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A LEARNING OBJECT HARVESTING MODEL AND A SAMPLE
APPLICATION

Abstract

The aim of this thesis is to enable harvesting ehrhing Objects which are
embedded in web pages. Two main challenges have tkemtified which are
interoperability and semantics. For this purposerl learning object metadata
standards such as XML, XSLT, RDF, SPARQL etc. aederl Learning Object
Metadata standards have been investigated for ddmipy with this harvesting
approach, and then a light weight Application Reoéind Microformat for Learning
Objects has been proposed. Additionally a web serfaas been created which uses
XSLT/GRDDL to extract Learning Objects in differemeb pages, and uses SQI
target for retrieval facility with a more complexiery language called SPARQL.
Final work is a sample application; a search clesnploying created SQI service for

search and retrieval of Learning Objects.



OGRENIM NESNES TOPLAMA MODELI VE ORNEK
UYGULAMA

Ozet

Bu tezin amaci web sayfalarina gomugmdgrenim nesnelerinin ayiklanmasina
imkan veren bir model yaratmaktir. simasi gereken iki 6nemli problem
belirlenmitir, bunlar birlikte calabilirlik ve anlamsalliktir. Bu amagc icin birlikte
calisabilirlik ve anlamsallik cercevesinde XML, XSLT, RDve SPARQL gibi
cesitli teknolojiler ve @&renim nesnesi Ustveri standartlari bu modele uydunl
acisindan incelenstir. Daha sonra grenim nesneleri icin dar kapsamli bir
Microformat 6nerisi getirilmitir. EK olarak XSLT/GRDDL teknolojileri kullanilaka
farkli web sayfalarindan ggenme nesnelerini ayiklayabilen ve bunlarin SPARQL
sorgulama dili ile sorgulanabilmesinigsayan bir SQI web servisi ojturulmustur.
Son olarak bu servis Uzerinden gatak @&renme nesnelerinin aranmasini ve

aktarimini sglayan bir arama motoru afturulmustur.
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Chapter 1

Introduction

E-learning refers learning which uses variety ofhteologies such as internet,
television etc. to produce, deliver, manage, stor@ipulate, and evaluate learning
resources, activities and outcomes for better afftiemt outputs. Another
description of E-learning clarifies what it is mediy better and efficient output;
“...e-enhancements of models of learning. That isag that; using technology to
achieve better learning outcomes, or a more effe@ssessment of these outcomes,
or a more cost-efficient way of bringing learningveonment to the learners.” [1].
Online and hybrid nature of e-learning brings apontant property together such as
flexibility which makes learning progress indepemtdef time and date, and enables
features such as self-monitoring, self-determimatid learning progress, always

accessible information, and performance monitoring

E-learning evolved a lot by the emergence of comewsutand later internet, and
continues its raise with the advancements in nétward mobile services and
software market which offers variety of advanceaéng environments, tools and
adaptive multimedia technologies. As an examplefome specific vertical market,
that of education, a recent Datamonitor report sstggl that the global learning
market for higher education is set to grow withealthy CAGR of 12%, to $1,891
million by 2008 [2]. By the support of technolodi@vancements e-learning also
faced with some important pedagogical movement$ g learner centric, self
directed approaches which are based on constrsictiveories. These approaches
consider learners as active participants of legrimstead of passive consumers and
change the role of teachers as facilitators whisialesrners to clarify their goals and

enable them to be capable of planning, executind) @raluating their learning



progress and outcomes collaboratively, withoutrtigka particular position in the
discussions, rather than being pure source of nmétion [3, 4, 5]. The following
statement describes the challenges of these apm®arearly; “Providing active,
stimulating, authentic learning experiences thappsut learner collaboration,
construction and reflection is major challenge daccess of E-learning.” [6]. These
approaches triggered the creation of learner-aergacial and collaborative learning
environments. Moreover social software (blogs, sviic.) gained an important place
for e-learning thus the mine of data, World WideB/Vbecause of Web 2.0’s great
collaborative potential, Wisdom of Crowds, and dienind-remix and share rule. In
today’'s world we are much more connected and tlatefs engagement of
information and makes it necessary thus today edibgdsocial networking and
collaboration into learning progress is consideesd driving force for learner’s
motivation and activity. Social Web 2.0 tools cominto play also formed different
type of e-learning forms such as blended learnihgchvis usually combination of
several web based tools and instructor-led learmfign all, learners are not bound
neither to individual learning environments as etb®ox of pure information nor to
classical in-class learning environments anymarstead by the guidance of these
constructivist learning theories they are facinghwmany tools including their
particular learning environments which enables therollaborate, to reach endless
amount of information of web, and to remix-sharetlius also to create social
networks. Depending on the situation, these tootslkeing used individually by
learners, or by means of mashups, or as heterogenggstems which involve
several tools and might be centered by a particldarning system. All these
movements and approaches ended up in same tecluablogallenge as many of
other software related disciplines did; interopéditgb E-Learning market has
already been over populated with tools and platéotonsupport different types of
learning communities with learning management, @ointmanagement and
communication tools [5]. Thus enabling all theseltoto communicate and share
data among each other became a key technologialiéhe to reach the objectives

of driving pedagogic theories behind.

Interoperability ensures that applications can elt@ata and communicate with each
other in order to complete a particular task withaany concern of each others

internal structure or nature. This is completelgice but something is missing,



what about meanings, and relations between dataP ilsalso desirable that an

application can understand collections of datapfanticular course and able to link
and present them coherently? Here other globalepiacappear which also reflect
greatly over e-learning technologies, one is semavitich aims giving meaning to

data, and ontology which means defining relationd eules between data pieces.
Applications can exchange data with an agreemetiteotructure of data; however
this seems impractical when the huge amount ofrimédion that is produced for

human resides out there in World Wide Web.

Here, Standards come into scene as a solution hergbals specified above;
interoperability and semantics. Standards helpnsuee interoperability and five
other important "abilities” which protect and eveurture e-Learning investments;
re-usability, manageability, accessibility, duréipjl scalability and affordability [7].
Several bodies have developed standards, spewfisatguidelines in order to
enable interoperability among different tools, sys¢ and applications and to
achieve semantic web vision like IEEE Learning 8tads (e.g. LOM), IMS Global
Learning Consortium (content packaging, metadatd @hich are education specific
standards, and like W3C,The World Wide Web Congorti (HTML, XHTML,
XML, RSS, RDF, SOAP etc), Dublin Core, Microformats. which are globally for
Web.

The work going to be done in this thesis baseshenkey element called learning
objects (also called as “learning resource”), far oase which might be anything
digital (image, text etc) that can be used forcadional purposes. A more down-to-
earth approach is to think of a learning objeca asgital part of a course ranging in
size and complexity from a single graphic to anrentourse itself [8]. Enabling
learning objects to be re-usable and sharable [ffereint tools, systems and
applications is major for e-Learning interoperabpitthallenge, furthermore enabling
computers to understand and process informatiotherweb will also move us to
beginning of the semantic web vision. Here metagitgs a key role; metadata can
be simply explained as data about data, for instaitle information of an image or
author information of a text is considered as aaoh&ta element. The bodies noted
previously also have standards and specificationdblighed for metadata
information. In the content of this thesis LOM (keimg Object Metadata)



standardized by IEEE holds an important place; Wewether bodies and standards
will also be investigated. Most of these standaroissist of many elements which
might contain some irrelevant attributes dependinghe application, for instance
LOM currently has more than 71 elements. After siigation of LOM and other
metadata standards, next step is going to be dgrian application profile from
LOM, which is simply a sub-set of LOM elements. Tdmplication profile is going
to be used as a basis for embedding learning ressunto web pages in order to
enable them to be harvested. Rest of the work eanrdcked over Figure 1.1;

however before going further it is better to explsome key technologies.

The terms XHTML, XSL, XSLT, SPARQL, RDF, GRDDL, S®Aand WSDL are
the keystones which constitute the core of enaliofnologies of interoperability
and semantic web together with other technologieksstéandards those are not listed
here or not implemented yet but expressed as fyossibilities. It is better to have
brief descriptions of these technologies and staisdhere. All these technologies
and standards going to be explained in detailsomieg chapters, however it is
important to denote here that all of these teclgie®obase, involve or relate with

XML,; Extensible Markup Language.

XML: It is a markup language like HTML but differs frofirML because
it's purpose and functionality; it is used to cadgta not to display and
employs own tags of user instead of predefined {&43C)

e XHTML: is HTML defined as an XML application, and a dtnersion of
HTML which is aimed to replace HTML. (W3C)

» XSL: Stands for Extensible Style sheet Language, desciiow the XML
document should be displayed, consist of threespABLT, XPath and XSL-
FO. (W3C)

e XSLT: Extensible Style sheet Language (XSL) Transforomais a language
for transforming XML documents into another XML dwmeent or other
formats such as XHTML or RDF. (W3C)

» RDF: The Resource Description Framework is a standarddéscribing

resources on the Web. (W3C)



« GRDDL: is a mechanism for Gleaning Resource Descripticom Dialects
of Languages. GRDDL introduces markup based ontiegistandards for
declaring that an XML document includes data corbgatvith the RDF and
for linking to algorithms (typically represented XSELT), for extracting this
data from the document.

e SPARQL: is a standardized query language for RDF data twioiters
developers a way to write queries across the wadge of RDF information
on the web. (W3C) [9,10]

e SOAP: is a simple XML-based protocol to let applicasoexchange
information over HTTP. (W3C)

e WSDL: Web Service Definition Language is a XML documenmiich

describes Web Services, such as operations aralaeai(\W3C)

After defining an application profile, next stepliwbe proposing a light-weight
Microformat which is a set of XHTML tags that iseasto embed information into
web pages which are understandable both by machames humans while
considering the human as first priority. EmbeddiMgcroformat structures into
XHTML page might be simply manual which means vésib XHTML coding or it
can be done via applying XSLT transformations o¥&fL bindings of learning
objects. After proposing a light-weight Microformé&dr learning objects, a web
service (based on SOAP and WSDL) will be createtthvhollects learning objects
in XHTML pages and transforms them to RDF format XSLT or GRDDL, which

is also based on XSLT. XHTML file might be accomigaihwith an XSL file which
tells how to translate embedded information intoFRD so then GRDDL will be
used, if this is not the case then a predefined X&hsformation will be applied for
RDF transformation. This service will also enalilese objects to be queried via an
SQI target, which is an interoperability structtinat enables heterogeneous systems
to communicate for the purpose of learning objetiiaval by using a common query
langue in our case it is SPARQL [4]. The last stéphe work will be setting up a
search client which will use SQI target to quergrieng resources, this small
application will serve as the proof of concept.



moXx

World Wide Web R R
E— e

ﬂ Subset Ll XHTML Central Storage
EMBED
A A

/

QUERY
STORE SPARQL
v

EMBED XHTML EXTRACT SQI Target
> . Web Service
" XSLT/GRDDDL (SOAP, WSDL)
EMBED
<::::> \\\\\\\\ AGENTS

VA

XHTML USERS

G

\
U

e.g. Applying
Reasoning algorithms

Figure 1.1 Graphical Representation of the Prop¥gerk

To sum up, the aim of this thesis is to enable éwtmg of Learning Objects which
are embedded in web pages by proposing a modelefbne, several Learning
Object Metadata standards will be investigatecconpatibility with this harvesting
approach, and then a light weight Microformat #arhing objects will be proposed.
Then a web service will be created which uses XSIRIDDL to extract learning
objects in different web pages, and uses SQI tdogettrieval facility with a more
complex query language called SPARQL. Final worll Wwe providing a search

client employing created SQI service for searchratdkeval of learning objects.

Rest of this document is structured as follo@kapter 2involves the state of the art
on basic related web technologies wihibkapter 3provides the state of the art on
related semantic web technologies. The details afrdédbrmat approach will be
included inChapter 4and Chapter 5introduces and investigates learning object
metadata standards and specificati@izsapter 6proposes an application profile and
Microformat for learning object search and retriewnd then provides an example
implementationChapter 7evaluates the model and the application waiepter 8
discusses about possible future developments delaith the work done and also
involves a brief critique of the driven conceptechnologies and philosophies
behind.



Chapter 2

Ground Web Technologies and Specifications

In this chapter some of W3C technologies and sgatibns that were referred in
Chapter 1will be explained in details, also details of S@ill take part in this
chapter; however these details will be limited bg heeds of this thesis, wherever
proper other relevant or more advanced technologres specifications will be
referenced and introduced briefly. These interdgergéechnologies which will be
under interest of this chapter are XML, XHTML, XSKSLT, SOAP and WSDL
and they will form the technological ground of tin@in work targeted by this thesis
in the sense of interoperability, other technoledg®®F, GRDDL, and SPARQL will
be under consideration @hapter 3 because these technologies differ from the each
other in the sense of purpose and acceptance. detrsuf technologies has a wild
acceptance and became wildly accepted standardsevieo second set of
technologies are still have a lack of acceptanckethay target semantic issues even

though they are built over the first set of teclogis.

There is several open-source, or freeware toolssandces that can be used to test
and create the examples given in this chapter.tdble and services which are used

to test and validate examples and concepts irchi@pter are as follows;

Liquid XML studio 2008, this is a freeware tool tran be used to create and test
XML, XSLT, XSD, WSDL etc. documents and Web Sersgicé/ost of the examples

in this chapter tested and validated with this.tool

e Mark-up validator: This service is used to validate Web Documenthén
format of HTML, XHTML etc. It can be found in theolfowing link:
http://validator.w3.org



* XML Schema validator: This validator is used to test and validate XML
Schema documents. It can be found in the followidonk
http://www.w3.0rg/2001/03/webdata/xsv.

* Online XSLT 2.0 Service:This service is used to test and validate anyrgive
XSLT document over any given XML document. It ca@ found in the
following link; http://www.w3.0rg/2005/08/online_ks&

2.1 XML

Extensible Mark-up Language (XML) is a simple, veitgxible text format.
Originally designed to meet the challenges of lasgae electronic publishing, XML
is also playing an increasingly important role e texchange of a wide variety of
data on the Web and elsewhere [11]. XML is recondagan of W3C, it is basically
a mark up language like HTML.

It is noted previously that XML differs from HTMLdzause of its purpose and
functionality. XML allows user to use any tag shants instead of using predefined
tags. Therefore it is self descriptive and meanwfgggs can only be understood by
the writer if the tags are not clear enough. A Xkticument will not mean anything
to a browser; it is not used for presentation psego XML does not do anything;
XML was created to structure, store, and transppdormation [12]. XML files are
plain text files therefore any program which cardenstand the tags in particular

XML file can do special operations over this XMLadonent.

XML is software and hardware independent by natswat really makes an efficient

way of storing and transporting data among any lohdrograms regardless of
compatibility level among them. XML has been widelgopted both by Web

Applications and by desktop applications. A XMLefisimply can be used as a
response format for a Web service, or one can gikg@ép all product data of her
web site in XML files to separate data from preaganh, or a desktop application
can hold all its configuration data in XML filesM{ is also used for other internet
technologies such as XHTML, RSS, WSDL, RDF, OWL &teerefore without clear

understanding and competence of XML, it will notamemuch in the kingdom of

XML.



2.1.1 How to Create XML Documents

The XML file, Student.xml, in Figure 2.1 demonséssimple XML file which holds
basic data for a student.

<?xml version="1.0" encoding="utf-8"?>
<student recordid="1">
<name>Ahmet</name>
<surname>Soylu</surname>
<age>23</age>
<gender>Male</gender>
</student>
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Figure 2.1 Simple XML Code

XML file consists of tags which are simply in “<tadata</tag>" format. Each
structure that has a starting tag and a closingctdigd as element. Let’'s move
through the XML file in Figure 2.1, first line tsllthat this document is a XML
document then it gives the version of XML and enicgdbf this XML file. XML
files have a tree structure; therefore each XMk fis a root element necessarily, in
Figure 2.1 at line 2, the “<student>" tag is stagtitag of our root element. Each
element might have children, in this case “<name*surname>", “<age>",
“<gender>" are children of “<student>" element, alsach element might have
siblings; all children of “<student>" are siblingg each other. Elements are case
sensitive therefore “<name>" and “<Name>" are ngua to each other. Elements
need to be nested properly, for instance “<a><b><jla>" is nested wrongly, its
correct nesting would be “<a><b></b></a>". Elememight have attributes like the
case of the tag at second line; “recordid” is ttigkbaute of “<student>" element. All
children of “<student>" element can be represeatdttributes of this element. This
is possible however; it would be inefficient anélaxible, only having data which is
irrelevant to original data should be placed asbattes, which is actually metadata.
All values of attributes should be quoted with ags quote or double quote.
Between start and end tags of any element theréitniig other elements those
elements having other elements as data are calleglex elements, or there might
be plain text as data those elements which holoh péext as data are called simple
elements or leaves. Here <student> is a complerezig but “<name>" is a simple
element. “<name>" contains text data. Using spestiaracters inside data should be
avoided, those are; ‘<’, *>’, ‘&’ etc. instead tmddTML representations should be



used, because content of simple elements are aelsg Iparsed by parsers. Each
simple element might have two types of data; fs¢ is PCDATA which is parsed
by parsers, or CDATA which is not parsed by parsdiserefore these special
characters can be used inside CDATA. All data msonple tags are PCDATA by
default, usage of CDATA is in following format <nam “<!|[CDATA["Ahmet"]]>
</name>". It is also important to note naming ruleere; element names might
include letters, numbers and other characters druinot include spaces, and can not
start with numbers, punctuation characters and Wwitil” keyword.

When one opens the XML document in Figure 2.1 vim@vser she will just see a
coloured version of this sample code, and shese#l a “-” sign before <student> tag
which allows her to expand or hide content of caermlements. This is so because,

except the structure of a XML document there idhimgf it can tell to the browser.

1 <?xml version="1.0" encoding="utf-8"?>

2 <basket xmins:person="www.xxx.com/person" xmlnsdoct="www.xxx.com/product" >
3 <person:owner>

4 <person:name>Ahmet</persongram

5 <person:surname>Soylu</pesaname>

6 <person:age>23</person:age>

7 <person:gender>Male</persandge>

8 </person:owner>

9 <product:item id="134">

10 <product:name>TV</product:@zm

11 <product:price>400</produdte>

12 <product:size>55</producesiz

13 <product:type>Flat</produgig>

14 <product:comment><I[CDATA[Ehis nice. ]]></product:comment>
15 </product:item>

16 <date>2008-03-11</date>

17 <status>Draft</status>

18 </basket>

Figure 2.2 Name Spaces

Let's move with another example, the XML code igie 2.2 includes data about a
simple shopping basket. It introduces another qonaalled “Name Spaces”. Line
two introduces two name spaces which are “prodaict! “person”. “XMLNS” refers
to XML Name Spaces, name spaces used to diffeteritigs that belong to different
XML documents. Actually each name space provideetav®cabulary in some
respect, for instance to define a product, a prodame space might provide “price”,
“name”, “brand” etc. as terms of this vocabularesikles data on different XML

documents can be mixed into single XML documentorider to prevent tag name

10



conflicts name spaces are used. In code in FigW2etliere are two tags called
“<name>", one is name for basket owner and otheriemame for product. These
two tags are differentiated by using different naspaces for each. Name space
declaration is added to beginning of each tag emisolon. The URI that name
space shows actually never used, generally it targea page where name space
elements are defined. Only “date” and status “tdggdng to current XML file other

tags belong either to person or product name Spabés example.

So far it is really clear that anyone can storedata via well-formed XML, but what
about restrictions and constrains, for instancetwhapens when one writes “Male”
between “<age>" tags, or writes “<gender>" elemvad times. So parser needs to
verify consistency of the data and structure of MU<ile. Here DTD, Document
Type Definition, and XSD, XML Schema Definition,gys important role. Those
technologies used to define structure of a XML &iel applying constraints on data.
XSD is more flexible than DTD therefore DTD will hbe under interest of this
chapter.

2.1.2 XML Schema Definition

The purpose of a XML Schema is to define the ldgalding blocks of a XML
document, just like a DTD. [13] It is used to defiand validate structure, elements,
attributes, data types of a XML document. It istten via XML syntax; it is much

more powerful than DTD because it is extendablesaqgborts name spaces and data
types.

The XML code in Figure 2.3 is the same code in F@gi11, only difference is that it
references a XML Schema Definition file which isu@nt.xsd. First the XML
Schema name space instance is referenced, anddhema definition is referenced
via “noNameSchemalocation”. In examples of thispteg all codes assumed to
reside in same physical place however this locasarsually a web address denoted
by a URL.

11



<?xml version="1.0" encoding="utf-8"?>
<student xmlns:xsi="http://www.w3.0rg/2001/XMLSchafmstance"
xsi:noNamespaceSchemalocation="Student.xsd" redotti>
<name>Ahmet</name>
<surname>Soylu</surname>
<age>23</age>
<gender>Male</gender>
</student>
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Figure 2.3 XML with Schema Reference

The code in Figure 2.4 is XML Schema definitionSitident.xml. First line of the
code is a usual XML document declaration. The secame first tells that any
element and attribute used in this XML document thhes name space qualified.
Then it references XML Schema Name Space with Wxkich means any element
that starts with “xs:” belongs to XML Schema Nanpa&. The rest of the document
says that “<student>" element is root of this XMlefand it is a complex element
(“xs:complexType”), it consist of sequence (“xsigeqce”) of simple elements
which are name, surname, age, and gender elenagntst has a required attribute
“recordid” which must be positive integer. “Typettréoute in element declarations
refers to data type of element, “maxOccur” means h@any times this element can
appear at most and “minOccur” attribute means hamyrtimes this element should
appear at least. Variety of rules and constragais be applied over a XML
document, and much more complex situations exiXtyla document might include

different name spaces like in the example Figuzead so on.

<?xml version="1.0" encoding="utf-8"?>
<xs:schema attributeFormDefault="qualified" elenfemtDefault="qualified"
xmins:xs="http://www.w3.0rg/2001/XMLSchema">
<xs:element name="student">
<xs:complexType>
<xs:sequence>
<xs:element minOccurs="1" maxOcelits name="surname" type="xs:string" />
<xs:element minOccurs="1" maxOccurs=iathe="age" type="xs:positivelnteger" [>
<xs:element minOccurs="1" maxOcelits name="gender" type="xs:string" />
10 </xs:sequence>
11 <xs:attribute name="recordid" type=pasitivelnteger" use="required" />
12 </xs:complexType>
13 </xs:element></xs:schema>

Co~NOOOA~AW N P

Figure 2.4 Schema Definition

A better example is demonstrated in Figure 2.5t gleeper understanding and
competence of XSD. Figure 2.5 contains a more cexpkample for a shopping

12



basket which includes basket owner details like @yasnrname, age and gender, and
basic data about products like product name antkepiihere are three XSD files
assigned for this XML file, one for “basket.xml” general (“basket.xsd”), one for

Person name space (“person.xsd”) and other ore rdduct name (“product.xsd”)

space.
1 <?xml version="1.0" encoding="utf-8"?>

<basket xmlIns:person="person" xmins:product="pr¢tiuc
2 xmins:xsi="http://www.w3.0rg/2001/XMLSchema-instaic

xsi:noNamespaceSchemalocation="basket.xsd">
3 <person:owner>
4 <person:name>Ahmet</personaram
5 <person:surname>Soylu</pesaname>
6 <person:age>23</person:age>
7 <person:gender>Male</persamdge>
8 </person:owner>
9 <product:item id="A13">

10 <product:name>TV</product:@sm

11 <product:price>400</produdte>

12 <product:comment><!/[CDATA[Bhis nice. ]]></product.:comment>
13 </product:item>

14 <product:item id="B42">

15 <product:name>Mouse</praohame>

16 <product:price>10</prodpdte>

17 </product:item>

18 <date>2008-03-11</date>

19 <status>Draft</status>

20 </basket>

Figure 2.5 XML in Details

In Figure 2.6 “Basket.xsd” file content is shownst line is regular XML

declaration that is used before. In second lineengpaces that will be used in this
document are declared which are person and pratutie spaces. In third and
fourth lines the xsd files imports other xsd filggerson and product). In import
statement we do have name space attribute whitsh ftel which name space the

schema file is used for.

