Semantic Web IIIB: DAML 
Beyond RDF/RDFS

The Resource Description Framework (RDF) and its schema (RDFS) provide a simple method for encoding semantic metadata.  The real benefit of these systems, however, is that they can be extended to build entirely new languages with greater capabilities.  The Defense Advanced Research Projects Agency’s Agent Markup Language (DAML) project is one such language.

DAML, like RDF and RDFS, is an assertive language.  We make assertions about classes and properties: X is a subclass of Y, X has a property A, and so on.  The DAML specification is only a way to express various expressions.  In this report we concentrate only on reviewing DAML syntax.  To handle these expressions programmatically—that is, to make sure that a document conforms to the DAML ontology restrictions—is a job for various DAML parsers and other tools and is outside of the scope of this report.

Constructing DAML by Example: An HPCMP Ontology
DAML is built out of RDF and RDFS (see the specification, http://www.daml.org/2001/03/daml+oil), so all of the examples for extending RDF that we used in Part A of this report apply equally well to DAML.  DAML defines many new properties (predicates) that can be used to assert more complicated relationships than RDFS.  We will not go through these but will instead show how many are used.

To provide a concrete example, we will develop a simple ontology in DAML to describe the High Performance Computing Modernization Program (HPCMP).  This will describe the Major Shared Resource Centers, Functional Areas, and application codes.
Beginning the Document

DAML is a special case of RDF, so we must start off with the <rdf:RDF> tag and define some namespaces.  We follow this with the DAML Ontology tag. 
<rdf:RDF xmlns:rdf=http://www.w3c.org/1999/02/22-rdf-syntax-ns#

     xmlns:rdfs=http://www.w3c.org/2000/01/rdf-schema#

     xmlns:daml=http://www.daml.org/2001/03/daml+oil# >

    <daml:Ontology rdf:about””>


<rdfs:comments> This is a sample DAML file.</rdfs:comments>


<daml:imports rdf:resource=”http://www.daml.org/2001/03/daml+iol”/>

    </daml:Ontology>

    <rdfs:comment>The rest of the document will go here….</rdfs:comment>

</rdf:RDF>

The namespace declarations that start the document are typical: we will need tags from RDF, RDFS, and DAML+OIL.  The daml:Ontology tag is used to indicate that DAML statements will follow.  The Ontology tag typically contains header information, comments, version information, and imports.  The imports are used to indicate any predefined external DAML ontologies that we will use in the document.  In this case, we are only importing the base DAML ontology itself.
DAML Classes for MSRC, FA, and Applications

We are now ready to start building up a set of inter-related classes.  We will have the following classes: MSRC, a subclass of Organization; Functional Area; and Application Code.
First, the Organization class looks like this:

<daml:Class rdf:ID=”HPCMP”>


<rdfs:label>HPCMP</rdfs:label>

<rdfs:comment>The HPC modernization program</rdfs:comment>

</daml:Class>

<daml:Class rdf:ID=”Component”>


<rdfs:label>HPCMPComponent</rdfs:label>


<rdfs:comment>HPCMP has three components: MSRC, PET, 

CHSSI</rdfs:comment>

</daml:Class>
<daml:Class rdf:ID=”PET”>


<rdfs:label>PET</rdfs:label>


<rdfs:subClassOf rdf:resource=“#Component“/>
</daml:Class>

<daml:Class rdf:ID=”MSRC”>


<rdfs:label>MSRC</rdfs:label>


<rdfs:subClassOf rdf:resource=“#Component“/>

<daml:disjointWith rdf:resource=”#PET”/>
</daml:Class>

<daml:Class rdf:ID=”CHSSI”>


<rdfs:label>CHSSI</rdfs:label>


<rdfs:subClassOf rdf:resource=“#Component“/>

<daml:disjointWith rdf:resource=”#MSRC”/>


<daml:disjointWith rdf:resource=”PET”/>
</daml:Class>

<daml:Class rdf:ID=”FA”>

<rdfs:label>FA</rdfs:label>

<rdfs:comment>Pet Functional Area</rdfs:comment> 
</daml:Class>

<daml:Class rdf:ID=”ApplicationCode”/>


<rdfs:label>ApplicationCode</rdfs:label>


<rdfs:comment>A science application code</rdfs:comment>

</daml:Class>
Note that the class definitions use built-in DAML property relations to establish some baseline properties.  In particular, PET, CHSSI, and the MSRCS are different components of the HPCMP.  We specify that these are disjoint: an instance of the PET class cannot also be an instance of the MSRC or CHSSI class.
Class Properties, Relationships, and Restrictions
DAML has an extensive list of predefined properties that we may use to express general relationships between classes.  However, we will also need to establish some explicit relationships.  For example, we need to express explicitly that the HPCMP has three components, that there are four MSRCs, that the FAs support codes, and so on.
DAML properties come in two flavors: ObjectProperty and DataProperty.  ObjectProperty is an RDFS property that DAML uses to assert relationships between two class instances. A DataProperty is used to associate a class instance with an RDFS datatype.  

To start, let’s define a property that states that the HPCMP has three components.  

<daml:ObjectProperty rdf:ID=”hasComponent”>


<rdfs:domain rdf:resource=”#HPCMP”/>


<rdfs:range rdf:resource=”#Component”/>

</daml:ObjectProperty>

Recall again that rdfs:domain tells us which class can have a property, and range tells us what the property values can be.  That is, the property “hasComponent” only applies to the HPCMP class  and will have values that are Components.
Similarly, we could associate Application codes with the properties “developsApplication” (CHSSI), “supportsApplication” (PET), and “hostsApplication” (MSRC).  For example, 

<daml:ObjectProperty rdf:ID=”supportsApplication”>


<rdfs:domain rdf:resource=”#PET,#MSRC”/>


<rdfs:range rdf:resource=”#ApplicationCode”/>

</daml:ObjectProperty>

This associates the verb “supportsApplication” with PET, and all values of the property are instances of the ApplicationCode class.

