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Abstract

We introduce WSML-Core, an ontology modeling language, based on the semantics of

OWL Lite™ (a restricted subset of OWL Lite with a datatype extension) and the
conceptual model of ontologies presented in WSMO.

We describe each modeling element in the syntax of WSML-Core and describe the

semantics through a mapping to (the OWL Lite" subset of) the OWL abstract syntax,
which has a direct model-theoretic semantics associated with it. When analyzing the
applicability of WSML-Core to the current version of the WSMO use cases we see
some limitations of WSML-Core.
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1. Introduction

The major goal of the WSML working group is to develop a formal language for the
description of Semantic Web Services based on the WSMO conceptual model. As is
described in deliverable D16.0 [Oren, 2004], there are several WSML languages with
different underlying logical formalisms. The two main logical formalisms exploited in
different WSML languages are Description Logics [Baader et al., 2003] (exploited in
WSML-DL) and Rule Languages [Lloyd, 1987] (exploited in WSML-RL). WSML-Core
(described in this document) exploits the intersection of both formalisms.

We introduce WSML-Core, an ontology modeling language, based on the semantics of

OWL Lite™ [de Bruijn et al., 2004], which is based on [Grosof et al., 2003] with a
restricted form of the OWL-E datatype extension [Pan and Horrocks, 2004], and the
conceptual model of ontologies presented in WSMO [Roman et al., 2004]. Because

WSML-Core is based on OWL Lite" and there exists a translation from OWL Lite to
plain (function- and negation-free) Datalog, the decidability and complexity results of
Datalog apply to WSML-Core as well. The most important result is that Datalog is data
complete for P, which means that query answering can be done in polynomial time.

Chapter 2 describes all the elements of the WSML-Core language. Chapter 3 specifies
the mapping from WSML-Core to the OWL Lite™ abstract syntax, thereby actually
defining the semantics of WSML-Core. Chapter 4 provides a mapping from the OWL

Lite” abstract syntax to WSML-Core. Chapter 5 summarizes the applicability of
WSML-Core to the use cases of WSMO D3.2 [Stollberg et al., 2004]. Finally, we
present some conclusions in Chapter 6.
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2. WSML-Core Elements

In this chapter we explain the ontology modeling elements in the WSML-Core
language. The modeling elements are based on the WSMO conceptual model of
ontologies [Roman et al., 2004]. Each description is accompanied by an example. Most
of the examples were taken from [Stollberg et al., 2004].

The recommended namespace to be used to reference this version of WSML-Core is
http://www.wsmo.orq/2004/d16/d16.7/v0.1/.

Please note that WSML-Core definitions should follow the ordering as presented in the
sections below.

2.1 Basic WSML-Core Syntax

The syntax for WSML-Core has a frame-like style, where a collection of information
about a class or property is given in one large syntactic construct, instead of being
divided into a number of atomic chunks. It is possible to spread the information about a
particular class, relation, instance or axiom over several constructs, but we do not
recommend this. In fact, in this respect, WSML-Core is similar to OIL [Fensel et al.,
2001], which also offers the possibility of either grouping descriptions together in
frames or spreading the descriptions throughout the document.

Identifiers in WSML-Core follow the conventions of WSMO [Roman et al., 2004]. An
identifier is either a URI or a Qualified Name (QName). QNames without a prefix are
resolved with the default namespace. Conventionally, internal words within QNames
are designated by initial capital letters, not by hyphens or underscores. Variable names
start with an initial question mark, "?". Depending upon context, a variable can stand in
for a concept, attribute, datatype, instance, attribute value, or literal; it may not stand in
for a language keyword or special symbol.

Argument lists are separated by commas. Statements in WSML-Core start with a
keyword and can be multi-lined. There is no specific end-of-statement syntax -- a
keyword for a new statement is sufficient.

2.2 Ontologies

An ontology definition in WSML-Core starts with the ontology keyword followed by an
identifier, which serves as the identifier of the ontology. When a full URI is used for this
identifier and no explicit target namespace definition exists, this identifier is used as the
target namespace of the definitions in the ontology specification document.

An example:

ontology <http://www.wsmo.org/2004/d3/d3.2/v0.1/20040628/resources/po.wsml>

2.3 Namespace Definitions

Below the ontology URI declaration, there is an optional block of namespace
definitions, which is preceded by the namespace keyword. The namespace keyword is
optionally followed by the default namespace and a number of namespace definitions.
Each namespace definition, except for the default namespace, consists of the chosen
prefix, a "' and the URI, which identifies the namespace. Finally, the (optional) target
namespace is specified with the use of the targetNamespace keyword. If the target
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namespace is designated by the URI which is specified by the ontology declaration, the
targetNamespace line is redundant and may be omitted.

An example:

namespace
<http://www.wsmo.org/ontologies/purchase#>
dc: <http://purl.org/dc/elements/1.1#>
wsml: <http://www.wsmo.org/2004/d2/v1.0#>

targetNamespace <http://www.wsmo.org/ontologies/purchase#>

2.4 Non-functional properties

Following the namespace definition block is an optional non-functional properties
definition block, identified by the keyword nonFunctionalProperties. Following the
keyword is a list of properties and property values. The recommended properties are
the properties of the Dublin Core [Weibel et al. 1998], but the list of properties is
extensible and thus the user can choose to use properties coming from different
sources. WSMO defines one property, absent in the Dublin Core, namely version. The
value of each of the properties is either a URI or a literal. If a property has multiple
values, these are separated by commas.