13



1 <?xml version="1.0" encoding="utf-8"?>
<xs:schema xmlns:product="product” xmins:personsspr"

2 attributeFormDefault="qualified" elementFormDefatijualified"
xmins:xs="http://www.w3.0rg/2001/XMLSchema">

3 <xs:import schemalocation="person.xsd" hamespgaegson" />

4 <xs:import schemaLocation="product.xsd" hamespgmeduct" />

5 <xs:element name="basket">

6 <xs:complexType>

7 <xs:sequence>

8 <xs:element minOccurs="1"x@acurs="1" ref="person:owner" />

9 <xs:element minOccurs="0"x@acurs="unbounded" ref="product:item" />

10 <xs:element minOccurs="1ax0ccurs="1" name="date" type="xs:date" />

11 <xs:element minOccurs="1" magQOrs="1" default="Draft" name="status"
type="xs:string" />

12 </xs:sequence>

13 </xs:complexType>

14 </xs:element>

15 </xs:schema>

Figure 2.6 Schema for Figure 2.1

Then it says there is a root element called “b&dskbich is complex type, and it has
sequence, “<xs:sequence>", of elements in givderof<xs:all>" or “<xs:choice>"
could also be used instead of “<xs:sequence>". ‘&S means all elements will be
used without any order constraint, “<xs:choice>"am® one of this elements can be
used depending on the choice. First element ine@fas owner element in person
name space, and second one defines the productrevhich is in product name
space defined in product.xsd. “minOccurs” definedaand “maxOccur”’ defined as
“unbounded” for “product” element which says prodetement might appear at
least O times or at most infinite times. For stadlmment there is a default value
defined as “draft”. There is variety of types tltan be used for “type” such as

“integer”, “positivelnteger”, “string”, “date” etc.

Figure 2.7 shows the content of Person.xsd whidimeke schema for person name
space. The lines from 3-14 introduces two simpéeneint types that can be used by
means of reference. Currently they are just dédimi{like custom data types). First
simple element type is called “ageType” which viaé used to denote age data, its
restrictions (“xs:restriction”) says it needs togsitive integer and minimum value
for this positive integer is 18 (“mininclusive”) dmaximum value (“maxinclusive”)
for this positive integer is 99. Other simple tygedinition is called as “genderType”
which will be used to denote gender data. Its iegins says it only can take “Male”

and “Female” as value (“xs:enumeration”). It is wngant to note here, a complex
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element can also be defined as element type. &ftament type definitions, XSD
document starts to define XML file, it says roatraent is “owner” and this complex
type element includes “name”, “surname”, “age”, diygnder” child elements.
“Name” element is string type which has minimumggm(“xs:minLenght”) of 2 and

maximum length (“xs:maxLenght”) of 5.

1 <?xml version="1.0" encoding="utf-8"?>
<xs:schema xmins:person="person" attributeFormDef&ualified"
2 elementFormDefault="qualified" targetNamespace=5pet

xmins:xs="http://www.w3.0rg/2001/XMLSchema">
3 <xs:simpleType name="ageType">
4 <xs:restriction base="xs:positivelnteger">
5 <xs:mininclusive value="18" />
6 <xs:maxlinclusive value="99" />
7 </xs:restriction>
8 </xs:simpleType>
9 <xs:simpleType name="genderType">

10 <xs:restriction base="xs:string">

11 <xs:enumeration value="Male" />

12 <xs:enumeration value="Female" />

13 </xs:restriction>

14 </xs:simpleType>

15 <xs:element name="owner">

16 <xs:complexType>

17 <xs:sequence>

18 <xs:element minOccurs="1" mag@s="1" name="name">
19 <xs:simpleType>

20 <xs:restriction ba’sessstring">

21 <xs:minLengthuwet"2" />

22 <xs:maxLengthuexdt"10" />

23 </xs:restriction>

24 </xs:simpleType>

25 </xs:element>

26 <xs:element minOccurs="1" mag@s="1" name="surname" type="xs:string" {>

<xs:element minOccurs="1" maxQsell" name="age"

21 type="person:ageType" />

o8 <xs:element minOccurs="1" maxOcelit§ hame="gender"
type="person:genderType" />

29 </xs:sequence>

30 </xs:complexType>

31 </xs:element>

32 </xs:schema>

Figure 2.7 Schema for Person Name Space

Figure 2.8 shows the content of Product.xsd whefinds schema for product name
space. It says root element is “item”. This elemsntomplex type and it has
sequence of elements which are name, price, andneom The restriction for
“comment” element says; it should collapse the eohthich means it will replace,
file end signs, new line signs, and multiple linegh single space. In line 15

15



“xs:any” element means this complex element mighéktended with new elements,
another XSD file can be shown as reference in XM for these new extended
elements. It is also seen that “item” element Hd$ attribute and a regular

expression is applied as restriction to this attebwyhich enforces value of “id” to be

consist of a capital character from A to Z and thgits from 1 to 9.

1 <?xml version="1.0" encoding="utf-8"?>
<xs:schema xmlns:product="product" attributeForngétE="unqualified"
2 elementFormDefault="qualified" targetNamespace=tpiat"

xmins:xs="http://www.w3.0rg/2001/XMLSchema">
3 <xs:element name="item">
4 <xs:complexType>
5 <xs:sequence>
6
7
8

type="xs:positivelnteger" />
<xs:element minOccurs="0" mag@s="1" name="comment">

9 <xs:simpleType>

10 <xs:restrictiorsba"xs:string">

11 <xs:whiteSpa@lue="collapse" />
12 </xs:restriction>

13 </xs:simpleType>

14 </xs:element>

15 <xs:any minOccurs="0" maxQsst2" />
16 </xs:sequence>

17 <xs:attribute name="id">

18 <xs:simpleType>

19 <xs:restriction base="t#ng">

20 <xs:pattern value&Z][0-9][0-9]" />
21 </xs:restriction>

22 </xs:simpleType>

23 </xs:attribute>

24 </xs:complexType>

25 </xs:element>

Figure 2.8 Schema for Product Name Space

2.2 XHTML

XHTML 1.0, Extendable Hypertext Mark-up Languags, a reformulation of
HTML 4 as a XML 1.0 application [14]. XHTML is aindeto replace HTML, it is
actually stricter version of HTML and recommendatiof W3C. Currently, Web
browsers can render bad formed HTML (like havingomectly nested tags)
documents, and tries to fix and interpret docum@éhis gives so many loads to
browsers. Think about small PDAs or mobile devieasen the load will be much
higher for this kind of devices. Therefore - by doning HTML and XML, and their

16



strengths, we got a mark-up language that is usefwl and in the future — XHTML
[15]. Today’s browsers both support XHTML and HTMigwever in the future they
are just supposed to support XHTML, that will cawseb to be consist of well-
formed web pages.

There are important restrictions that XHTML enfaradifferent than HTML, and
actually they are the main difference between HT&id XHTML coming from
XML. These restrictions are as follows, all elensentust be properly nested, all
elements need to have a closing tag or if it iempty element like “<hr>" it should
also must be used as “<hr />”. All element andilaite names must be lower case,
and each XHTML file need to have a root elementciwhs “<html>". Attribute
values need to be double or single quoted. “idfitaite should be used instead of
“name” attribute. Also attribute minimization istredlowed, for instance this “<input
checked>" should be written as “<input checked=tkleel">". All HTML
documents have to have “DOCTYPE” declaration. “Htnthead”, “title” and
“body” elements are mandatory. Inside the “DOCTYREDTD for XHTML file is
declared, this DTD is used to ensure syntax anchigiar of the XHTML document.
There are three types of DTD that can be used antXHTML document; those are
“strict”, “transitional”, and “frameset”. Strict @does not allow any presentational
features, a CSS (Cascading Style Sheet), need wisdubtogether for presentational
concerns. Transitional ones allows presentatioealufes to be used and frameset
one allows HTML frames to be used. The sample @odagure 2.9 demonstrates a

simple XHTML document.

<IDOCTYPE html PUBLIC "-//W3C//DTD XHTML 1.0 Stri¢tEN"
"http://www.w3.0rg/TR/xhtmlI1/DTD/xhtml1-strict.dtd"
<html>
<head>
<title>Sample XHTML Document</title>
</head>
<body>
<hr />
<p id="p1'>This is a sample XHTML docemx/p>
<hr />
</body>
</html>
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Figure 2.9 Sample XHTML Document
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XHTML also defines standard attributes for tags awents (JavaScript events),
Furthermore W3C created small set of XHTML elememdsmodules that can be
used for different type of devices such as fromoamal pc explorer to a mobile
explorer, this is done because whole set mightobmsch for a device, and a small
set might be insufficient for a pc browser. There several modules created.
Attribute and event sets and XHTML modules will ro# detailed here, however
W3C site might be checked for more details on thesees.

2.3 XSL

XSL is a family of W3C recommendations for definingML document

transformation and presentation. It consists cdelparts [16]:

e« XSLT: XSL Transformations, a language for transformingLX
« XPath: XML Path Language, an expression language useX®yT to
access or refer to parts of a XML document.
e XSL-FO: XSL Formatting Objects, a XML vocabulary for sgguig
formatting semantics
XSLT and XML will be under focus of this chaptenpse technologies will be useful
to transform a XML document to another XML documento a RDF document or
to a XHTML page.

2.3.1 XPath

XPath is a language for finding information in a KMocument. XPath is used to
navigate through elements and attributes in a XMtutnent [17].

XPath uses expression similar to traditional compslstem to navigate in XML
files. It has a library for standard functions whiivolves more than 100 built-in
functions. XPath is a major element for XSLT therefit is important to have a
XPath knowledge to use XSLT.

XPath considers a XML file as a collection of nadasd there seven types of XML
items those are accepted as nodes; elementsytdtyjliext, name space, processing
—instruction, comment, and root nodes [17]. Nodeghimhave, parent, children,
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siblings, ancestor, and descendant relationshipngneach other. Parent, children,

and sibling relationship already introduced at XBkction, ancestors of an element

are parent of this element, parent of its paredtssmon. Descendants of an element

are children of this element, children of its chéid and so on. Here on Table 2.1,

important XPath expressions are introduced.

Table 2.1 Example Expressions for XML File in Fig.5

L.

Expression Description

/ Selects from the root node.

basket Selects all the child nodes of baske
/basket Selects the root node of basket.

/basket/person:owner

Selects owner elements that are
children of basket. If there were no
name space in out XML document
query would be /basket/owner.

/lproduct:price

Selects all the price elements , no
matter where they are in the
document.

basket//product:price

Selects all price elements that are
descendant of the basket element,
matter where they are under the
bookstore element.

ll@id

Selects all the attributes those are
named id.

/basket/product:item[1]

Selects the first item element that ig
the child of the basket element.

/basket/product:item[last()]

Selects the last owner element that
the child of the basket element.

is

/basket/product:item[last()]

Selects the last but one book elemsg
that is the child of the bookstore
element.

/basket/product:item[last()<3]

Selects the last two item elements
that are children of the basket
element.

llproduct:item[@id]

Selects all the item elements that
have an attribute named id.

/lproduct:item[@id="A13’]

Selects all the item elements that
have an attribute named id with a
value of 'A13'

/basket/product:item[product:price>100]

Selects all the item elements of the
basket element that have a price
element with a value greater than
100.

/basket/product:item[product:price>100]/product:eam

Selects all the name elements of th
item elements of the basket elemer]
that have a price element with a
value greater than 100

=3

/basket/*

Selects all the child nodes of the
basket element.

I

Selects all elements in the docume

/lproduct:item[@*]

Selects all item elements which hay
any attribute.

@

/lproduct:name | //product:price

Selects all the name AND price
elements of all product elements.

llproduct:name/text()

Selects all the text values of name
elements, result will be, TV and
Mouse.
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These expressions can be tested over any XML daduwi& Liquid XML studio
XPath facility, most of the web programming langesg and browsers (via
JavaScript by using Document Object Model, DOMywB XPath expressions to be
used. The following expressions can also be teggedE 7.0 DOM, however it is
always advisable to use this expression on sergtey 8s a programmer should never

completely trust on client side processing.
There is also a concept called axes. An axis defineode-set relative to the current
node [17]. In Table 2.2, there are the examples@$t important ones. Rest can be

found on W3C site.

Table 2.2 Example Axes for XML Code in Figure 215]

Expression Description

Selects all item nodes that are children of

child::product:item the current node

attribute::id Selects the lang attribute of the current node
child::* Selects all children of the current node
attribute::* Selects all attributes of the current node
_— Selects all text child nodes of the current
child::text()
node
child::node() Selects all child nodes of the current node
y . Selects all item descendants of the current
descendant::product:item node
ancestor::product:item Selects all item ancestbtBeocurrent node

Selects all item ancestors of the current npde

ancestor-or-self::productitem - and the current as well if it is a book node

Selects all price grandchildren of the current
node

child::*/child::price

2.3.2 XSLT

XSLT stands for Extensible Style Sheet Transforomatiand it is a W3C
recommendation XSLT is designed for use as paX®if, which is a style sheet
language for XML. In addition to XSLT, XSL includes XML vocabulary for
specifying formatting. XSL specifies the stylingaXML document by using XSLT
to describe how the document is transformed inttlteer XML document that uses

the formatting vocabulary [18].

HTML uses predefined tags that browsers know howetaler, and via CSS it is

much easier to assign custom presentation featresny element of HTML.
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However a XML file does not include any predefinegs therefore, they are not
understandable for browsers or by other prograrnas,TXSLT might be used to tell
browser how a XML file should be displayed or canused to transform a XML file
into another XML file or a different format such &DF. XSLT uses XPath to
traverse on a XML file when a particular match fduhen XSLT transforms this

matching part into desired result document.

In Figure 2.10, XSLT usage is demonstrated via etamXML and XSLT
documents. In XML file the line 2 makes the onlyfelience from a regular XML
file. This line references the XSLT file and salyattthis is a style sheet file. XSLT
file starts with a regular XML line, line 1, sindeuses XML syntax. The second line
refers to XSL name space to use XSLT features.rébeof the document includes
transformation rules and XPath expressions. Aftafirig an XSLT file and a XML
file that references this XSLT file as a style shedien one opens this XML file via

browser XML file is presented in a way that rela¥sLT file describes.

# XML File XSLT File

<?xml version="1.0" . :
> —n1 " —neA. )
1 encoding="1SO-8859-1"7> <?xml version="1.0" encoding="ISO-8859-1"?>

? -
<?xml-stylesheet <xsl:stylesheet version="1.0"

2 type="text/xsl" eel="hin- "
href="cdcatalog.xsl"?> xmlins:xsl="http://www.w3.0rg/1999/XSL/Transform">

3 <basket> <xsl:template match="/">

4 * % % * % %

5 </xsl:template>

6 </basket> </xsl:stylesheet>

Figure 2.10 How to Use XSLT

In Figure 2.11, a more detailed example has beeengivhich covers most of the
functionality of XSLT. The example XSLT file tramsfns basket.xml into a
XHTML page. “<xsl:template>" element at line twolegts the XML elements that
the template will be applied, for given examplésiset to whole document because
of “/". “<xsl:value-of select=">" at lines 5,6,7,8 used to select value of a XML
element and add it to result, here “select” allaapplying an Xpath expression.
“<xsl:for-each select=">" at line 15 is used tolese elements those are belong to
specific node set. “chose-when-otherwise” at lihés31 structure is used to apply a
conditional test against XML file.
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1 <?xml version="1.0" encoding="1S0O-8859-1"?>
<xsl:stylesheet version="1.0"
> xmins:xsl="http://www.w3.0rg/1999/XSL/Transform" sxns:person="person"
xmins:product="product">
<xsl:template match="/">
<html>
3 <body>
<h2>My Shopping Basket</h2>
4 <table border="1">
<tr> <th>Name</th> <th>Surnambz/kth>Age</th> <th>Gender</th> </tr>
<tr>
5 <td> <xsl:value-of seledtsdsket/person:ovar/person:name"/> </td>
6 <td> <xsl:value-of sdtei¢basket/person:owner/person:surname”/> </td>
7 <td> <xsl:value-of satei¢hasket/person:owner/person:gender"/> </td>
8 <td> <xsl:value-of seletizasket/person:owner/person:age"/> </td>
</tr>
9 </table>
10 <table>
11 <caption><br/><b><i>Products/our basket</i></b></caption>
12 <tr bgcolor="silver">
13 <th>Name</th> <th>er/th> <th>Comment</th>
14 </tr>
15 <xsl:for-each select="/bagketduct:item">
16 <xsl:sort select="/basket/preiditem/product:price"/>
17 <xsl:choose>
18 <xsl:when test="prodprce &gt; 100">
19 <tr bgcolor="red"
20 <td> <xsl:watof select="product:name"/> </td>
21 <td> <xsl.watof select="product:price"/> </td>
22 <td> <xsl:watof select="product:comment"/> </td>
23 </tr>
24 </xsl:when>
25 <xsl:otherwise>
26 <tr>
27 <td> <xsl:watof select="product:name"/> </td>
28 <td> <xsl:watof select="product:price"/> </td>
29 <td> <xsl:watof select="product:comment"/> </td>
30 </tr>
31 </xsl:otherwise>
32 </xsl:choose>
33 </xsl:for-each>
34 </table>
35 <br/>Date : <xsl:value-of sele¢ba'sket/date"/> <br />
36 Status: <xsl:value-of seté/basket/status"/>
37 </body>
38 </html>
39 </xsl:template>
40 </xsl:stylesheet>

Figure 2.11 Style Sheet for Figure 2.1

“<xsl:sort select=">" at line 16 is simply used swrt output. Another conditional
test structure which is not used in this examplédtause. The format is as follows;

“<xsl:if test="expression’> some output </xsl:if>".
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2.4 Web Services

A Web service is a software system designed to auippteroperable machine-to-
machine interaction over a network [19]. It is sédfscriptive and self-containing

application component which uses open protocolsxavitl.

Web services provide application re-usability ardadexchange between different
types of applications and ensure loosely-coupliithere are many kind of

applications needed very often, instead of wrisagne application again and again,
a web service will be a good opportunity to use esapplication as a part of

different applications. Moreover each one of thagglications might be created via
using different technologies, and each one haswits way to deal with data, in that
sense a web application provides a common waytefdotion and exchange of data

between these applications.

The components which are the part of a web sepaoebe counted as follows;

» Service Transport,
* XML messaging,
e Service Description,

e Service Discovery.

Service Transport is responsible for transportatbbmessages between applications,
HTTP, FTP, SMTP etc. provides service transport.LXiessaging provides means
of encapsulating messages in a common XML form,beth applications can
understand messages; examples are SOAP, XML-RP@diReProcedure Call),
REST etc. Service Description defines an interfaceservice so other applications
can communicate with this service with respect hlis tdescription; the service
description language is WSDL which is also an XMacdment. Finally service
discovery, gathers all services to a common reggisir that other applications can
find these services, this is handled via UniverBagcovery Description and

Integration, UDDI.
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uDDI

2. Search
1. Registe

3. Refer

4. Connect
SOAP

USER

SERVICE <

Figure 2.12 Web Service Architecture

The service transport technology that will be ugednainly based on the type of
application; therefore the listed technologies dervice transport are not complete
alternatives to each other. There are no matuernalives against WSDL and
UDDI. However the XML messaging technology alteiveg are competing, in that
sense SOAP has a major place because of its advdpeeinstance XML-RPC is
considered as too simple to be used in enterprisgd Where REST is not considered
as well established yet. However SOAP is a W3Crmeuendation and it provides
extensibility, better support and able to deal vatimplex data expressiveness. This
brings complexity as a drawback.

2.4.1 WSDL

WSDL, Web Service Description Language, is a XMLsdzh language which
describes Web services, their operations and howadoess them. A WSDL
document includes a set of definitions to descebevice, besides within a single
WDSL document several Web Services can be described

The code piece in Figure 2.13 belongs to a sam@®WWdocument, main elements

of a WSDL document are “<wsdl:portType>", “<wsdl:ssage>", “<wsdl:type>”,
"<wsdl:binding>". “<wsdl:portType>" defines the opaions performed by the Web
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service, it can be thought as a function, “<wsdtsagie>" defines messages used by
the Web Service, they can be thought as parametdéunctions. “<wsdl:binding>"

defines the communication protocol used by the Weilvice.

1 <?xml version="1.0" encoding="utf-8"?>

<wsdl:definitions xmlns:soap="http://schemas.xmisoag/wsdl/soap/"
xmlns:xs="http://www.w3.0rg/20XMLSchema"
xmins:http="http://schemas.xmis@ag/wsdl/http/"
xmins:wsdl="http://schemas.xmisaag/wsdl/"
xmins:tns="www.mysite.com/MyNamase"
targetNamespace="www.mysite.cogildmespace">

3
4 <wsdl:message name="Mylnput">

5 <wsdl:part name="parameters" element="xsaptr/>
6 </wsdl:message>

7 <wsdl:message name="MyOutput">

8 <wsdl:part name="Body" element="xs:string" /

9 </wsdl:message>

10

11 <wsdl:portType name="ServiceSoap">

12 <wsdl:operation name="MyMWebMethod">

13 <wsdl:input message="tns:Mylnput" />

14 <wsdl:output message="tns:MyOutput" />

15 </wsdl:operation>

16 </wsdl:portType>

17

18 <wsdl:binding name="ServiceSoap" type="tns:Swr8oap">
19 <soap:binding transport="http://schemassaap.org/soap/http" />
20 <wsdl:operation name="MyMWebMethod">

<soap:operation
21  soapAction="http://www.example.com/SampleWebSeriiyd1WebMethod"
style="document" />

22 <wsdl:input>

23 <soap:body use="literal" />

24 </wsdl:input>

25 <wsdl:output>

26 <soap:body use="literal" />

27 </wsdl:output>

28 </wsdl:operation>

29 </wsdl:binding>

30

31 <wsdl:service name="Service">

32 <wsdl:port name="ServiceSoap" binding='"SasviceSoap">

33 / <soap:address location="http://www.extargmm/SampleWebService/Service.asmx|
>

34 </wsdl:port>

35 </wsdl:service>

36
37 </wsdl:definitions>

Figure 2.13 Sample WSDL Document

The code piece in Figure 2.13 starts with commonLXd&claration after that it
proceeds with the root element “<wsdl:definitionsahd makes declaration of
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necessary Name Spaces. After root element mesasgdsclared one as “Mylnput”
and other one as “MyOutput”, names are assigneitranty. Code proceeds with

“<portType>" declarations, port name “ServiceSoapan arbitrary name and can be
thought as library name where “MyWebMethod” is d@nthought as a function of
this library. After operation declarations, docurmn@mnoceeds with bindings, and
concludes with service definitions and locationomfiation. More details can be

found in related W3C specifications.

2.4.2 SOAP

SOAP, Simple Object Access Protocol, is a platfamd language independent and
XML based protocol which enables applications teonownicate and exchange
information over HTTP. One of the most importamgpof SOAP is its being based
on HTTP, because HTTP is supported by all intebnetvsers and it provides a way
for applications to communicate without any constr@ased on operating systems,
programming languages and technology.

