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13 Interpretation, reasoning, and inference

The Semantic Web developments allow new opportunities related to interoperability, i.e. interpretation of data
elements, reasoning, and inference.

13.1 Interpretation

By providing meaning, ontologies can support software agents in the interpretation of incoming data elements.
Software agents can assign a meaning automatically to incoming data elements, which could be assembled in
queries or results from an operation performed by another process, based on the ontologies that constitute
their knowledge base. Such a function, also called interpretation, is made possible by ontology matching or
similarity assessment.

Ontology matching refers to the correspondence between semantically related entities of distinct ontologies
(Euzenat and Shvaiko 2007). It aims at finding concepts and/or properties from different ontologies that are
related together, such as equivalence, subsumption, and disjointness. Mapping of concepts and properties
between ontologies is not a trivial function. Typically, one or more concepts from one ontology can map to one
concept of another ontology, and conversely. A similarity assessment between concepts supports the
mapping between concepts. The similarity assessment can be either quantitative or qualitative. In quantitative
assessment, the similarity typically takes the form of a semantic distance between concepts and is expressed
in the interval [0,1] where 0 means that the concepts are disjoint and 1, that the concepts are equivalent.
Qualitative similarity assessment takes the form of predicates that specify the relation between two concepts,
such as equal, include, overlap, etc.

In the spatial domain, the similarity between geometric constructs (point, curve, surface, and solid) is
commonly identified by an intersection matrix between the interior, boundary, and exterior of two geometric
objects, which lead to a 9 intersection matrix (Egenhofer and Herring 1994; ISO/TC 211 2003a). Although
guantitative assessment of semantic similarity is interesting, qualitative assessment of semantic similarity is
closer to cognitive reasoning and an approach that follows the same paradigm as for geometric similarity
assessment (9 intersection matrix) would have the benefit to express the similarity in the same manner with
the used of the same type of operators. The geosemantic proximity (Brodeur et al. 2005) approach is a 4
intersection matrix assessment of the semantic similarity between contexts of two geospatial concepts, which
compares the intrinsic and extrinsic properties between two concepts. The context of a concept can be
represented using a geometric line metaphor (Figure 16) where the intrinsic properties of the concept
compare to the interior of the line and the extrinsic properties of the concept, to the boundary of the line.
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Figure 16: Concept's context segment metaphor

Then, the geosemantic proximity between two concept's contexts is expressed through the intersection of the
intrinsic and extrinsic properties (Figure 17) and 16 (2°) predicates are then defined.
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Figure 17: K and L Context Intersection

Each matrix component is evaluated empty or not (denoted by & / —& or f / t respectively) and, hence, sixteen
geosemantic proximity predicates are derived: GsP_ffff (disjoint), GsP_ffft, GsP_fftt (contains), GsP_tfft

© 1SO 2009 — All rights reserved 26



ISO/

(equal), GsP_ftft (inside), GsP_tftt (covers), GsP_ttft (coveredBy), GsP_fttt (overlap), GsP_tttt, GsP_tfff
(meet), GsP_tftf, GsP_tttf, GsP_ttff, GsP_fttf, GsP_fftf, GsP_ftff.

13.2 Reasoning and inference

Reasoning is the process from which one draws inferences or conclusions. This is possible when data
elements can be interpreted. Examples:

IF ontologyA:street c ontologyA:road
AND ontologyA:road = ontologyB:thoroughfare

THEN ontologyA:street < ontologyB:thoroughfare

IF ontologyA:watercourse contains (or GsP_fftt) ontologyB:river/stream
AND ontologyB:river/stream contains (or GsP_fftt) ontologyC:creek

THEN ontologyA:watercourse contains (or GsP_fftt) ontologyC:creek

IF Joe is passenger of Train 1234

AND Train 1234 goes to Rome

THEN Joe goes to Rome
Because ontologies provide the definitions of concepts and relationships between them using with respect to
some context, reasoning and inference is then possible. Reasoning and inference can lead to a wide range of

possibilities related to interoperability: data discovery, query answering, composition of geographic data from
multiple sources, using data across domains, data integration and mashup, and so on.
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14 Semantic Web and Web services

So far, the Semantic Web is presented from a data perspective. However, the current Web goes beyond a
Web of documents. Web services are also important components that compose the Web. Currently, the use
and interaction of Web services still require the participation of humans to find and integrate Web services.
The Semantic Web could also contribute to facilitate the interaction with Web Services by introducing
semantics in Web Services (Sycara et al. 2005). Therefore, Semantic Web and ontologies concerns also Web
services. Semantic Web can support Web services to automate the Web service discovery, the composition of
Web services, their invocation in order to enable seamless machine interoperation with minimum human
interaction. Semantic annotation of services in terms of capabilities, selection, access, composition, and
invocation are then required and should be supported through ontologies.

