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1. Adaptive Hypertext - an overview of implementation





1.1 The need for data to know about itself





In order to create a hypertext document which can adapt the presentation of its content to the individual reader, there must be provision to specify the intended reader within the document. In other words, the document must specify which portions of its content are intended for which particular readers. An external application may then read this document, compare the description of its intended reader with that the actual reader and determine which portions of the document to present to the reader. 





Using this technique, information aimed at a range of different readers may be contained in the one document. Which particular content of the document the reader sees is determined by an external application, which bases its decision on some known characteristics about the reader contained in the user model.





1.2 How is the content of the document described





A number of different approaches have been suggested. They originate from the same concept but their subtle differences give rise to significant issues in their implementation.





Perhaps the simplest method of describing content in a document is to wrap structured comments around sections of text.





Consider the following example document which introduces its readers to the Blue programming language [xml:1] [xml:2]





<!--  show to reader on condition = “none” -->


The programming language used in this course, Blue, was designed by Michael Kolling and John Rosenberg in 1994 at the University of Sydney. Blue is Object Oriented.





<!-- show to reader on condition = “know O-O principles” -->


However, unlike many widespread object-oriented languages it is not cluttered with distracting features to increase efficiency or preserve parts of older languages that programmers have become accustomed to.





<!-- show to reader on condition = “know Eiffel” -->


It is also quite similar to the Eiffel language.


<!-- end condition = “know Eiffel” -->





<!-- end condition = “know O-O principles” -->





<!-- show to reader on condition = “don’t know O-O” -->


Large programs must be organised, and it is how they are organised that makes object-oriented programs differ from other kinds. An object-oriented program is made up of …


<!-- end condition = “don’t know O-O” -->





<!--  end condition = “none” -->





Once this document is processed by an external application, a reader who does not know the concept of object-oriented programming would see the following text:





The programming language used in this course, Blue, was designed by Michael Kolling and John Rosenberg in 1994 at the University of Sydney. Blue is Object Oriented. Large programs must be organised, and it is how they are organised that makes object-oriented programs differ from other kinds. An object-oriented program is made up of …





while a reader who understands object-oriented concepts and knows the Eiffel language would see the following text:





The programming language used in this course, Blue, was designed by Michael Kolling and John Rosenberg in 1994 at the University of Sydney. Blue is Object Oriented. However, unlike many widespread object-oriented languages it is not cluttered with distracting features to increase efficiency or preserve parts of older languages that programmers have become accustomed to. It is also quite similar to the Eiffel language.





In this way, the reader only sees information which is relevant to them





This simple approach is quite a good method for implementing adaptive hypertext. Provided the comments are structured and conform to a parsable grammar (as in the example above), a processor can readily adapt a document to the individual reader. Its strength lies in the fact that any document can be turned into an adaptive document. It is also quite simple and easy to understand by programmers and perhaps even non-programmers. This method has been elegantly implemented by Hong [xml:3].





However, the approach has the following shortcoming: 





To read such a document over the World Wide Web, through a common browser, would essentially involve a client process (the browser) requesting the document from the server. The server would then process the document, by means of a CGI script, to decide which content is relevant to the reader and send back the results to the client process. This approach does not scale well. 





Consider the situation where a large number of students would with to work through the adaptive tutorial on the Web at the same time (as would be the case in the first year programming course at the University of Sydney). The server would become severely overloaded and the whole system would become noticeably slow. Such a situation would cause frustration and affect the concentration of the systems users. 





One possible solution would be to build my own Web browser which would request the documents from the server but process them itself (at the client side), thus taking the load off the server. However, I feel this is not a viable solution for the following reasons:


Building a browser is a large project itself.


Given the restraints of time this would detract too much from my original goal.


By forcing the users of my system to use my browser I would be reducing the systems acceptability while not benefiting the wide range of people I had initially intended. 





2. Standard Generalised Markup Language (SGML)





SGML is the international standard for defining descriptions of structure and content in electronic documents [xml:4]. It is a metalanguage for markup languages  SGML has been used to define HTML, which is today’s common standard for displaying documents in Web browsers. SGML could be used to implement adaptive hypertext by defining new tags, and wrapping them around conventional HTML. Essentially, these tags would contain the same information as the intelligent comment approach above. Below is an example of what an adaptive document might look like in an SGML approach. 