A SOAP message is actually HTTP request/resporsedoan XML, however it has
to satisfy SOAP encoding rules. The SOAP messageigare 2.14 is a simple
SOAP request message encoded according to theesa§IDL document in Figure
2.13. Basic elements of a SOAP message are “era/e{omot element, mandatory),
“header” (optional), “body” (mandatory) and “faulf@ptional) element. The sample
in Figure 2.14 starts with common XML declaratidhen it proceeds with root
element which is “<soap:envelope>" and it declarexessary Name Spaces.
“<soap:Header>" comes after root element if it &¢isand it contains application
specific information like authentication. Documemroceeds with “<soapBody>"
where actually SOAP message takes place. A SOApomee follows the same
convention. Usually SOAP users do not need to déhl SOAP messaging most of
the application frameworks and tools already haax@®AP messaging and hides

internal details from users.
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1 <?xml version="1.0" encoding="utf-8"?>
<soap:Envelope

2 xmins:soap="http://www.w3.0rg/2001/12/soap-envelope
soap:encodingStyle="http://www.w3.0rg/2001/12/semgoding">

3
4 <soap:Header>
5 <m:Trans xmlns:m=" http://www.example.com/Sample\&etvice/"
soap:actor=" http://www.example.com/SampleWebSeisoap:mustUnderstand=1> 234
6 </m:Trans>
7 </soap:Header>
8
9 <soap:Body>
10 <m:MyWebMethod xmiIns:m="http://www.mysite.com/MgmeSpace">
11 <m:mylInput>Hello</mylnput>

12 </m:MyWebMethod>
13 </soap:Body>

14
15 </soap:Envelope>

Figure 2.14 Sample SOAP Request Message
2.5 SQl

SQI is an Application Program Interface, API, whidkfines set of methods for
querying different learning object repositoriesadrder to achieve interoperability
among learning repositories [20, 21]. The set othod@s provided by SQI are
actually web service methods however SQI doesmpbse any constraint on query

language or type of result format because eactsitpp has its own nature.

Leaming Leaming Repository B
Repository A {Target)
(Source)
Common Query Local Query
= Simple Query | Language and Schema | Simple Query | = Language ;
B Interface Interface e Le.a:mng
®  Component Resulis in Component | @ _ Resultsin 2l
< Metadata
Common Format Local Format

Figure 2.15 Communication Between Two Repositd&2e$

The figure above, Figure 2.15, demonstrates thie Btisicture of communication for
SQI. Learning repository A considered as sourceclvisubmits a query to “target”
which is learning repository B. It is the necegdar learning repositories to agree
on a common query language and result format besfabenitting a query or for any
further communication according to SQI specificati®rappers might be needed

27



for any kind of mapping from common to local enwvineent such as query or schema

mapping.

SQI supports both synchronous and asynchronousegu@r synchronous querying
target returns the result to the source as responiee query call and it is source
initiated. In asynchronous querying, when targeintb enough amount of result for
source’s query, result is forwarded to source, dhis is target initiated.

Asynchronous querying is more difficult to handte SQI it is handled in following

way when source calls query method it also sengsmrameter which gives the
address of source listener so target can forwasdltrgia this listener and another

parameter which is an id the for the query subuhitte

SQI also support stateless and stateful commuaitain statelful communication
target keeps track of previous actions with respedheir orders, and however in
stateless communication target does not hold aoymation about previous actions.
Moreover SQI enforces command-query separatiorctipisawhich means that every
method must either perform a command or processeaypr send result back, a

method performing both is not proper.

It is already noted before that it is assumed bledbre any further communication a
session identifier assigned to the source. Theze®@| methods could be separated
as query management methods and session managestbiods. This says that SQI
actually separates session management methodsuangl ganagement methods. A
session id must be assigned to source by targeselsion does not necessarily need
to be via password and user name, anonymous sessamalso be created and
assigned, important use is identification of sosrdectually session management is
not part of the SQI specification; however speatilen also refers some basic
methods those might be needed. Below table, TaBlgi2es the summary of SQI

session management and query management methods.
Table 2.3 and Figure 2.16 give a brief overview S| API. More detailed

specification of API involving input parametersulfatypes etc. can be found at

specification documentation.
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“createSession” method creates and assigns a sadsiatifier to source according
to given defined credentials such as passwordatefsanonymousSession” method
creates and assigns a session
“destroySession” method ends validity of a spediession identifier and destroys

it. “setQueryLanguage” method defined the syntaxqoéry language like SQL,

SPARQL etc.

“setMaxQueryResults” method defines the maximum lemof results that a query
will produce.”setMAxDuration” method defines theng-out time for particularly
asynchronous queries. “setResultsFormat” methomhekethe format of result that
will be returned as a result of query. “setResub&e” defines the maximum

number of results that will be returned by a singlsult set. "synchronousQuery”

Table 2.3 SQI Methods

# Method Implemented at
1 createSession Target
2 createAnanoymousSession Target
3 destroySession Target
4 setResultsFormat Target
5 setQueryLAnguage Target
6 setMaxQueryResults Target
7 setMaxDuration Target

8 setResultSetSize Target
9 syncronousQuery Target
10 getTotalResultsCount Target
11 asyncrounousQuery Target
12 setSourcelLocation Target
13 gueryResultListener Source

identifier withowtd nef such credentials.

interface
saQi

Exception
Serializable
SQlFault

+createSession: String
+createAnonymousSession:String
+destroySession:void
+setQueryLanguage:void
+setMaxQueryResults:void
+setMaxDuration:void
+setResultsFormat:void
+setResultsSetSize void
+synchronousQuery:String
+getTotalResultsCount:integer
+setSourcelocation:void
+asynchronousQuery-void
+queryResultsListener:void

+SQlFault

message:String
errorCode:String

Figure 2.16 UML Class Diagram of SQI [20]




allows source to send a synchronous query to sotgetrl otalResultCount” method
returns the maximum number of results of query.tSearcelLocation” method
defines the source’s result listener location sat tlarget can forward results for
asynchronous queries. “asynchronousQuery” methdolval source to send an
asynchronous query to target. “queryResutListenethod forwards the result set to

source.
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Chapter 3

Semantic Web Technologies and Specifications

This chapter introduces important Semantic Webneldgies, RDF, SPARQL and
GRDDL in details. RDF constitutes the basic buiddgtone of Semantic Web Vision
of W3C and inspires other works related with then&etic Web, GRDDL and
SPARQL enables harvest and use of RDF resourceseTiechnologies are wildly
considered as the future of Semantic Web where meg€hare capable of

understanding and linking information on the web.

There are several tools and Web Services whichuassl to test and validate

examples given in this chapter. These tools andceer listed as follows;

e Twinkle: It is an open-source tool which provides a GUgifdgce in order to
execute SPARQL queries. SPARQL queries in this tehmapested and
validated via this tool. It can be found in the Idaling link;
http://www.ldodds.com/projects/twinkle/

* W3C RDF validation Service: This service is used to validate RDF
documents and to transform them into triple anglgri@rm. It can be found

in the following link; http://www.w3.org/RDF/Validar/
3.1 RDF
RDF, Resource Description Framework, is a W3C renendation; it provides a

framework, syntax and schema, for describing wedburces. RDF is based on
XML, provides a XML syntax called RDF/XML, and intis its tagging method and
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name space facility. RDF supports the interopeitglof metadata while it allows
descriptions of Web resources - any object withng&dgm Resource Identifier (URI)
as its address - to be made available in machidergtandable form [22]. It is also
one of the key stones of Semantic Web Vision. itgortant emphasize that RDF is
designed for machines not for human reading althahgre are some work (eRDF,
RDFa, will be investigated later i@hapter 4 that also enables RDF to be human
readable by embedding RDF into XHTML pages.

3.1.1 Model, Concepts and Syntax

Basically a resource described by RDF is collectodrproperties, and properties
have values. An example would be as follows, “Mtpyw.sales.com/tv.htm” is a
resource, “price” is property and “300$” is propevalue. The combination of a
“Resource”, a “Property”, and a “Property valuefrfs a “Statement” (known as the
“subject”, “predicate” and “object” of a “Statem&nf23]. Subject must be presented
by an URI, Unique Resource Identifier, which is alsuURL, Universal Resource
Locator, for web resources. URLs are particulardkof URI and used to locate
objects that can be accessible via network. Howebgcts those are not accessible
via network or abstract concepts that actually db exists physically can also be
used as subject in RDF documents.

RDF file has been demonstrated at Figure 3.1. Mdeéments of an RDF file is
“<rdf>" root element and “<rdf:description>" elenmtehe first line of the code is
usual XML declaration which says this is an XML dowent. At the second line
RDF name space is referenced in order to use RDEusyalso name space for
product is referenced in order to use “product” aapace elements. At line 3, it first
identifies resource via using “<rdf:Description:atfout="resource URI'>". At line 3
and 4, it defines the properties and their propealyes. Note that the product name
space is out of RDF, RDF just provides the framéwActually all properties of the
resource could be written inside separate “desoriptelements, the example at
Figure 3.1 is an abbreviation and also a commonafaysing. On the other hand all
properties of resource could be used as attribotesrdf:description>" element.
This might be used to embed RDF into a web pageekewthis is not for

presentation, in this way RDF document is embedulgdot in a form that browser
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can render and display it, only machines can detedtuse it. However this limits

the features of RDF.

1 <?xml version="1.0"?>
<rdf:RDF
2 xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntaps#"

xmins:product="http://www.sales.com/product#">

<rdf:Description rdf:about="http://www.sales.cawit
<product:name>TV</product:name>
<product:price>300%$</product:price>

</rdf:Description>

</rdf:.RDF>

~NOoO Ok~ W

Figure 3.1 Sample RDF Document

RDF documents can be demonstrated via graphs;therEigure 3.2 demonstrates
the example given in a graph representation. Tlaphgisimply says that the TV
resource has a price which is “300$” and a namechwis “TV”. In RDF graphs

nodes those are URI references shown as eclipseéhandodes those are literals

shown as boxes.

http://www.sales.com/produd®fice

http://www.sales.com/tv.ht

TV

http://www.sales.com/productiéme

Figure 3.2 Graphical Representation of RDF

In plain English the graph in Figure 3.2 would beressed as follows;

http://www.sales.com/tv.htm has a price whose vaBD0$.

http://www.sales.com/tv.htm has a name whose Jali&/'.

Another way of representing a RDF document is usiipdes where each statement
in the graph is written in a simple triple struetusubject, predicate, and object form
in given order. The triple representation in FigBr@ belongs to the Figure 3.1. Note

that “http://www.sales.com/product#” defines themmaspace, in other words it
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provides a vocabulary. Any word after “#” charaatean element of this vocabulary.
It also important to note that as indicated in Xgéction before, this name spaces
are not retrieved, this is just a convention. Aiste that URIs must be written inside

“<” and “>" characters as a convention.

1  <http://www.sales.com/tv.htm> <http://www.salesrgproduct#Price> “300$"
2  <http:/lIwww.sales.com/tv.htm> <http://www.salesproduct#Name> “TV”

Figure 3.3 Sample Triple Format

The way of representation in above example migasedong documents because of
long URI names, therefore instead of repeating lmenge URIs each time, this URIs
can be assigned to a “prefix” for one time, andtties prefix can be used instead of

URIs. The example would be as follows;

1 PREFIX sales: http//www.sales.com

2 PREFIX product: http://www.sales.com/product#

3 sales:tv.htm product:price “3009”
4 sales:tv.htm product:name “TV”

Figure 3.4 Example of Prefix Use

Now it is time to traverse more on RDF syntax. R6perty elements can also be
resources like the example given in Figure 3.5thia example brand of the TV is
another resource and “rdf:resource” attribute usedescribe this case at line 7, and

note that it is used within an empty tag, which nged has an “/” character at the

end of tag.
1 <?xml version="1.0"?>
<rdf:RDF
2 xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntans#"

xmins:product="http://www.sales.com/product#">

<rdf:Description rdf:about="http://www.sales.cawit
<product:name>TV</product:name>
<product:price>300%</product:price>
<product:brand rdf:resource="http://www.xtlacom/xbrand.htm" />

</rdf:Description>

</rdf:RDF>

oO~NO UL~ W

Figure 3.5 Properties as Resources

The Figure 3.6 demonstrates the case when a pyopsetf is also a resource. The

demonstration only covers the brand property ofufgg3.5 since the rest of the
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presentation is same as in Figure 3.2. As notedréetsources are represented by
an eclipse therefore eclipse is wused instead of ectamgle for

“http://www.xbrand.com/xbrand.htm” resource.

http://www.xcomp.com/xbrand.htm

http://www.sales.com/product#brand

http://www.sales.com/tv.ht

Figure 3.6 Resources as Properties

The triple demonstration of above graph is showhigure 3.7;

PREFIX sales: http://www.sales.com/

PREFIX product: http://www.sales.com/product#

PREFIX xcompany: http://www.xcomp.com

sales:tv.htm product:brand xcompany:xbramal.ht

A wWwN PR

Figure 3.7 Triple Representation of Resources apdrties

Untill now demonstrated example RDF resources savgple properties, but what
about complex properties? Imagine a case that datk information needs to be
given, however instead of giving it as a singléengrit needs to be given as separate
pieces of information (day, month, and year). Thestructured property is needed
which aggregates birth date information. Considex following example RDF
document in Figure 3.8. In this example the resauinttp://www.sales.com/asoylu”
has properties “name”, “surname”, and “age” whosxabulary is defined in
“http://www.sales.com/person#”. The age property i@nother resource,
“http://www.sales.com/asoylu/birthdate”, which istw@ally a structured aggregate
property. Birth date resources defined by “byedsmonth” and “bday” properties

by using another “rdf:description” element.
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1 <?xml version="1.0"?>
<rdf:RDF

2 xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntaps#"
xmins:person="http://www.sales.com/person#">

3 <rdf:Description rdf:about="http://www.sales.ca@sdylu">

4 <person:name>Ahmet</person:name>

5 <person:surname>Soylu</person:surname>

6 <person:age rdf:resource=" http://www.sal@sv/birthdate/asoylu” />

7 </rdf:Description>

8 <rdf:Description rdf:about="http://www.sales.cduinthdate/asoylu">

9 <person:byear>1984</person:byear>

10 <person:bmonth>11</person:bmonth>

11 <person:bday>26</person:bday>

12 </rdf:Description></rdf:RDF>

Figure 3.8 Demonstration of Structured Property

Figure 3.9 demonstrates the graph representatitimeoRDF example in Figure 3.8.
This one is more complicated than Figure 3.2 ab easource has also other simple

properties.

structuredPropertyExample.rdf

Ahmet

http://www.sales.com/person#namé

1984

http://www.sales.com/a
soylu

Soylu

»
L

http://wyav.sales.com/person#byear

http://www.sales.com/person#surn

11

http://www.sales.com/person#birthdate
“Ilwww.sales.com/person#month

http://www.sales.com
/birthdate/asoylu

26

http://www.sales.com/person#bday

Figure 3.9 Structured Properties

Triple representation of the RDF example in Figgu&is shown in Figure 3.10;
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1 PREFIX sales: http://www.sales.com/

2 PREFIX pbirthdate: http://www.sales.com/birtredat

3 PREFIX person: http://www.sales.com/person#

4 sales:asoylu person:name “Ahmet”
5 sales:asoylu person:surname “Soylu”

6 sales:asoylu person:birthdate pbirthdate:asoylu
7 pbirthdate:asoylu person:byear “1984”

8 pbirhtdate:asoylu person:bmonth  “11”

9 pbirhtdate:asoylu person:bday “26”

Figure 3.10 Triple Demonstration of Structured FRrtips

How about a case when there is no actual URI feesaurce which is actually a

structured property? For instance we don’t reaflgcha universal identifier for birth

date; therefore it is also possible and most comwaw to use blank nodes. Figure

3.11 demonstrates how it would be with using a lblaode. It represents the same

thing in Figure 3.9 however just uses a blank rfodéirth date resource.

structuredPropertyExample.rdf

Ahmet

http://www.sales.com/person#na

1984

http://www.sales.com/
soylu

Soylu

http://

http://www.sales.com/person#surname

.sales.com/person#byear

11

http://www.sales.com/person#birthdate

P://lwww.sales.com/person#month

26

http://www.sales.com/person#bday

Figure 3.11 Blank Nodes

The below code, Figure.3.12, is triple represeomatf Figure 3.11, for blank node

identifier the form “_:name” is used. In whole chkapthe “name” variant will be

selected randomly, any name might be given, howeverocessor application

generates its own unigue names for blank nodes.
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1 PREFIX sales: http://www.sales.com

2 PREFIX person: http://www.sales.com/person#

3 PREFIX person: http://www.sales.com/person#

4 sales:asoylu person:name “Ahmet”
5 sales:asoylu person:surname “Soylu”

6 sales:asoylu person:birthdate _:asoylubirthdate
7 _:asoylubirthdate person:byear “1984”"

8 _:asoylubirthdate person:bmonth  “11”

9 _:asoylubirthdate person:bday “26”

Figure 3.12 Triple Demonstration of Blank Nodes

The Figure 3.13 demonstrates how a blank node edl us a RDF document by
altering the example in Figure 3.8. In such a ¢himost common way is using a
blank node identifier. A blank node identifier ugeddentify a blank node within a
particular RDF/XML document but, unlike an URIref,is unknown outside the
document in which it is assigned [24]. At line @stead of “rdf:resource”,
“rdf:nodelD” is used as blank node identifier, thésthe same in line 8 instead of

“rdf:about”, a blank node identifier is used.

1 <?xml version="1.0"?>
<rdf:RDF

2 xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntaps#"
xmlins:person="http://www.sales.com/person#">

3 <rdf:Description rdf:about="http://www.sales.casdylu">

4 <person:name>Ahmet</person:name>

5 <person:surname>Soylu</person:surname>

6 <person:age rdf:nodelD="asoylubirthdate" />

7 </rdf:Description>

8 <rdf:Description rdf:nodelD="asoylubirthdate">

9 <person:byear>1984</person:byear>

10 <person:bmonth>11</person:bmonth>

11 <person:bday>26</person:bday>

12 </rdf:Description>

13 </rdf:RDF>

Figure 3.13 Demonstration of Blank Nodes

Until now all the values we used for property valweere plain literals. They were

not declared as an integer, string or so on. Censige below example triple;

1 _:asoylubirthdate person:bday “26”

Figure 3.14 Typed Literals Sample

It is not indicated above triple piece that theueal6 is actually an integer, it might

be even considered as string that starts with @itioued with ‘6’. However the
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below triple piece clearly indicates that this “gis an integer. This type of literals

called Typed Literals.

1 _:asoylubirthdate person:bday “26"Mxsd:integer

Figure 3.15 Triple Demonstration of Typed Literals

Example RDF code in Figure 3.16 demonstrates hguediterals are used in RDF
documents. “rdf:datatype” attribute at line 11 refeees an URI which defines the
data type of this property value. The whole URh@ available in “rdf:datatype”
attribute, instead it is abbreviated. An XML entdgclaration is used to associate
“xsd” with name space URI reference for XML Schedada types. The name space
URI could also directly written into “rdf:datatypettribute. “xsd:string”,
“xsd:boolean” and “xsd:date” are some of other lade data types.

1 <?xml version="1.0"?>
<rdf:RDF
2 xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntans#"

xmins:person="http://www.sales.com/person#">
<IDOCTYPE rdf:RDF [<IENTITY xsd "http://www.w3.@¢2001/XMLSchema#">]>

* % %

<rdf:Description rdf:nodelD="asoylubirthdate">
<person:bday rdf.datatype="&xsd;daté=person:bday>

</rdf:Description>

</rdf:RDF>

©Co~NO UL~ W

Figure 3.16 Demonstration of Blank Nodes

Another type of abbreviation could be done via i@, the following example in
Figure 3.17 demonstrates how it is used. At line there is a new attribute used
“xml:base”; it declares a base URI for this documéiter this declaration, for any
resource which resides in this base URI, it is me¢ded to given whole URI of
resource; instead resource name will be enoughalitime 4 and 8. This is done via
using “rdf:ID” instead of using “rdf:about”. Actugldefining a base URI might not
be necessary depending on the situation. If the &fRhe document is the same as
the URI of resources then it is not needed to @ddifbase, because if it is not defined
the document URI will be accepted as a base UR4.chimcatenation is done via “#”

element, considering the first resource it will beyww.people.com/people#asoylu”.
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1 <?xml version="1.0"?>
<rdf:RDF

> xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntans#"
xmins:person=http://www.sales.com/person#
xml:base="www.people.com/people">

3 <rdf:Description rdf:ID="asoylu">

4 <person:name>Ahmet</person:name>

5 * % %

6 </rdf:Description>

7 <rdf:Description rdf:ID="dsoylu">

8 <person:name>Ahmet</person:name>

9 * % %

10 </rdf:Description>

11 * % %

12 </rdf:RDF>

Figure 3.17 Demonstration of “rdf:ID” Attribute

RDF also enables assignment of a resource as t@maesof specific types. This kind
of resources called as typed nodes. For this perpaf:type” property is used.

Consider the example RDF code in Figure 3.18.

1 <?xml version="1.0"?>
<rdf:RDF
xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntans#"
xmins:person=http://www.sales.com/person#
xml:base="www.people.com/people">
<rdf:Description rdf:ID="asoylu">* * *
<rdf:type rdf:resource="http://www.sales.d@rms/Person"/>
<person:name>Ahmet</person:name>
* * %
</rdf:Description>
</rdf.RDF>

oO~NO Ul W

Figure 3.18 Demonstration of “rdf:type” Property

Below triple, Figure 3.20, representation belormgexample RDF document in Table
3.18

PREFIX rdf: http://www.w3.0rg/1999/02/22-rdf-syxtns#
PREFIX people: http://www.people.com/people

PREFIX person: http://www.sales.com/person#

PREFIX terms : http://www.sales.com/terms/
people:asoylu person:name “Ahmet”
people:asoylu person:surname “Soylu”
people:asoylu person:birthdate _:asoylubirthdate
people:asoylu rdf:itype sales:person
_:asoylubirthdate person:byear “1984”"
_:asoylubirthdate person:bmonth  “11”

_:asoylubirthdate person:bday ‘26"

PRPOO~NOULAWNPE
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Figure 3.19 Triple Demonstration of “rdf:type”
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Figure 3.19 demonstrates how an “rdfitype” propeisy shown in graph

representation.

www.sales.com/
terms/terms/Person

http:/iwww.w3.0rg/1999/02/22-rdf-syntax#type

ttp://www.sales.com/person#name 1984

http://www.people.com
/people#asoylu

Soylu

.sales.com/person#byear

http://www.sales.com/person#surname

11

http://www.sales.com/person#birthdate

ktth://www.sales.com/person#month

26
http://www.sales.com/person#bday

Figure 3.20 “rdf:type” Demonstration

RDF container elements are another type of RDF efsnwhich are used describe
group of things such as authors of a paper. Théaowd things called as members
and they can be resources or literals. “<rdf:Bag=rdf:Seq>", “<rdf:Alt>"
elements are RDF container elements. “<rdf:Bag=hwnt used to describe an
unordered list of values whereas “<rdf:Seg>" elemgmsed to describe ordered list
of values. “<rdf:Alt>" element is used to describst of alternative values. The
example below is demonstration of “<rdf:alt>" elamevhich describes a tool and
gives alternatives for its version as “full” or ial’. Use of other RDF container

elements is the same way as shown on Figure 3.21.

