereas an
annotation and documentation framework improves comprehensibility for human users.
Future work will have a closer look at the interoperability of ontologies, services and devices
as well.
If there are standards, standards-based certification is possible. Especially with respect to
eAccessibility&eInclusion there is a definite need for certification, validation or verification
of data, which possibly can largely be done through web services. These standards and certification schemes would
1. first of all benefit PwD,
2. benefit also small content and service providers,
11

3. be affordable and
4. fit the kind of service, the technical state-of-the-art at the service providers' side and
the expectations of the clients.
Coordination and harmonisation efforts supported by the EU Commission have a positive effect on the development of technical, organisational and content interoperability standards as
well as standards-based content repositories, which will benefit first of all persons with disabilities.
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