< POINT SUBJECT = “Introduction to Blue” >


The programming language used in this course, Blue, was designed by Michael Kolling and John Rosenberg in 1994 at the University of Sydney. Blue is Object Oriented.





<SNIPPET UBMI = “know O-O principles”  CRITERIA = “>60%”>


However, unlike many widespread object-oriented languages it is not cluttered with distracting features to increase efficiency or preserve parts of older languages that programmers have become accustomed to.





< SNIPPET UBMI = “know Eiffel” CRITERIA = “>60%”>


It is also quite similar to the Eiffel language.





< SNIPPET UBMI = “don’t know O-O” CRITERIA = “>60%”>


Large programs must be organised, and it is how they are organised that makes object-oriented programs differ from other kinds. An object-oriented program is made up of …


</SNIPPET>


</POINT>





This example illustrates an SGML implementation of adaptive hypertext [xml:5]. 


This approach has the following disadvantages:


To display the documents in a Web browser, the browser must be SGML compliant or the browser must invoke server side processing, perhaps CGI scripts, (as in the previous approach). The first approach limits the accessibility to viewing the documents as users are forced to used a specific browser. The latter approach, as I have outlined above, consumes server CPU time. 


Customisation of documents is restricted to a single version of HTML documents. This approach would require adding new tags to a chosen HTML version. If the authors of adaptive documents wish to use a newer version of HTML, some time in the future, the complete system would need to be altered. 






































3. Extensible Markup Language (XML)





Extensible Markup Language is a project of the World Wide Web Consortium (W3C).


While the specifications are still being defined, this document describes XML as it is defined in XML 1.0 specification [xml:6]. 





XML is a metalanguage that lets an author design their own markup language. It defines a simplified dialect of SGML. However, unlike SGML, it is designed to be easy to use, served, received, and processed on the Web in the way it is now possible with HTML [xml:6]. Basically, it omits the complex and less used parts of SGML in return for the benefits of being able to write applications, easier to understand, and more suited  to delivery and interoperability over the Web.





The main benefits of XML are:





Structured content in documents: An XML document describes the data which it contains rather than how it is to be presented. For example a typical XML tag might be: 


<email> marek@hons.cs.usyd.edu.au </email>


A person, or processor, reading through this document immediately knows what      the data contained between the “email” tags is describing, i.e. an email address.





Multiple views of the same data: XML provides a mechanism for describing the content of documents separately to its presentation. A processor can then read through the document and decide how to present the data to the reader. Thus the content of the document can then be presented to different users in different ways based on their preferences, etc. 





Local (client side) processing: The processor itself could be locally contained in the browser, eliminating the need for server side computation. Processing the XML document can either be done through a local application, or through script or other programming languages using the XML Object Model.





Advanced Linking capabilities: Linking in XML documents will be far more advanced than typical in HTML documents. Linking methodologies from HTML, HyTime and TEI have been incorporated to produce a powerful linking language for use in XML. The linking facilities in XML are defined by XLink (Extensible Linking Language) [xml:7] and XPointer (Extensible Pointer Language) [xml:8]. The following features will be supported:


Links have a role and a title, to identify to application software the meaning of the link. For example, some links may be criticisms, reference documents, notes on background or specify particular versions of documents. What to do with a link playing a particular role will be up to the application software. 


A link may refer a portion of the current document or to an external document. This is where the XPointer language adds functionality. It will be possible to refer to relative as well as absolute addresses rather than just a specific point within the document. For example, a link may refer to where a parent tag is located, or a section in the document two paragraphs down. 


A link may refer to one resource (simple link) or be able to collect several resources (extended link).


Links may effect how their gathered information is displayed in the browser. This is defined as their behaviour. The author of an XML document may specify how a link is presented in a browser:


replace: this is how browsers work today. That is, the resource at the end of a link replaces the current document on the screen.


new: the resource at the end of the link is displayed as a separate document, e.g. in a new window.


embed: the resource at the end of a link in inserted into the current document where the link was located. 


    In addition, the author may describe when a link is displayed in a browser:


  auto: automatically locate the resource at the end of this link when the XML document is displayed requested. Hence a browser would follow the links and locate the resources before displaying the final document on the screen.


  user: the user must explicitly specify that they wish to locate the resource at the end of the link, e.g. through a mouse click as in done in HTML today.