Each member have the name in the form of rdf._is, @ decimal number with no
leading number and starts from one, “rdf:li” is dge avoid explicitly humbering
each member. However triple and graph representatith use “rdf:_n” form, this

transformation is done automatically by procesgiragram.
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1 <?xml version="1.0"?>
<rdf:RDF

2 xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntans#"
xmins:software="http://www.sales.com/software#">

3 <rdf:Description rdf:about="http://www.sales.cotaol">

4 <software:version>

5 <rdf:Alt>

6 <rdf:li>Full</rdf:li> <rdf:li>Tral</rdf:li>

7 </rdf:Alt>

8 </software:version>

9 </rdf:Description> </rdf:RDF>

Figure 3.21 Demonstration of RDF Container Elements

A blank node is created in the type of “alt”, “seqt “bag” and members assigned to

this node as properties. The below triple demotistrdbelongs to Figure 3.21;

1 PREFIX rdf: http://www.w3.0rg/1999/02/22-rdf-syxtns#

2 PREFIX software: http://www.sales.com/software#

3 PREFIX sales: http://www.sales.com

4 sales:xtool software:version iz

5 iz rdf:type rdf:Alt

6 4 rdf:_1 “Full”
7 4 rdf:_2 “Trial”

Figure 3.22 Triple Demonstration of RDF Contain&rients

The Figure 3.23 below is graph demonstration ohgda RDF document in Figure
3.21.

http://iwww.w3.0rg/199Y/
02/22-rdf-syntax-ns#A|

ttp://www.w3.0rg/1999/02/22-rdf-

http://www.sales.com/software#version syntax-ns#type

Full

»
>

) 4

http://www.w3.0rg/1999/02/22-
rdf-syntax-ns#_1

http://iwww.w3.0rg/1999/02/22-rdf-syntax-ns

Trial

Figure 3.23 Graph Demonstration of “rdf:alt” Comigzi

42



Members do not necessarily need to be plain |gethey can also be resources, in
this case “rdf:resource” attribute is used inside trdf:li” element. Also members
can be duplicate elements such as “software:autherthere might be several
authors of a software. Members also might be differelements such as
“software:author” and “software:expire_time”. It isnportant to note that the
members of a container are not expected to beuthdidt, there might be other
elements but not included in the list, the elemanthe list is not supposed to be
complete. “rdf:parseType="Collection™ is used fuich cases.

The RDF example in Figure 3.24 demonstrates usalbparseType="Collection™.
A collection is assumed to be a complete list wizecentainer is not. At line four of
below example parse type defined as to be a cmfeeind some resources listed as

members of this collection.

1 <?xml version="1.0"?>
<rdf:RDF
2 xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntans#"

xmins:team="http://www.xteam.com/vocab#">
<rdf:Description rdf:about="http://www.xteam.camifteam">
<team:players rdf:parsetype= "collection">
<rdf:Description rdf:about="http://wwxteam.com/players/ahmet"/>
<rdf:Description rdf:about="http://wwxteam.com/players/hasan"/>
</team:players>
</rdf:Description> </rdf:RDF>

oO~NO UL W

Figure 3.24 Demonstration of Collections

The graph in Figure 3.25 belongs to RDF documeritignre 3.24, each member of
collection is a blank node which consists of oraimember itself referred with
“rdf:first” element in this case a resource andlank node pointing out next
member with a “rdf:rest” element. Then the next rhemalso consists of original
member itself and a blank node pointing out thet meamber of collection. The last

member of collection references to “rdf:nil” elenhém close collection.
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http://www.xtea
m.com/ourteam

ttp://www.xteam.com/vocab#team

http://www.xtea
m.com/players/
ahme

http://iwww.w3.0rg/1999/02/22-rdf-

syntax-ns#rest
4 http://www.xtea

m.com/players/
hasai

http://lwww.w3.0rg/1999/02/22-rdf-syntax-ns#fir
http://iwww.w3.0rg/1999/02/22-rdf-
syntax-ns#rest

http://www.w3.0rg
1999/02/22-rdf-
syntax-ns#nil

Figure 3.25 Graph Demonstration of Collections

Therefore according to explanation of above grdpé,same rdf document can be
also created by using “rdf:first”, “rdf:rest” anddf:nil” elements like in Figure 3.25.
The RDF document itself is quite self descriptive.

<?xml version="1.0"?><rdf:RDF
xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntans#"
xmins:team="http://www.xteam.com/vocab#">
<rdf:Description rdf:about="http://www.xteam.camifteam">
<team:players rdf:nodelD="s1" />
</rdf:Description>
<rdf:Description rdf:nodelD="s1">
<rdf:first rdf:resource="http://www.xtearom/players/ahmet"/>
<rdf:rest rdf:nodelD="s2" /></rdf:Descrigph>
<rdf:Description rdf:nodelD="s2">
<rdf:first rdf:resource="http://www.xtearom/players/hasan"/>
<rdf:rest rdf:resource="http://www.w3.6k§99/02/22-rdf-syntax-ns#nil" />
</rdf:Description> </rdf:RDF>

=
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Figure 3.26 Demonstration of Collections

The code piece in Figure 3.27 is triple represeniadf RDF documents in Figure
3.24 and Figure 3.26. They both represent the shing therefore it is normal that

they have same triple representation.

44



1 PREFIX rdf: http://www.w3.0rg/1999/02/22-rdf-syxtns#

2 PREFIX team: http://www.xteam.com/vocab#

3 PREFIX xteam: http://www.xteam.com/

4 PREFIX xplayers: http://www.xteam.com/players/

5 xteam:ourteam team:players sl

6 sl rdf:first xplayers:ahmet
7 sl rdf:rest _s2

8 _:s2 rdf:first xplayers:hasan
9 82 rdf:rest rdf:nil

Figure 3.27 Triple Demonstration of Collections

Other important parse type attribute values aretetal” and “Resource”.
“rdf:parsetype="Resource’” attribute says that ttentent of an element is to be
interpreted as the description of a new (blank hodeesource.

“rdf:parsetype="Literal” allows users to use XMLragments as a value of a

property.

1 <?xml version="1.0"?>
<IDOCTYPE rdf:RDF [<IENTITY xsd "http://www.w3.@f2001/XMLSchema#">]>
<rdf:RDF

3 xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntans#"
xmins:team="http://www.xteam.com/vocab#">

4 <rdf:Description rdf:about="http://www.xteam.camfteam/asoylu">

5 <team:player rdf:parseType="Literal">

6 <team:pname><em>Ahmet</em></teaanme®

7 </team:player>

8 <team:salary rdf:parsetype= "Resource">

9 <rdf:value rdf.datatype="&xsd;deeil">240000</rdf.value>

10 <team:units rdf:resource="http:/n&xample.org/units/euro"/>

11 </team:salary>

12 </rdf:Description></rdf:RDF>

Figure 3.28 Demonstration of “Literal” and “Resoeit®arse Type.

The RDF document in Figure 3.28 demonstrates hogsoRrce” and “Literal” parse
type attribute values are used. At line 5 “rdf:géype="Literal’” is employed, it does

not create any blank node in the graph where “adégtype="Resource” which is

employed at line 8 creates a blank node.
3.1.2 RDF Schema
RDF also enables users to define their applicasipecific classes and relations

similar to the way object oriented languages previtd some respects. It does not
provide application specific classes, but instdaehables users to describe custom
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classes by providing a type system. Actually id@ne via an extension of RDF
called RDF Schema. Users actually create their B vocabulary by defining

classes and relations among them.

1 <?xml version="1.0"?>

2 <IDOCTYPE rdf:RDF [<IENTITY xsd "http://www.w3.@f2001/XMLSchema#">]>
<rdf:RDF

3 xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-symxtas#"

xmins:rdfs="http://www.w3.0rg/2000/01/rdf-schemia#
xml:base="http://example.org/schemas/world">
4 <rdf:Description rdf:ID="Animal">
5 <rdf:itype rdf:resource="http://www.w3.02600/01/rdf-schema#Class"/>
6 </rdf:Description>
7 <rdf:Description rdf:ID="Mamal">
8 <rdf:itype rdf:resource="http://www.w3.02600/01/rdf-schema#Class"/>
9 <rdfs:subClassOf rdf:resource="#Animal"/>
10 </rdf:Description>
11 <rdf:Description rdf:ID="Horse">
12 <rdf:type rdf:resource="http://www.w3g&2000/01/rdf-schema#Class"/>
13 <rdfs:subClassOf rdf:resource="#Mamal"/>
14 </rdf:Description></rdf:RDF>

Figure 3.29 Demonstration of RDFS

RDF schema facilities are provided via another RiDEabulary whose name space
is “http://www.w3.0rg/2000/01/rdf-schema#” and whqwefix is usually “rdfs”. The
RDF schema can be interpreted by RDF applicati@tsidse it does not have any
difference from normal RDF documents. However withiouilt-in understanding of

RDFS it is not possible for an application to urstiend what it means.

Classes are described using the RDF Schema resourdés:Class” and
“rdfs:Resource”, and the properties “rdf:itype” afdfs:subClassOf’. Figure 3.29
demonstrates how RDF Schema deals with classeBné\# it starts to describe
“http://example.org/schemas/world#Animal” resourceyhich is written in
abbreviated form via using “xml:base”. Then at Ilé& says this resource is a type
of, an instance of, “http://www.w3.0rg/2000/01/stfhema#Class”. At line 7, it
starts to describe another resource “http://examgéschemas/world#Mamal”’, and

then it says that it is a RDFS class and also akads of “Animal” class.

Below graph belongs to Figure 3.29, one import&mg is that rdf classes are
transitive, in below example “Horse” class is su#ss of “Mamal” and “Mamal’

class is sub class of Animal, this enables anyiegin capable of understanding
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RDF Schema to interfere that any instance of “Hordass is also sub class of
Animal.

RDFClasses.rdf
http://ww.w3.0rg/1999/
02/22-rdf-syntax-

http://example.o
rg/schemas/worl
d#Horse

http://iwww.w3.0rg/2000/01/

\ rdf-schema#subClassO http://mww.w3’s 99/
02/22-rdf-syntax-

ns#Type

http://example.o
rg/schemas/worl
d#Mama

http://www.w3.0rg/2000/01/
rdf-schema#subClassOf

http://www.w3.0T9
02/22-rdf-syntax-
ns#Type

http://example.o
rg/schemas/worl
d#Animal

ttp://www.w3.0r
g/2000/01/rdf-

: schema#Class
http://www.w3.0rg/2000/0%(

rdf-schema#subClassOf ™.

Figure 3.30 Graph Demonstration of Collections

The below triple representation demonstrates RRiSsels, it is clearly seen that

every RDFS class is also an instance of “rdfs:Class

PREFIX  rdf: http://www.w3.0rg/1999/02/22-rdf1sax-ns#

1

2 PREFIX rdfs:http://www.w3.0rg/2000/01/rdf-gcha#

3 PREFIX world: http://example.org/schemas/w#kdrse

4 world:Animal rdf:type rdfs:Class

5 world:Mamal rdf:type rdfs:Class

6 world:Horse rdf:type rdfs:Class
7 world:Mamal rdfs:subClassOf world:Animal
8 world:Horse rdfs:subClassOf world:Mamal

Figure 3.31 Triple Demonstration of RDFS Classes

The RDFS document can be abbreviated like in Figu82, “rdf:Description” is
replaced with the type name which is “rdfs:clagsdte that “rdfs:Class” is also a
type (class). However this abbreviation can be dmmeone class, if an instance
belongs to more than one classes, other classdsdeclared via “rdfs:type”, only
one class declaration can be abbreviated.
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1 <?xml version="1.0"?>
2 <IDOCTYPE rdf:RDF [<IENTITY xsd "http://www.w3.@f2001/XMLSchema#">]>

<rdf:RDF
xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-symxtas#"
xmins:rdfs="http://www.w3.0rg/2000/01/rdf-schema#
xml:base="http://example.org/schemas/world">
<rdfs:Class rdf:ID="Animal" />
<rdfs:Class rdf:ID="Mamal">
<rdfs:subClassOf rdf:resource="#Animal"/>
</rdfs:Class>
<rdfs:Class rdf:ID="Horse">
<rdfs:subClassOf rdf.:resource="#Mamal"/>
</rdfs:Class>
</rdf:RDF>

PP O0O~NO O~
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Figure 3.32 Abbreviated Demonstration of RDFS

RDF Schema also provides a way to define propesibikh describe classes.
Properties are described using the RDF class ‘iribétty”, and by the RDF Schema
properties “rdfs:domain”, “rdfs:range”, and “rdfsl&PropertyOf’. Every property is
an instance of “rdf:Property” class. “rdfs:Rangs’uised to denote the classes whose
instances can be among the values of a property,aaproperty might have 0 or
more “rdfs:range” properties. If a property has entinan one range property then
each value of this property has to be instancegagh class defined by range
properties. “rdfs:range” can also be used to sayttie value of a property is a typed
literal like “xsd:integer”, it is good practice tiso define that a URIref is actually a
data type via using “rdfs:Datatype”. “rdfs:Domaipfoperty is used to denote that
the particular property applies to specified clasge property might have zero or
more “rdfs:domain” property. If it is the case thatproperty has more than one
“rdfs:domain” property, then any resource having fharticular property has to be
instance of all the classes defined by “rdfs:dorhamoperties. RDFS also enables
specialization of properties as it does for clasges this purpose predefined

“rdfs:subPropertyOf” property is used.

<rdf:property rdf:ID="weight”>
<rdfs:domain rdf:resource="#Animal"/>
<rdfs:range rdf:resource="&xsd;decimal"/>
<rdf:property>

oOUTh W NP

<rdfs:Datatype rdf:about= "&xsd;decimal" />

Figure 3.33 Property Declarations
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Figure 3.33 demonstrates usage of “rdfs:domaindfsirange” properties and
“rdf:property” class and below there is triple repentation of the example. It is

assumed that the code piece belongs to code ime~8y83.

1 world:weight rdf:type rdf:property

2 world:weight rdfs:range xsd:integer
3 world:weight rdfs:domain world:Animal
4 xsd:decimal rdf:type rdfs:Datatype

Figure 3.34 Triple Demonstration of Property Dealems

It is said that RDFS type system is similar to dkiger object oriented programs’ type
systems. However this match is not exact and ire®wmany core differences. In an
object oriented language a class is collectiorpetsic properties, however in RDFS
a properties applies specific classes (via “rdfgged and “rdfs:domain”). It means
properties are global in RDFS where propertiesniobject oriented language are
specific to classes. Besides in object orientedjdages an class can not exists
without a its particular properties and these caimst is applied by language.
However in RDFS one application can simply seedhi#eclarations as just simple
declarations and does not give any problem in a oaghconsistency where another

application program behaves in opposite way.

3.2 SPARQL

SPARQL is a query language for RDF. SPARQL can §eduo express queries
across diverse data sources, whether the dataresistatively as RDF or viewed as
RDF via middleware. SPARQL is "data-oriented" imatthit only queries the
information held in the models; there is no infa@im the query language itself [25]
[26].

There are four examples of simple SPARQL query weldhe numbers at the
beginning of each query does not belong to qudrys ijust for identification
purposes. SPARQL syntax shows similarities with SQhe both examples below
equals to “SELECT * FROM <Table_Name>" or “SELECTW-4, att-2, ... att-n
FROM <Table_Name>" in SQL. However as the structarel semantic of the

source that SPARQL queries differs from the sotine¢ SQL queries, this similarity
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will be mostly in the sense of syntax. First twoeges return same results over a
particular RDF document. “SELECT” clause identifteg variables to be displayed
in the result set. “WHERE” clause identifies thetgan to be matched with triples.
The keywords that start with “?” or “$” are variab| and these signs can be used
instead of each other. In the rest of this the®s,notation will be used. In the
“WHERE” clauses of the queries the variables asdediwith the subject, predicate
and object. The first two queries does not impaseanstraint on any elements of
triple therefore whole triple set will be in thesudt, however in the third query the
object is associated with “Ahmet”, therefore ortlg subject and predicate pairs who

has “Ahmet” as object will be in the result set.

1 SELECT ?x?y?z WHERE {?x?y?z}

2 SELECT * WHERE { $subject $predicatefpt }

3 SELECT * WHERE { $subject $predicatehthet” }

4 SELECT * WHERE {$subject <http://www.sales.coergpon#name> “Ahmet” }

Figure 3.35 Sample SPARQL Queries

The result set below appears when query threesisut@d over the RDF document in

Figure 3.8.

Table 3.1 Result of Third Query on Figure 3.8

subject predicate

http://www.sales.com/asoylu http://www.sales.comgpa#name

The fourth query will only return subject “bttwww.sales.com/asoylu” as result.
The important thing to note there is URIs must bel@sed between “<” and “>"
characters. The fourth query can also be writtée in below query via using

PREFIX in order to avoid writing long URI names gvéme.

5 PREFIX person:<http://www.sales.com/person#>
SELECT * WHERE { ?subject person:name "Ahmet" }

Figure 3.36 Sample SPARQL Query with Prefix

The query in Figure 3.37, query six, fetches theame property value of the
resource whose name property value is “Ahmet”. fiits¢ triple pattern matches all
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triple sets whose predicate is “person:name” andodlvalue is “Ahmet”, and the

second triple pattern matches all the triples whosslicate is “person:surname”.
The important thing is how first pattern and secpattern is combined, this happens
like a “join” operation in SQL which is applied the first result set and the second
result set based on “subject” variable. Therefoeedame variable name “subject” is

used in both patterns.

6 PREFIX person:<http://www.sales.com/person#>
SELECT ?surname WHERE { ?subject person:namimni&".

?subject person:surname ?surname }

Figure 3.37 Sample SPARQL Query Two Patterns

Query results can also contain blank nodes thensieqoery applied over the RDF
document in Figure 3.13 where there is a blank rem result set displayed on
Table 3.2. It is important to note that blank nadentifiers are assigned randomly;
therefore it is not safe to base a query on blardendentifier.

Table 3.2 Result of Second Query on Figure 3.13

subject predicate object

http://www.sales.com/asoyluy  http://www.sales.comgpa#name Ahmet

http://www.sales.com/asoyly  http://www.sales.comgpa#surname Soylu

http://www.sales.com/asoyluy  http://www.sales.comgpa#age _b

_b http://www.sales.com/person#byear 1984
_b http://www.sales.com/person#bmonth 11
_b http://www.sales.com/person#bday 26

“FILTER” can be used to restrict RDF literals; oc@mmon example is “REGEX”
which allows “SQL like” style tests. The below exale query seven involves
“REGEX” function demonstration for “FILTER?”. It ratns any triple that has object

value which starts with “Ahmet” word.

7 SELECT * WHERE {?subject ?predicate ?object
FILTER regex(?object,"~Ahmet")

Figure 3.38 Sample SPARQL Query Using Filter
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The example query below, query eight, demonstrategher “FILTER”, it returns
only the day of birth triples whose value is biggen 20 or smaller than 18.

8 . PREFIX person: <http://www.sales.com/person#
SELECT * WHERE {

?subjectgmn:bday ?object
FILTER regex( ?object < 18 || ?obje0)
}

Figure 3.39 Sample SPARQL Query Using Regex

There are many other functions that can be useld fiter like, isIRI, isBlank,
isLiteral, sameTerms etc., whose names are alrealffglescriptive, and also allows
some operands to be applied over variables. Thasebe checked via SPARQL
syntax.

RDF is a semi-structured data and it is not fortedse all elements, therefore in
order to prevent pattern matching failures becafiseissing properties several ways
exists. For instance imagine and RDF document inl€rd8.3 where a new person
added however without surname property, but whgoeaay is applied which wants
to fetch every name-surname pair even no surnarhe va defined. SPARQL

allows this to be done via “optional” facility. Thieelow query, query nine, is

demonstration of “optionals” in SPARQL.

9 PREFIX person: <http://www.sales.com/person#>
SELECT ?name ?surname WHERE {?subject person:naamae?

OPTIONAL {?subject person:surnabPseirname}}

Figure 3.40 Sample SPARQL Query Using Optional

The query in Figure 3.40 fetches all name-surnaaiespand defines “surname” as
optional, therefore for resources that surnameotsdefined a blank value will be

returned for surname.
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SPARQL also allows usage of “UNION” operation whiethables several alternative
triple patterns to match and take place in the lreset. Consider the following

example, query 10;

10 PREFIX person: <http://www.sales.com/person#>
PREFIX vCard: <http://www.w3.0rg/2001/vcard/RID#>
SELECT ?name WHERE { ({?subject person:name jetbb} UNION {?subject

vCard:name ?surname }}

Figure 3.41 Sample SPARQL Query Using Union

The above query depends on a case where name exfsanpcan be presented via
vCard vocabulary or person vocabulary. In order tooimiss any result item, a

“UNION" operation, which combines result sets oftbaotations, is used.

Until now the assumption was that the graph, thé=RIDcument, to be queried is
loaded via SPARQL protocol by application programAdl. However it is also
possible to define this default graph via SPARQLor&bver data about resources
might reside in different graphs therefore diffdrgraphs might need to be queried
within the same query. All these needs are solvalbléFROM”, “FROM NAMED”
and “GRAPH” clauses. In the following query, quesleven, default graph to be

queried is given in the query itself;

11 SELECT ?z FROM <c:/ex.rdf> WHERE { ?x7¥}

Figure 3.42 Sample SPARQL Query Using From

“FROM” clause is used in a way to similar to the lSG@he graph is assumed to
reside in computers physical storage, however ghialso reside in the internet
therefore a URI could also be given. It is necgssarnote that multiple FROM

clauses can be used, than combination of graphsesréhe default graph.
“FROM NAMED?” clause also defines the graphs to bereed, however it does not

involve this graphs as a part of default graph,ifstance if the eleventh query is
written via “FROM NAMED?”, the result set would beangty because no default
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graph exists. When “FROM NAMED” clause is used “GRA’ clause is used to
identify graph. Consider the following query 12 difines two named graphs and
then fetches object values of each triple from ¢ghegphs, the variable “g” after graph
keyword identifies the resource graph name whichhlea “ex1.rdf” or “ex2.rdf” for
any result.

12 SELECT 7?9 7z

FROM NAMED <c:/ex1.rdf>
FROM NAMED <c:/ex2.rdf>
WHERE { GRAPH ?g{?x?y?z}}

Figure 3.43 Sample SPARQL Query Using From Named

There are also several solution sequences and isrsdifvailable in SPARQL like in

SQL. The following query demonstrates several efrth

13 | SELECT DISTINCT 2z

WHERE { ?x ?y ?z }
ORDER BY ASC(?x)
LIMIT 10

OFFSET 5

Figure 3.44 Sample SPARQL Query Using Modifiers &otution Sequences

The “DISTINCT” clause in query 13, simply eliminateduplicate results, and
“ORDER BY ASC(?z)” clause orders result in ascegdiay with respect to subject
of triple, “LIMIT 10" clause causes only top terstdts to be fetched and “OFFSET
5” causes result set to start after 5th elemetitarresult set.

“SELECT” clause is used during in all examples; boer there are other clauses
that can be used in order to get different reseis.sThose are “CONSTRUCT”,
“ASK” and “DESCRIBE”. “CONSTRUCT” clause returns amDF graph
constructed by substituting variables in a setrgfld templates. “ASK” clause
returns a boolean indicating whether a query patteatches or not. Finally

“‘DESCRIBE” clause returns an RDF graph that dessriihe resources found.
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3.3 GRDDL

GRDDL introduces mark-up based on existing starsléwd declaring that an XML
document includes data compatible with the ResdDeseription Framework (RDF)
and for linking to algorithms (typically represetitieéd XSLT), for extracting this data

from the document [27].

GRDDL gleaning approach is based on either direebgociating individual
documents with their transformations or associatthgg transformation with
“profiles” and name space documents. It is alreaahgd this transformation usually
represented in XSLT which is already introducedhis chapter, the status “name
space” concept is also same. The “profiles” conadpb will be introduced in
coming pages. XSLT is already purposed to transidih. document in to form of
other documents, here GRDDL defines a specificagonthat every XML or
XHTML document can be associated with a transfoionaand any GRDDL aware
agent can understand this transformation assogiatiod able to apply this

transformation.

