Understanding Ontology and Ontology languages
Ontology Definition:
The ontology defines the common words and concepts (the meaning) used to describe and represent an area of knowledge.

Definition 1 has 2 parts:

1. Describing and representing an area of knowledge as (medicine, automobile repair, financial planning, physics…etc ).

Describing the area of knowledge is the act of expressing in either written or spoken words the important points about a specific area of knowledge.

2. Describing the common words and concepts of the description.

The first part of the definition considers what to consider when describing an area of knowledge.

Example:
Consider describing automobile repair, we would probably talk about the following:
· The kind of cars there are (sedans, station wagons, sports cars ……).

· The types of engines (gasoline, diesel, electric-powered, hybrid).

· The manufacturers (Ford, Honda, Nissan….etc).

· The things that constitute cars (engines, brake systems, cooling systems, electric systems, suspension, body…etc)

We might also need to consider how to repair various cars, subsystems of cars, diagnosis, tools to use in diagnosis and repair, parts to use in the repair process…etc.
We might also need to add some diagnosis rules.

So therefore this is the type of description which can be considered ontology.

Describing ontology includes:

· Classes (general things) in the many domains of interest.

· Instances (particular things).
· Relationships among those things.

· The properties (and property values) of those things.

· The functions and processes involving those things.

· Constraints and rules involving those things.
The second part of the definition considers representing the description of the area of knowledge under question. 

· Representation means that we encode the description in a way that enables someone to use the description.

· We represent in order to use the description in information technology. In other words we create a model that software will be able to utilize.

· Natural languages are very ambiguous and can only be understood by humans. 

· So we need to codify the ontology in a precise, logical, and unambiguous knowledge representation language in other words "Ontology Languages".
Ontology Languages

· Ontology can be represented in a Knowledge representation language such as a semantic web language like (RDF, DAML + OIL, OWL) or language that predate the semantic web as (Ontolingua, KIF, Common logic, OKBC, Cycl or Prolog).

· We are only interested in semantic web languages. 

· Ontology languages are in turn typically based on a particular logic.
Ontology Languages for the Semantic Web
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Layer Cake Semantic Web
All semantic web languages take advantages of the other language beneath them in the so-called layer cake.

· XML is at the bottom of the stack furnishes the base syntax for interoperability on the web.


· XML Schema provides a database – like structuring capability for web objects comparable to database schema.

· RDF's Layer provides a simple language for expressing ontology concepts and relations in XML syntax.

· DAML + OIL or OWL defines more expressive ontologies which use RDF level for representing instances of ontology constructs.

· DAML + OIL and OWL directly use XML schema data types.

· Although all of these layers are expressed in XML syntax, we still need to use specific interpreters to understand each language. 

· In general the higher language interpreters can correctly interpret every layer below its language level.

· So OWL interpreter can be able to use any embedded or referenced RDF's or XML schema data type construct in addition to OWL specific code.

· Finally at the top we have the reasoning and proof methods and the so- called "web of trust" layer, which uses automated proof as well as security and identity features that are still relatively less understood and less mature.

· At the very top of the stack is the Intelligent domain applications these are applications that can utilizes all of the semantic web to offer more intelligent services.

Now we need to explore each layer and provide necessary information for start up.
XML review

What is XML?

· XML stands for EXtensible Markup Language 

· XML is a markup language much like HTML 

· XML was designed to describe data 

· XML tags are not predefined. You must define your own tags 

· XML uses a Document Type Definition (DTD) or an XML Schema to describe the data 

· XML with a DTD or XML Schema is designed to be self-descriptive 

· XML is a W3C Recommendation 

The Main Difference Between XML and HTML

XML was designed to carry data.
· XML is not a replacement for HTML.
XML and HTML were designed with different goals:

· XML was designed to describe data and to focus on what data is.

· HTML was designed to display data and to focus on how data looks.

· HTML is about displaying information, while XML is about describing information.

Why is XML so successful?

· XML creates application-independent documents and data.

· It has a standard syntax for Meta data.

· It has a standard structure for both documents and data.
· XML is that it is not a new technology. XML is a subset of the Standardized Generalized Markup Language (SGML).
· XML is application independent

XML was not designed to DO anything.

XML does not DO anything. XML was created to structure, store and to send information.

The following example is a note to Tove from Jani, stored as XML:

	<note>

<to>Tove</to>

<from>Jani</from>

<heading>Reminder</heading>

<body>Don't forget me this weekend!</body>

</note>


The note has a header and a message body. It also has sender and receiver information. But still, this XML document does not DO anything. It is just pure information wrapped in XML tags. Someone must write a piece of software to send, receive or display it.

