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EXECUTIVE SUMMARY

Deliverable D1.9 is a prototype of a reasoning engine for the WSML language defined
in D2.7. It allows for inferencing according to the semantics of WSML-Flight defined in
deliverable D1.7. This preliminary version of the document serves as a fact sheet for the
WSML Reasoner implementation and its underlying inference engine KAON?2.
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1 INTRODUCTION

Deliverable D1.9 is a prototype of a reasoner for the WSML language. The underlying
inference engine of the WSML reasoner is KAON2, a first version of which was
delivered with D1.2. WSML comes in different variants based on the two different
knowledge representation paradigms of concept description languages and logic
programming. KAON?2 is a hybrid reasoning systems that combines the two paradigms
by allowing datalog-style rules to interact with structural description logics knowledge
bases. It supports the SHIQ(D) description logic and disjunctive datalog programs.

The WSML reasoner is a wrapper around KAON?2 that supports reasoning in WSML-
Flight. It has a connection to the WSMO4J API in that it processes WSMO4J ontology
objects for reasoning and querying with inference support. The conceptual elements of a
WSML ontology are mapped to a KAON2 internal representation and reasoning is
performed through the KAON2 querying interface.

2 SYSTEM REQUIREMENTS

The WSML reasoner prototype has been written in Java 1.5. To work with the system,
please download the latest Java release from http://java.sun.com/. The system should
work on any computer under any operating system capable of running Java 1.5.

3 INSTALLATION

The first version of the preliminary prototype is delivered packaged in a file, whose
name is WSML_Reasoner.zip. To install the system, simply unzip the package into
any directory. There are no particular requirements on which directory you should
choose, and no further settings on the computer are necessary. The core software library
comes as a jar-File containing the necessary Java classes.

To uninstall the system, simply remove the directory where you unzipped the package.

After you install the system, your installation directory should contain the following
directories and files:

e WSML4Kaon2-0.1.jar — This is the executable file of the prototype. It
contains all necessary class files.

e apidoc — This directory contains the Javadoc documentation of the library’s
APL

e 1ib — This directory contains external libraries which the WSML reasoner is
dependend on. This includes a version of WSMOA4]J.
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4 IMPLEMENTED FUNCTIONALITY

The WSML Reasoner is a software library that provides an API for reasoning with
WSML ontologies through WSMOA4J. This section describes the functional principle of
the WSML Reasoner as a wrapper around KAON?2 and its interface.

4.1 Functional Principle

Internally, the WSML Reasoner works such that WSML elements are mapped to
KAON?2 instances reified from concepts and instances in WSML. Appropriate KAON2
rules assure that these elements are interpreted properly according to the WSML
semantics. In the current status of implementation the WSML Reasoner only covers the
conceptual part of the WSML syntax whereas logical expressions in axioms are ignored
because their handling is not supported by the WSMOA4J version used. The part of the
semantics for the conceptual WSML syntax elements, i.e. concepts, attributes and
instances, is realised by the following internal meta-level rules that assure transitivity
and strict inheritance of subsumption:

subConceptOf(cs, c3) «— subConceptOf(cs, c2) A subConceptOf(cy, c3)
memberOf(i, c;) «— subConceptOf(cs, c2) A memberOf(i, c¢)

The reason for representing the WSML elements as reified KAON?2 instances is to be
able to handle the Metamodelling characteristics of WSML-Flight, according to which
vocabularies for concepts and instances are not necessarily separate.

4.2 Reasoner API

The WSML Reasoner offers the basic reasoning services of concept subsumption and
instance checking for WSML-Flight ontologies. It operates on WSMO4J elements, this
is, it receives a WSMO4J ontology object as input at initialization time while concepts
and instances are identified by their WSML String identifiers being URIs. The Reasoner
also provides some functionality related to instance retrieval and schema querying.
However, in the current status of implementation the capabilities of the KAON2 query
answering interface are not fully exploited, since some more conceptual work has to be
done in integrating KAON?2 into the WSMO4J and ORDI API. This is covered by D1.8
Ontology Querying. A full support of KAON2 disjunctive queries requires the
programmatic handling of logical expressions in the WSMO4J API, which is not
included in its current version.

Figure 1 depicts the internal architecture of the WSML Reasoner in an UML class
diagram. The class WSMLReasoner outlines the interface of reasoning services
provided. It is initialized with a WSMOA4J ontology object seen as the knowledge base
with respect to which reasoning is performed — any change to this ontology after the
initialization of the reasoner does not affect the reasoning process.
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WsmIReasoner
+ WsmlReasoner()
+ initialize(Ontology) : void
+ subsumes(Concept, Concept) : boolean WsmiReader
+ getAllSubconcepts(Concept) : Set
+ getAllSuperconcepts(Concept) : Set
+ getAlllnstances(Concept) : Set + WsmlIReader(Ontology, AxiomBuilder)
+ islnstanceOf(Instance, Concept) : boolean + processOntology() : void
+ dispose(): void
!
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Wsml2Kaon2Transformer -buiIdeQ -builder
AxiomBuilder
+  Wsml2Kaon2Transformer()
+  Wsml2Kaon2Transformer(Ontology) + AxiomBuilder()
*+ getOntology() : Ontology X L__ + getlsaPredicate() : NonOWLPredicate
* setOmology(Omolog_y) ._v0|d e + getRolePredicate() : NonOWLPredicate
+ transformOntoIog?/() : void "= + getAttributeRangeErmorPredicate() : NonOWLPredicate
*+ getaon2Rules(): Set + getRelationParameterTypeErrorPredicate() : NonOWLPredicate
+ getSubConceptPredicate() : NonOWLPredicate
+ buildMetaAxioms() : void
+ buildAttributeRange(String, String, String) : void
+ buildAttributeValue(String, String, String) : void
- - + buildSubConcept(String, String) : void
RuntimeException + buildInstanceOf(String, String) : void
InfrastructureException + buildSubRelation(String, String, int) : void
+ buildRelationParameter(String, String, int, int) : void
. . X X ) o
+ InfrastructureException() buildRelationlInstance(String, String[]) : void
+ InfrastructureException(String)
+ InfrastructureException(String, Throwable)
+ InfrastructureException(Throwable)
Figure 1 UML class diagram outlining the WSML Reasoner interface
The method

boolean subsumes (Concept cl, Concept c2)

checks whether the concept C) is a super concept of the concept C», i.e. whether
Ontology = Vx Cy(x) — Ci(x)

The method

boolean isInstanceOf (Instance i, Concept c)

checks whether / is an instance of the concept C, i.e. whether

Ontology = C(I)

The method
Set<Instance> getAllInstances (Concept c)

retrieves the extension of the concept C, i.e. the following set of known individuals

{I: Ontology &= C(I) }
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The methods
Set<Concept> getAllSubconcepts (Concept ¢),
Set<Concept> getAllSuperconcepts (Concept c)

provide a similar retrieval service for schema querying.

5 OUTLOOK
In the future, D1.9 will be extended in the following ways:

e We shall integrate the upcoming releases of the WSMO4J API to support the
full range of WSML-Flight language constructs, in particular logical
expressions.

e We shall support the full WSML-Flight semantics for the above mentioned
language constructs.

e We shall extend KAON2 with concrete domain (datatype) support and make it
available for WSML reasoning.

e We shall provide a query answering interface through the WSML Reasoner,
connected to WSMOA4J, to make the KAON2 disjunctive query answering
machinery available to the user.