<html xmIns="www.w3.0rg/1999/xhtm|”
xmins:grddl="www.w3.0rg/2003/g/data-vigw
grddl:transformation="gleantitle.xls
gttwww.w3.0rg/2001/sw/grddl-wg/td/getauthor.xIs”
>

<head>

*kk

<head>
*k%k

oOuUulh W NP

</html>

Figure 3.45 Sample GRDDL Use [27]

This XHTML document in Table 3.45 associated witlo tGRDDL transformations,
one is “http:\\www.w3.0rg/2001/sw/grddl-wg/td/gethar.xIs* and other one is
“gleantitle.xIs”, however the location of the sedotransformation is not given
therefore it is found based on the base URI. Thesdaransformations will produce
two RDF documents, and then these RDF documentsbeilcombined into one

singe RDF document.
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1 <?xml version="1.0" encoding="utf-8"?>

<xs:schema xmlns:product="product” xmins:personsspr"

attributeFormDefault="qualified" elementFormDefatijualified"

xmins:xs="http://www.w3.0rg/2001/XMLSchema"
xmins:data-view="www.w3.0rg/2003/g/dati@w#"

2 Co . )
Data-viewl:transformation="gleantitlesxl
pittwww.w3.0rg/2001/sw/grddl-wg/td/getauthor.xIs”
>
3 *kk

Figure 3.46 GRDDL Transformation via Schema

The example in Figure 3.46 was for the case wheransformation associated with
an individual document. However it is also possilite associate a GRDDL
transformation with the documents who share theesaame space. The usage is as
in Figure 3.46.

Another way of association is via “profiles”, a pl® way of example is given in

Figure 3.47 below;

<html xmlns="http://www.w3.0rg/1999/xhtml">
<head profile="http://www.w3.0rg/2003/g/data-view

<link rel="transformation" href="http://www.tesbm/t1.xsl" />

<link rel="transformation" href="http://www.tesbm/t2.xsl " />
*kk

abr W NP

Figure 3.47 GRDDL Transformation via Profiles
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Chapter 4

Semantic Web and Microformats

4.1 Semantic Web

Currently information on the web pages are basedaiaral human language and
aimed for human, therefore human-being is ablerécgss information on the web,
this means being able to deduce facts, to dravonsaso associate and link different
kind of information. It doesn’t matter whether #fle information presented in a
single page or presented in several web pages,misyable to interpret, and locate
and link necessary information for a particularktas activity, but what about

computers?

Computers are not able to apply same actions (@erassociate, link etc.)
automatically as humans do with the informationtioa web, they only deal with
presentation and some other routine processingubecaeb does not consist of
automatically process able information rather ipuse source of information which
is collection of documents linked to each otherhaiit any implied reason why.
Semantic Web will offer variety of opportunities fmeb, a popular example of Tim
Berners-Lee, who is a founder of HTML, HTTP, andn&atic Web Vision, is Pete
and Lucy’s hospital appointment example which igied out by their agents via
processing hospitals web page and other relatedspalgout distance, appointment
times, preferences and doctors etc. The Semantic Wik bring structure to the
meaningful content of Web pages, creating an enment where software agents
roaming from page to page can readily carry ouhsicated tasks for users [28].
Semantic web is not something totally new; it ise@sion of the current World Wide
Web. The first basement of semantic web challergyebased on knowledge

representation (KR), which has its roots before M/dNide Web. KR’s main
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objective is to represent knowledge in a way tloatguters can understand and draw
reasons from it. Semantic Web employs KR in a deakkred manner as web does.
XML and RDF technologies already constitute a bémiknowledge representation
for semantic web. IlChapter 3 XML, RDF, and RDFS introduced in details with
other related technologies, an important poinh& XML just gives structure to the
data and does not say anything about meaning WRBFe expresses the meaning;
however RDF is not enough to describe complexicgiahips between objects such
as cardinality constraints, unions, disjoint classsc. RDFS gives a limited
capability to define only simple relationships. tAts point ontologies come up as a
solution, they are used to define complex relatips and set of interference rules
between data objects by providing more vocabuldiye most typical kind of
ontology for the Web has a taxonomy (which defidasses of objects and relations
among them), and a set of inference rules [28].r8tae also many efforts for
ontologies for semantic web, important ones are DABNhd OWL ontology
languages and both of these languages are basE¥MbnRDF and RDFS. XML,
RDF and OWL can be seen as the layers of a thremrewbach layer requires
different skills and targets different needs [2B¢r instance XML constitutes the
first layer of this structure which requires feveills and offers solutions to the less
complex problems then RDF or OWL offers.Ghapter 3 SPARQL and GRDDL is
introduced SPARQL allows querying data structuretth \RDF and GRDDL allows
us to harvest these data on web pages, this istepemore which allows us to use

semantically structured data.

All these efforts move us to a point where infonmaton the web can be moved into
a form where it is machine understandable and secady and ontologically
enhanced. However XML, RDF, OWL etc. all these tedbgies aims machine
understandability not for human, here it seems\eeare at the beginning again. It
would be a big burden to duplicate efforts, meartresating a piece of data both in
the form of such as RDF, for machines, and in trenfof simple XHTML, for
human. This would also bring other problems likeewha change is needed; user
need to both update metadata and presentation wockd raise data consistency
and syncronization problems. There are also efftatprevent this double work
burden. eRDF, RDFa and Microformats are leadingrielogies in this area, they

allow embedding semantic data into web pages @rabe both machine and human
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understandable. RDFa is a W3C specification base@xpressing structures via
attributes of languages of XHTML and HTML [30]. BR, Embedded RDF, allows
some very important parts of the RDF model to bbeesded but does not attempt to
extend this to the full RDF model [31]. eRDF ispined by some basic principles of
Microformats, those principles will be introduceatdr in this chapter. We already
defined Microformats inChapter 1as, XHTML tags that are used to embed
information into web pages which are understandabte by machines and humans
while considering the human as first priority.

All these technologies, RDFa, eRDF and Microformatsve their advantages and
disadvantages coming from their nature. RDFa an®FeRs based on RDF
framework and they just provide syntax in orderetxpress RDF via XHTML
attributes, attributes in an XHTML page are notwable by users, so RDFa and
eRDF uses these attributes to embed RDF vocabui@ry<{HTML page. The main
difference between RDFa and eRDF is that, RDFactslfull capability of RDF via
completing missing abilities of XHTML with new atiutes, however eRDF does
not introduce any new attributes, and it prefersto@xpress RDF models which are
not expressible by the capabilities of XHMTL suchbdank nodes, containers, typed
literals. This can be denoted as every eRDF stregtuexpressible via RDF but not
every RDF structure is expressible via eRDF. RDKFoduces new attributes
therefore it is not compatible with XHTML 1.0 andebks the syntax of XHTML,
therefore any XHTML cleaning tool like “Tidy” [32jvould break up the RDFa
structure if it is applied, however RDFa is expddi® be supported by later versions
of XHTML.

RDFa and eRDF is based on the framework provideBD§ where Microformats
offers both syntax and a set of fixed vocabularyt aes not rely on RDF or any
other framework. Therefore Microformats are domspecific; you can not express
everything with Microformat unless its syntax andcabulary is defined by its
community. This also implies that the extractinggadure is same for every eRDF
and RDFa involving XHTML pages where it is diffeteior every Microformat
involving document. However as Microformat does hate any relation with RDF
or such framework, it can be directly embedded XML page without any need
of both XHTML and RDF mark-up writing. eRDF and R®$§ being based on RDF
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enables users to mix and use different name sphoce&ver Microformat uses a flat
name space, it is already predefined and you camxtend or mix it, besides you
can not add a new metadata element. It is obvibas RDFa and eRDF provides
much more flexibility then Microformats besides riestrong ontology languages
built on them such as OWL and DAML however yet ¢hex no real life application
of neither RDFa nor eRDF where there are manylifeaéxamples of Microformats
both used by hobbyists or some enterprises likehtdalLocals”. However it is
important to note that Microformats does not neithin to be a panacea for all
taxonomies, ontologies or and other such abstractinot aims to infinitely

extensible or open ended [33].

While Microformats can encode explicit informatida aid machine readability,
Microformats do not address implicit knowledge es@ntation, ontological analysis,
or logical interference [34]. However simplicity dlicroformats moves it to the
practical real life; that is why people call Micooiats as “lower case” semantics.
Besides Microformats does not aim to reflect eveng, it is developed by
community so anyone can not simply offer a new bfimmmat and every domain is
not suitable to be expressed with Microformats. yThaesually base their
implementations to express well-established an@é@ied metadata-standards such
as Dublin Core, iCal, vCard, Foaf, Atom etc. Fostamce using the hAtom
Microformat, a website becomes the feed by inteflity marking up items. There is
no longer a need to publish the same content ierotbrmats like RSS since
applications can extract raw Atom data from theHXML of the website, again
without converting to and from RDF [35]. Many peephink that Microformats has
its place now, and it allows us to reach of limitezhefits of semantic web, and one
day people needs will reach at the borders of thes&tions and then RDFa and
eRDF will have their place and they are expectediear their weaknesses till that

time.

Microformats will be under consideration of thisesis as it has many real life
applications and might be a good instrument forearhing metadata standards and
might offer variety of opportunities for e-Learnidgmain. Rest of this chapter will
include details on Microformats.
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4.2 A deeper look at Microformats

Semantic web could evolve from a collection of klgdinked pages to an enormous
database that can be searched, filtered, and eebtsd in new ways. [36]
Microformats offer a simple way in order to do sdiich does not require any extra
work, anyone with basic HTML knowledge can be afoleemploy Microformats.
Instead of throwing away what works today, Microhats intend to solve simpler
problems first by adapting to current behaviors asdge patterns (e.g. XHTML,

blogging). [37]
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Figure 4.1 Example Use of Microformats

Figure 4.1 demonstrates use of Microformats, thape HTML page shown
includes an hCard Microformat. hCard Microformatbssed on vCard which is a
standard defining the format of an electronic bes#n card, it offers variety of
elements to be used such as name, organizatioressdetc. and how they should be
used. As it is said Microformats are based on egthblished standards, vCard is the
base of hCard. The example is demonstrated in efoirbrowser which has a
Microformat plugin, “Operator” [38], installed ort.iThis plugin is capable of
detecting several kind of Microformats, as it i9wh in the given snap-shot, the

contact information is detected, it can be expottedCard format and can be used
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in vCard supported applications, or several otlparations are possible depending

on the extractor application.

4.2.1 POSH

The first step before going further into Microfortmavorld in the sense of either
creating a new Microformat, or understanding hoverdirmats work, or employing
Microformats in own web pages, is POSH. It meansifiPOld Semantic HTML”,
and it aims separating presentational and semdmi@vior of HTML 4.01 or
XHTML 1.0 by using semantic elements and attribiegarate from presentational
elements and attributes. Furthermore while leag@gantic elements and attributes
on XHTML page; it moves all presentational behawser CSS, Cascading Style
Sheet, files.

Microformats

Figure 4.2 HTML, POSH and Microformats [39]

Some important principles for a valid POSH, cansbenmarized and sampled as
follows. First of all the XHTML pages must be valtdd, that means these pages
must follow basic syntax and rules of XHTML likeroect nesting, and should use
Strict HTML4.0/XHTML1.0. Secondly, semantic markapd presentational markup

should not be mixed into each other, instead ptatienal issues should be handled
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via CSS, for instance to create paragraph headindsub-headings, “<hl1>Heading
1<h1>" format should be used which is a semantidkomaelement for headings (h1,
h2... etc.). Its presentational behaviors might bes@nted via CSS as follows; “hl
{font: bold xx-large; }" which would present headjnn bold with a large font size.
A wrong use to represent same heading with mixirgsgntational and semantic
elements would be as follows; “<b><font size="5"#i3 is a heading <font></b>".
Fewer HTML elements should be used, many presentdtelements and attributes
can easily represented with CSS such as “coloribate or “<center>" attribute.
Another example can be use of “<br>" element, whasect can be easily
accomplished via use of semantic “<p>" element. iSurs instead using
“<br><br>This is a paragraph.<br><br>This is anothgaragraph<br><br>",
“<p>This is a paragraph<p><p>This is another paplgx/p>" can be used. All
XHTML elements should be used appropriately andishbe used for their intended
use, for instance “<h1>" should not be used fotiggtlarge text, or “<em>" or
“<strong>" element should not be used for gettiotdliext, or tables should be used
for tabular data not for layout etc.

4.2.2 Basic Principles

Now some important basic principles of Microformatghich also inspired other

works such as eRDF, will take place;

« Don’'t Repeat Yourself (DRY): This principle is against the cases where
meta-data and presentation is separated from gaeh and when update is
needed both need to be updated. Data should resiglein a single place,
and when metadata is updated, it has to refletaysis.

* Visible Metadata: There have been several attempts to associa@datat
with HTML pages like “meta” element which is invié to the user but can
be detected by computers. However “meta” elemesthe®n an instrument
for abusing search bots such as Google or otherseatrh engines, besides
as it is not visible many have been forgotten atagyesl out date. Visible
metadata principle is a lesson learnt from thesgipus attempts and making

metadata visible prevents these problems.
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* Re-use:Microformats are built on widely adopted standasdsh as XHTML
and it uses well established schemas and standadtisas RSS, vCard etc.
Besides enables Microformats to be compound meamiMjcroformat can
be used inside another Microformat. For instanc#Miaroformat which
requires expressing people should use hCard Mierafo which is used to
express people.

* A specific problem should be solved and solutiooudth be as simple as
possible.

+ And the most famous one, “human first machine séton

hCard
compound
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R 1 microformats :
AMDP "1 hReview

XFN
X0X0
Rellicense

glemental
microformats

L Ya Y
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b Va
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ML ———=

Figure 4.3 Foundation of Microformats [39]

4.2.3 Design Patterns

Design patterns give Microformat authors a vocatyufar expressing their ideas

consistently with what has already been done [40].

Abbr Design Pattern: Allows encoding a text in arenéormal way or machine
readable way around presented human readableatateathines by using “<abbr>"
element. In below in the first example, data vapresented more formally for
machines and in the second example name and surobmeerson presented in

more formal way where a nick is provided for preagon

64



=

<abbr class="dtstart” title="20080404T11:10:00002>at 11:10 am of 4th April</abbr>
2 <abbr class="author"” title="Ahmet Soylu”>Ahmet<at>

Figure 4.4 Abbr Design Pattern Sample

Date-time Design Pattern: This design pattern &lus make date time values both
human readable and formally machine readable. ©Hewing case demonstrates

usage;

3 <abbr class="semantic_name” title="YYYY-MM-DDTHNIM:SS+ZZ:ZZ">Date Time
</abbr>

Figure 4.5 Date Time Design Pattern Sample

Class Design Pattern: This pattern is mostly useel @among Microformat design
patterns. It encodes semantic meaning via usingsstlattribute, it is important to
note that if there is a semantic proper XHTML elaemeuch as “<h1>" for title,
available it must be used, if it is not availabtaiv>" or “<span>" element should
be used, any presentational element should be edoRelow example demonstrates

how an author name is encoded via “class” attribute

|4 | <div class="author”>Ahmet Soylu</div>

Figure 4.6 Class Design Pattern Sample

Rel Design Pattern: This design pattern is useekfmess the meaning of a link by

using “rel” attribute. Here below an example isagiy

|5 | <ahref="icamp.htm” rel="tag">iCamp</tag>

Figure 4.7 Rel Design Pattern Sample

Elemental Microformats: Aimed to solve minimal plains and used to be part of

larger compound Microformats. “rel-license”, “rebfiollow”, "rel-tag” etc. are some

examples.
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Compound Microformats: A compound Microformat caetsi of elemental
Microformats and HTML element where each one carekgressed by “rel” or

“class” attributes. “hReview”, “hCalandar” , “hCdreltc. are some examples.

Include Pattern: This pattern allows data re-uggbivithin the same source
document. A Microformat structure that takes plat®ne portion of page can be
reused included, in another Microformat structdreis pattern has some problems
those are still waiting for solution that comes differently in different browsers.

This pattern is realized by either links or objects

4.2.4 An example Microformat

The below example, Table 4.1, includes a hCard dfiocmat embedded XHTML
code whose output is shown in Figure 4.1 above.€kanple is created with the
help of hCard creator service, hCard Creator [dflMicroformats community. This
creator and creators for other Microformats can fband in Microformats

community page. The specification for hCard caw &ls found in their community

page in details.

Properties of hCard are [42];

* Fn

« n( family name, given-name, additional name, hdimprefix, honorofix-
suffix )

e nickname, sort-string

e url, email(type, value), tel(type, value)

» adr(post-office-box, extended-address, street-addtecality, region, postal-
code, country-name, type, value), label

* geo(latitude, longitude), tz

* photo, logo, sound, bday,

» title, role, org, (organization-name, organizationt)

e category, note

e class, key, mailer, uid, rev
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Basically “fn”, full name, and “n”, name, propedieare mandatory rest of the
properties are optional such as “photo”, “tagst|™etc., “n” property is a complex
property which consist of “family-name”, “given-naffy “additional-name”,
“honorific-prefix” and “honorific-suffix” in givenorder. Each property embedded as
class names and their values are usually value§HdML elements. However in
some cases such as in a case of using “abbreVigadtern the value is the value of
“title” attribute of “<abbr>", or when “<a>" elemeéns used the for the “photo”
property the value of “href” attribute makes thegerty value. Another point about
specification, in Figure 4.8 the vCard elements ME, “VERSION” and
“SOURCE” is not gleaned from embedded Microformatl at is not part of the
specification to embed this information, rathestimformation is extracted from the
source of page such as title of page becomes “NABMtE URL of the page becomes

“‘SOURCE” etc.

The Figure 4.8 gives the code which belogs to destnation in Figure 4.1.

* Kk

<div id="hcard-Ahmet-Fethi-Soylu" class="vcard">
<span class="fn n">
<span class="given-name">Ahmet</span>
<span class="additional-name">Fethi</span>
<span class="family-name">Soylu</span>
</span>
<div class="org">ISIK University</div>
<a class="email" href="mailto:ahmetsoylu@yahomtesahmetsoylu@yahoo.com</a>
10 <div class="adr">

O©CoO~NOUITAWNPF

11 <div class="street-address">Buyukdere Cadvx/di

12 <span class="locality">Istanbul</span>,

13 <span class="region">Maslak</span>,

14 <span class="postal-code">34398</span>,

15 <span class="country-name">Turkey</span>

16 </div>

17 <div class="tel">905433869031</div>

18 <div class="tags">

19 <a href="www.mysite.com/tag/ahmet" rel="tag">adirya>
20 <a href="www.mysite.com/tag/ahmet" rel="tag">8oya>
21 <div>

22 </div>

23 * % %

Figure 4.8 hCard Example

It is important to note again it does not matteichhXHTML elements used, only

the semantic class names assigned allows detegftidicroformat properties. Using
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presentational XHTML elements must be avoided, hawvéicroformat should be
easily presentational format able via CSS or evighowt CSS it should be presented
in a human readable way. For instance in Figurendither presentational XHTML
elements are used nor CSS is used, however illigsistvable in a human readable

way as it is shown in Figure 4.8.

Note that “rel-tag” elementary Microformat is algsed in this example in lines 19
and 20, and these tags are also detected in Mglure

The code piece in Figure 4.9 belongs to the vCapdesentation of above embedded
hCard Microformat after a conversion done with atraetor application such as a
GRDDL agent. This is totally a valid vCard file whican be directly used with any
supporting application such as Outlook. It is aleportant to note that vCard is a

wildly accepted and used standard.

BEGIN:VCARD

PRODID:-//kaply.com//Operator 0.8//EN
SOURCE:file:///C:/Documents%20and%20Settings/aHbmsktop/test.htm
NAME:

VERSION:3.0

N;CHARSET=UTF-8:Soylu;Ahmet;Fethi;;
ORG;CHARSET=UTF-8:ISIK University
FN;CHARSET=UTF-8:Ahmet Fethi Soylu

UID:

10 EMAIL:ahmetsoylu@yahoo.com

11 ADR;CHARSET=UTF-8:;;Buyukdere Cad.;Istanbul;MdsB4398;Turkey
12 TEL;TYPE=VOICE:905433869031

13 END:VCARD

OCO~NOOUTHA WNPE

Figure 4.9 vCard Format after Exporting
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Chapter 5
Learning Object Metadata Standards

5.1 Learning Standards

Needs of e-Learning has evolved a lot since the@tions moved from generic
features and functionalities (such as quizzesnhdales etc.) of tools and systems to
pedagogic and discipline based needs and featlileese increasing needs have
populated e-Learning world with many tools and heawery e-Learning related

party tried to employ or employed their own toofgl asystems. These movements
enforced significant existence of standards in arheg world because otherwise it

Is impossible to ensure the return of this hugewarhof investment.

Standards, brings important benefits together éytheally manage to have wild
acceptance and practice in their targeted domahesse benefits referred @hapter

1 shortly and they can be summarized as follows;

* Re-usability: Learning content can be easily split up, re-used f@rmed
again in order to create different contexts

* Interoperability: Multiple Learning Systems or tools can communieseh
other, besides they can share and mix their legm@sources.

* Manageability: Tracing of learning content and users by learriows or
systems becomes easy.

e Accessibility: Learning content can be accessed by several hgatools and
devices, besides appropriateness of content cansged.

e Durability: Users are not bound to any specific system, tootevice,

interoperability and reusability is ensured.
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» Scalability: Functionalities of systems and tools and investnoser these
items can be increased depending on the needequilaments.
» Affordability: It can be ensured that Learning investments apeoppate

and risk free.

There are several works done on learning standarels conducted by different
bodies such as IMS, IEEE, ADL etc. depending ondiseipline, geography and
market. These bodies usually conduct research amlmegy Standards in general, and
they usually offer bundle of standards togetherisltnot uncommon for these
standard bodies to adapt one or several learnamglatds of other bodies as a part of
their learning standards bundle. However it is obsithat each application might
have its own requirements and it is also obvious tine standard can not cover
needs of all different applications. Therefore amilons have to choose from
alternatives of these learning standards or hawelopt these standards according to

their needs without breaking their compliance ®gtandards.

AlCC ADL IEEE
IMS ALIC ISO All
ARIADNE m NENHSS groups
| 1 J
Specification Users, Standards
Consortia Labs, Bodies
Test beds,
Markets
Technical Implementations Accredited

Specification Reference Models Standards

Figure 5.1 How Standards are Formed [7]

Figure 5.1 demonstrates how e-Learning standards famed; actually same
principles apply for the different domains. Howevsfore going in deep of this
process, two important concepts need to be giveasd are “de facto” and “de jure”
standards, “de jure” standards are specificatiorschv are accredited by an
accredited body such as IEEE, ISO etc, and “d€’ jst@ndards are specifications
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which have wild acceptance, adoption and use withoy accreditation. Ideally a
“de facto” standard is also a “de juro” standardwNback to Figure 5.1, first some
research bodies identifies possible solutions amepgres specifications depending
on the requirements, then this specification iteteo check whether it works or not,
then if it is thought that the specification is quete and works appropriately by the
accredited body, it becomes an accredited standadlit is made available by
accredited body. The Figure 5.1 gives some exangdlé®dies taking part in each
stage.