XML can Separate Data from HTML

With XML, your data is stored outside your HTML.
When HTML is used to display data, the data is stored inside your HTML. 

With XML, data can be stored in separate XML files. This way you can concentrate on using HTML for data layout and display.

XML data can also be stored inside HTML pages as "Data Islands". You can still concentrate on using HTML only for formatting and displaying the data.

XML element.

An XML element is an XML container consisting of a start tag, content (contained character data, sub elements, or both), and an end tag—except for empty elements, which use a single tag denoting both the start and end of the element.

The content of an element can be other elements. Following is an example of an element:

<footnote>

<author> Michael C. Daconta </author>, <title> Java Pitfalls </title>

</footnote>

Here we have one element, called “footnote,” which contains character data and two sub elements: “author” and “title.”
What Is XML Schema?
· XML Schema is a definition language that enables you to constrain conforming XML documents to a specific vocabulary and a specific hierarchical structure.
· The things you want to define in your language are element types, attribute types, and the composition of both into composite types (called complex types). 
· XML Schema is analogous to a database schema, which defines the column names and data types in database tables. 
· XML Schema became a W3CRecommendation (synonymous with standard) on May 5, 2001. 
· XML uses a Document Type Definition (DTD) or an XML Schema to describe the data.
· Roles of XML schema

· Template for a form generator to generate instances of a document type

· Validator to ensure the accuracy of documents
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Schema and instances.

In the above figure we have two types of documents: a schema document

(or definition document) and multiple instance documents that conform to the schema.
· A schema definition is a blueprint (or template) of a type and each instance is an incarnation of that template. 
· Both the schema document and the instance document use XML syntax (tags, elements, and attributes).
· This was one of the primary motivating factors to replace DTDs, which did not use XML syntax. Having a single syntax for both definition and instance documents enables a single parser to be used for both.
XML Schema alternative: DTD
· Document Type Definition (DTD) was the original schema definition language inherited from SGML, and its syntax is defined as part of the XML 1.0 Recommendation released on February 10, 1998.
· Some markup languages are still defined with DTDs today, but the majorities of organizations have switched or are considering switching to XML Schema.
· The chief deficiencies of DTDs are their non-XML syntax, their lack of data types, and their lack of support for namespaces. These were the top three items XML Schema set out to fix.

Schema example
<xsd:element name=”book”>

<xsd:complexType>

<xsd:attribute name=”title” type=”xsd:string” />

<xsd:attribute name=”pages” type = “xsd:int” />

</xsd:complexType>

</xsd:element>
An XML instance of the book element would look like this:

<book title = “More Java Pitfalls” pages=”453” />

What Are XML Namespaces?

· Namespaces are a simple mechanism for creating globally unique names for the elements and attributes of your markup language.
·  This is important for two reasons: to deconflict the meaning of identical names in different markup languages and to allow different markup languages to be mixed together without ambiguity. 
· Unfortunately, namespaces were not fully compatible with DTDs, and therefore their adoption has been slow. 
· The current markup definition languages, like XML Schema, fully support namespaces.
Impact of XML on Enterprise IT

The adoption of XML technology has moved well beyond early adopters into mainstream use and has become integrated with the majority of commercial products on the market:

· Data exchange and interoperability. XML has become the universal syntax for exchanging data between organizations. By agreeing on a standard schema, organization can produce these text documents that can be validated, transmitted, and parsed by any application regardless of hardware or operating system.
· E-business:  Business-to-business (B2B) transactions have been revolutionized through XML. B2B revolves around the exchange of business messages to conduct business transactions.
· Enterprise Application Integration (EAI). Enterprise Application Integration is the assembling of legacy applications, databases, and systems to work together to support integrated Web views, e-commerce, and Enterprise Resource Planning (ERP).
· Enterprise IT architectures. The impact of XML on IT architectures has grown increasingly important as a bridge between the Java 2 Enterprise Edition (J2EE) platform and Microsoft’s .NET platform. Large companies are implementing both architectures and turning to XMLWeb services to integrate them.
· Content Management Systems (CMS). CMS is a Web-based system to manage the production and distribution of content to intranet and Internet sites. XML technologies are central to these systems in order to separate raw content from its presentation.
·  Knowledge management and e-learning. Knowledge management involves the capturing, cataloging, and dissemination of corporate knowledge on intranets. In essence, this treats corporate knowledge as an asset. Electronic learning (e-learning) is part of the knowledge acquisition for employees through online training.
· Portals and data integration. A portal is a customizable, multipaned view tailored to support a specific community of users. XML is supported via standard transformation portlets that use XSLT to generate specific presentations of content (as discussed previously under Content Management Systems), syndication of content, and the integration of Web services.
· Databases and data mining. XML has had a greater effect on relational database management systems (DBMS) than object-oriented programming (which created a new category of database called object-oriented database management systems, or OODBMS). XML has even spawned a new category of databases called native XML databases exclusively for the storage and retrieval of XML. All the major database vendors have responded to this challenge by supporting XML translation between relational tables and XML schemas. 
Semantics in XML
XML is a universal metalanguage for defining markup. It provides a uni​form framework, and a set of tools like parsers, for interchange of data and metadata between applications. However, XML does not provide any means of talking about the semantics (meaning) of data.
For example, there is no intended meaning associated with the nesting of tags; it is up to each appli​cation to interpret the nesting. 
Example