An example:

nonFunctionalProperties
dc:title hasValues "Purchase ontology"
dc:creator hasValues <http://www.example.org/deri/foaf.agent>
dc:subject hasValues "Buyer", "Seller", "Product", "Price",
"Payment method", "Delivery"
dc:description hasValues "General purchase order request ontology”
dc:publisher hasValues <http://www.example.org/deri/foaf.agent>
dc:contributor hasValues <http://www.example.org/deri/armin.haller/foaf.agent>
dc:date hasValues "2004-07-19"
dc:type hasValues <http://www.wsmo.org/2004/d2/v0.3/20040329/#ontos>
dc:format hasValues "text/plain”
dc:language hasValues "en-US"
dc:relation hasValues
<http://www.wsmo.org/2004/d3/d3.2/v0.1/20040607/resources/loc.wsml>,
<http://www.wsmo.org/ontologies/date Time#>
dc:coverage hasValues "ID:7029392 Name:World"
dc:rights hasValues <http://www.deri.org/privacy.htm|>
version hasValues "Revision: 1.12"
endNonFunctionalProperties

2.5 Import Ontology Definitions

Following the nonFunctionalProperties definition block is an optional imported
ontologies definition block, identified by the keyword importOntologies. Following the
keyword is a list of URIs identifying the ontologies being imported. An importOntologies
definition serves to merge ontologies, just as an OWL import statement does. This
means the resulting ontology is the union of all axioms in the importing and imported
ontologies. Please note that recursive importation of ontologies is also supported. This
means that if an imported ontology specifies any importation of ontologies, also the
axioms in these ontologies are taken in the union.

An example:

4.0f 23



importOntologies
<http://www.wsmo.org/ontologies/date Time#>
<http://www.wsmo.org/ontologies/currency#>

2.6 Mediators

Mediators are used to import other ontologies. This concept of mediation between
ontologies is more flexible than the importOntologies statement, which is used to import
an WSML ontology into another WSML ontology. The ontology import mechanism
simply appends the definitions in the imported ontology to the importing ontology. The
importing ontology should contain the axioms to relate the definitions in the imported
ontology to the local definitions. This mechanism enforces a strong coupling between
the ontologies, which is undesirable in the general case and it does not allow importing
parts of ontologies.

By externalizing the mediation from the ontology, WSMO allows loose coupling of
ontologies; the mediator is responsible for relating the different ontologies to each
other. A mediator can provide, for example, translation services between ontology
languages or adjust for argument-order differences. This notion of mediators
corresponds with ooMediators in WSMO [Roman et al., 2004].

The (optional) mediators definition block is identified by the usedMediators, followed by
one or more identifiers of WSMO ooMediators.

An example:

usedMediators
<http://www.wsmo.org/2004/d3/d3.2/v0.1/20040628/resources/owlFactbookMediator.wsml>
<http://www.wsmo.org/2004/d3/d3.2/v0.1/20040628/resources/owlAddressMediator.wsml>

2.7 Concept Definitions

A concept definition starts with the concept keyword, which is followed by the identifier
of the concept. This is followed by zero or more implicitly conjoined direct superconcept
definitions (using the subConceptOf keyword followed by the identifier for a named
concept), an optional nonFunctionalProperties block, and zero or more attribute
specifications. An attribute specification consists of the identifier of a relation, the

of Type keyword and the identifier of a concept of which the attribute values must be
instances.

A concept can only be a subConceptOf named concepts. WSML-Core does not allow
complex concepts definitions as superconcepts, as is allowed in OWL.

An attribute value can not only be restricted to a concept, but also to a datatype.
However, note that an attribute can only be restricted to either a concept (in which case
the attribute corresponds to an ObjectProperty) or a datatype (in which case the
attribute corresponds to a DatatypeProperty). In addition to the usual built-in datatypes,

user-defined datatypes, as in OWL Lite” are permitted. Note however that we do not

allow datatype restrictions of higher arity, as in OWL Lite . Instead, such a restriction
should be introduced in the logical definition.

An attribute definition of the form A ofType D, where A is an attribute identifier and D is
either a concept or a datatype identifier, asserts that for each instance of concept C,
each value for the attribute A is of the type D. This corresponds with universal value
restrictions in OWL.
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In the example below, the attributes length and weight have as their type the datatype
xsd:integer. bmi has datatype xsd:float. BMI, in this case, stands for Body Mass Index,
which is a certain ratio between the length, the weight and the age of a person. The
Body Mass Index is calculated through the user-defined datatype predicate
bodyMassIndex (see Section 2.11 for the definition). The calculation of the Body Mass
Index is part of the necessary concept definition.

An example:

concept Human subConceptOf Primate, LegalAgent
nonFunctionalProperties
dc:description "Members of the species Homo sapiens"
endNonFunctionalProperties
parentOf of Type Human
length of Type xsd:integer
weight of Type xsd:integer
bmi of Type xsd:float
definedBy
bodyMassIndex(?b,?l,?w) <- 2x memberOf Human and
?X[length hasValues ?I,
weight hasValues ?w,
bmi hasValues ?b].

2.8 Relation Definitions

A relation definition starts with the relation keyword, which is followed by the identifier
of the relation and an optional specification of direct super-relations through the
subRelationOf keyword. This is followed by an optional nonFunctionalProperties block.
In WSML-Core, relations are restricted to binary predicates, which correspond with

ObjectProperties in OWL Lite". Parameters can be used to restrict the domain and
range of the property (denoted by the domain and range keywords, respectively). It fact,
no other parameters are allowed.