Two frameworks are found to support the above functionalities: OWL-S — Semantic Markup for Web Services
and WSMO — Web Service Modeling Ontology.

OWL-S is the response from the W3C to Web services. OWL-S, which was formerly known as DAML-S, is an
ontology of services to support discovery, composition, and invocation of Web services. The structure of the
ontology consists of three parts: service profile, process model, and grounding. The service profile provides
details about what the service can do for clients, the capabilities. The main task of the profile is for advertising
and discovering services. The service process model provides details about how the service operates. The
grounding provides details about the manner to interact with a service via messages, such as transport

protocols.

ServiceGrounding
1 ServiceModel

Figure 18: OWL-S service ontology
(from World Wide Web Consortium 2004)

WSMO is the response on Web service from the European Semantic Systems Initiative. It is composed of 4
main elements: ontologies, Web services, goals, and mediators. The ontologies provide the formal
specification of terminology used by the other WSMO components. The Web services provide the semantic
description of Web services in terms of capabilities, interfaces, and internal operation of the service. Goals
refer to the objectives that a client wants to achieve by using Web services. The mediators provide the
connectors between components with mediation facilities for handling heterogeneities.
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Ontologies Web Services

Mediators

Figure 19: WSMO components
(from Roman et al. 2005)

In ISO/TC 211, 1SO19119 sets the basis for developing geospatial services and for the documentation of
these services through service metadata. This could be seen as a foundation for the definition of geospatial
service ontology. However, 1SO19119 could be reviewed and extended with respect to the Semantic Web.
The encoding of Web service metadata in an ontology language should be addressed. Which framework
would be more appropriate for ISO/TC 2117 Registration of geospatial semantic service descriptions is also

an issue.
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15 Conclusion

ISO/PT19150 was initiated to review the potential and benefit of ontologies and the Semantic Web to reach
the objectives of ISO/TC 211 for the interoperability of geographic information. ISO/TC 211 has spent the last
15 years to establish a very robust structure for the description of geographic information. This structure is
documented with harmonized UML models and covers a wide spectrum of topics with respect to geographic
information. Although ISO/TC 211 UML models are very rich descriptions, they are not directly usable by
machines to support interoperability of geographic information and their translation into specific software by
human beings may not respect all the details of the models.

The Semantic Web brings a new vision and new Web technologies to make the Web information more
interoperable by making them machine processable by the use of ontologies. Clause 3 has summarized the
vision and technologies of the Semantic Web in order to set a common understanding of it.

The notion of ontology is an underpinning in the Semantic Web vision. In the Semantic Web perspective, an
ontology provides the meaning of the data elements and Web services that are shared and accessible on the
Web. Clause 4 has defined what ontologies are and described the role of ontologies with respect to
interoperability and more specifically in the context of geographic information. Ontologies serve as knowledge
bases for the interpretation data and reasoning with them.

Clause 5 of this report identifies values of ontologies and Semantic Web with regard to ISO/TC 211. Of
primary importance, ontologies and Semantic Web aim to enable interoperability not only within the
geographic information realm but across different disciplines. By adhering to the Semantic Web, geographic
information interoperability would be much smarter and possible between different data sources. ISO/TC 211
standards would then reach a much wider community and support a broader variety of applications. It is
important to note that the spatial domain is complex and the Semantic Web community requires the
availability of spatial ontologies to support this type of information over the Web.

Clause 6 lists the issues of relevance for ISO/TC 211 with respect to Semantic Web and ontologies. Clause 7
lists ISO/TC 211 related works to the Semantic Web. It is important to recognize that adhering to the
orientation of the Semantic Web requires revisiting the ISO/TC 211 reference model and ISO/TC 211
conceptual schema language. RDF and OWL languages are important pieces of technology of the Semantic
Web and their used need to be addressed carefully in ISO/TC 211 (see Clause 8). Clauses 9 and 10 address
these issues.

Clause 11 demonstrates that there is a wide range of technologies (commercial and Open Source) supporting
the Semantic Web and it is constantly expanding. The Semantic Web and ontologies are now beyond a
theoretical idea and have reached the status of a well developed technology.