if we want to express the following fact: 

David Billington is a lecturer of Discrete Mathematics. 

There are various ways of representing this sentence in XML. 
Three possibil​ities are:

1-
<course name="Discrete Mathematics"> 

<lecturer>David Billington</lecturer> 

</course> 
2-
<lecturer name="David Billington"> 

<teaches>Discrete Mathematics</teaches> 

</lecturer> 

3-

<teachingOffering> 

<lecturer>David Billington</lecturer> 

<course>Discrete Mathematics</course> 

</teachingOffering> 

The first two formalizations include essentially an opposite nesting although they represent the same information. So there is no standard way of assigning meaning to tag nesting. 

The Resource Description Framework (RDF)

· RDF is a standard framework for describing resources on the web 
· RDF is essentially a data​model. Its basic building block is an object-attribute-value triple, called a statement.
· An abstract data model needs a concrete syntax in order to be rep​resented and transmitted, and RDF has been given syntax in XML, as a result, it inherits the benefits associated with XML.
· Syntactic representations of RDF that are not based on XML, are also possible.

· RDF is a part of the W3C's Semantic Web Activity 

· RDF is a W3C Recommendation
· RDF is domain-independent in that no assumptions about a particular do​main of use are made. It is up to users to define their own terminology in a schema language called RDF Schema (RDFS).
RDF Schema

RDF Schema defines the vocabulary used in RDF data models (unlike XML Schema which constrains the structure of XML documents). 
example
Lecturer is a subclass of academic staff member. 

This sentence means that all lecturers are also academic staff members. It is important to understand that there is an intended meaning associated with "is a subclass of". It is not up to the application to interpret this term; its in​tended meaning must be respected by all RDF processing software. Through fixing the semantics of certain ingredients, RDF /RDFS enables us to model particular domains. 

example. Consider the following XML elements: 

1- <academicStaffMember>Grigoris Antoniou</academicStaffMember> 
2- <professor>MichaelMaher</professor>
3- <course name="Discrete Mathematics">
<isTaughtBy>David Billington</isTaughtBy>
</course> 

Suppose we want to collect all academic staff members. A path expression in Xpath might be 

//academicStaffMember 

The result is only Grigoris Antoniou. While correct from the XML viewpoint, this answer is semantically unsatisfactory. Human readers would have also included Michael Maher and David Billington in the answer because 

· All professors are academic staff members (that is, professor is a sub​class of academicStaffMember) . 

• Courses are only taught by academic staff members. 

This kind of information makes use of the semantic model of the particular domain, and cannot be represented in XML or in RDF but is typical of know​ledge written in RDF Schema. 

 RDFS makes semantic information machine ​accessible, in accordance with the Semantic Web vision. 
RDF: Basic Ideas
RDF Rules
· The fundamental concepts of RDF are resources, properties and statements.
· RDF identifies things using Web identifiers (URIs), and describes resources with properties and property values.
Resources 

· We can think of a resource as an object, a "thing" we want to talk about.
· Resources may be authors, books, publishers, places, people, hotels, rooms, search queries, and so on.
· Every resource has a URI, a Universal Resource Identifier. 
· A URI can be a URL (Unified Resource Locator, or Web address) or some other kind of unique identifier; note that an identifier does not nec​essarily enable access to a resource. But can be considered an identifier of a Web resource. 