Particular aspects of the relation are denoted by particular keywords. The relation can
be a specialization of a different named relation, denoted with the subRelationOf

keyword. Transitive, symmetric, and inverse properties are denoted with the transitive,
symmetric, and inverseOf keywords, respectively. For a complete account, see Table 1

in Chapter 4.
An example:

relation hasAncestor subRelationOf hasRelative
transitive
nonFunctionalProperties
dc:description "Relation between ancestors"
endNonFunctionalProperties
domain of Type Person
range ofType Person

Besides defining a relation over two concepts, it is also possible to define a relation

over a concept and a datatype, corresponding to the DatatypeProperties in OWL Lite".
If a certain relation is a Datatype relation, this has to be indicated through the
dataRelation keyword. Note that a dataRelation can not be transitive, symmetric or
inverse. Therefore, the transitive, symmetric, and inverseOf keywords are not allowed to
occur if the dataRelation keyword occurs. A dataRelation can have as its range a
datatype, but has as its domain a concept. Thus, a dataRelation can only be a
subrelation of another dataRelation.
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An example:

relation length
dataRelation
nonFunctionalProperties
dc:description "Length indicator”
endNonFunctionalProperties
range ofType xsd:integer

2.9 Instance Definitions

An instance definition starts with the instance keyword, followed by the identifier of the
instance, the memberOf keyword and the name of the concept to which the instance

belongs. An instance corresponds with an individual in OWL Lite". The memberOf
keyword identifies the concept to which the instance belongs. This definition is followed
by the attribute values associated with the instance. Each property filler consists of the

property identifier, the keyword hasVaIuesE and the value for the attribute. If an
attribute has a datatype as its range, the attribute value should be a (possibly typed)
literal. Note that both literals in the example are typed. They are both of type xsd:string.
Notice that a literal written between single quotes ('...") is interpreted as a typed literal of
type xsd:string.

An example:

instance innsbruckHbf memberOf station
name hasValues 'Innsbruck Hauptbahnhof'
code hasValues "INN"xsd:string
locatedIn hasValues loc:innsbruck

The second way of accessing instances, as described in [Roman et al., 2004], is by
providing a link to an instance store. Instance stores contain large numbers of
instances and they are linked to the ontology with the use of a mediator. In order to
distinguish mediators used for linking ontologies and mediators used for linking
instance stores, we introduce the keyword instance-stores followed by one or more
identifiers to indicate the instance stores.

An example:

instanceStores
<http://www.example.org/instance-stores/personnel-store>
<http://www.example.org/instance-stores/client-store>

2.10 Axiom Definitions

An axiom definition starts with the axiom keyword, followed by the name (identifier) of
the axiom. This is followed by an optional nonFunctionalProperties block) and then by a
logical expression preceded by the definedBy keyword. The language allowed for the
logical expression is explained in Chapter 3 and the allowed expressions are detailed
in Table 2 in Chapter 4.

An example:

axiom humanDefinition
definedBy
?x memberOf Human <->
?x memberOf Animal and
?x memberOf LegalAgent.
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2.11 Datatype Definitions

Analogously to OWL Lite", we allow the user to create user-defined datatype predicates
and user-defined datatypes. A datatype expressions starts with the function keyword,
followed by the name (identifier) of the function (datatype predicate). This is followed by
an optional nonFunctionalProperties block and then by an optional range and and
optional set of parameters and a datatype expression preceded by the definedBy
keyword. The syntax for the datatype expressions is explained in Section [insert
cross-reference].

The example below defines a new predicate for calculating the Body Mass Index. The
built-in predicates used in the example are borrowed from SWRL [Horrocks et al.,
2004].[TODO: think about infix notation for predicates]

An example of a user-defined datatype predicate (function):

function bodyMassIndex
nonFunctionalProperties
dc:description "Calculates the Body Mass Index.
This version is not really accurate, but
hopefully shows how a datatype predicate is
created. bmi = kg/mz. Notice that
the link between the parameters and the variables
in the logical expression are a bit strange. This
is inherited from d2. We need some clarification
here."
endNonFunctionalProperties
range of Type xsd:float
length of Type xsd:integer
weight of Type xsd:integer
definedBy
bodyMassIndex(range:?bmi, length:?length, weight:?weight) <-
swrib:divide(?bmi, ?weight, ?sqLength) and swrlb:multiply(?sgLength,?length,?length)

An example of a user-defined datatype:

datatype positivelnt
nonFunctionalProperties
dc:description "Positive integers."
endNonFunctionalProperties
?value of Type xsd:integer
definedBy
swrlb:greaterThan(?value, "0"xsd:integer).

3. WSML-Core Logical Expression Syntax

In this chapter we explain the syntax of logical expressions used in the WSML-Core
language. Each description is accompanied by an example.

Logical expressions may be simple or complex. A logical expression is terminated by a
period. Simple logical expressions can be combined to form complex expressions..

WSML-Core has the following simple logical expressions:

¢ Relation Expressions
e Molecules
e Datatype predicates
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WSML-Core has the following complex logical expressions:

e Compound Logical Expressions
¢ Rules

Notice that the use of the logical expression syntax is restricted by the allowed logical
expressions of Table 2 in Chapter 4 in order to allow for a direct translation into OWL

Lite .
3.1 Simple Logical Expressions

The three basic types of simple logical expressions are relation expressions, molecules
and datatype predicates.

