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There are five questions in this paper.  You should answer no more than THREE questions. Full marks will be awarded for complete answers to a total of THREE questions. Each question carries 25 marks. The marks for each part of a question are indicated at the end of the part in [.] brackets.

There are 75 marks available on this paper.

No calculators should be used.

THIS PAPER MUST NOT BE REMOVED FROM THE EXAMINATION ROOM

 Question 1: Concepts, Tools and Applications

(a)  Tutorial presentations of the Semantic Web generally start by listing some deficiencies of current web-based information retrieval techniques such as search engines.  Discuss these apparent shortcomings and explain in general terms how it is proposed that Semantic Web technologies will address the problems.  
[6 marks]   

(b)  Antoniou and van Harmelen (A Semantic Web Primer, 2004) list the following “key technologies” of the Semantic Web: explicit metadata, ontologies, logic and inferencing, and intelligent agents.   





[7 marks]

(i) Briefly explain the meanings of these terms in the context of the Semantic Web.

(ii) Give an overview of the intended contributions to these technologies of the languages XML, RDF and OWL.

(c)  What kinds of tools and technologies are currently available for constructing and querying XML, RDF and OWL documents?  Give one or two examples for each language.








[4 marks]









(d)  Write a short report on an application scenario you have read about where an enterprise plans to increase its effectiveness by adopting Semantic Web technologies.











[8 marks]

Question 2: Ontologies

(a) Explain the terms class,  property/slot, facet and  instance in the context

of  ontology  engineering.   Give one  example of each that could be used in a

formal representation of the following information:


[4 marks]

    James  Joyce was an Irish  writer.  He was born in  Dublin,  Ireland.  His

    mother was Mary  Murray  and his father  was John  Joyce.  His  best-known

    works  are  the  novels  Ulysses,  Finnegans  Wake  and  Portrait  of  the

    Artist as a Young Man, and the short story collection Dubliners.

(b) "An ontology  together  with a set of  individual  instances  constitutes  a

knowledge base. In reality, there is a fine line where the ontology ends and the

knowledge base begins". (Noy and McGuiness)

What  considerations  could  determine  whether the following are specified as classes, properties or instances in a knowledge base for a university?

(i)  Name of a course or degree programme, e.g. “BSc Computer Science”, “Software Engineering part II”

(ii)  Job titles, e.g. “Lecturer B”, “Department Secretary”, “Vice Chancellor”.










[7 marks]

(c) 

(i) Explain the difference between top-down and bottom-up modelling in ontology development.

(ii) Explain the importance of "competence  questions" in the initial design of

an ontology.  Support your answer with  hypothetical  examples from one of:the following domains:

· book publishing

· music/CDs/downloads

· movies

[9 marks]

(d)  What kinds of resources  may be suitable for reuse when  developing a new

ontology?  How may they need to be adapted for the purposes of  Semantic Web applications?







[5 marks]

Question 3: Logic and Reasoning

(a) Explain what is meant by transitive, symmetric and functional properties in the OWL language..






[4 marks]









(b) Give some examples of potential uses of reasoners when constructing and/or querying ontologies or knowledge bases for the Semantic Web. 
[4 marks]


(c) The following is an excerpt from an OWL document, coded in RDF/XML.  Explain the use of subClassOf and Restriction, and express the content both in ordinary English and as a formula of predicate calculus:

[10 marks]

 <owl:Class rdf:about="#firstYearCourse">
      <rdfs:subClassOf>
         <owl:Restriction>
            <owl:onProperty rdf:resource="#isTaughtBy"/>
            <owl:allValuesFrom rdf:resource="#Professor"/>
         </owl:Restriction>
      </rdfs:subClassOf>
   </owl:Class>

<owl:Class rdf:about="#academicStaffMember">
      <rdfs:subClassOf>
         <owl:Restriction>
            <owl:onProperty rdf:resource="#teaches"/>
            <owl:someValuesFrom rdf:resource="#undergraduateCourse"/>
         </owl:Restriction>
      </rdfs:subClassOf>
   </owl:Class>

(Antoniou and van Harmelen, A Semantic Web Primer, 2004)

(d) Show using truth tables whether:

(i) (P v Q) ( R implies P  ( R;

(ii) (P v Q) ( R is equivalent to ¬P & ¬Q v R  

[8 marks]

Question 4: XML

(a) Explain the statement that “XML is a metalanguage for markup” (Antoniou and van Harmelen, A Semantic Web Primer, 2004)


[4 marks]


(b) What are some advantages of XML Schema over DTDs (Document Type Definitions) for specifying XML vocabularies?  Why is it nevertheless important for web developers to be familiar with DTDs? 