	    Finally, the author may specify their own link behaviour in an application.








3.1 What is an XML document made up of?





There are three important sections of an XML document. As well as the actual XML document, the author needs to specify a Document Type Definition (DTD) and optionally an XSL (Extensible Style Language) document [xml:6a]. 





The DTD defines the grammar of the XML document. It specifies the rules the author must follow in writing the XML document so that a browser can parse the contents of the XML document.





The XSL document describes how the XML document is to be presented to the viewer. For example, it could be used by the browser to convert the XML document into an HTML document and display it on the screen. However, XML has the advantage that by specifying another XSL document, the contents of the XML document could be easily converted to some other format like Post Script or a standard WORD document. Any format is possible. XSL, although it is still being defined, will contain scripting facilities to enable powerful presentation techniques, just like Java script is used in HTML documents today.

















An example





The following is an example of an XML document, along with its XSL and DTD counterparts. The example also illustrates how a section of text, which introduces the Blue programming language to students, may be adapt to the individual user.  





The file demo.xml: 





<?xml version="1.0"? encoding="UTF-8" standalone="no" >


<!-- this is a comment -->


<![CDATA[ whatever is between these brackets is also a comment]]>


<!DOCTYPE demo SYSTEM "demo.dtd">


<?xml-stylesheet href="demo.xsl" type="text/xsl" ?>





<demo>





in the demo block





    <um type="prevKnowlegde" name="OO programming" value="yes" />


    <um type="prevKnowlegde" name="Eiffell" value="yes" />


 


    <document>


      <description title="Introducing Blue" version="1.0"/>


      <line>The programming language used in this course, Blue,</line>


      <line>was designed by Michael Kolling and John Rosenberg in</line>


      <line>1994 at the University of Sydney. Blue is &OO;.</line>





      <adapt condition="prevKnowledge" value="OO programming" strength="yes">


	 <line>However, unlike many widespread &OO; languages</line> 


	 <line>it is not cluttered with distracting features to increase</line> 


	 <line>efficiency or preserve parts of older languages that</line> 


	 <line>programmers have become accustomed to.</line>


      </adapt>





      <adapt condition="prevKnowledge" value="Eiffell" strength="yes">


	 <line>It is also quite similar to the Eiffel language.</line>


      </adapt>





      <adapt condition="prevKnowledge" value="OO programming" strength="no">


	 <line>Large programs must be organised, and it is how they are</line> 


	 <line>organised that makes &OO; programs differ from</line> 


	 <line>other kinds. An &OO; program is made up of ...</line>


      </adapt>





    </document>





</demo>





The first line specifies which version of XML the document complies to, what type of encoding the document uses (in this case, "UTF-8", which is the same as the ASCII character set), and that declarations of the entities within this document may reside in other documents or locations (standalone="no").





The second and third lines are examples of a comments in XML, that is, data which is simply ignored by the document processor.





The fourth line tells the processor where to find the DTD for the document. Note that XML documents do not necessarily contain a DTD, but this extra effort is worthwhile as it tells other people what is legal in the particular XML document. The reason a DTD is not necessary is that since the correctness of XML documents is so strict, a processor can create a DTD itself by reading the document.  


In this case, the DTD is located in the same location (directory) as the XML document and is called "demo.dtd".  Note that a DTD could also be defined locally in the XML document.





The fifth line tells the XML processor where to find the XSL file with which to render the XML document.





The rest of the document is the data of the XML document. Notice that the content of the data is described rather than the format. For example, the block enclosed by:





 <adapt condition="prevKnowledge" value="OO programming" strength="yes">


 


  </adapt>





is used to denote that the contents of the block are to be viewed by a person who meets the criteria that they possess previous knowledge about object-oriented programming. 





The only formatting markup used was that of the <line> tag. However, this is would be required for any form of rendering, whether it be HTML or Post script.Hence this does not limit the potential format in any way.