3.1.1 Relation Expressions

A relation logical expression consists of a predicate identifier followed by the
comma-separated arguments of the predicate, enclosed by parentheses. The predicate
corresponds to a regular relation or a dataRelation. A relation value logical expression
is one that can be expressed by a single binary relation (whether dataRelation or not)
relating the two arguments. The first argument is an instance of a concept. The second
argument is an instance of a concept if the relation is a regular relation and a data
value if the relation is a dataRelation.

An example:

agelnYears(doug, 99)

3.1.2 Molecules

A molecule in WSML-Core is either a concept molecule or an instance molecule.
An instance molecule is one of the following statements:

e A concept membership assertion of the form | memberOf C, where | is an instance
identifier and C is a concept identifier.

e An attribute value list of the form I[A1 hasValues vi,..., Ap hasValues vy], where | is
an instance identifier, A1,...,An are attribute identifiers and v1,...vp are either
instance identifiers or data values.

A concept membership assertion of the form | memberOf C states that I is an instance
of concept C. An attribute value list specifies the values for certain attributes for this
particular instance.

Two examples:
myCC memberOf creditCard
myCC[number hasValues '12345', owner hasValues jos]

A concept molecule is one of the following statements:

¢ A subconcept assertion of the form C subConceptOf D, where C and C are a
concept identifiers.
e An attribute definition list of the form C[A1 of Type D1,..., Ay of Type v1], where I is an
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instance identifier, A1,...,An are attribute identifiers and D1,...Dn are either
concept identifiers or datatype identifier.

A subconcept assertion of the form C subConceptOf D states that C is a subconcept of
D, which means that each instance of C is also an instance of D. An attribute definition
of the form C[A of Type D] asserts that for each instance of concept C, each value for the
attribute A is of the type D.

Two examples:

creditCard subConceptOf paymentMethod

creditCard[number of Type xsd:string, owner of Type person]
3.1.3 Datatype predicates

A datatype predicate consists of a predicate identifier and parenthesis-delimited,
comma-separated list of arguments. The number of arguments depends on the arity of
the predicate. Each argument must be a data value. The satisfiability of the datatype
predicate is determined by an external datatype oracle.

An example:

owlx:integerEqual(3,4)

Currently, we do not allow infix notation for certain predicates (such as '=" denoting
equality of data values). This will be part of future work, which will be based on the
mapping of XPath infix operators to XQuery and XPath functions and operators
[Malhotra et al., 2004], to be found in Appendix B.2 of [Berglund et al., 2004].

3.2 Complex Logical Expressions

WSML-Core has the following complex logical expressions:

e Compound Logical Expressions, which consist of several molecules and/or
(datatype) predicates, separated by the and keyword.

e Formulas, which consist of a logical expression, an implication symbol, and a
logical expression. Both logical expressions can be either a simple or a
compound logical expression.

3.2.1 Compound Logical Expressions

A compound logical expression consists of a number of simple logical expressions
connected with the keyword and. The compound logical expression is satisfied if each
of the simple logical expressions is satisfied.

An example:
myCC memberOf creditCard and myCC[number hasValues '12345', owner hasValues jos]

Molecules involving the same instance or concept, occurring in a compound logical
expression, can be collapsed into one compound molecule to allow for more concise
syntax. The example above can be thus rewritten:

myCC memberOf creditCard[number hasValues '12345', owner hasValues jos]
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3.2.2 Formulas

A formula in WSML-Core consists of two (simple or compound) logical expressions,
separated by an implication symbol. This implication symbol can be left implication (<-),
right implication (->) or dual implication (<->). In formulas, variables are allowed to
occur in the place of identifiers.

e Leftimplication: E; <- E2, where E; and E; are (simple or compound) logical
expressions. Ej is true wrt. a certain variable binding, if E2 is true wrt. the same
variable binding. E; is called the antecedent and E; is called the consequent of
the formula.

¢ Right implication: E; -> E2, where E; and E are (simple or compound) logical
expressions. Ez is true wrt. a certain variable binding, if E1 is true wrt. the same
variable binding. E; is called the antecedent and E> is called the consequent of
the formula.

e Dual implication: E; <-> E2, where E; and E2 are (simple or compound) logical
expressions. Ej is true wrt. a certain variable binding if and only if E2 is true wrt.
the same variable binding. A dual implication E; <-> E> is actually equivalent to
the two implications: E; <- E2 and E1 -> E2. Therefore, both E; and E2 are both the
antecedent and the consequent of the formula.

Note that variables occurring in the consequent of a formula must also occur in the
antecedent of the same formula. Note also that all variables are implicitly universally
quantified outside of the formula.

An example:

?x menber O Human <-> ?x nenber & Ani mal and ?x nenber O Legal Agent.

4. Mapping WSML-Core to OWL Lite

In this chapter we define the semantics of WSML-Core through a mapping to the OWL

Lite” abstract syntax [de Bruijn et al., 2004], which is a subset of the OWL abstract
syntax. The syntax and semantics of the OWL abstract syntax can be found in
[Patel-Schneider et al., 2004].

Table 1 shows the mapping between the WSML-Core conceptual syntax and OWL

Lite". In the table, C and D refer to named concepts (classes in OWL), T refers to a
datatype, R refers to an ObjectProperty, U refers to a DatatypeProperty, A refers to an
attribute (this can be either an ObjectProperty or a DatatypeProperty in OWL), F refers
to a datatype predicate, O refers to an ontology and M refers to a mediator.