Properties 

· Properties are a special kind of resources; they describe relations between resources, for example "written by", "age", "title", and so on. 
· Properties in RDF are also identified by URIs (and in practice by URLs).
· This idea of using URIs to identify "things" and the relations between is quite important. 
· This choice gives us in one stroke a global, worldwide, unique naming scheme.
Statements 

· Statements assert the properties of resources. 
· A statement is an object​ attribute-value triples, consisting of a resource, a property, and a value. 
· Val​ues can either be resources or literals. Literals are atomic values (strings).
Three Views of a Statement 
· An example of a statement is “David Billington is the owner of the Web page http://www.cit.gu.edu.au/~db” . 
View 1:

· The simplest way of interpreting this statement is to use the definition and consider the triple 

· (http://www.cit.gu.edu.au/~db, http://www.mydomain.org/site-owner, #DavidBillington). 

· We can think of this triple (x, P, y) as a logical formula P(x, y), where the binary predicate P relates the object x to the object y. 
· RDF offers only binary predicates (properties). 
· The property "site-owner" and both of the two objects are identified by URLs.
View 2: 
Graphical view:
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It is a directed graph with labeled nodes and arcs; the arcs are directed from the resource (the subject of the statement) to the value (the object of the statement). This kind of graph is known in the Artificial Intelligence community as a semantic net. 

View 3:
· RDF document is represented by an XML ele​ment with the tag rdf: RDF.
· The content of this element is a number of de​scriptions, which use rdf: Description tags.
· Every description makes a statement about a resource, which is identified in one of three different ways:
· an about attribute, referencing an existing resource
· an ID attribute, creating a new resource
· without a name, creating an anonymous resource 

example

( http://www.cit.gu.edu.au/,,-,db, http://www.mydomain.org/site​owner, 

"David Billington")
Can be represented with the following XML based RDF:
<?xml version="l.O" encoding="UTF-16"?> 

<rdf:RDF
xmlns:rdf=''http://www.w3.org/1999/02/22-rdf-syntax-ns#" xmlns:mydomain=''http://www.mydomain.org/my-rdf-ns''> 
<rdf:Description rdf:about = ”http://www.cit.gu.edu.au/-db”>
 <mydomain:site-owner> David Billington </mydomain:site-owner>
</rdf:Description> 

</rdf:RDF> 

· The first line specifies that we are using XML. 
· The rdf: Description element makes a statement about the resource http://www.cit.gu.edu.au/...-.db. Within the description the property is used as a tag, and the content is the value of the property. 

· The descriptions are given in a certain order, in other words the XML syn​tax imposes a serialization. The order of descriptions (or resources) is not significant according to the abstract model of RDF. 
· The graph model is the real data model of RDF and XML is just a possible serial representation of the graph. 

Reification 

· In RDF it is possible to make statements about statements, such as “ Grigoris believes that David Billington is the creator of the Web page .http://www.cit.gu.edu.au/~db”. 

· This kind of statement can be used to describe belief or trust in other state​ments.

· The solution is to assign a unique identifier to each statement, which can be used to refer to the statement. RDF allows this using, a reification mechanism. 

· The key idea is to introduce an auxiliary object, say, beliefl, and relate it to each of the three parts of the original statement through the properties subject, predicate and object.
·  In the preceding example the subject of beliefl would be David Billington, the predicate would be creator, and the object http://www.cit.gu.edu.au/~db. 
Data Types 

· Consider the telephone number 1/38755071/. A program reading this RDF data model cannot know if the literal 1/3875507" is to be interpreted as an integer or as a string, or indeed if it is an integer, whether it is in decimal or octal representation. 
· A program can only know how to interpret this resource if the application is explicitly given the information that the literal is intended to represent a number, and which number the literal is supposed to represent. 
· In RDF, typed literals are used to provide this kind of information. 

A Critical View of RDF 

· RDF uses only binary properties. This restriction seems quite serious because often we use predicates with more than two arguments. Luckily, such predicates can be simulated by a number of binary predicates. 
· Another problem is the handling of properties, properties are special kinds of resources. Therefore, properties themselves can be used as the object in an object-attribute-value triple (state​ment). While this possibility offers flexibility, it is rather unusual for model​ing languages, and can be confusing for modelers. 

· Also, the reification mechanism is quite powerful and appears misplaced in a simple language like RDF. 
· The XML-based syntax of RDF is well suited for machine process​ing but is not particularly human-friendly. 

· In summary, RDF has its idiosyncrasies and is not an optimal modeling language. However, we have to live with the fact that it is already a de facto standard
· On the positive side, it is true that RDF has sufficient expressive power (at least as a basis on which more layers can be built). And ultimately the Semantic Web will not be programmed in RDF, but rather with user-friendly tools that will automatically translate higher representations into RDF. 
RDF Schema: Basic Ideas
RDF is a universal language that lets users describe resources using their own vocabularies. RDF does not make assumptions about any particular application domain, nor does it define the semantics of any domain. it is up to the user to do so in RDF Schema (RDFS). 