Addressing geographic information content is a complex task. ISO/TC 211 has played a leading role in
addressing the structure to document geographic information content. As described in Clause 12, ISO/TC 211
is required to play a more significant role in establishing high level ontologies which would support and
enhance semantic interoperability.

Entering in the Semantic Web brings new opportunities for interoperability of geographic information. As
discussed in Clause 13, automatic interpretation, reasoning, and inference will become possible on the Web.

The Web is also composed of Web services. The discovery, selection, access, composition, and invocation of
Web services are also an issue of the Semantic Web. Clause 14 introduces frameworks to support Semantic
Web services. The discussion on this issue must continue within ISO/TC 211 and a revision of 1SO19119
might be required.

In light of the report and the discussion of the project team, ontologies and Semantic Web approaches can
benefits to a great deal to the ISO/TC 211 objectives. However, it means that ISO/TC 211 adopt a new
strategy to take advantage of it. This new strategy must be described within a revised reference model and
shall adopt OWL-DL as an additional conceptual schema languages for the description of concepts defined
within ISO/TC 211. The next Clause details the recommendations for further consideration by ISO/TC 211.
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16 Recommendations

16.1 Recommendation 1: Review of the ISO/TC 211 reference model

A review of 1SO19101:2002 Geographic Information — Reference Model becomes essential to address more
clearly the issues of semantic interoperability of geographic information, ontology, and Semantic Web. It is

recommended to undertake this work as part of the systematic review of 1ISO19101:2002 (document N2386).

16.2 Recommendation 2: Cast ISO/TC 211 standards so they can benefit from and support
the Semantic Web

b) OWL as complementary to UML: ISO/TC 211 shall recognize OWL-DL as a complementary language to
UML for the description of ISO/TC 211 concepts to benefit from and support the Semantic Web.

c) OWL ontology rules: ISO/TC 211 shall initiate a new work item to elaborate rules for consistent derivation
of OWL-DL ontologies from the ISO/TC 211 UML models for 1SO19103, application schemas, and
ISO/TC 211 other UML models. This work should consider the exploratory works presented in annex A.
Conformance clauses shall be defined carefully to ensure the quality of the OWL-DL ontologies.

d) OWL-DL ontology derivation: ISO/TC 211 shall initiate the derivation of OWL-DL ontologies equivalent to
ISO/TC 211 UML models using the rules in (b). Further, ISO/TC 211 shall make these OWL-DL
ontologies freely available on the ISO/TC 211 Web site to support Semantic Web applications.
Additionally, awareness of these ontologies shall be developed, so they should be posted on ontology
registries (e.g. "swoogle®).

16.3 Recommendation 3: Developing content ontologies

ISO/TC 211 shall encourage high level content definition. This shall be done by the definition of high level
ontologies. These high level ontologies would serve as a basic framework to define ontologies at greater level
of details and will allow mapping of concepts between application ontologies within a given domain as well as
interrelate concepts across domains. All content ontologies shall be accessible in OWL-DL and made
accessible on the ISO/TC 211 Web site.

16.4 Recommendation 4: Service ontology

ISO/TC 211 shall initiate the revision of 1SO019119:2005 geographic information - Services to enhance service
metadata in order to support discovery of Web services on the Semantic Web. The work item shall decide
which way would be preferable for ISO/TC 211 to describe Web Services: OWL-S, WSML, or another.

16.5 Recommendation 5: Semantic operators

ISO/TC 211 shall initiate a new work item to define semantic proximity operators between concepts
associated with geometric and temporal representations. These operators will complement the current suites

of geometric and temporal operators as defined in 1SO19107:2003, 1SO19108:2002, 1SO19125-1:2004, and
1ISO19141:2008.
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Annex A
UML20OWL Conversion

A.1 UML class diagram
e Object oriented
e Design mainly for system, software, database specification and development

¢ Not meant for, but also used for the specification of typologies, classifications, and description of
concepts

e e.g.1SO/TC 211

Although it supports, the development of software in programming language, it is not meant to be
machine processable in a generic manner

¢ Not meant originally to support the definition of concepts for a Web of data

A.2 Semantic Web
e A W3C initiative
e ~2000
e From a Web of document to a Web of data
e Supported by ontologies
¢ Ontologies are meant to be machine processable in a generic manner

e RDF, RDFS, OWL based

A.3 Ontologies and Semantic Web in ISO/TC 211
e Interoperability across domains
e Expose ISO/TC 211 standards to other communities that are not aware of the spatial domain
e Focus on online (Web) access of information and knowledge (as opposed to offline access)
e Automatic machine reasoning and inference
¢ From information description to knowledge description
¢ Interrelate similar/different concepts (such as different keywords for similar concepts in metadata)
e Associate (similar/different) concepts between domains