Through the mapping to the OWL abstract syntax, the precise semantics of the
WSML-Core primitives is defined. Please note in WSML-Core, each construct can
have non-functional properties associated with it. This is not reflected in the table.
Rather, there is a separate row in the table, which addresses the non-functional
properties and the way they are reflected in the OWL abstract syntax. The annotation
properties occur inside each class, property or instance definition.

We need to make two notes here about the WSML-Core syntax compared to the
syntax presented in WSMO-Standard [Roman et al., 2004]. First of all, the attribute
definitions in the concept signature (see the second row of Table 1) are interpreted as

universal value restrictions in OWL Lite". This does not correspond with the intuition

11 of 23



behind these attribute definitions, as was pointed out in [de Bruijn et al., 2004]. Second,
we on the one hand restrict the WSMO-Standard syntax for relations by allowing only
two parameters (domain and range) in order to restrict the relations to those of binary
arity. On the other hand, we extend the WSMO-Standard syntax with the keywords
subRelationOf, transitive, symmetric, and inverseOf in order to capture the epistemology
of the ObjectProperties in OWL.

In Table 2, we have identified exactly which logical expressions can be translated to

OWL Lite'. In the table, C and D refer to named concepts (classes in OWL), T refers to
a datatype, R and S refer to ObjectProperties, U refers to a DatatypeProperty, A refers
to an attribute (this can be either an ObjectProperty or a DatatypeProperty in OWL),

and F refers to a datatype predicate. These logical expressions add Iittle@ in
expressivity over the conceptual syntax, but sometimes the user prefers a different way
of modeling axioms. Furthermore, this syntax for logical expressions can be directly
used in goal descriptions and capability descriptions of web services for the modeling
of assumptions, pre-conditions, effects and post-conditions. All and only those logical
expressions that are either in the first column of Table 2 or can be reduced to logical
expressions in Table 2 are valid in WSML-Core.

WSML-Core conceptual OWL Lite” Abstract
syntax syntax
Logical Declarations

Remarks

All definitions and axioms in
the ontology are nested
ontology O Ontology(O) inside the Ontolog_y
statement, according to the
other mappings in this table.

Class(C partial D1 ... Dp
concept C restriction(A1

subConceptOf Dy,..., Dn allvValuesFrom Cj) ...

Az ofType G restriction(Aj
allValuesFrom Cj)

restriction(Aj+1
allValuesFrom Tj+1) ...
restriction(An
allValuesFrom Tp))

ObjectProperty(R

relation R [subRelationOf Ry,..., Rp] Su.per(Rl) SUper(Rn)
[transitive] [inverseOf(Ro)]
[symmetric] [Symmetric]

[inverseOf(Ro)] [Transitive] domain(C1)
[domain ofType Cj,..., Cp]

[range of Type Dj,..., Dp] domain(cl’l)
range(D1) ... range(Dn))

Aj of Type Cj
Ai+1 of Type Ti+1

An of Type Tp

DatatypeProperty(U
relation U [subRelationOf Uy,..., Up] super(U1) ... super(Un)
dataRelation domain(Cy) ...
[domain ofType Cau,..., Cn] domain(Cn)

[range of Type Ti,..., Tn]

range(T1) ... range(Tn))
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dat[""tﬁ?ﬁ Te - DatatypeExpression(T
dyeﬁngdey . and(domain(T1), deCom))
deCom
function F
[range of Type T1] .
[y2 of Type To] DatatypeEx_pressmn(F
- and(domain(T1,...,Tn),
[y.k ofType Tk] deCom))
definedBy
deCom

instance o memberOf Cy,..., Cp
A1 hasValues o1

Ai hasValues oj
Ai+1 hasValues vj+1

An hasValues v

Individual(o type(C1) ...
type(Cn)

value(A1 01) ... value(Aj
0i)

value(Aj+1 Vi+1) ...
value(An vn))

Extra-Logical Declarations

nonFunctionalProperties
P1v1

Pnvn
[version vg]

annotation(P1 v1)

annotation(Pn vn)
[annotation(owl:versioninfo
vo)]

Annotation properties are
nested inside other
definitions, such as
ontology, individual, class
and property definitions. For
some strange reason, if
annotations occur on the
ontology level, they should
be written with a capital ‘A’
(e.q.
Annotation(owl:versioninfo
"$Revision: 1.81 $")).

importOntologies
O,

On

The OWL abstract syntax
does not provide a
construct for the import of
ontologies, although the
RDF/XML serialization does
provide this facility through
the import statement.

usedMediators
Mz,

Mn

OWL does not have the
concept of a mediator.
Therefore, this construct
cannot be translated to
OWL.