Finally, the term &OO; simply defines an alias for the words “object-oriented”, thus saving the author having to retype the same words repeatedly. This is defined in the file demo.dtd as shown below:


 


<!ELEMENT demo (um*,document?)>


<!ELEMENT um EMPTY>


<!ELEMENT document (description?|line*|adapt*)>


<!ELEMENT description EMPTY>


<!ELEMENT line (#PCDATA)>


<!ELEMENT adapt (line*)>





<!ATTLIST um


type  CDATA #REQUIRED


name  CDATA #REQUIRED


value CDATA #REQUIRED>





<!ATTLIST description


title   CDATA #IMPLIED


version CDATA #IMPLIED>


  


<!ATTLIST adapt 


condition CDATA #IMPLIED


value     CDATA #IMPLIED


strength  CDATA "unknown">





<!ENTITY OO "object-oriented">





The above DTD defines a grammar which the author of the XML document must abide by in order to produce a well formed, valid document. The DTD outlines the what names can be used for elements, where in the document they may occur, and how they all fit together. This enables a processor to read parse the XML document and make sense of it.











Finally the XSL file (demo.xsl) used to interpret the XML document and display an HTML document in a Web browser:





<xsl>





<!-- include scripts for processing the document -->


<define-script>


<![CDATA[





function informType(e)


{


    var s="no type specified";   


    s="In terms of "+e;


    return s


}





function informName(name)


{


    var s="no name specified";


    s = " involving "+name;


    return s


}





function informValue(value)


{


    var s="no value specified";


    if(value=="no")


    {


	s = " well, its not true. Sorry!";


    }


    if(value=="yes")


    {


	s = " well, its true!";


    }


    return s


}





]]>	


</define-script>





 <!-- the root rule -->


 <rule>


     <root/>


         <DIV>


             <children/>


         </DIV>


 </rule>





  <!-- a rule to match the "um" element -->


  <rule>


     <target-element type= "um"/>


       <DIV color= "red">


       Your user model reveals the following information:<BR/>


         <eval>informType(this.getAttribute("type"))</eval> 


         <eval>informName(this.getAttribute("name"))</eval>


         <eval>informValue(this.getAttribute("value"))</eval>    


         <children/>


       </DIV>


  </rule>





  <!-- a rule to match the "document" element -->       


  <rule>


     <target-element type= "document"/>        


       <DIV color= "black">


         <children/>


       </DIV>


  </rule>














  <!-- a rule to match the "description" element -->       


  <rule>


     <target-element type= "description"/>        


         <children/>


  </rule>





  <!-- a rule to match the "adapt" element -->


  <!-- <adapt condition="prevKnowledge" value="OO programming" 


        strength="yes"> -->      


  <rule>


     <target-element type= "adapt">


     <attribute name="condition" value="prevKnowledge"/>


     <attribute name="value"     value="OO programming"/>


     <attribute name="strength"  value="yes"/>


     </target-element>


       <DIV color= "blue">


         <children/>


       </DIV>


  </rule>





  <!-- match any remaining "adapt" elements and ignore their contents -->


  <rule>


     <target-element type= "adapt"/>            


  </rule>





  <!-- a rule to match the "line" element -->       


  <rule>


     <target-element type= "line"/> 


         <BR/>      


         <children/>     


  </rule>





</xsl> 





The XML processor reads through the XML file, and for each markup tag, attempts to match the same element to a definition in the XSL file. The rules for each markup element are defined recursively within the XSL document. Once a match is found the processor attempts to match any <children/> markup elements, that is, where tags are nested within blocks of the XML document. The processes is repeated until the whole XML file has been matched to a rule in the XSL document.





3.2 How I could incorporate XML in my project





The previous example illustrates how XML could be used to generate adaptive hypertext suitable for teaching a topic based on the individual learner.





One possible implementation is the following:





When a document is requested by the browser, a CGI script is used to append a particular users User Model to the XML document. This user model would also be described in XML syntax. This server side processing is necessary to be able to pass on important information about the user to the XML processor, so that it may determine what content to present to the user. Otherwise, the processor would not know where to obtain information about the user.


 


It would also be possible, instead of appending the whole User Model to the XML document, only append a link specifying where the user model is located. Then through the mechanisms of XML linking the XML document could itself locate the user model as it is loaded into a Web browser. 


It was my intention that the XML/XSL processor would be sufficiently powerful to determine which content to pass on to the user. However, I have found that the scripting facilities in XSL, being similar to Java script, are not powerful enough to perform this function. Specifically, the limitations resides in the fact that the XSL specification says that the use of global variables in XSL documents is not permitted, and the limitations of the scripting language itself.