The HPCMP has three components, so we’d like to be able to express this as a cardinality restriction on the property.  We have two ways of doing this: we can create an anonymous class about HPCMP that has this information, or we can modify our previous HPCMP class definition.  The latter looks like this:
<daml:Class rdf:about=”HPCMP”>

<rdfs:subClassOf>


<daml:Restriction daml:cardinality=”3”>



<daml:onProperty rdf:resource=”#hasComponent”>

</rdfs:subClassOf>

</daml:Class>
As an alternative way of expression, we could have defined the original HPCMP class as follows: 

<daml:Class rdf:ID=”HPCMP”>


<rdfs:label>HPCMP</rdfs:label>

<rdfs:comment>The HPC modernization program</rdfs:comment>

<rdfs:subClassOf>



<daml:Restriction>



<daml:onProperty rdf:resource=”hasComponent”/>




<daml:toClass rdf:resource=”#HPCMP”/>



</daml:Restriction>


</rdfs:subClassOf>
</daml:Class>

In either case, we place the restriction on the class HPCMP that it MUST possess the property hasComponent, as opposed to MAY have a property.  Its worth noting that DAML’s expressiveness would be useful in encoding typical W3C specifications (such as XML). 

Additional DAML Expressions
Complements, Collections, Exclusions, and More Disjointedness
In this section we will examine several equivalent ways of expressing class exclusions. 

There are times when we need to express that a particular class is a complement of another; that is, we may need to express that a particular class is exclusive of another class.  For instance, we may want to express that PET and CHSSI are non-overlapping classes, and so eliminate the possibility of creating a subclass that extends both PET and CHSSI classes. Previously, we saw how to do this by using the disjointWith property.
First, we may modify the CHSSI class definition to express that it is, effectively, a subclass of an anonymous “non-PET” class.  We then use the “complementOf” property to do this. The revised CHSSI class definition may look like this.

<daml:Class rdf:ID=”CHSSI”>


<rdfs:label>CHSSI</rdfs:label>


<rdfs:subClassOf rdf:resource=“#Component“/>

<rdfs:subClassOf>



<daml:Class>




<daml:complementOf rdf:resource=”#PET”/>



</daml:Class>


</rdfs:subClassOf>
</daml:Class>

We may equivalently express disjointedness over a collection.  For example, we may want to simultaneously express that PET, CHSSI, and MSRC classes are disjoint from each other.  We can do this with the Disjoint class.

<daml:Disjoint rdf:parseType=”daml:collection”>

<daml:Class rdf:about=”#CHSSI”/>


<daml:Class rdf:about=”#PET”/>


<daml:Class rdf:about=”#MSRC”/>

</daml:Disjoint>

Finally, we can use the disjointUnionOf property to express that a class can be extended by one and only one member of a collection. Thus we may create an anonymous class about the Component class that expresses the disjointedness of its children:

<daml:Class rdf:about=”#Component”>


<daml:disjointUnionOf rdf:parseType=”daml:collection”>



<daml:Class rdf:about=”#CHSSI”/>



<daml:Class rdf:about=”#PET”/>



<daml:Class rdf:about=”#MSRC”/>


</daml:disjointUnionOf>

</daml:Class>

We note that the above disjointUnionOf assertion may also be incorporated directly into the initial Component class definition: we don’t have to use the anonymous class.  DAML is designed to give us the flexibility.  Thus if we have a large ontology and we wish to add some additional information, we can do this in a decoupled fashion.  There is no “correct” or preferred way; it is more an issue of style and comprehensibility (by human readers).
Unique and Unambiguous Properties

We may associate property values and their subjects in unique ways.  An unambiguous property has a value that uniquely identifies its subject.  For example, we may define a property hasLocation that can be applied to the MSRC class.  We assume we have defined a Location class, so the property hasLocation has a value that is an instance of this class.  Also, location only applies to the MSRC class, not PET or CHSSI.
<daml:UniqueProperty rdf:ID=”hasLocation”>


<rdfs:domain rdf:resource=”#Location”>


<rdfs:range rdf:resource=”#MSRC”>
</daml:UniqueProperty>

Unique properties by default have a cardinality of one.  

Intersections

We may also define a new class as the overlap of other classes.  For example, the class CHSSI Application is obviously the overlap of CHSSI and Application.  We can express this using the intersectionOf property.

<daml:Class rdf:ID=”CHSSI Application”>


<daml:intersectionOf rdf:parseType=”daml:collection”>



<daml:Class rdf:about=”#CHSSI”/>



<daml:Class rdf:about=”#ApplicationCode”/>


</daml:intersectionOf>

</daml:Class>
Using the Ontology: DAML Instances
So far, we have only examined ways to express various classes, properties, and relationships using DAML.  We are now ready to create specific instances that use our definitions.  

Let us start with the instance ERDC of the MSRC class.  This looks like this:

<MSRC rdf:ID=”ERDC”>


<daml:hasLocation>Vicksburg, MS</daml:hasLocation>


<daml:supportsApplication>Ensight</daml:supportsApplication>
</MSRC>
Similarly
Useful Links and References
1. The DAML Web site: http://www.daml.org. 

2. The DAML+OIL specification: http://www.daml.org/2001/03/daml+oil.

3. Annotated DAML+OIL (March 2001) Ontology Markup:  http://www.daml.org/2001/03/daml+oil-walkthru.  

4. DAML Homework Assignments: http://www.daml.org/homework. 

5.  U. Ogbuji and R. Ouellet, “DAML Reference”.  Available from http://www.xml.com/pub/a/2002/05/01/damlref.html. 