Tabl e 1: Mappi ng between WSML- Core and OAL Lite  abstract syntax

WSML-Core Logical
Expression

OWL Lite Abstract
Syntax

Remarks
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TODO: find a better way to characterize the
allowed logical expressions

C subConceptOf Dy, ..., Dn

Class (C partial D1 ...
Dn)

?x memberOf D <-
?x memberOf Cq
and ... and
?x memberOf Cp,

Class (D partial C1 ...
Cn)

?x memberOf D <->
?x memberOf C1
and ... and
?x memberOf Cp

Class (D complete C1
..Cn)

C[R of Type D]

Class (C partial
restriction(R
allValuesFrom D))

C[U of Type T]

Class (C partial
restriction(U
allValuesFrom T))

S(?x,?y) < R(?X%,?y)

ObjectProperty (R
super(S))

U2(?x,?y) < U1(?X,?y)

DatatypeProperty (U1
super(U2))

?x memberOf C <-
R(?x,?y)

ObjectProperty (R
domain(C))

?y memberOf C <-

ObjectProperty (R

R(2X,2y) range(S))

S(?y,?x) <- ;
R(x2y) ijectProperty (R

R(2y,2%) <- inverseOf(S))
S(?X,?y)

R(2y.2%) < ObjectPr(_)perty (R
R(?X,?y) Symmetric)

R(?X,?y) <- ObjectProperty (R
R(?x,?y) and Transitive)
R(?y,?2)

o0 memberOf C

[ Individual(o type(C)

A1 hasValues o1,

An hasValues op

]

value(A1 01) ...
vaIue(An On)

Both the memberOf C and all the
property values are optional.

Datatype expressions
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Fi stands for a datatype
expression component, which in

and(F1,...,F )
Fi(y1,....yk) and ... and Fn(y1,....yk) (F1 ) this case amounts to a datatype
predicate of arity k.
deCom deCom stands for a datatype

deCom(yz,...,yk)

predicate of arity k.

Tabl e 2: Mappi ng between WSM.- Cor e | ogi cal

synt ax

expressions and OAL Lite  abstract

5. Mapping OWL Lite to WSML-Core

Table 3 shows the mapping between OWL Lite™ (abstract syntax) and WSML-Core. It
contains the conceptual syntax as well as any additional logical expression that might

be necessary to capture the semantics of the OWL Lite” statement. The table shows

for each construct supported by OWL Lite” the WSML-Core syntax in terms of the
conceptual model and additional logical expressions necessary to capture the

construct.

As we can see from Table 3, all of OWL Lite can be captured in WSML-Core. Most of
the axioms can be captured with the conceptual model. However, some axioms rely on
additional logical expressions. Notice that if both conceptual syntax and a logial
expression is given in the table, this means that they are both introduced in the
translation and should be taken in conjunction.

OWL Lite” Abstract
syntax

WSML-Core conceptual
syntax

WSML-Core logical
expression

Logical Definitions

Class(C partial D1 ... Dp)

concept C

subConceptOf Dj
(in case Dj is a named class)

Rj ofType Cj
(in case Dj is a value restriction
of the form R; allValuesFrom Cj)

Uj of Type Pj
(in case Dj is a value restriction
of the form Uj allValuesFrom Pj)

Pi(?y1,....yn) <- ?x memberOf C
and
?x[Uj; hasValues ?y1,

Ui, hasValues ?yn]
(in case Di is a value restriction
of the form
Uij ... Ui, allValuesFrom Pj)

Class(C complete D1 ...
Dn)

concept C
subConceptOf Dy, ..., Dn

?x memberOf C <-
?x memberOf D1 and
... and
?x memberOf Dy,

EquivalentClasses(C1 ...
Cn)

?x memberOf Cj <-
?x memberOf Cj

ObjectProperty(R
super(R1) ... super(Rn)
domain(Cy) ...
domain(Cp)

relation R
subRelationOf Ry, ..., Rp
domain ofType Cy, ..., Cn
range ofType Dy, ..., Dp
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range(D1) ... range(Dn)

[inverseOf(Ro)] relation R
inverseOf(Ro)

[Symmetric] relation R
symmetric

[Transitive]) relation R
transitive

SubPropertyOf(R1 Rx)

R2(?x,?y) <- R1(?x,?y)

EquivalentProperties(R1

- Rn) Ri(?%,?y) <- Rj(?%,?y)
DatatypeProperty(U
super(U1) ... super(Un) relation U subRelationOf Uy, ..., Up

domain(Cy) ... dataRelation

domain(Cn) domain ofType Cy, ..., Cn

range(T1) ... range(Tn)

range ofType Ty, ..., Tn

SubPropertyOf(U1 Uy)

U2(?x,?y) <- U1(?X,?y)

EquivalentProperties(U1

.. Un) Ui(?x,?y) <- Uj(?x,?y)
Individual(o type(C1) ... instance o memberOf Ci,..., Cn
type(Cn) R1 hasValues o1

value(R1 01) ... value(Rn
On)
value(U1 v1) ... value(Un

Vn))

Rn hasValues op
Ui hasValues vi

Un hasValues v

DatatypeExpression(P
deCom)

datatype P
definedBy
deCom

(in case deCom
is a unary predicate or a
conjunction of unary predicates)

domain(T1 ... Tk)

?value of Type T1
(incase k=1)

?y1 of Type T1

?yn of Type Tk
(incasek>1)

16 of 23




and(F1 ... Fn) Pl g and

Fn(?y1,...,7¥k)

Extra-Logical Definitions

annotation(P v) nonFunctionalProperties
Pv

Tabl e 3: Mappi ng between OA Lite  abstract syntax and WSM.- Core

6. WSML-Core in the WSMO Use Cases

This chapter enumerates the listings in the WSMO Use Cases document [Stollberg et
al., 2004] and identifies whether the listing is in WSML-Core and if not, why it is not.
Furthermore, we describe reductions, which would be necessary to make the listing fall
inside WSML-Core. Note that WSML-Core does not distinguish between single-valued
and set-valued attributes. Note also that in the evaluation we do not take into account
inter-dependencies between the ontologies.

When evaluating the goal and web service descriptions, we only focus on the logical
expressions, which are used for the assumptions, pre-conditions, effects and
post-conditions.