[4 marks]
(c) What is the function of namespaces in XML?   How can a namespace be associated with an XML Schema?




[5 marks]

(d)   Consider the XML Schema and instance shown below and on the next page, and answer questions (i – iv) following.




[12 marks]

<?xml version = "1.0"?>

<xsd:schema xmlns:xsd="http://www.w3.org/2001/XMLSchema">

<xsd:element name = "Bibliography" type = "bibType"/>

<xsd:complexType name = "bibType">

<xsd:sequence>

<xsd:element name = "Article" type = "articleType" maxOccurs = "unbounded"/>

</xsd:sequence>

</xsd:complexType>

<xsd:complexType name = "articleType">

<xsd:sequence>

  <xsd:element name = "Author" type = "xsd:string"/> 

  <xsd:element name = "Book" type = "xsd:string"/> 

  <xsd:element name = "PlaceOfPublication" type = "xsd:string" />

</xsd:sequence>

<xsd:attribute name = "Title" type = "xsd:string"/>

<xsd:attribute name = "Date" type = "xsd:string"/>

</xsd:complexType>

</xsd:schema>

XML Schema: “Bibliography”

<?xml version = "1.0"?>

  <Bibliography>

    <!-- Entry 1 -->

    <Article  Title = "On Referring">

      <Author>Bertrand Russell</Author>

      <Journal>Mind</Journal>

      <PlaceOfPublication>Oxford</PlaceOfPublication>

    </Article>

    <!-- Entry 2 -->

     <Article  Title = "What is it like to be a bat?">

      <Author>Thomas Nagel</Author>  

    </Article>

    <!-- Entry 3 -->

    <Article Title = "Meaning" Date = "1957">

      <Author>Paul Grice</Author>

      <Journal>Philosophical Review</Journal>

      <Book>Studies in the Way of Words</Book>

    </Article>

    <!-- Entry 4 -->

    <Article Date = "1969">

      <Author>David Lewis</Author>

      <Book>Convention</Book>

      <PlaceOfPublication>Cambridge MA</PlaceOfPublication>

    </Article>  

    <!-- Entry 5 -->

    <Article Title = "What is a speech act?" Date = "1965">

      <Author>John Searle</Author>

      <Book>Philosophy in America</Book>

    </Article>  

   </Bibliography>  

XML “Bibliography” instance

(i) Explain the difference between complex and simple types in XML, with reference to the above examples where appropriate.

(ii) Which entries, if any, will cause a validator to report errors?  Justify your answer.

(iii) How can the schema be modified so that entries 2, 3 and 4 give rise to error reports but 1 and 5 are valid?  Explain your answer.

(iv) How can the schema be modified so that only years between 1900 and 2010 are accepted as the value of the Date attribute?

Question 5: RDF

(a) Antoniou and van Harmelen (2004) state that “XML allows the representation of information that is also machine-accessible” (p. 25) but also that XML in comparison with RDF “does not provide any means of talking about the semantics (meaning) of data” (p. 61).  How can these statements be reconciled? What key aspects of the “meaning” of data can be represented and processed using RDF and RDF Schema?  










[7 marks]

(b) The following example consists of a sequence of RDF statements using the triples model.

(“CIS1234”, http://myname.me.uk/is_taught_by, “Henry Higgins”)

(“Henry Higgins”, http://myname.me.uk/job_title, ”Lecturer B”)

(“Henry Higgins”, http://myname.me.uk/adopts, “RDF Without Tears”)

(“RDF Without Tears”, http://myname.me.uk/author, “Susan Smart”)

(i) Explain what information is encoded in these statements, assuming a reasonable interpretation of their constituents.  Why do the statements include URLs?

(ii) Draw a graphical representation of the above statements.










[6 marks]

(c) The following is an excerpt from an RDF/XML document: 

   <rdf:Description rdf:about="01273"
       <uni:name>Morris Zapp</uni:name>
       <uni:title>Senior Lecturer</uni:title>
    </rdf:Description>
    <rdf:Description rdf:about="CT1111"
       uni:courseName>Introducing Critical Theory</uni:courseName>
       <uni:isTaughtBy rdf:resource="01273"/>
    </rdf:Description>


(i) Explain the use of the about and resource attributes in these examples.

(ii) How could the same relation be conveyed without using the resource or about attributes?  What are some potential shortcomings of this alternative method?















[7 marks]
(d) What is meant by reification in RDF?  Construct an example of a sequence of RDF statements involving reification, using the triples notation.










[5 marks]
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