Some example standards in E-Learning world areniegrresource metadata,
content packaging, question and test interopetgbiltontent sequencing, tool
interoperability, learner profile etc. Bodies thosdfer e-Learning standards,
specifications or best practices summarized brieflJable 5.1. Relatively important
ones are IMS, ADL-Scorm and IEEE. IMS Global LeaghConsortium is a global,
non-profit, member association that provides meainshaping and growing the
learning and educational technology industries ugho collaborative support of
standards, innovation, best practice and recogndfcssuperior learning impact [43].
IMS is like an umbrella group which involves seVexark groups (more than 30),
besides it is in cooperation with other organizaicsuch as ADL, IEEE, AICC,
Dublin Core etc. ADL is a US Department of Defenogiative, ADL refers to
Advanced Distributed Learning. ADL employs a stunetl, adaptive, collaborative
effort between the public and private sectors teett® the standards, tools and
learning content for the learning environment of fature [44]. Scorm is wildly
known and adopted initiative of ADL which refers 8harable Object Content
Reference Model. Scorm provides a reference modkframework, this means it is
not a standard it self but collection of individusiandards and specifications
(adopted from other bodies such as IMS, IEEE elhjs reference model ensures
interoperability, re-usability and manageability lerning content. IEEE employs
IEEE Learning Technologies Standards Committee EIHH SC). Its aim is to
develop internationally accredited technical stadslabest practices, and guides for
learning technology [45]. It also collaborates wittiferent bodies that create e-
Learning standards and specifications. This colatibmn occurs in a formal or
informal manner. Accredited standards of IEEE hde=n wildly adopted by

different bodies, and user parties.
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Organisation

IMS

Table 5.1 Snapshot of Standard Organizations [46]

Geography

Worldwide

Primary Market

K-12, HE, Corp,
Gaov

Function

The largest and most comprehensive standards
group, the IMS is composed of aver 30 working
groups addressing interoperable specifications.

ADL-SCORM

Waorldwide

K-12, HE, Corp,
Gaov

White House/USDOD project. Sharable Content
Object Reference Model (SCORM) is Advaneed Dis-
tributed Leaming's (ADL's) most widely known initia-
tive. Current releases include a model for packaging
leaming content, a run-time APl communications
miedel, and, in SCORM 1.3, content sequencing

AlCC

Warldwide

Com

Awiation Industry Computer-based-training Commit-
tee (AICC) defines aidine standards for computer
managed instruction (CMI) that have been adopted
by the e-Leamning industry and is the basis for the
SCORM run-fime communication modsl.

OKl and Sakal

Worldwide

HE

Open Knowledge Intiatve (OKI) defines service-
based component architecture and a set of service
interface definitions and APls to support interoper-
ability. Sakai is a new project aimed at refacturing the
OKI SIDs for a product.

SIF

US and UK

K-12 and Schools

Schools Interoperability Framework (SIF) is an open
specification for interoperability among K-12 instruc-
tional and administrative software applications.

Shibboleth/Intemet 2

Worldwide

HE

Shibboleth s an open, standards based authenti-
cation integration solution allowing users to access
controlled  information securely without additional
passwords.

IEEE

Warldwide

All

Institute of Electncal and Electronics Engineers
(IEEE) working groups generally take IMS and other
e-Leaming specifications

JISC

UK

HE and FE

The Joint Information Systems Committee (JISC)
supperts further and higher education by providing
strategic guidance, advice and opporfunities to use
Information and Communications Technology (ICT)
to support teaching, leaming, research and admin-
istration.  JISC is funded by all the UK post-16 and
higher education funding councils.

CETIS

UK

HE and FE

Centre for Educational Technology Interoperability
Standards (CETIS) represents UK higher-education
and further-education institutions on intemational
leaming technology standards intiatives.

BECTA

UK

All

British Educational Communications and Technology
Agency (Becta) is the Government's lead agency for
ICT in education. Working to support the develop-
ment of ICT in education throughout the UK, Becta's
unigue contribution is to combine knowledge of the
needs of education with an understanding of the
power of technology.

JA-SIG uPortal

US and UK

HE

uPortal is a free, sharable portal under development
by institutions of higher-education.

e-Paortfolio
Consortium

Warldwide

HE

The Electronic Portfolio Consortium, o ePortCon-
sortium, is the collaboration of higher education and
IT institutions working to define, design, and develop
electronic portfolio software environment and man-
agement systems.
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5.2 Learning Object Metadata Standards

In Chapter 1 a learning object is referred as “a digital fgdré course ranging in size
and complexity from a single graphic to entire sa&lir However it is important to
note that there is no common definition of a leagnobject as the definition might

change depending on the requirements of application

Whatever definition it has the important gain tleatmes together with “learning
objects” is their small granularity. A learning ebf thought to be as smaller as it can
be, so it can be re-used or re-assembled in diff@@ntexts. However it is important
to note that these small learning objects shoulanbaningful. An example can be
thought as follows, imagine a video file, an imédde, or a text file as learning
objects, they can together form a lesson and #sofes can together form a course.
Providing that learning objects are independentfeach other and smaller as much
as they can be, their mobility, and re-usabilitgmsured. In this way investments can
be saved because there will be no burden of cgeatime learning objects again and
again for different contexts. According to Higgisal (2003), essential characteristics

of a learning object can be listed as follows;

¢ Independent

* Sharable / Reusable
* Interoperable

* Instructional value

» Discoverable

* Minimal context

However independence and small granularity will matvide a learning resource to
be re-used completely. It must also ensure thasethkarning objects are
interoperable. Learning Object Metadata can efiitye facilitate description,

discovery and retrieval of learning content [47§tYt also enables interoperability of
learning object by allowing different applicatiots share their learning objects.
Metadata has been also introduce@€apter 1 it is simply data about data. It is like

catalogue carts in a library where each book orcgodracked with information

73



charts. The information tracked might be the tisigbject, place etc. of the resource.
Metadata can be tagged directly over informatiocanr be kept separately from the
source. Some web technologies like RDF, XML hasaaly been introduced and
these technologies are being used to carry metadfatanation in general by using

the vocabulary set, like vCard, developed and me@dy some bodies.

There are several bodies which do research andupecspecifications or standards
or best practices for Learning Object Metadata; tnadsthese organizations have
already been introduced in previous pages. Thévela important works are IEEE

LOM (IEEE Learning Object Metadata), ADL-Scorm witave been known

wildly and adopted by different bodies, organizasioand other related parties.
Dublin Core is also an important metadata standaeth thought it is not specifically

for Learning Objects but for general, it has an amt@nce for Learning Object

Metadata works. The coming pages will involve therks done in the area of
Learning Object Metadata, however before proceetflirther, an important concept
need to be clarified briefly. This is “applicatigmofile” which has been denoted in
Chapter 1shortly.

5.2.1 Application Profile

It is already denoted that it is not possible fosiagle learning object metadata
standard to cover all requirements of differentli@gpons, in the mean time a
learning object metadata set might also give muokenthan an application require.
Here application profiles plays a key role, theyndo facilitate the application-
oriented implementation of educational metadataifipations by allowing mixing
and matching metadata elements in order to mesdtifepeequirements for a
particular context [48, 49]. Simply saying, an apgion profile might be a subset of
a standard or can be mixture of elements from miffestandards.

Designing an application profile requires a syst@mapproach which should be
carefully followed. A guideline has been publishédr application profile
development in 2006 CEN/ISSS WS/LT workshop [50]s limportant to highlight
the followings;
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* One or more application profile can be selecteldes® standards,

e A target system which is compliant with the basangards must be also
compliant with the application profile, or a targgtstem compliant with the
application profile should be compliant with thesbatandard.

* The application profile can not be less restrictiian the base standards
which means application profile can make restrdiaof base standards

harder but can not relax them.

The basic guidelines can be summarized as follovgsvien order;

* Requirements: The first task must be identifying requirement®ider to do
so scope and purpose of the application profile trhes defined, then
according to scope and purpose use cases showdcdoenented to identify
requirements appropriately.

* Selection of Data Elements:Base standards need to be selected; those
standards should be selected from the ones whiate $he same scope and
purpose with proposed application profile.

* Multiplicity Requirements: The concept “Smallest Permitted Maximum”
(SPM) is important here. It means at least how mtimgs and element
should appear and target system should procesp@itadion profile can
reduce this number or can leave it equal, howewaer ot increase this
number.

» Data Elements from Multiple NamespacesProposed application profile
might depend on multiple metadata schemas.

* Local Data Elements: An application profile may involve local data
elements.

* Obligation of Data Elements: Typical values include, “Mandatory”,
“Recommended”, “Conditional”, “Optional”’. Howeverpplication profile
can not soften the obligation for instance can meoluce obligation from
“Mandatory” to “Optional“, however can harden thaigation.

» Value Space:Value space defines the domain or set of valuashathe data
element can have values from. This can be two faldpcabulary can be

given or a reference to another standard can lEnghAs usual an application
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profile can not be less restrictive. In vocabuleage application profile might
choose a subset of specified vocabulary and insa tmreferencing another
standard application profile might choose an apgibm profile of the
referenced standard.

* Relationship and Dependencies:Complex relationships among data
elements can be defined by not violating the ruldctv does not allow
application profile to be less restrictive thandatandards.

« Data Type Profiing: Example data types might be “LangString”,
“DateTime”, “Duration” etc. which are some of thatd types those belongs
to LOM. Data types themselves are also a metadheensa therefore all the

rules for application profile also apply data types

5.2.2 |EEE LOM

This standard (IEEE LOM 1484.12.1-2002) is a mpdrt standard that specifies
Learning Object Metadata and for this standardaaning object is defined as any
entity, digital or non-digital, that may be used learning, education or training [51]
[10]. A vocabulary, extensions and description efmantics are involved in this
standard. LOM has been accepted, adopted and ugedhdmy bodies and

organizations such as ADL, IMS etc.

LOM vocabulary grouped into nine categories whicé globally accepted. Those

categories are summarized below briefly;

* General: In this category, general elements those desdhkelearning
Object with its general properties are grouped.

» Lifecycle: In this category, elements those are related théhhistory and
current state of the learning object are groupedhduts life cycle.

* Metadata: In this category, elements those describe metadstance itself
are grouped.

» Technical: In this category, technical properties and requést of Learning

Object are grouped.
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e Educational: In this category, elements those describe eduwtiand
pedagogic properties of Learning Objects are grdupe

* Rights: In this category, elements those describe inteiédqroperty rights
and conditions of Learning Objects are grouped.

* Relation: In this category elements those describe relatbriLearning
Object with other Learning Objects are grouped.

* Annotation: In this category, elements those give comment cucaional
use of Learning Object grouped. Besides elemergsetlgive information
about the comment provider are also grouped innthdecategory.

» Classification: In this category elements those describe claasibic of

Learning Object with respect to a particular classiion system are grouped.

In Table 5.2 LOM elements are listed with respedheir category in given order.

Table 5.2 LOM v1.0 Elements

# Category Elements
Identifier (Catalog, Entry), Title, Language, Déption, Keyword, Coverage,
1 General :
Structure, Aggregation Level
2 Lifecycle Version, Status, Contribute (Role, BntDate )
3 Metadata Identifier (Catalog, Entry), Contribute (Role, BgtiDate), Metadata Schema,
Language
Format, Size, Location, Requirement (orComposiig€l Name, Minimum
4 Technical Version, Maximum Version) ), Installation Remarkgher Platform
Requirements, Duration
Interactivity Type, Learning Resource Type, Intéiraty Level, Semantic
5 Education Density, Intended End User Role, Context, TypicgeARange, Difficulty,
Typical Learning Time, Description, Language,
6 Rights Cost, Copyright and Other Restrictionssdiption
7 Relation Kind, Resource (ldentifier (Catalog, fghtDescription)
8 Annotation Entity, Type, Description
9 Classification| Purpose, Taxon Path (Source, T@bkhrEntry) ), Description, Keyword

It is important to note that LOM elements have ardnichical structure, and an
element might be “simple” or “aggregate” elemenimide elements are leaves and
they have value spaces and data types, howeveegajgrelements do have neither
value spaces nor data types. In Table 5.2 “Geneealifier” is an aggregate element
which contains some sub elements, however “Geigealifier.Catalog” is a simple

element.
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Table 5.3 A Sample from LOM v1.0 [10]

# Name Explanation Size| Order Val. Space Data Type Example
This category
groups the
general
information s
1.1 General that describes 1 unspecified| - - -
the learning
object as a
whole.
A globally
unique label som
1.1.1 Identifier that identifies ,1p0 unspecified | - - -
this learning | °
object.
The name or
designator of
the
identification Repertoire of CharacterSt| “ISBN”,
1.1.2 | Catalog or cataloging | 1 unspecified | ISO/IEC 10646- ring, “ARIADNE
scheme for 1:2000 SPM:1000 | ”, “URI”
this entry. A
name space
scheme.
* k%
atomic: An object
that is invisible. (in NOTE—A
this context) learning
object with
collection: A set of Structure="
objects with no atomic” will
relationships typically
among them. have
1.8:General.
networked: A set Aggregation
of objects with -
relationships that Level=1. A
Underlying are unspecified. learning
organizational o Vocabulary | object with
L7 Structure structure of 1 unspecified hierarchical: A set | (State) Structure="
this object. of objects whose collection”,
relationships can “linear”,
be represented by p “hierarchica
tree structure. I"or
“networked
linear: A set of " will
objects that are typically
fully ordered. (E.g: have
A set of objects 1.8:General.
that are connected Aggregation
with “previous” Level=
and “next” 2,3,0r4.
relationship.)
This category
describes
where this
learning spm
9 Classific. object falls _fo unordered - - -
within a '
particular
classification
system.
* k%
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Table 5.2 does not include whole details of thenelats, however more details can
be found in the standard document (LOM 1484.12(02% In this standard
document every element is described by a “namelplanation”, “size”, “order”
and “example”. In Table 5.3 a demonstration is give

“Name” and “explanation” are already self descruigti “Size” shows how many
times this LOM element must appear. An exact nungbegs the number of exact
occurrences, however if a Smallest Permitted Marum8PM, is defined this gives
the minimum number of occurrences that an apptinaghould process. In example
“1.1.1 Identifier” has SPM of 10 while “9 Classtation” has SPM of 40. The rest of
the elements given in example have an exact vdlde ‘®©rder” is used to indicate
whether the orders of values of an element ardfgignt or not, this is used for the
elements where a vocabulary is defined for valleespA famous example for this
case can be the authors of a paper, the ordeedtthors are important because of
they are usually listed according to the levelh@it contribution, or at least the first
author is the main author of the paper. “Value 8pag used for simple elements,
and it gives a set of values, a vocabulary, whglapplicable for this element. A
reference to another standard can be given fotwe \space, for instance vCard can
be used as a value space for an element whictsrefexr person or organization. An
example from the Table 5.3, “1.1.2 Catalog” valpace refers to a standard where
“1.7 Structure” value space refers to a set of emltiDatatype” refers to type of the
value; this is also valid for simple elements. Hna‘Example” gives a

demonstration of the element use.

Data types for LOM v1.0 are also worth to menti@reh the valid data types are;
“LangString”, “DateTime”, *“Duration”, “Vocabulary”, “CharacterString” or
“Undefined”. Data type also might include a SPMuglike “Size”, for instance a
SPM indicates how much characters should be predesy application for
“CharacterString” data type having values. LOM edes represent a hierarchy, and
the numbering represents this hierarchy like “I.br1“1.1.2”. Data types in LOM
are also represented by a schema in standard datumehe same format and
descriptive elements in Table 5.3. In Table 5.45 §thema demonstrated basically.
Whole definitions and descriptions can be founstandard document.
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Table 5.4 LOM v1.0 Data Types

# Datatype Elements

1 LangString LangString(Language, String)
2 DateTime DateTime, Description

3 Duration Duration, Description

4 Vocabulary Source, Value

5 CharacterString -

All elements of the LOM are currently optional;2hmeans no of them is forced to
be used. If the application profile rules are risthlit was saying no obligation can
be relaxed, as all elements are already optiomaetls no need to consider this rule.
However when producing an application profile fobM, if a set of new local

elements to be added, if there is already a mattden LOM elements and the new
set, LOM elements should stay but the matching etgérnm the new set should be
ignored. Furthermore if an extension is about tadeBned for a data element, no

value space or data type should be defined foremgde elements.

Another document, “IEEE LOM v1.0 Extensible Markuanguage (XML) Schema
Definition Language Binding for Learning Object Mdata” (IEEE1484.12.3.2005),
accompany standard document. This standard défuwekl Wide Web Consortium
(W3C) Extensible Markup Language (XML) structuredanonstraints on the
contents of XML 1.1 documents that can be usedefmesent learning object
metadata (LOM) instances as defined in IEEE Std414B1-2002.1 and this
standard defines the structure and constrainthefXML 1.1 documents in W3C

XML Schema definition language [53].

5.2.3 ADL-Scorm — Scorm Metadata

SCORM is a collection of standards and specificatiadapted from multiple sources
to provide a comprehensive suite of e-learning béigas that enable
interoperability, accessibility and reusability\deb-based learning content [54].

Scorm Metadata is based on IEEE 1484.12.1-2002 12D IEEE1484.12.3.2005
Standard for Extensible Markup Language (XML) Bnglifor Learning Object
Metadata. Approximately 64 LOM metadata elemengsdmfined by Scorm. Scorm
CAM (Content Aggregation Model) document providesfimitions of all these
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elements with their example XML bindings. While 8wvoprovides, best practices
and requirements for efficient use of LOM, it alwourages other parties to decide

on their own element sets and requirements.

1 <lom>

2 <general>

3 <identifier>

4 <catalog>URI</catalog>

5 <entry>http://www.example.com/attfe</entry>
6 </identifier>

7 <title>

8 <string language="en">An examjle</string>
9 </title>

10 <language>en</language>

11 <description>

12 <string language="en">Descriptifstring>
13 </description>

14 <keyword>

15 <string language="en">Test, Objéstring>
16 </keyword>

17 <coverage>

18 <string language="en">Animalskirfe}>

19 </coverage>

20 <structure>

21 <source>LOMv1.0</source>

22 <value>atomic</value>

23 </structure>

24 <aggregationLevel>

25 <source>LOMv1.0</source>

26 <value>2</value>

27 </aggregationLevel>

28 </general>

29 </lom>

Figure 5.2 Scorm Metadata — General Category XMidBig Example

Above code piece is a demonstration of “Generateégary elements by Scorm.
More details can be found in Scorm CAM (Content deggtion Model) document
[55]. The document provides examples, and pracices gives description, name

space, multiplicity requirements and data typenmiation for each element.
5.2.4 Other LO Metadata Standards and Application Fofiles
There are several other initiatives which providetadata standards, application

profiles, best practices or reference models farnig object metadata. Some of
them are listed and explained below briefly;
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* ARIADNE Metadata: Current version of this specification is an apgiicn
profile of LOM whose scope is Higher Education d&rdfessional Training.
Provides 43 elements, and 23 of these elementstlginrmaps to the IEEE
LOM elements. Early version of this specificativas the basis of IEEE
LOM.

¢ UK Learning Object Metadata Core: This is also an application profile of
IEEE LOM which is specifically aimed for UK eduaat. The main purpose
is to provide best practices, guidelines to metdaplementers, users and
creators. The current specification is not accorngehwith bindings.

e IMS Global Learning Consortium: IMS and ARIADNE submitted a joint
proposal to IEEE which resulted with the draft meal of IEEE LOM and
creation of IEEE LTSC working group [56]. IMS ud&£E LOM as its basis
now, and publishes best practice specificationsS/IBLC and IEEE still
have close cooperation for learning object metautétiative.

» CanCore Metadata: Originally called Canadian Core, and it is totdlgsed
on IEEE LOM Standard and IMS specification. CanG@lkects sub elements
of LOM (currently 46 active elements) according tloeir minimalist
approach and gives detailed information, practiaed recommendations
about these elements. More information about sigatibn can be found in

specification document [57].

5.2.5 Dublin Core

Dublin Core (DC) Metadata is not specifically prodd for Learning Object
Metadata but rather for general use. That is why donsidered in above Learning
Object Metadata sets; however DC has a signifizapbrtance for Learning Object
Metadata. It mainly aims facilitating discovery aretrieval of learning objects.
Many standard and specification bodies adoptedsed IDC, one example can be

CanCore.

DC is actually can be seen as lowest common deratarirDC provides 15 elements

which can be considered pretty small with respectBEEE LOM, this mean high
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manageability for DC. Actually all elements of tb& can be mapped into IEEE
LOM, Table 5.5 represents DC elements and theip@aadpEEE LOM element.

Table 5.5 DC Elements Mapping over IEEE LOM ElersgbP]

Dublin Core Data Element

IEEE LOM Data Element

DC.ldentifier

1.1.2:General.ldentifier.Entry

DC.Title

1.2:General.Title

DC.Language

1.3:General.Language

DC.Description

1.4:General.Description

1.5:General.Keyword or 9:Classification with

DC.Subject 9.1:Classification.Purpose equals “Discipline” tiea.”
DC.Coverage 1.6:General.Coverage
DC.Type 5.2:Educational.LearningResourceType
2.3.3:LifeCycle.Contribute.Date when 2.3.1:LifeGy&@ontribute.Role
DC.Date " : "
has a value of “Publisher.
DC.Creator 2.3.2:LifeCycle.Contribute.Entity when

2.3.1:LifeCycle.Contribute.Role has a value of “Aaot.”

DC.OtherContributor

2.3.2:LifeCycle.Contribute.Entity with the type afntribution
specified in 2.3.1:LifeCycle. Contribute.Role.

2.3.2:LifeCycle.Contribute.Entity when

DC.Publisher 2.3.1:LifeCycle.Contribute.Role has a value of “Paher.”

DC.Format 4.1:Technical.Format

DC.Rights 6.3:Rights.Description

DC.Relation 7.2.2:Relation.Resource.Description
7.2:Relation.Resource when the value of 7.1:Reidfimd is

DC.Source

“IsBasedOn.”

DC Metadata initiative also involved in developmerfiteducational elements for

Dublin Core to describe educational materials whilcalled DC-Ed. DC-Ed is

extension of DC, it has 5 elements. DC-Ed is aiescdbing Learning Objects in a
more general way rather than describing them extelysas IEEE LOM does. IEEE
LTSC LOM Working Group and Dublin Core Metadatatiative has accepted a

memorandum to cooperate for developing metadatas DCMI-EMS (Dublin Core

Metadata Initiative — Educational Metadata Seprigposed which consist of 15 DC
elements, 5 DC-Ed elements and 3 IEEE LOM elemditits. DCMI-EMS metadata

set is given in Table 5.6.
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Table 5.6 DCMI-EMS Metadata Schema [58, 59]

Element Name

Description

Title (DC)

A name given to the resource

Contributor (DC)

An entity responsible for making contributions be ttontent of the
resource

Creator (DC)

An entity primarily responsible for making the cent of the resource.
Datatype

Publisher (DC)

An entity responsible for making thsource available

Subject (DC)

The topic of the content of the reseur

Description (DC)

The topic of the content of theaerce.

Date (DC)

A date associated with an event in tigedycle of the resource.

Type (DC)

The nature or genre of the content ofrés®urce

Format (DC)

The physical or digital manifestatidrile resource.

Identifier (DC)

An unambiguous reference to theotese within a given context

Language (DC)

A language of the intellectual contdrihe resource.

Source (DC)

A Reference to a resource from whiehpifesent resource is derived

Coverage (DC)

The extent or scope of the contetitefesource.

Rights (DC)

Information about rights held in andepthe resource.

Audience (DC-Ed)

A category of user for whom theowgrce is intended.

Audience.Mediator (DC-
Ed)

An entity that mediates access to the resource.

Standards (DC-Ed)

A reference to an established education or traistagdard to which
the resource is associated

Standards.ldentifier (DC-
Ed)

Where available, an identifier that serves to ueligidentify the
standard being associated

Standards.Version (DC-Ed

)

Information identifying the version of the standéeing referenced
(e.g., a year of publication, a version humber.,)etc

InteractivityType (LOM)

The flow of interaction heéeen this resource and the intended user

InteractivityLevel (LOM)

The degree of interactiyibetween the end user and this resource.