¢ Based on W3C Semantic Web Specifications

A.4 Rules for OWL ontologies

e For ontology description completeness
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e For consistency in OWL ontology development in ISO/TC 211
e For consistency in conversion of UML diagrams to OWL ontologies
e For cohesion and unity between UML models and ontologies

e UML diagrams and OWL ontologies are complementary and serve different purposes

A.5 UML package to OWL ontology

<!--namespaces identification-->

<rdf:RDF
xmIins:is019103="http://www.cits.rncan.gc.ca/html/brodeurj/.protege/

.19100/.pt19150/ontology/iso19103ontology_.owl#"
xmins:protege="http://protege.stanford.edu/plugins/owl/protege#"
xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmins:xsd="http://www.w3.0rg/2001/XMLSchema#"
xmins:rdfs="http://www.w3.0rg/2000/01/rdf-schema#"
xmins:owl="http://www.w3.0rg/2002/07/owl#"
xmlns="http://www.cits.rncan.gc.ca/html/brodeurj/.protege/

.19100/.pt19150/ontology/iso191150ntology_metadataEntitySetinformation.owl#"
xmins:is019100="http://www.cits.rncan.gc.ca/html/brodeurj/.protege/

.19100/.pt19150/ontology/iso191000ntology_.owl#"
xml:base="http://www.cits.rncan.gc.ca/html/brodeurj/.protege/

.19100/.pt19150/ontology/iso191150ntology_metadataEntitySetIinformation.owl!">

<!l--ontology header-->
<owl:Ontology rdf:about="">
<rdfs:comment>This ontology defines the concepts for the documentation of metadata entity set
information</rdfs:comment>
<owl:imports rdf:resource="http:// www.isotc211.org/ontology/2005/is019103ontology_.xml"/>
<owl:imports rdf:resource="http:// www.isotc211.org/ontology/..."/>
<rdfs:label>1S019115:2003 metadata entity set information ontology</rdfs:label>
</owl:Ontology>

.<./.rdf:RDF>

A.6 UML class to OWL class

<owl:Class rdf:ID="MD_Metadata">
<rdfs:label rdf.datatype="http://www.w3.0rg/2001/XMLSchema#string">MD_Metadata</rdfs:label>
</owl:Class>

A.7 UML stereotype and abstract class
No OWL equivalent

Note: Even if there is no equivalent to stereotype and abstract class, an annotation property can be defined to
describe the type of class, which mimics UML stereotype, example:

<owl:Class rdf:ID="MD_Identification">
<rdfs:label rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">MD_Identification</rdfs:label>
<is019100:stereotype rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">Abstract
</is019100:stereotype>

</owl:Class>
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A.8 UML ownedAttribute to owl:DatatypeProperty, owl:ObjectProperty, rdfs:domain,
rdfs:range

<owl:Class rdf:ID="MD_Metadata">
<rdfs:label rdf.datatype="http://www.w3.0rg/2001/XMLSchema#string">MD_Metadata</rdfs:label>
</owl:Class>

<!I--The property name shall be composed of the class hame and the attribute name using the dot (.) notation
and a label shall be provided for a human readable form-->

<!--DatatypeProperty is used along with RDF literals and XML Schema datatypes-->
<owl:DatatypeProperty rdf:ID="MD_Metadata.fileldentifier">
<rdfs:label rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">fileldentifier</rdfs:label>
<rdfs:domain rdf:resource="#MD_Metadata"/>
<rdfs:range rdf:resource="&xsd;string"/> <!l--this is an example and a review of 1SO19103 along with
RDF
literals and XML Schema datatypes is necessary-->
</owl:DatatypeProperty>

<!--ObjectProperty is used along with reference to other owl:Class-->
<owl:ObjectProperty rdf:ID="MD_Metadata.contact">
<rdfs:label rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">contact</rdfs:label>
<rdfs:domain rdf:resource="#MD_Metadata"/>
<rdfs:range rdf:resource="#Cl_ResponsibleParty"/>
</owl:ObjectProperty>

A.9 UML multiplicity to OWL property restriction
UML attribute and role multiplicity: Default is 1..1
OWL property restriction — owl:minCardinality, owl:maxCardinality: Default cardinality is O to many