Another possibility:





Alternatively, the XML document could be delivered to the Web browser as is. The document would contain content aimed at different viewers, as described in the XML markup. A CGI script would be used to locate the user model describing a particular person, and use this to produce an XSL file appropriate to the user. Essentially, this XSL document would simply contain one rule for each attribute located in the user model, thus specifying what content is appropriate for the user, and another rule for rejecting the rest of the inappropriate content. Although this requires server side computation, the CGI script does not involve much processing. It simply concatenates text to produce an XSL file. The client side XSL processor still has the majority of the work load as it parses the XML file and attempts to match each element with a rule described in the XSL file. The only difference is that now the XSL file has been customised for a particular user. 





An example





The following example was written to work with the Microsoft ActiveX Control XSL Processor. You may note the differences in this XML document to that of the previous example.





The XML document contains content that could adapt to a range of users:





<?xml version="1.0"?>


<demo>


    <document>


        <description title="Introducing Blue" version="1.0"/>


	<line>The programming language used in this course, Blue,</line>


	<line>was designed by Michael Kolling and John Rosenberg in</line>


	<line>1994 at the University of Sydney. Blue is object oriented.</line>





      <adapt condition="prevKnowledge" value="OO programming" strength="yes">


	<line>However, unlike many widespread object-oriented languages</line> 


	<line>it is not cluttered with distracting features to increase</line> 


	<line>efficiency or preserve parts of older languages that</line> 


	<line>programmers have become accustomed to.</line>


      </adapt>





      <adapt condition="prevKnowledge" value="Eiffell" strength="yes">


	<line>It is also quite similar to the Eiffel language.</line>


      </adapt>





      <adapt condition="prevKnowledge" value="OO programming" strength="no">


	<line>Large programs must be organised, and it is how they are</line> 


	<line>organised that makes object-oriented programs differ from</line> 


	<line>other kinds. An object-oriented program is made up of ...</line>


      </adapt>





    </document>


</demo>


The XSL file describes which content is relevant to a particular user based on their user model. It also says that content which does not match the user’s model should be ignored by the XSL processor. This section of the document is shown in bold print below:





<xsl>





 <!-- the root rule -->


 <rule>


     <root/>


         <DIV>


             <children/>


         </DIV>


 </rule>





  <!-- a rule to match the "document" element -->       


  <rule>


     <target-element type= "document"/>        


       <DIV color= "black">


         <children/>


       </DIV>


  </rule>





  <!-- a rule to match the "description" element -->       


  <rule>


     <target-element type= "description"/>        


         <children/>


  </rule>





  <!-- a rule to match the "adapt" element.


  Any element in the XML document which matches the following     


  criteria


 


  <adapt condition="prevKnowledge" value="OO programming"   


         strength="yes">





  is to be presented to the user -->


 


  <rule>


     <target-element type= "adapt">


     <attribute name="condition" value="prevKnowledge"/>


     <attribute name="value"     value="OO programming"/>


     <attribute name="strength"  value="yes"/>


     </target-element>


       <DIV color= "blue">


         <children/>


       </DIV>


  </rule>





  <!-- match any remaining "adapt" elements and ignore their contents 


       This rule will be matched if the other rule was not. That is, the


       content does not meet the users model, hence this rule states


       that the content (and that contained in its children elements)


       should be ignored by the processor hence not presented to the 


       user -->


  <rule>


     <target-element type= "adapt"/>            


  </rule>








  <!-- a rule to match the "line" element -->       


  <rule>


     <target-element type= "line"/> 


         <BR/>      


         <children/>     


  </rule>





</xsl>





The following HTML was displayed in the Web browser:


(The section have been colour coded to be able to distinguish various content.


 Black text is that whose content applies to all users.


 Blue test  relates only to certain users.)


�'WOW! And now its time for�our first lesson! 


�The programming language used in this course, Blue,�was designed by Michael Kolling and John Rosenberg in�1994 at the University of Sydney. Blue is object oriented.


 �However, unlike many widespread object-oriented languages�it is not cluttered with distracting features to increase�efficiency or preserve parts of older languages that�programmers have become accustomed to. 