Note that we have not evaluated the mediator descriptions, because they were not
available in enough detail.

In the reason why a particular listing is not in WSML-Core we distinguish:

mixing abstract and concrete domains
A concrete domain corresponds with the domain of a datatype. The abstract
domain corresponds with the elements defined in the ontology. The separation
between abstract and concrete domains stems from the separation of these
domain in Description Logic languages and the Description Logic-based ontology
language OWL.

integrity constraints
Integrity constraints can be used in axiom definitions to express arbitrary
restrictions.

equality
Equality here means that the equality symbol is used in the logical expressions.
When equality is used in the head, this is mentioned explicitly, because the use
of equality in the head of a rule entails complex term unification when reasoning
with the ontology.

- In Steps to make it fall
?
Listing WSML-Core? | VN not: inside WSML-Core
Ontologies
1: Domain Ontology - integrity
“International Train no constraints - Remove all (3) axioms
Ticket" - equality
2: Domain Ontology no é%ﬂgg;gigaa - Complete remodeling of
"Date and Time" domains ontology
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- integrity
constraints

- equality
3: Domain Ontology es
"Purchase" y
- mixing abstract
and concrete
domains
4: Domain Ontology no - integrity - Remove all axioms

constraints
- equality (and
also '<'and >"; in

"Locations"

the head!)
Goals and Web Services
5: Goal - buying a train es
ticket online y
6: OBB Web Service for - Removing all
Booking Online Train . restrictions written in the
Tickets for Austria and no equality preCondition and the
Germany postCondition

In many of the listings in the use cases document, abstract concepts are mixed with
datatypes, for example, many concepts are defined as subconcepts of a datatype. This
seems to be done mostly because it was necessary to create user-defined data types,
which restrict a particular datatype. Because this version of WSML-Core introduces
user-defined datatypes, we believe that many of the ontologies can be remodeled
using user-defined datatypes.

7. Conclusions

In this deliverable we have introduced the syntax of WSML-Core, which is based on
the WSMO conceptual model for ontologies [Roman et al., 2004]. We have given a
precise characterization of the semantics through a mapping to the OWL abstract
syntax [Patel-Schneider et al., 2004].

From the evaluation of the ontologies developed in the WSMO use cases [Stollberg et
al., 2004] we have seen that many ontologies fall inside WSML-Core. However, many
of the ontologies use integrity constraints and equality in their definitions. An extension
of WSML-Core with integrity constraints would solve many of the problems.

Changelog

The following major updates have been done since the August 2nd version of the
deliverable:

e The syntax in chapters 2, 4 and 5 have been brought into accordance with the
new syntax of D2.

e Chapter 3: WSML-Core Logical Expressions has been added. The chapter
explains the syntax for logical expressions in WSML-Core.

¢ Following the updated version of OWL Lite (to be published 2004-08-06),
datatypes have been introduced. Chapters 2, 3, 4, 5, 6 and 7 have been updated
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accordingly.

¢ Introduction and conclusions have been brought into accordance with the
updates.

e Reviewer comments have been implemented (see Appendix A).

e Changelog has been added
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[UNote that in WSML-Core there is no keyword hasValue for single-valued attributes,
because there are not cardinality restrictions in WSML-Core. Only set-valued attributes
are allowed through the hasValues keyword.

Plrhe only expressivity added by the logical expressions over the conceptual syntax is
the complete class definition, which is an equivalence relation between the defined
class and the intersection (conjunction) of the defining classes.

Appendix A. Reviewer Comments

Here follow the reviewer comments from the reviewer lan Horrocks on the August 2nd
version of this deliverable. Find in-line the responses of the authors to the comments:

| The | anguage seens to fall into the sane trap as OAL Lite in that it

| tries to inpose *syntactic* restrictions on what can be said w thout

| being clear about the objective in terms of a target logic. The result
| may be (as in ONL Lite) that the restrictions don't achieve their

| objective (the language is stronger than was intended), or that sone

| things that are allowed can only be expressed in a very convol uted

| way.

JB: The objective of the | anguage is to have an ontol ogy nodel i ng | anguage
based on the conceptual nodel of ontol ogies presented in WBMO, which can
be translated both to a subset of ON Lite (OAL Lite-) and to plain
Dat al og

You are right that the conceptual syntax does not capture the full ex-
pressi veness of the |anguage, but we believe that these features wll

not be used very much in practice. If, however, it turns out that certain
feature are used in practice, we can always extend the conceptual syntax.
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| I would strongly recommend that you specify what the intended | anguage
| isinterns of a DL or sone other subset of FOL (e.g., function free

| Horn). You will then have a nuch crisper definition, and a nmuch better
| understanding of the characteristics of your |anguage (decidability,

| conplexity etc); the underlying notivation for the design can also be
| made nmuch clearer (e.g., easier reasoning). O course it may al so be

| useful to specify translations to-fromlanguages such as OAL Lite, but
| these don't tell you anything very useful about your | anguage.

JB: This has now been stated nore clearly in the introduction.

| Choosing to only include value (allValuesFrom restrictions seens

| rather strange, is (as you point out) counter-intuitive, and nakes the
| language of very limted value in many applications. Wiy not support

| both sonme/all values as in O\ Lite? If the reason is a requirement to
| restrict expressive power, this would be made nuch clearer by using a
| translation into | ogic as suggested above (to nake it clear if the

| restriction really has any justification/benefit). If you do need to

| avoid having both forns of restriction, why not use a comnbi ned

| semantics (attributes translate to a conbination of sone/all), which

| is what is often intended in any case?