<owl:Class rdf:ID="MD_Metadata">
<rdfs:label rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">MD_Metadata</rdfs:label>

<rdfs:subClassOf>
<owl:Restriction>
<owl:onProperty rdf:resource="#MD_Metadata.contact"/>
<owl:minCardinality rdf:datatype="http://www.w3.0rg/2001/XMLSchema#int">1</owl:minCardinality>
</owl:Restriction>
</rdfs:subClassOf>

</owl:Class>

<owl:ObjectProperty rdf:ID="MD_Metadata.contact">
<rdfs:label rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">contact</rdfs:label>
<rdfs:domain rdf:resource="#MD_Metadata"/>
<rdfs:range rdf:resource="#Cl_ResponsibleParty"/>

</owl:ObjectProperty>

A.10 UML enumeration and code list to owl:oneOf

<l--enumeration-->
<owl:Class rdf:ID="MD_Georectified">
<rdfs:label rdf.datatype="http://www.w3.0rg/2001/XMLSchema#string">MD_Georectified</rdfs:label>
</owl:Class>

<owl:ObjectProperty rdf:ID="MD_Georectified.pointinPixel">
<rdfs:label rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">pointinPixel</rdfs:label>
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<rdfs:domain rdf:resource="#MD_Georectified"/>
<rdfs:range rdf:resource="#MD_PixelOrientationCode"/>
</owl:ObjectProperty>

<owl:Class rdf:ID="MD_PixelOrientationCode">
<rdfs:label
rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">MD_PixelOrientationCode</rdfs:label>
<is019100:stereotype
rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">Enumeration</iso19100:stereotype>
<owl:oneOf rdf:parseType="Collection">
<MD_PixelOrientationCode rdf:about="#_ CodedValue.center"/>
<MD_PixelOrientationCode rdf:about="#_CodedValue.lowerLeft"/>
<MD_PixelOrientationCode rdf:about="#_ CodedValue.lowerRight"/>
<MD_PixelOrientationCode rdf:about="# CodedValue.upperLeft"/>
<MD_PixelOrientationCode rdf:about="#_ CodedValue.upperRight"/>
</owl:oneOf>
</owl:Class>

<_CodedValue rdf:ID="_CodedValue.center">
<rdfs:label rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">center</rdfs:label>
<numericalValue rdf:datatype="http://www.w3.0rg/2001/XMLSchema#int">1</numericalValue>
<characterStringValue
rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">center</characterStringValue>
</_CodedValue>

A.11 UML subclass, generalization to rdfs:subClassOf

<owl:Class rdf:ID="MD_Identification">
<rdfs:label rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">MD_Identification</rdfs:label>
<is019100:stereotype
rdf.datatype="http://www.w3.0rg/2001/XMLSchema#string">Abstract</iso19100:stereotype>
</owl:Class>

<owl:Class rdf:ID="MD_Dataldentification">
<rdfs:label rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">MD_Dataldentification</rdfs:label>
<rdfs:subClassOf rdf:resource="#MD_ldentification"/>

</owl:Class>

Note: The use of set operator (intersectionOf, unionOf, complementOf) and disjointWith predicates could be
used to specify distinctions between subclasses:

<owl:Class rdf:ID="SV_Serviceldentification">
<rdfs:label
rdf.datatype="http://www.w3.0rg/2001/XMLSchema#string">SV_Serviceldentification</rdfs:label>
<rdfs:subClassOf rdf:resource="#MD _ldentification"/>
</owl:Class>

<owl:Class rdf:about="#MD_Dataldentification">

<owl:disjointWith rdf:resource="#SV_Serviceldentification"/>
</owl:Class>

A.12 UML association and roles to owl:ObjectProperty, rdfs:domain, rdfs:range
<l--one end navigation-->
<owl:Class rdf:ID="MD_Metadata">
<rdfs:label rdf:datatype="http://www.w3.0rg/2001/XMLSchemat#string">MD_Metadata</rdfs:label>

<rdfs:subClassOf>
<owl:Restriction>
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<owl:onProperty rdf:resource="#MD_Metadata.identificationInfo"/>
<owl:minCardinality rdf:datatype="http://www.w3.0rg/2001/XMLSchema#int">1</owl:minCardinality>
</owl:Restriction>
</rdfs:subClassOf>

</owl:Class>

<owl:ObjectProperty rdf:ID="MD_Metadata.identificationInfo">
<rdfs:label rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">identificationinfo</rdfs:label>
<rdfs:domain rdf:resource="#MD_Metadata"/>
<rdfs:range rdf:resource="#MD_Identification"/>