TypicalLearningTime

(LOM)

Approximate or typical time it takes to work withig resource.
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Chapter 6

Implementation

The work done here has several phases, the fiestepls proposing an application
profile, second phase is based on defining the XRIDF bindings, XSLT files for
transformations and proposing Microformat for thjgplication profile, third phase
consists of setting up an SQI service which is ablextract RDF data from different
pages via GRDDL and makes these RDF files to beiefiavia SPARQL. An
example semantic search engine which uses this&®ice will be created; this will

be the final phase of the implementation.

6.1 Application Profile Proposal

In order to propose an application profile the glirte given inChapter 5will be
used roughly. Scope and purpose, use cases, deftdata types, selection and
definition of metadata elements, and finally pravgd XML and RDF bindings

constitutes the mile stones of proposing the appba profile for this thesis.

6.1.1 Scope and Purpose

The first step for creating an application profgedeciding on the purpose and scope
of the application profile as it is indicated @hapter 5 Purpose and scope of the
application profile which are derived from the aaxitof this thesis are as follows;

Purpose: The primary purpose of the proposed ait profile is to facilitate

search and harvesting of Learning Objects both rmividuals and automated
software applications such as agents. The minitmegtisroach defines the borders of
this application profile; it is major to cover thtemmon needs of different interested

parties instead of providing a comprehensive peadfiecause of the nature of the
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domain that this application profile will be usemt.fThis application profile will be
used to develop a Learning Object Microformat ani important to remind that

schemas of Microformats are defined once and theyat subject to change often.

Scope: This application profile defines minimal sétmetadata elements and their
structure for Learning Objects. This applicatiooffe accepts any digital or non-
digital entity, which is used as a part of digiedrning activity, as Learning Object.
Elements of this application profile are derivednfr IEEE LOM 1482-12-1 2002,

and Dublin Core. This application profile’s refecenmodel and XML bindings are

based on SCORM 2004 3rd Edition.

6.1.2 Use Cases

Three important use cases are provided below wiechonstrates how the end user

would make use of the proposed application profile.

First use case is given in Figure 6.1 below;

Use Case Name Creating Learning Object Metadata Instances

Purpose A related party wants to create descriptions fardeng resources by only
defining generic elements and major commonly usearning related
elements such as subject, competence etc. andvidratyto ensure searching
and harvesting of these learning objects via tkeseriptions.

Primary Actors Cataloguer (anyone who is responsible for providiagcription for learning
resources)
Preconditions » Existence of related application profile,
» Existence of learning object description editor.
Flow of Events » Cataloguer selects the resource to be described,

» System retrieves and provides the metadata fieltie filled
according to application profile,

» Cataloguer provides necessary information by filimetadata
fields,

» Cataloguer saves the description,

» System bhinds the description into XML or RDF.

Figure 6.1 Use Case |

Second use case is given in Figure 6.2 below;
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Use Case Name Searching Learning Objects
Purpose Purpose: An individual user or an automated sofwagplication wants to
apply search operations over a repository that igesvlearning resources
which are described by learning object metadata.
Primary Actors e  Student,
» Software Agent (as a Search Medium)
Preconditions » Alearning resource repository,
» Described Learning resources in repository.
Flow of Events e Student starts the agent which can query reposfsystem),
» Student provides search criteria into the agent,
» Agent connects repository and submits queries dompto given
criteria,
» Repository scans the learning resource descripéindgeturns the
matched learning object descriptions,
» Agent provides the appropriate results to the sttude
Figure 6.2 Use Case I
Third use case is given in Figure 6.3 below;
Use Case Name Harvesting Learning Objects
Purpose A teacher uses an automated software applicati@h aarearning object

description detector tool to harvest and process on more results of
learning object search.

Primary Actors * Teacher,
» Software Agent (e.g. Reasoning Algorithm Applier)
Preconditions * Teacher already submitted a query,

e Search results are already returned,

» Teacher has a tool capable of detecting learnisgurees,

* Teacher has an agent which applies reasoning #igwiover
learning resource descriptions.

Flow of Events » Teacher displays the search results,

» Teacher selects different learning objects,

» Detector software detects the Learning Objects,

» Teacher shares these learning object descriptidghdnwer agent via
detectors software,

» Agent applies several reasoning algorithms to éestvme reasons
from input such as competence learning objectiogiship.

Figure 6.3 Use Case llI

6.1.3 Metadata Elements

First data types those will be used in the appbeoaprofile must be defined, before
selection and definition of metadata elements. #a sake of simplicity and

minimalist approach, only CharacterString and Votaty data types going to be
used. However as noted before Vocabulary elementVdcabulary data type is an
aggregate element and it consists of “source” aradug” elements. In this case
Vocabulary is used as simple element; actually iinterpreted as CharacterString
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element. Here only difference of Vocabulary typenir CharacterString type is its

having a defined set of vocabulary as value domain.

Selection of metadata elements follows the sameoapp that is followed when
selecting data types to be used; simplicity andmmaifist approach. This comes from
the scope and purpose that proposed applicatiofiiepgning to serve for. Only
thing that is expected from this application pefi enabling search and harvest of
learning resources in the frame of Micrformats. réf@re a learning object do not
need to be represented with all its details by #mplication profile, rather it will
facilitate discovery and limited reflection of tleesbjects into web with limited set of
elements. Complete IEEE LOM Metadata set could bpped into Microformats,
however this would break the Microformats princgpleand would cause
manageability problems. Therefore complex feataegsstill be accessible by means
of using complete IEEE LOM set via RDF or XML, whikensuring simple and
important features with a limited set of elemengMicroformats. The proposed set
is completely derivable from any IEEE LOM instantieerefore it does not arise

compatibility or manageability problems.

IEEE LOM and Dublin Core including DC-Ed and DCMMES are used to select
Metadata elements. IEEE LOM is a wildly acceptedcsration by for learning
community and Dublin Core is wildly accepted foffidimg general web resources.
The problem that IEEE LOM arises is manageabiliecduse of the number of
elements (more than 71) it provides. The conveatiansdom is that learning object
should be accompanied by metadata whose minimah faould contain the
information typically found in the description ofb@ok, journal etc. [60]. There are
already some analysis work done for selection ¢& ddements which are wildly
used by other application profiles, the importane® are Friesen and Campbell
spreadsheets [61, 62] and later work of Carol Jeadby [60] which is based on
Friesen and Campbell spreadsheets. Total of 35icatiph profile has been
investigated during these works and the resultsvetloa close match between
Dublin Core elements and mostly used IEEE LOM eleserherefore the idea that
is going to be followed here is mapping Dublin Cét& elements) elements into
IEEE LOM elements and including a few importantri@éag specific elements for

application profile need to be proposed. Total 8f elements has been proposed
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below, 7 of them adopted from Dublin Core name sp&cof them adopted from
IEEE LOM name space and 2 of these elements aneeddrom IEEE LOM over a

custom name space.

Identifier

Description: This element provides a way to assign a globatligue label to the
learning object.

XML Name Space:http://course.isikun.edu.tr/custom/

XML Binding Representation: <identifierURI>, <ldentifierURN>,
<ldentifierDOI>, <ldentifierlISBN>, or <ldentifierlSN>

Multiplicity Requirements: This element must appear 0 or 1 time.

Data type: This element is CharacterString type and it halgl 8P1000 characters.
This element is derived from IEEE LOM, howeverdtgerialized for the sake of
simplicity, <identifierURI> is mandatory, and otkeare optional. The serialization

done over the following vocabulary derived for «dag> element of IEEE LOM.

* URI: Universal Resource Identifier,

* URN: Universal Resource Name,

« DOI: Digital Object Identifier,

* ISBN: International Standard Book Numbers,

¢ |SSN: International Standard Serial Numbers.

Title

Description: This element provides the name of the learningabj
XML Name Space:http://ltsc.ieee.org/xsd/LOM

XML Binding Representation: <title>

Multiplicity Requirements: This element must appear 1 time.

Data type: This element is CharacterString type and it had $P1000 characters.

Language
Description: This element provides the language of the learoinjgct. Language

code must be provided according to the ISO 639:1@88ntry sub code can be also
presented (Langcode - Subcode) according to the 35&5-1997. “none” can be

provided as a value of language element if theesdns not lingual.(e.g.: en-GB)
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XML Name Space:http://ltsc.ieee.org/xsd/LOM

XML Binding Representation: <language>

Multiplicity Requirements: This element must appear 0 or 1 time.

Data type: This element is CharacterString type and it hag $P1000 characters.

Description
Description: This element provides a textual description far Esarning object in

general.

XML Name Space:http://ltsc.ieee.org/xsd/LOM

XML Binding Representation: <description>

Multiplicity Requirements: This element must appear 0 or 1 time.

Data type: This element is CharacterString type and it hag $P1000 characters.

Keyword

Description: This element provides keywords describing thenliear object.

XML Name Space:http://ltsc.ieee.org/xsd/LOM

XML Binding Representation: <keyword>

Multiplicity Requirements: This element shall appear 0 or more time and iR S
of 10.

Data type: This element is CharacterString type and it has $PHD characters.

Classification

Description: This element provides a means of classificatioptmyiding a subject
a phrase, or a classification code.

XML Name Space:http://course.isikun.edu.tr/custom/

XML Binding Representation: <classification>

Multiplicity Requirements: This element shall appear 0 or 1 time.

Data type: This element is CharacterString type and it halgl 8P1000 characters.
This element is derived from IEEE LOM,; it matcheghwthe <description> sub

element of IEEE LOM <classification> element.

Coverage
Description: This element provides the description for timepggaphy, or region

for which learning object belongs to.
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XML Name Space:http://ltsc.ieee.org/xsd/LOM

XML Binding Representation: <coverage>

Multiplicity Requirements: This element shall appear O or more times anSRag
of 2.

Data type: This element is CharacterString type and it had $P1000 characters.

Type

Description: This element provides the kind of the learningeabj
XML Name Space:http://ltsc.ieee.org/xsd/LOM

XML Binding Representation: <type>

Multiplicity Requirements: This element shall appear 0 or 1 time.

Data type: This element is Vocabulary type and proposed valeap is as follows;

* exercise, simulation questionnaire, diagram, figgraph, index, slide, table,

narrative text, exam, experiment, problem statepsatt assessment, lecture.

End User

Description: This element annotates the intended end user fiichwihe learning
resource purposed.

XML Name Space:http://ltsc.ieee.org/xsd/LOM

XML Binding Representation: <endUser>

Multiplicity Requirements: This element shall appear 0 or 1 time.

Data type: This element is Vocabulary type and proposed valeap is as follows;

e all, teacher, author, learner, manager.

Context

Description: This element annotates the intended environmentwhich the
learning resource purposed.

XML Name Space:http://ltsc.ieee.org/xsd/LOM

XML Binding Representation: <context>

Multiplicity Requirements: This element shall appear 0 or 1 time.

Data type: This element is Vocabulary type and proposed valeap is as follows;
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» school, higher education, training, other.

Date

Description: This element annotates the learning object of ddteany event
associated with learning object.

XML Name Space:http://purl.org/dc/elements/1.1/

XML Binding Representation: <dateTime>

Multiplicity Requirements: This element shall appear 0 or 1 time.

Data type: This element is DateTime type.

Creator

Description: Provides the primarily responsible entity for nmakihe resource.

XML Name Space:http://purl.org/dc/elements/1.1/

XML Binding Representation: <creator>

Multiplicity Requirements: This element shall appear 0 or more times anSkagd
of 2.

Data type: This element is CharacterString type and it halgl 8P1000 characters.
All values shall be presented in vCard format.

Contributor

Description: Provides the entities who contribute to the leagrobject.

XML Name Space:http://purl.org/dc/elements/1.1/

XML Binding Representation: <Contributor>

Multiplicity Requirements: This element shall appear 0 or more times anSkagd
of 2.

Data type: This element is CharacterString type and it halgl 8P1000 characters.

All values shall be presented in vCard format.

Publisher

Description: Provides the entities that are responsible of ngakésource available.
XML Name Space:http://purl.org/dc/elements/1.1/

XML Binding Representation: <publisher>

Multiplicity Requirements: This element shall appear 0 or 1 time.
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Data type: This element is CharacterString type and it hasl 8P1000 characters.

All values shall be presented in vCard format.

Format

Description: Provides the information about the format of treaheng object.

XML Name Space:http://ltsc.ieee.org/xsd/LOM

XML Binding Representation: <format>

Multiplicity Requirements: This element shall appear O or 1 time.

Data type: This element is CharacterString type and it hasl ®P500 characters.
All values shall be presented in vCard format. TharacterString shall be a MIME
type (IANA registration or string: “non-digital”).

Rights
Description: Provides the information about rights held in anér the learning

object.

XML Name Space:http://purl.org/dc/elements/1.1/

XML Binding Representation: <rights>

Multiplicity Requirements: This element shall appear 0 or 1 time.

Data type: This element is CharacterString type and it hag $P1000 characters.

Relation

Description: Provides the information about a related resource.

XML Name Space:http://purl.org/dc/elements/1.1/

XML Binding Representation: <relation>

Multiplicity Requirements: This element shall appear 0 or 1 time.

Data type: This element is CharacterString type and it had $P1000 characters.

Source

Description: Provides the information about a resource whidrnimg object is
derived from.

XML Name Space:http://purl.org/dc/elements/1.1/

XML Binding Representation: <source>

Multiplicity Requirements: This element shall appear 0 or 1 time.

Data type: This element is CharacterString type and it hdd P1000 characters
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1 <?xml version="1.0" encoding="utf-8"?>
<mLom xmins:dc="http://purl.org/dc/elements/1.1/"
2 xmins:lom="http://ltsc.ieee.org/xsd/LOM/"
xmins:my="http://course.isikun.edu.tr/custom/">
3 <my:identifierURI> http//course.isikun.ediLD1</my:identifierURI>
4 <lom:title>Learning Object</lom:title>
5 <lom:language>en-GB</lom:language>
6 <lom:description>Textual description of bieiag Object</lom:description>
7 <lom:keyword>elL earning</lom:keyword>
8 <lom:keyword>Learning Object</lom:keyword>
9 <my:classification>ADL Scorm Cocepts<mysd#ication>

10 <lom:coverage>elLearning</lom:coverage>

11 <lom:type>narrative text</lom:type>

12 <lom:endUser>Learner</lom:endUser>

13 <lom:context>School</lom:context>

14 <dc:date>2001-07-30</dc:date>

15 <dc:creator> entity>BEGIN:VCARD&#13;&#10;VEIRON:2.1&#13;&#10;FN:Ahmet

Author&#13;&#10;END:VCARD</dc:creator>
<dc:contributor> entity>BEGIN:VCARD&#13;&#1UERSION:2.1&#13;&#10;FN:

16 John Author&#13;&#10;END:VCARD</dc:contributor>

17 <dc:publisher> entity>BEGIN:VCARD&#13;&#MNERSION:2.1&#13;&#10;
ORG:ISIK Author&#13;&#10;END:VCARD </dc:publisher>

18 <lom:format>text/htmi</lom:format>

19 <dc:rights>http://www.isikun.edu.tr/tesamdconditions.htm</dc:rights>

20 <dc:relation>Part of Scorm 3rd Editoon€&nt Aggregation Model</dc:relation>

21 <dc:source>Scorm 3rd Edition</dc:source>

22 </mLom>

Figure 6.4 Sample XML Binding of Application Preil

Sample XML binding of the proposed application peofs given in Figure 6.4. All
elements directly mapped to their associated XMhdinig representation. Three
name spaces have been used. “lom” represents IEBE bhame space, “dc”
represents Dublin Core name space and “my” repteska custom name space for
the elements which are adopted from IEEE LOM byngag their original form.

6.2 Microformat Proposal

Proposal of Microformat is quite straight forwand this case, because the base
applications profile itself is already simple arldt foecause there is no aggregate

element used in application profile at all.

In Figure 6.5, an example Microformat demonstratgogiven, for this example “dl”

(definition list) HTML element has been used to echiMicroformat.
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<?xml version="1.0" encoding="UTF-8"?>
<IDOCTYPE html PUBLIC "-//W3C//DTD XHTML 1.0 Transonal//EN"
"http://www.w3.0rg/TR/xhtml1/DTD/xhtml1-transitiohatd">
<html xmlns="http://www.w3.0rg/1999/xhtml">
<head> <link rel="stylesheet" type="text/css"fatenLOM.css" />
<title>LOM Microformat</title>
</head>
<body>
<dl class="mLom">
<dt>Title</dt>
<dd class="title">%hahle Content Object Reference Model - Sequeng
and Navigation</dd>
<dt>Language</dt>
<dd><abbr class="language" title="en-GB">BitiEnglish</abbr></dd>
<dt>Description</dt>
<dd class="descdpt®>The SCORM SN book describes how SCORN
conformant  content may be sequenced to thadedinrough a set of learner or system-
initiated navigation events.
</dd>
<dt>Creators</dt>
<dd class="creator vcard"><span class="fn">xDa&fspan></dd>
<dt>Contributors</dt>
<dd class="contributor vcard"><span class=>*fice</span></dd>
<dt>Publisher</dt>
<dd class="publisher vcard"><span class="org">duhed Distributed
Learning (ADL)</span></dd>
<dt>ldentifier</dt>
<dd class="identifierURI">http://course.isikadu.tr/LO2</dd>
<dt>Classification: </dt>
<dd class="classification"> ADL Scorm Coceptdd>
<dt>End User: </dt>
<dd class="endUser"> Learner </dd>
<dt>Classification: </dt>
<dd class="context"> School </dd>
<dt>Coverage</dt>
<dd class="coverage">elLearning</dd>
<dt>Keywords</dt>
<dd class="keyword">
<a href="www.example.com/eLearning"
rel="tag">eLearning</a>,
<a href="www.example.com/LO" rel="tag">LeargiObject</a>
</dd>
<dt>Type</dt>
<dd class="type">narrative text</dd>
<dt>Date</dt>
<dd><abbr class="date" title="2001-07-30">80y2007</abbr></dd>
<dt>Format</dt>
<dd class="format">txt/html</dd>
<dt>Rights</dt>
<dd><a href="http://www.isikun.edu.tr/termsandditions.htm'
class="rights">http://www.isikun.edu.tr/termsanddaions.htm</a></dd>
<dt>Relation</dt>
<dd class="relation">Part of Scorm 3rd Editonn@mt Aggregation
Model</dd>
<dt>Source</dt>
<dd class="source">Scorm 3rd Edition</dd>
</dI><body></htm|>

Figure 6.5 Sample Microformat of Proposed ApplizatiProfile (LO2)

95

ng



However note that any other HTML element could ked, proper assignment of
class attribute is the only important thing. Therefany XHTML element can be
used as far as appropriate class names are assigveglver it is important to remind
that these elements must be semantic elementadhefgresentational elements. In
this proposal again only title and identifier elethes mandatory and the rest of the
elements are not forces, shortly the Microformaippsal follows the application

profile constraints.

Most of the elements has been directly associatitd & “class” attribute. The
“creator”, “contributor” and “publisher” elementssed together with “vcard”
identifier. This is because the domains associai#il these elements are based on
“vcard” as previously noted in related element nigbns. Class design pattern is
used for most of the elements, and abbr-desigenpalias been used for “date” and
“language” elements. Only one elemental Microforimas been used, and this is rel-

tag elemental Microformat which is used for “keydibelement.

In Figure 6.6 the view of example code in Figure ltas been demonstrated.

JLOM Microtormat - Mozilla Firetox

File  Edit Wiew History Bookmarks Tools  Help

Addresses~ C] Contacts (2 Events™ Locations™ C] Tagspaces (2™ Bookmarks™ ResourcesT™

Title
Sharable Content Ohject Reference Model - Sequencing and Havigation
Language
Biitish English
Diescription
The SCORM 5H book describes how SCORM conformant content may be sequenced to the learmer through a set of learmer or system-initiated navigation events.
Creators
Diaren
Contributors
Alice
Publisher
Advanced Distributed Learning (ADL)
Identifier
hitpecurse isikan.eda 10102
Classification:
ADL Scorm Cocepts
End User:
Leamer
Context:
School
Coverage
eLearning
Keywords
eleaming, Learning Ohject
Type
narrative text
Diate
30 Faly 2007

httpherarer dsiloan. edu trit. deonditions htm
Felation
Part of Scorm 3rd Editon, Content 4 zzregation Maodel

Source
Seorm Srd Edition

Figure 6.6 Demonstration of Proposed Microformat
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It is plain, free of any presentational code, amlaistandable. The elemental
Microformat rel-tag and the information closured‘ogard” are already detected by

the Firefox Operator plug-in as.

The code piece in Figure 6.7 is an example CSYfibeluced for the Microformat
example in Figure 6.5. Main HTML elements are disecassigned with a
presentational CSS like “dt” and “dI”, for the cdasames “.class_name” format has
been used, so for each application profile elensmnt individual presentational

features can be assigned like “.title” in givenrapée CSS code in Figure 6.7.

dt{font-weight:bold; }

di{
padding:.5em; background:#ccc; border:1px dulbak;
margin-right:2em;
width:700px; }

title{ font-style:italic; }

OO wWNPE

Figure 6.7 Sample CSS File

In Figure 6.8 the view of example code in Figur® Bas been demonstrated after

applying the CSS code given in Figure 6.7.

Fil= Edit  wiews  History  Bookmarks Tools  Help

Addresses— |:| Conkacts (2~ Ewvenks~ Locations— |:| Tagspaces (2)+ Bookrarks— Fesources—
Title
Sharable Content Object Reference Model - Sequencing and MNavigation
British Enclish
Description

The SCORM SH hoolk deseribes howr SCORM conformant content may be sequenced to the lesmer through 2 set of leammey or system-initisted
navigation events.
Creators
Daren
Contributors
Alice
Publisher
Advanced Distributed Lesming (ADL)
Identifier
http:eourse isikon eda t2 L. 02
Classification:
ADL Scorm Cocepts
End Uzexr:

narrative text

30 Jaly 2007
Format
tartihtaal

hitp:lhananarisilan edu trfterms andeonditions him
Relation

Part of Scorm Srd Editon, Content fgsregation Model
Source

Scorm Srd Edition

Figure 6.8 Demonstration of Proposed Microform&SCApplied
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Any shape and look and feel can be created ovegrogeal Microformat by just
manipulating CSS code without involving any preagahal features inside the
HTML of Microformat.

6.3 Case Example: Sematic Search Engine for LOs

Implementation work for the case example can bensanzed as follows;

Preparation of the example Microformat embedded paaies,

» Defining the structure of RDF document,

* Preparation of XSLT transformation file for XHTML M{croformat
involving) to RDF conversion,

e Creation of a SQI service,

« Integration of GRDDL API into SQI service,

* Integration of SPARQL API into SQI service,

e Preparation of XSLT transformation file for XML t§HTML(Microformat
involving) transformation,

e Setting up Search Engine Client,

» Setting-up Search Engine End-user interface

Three example Web pages has been prepared whiclv@ésvMicroformat embedded
information for some example Learning Objects. @he¢he examples has already
been introduced in Table 6.2 which resides in the & “mLOmM2.htm” under
“randPage2” folder which includes Learning Objeatol(LO2). Other example files
are “mLoml.htm” and “mLom3.htm” which include Learg Object One and
Learning Object Three in given order.