Classes and Properties 

· A class can be thought of as a set of elements. Individual objects that belong to a class are referred to as instances of that class. We have al​ready defined the relationship between instances and classes in RDF using rdf: type. 

· An important use of classes is to impose restrictions on what can be stated in an RDF document using the schema.
Example 
· We would like to disallow statements such as “Discrete Mathematics is taught by Concrete Mathematics. Room MZH5760 is taught by David Billington”. 

· The first statement is nonsensical because we want courses to be taught by lecturers only. This imposes a restriction on the values of the property "is taught by". In mathematical terms, we restrict the range of the property. 

· The second statement is nonsensical because only courses can be taught. This imposes a restriction on the objects to which the property can be applied. In mathematical terms, we restrict the domain of the property. 

Class Hierarchies and Inheritance 

· Once we have classes we would also like to establish relationships between them. 
Example
· suppose that we have classes for:

(staff members, assistant professors, academic staff members, administrative staff members, professors, technical support staff members, associate professors). 

· These classes are related to each other with a subclass relationship which defines a hierarchy of classes, as shown 
· A is a subclass of B if every instance of A is also an instance of B.
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· A hierarchical organization of classes has a practical sig​nificance on range restriction 
· Example

· Courses must be taught by academic staff members only. 
· Suppose Michael Maher were defined as a professor. Then, according to the preceding restriction, he is not allowed to teach courses. 
· The reason is that there is no statement specifying that Michael Maher is also an academic staff member. 
· It would be counterintuitive to overcome this difficulty by adding that statement to our description. Instead we would like Michael Maher to inherit the ability to teach from the class of academic staff members. Exactly this is done in RDF Schema. 

· RDF Schema fixes the semantics of "is a subclass of". Now it is not up to an application to interpret "is a subclass of"; instead its in​tended meaning must be used by all RDF processing software. 
· By making such semantic definitions RDFS is a (still limited), language for defining the semantics of particular domains. 
· Stated another way, RDF Schema is a prim​itive ontology language. 

· In RDFS, properties are defined globally, that is, they are not encapsulated as attributes in class definitions. It is possible to define new properties that apply to an existing class without changing that class. 

· On one hand, this is a powerful mechanism with far-reaching conse​quences: we may use classes defined by others and adapt them to our re​quirements through new properties. 
· On the other hand, this handling of properties deviates from the standard approach that has emerged in the area of modeling and object-oriented programming. 

Property Hierarchies 

· Hierarchical relationships between can be done also for properties.
· For example, "is taught by" is a subproperty of "involves". If a course c is taught by an academic staff member a, then c also involves a. 
· The converse is not necessarily true. For example, a may be the convener of the course, or a tutor who marks student homework but does not teach c. 

· In general, P is a subproperty of Q if Q(x, y) whenever P(x, y). 

RDF versus RDFS Layers 

We need to consider the different layers involved in RDF and RDFS.

Example 

“Discrete Mathematics is taught by David Billington.” [image: image5.png]range range
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RDF Schema: The Language

The RDFS Document “RDF schema” is just an RDF document written in XML-based syntax of RDF.

RDF Modeling primitives
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Subclass hierarchy of some modeling primitives of RDFS
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Instance relationship of some modeling primitives

An Axiomatic Semantics for RDF and RDF Schema 

We need to capture the semantics of RDF and RDFS. 

The formal language used is predicate logic, universally accepted as the foundation of all (symbolic) knowledge representation. Formulas used in the formalization are referred to as axioms. 

By describing the semantics of RDF and RDFS in a formal language like logic we make the semantics unambiguous and machine accessible. 
The Approach 

· All language primitives in RDF and RDF Schema are represented by con​stants: Resource, Class, Property, subClassOf and so on. A few predefined predicates are used as a foundation for expressing relationships between the constants. 

· An auxiliary theory of lists is used. 
· It has function symbols 

· nil (empty list), cons(x, l) (adds an element to the front of the list) first(l) (returns the first element) rest(l) (returns the rest of the list) 

· and predicate symbols 

· item(x,l) (tests if an element occurs in the list) list(l) (tests whether l is a list) 

· Lists are used to represent containers in RDF. They are also needed to capture the meaning of certain constructs (such as cardinality constraints) in richer ontology languages. 