JB: The translation to a logic is done in OAL Lite-, therefore the trans-
lation is done indirectly. I'mnot sure whether it woul d be necessary
to provide a direct translation, although | guess we will have to do
this when building an inplenentation

| You say that the language is an intersection of a DL and rul es
| language - it mght be appropriate to cite our WWVpaper at this point
| [1].

JB: Reference is added to the introduction

| Are you sure that the syntax is parsable? (i.e., did you use a parser
| generator to produce a parser?). | ama little sceptical about

| this. E g., using key-words (such as "subconcept-of") as the nanmes of
| non-functional properties |ooks as though it could be

| problematical. (You don't nmention any restriction on the use of

| key-words.)

JB: Note that the syntax in this version has been slightly updated to
reflect the syntax updates to WBMO D2. The syntax is in fact based on
the syntax defined in D2 (http://ww. wsno. org/2004/d2/). In fact it
is arestriction and a slight extension of it. The grammar in Appendi x
B of D2 is parsable. There is not yet a grammar for WSM.-Core, but this
wi Il be produced as soon as the syntax is fixed

| I's order inportant anywhere/everywhere in the syntax? This isn't nade
| very clear

JB: Yes, the order is inportant. | added a sentence about this to the
i ntroducti on of chapter 2.

| "non-functional -properties" seens a rather strange and unintuitive
| termfor annotations

JB: You could also say the "annotations' is an unintuitive termfor
non-functional properties ;-)
We have decided to use this termin WSMO and | actually like it,
because it seens to give the non-functional properties nore inpor-
tance than the 'annotations' keyword.

| The split of expressivity between franes and axi omdefinitions seens
| arbitrary and unintuitive. You say that the axi omdefinitions don't

| really add anything, but are just a different way of witing things
| down. It would be nmuch better if this were true, but it isn't! In

| particular, frames provide no way of specifying conplete definitions
| (which you do note later on). Wiy not add a "conplete" key word to

| frames?

JB: You are right, this statement is not conpletely true. | actually considered
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adding the 'conplete' keyword to the franes, but for conplete class
definitions, allValuesFromrestrictions are not allowed in OAL Lite-,
because universal value restriction on the left-hand side of the CGC

can not be translated to Datal og. Therefore, | think it would be un-
intuitive to have this keyword here

| also think that people who use WSM_.-Core are not that interested in
conpl ete class definitions. People who want nore expressiveness can

use of the extensions of WSM.- Core. These extensions are to be devel oped.
An overview of WBM. | anguages can be found at:
http://ww. wsno. or g/ 2004/ d16/ d16. 0/

| I't may be rather difficult for users to understand the restrictions on
| the formof axiomdefinitions - the only specification is a list of

| allowable forns, which is rather hard to understand/renenber. There

| rmust be some clearer way of specifying the restrictions than this. As
| far as | can understand it, the exanple you give in S2.10 doesn't fit

| into the forns given in Table 2!

JB: Indeed. W'Il| try to cone up with a better way of describing these
in the next version of the deliverable.

| You need to state explicitly what all of the notation (C, Db R S etc)
| in the tables stands for.

JB: WII| be done for the next version

| S2: "In this chapter we explain ... Mst of the exanples were taken
| from[Stollberg et al., 2004]" is repeated tw ce

JB: fixed

| S2.5 Your description of the nmeaning of inmport makes it sound as

| though sone concatenation of ontologies is going on at the syntactic
| level, whereas OAL inports sinply specifies that the *semantics* is
| equivalent to a union of the axions in all relevant ontol ogies. This
| is inmportant because of, e.g., cyclical inmports statenents. You al so
| don't explicitly state if you support recursive inportation.

JB: The semantics is the sane as in ON.. | added a note about this

| S2.6 The specification of nmediators is rather vague.

JB: | added a reference to WBMO D2 and tried to make it a bit nore clear
| S2.7 "inplicitly anded" - | would say "explicitly conjoined" (anded is
| rather ugly). Moreover, given that you don't have any "conpl ete"

| definitions, conjoining the superconcepts is superfluous - a set of

| superconcept statenments is conpletely equivalent to a single conjoined
| one.

JB: fixed.

| You should al so say sonething here about the semantics of attribute
| specifications (even though we find out |ater).

JB: fixed.

| You say that "We do not allow conplex concepts definitions as
| superconcepts”. This isn't quite true - attribute specifications are
| conpl ex concepts

JB: indeed, attribute specifications are conplex concepts in the translation
to OA, but not in WSM_.-Core. W see concepts and attributes as conceptual ly
very different elements and therefore, I would not want to say that an
attribute definition is a conplex concept.

| S2.8 "specialization of a direct super-relation” - do you really nean
| specialisation or specification? Also, this nmakes it sound as though
| there can only be one such super-relation, which is not the case

JB: fixed
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| S2.10 Axiomdefinitions. See general coments above.

JB: fixed.
| S4 "The table shows..." is repeated.
JB: fixed

| S5 the list of reasons for use case problens ends with "equality",
| with no explanation as to what this is about.

JB: fixed

| [1] Benjamin N. Gosof, lan Horrocks, Raphael Volz, and Stefan

| Decker. Description |ogic prograns: Conbining |ogic prograns with
I

I

description logic. In Proc. of the Twelfth International Wrld Wde
Web Conference (WWV2003), pages 48-57. ACM 2003.
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