The sample RDF document for LO2 in Figure 6.9 piesithe basic structure of the
RDF form of the application profile.
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1 <?xml version="1.0" encoding="UTF-8" ?>
<rdf:RDF
xml:base="http://localhost/thesisApp/randPagé2m2.htm#"
xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syaxt-ns#"
2 xmins:lom="http://Itsc.ieee.org/xsd/LOM/"
xmins:htm="http://www.w3.0rg/1999/xhtm|"
xmins:dc="http://purl.org/dc/elements/1.1/"
xmlns:my="http://course.isikun.edu.tr/custom/">
<rdf:Description rdf:about="http://localhost/tli@&pp/randPage2/mLom2.htm">
<lom:title>Sharable Content Object Refereltmalel - Sequencing and
Navigation</lom:title>
<lom:language>British English</lom:language
<lom:description><![CDATA[The SCORM SN booksigibes how SCORM conformant
6  content may be sequenced to the learner throughaf Earner or system-initiated navigation
events.]]></lom:description>

7 <dc:creator>Daren</dc:creator>

8 <dc:contributor>Alice</dc:contributor>

9 <dc:publisher>Advanced Distributed LearnfA@L)</dc:publisher>

10 <my:identifierURI>http://course.isikun.ethlLO2</my:identifierURI>
11 <my:classification>ADL Scorm Cocepts</mgsdification>

12 <lom:endUser>Learner</lom:endUser>

13 <lom:context>School</lom:context>

14 <lom:coverage>elLearning</lom:coverage>

15 <lom:keyword>eLearning</lom:keyword>

16 <lom:keyword>Learning Object</lom:keyword>

17 <lom:type>narrative text</lom:type>

18 <dc:date>2001-07-30</dc:date>

19 <lom:format>txt/htmi</lom:format>

20 <dc:rights>http://www.isikun.edu.tr/termdannditions.htm</dc:rights>
21 <dc:relation>Part of Scorm 3rd Editon, @mmtAggregation Model</dc:relation>
22 <dc:source>Scorm 3rd Edition</dc:source>

23  </rdf:Description>
24  </rdf:RDF>

Figure 6.9 Sample RDF Document of LO2

The Figure 6.10 provides the general graph reptasen of the proposed
application profile. However it is important to eathat for elements like “creator”,
“contributor” etc. the predicates will also be reste. However for simplicity all are

threaded as simple elements here.
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http://ltsc.ieee.org/xsd/LOM/title

http://ltsc.ieee.org/xsd/LOM/language

* % %

v

\ 4

http://purl.org/dc/elements/1.1/relation

http://purl.org/dc/elements/1.1/source

Figure 6.10 Graph Representation of LO2

The code view in Figure 6.11 gives the generalctire of XSLT file used for
XHTML to RDF conversion. Only first half of the X3Lfile has been shown,
however rest of the file is repeating sequencehefdode at lines 11-13 for each
element. Main template locates the “mLom” class @dmaving XHTML elements
via “/*[@class='mLom’]"” pattern, each match repeats a learning object. Then for
each application profile element applies the simit@tching pattern to retrieve the

content.

1 <?xml version="1.0" encoding="UTF-8" ?>

<xsl:stylesheet version="1.0"
xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-symtas#"
xmins:xsl="http://www.w3.0rg/1999/XSL/Transform"

2 xmins:htm="http://www.w3.0rg/1999/xhtm|"
xmins:lom="http://lItsc.ieee.org/xsd/LOM/"
xmins:dc="http://purl.org/dc/elements/1.1/"
xmins:my="http://course.isikun.edu.tr/custom/" >

<xsl:for-each select="//*[@class='mLom']">

<rdf:Description>
<xsl:attribute name="about'></xsl:attribute>
<xsl:apply-templates/>

</rdf:Description>

</xsl:for-each></xsl:template>

10 <xsl:template match="htm:*[@class='"identifi&L]">

11 <my:identifierURI><xsl:value-of select="."¢¥my:identifierURI>

12 </xsl:template>* * *

O©oO~NOOOIA~W

Figure 6.11 View from XSLT File for Microformat feDF Conversion
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The code view in Figure 6.11 gives the generalcttne of XSLT file used for
XHTML to RDF conversion. Only first half of the XSLfile has been shown,
however rest of the file is repeating sequencehefdode at lines 11-13 for each

element.

{H Liquid ¥ML Studio
File  Edit  View Tools  Window  Help

=" 0 A [EREY L
J-;_——.,i ﬂ! Web Service Browser ﬂ_)g]
rral |Start Page | untitled1.w 4 X
o —URL of Web Service —— Select A'Web Method
& W3LL Ll = K; ST argetPart [SOAF) ;I :I
§ Location -1 asynchronousGuery
E Sarvice g getddditionallueryResults :
fil = #hgd oetResourcellescription
e liethed Rl i getTotaResultsCount :l
ﬁ Descripkion ﬂ zethdaxDiuration
g i setMaxluenPesults
ﬂ zetJuenl anguage

Lo satPasilieEamnat

Details ; Method [aspnchronousluery] Yia SOAF ﬁ
Besc: ; 5 xsd="htt =

Sele

<?xml versial
<ROLAP-ENV:Emw

<2QAP-ENV:]
<req:sym
<targe;
<guery: << Back | Finizh |
<freqisy

</ B0LP-ENV:Body:
</ 30AP-ENV:Envelopes

14l | »
Request l Response !
Erorlist of s
i Code | Drescription |
e

Figure 6.12 Web Service Detected by Liquid Studio

The above phases enabled the basics of proposkdatipp. After these steps a SQI
service has been created via PHP according to gkeifieation given for SQI in
Chapter 2 However this implementation covers the limitectiges of SQI, for
instance session management is not handled &iaillever the features provided are
enough for the proof of concept. In Figure 6.12 ®QI web service has been
detected by the Liquid XML studio application, disd of functions provided by this
web service are listed. This application also esmliesting of these functions by
generating SOAP messages and then forwarding tmessages to web service.
Response given by the web service is displayedhbylLiquid XML studio which
makes debugging easier. When the end-point of @kvw&b service is called via
browser the WSDL document describing the Web seris forwarded to the

browser, this has been demonstrated in Figure 6.13.
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EIMozilla Firefox

File Edit View History EBookmarks Tools  Help

<j - - @ & L1 http: fflocalhost/thesisApp/my SQ15erver/SQI Target, php?wsdl v | B
Addresses~ Contacts™ Ewents™ Locations= Tagspaces™ Bookmarks™ ResourcesT

— <wsdl: definitions targetlNamespace="http:/schema example com">
— <wsdl: types>
<xsd:schema targetNamespace="http /fschema example. com"f>
<fwsdl:types>
— <message name="asynchronousQueryRequest">
<part name="cquervID" type="zsd:string"/>
<part name="query>tatement" type="zsd:string"r>
<part name="targetZessionlD" type="xsd string"/>
</message>
— <message name="getA ddittonal QueryResultsEecuest"=
<part name="startEesult" type="zsd:mnt"/>
<part name="targetZessionlD" type="xsd string"/>
</message>
— <message name="getd ddittonal QueryResultsEesponse">
<part name="get& dditional QueryEesultsEeturn" type="zsd:string"f>
</message>
— <message name="getBesourceDescriptionRequest">
<part name="resourcelD" type="xsd:string"/>
<part name="targetZessionlD" type="xsd string"/>
</message>
— <message name="getBesourceDescriptionResponse">
<part name="getEesourceDescriptionBeturn” type="xzsd:string"/>
</message>

Figure 6.13 Web Service Called via Browser

After setting up the SQI service, it has been enbdwith the GRDDL feature, for
this purpose RAP Rdf API [63] for PHP (an open sewsemantic toolkit) has been
integrated with the SQI service. This API proviégasy to use functions for GRDDL
transformation. Each time a particular functiorSiQl target is called, SQI target first
executes GRDDL procedures of RAP over defined XHTMages and RDF
transformation occurs. Extracted RDF data of wejepaare stored in the SQI target
physical space as RDF files. Each source referaeeXSLT transformation page
provided in Figure 6.11, RAP API detects theseresfees and applies the referenced

transformations over these pages.

The existence of RDF files means that SQI targetdoaurces that it can run queries
over, via SPARQL; therefore SQI target has beea athanced with SPARQL by
using RAP Rdf API again. The SQI target modified isdakes the query as a
parameter of the related function instead of takjogry parameters and substituting
these values inside a predefined query. The quesylts are returned as an

associated array by the API therefore before fotwngrthe results back to the client,

102



results are transformed into their respective XMhding in the format provided in

Figure 6.4.

After having an operational SQI target which susfidlyy executes forwarded
qgueries, another XSLT file has been created whidtgsses XML response into
Microformat embedded XHTML again. This transforratfile is used by client and
creates the complete result structure that willdisplayed to the end-user. Client
procedure is pretty simple, it only receives thesrguparameters from end-user
interface, and after that prepares necessary camdyforwards this query to SQI
target. When SQI target sends back the relatedtredient applies necessary
transformation via XSLT document and forwards thecpsses result for direct
display of end-user interface.

In Figure 6.14 result of search for keyword “eleagh has been displayed, the end-

user interface has been created by using mainlyXAJavaScript and CSS.

EJEvreka: Your semantic Web Enginee - Mozilla Firefox

File Edt Wiew History Bookmarks Tools  Help

AddressesT Contacts~ Ewents~ Locations™ Tagspaces™ EBiookmarks Resources™

Options

sEvreka

eleaming
Taotalt of 3 result{s) has been found!

#1 - Show/hide details

Title
Sharabie Content Object Reference Model - Content Aggregation Model

Language
British English

Description
The SCORM CAM book describes the components used in a learning experience,how to package those components for exchange
from system to system, how to describe those compaonents to enable search and discovery and how to define sequencing
information for the components,

#2 - show/hide details

Title
Sharable Content Object Reference Model - Sequencing and Newigation
Language
British English
Description
The SCORM SN book describes how SCORM conformant content may be sequenced to the learner through a set of learner or
system-initiated navigation events.

Figure 6.14 End-user Interface Displaying Results Query

For your information; JavaScript is an interpretadguage for use of HTML and
totally runs on client's browser and enables dymab@haviour of the page. AJAX

(Asynchronous JavaScript and XML) is a technigueclammunication of the client
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(browser) and server behind the scene silentlys #@mables web applications to

behave like desktop applications.

Prototype API [64] has been used for providing gasyse AJAX functionalities;
however it is important to note that an API is metessary for using AJAX it is
already supported by most of the browsers; howeseh browser supports different
structure and procedures even though they reseedadle other a lot. Handling all
these differences by yourself is big burden, tleeethis APIs rescues you from this
burden and enables your code to work in any browskile providing more usable
and easy-to-use functions (via DOM manipulationtdfess). The query request,
transitions between pages, hiding and showingsaflte or transition between menus
are all handled via AJAX and JavaScript. Therefawest of the work has been done
in the client side by neither overloading the diapplication server nor SQI
application server. This is already the idea belNJ&X; only loading necessary
information and placing or replacing it on the bsew via DOM manipulation

without reloading the whole page again and again.

In Figure 6.15, the options panel is displayed.

3 Evreka: Your semantic Web Enginee - Mozilla Firefox

File Edit Wew History Eookmarks Tools  Help

AddressesT Contacts™ Events™ Locations™ TagspacesT Bookmarks® ResourcesT

Opbions!
sEvreka
Find it |

Options

Display I all 'I matches and |ist| 2 'I results per page.
Save | Cancel |

Figure 6.15 End-user Interface Displaying Optioaad?

This panel is pretty simple and allows user to sleoevhether she wants her
keywords to have an exact match or like match,dessenables user to choose the

number of results that she want to be displayeshoh page.

104



This basic SQI Service and simple Search Engingigee a detailed proof of the

concept.
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Chapter 7

Evaluation of Model and Application

So far a learning object harvesting model has bpeyposed and a sample
application has been developed based on this mdd. model is based on a
learning object metadata application profile pr@boderived from IEEE LOM,

Dublin Core and Scorm, and a Microformat proposablkeying this application

profile. Several semantic web technologies haver hised to realize this harvesting
model, these technologies enabled learning objextadata to be embedded into
XHTML pages, and to be harvested from XHTML pades. the proof of concept, a
search client and server employing the harvestingehand SQI target have been
set up over these technologies and the model. Beopmodel and the application

can be evaluated form different perspectives.

It is already denoted in definition of e-Learnifngt it consists of actions delivering,
manipulating, and managing etc. e-Learning resaurogitcomes, and activities.
Learning resources provides the basic ground otthearning therefore success of
e-Learning environments, systems etc. strictly dasehow they deal with learning
objects. Therefore various e-Learning object meataddandards and application
profiles have been investigated; the obvious prablas the manageability of these
standards and profiles because of the number ofegits provided. Although most
of these application profiles aimed to provide th@st common set of elements apart
from best practices on use of these elements, acparfor every related party did
not arrive. The application profile proposed bysthhesis employs the set of
elements from IEEE LOM which are mapped from Dul@liore generally, and this
application profile has a quite general nature tafram a few elements directly
related with learning aspects. This is mainly basedhe fact that most of the LOM
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elements are not used by most of the applicatiofiles, in order to come up with a

common solution a common set tried to be identified

Table 7.1 LOM Element Use [60]

The most commonly recommended The Iza=t commonly recommended
LOM elemenis LOM elzmenis
LM Element Count Dublin Core | LOM Element Count Dublin Core
equivalent equivalent
General 28 General
Title 13 Title Structure
Description 34 Description Coverage & Coverage
dentifier 31 Identifier
Languags 25 Languags Technical
Keyword 268 Subject OrComposite 2
Mams &
Lifecycle 29 Mazinnumersion 5
Contributz ] Contributor Minimumn\/ersion 4
Entity 27 ar
Role 23 Publisher OtherPlatformPeguirements ]
Date 24 InstallstionRemarks 7
Dats Duration ]
Meta-metadata
Medatsschems Zz Educaticnal
SemanticDensity 4
Dif ficulty ]
Languags 3]
Technical .
Format 25 Relation Relstion
Location 2z _ Kind N ]
Format Drescription 4
|d=ntifisr Catalog 4
Entry 4
Rights 24 Rights Annotation 8
Cost 24
Caopyright 25
AndCrtherRestrictions
Classification 2z §
Purposs 25 Subject
Total: Total:
35 15
Ayerage: Awerage:
i ] ]

The Table 7.2 demonstrates use of the LOM elemam®ng 35 different
Application profiles, selection of elements for posed application profile considers
this usage statistics. This set of commonly useshehts is enhanced with some
learning related elements and it can be evaluajaohst following criteria. The main
disadvantage is lack of ontological expression.HHEOM classification element
actually provides capability to express any ontwalgrelation; however it increases
the complexity of the application profile, theredqeroposal of such element requires
an in-depth analysis of learning object examplagof@gical expression power will
increase accessibility and interpretation of laagniobjects while increasing

utilization.
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Table 7.2 Evaluation of Learning Object Metadatap®sal

Re-usability Proposed application profile is lowest common deinator for most of the

application profiles, high re-usability.

Interoperability Proposed application profile has been derived fleBE LOM, Dublin Core
and SCORM which are the most commonly adopted atalsd this gives
high interoperability.

Manageability The size of proposed set of elements is quite light this provides high

manageability.

Accessibility Higher size for elements in the application profight be considered as|a

>

plus for accessibility, however as most of thesmeints are out of use

many application profiles it can be claimed tha ttade of is not that much

besides the minimal size ensures the approprisgepnésthe results. A
disadvantage comes from the lack of representingptex (ontological)

relations between learning objects.

"2

Durability Interoperability and usability has already beeruesd therefore, durability i

considered as high.

Scalability This application profile is thought to provide miml set of elements for e
Learning domain; however by nature application iproftself provides

scalability.

Affordability This application profile can be considered as thee ®f all other profiles
therefore affordability is ensured because it isyeto switch between

alternatives.

The main aim of thesis is to enable harvestingeaifrriing objects embedded in
XHTML pages, therefore Microformats proposal is gexond main stone of this
thesis. The Microformats approach has been alreadypared with its alternatives
(eRDF, RDFa) previous chapters. However apart frimeir advantages and
disadvantages with respect to each other, the rdamof embedding semantic data
into XHTML pages greatly contributes into the e-treéag, it enables the biggest
source of information, WWW, to be harvested by g\sengle learner. Microformats
can be thought as the second layer of this modektbre it has been evaluated

according to the same criteria below;
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Table 7.3 Evaluation of Microformats Proposal

Re-usability

Enables re-usability of learning content on Worledé/AVeb.

Interoperability

Proposed Microformat employs an application profilerived from wildly

accepted standards, therefore enables interopigrabil

Manageability

Managing information in XHTML pages is quite stiaigorward, enabling
technologies do exists, and besides the size oficagipn profile that

Microformat proposal is based on is quite minimal.

y

Uy

[}

Accessibility Learning Objects are accessible form any type ofcdeand system as the
are embedded into presentation free, POSH pages.

Durability Interoperability and usability has already beeruesd therefore, durability i
considered as high.

Scalability Although application profile itself provides scailél, the nature of
Microformats is a barrier. They do not allow nanpaces plus they an
defined once and not subject to change often.

Affordability The base application profile can be considereth@sdre of all other profile

therefore affordability is ensured, because thermftion presented b

Microformat does not go beyond the standards.

Uy

Main problem of the Microformats proposal does ooine from the proposal but

rather from comes from the Microformat idea itsBléiring this thesis RDF has been

used, however Microformats lacks cooperating thegui@s provided by the RDF,

those are;

* Open-ended design,

* Ontological expression power,
e Extendibility,

* No predefined format.

eRDF and RDFa can be considered as alternativeésetdvicroformat approach,

however they do not have real life examples an@@ence yet. As already noted

previously eRDF is not capable of expressing eWRDf structure, however RDFa

has this power but it uses some XHTML elements Whi@ not in use yet. A switch

from Microformats to RDFa is possible when it istara enough, however because

of the acceptance and ease-of-use of Microformaisill keep leading till RDFa

arrives.
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The technological infrastructure used in sampleliegion is subject to change
depending on the case; this already the one oiddees behind, the proposed model
provides high level of independency. Thereforesinot bound to SQI or SOAP,
alternatives can be used. However evaluation ofpaimpplication can be done as

follows by indicating the plusses and minuses bglow

Plusses;

* Application demonstrates an important view wheeephtoposed model might
be applied primarily

» Application stands as the basic proof of concephefproposed model,

* Application stands as a compact demonstration ofl tand data
interoperability,

* Application provides a demonstration of the impoca of standard

compliance,

Minuses;

« SQIlinfrastructure is not totally implemented,
e Some constrains of the model omitted for the sdilstnaple design,

e Search client does not employ any ranking systerntological inference.

110



Chapter 8

Conclusion and Recommendations for Future Work

8.1 Overview

The purpose of this thesis was to come up with la based interoperable Learning
Object harvesting model and its application in otdeexploit use of huge amount of
information contained by World Wide Web. Two maihatienges have been
identified which are interoperability and semantiarious related technologies and

standards have been investigated for this purpose.

Interoperability has been considered in two foldsirdy this thesis, first one is tool
interoperability and the second one is data interality, actually in this case rather
meta-data interoperability. Tool interoperabilisy known as; different applications
being able to communicate each other. The most kneelution for World Wide
Web (WWW) is web services. Therefore various XMLséa technologies and
standards have been investigated to come-up wittoer solution for e-Learning
domain. SAOP and SQI (which is based on SOAP) haeen used as the key
elements of tool interoperability. The second édiinteroperability is called as data
interoperability; it refers to different applicati® being able to use and share same
data. In general this has been considered to bedwia investigating wildly known
Learning Object metadata standards and their gedsibdings into XML, RDF and
especially into XHTML as Microformats. In this sendata interoperability moved
into a broader concept which is usually called sdmanteroperability; it means
applications are not only capable of using samea dalit also capable of

understanding, linking, and interpreting the data
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The results of these investigations resulted inght Iweight application profile
proposal for Learning Object Metadata (derived fid&BE LOM, Dublin Core and
ADL Scorm), creation of related XML, RDF bindingsnd Microformat proposal.
After all, a case application has been introduced pooviding Microformat
embedded sample XHTML pages, a SQI web service wkimploys SPARQL
guery language for RDF documents extracted frose¢h¢HTML pages, a client
web application which acts as a search engine Iptaimg the SQI service, besides
both applications have been donated with related.TXSiles for GRDDL

transformations.

8.2 Recommedations for Future Work

Once the application profile defined, the propéoiymatted metadata might reside or
move in World Wide Web in any format such as XMLDIR etc. The example
application provided is a good demonstration. laregle application data moves
from XHTML format to RDF, RDF to XML and XML to XHWIL as demonstrated
in Figure 8.1. Therefore it will not be wrong taich that comprise on the metadata
standard is much more important than how the me&adatored physically, because
once agreed on a common standard it is not reallygadeal to transform data
between these physical structures. Of course shssill a burden but not as much as

the burden of not having a common metadata standard

XSLT

Learning Object Metadata Life Cycle

Microformat

Figure 8.1 Learning Object Metadata Lifecycle
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The importance of the XML, RDF, or Microformats mot being ignored by
emphasizing the importance of a common metadataiatd. A common metadata
standard builds a solid ground that these techiedagan be exploited by e-Learning
domain. RDF provides great utilization of semantieb by itself and ontology
languages built upon it such as OWL. Their beintg @b define resources and
complex relationships among them makes the WorldeWWVeb a highly connected
network of information from its arbitrarily distuited and disconnected structure.
These advancements reach to an upper level okatidn by the existence of
Microformats, eRDF, RDFa. Despite their limitatiptisey save the current nature of
World Wide Web from user perspective however presiéany information to be
understandable by computers without duplicatingiafgrmation for presentation or
storage. XML never loses its importance; it is thether of all these technologies

and still the most efficient way for data transptidn and for other uses.

It has been proven that a complete working modal lwa provided for Learning

Object Harvesting, so what can be the next? Agtuhis thesis just moves us to just
to the beginning and the future opportunities amdless, there are a lot to do.
Imagine such use of this harvesting model; applymgasoning algorithm over the
data that is queried over RDF documents via S@etaio decide on a competence-
activity relation which questions; which activity(s used for which competence(s).
Such use of the model requires the interventionrablogies, for this purpose the
first step is enhancing our solid base which isaa&ta application profile proposed.
In the context of this thesis it is tried to be kap simple as possible just for enough
to enable search and retrieval of learning objeldswever for such ontological

needs, each element need to be considered seribeslyuse they constitute the hot
points where ontological relations come up. Classiion element is a good

example, in original IEEE LOM standard it has muubre power of expression

from hierarchical position of resources to theimpetence levels etc. Therefore it is
really important from ontological point of view wiii can not be reflected by just
providing it in the form of description. Both fdre completeness and the ontological
expressiveness of the application profile, many liéa learning objects and their

associated metadata records need to be analysedyéonote that even this task

itself is really hard to deal with. Definition die object changes from application to
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application while the metadata elements sets aegthg deepening on the location,

application etc.

Successfully completing these advancements needetofollowed by strong

reasoning and data mining algorithms and technigoégust for harvesting but also
for analysing possibly huge amount of learninggratt and activities which will be
mostly dependent on purpose of the applicationses&happlications mentioned
might be agents harvesting the World Wide Web ming from page to page.
Those agents are not expected to serve just fdititmal PCs but rather for any kind
device which has access to internet such as PDd&kphones etc. In this way

learning will be embedded into real life.

It is already obvious that the improvements memttbare actually global and not
limited with the e-Learning domain. It also shobkl noted that Word Wide Web is
not specifically for any group or level of peopig,is open to everybody, and
therefore simplicity is the must of this world. @mtly anybody using World Wide
Web can freely make contribution via Web2.0 totiierefore active existence of any
user without having any complex skills already meeaindispensable right of
everybody. Therefore “Human first, machine secongliihciple of Microformats
actually should be considered globally for Worldd@/Web.

Regarding the sample application, obviously manyiaesements are possible.
Technologies like AJAX provides endless opportesitto increase usability and
efficiency of such web applications however apaotrf these usability dependent
enhancements, several important enhancements asiblgosuch as embedding a
ranking strategy, and employing ontological infeefeature which is dependent on
the model proposed indeed. Fully implementatios@fi and providing the missing

constraints of the proposed model might be consdiére primary future work with

respect to sample application.
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Appendix A: CD Containing Sample Application and Tmls

All developed applications and APIs are includethie CD.
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