· Most axioms provide typing information. For example,
· Type ( subClassO f, Property) says that subClassOf is a property. 
· We use predicate logic with equality. 
· Variable names begin with ?. 
· All axioms are implicitly universally quanti​fied. 
Basic Predicates 

The basic predicates are 

· PropVal(P, R, V), a predicate with three arguments, which is used to rep​resent an RDF statement with resource R, property P and value V
· Type(R, T), short for PropVal(type, R, T), which specifies that the resource R has the type T

1. RDF 
An RDF statement (triple) (P, R, V) is represented as PropVal(P, R, V). 

Classes 

· In this language we have constants Class, Resource, Property, Literal.
· All classes are instances of Class, that is, they have the type Class: 

· Type ( Class, Class), Type( Resource, Class),  Type(Property, Class),  Type(Literal, Class) 

· Resource is the most general class: every object is a resource. Therefore, every class and every property is a resource:
· Type(?p, Property)-( Type(?p, Resource) 
· Type(? c, Class)-( Type(? c, Resource) 

· The predicate in an RDF statement must be a property: 

· Prop V al (?p, ?r, ?v)-( Type(?p, Property) 

The type Property 

· type is a property: 

· Type( type, Property) 

· it is equivalent to PropVal(type, type, Property): the type of type is Property. 
· type can be applied to resources and has a class as its value: 

· Type(?r, ?c) --( (Type(?r, Resource) /\ Type(?c, Class)) 

The Auxiliary FuncProp Property 

A functional property is a property that is a function: 
· it relates a resource to at most one value. 
· Functional properties are not a concept of RDF but are used in the axiomatization of other primitives. 
· The constant FuncProp represents the class of all functional properties. 
· P is a functional property if, and only if, it is a property, and there are no x, yl, and y2 such that P(x,yl), P(x, y2), and y ≠1y2· 

· Type(?p, FuncProp)(  (Type(?p, Property) /\ [image: image9.png]
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?v2
(PropVal(?p, ?r, ?vl) /\ PropVal(?p, ?r, ?v2) →  ?vl =?v2)) 

Reified Statements 

· The constant Statement represents the class of all reified statements. All reified statements are resources, and Statement is an instance of Class: 

· Type(?s, Statement) → Type(?s, Resource)
Type(Statement, Class) 
· A reified statement can be decomposed into the three parts of an RDF triple: 

Type(? st, ,statement) → [image: image15.png]
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?v(PropVal(Predicate, ?st, ?p)/\ PropVal(Subject, ?st, ?r) /\ PropVal(Object, ?st, ?v)) 

· Subject, Predicate, and Object are functional properties, that is, every state​ment has exactly one subject, one predicate and one object:
Type(Subject, FuncProp) 
Type(Predicate, FuncProp) 
Type(Object, FuncProp) 

Their typing information is 

PropVal(Subject, ?st, ?r) →(Type (?st, Statement) /\ Type(?r, Resource)) 

PropVal(Predicate, ?st, ?p) → (Type(?st, Statement) /\ Type(?p, Property)) 

PropVal(Object, ?st, ?v) →(Type(?st, Statement) /\ (Type(?v, Resource) V Type(?v, Literal))) 

The last axiom says, if Object appears as the property in an RDF statement, then it must apply to a reified statement and have as value either a resource or a literal. 

Containers 

· All containers are resources: 

Type(?c, Container) → Type(?c, Resource) 

· Containers are lists: 

Type(?c, Container) → list(?c) 

· Containers are bags or sequences or alternatives: 

Type(?c, Container) (  (Type(?c, Bag) V Type(?c, Seq) V Type(?c, Alt)) 

· Bags and sequences are disjoint: 

⌐(Type(?x, Bag) /\ Type(?x, Seq)) 

· For every natural number n > 0, there is the selector _n, which selects the nth element of a container. It is a functional property 

Type(_n, FuncProp) 

· and applies to containers only: 

PropVal(_n, ?c, ?o) → Type(?c,Container) 

B. RDF Schema 

Subclasses and Subproperties 
· subClassOf is a property: 

Type ( subClassOf, Property) 

· If a class C is a subclass of a class C', then all instances of C are also instances of C': 

PropVal(subClassOf, ?c, ?c')  ←​(Type(?c, Class) /\ Type(?c', Class)/\ [image: image21.png]


?x(Type(?x, ?c) → Type(?x, ?c'))) 

· Similarly for subPropertyOf: P is a subproperty of P' if P'(x, y) whenever P(x, y): 

Type( subPropertyOf, Property) PropVal(subPropertyOf, ?p, ?p') (  (Type (?p, Property) /\ Type(?p', Property)/\ [image: image23.png]


?r[image: image25.png]


v(PropVal(?p, ?r, ?v) → PropVal(?p', ?r, ?v))) 

Constraints 

· Every constraint resource is a resource: 