The first paragraph is simply there for debugging purposes, it is produced by adding HTML to the driver document which calls the XSL processor.





The second paragraph has been parsed by the XSL processor. As the content of this paragraph was not contained in an adaptive block (i.e. <adapt>…</adapt>), this meant that the content was to be displayed to all users regardless of their user model.





The Third paragraph was chosen by the XSL processor to be displayed to the user the description of its content was compatible with the model of the user. That is, the user already knows about object-oriented programming but does not know the Eiffell language.





Finally, notice that all the irrelevant sections of the XML document were ignored, as they were not appropriate for the user.





A final example





Adding the following text to the XSL document,





<rule>


     <target-element type= "adapt">


     <attribute name="condition" value="prevKnowledge"/>


     <attribute name="value"     value="Eiffell"/>


     <attribute name="strength"  value="yes"/>


     </target-element>


       <DIV color= "blue">


         <children/>


       </DIV>


  </rule>





specifying that the user also knows the Eiffell language, we would see the same HTML document as above with the following line appended:





It is also quite similar to the Eiffel language. 





In this case the user model attributes have been matched with another section of the XML document.








3.3 Current Technology





While XML is still a new concept and the specifications for the language and its counterparts XSL, XLink and XPointer are still being defined, there is no browser which meets the complete specifications of XML 1.0. There are a handful of parsers available freely over the Web but even these are experimental. It is expected that when the specifications are complete the Web browser giants of Microsoft and Netscape will incorporate XML/XSL support into their products.





At the moment there are two tools which enable XML to be rendered in a common browser by converting the XML/XSL documents into HTML:


Jeremie Miller's Sparse which operates in Javascript and thus works on any system [xml:9]. This tool has only implemented some of the XML 1.0 specification and involves a significant wrap around an XML document. 


The Microsoft XSL Processor which is available either as an Active X control or as a command line executable [xml:10]. However, it only runs on Windows 95 and Windows NT(x86 only) and on Internet Explorer 4.0 or later. It is available as one of two versions:


A command line utility that when given an XML document and an XSL stylesheet generates an HTML document.


An ActiveX control which allows display within a web page dynamically. 





From the two utilities I have chosen to work with Microsoft’s ActiveX control as this tool implemented more XML functionality than the Javascript Sparse tool. It is also closer to the final XML implementation as it does not involve wrapping the XML document in an HTML document. However, it should be noted that this tool is not a full implementation of the XML 1.0 specification. In fact it differs significantly from the specification [xml:10]. 





To truly support XML, the browser would automatically process an XML document when it is requested by the user. However, Microsoft’s ActiveX tool requires that the locations of the XML and XSL documents be simply passed as parameters to an ActiveX processor, which is executed through the object tag in an HTML document. Thus this method is a work-around. However, using this tool enables me to become familiar with some XML concept and is adequate for my purposes. The main lacking feature of this tool is that the advanced linking capabilities described in the XML 1.0 specification have not been implemented. Thus in the worst case, I will only be able to use simple links, as in HTML. The following HTML file is used to execute the ActiveX processor and hence convert XML/XSL documents into an HTML document which can then be displayed in Microsoft’s Internet Explorer 4.0 browser dynamically.








Note: In this example, only the URL’S refering to the XML/XSL documents need to be altered, namely, the lines:


                    


                     <PARAM NAME="documentURL" VALUE="msdemo.xml">


            <PARAM NAME="styleURL"    VALUE="msdemo.xsl">








<HTML>


    <HEAD>


        <TITLE>The Blue Object Model</TITLE>


    </HEAD>





    <SCRIPT FOR="window" EVENT="onload">


        var xslHTML = XSLControl.htmlText;


        document.all.item("xslTarget").innerHTML = xslHTML;


    </SCRIPT>





    <BODY>


        <OBJECT ID="XSLControl"


                CLASSID="CLSID:2BD0D2F2-52EC-11D1-8C69-0E16BC000000"


                CODEBASE=""


                STYLE="display:none">


            <PARAM NAME="documentURL" VALUE="msdemo.xml">


            <PARAM NAME="styleURL" VALUE="msdemo.xsl">


        </OBJECT>





        <DIV id="xslTarget"></DIV>





    </BODY>


</HTML>








�
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