</owl:ObjectProperty>

<!l--two ends navigation-->
<owl:Class rdf:ID="MD_Format"/>
<owl:Class rdf:ID="MD_Distributor"/>

<owl:ObjectProperty rdf:ID="MD_Format.formatDistributor">
<rdfs:label rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">formatDistributor</rdfs:label>
<rdfs:domain rdf:resource="#MD_Format"/>
<rdfs:range rdf:resource="#MD_Distributor"/>

</owl:ObjectProperty>

<owl:ObjectProperty rdf:ID="MD_Distributor.distributorFormat">
<rdfs:label rdf.datatype="http://www.w3.0rg/2001/XMLSchema#string">distributorFormat</rdfs:label>
<owl:inverseOf rdf:resource="#MD_Format.formatDistributor"/>

</owl:ObjectProperty>

Note: there is no equivalent association’s name. Is the name of an association required? If so, it can be
handled through an annotation property.

A.13 UML aggregation and composition to owl:ObjectProperty,
owl:TransitiveProperty, rdfs:domain, rdfs:range

Note: There is no specific construct in OWL for Part-Whole relationship. Aggregation and composition are
considered as a kind of association

One way to define a Part-Whole relationship in to concatenate the predicate “has” before the role name and
use it as property name:

<owl:Class rdf:ID="MD_Identification"/>
<owl:Class rdf:ID="MD_Constraints"/>

<owl:ObjectProperty rdf:ID="MD_Identification.hasResourceConstraints">
<rdfs:label
rdf.datatype="http://www.w3.0rg/2001/XMLSchema#string">hasResourceConstraints</rdfs:label>
<rdfs:domain rdf:resource="#MD _ldentification"/>
<rdfs:range rdf:resource="#MD_Constraints"/>
</owl:ObjectProperty>

If a property is both end navigable then an inverse property should be defined concatenate the predicate
“partOf” before the role name. It is a good practice to specify if the property is transitive:

<owl:ObjectProperty rdf:ID="MD_Constraints.partOfidentification">
<rdfs:label rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">partOfldentification</rdfs:label>
<owl:inverseOf rdf:resource="#MD_Identification.asResourceConstraints"/>
<rdf:type rdf:resource="&owl;TransitiveProperty"/>
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</owl:ObjectProperty>

It is not always clear if aggregation or composition association are needed, and it seems that they are over or
misapplied and as such the approach above might not be appropriate. Also, it does not make clear the
distinction between aggregation and composition association. Another way that could be used is with the
definition of an annotation property.

<owl:AnnotationProperty rdf:ID="associationType">
<rdf:type rdf:resource="http://www.w3.0rg/2002/07/owl#DatatypeProperty"/>
<rdfs:range>
<owl:DataRange>
<owl:oneOf>
<rdf:list>
<rdf:first rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">association</rdf:first>
<rdf:rest>
<rdf:list>
<rdf:first rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">aggregation</rdf:first>
<rdf:rest>
<rdf:list>
<rdf:first rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">composition</rdf:first>
<rdf:rest rdf:resource="&rdf;nil"/>
</rdf:list>
</rdf:rest>
</rdf:list>
</rdf:rest>
</rdf:list>
</owl:oneOf>
</owl:DataRange>
</rdfs:range>
</owl:AnnotationProperty>

<owl:Class rdf:ID="MD_Identification"/>
<owl:Class rdf:ID="MD_Constraints"/>

<owl:ObjectProperty rdf:ID="MD_Identification.resourceConstraints">
<rdfs:label rdf.datatype="http://www.w3.0rg/2001/XMLSchema#string">resourceConstraints</rdfs:label>
<associationType
rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">aggregation</associationType>
<rdfs:domain rdf:resource="#MD _Identification"/>
<rdfs:range rdf:resource="#MD_Constraints"/>
<owl:inverseOf>
<owl:TransitiveProperty rdf:resource="#MD_Constraints.identification"/>
</owl:inverseOf>
</owl:ObjectProperty>

<owl:TransitiveProperty rdf:ID="MD_Constraints.identification">
<rdfs:label rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">identification</rdfs:label>
<owl:inverseOf rdf:resource="#MD_Identification.resourceConstraints"/>
<rdfs:domain rdf:resource="#MD_Constraints"/>
<rdfs:range rdf:resource="#MD_ldentification"/>
</owl:TransitiveProperty>
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