Prop V al (subClassOf,, ConstraintResource, Resource) 

· Constraint properties are all properties that are also constraint resources: 

Type(?cp, ConstraintProperty)(  (Type(?cp, ConstraintResource) /\ Type(?cp, Property)) 

· domain and range are constraint properties: 

Type (domain, ConstraintProperty) Type ( range, ConstraintProperty) 

· domain and range define the domain, respectively range, of a property. Recall that the domain of a property P is the set of all objects to which P applies. 
· If the domain of P is D, then for every P(x, y), x [image: image27.png]


 D
PropVal(domain, ?p, ?d) → [image: image29.png]


?x[image: image31.png]


?y(PropVal(?p, ?x, ?y) → Type(?x, ?d)) 

· The range of a property P is the set of all values P can take. If the range of Pis R, then for every P(x, y), y [image: image33.png]


  R. 

PropVal(range, ?p, ?r) → [image: image35.png]v?



x[image: image37.png]


?y(PropVal(?p, ?x, ?y) → Type(?y, ?r)) 

· Formulas that can be inferred from the precedings ones: 

Prop V al (domain, range, Property) 
Prop V al (range, range, Class)
 PropV al(domain, domain, Property)
 PropV al(range, domain, Class) 

· Thus we have formalized the semantics of RDF and RDFS. An agent equipped with this knowledge is able to draw interesting conclusions. 
· Example:

Given that:

 the domain of teaches is academicStaffMember,
 aca​demicStaffMember is a subclass of staffMembers, 
and that teaches(DB, DiMa), 
The agent can automatically deduce staffMember(DB) using the predicate logic semantics or one of the predicate logic proof systems. 

A Direct Inference System for RDF and RDFS 
· The axiomatic semantics - used for automated reasoning with RDF and RDF Schema- requires a first-order logic proof system. whic is a very heavy requirement and also one that is unlikely to scale when millions of statements are involved 
· For this reason, RDF has also been given a semantics (and an inference systems that is sound and complete for this semantics) directly in terms of RDF triples instead of restating RDF in terms of first-order logic
· This inference system consists of rules of the form 

· IF E contains certain triples 

THEN add to E certain additional triples   (where E is an arbitrary set of RDF triples). 

· Basic examples: 

1. IF E contains the triple (?x, ?p, ?y)
THEN E also contains the triple (?p, rdf : type, rdf : property)
This states that any resource ?p that is used in the property position of a triple can be inferred to be a member of the class rdf : property.
2. IF 
E contains the triples (?u, rdf s : subClassOf, ?v) and (?v,rdfs: subclassOf, ?w) 
THEN E also contains the triple (?u, rdfs : subClassOf, ?w) 

which encodes the transitivity of the subclass relation. 

3. IF 
E contains the triples (?x, rdf : type, ?u) and (?u, rdfs : subClassOf, ?v) 
THEN E also contains the triple (?x, rdf : type, ?v) 

which is the essential definition of the meaning of rdfs: subClassOf. 

4. IF 
E contains the triples (?x, ?p, ?y) and (?p, rdfs.: range, ?u) 
THEN E also contains the triple (?y, rdf : type, ?u) 

This shows that range definitions in RDF Schema are not used to restrict the range of a property, but rather to infer the membership of the range. 

The total set of these closure rules is no larger than a few dozen and can be efficiently implemented without sophisticated theorem-proving technology. 
Querying in RQL 
why we need a new query language instead of using an XML query language. 
· XML is located at a lower level of abstraction than RDF. This fact would lead to complications if we were querying RDF documents with an XML-based language. 
· A better way is to write queries at the level of RDF. An appro​priate query language must understand RDF, that is, it must understand not only the syntax but also the data model of RDF and the semantics of RDF vocabulary. 

· In addition, a query language should also understand the semantics of RDF Schema. 
Basic Queries 

· The query Class retrieves all classes, and the query Property retrieves all properties. To retrieve the instances of a class, for example, course, we write “course” 

· This query will return all instances of the subclasses of course, too, which is perfectly correct.
· if we do not wish to retrieve inherited instances, then we have to write “Acourse”

· The resources and values of triples with a specific property, for example, involves, are retrieved using simply the query involves. 
· The result in​cludes all subproperties of involves, for example, it retrieves also inherited triples from property isTaughtBy. 
· If we do not want these additional re​sults, then we have to write ^involves instead.
Using select-from-where 
As in SQL, 

· select specifies the number and order of retrieved data 

· from is used to navigate through the data model 

· where imposes constraints on possible solutions 

· For example, to retrieve all phone numbers of staff members, we can write 

select X,Y

from {X}phone{Y}

Here X and Y are variables, and {X} phone {Y} represents a resource ​property-value triple.
· To retrieve all lecturers and their phone numbers, we can write: 

select X,Y 

from lecturer{X}.phone{Y} 

Here lecturer{X} collects all instances of the class lecturer, and binds the result to the variable x. 
The second part collects all triples with predicate phone. But there is an implicit join here, in that we re​strict the second query only to those triples, the resource of which is in the variable X; in our example, we restrict the domain of phone to lecturers. A dot denotes the implicit join. 

· We demonstrate an explicit join by a query that retrieves the name of all courses taught by the lecturer with ID 949352. 

select N 

from course{X}.isTaughtBy{Y}, {C}name{N} where Y="949352" and X=C 

Apart from = there exist other comparison operators. For example, X<Y means "X is lower than y". In case X and Y are strings, X comes before Y in the lexicographic order. If X and Yare classes, X is a subclass of Y. 

Querying the Schema 

· RQL allows us to retrieve schema information. Schema variables have a name with prefix $ (for classes) or @ (for properties). 
· For example,
select X,$X,Y,$Y 

from {X:$X}phone{Y:$Y} 

· retrieves all resources and values of triples with property phone, or any of its subproperties, and their classes. 
· These classes may not coincide with the defined domain and range of phone, because they may be sub​classes of the domain or range. For example, given 

phone("949352", "5041 ") type("949352 ",lecturer) subclass(lecturer,staffMember) domain( phone,staffMember) range(phone,literal) 

we get ("949352 ",lecturer, "5041 ",literal) 

although lecturer is not the domain of phone. 

The domain and range of a property can be retrieved as follows: 

select domain(@P} ,range(@P} from @P 

where @P=phone 
Web Ontology Language: OWL

The Web Ontology Working Group of W3C1 identified a number of characteristic use-cases for the Semantic Web that would require much more expressiveness than RDF and RDF Schema offer. 

Ontology languages
Ontology languages allow users to write explicit, formal conceptualizations of domain models.
Requirements for Ontology languages

 well-defined syntax: 


Efficient reasoning support 


Formal semantics


Sufficient expressive power 

Convenience of expression. 

Why not RDF?

The expressivity of RDF and RDF Schema very limited: RDF is (roughly) limited to binary ground predicates, and RDF Schema is (roughly) limited to a subclass hier​archy and a property hierarchy, with domain and range definitions of these properties. 

Features that are missing in RDF

· Local scope of properties. rdf s : range defines the range of a property, say eats, for all classes. Thus in RDF Schema we cannot declare range restrictions that apply to some classes only. For example, we cannot say that cows eat only plants, while other animals may eat meat, too.
 

· Disjointness of classes. Sometimes we wish to say that classes are disjoint. For example, male and female are disjoint. But in RDF Schema we can only state subclass relationships, e.g., female is a subclass of person.
· Boolean combinations of classes. Sometimes we wish to build new classes by combining other classes using union, intersection, and complement. For example, we may wish to define the class person to be the disjoint union of the classes male and female. RDF Schema does not allow such definitions. 

· Cardinality restrictions. Sometimes we wish to place restrictions on how many distinct values a property may or must take. For example, we would like to say that a person has exactly two parents, or that a course is taught by at least one lecturer. Again, such restrictions are impossible to express in RDF Schema. 

· Special characteristics of properties. Sometimes it is useful to say that a property is transitive (like "greater than"), unique (like "is mother of"), or the inverse of another property (like "eats" and "is eaten by"). 

OWL

We need an ontology language that is richer than RDF Schema, a lan​guage that offers these features and more. 

In designing such a language one should be aware of the trade-off between expressive power and efficient rea​soning support. Generally speaking, the richer the language is, the more inefficient the reasoning support becomes. 
Compatibility of OWL with RDF/RDFS 

Ideally, OWL would be an extension of RDF Schema, in the sense that OWL would use the RDF meaning of classes and properties (rdfs: Class, rdfs: subClassOf, etc.) and would add language primitives to support the richer expressiveness required. Such an extension of RDF Schema would also be consistent with the layered architecture of the Semantic Web 
First Ontology language

A number of research groups in both the United States and Europe had al​ready identified the need for a more powerful ontology modeling language. 

This led to a joint initiative to define a richer language, called DAML+OIL 

DAML+OIL in turn was taken as the starting point for the W3C Web On​tology Working Group in defining OWL, the language that is aimed to be the standardized and broadly accepted ontology language of the Semantic Web. 
