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Abstract— The Semantic Web is a concept that enables
better machine processing of information on the Web, by
structuring documents written for the Web in such a way
that they become understandable by machines. This can
be used for creating more complex applications (intelligent
browsers, more advanced Web agents), global databases
with data from the Web, reuse of information, etc. Se-
mantic modeling languages like the Resource Description
Framework (RDF) and topic maps employ XML syntax
to achieve this objective. New tools exploit cross domain
vocabularies to automatically extract and relate the meta
information in a new context. Web Ontology languages like
DAML+OIL extend RDF with richer modeling primitives
and provide a technological basis to enable the Semantic
Web. In this paper we give a review of the basic ideas and
principles of the Semantic wWeb, as well as tools used,
and their comparison.

Index Terms— semantic web, web ontologies, XML,
RDF

I. THE WORLD WIDE WEB TODAY

T He role of computers and the Internet in the world
today is enormous, with a tendency to grow. The

World Wide Web is easily used for presenting, exchang-
ing, and finding information, and for these reasons there
is already a large number of information there.

Statistics say that in the end of the year 2002 five
million people were using the Internet, and three billion
pages were placed on the Web. This means a lot of users
and a lot of information to be used.

On the other hand, a lot of problems appeared,
especially in handling this large amount of information.
One is theformat crisis– information from a database
could not be presented well on the Web automatically,

without altering the format, and data placed on the Web
could not be directly put into databases. This crisis is
mostly solved using XML. Next came theschema crisis
– data types could not be introduced, so there was little
possibility to check the validity of information in XML.
This crisis is solved with the XML Schema language.
Next comes thesemantic crisis– information can not
be related to each other, to the context, especially across
different web applications. This is to be solved by RDF.

Another problem is how do we find information on
the Web? Usually by giving keyword(s) to the browser
(i.e. Google), that returns pointers to web pages, con-
taining the keyword you entered. This browser or a
search engine sees everything on the Web only as strings
of text, without any meanings (it only searches for sub
strings corresponding the entered keywords). The only
thing that a search engine can do more is to realize
which strings are links to other pages, to follow the
statistics of the number of visits or links to pages, and
rank them accordingly, but still it has no understanding
of the information.

This complicates even more if you need a more
complex query, for example list of hotels that accept
payment over the Internet, or if you need to act on the
Web, to exchange information, to automatically extract
relationships among information, like for companies to
do business deals over the Internet, and other tasks in
the areas of e-Business, e-Banking, e-Government, e-
Learning.

II. T HE SEMANTIC WEB V ISION

The idea of the Semantic Web is to enable the storing
of information in a way that it can be later found
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(the information, and not the pointers to web pages
containing the information), and to enable realizing
the relation among information (not only in one web
application, but across many applications).

After a large number of information is placed on
the Web in this way, then there will be a possibility
to write intelligent web agents, which will find and
relate information on the web so that they can return the
answer to the user. Agents will need reasoning in order
to decide how much is certain information relevant to
the user query, how much is this information outdated,
what is its source and credibility, and the level of trust
for this information. So information on the web need to
be put in the space-time context, and logic needs to be
introduced, so that generating of proofs can be possible.

In order to help introduce semantics and meaning into
the Web, many techniques and frameworks are being
developed to help computers understand information on
the Internet.

III. SEMANTIC WEB DEFINITION

A Definition of the Semantic Web – the Semantic
Web is an extension of the current web in which infor-
mation is given well-defined meaning, better enabling
computers and people to work in cooperation – is given
by Tim Berners-Lee, James Hendler, and Ora Lassila,
in [9].

Tim Berners-Lee, also the inventor of HTML and
WWW, is one of those who first thought of the idea of
Semantic Web, which is to help computers and people
work cooperatively, effectively, scalable, with trust. He
sees the future Web as “One big formula rather than
one big book”.

• Why do we need Semantic Web?

- To enable more advanced automated processing on
the Web, which means that machines could “under-
stand” the content

- Intelligent browsers to help you find what you
are looking for, and also Web agents which you can
program to observe, act, and react on the Web as a
community of such agents and services.

- To use the large amount of information on the Web
more effectively.

-To derive new information from existing information
(reasoning) - Virtual global database, everyone on the
Web could make their own databases with the source
being a large number of information available from the
Internet.

- Advanced applications and services become possi-
ble, e.g. in e-Business, e-Government, e-Learning, etc.

Here are some of the examples already proposed.
Context-awareness would be linking on the WWW

based on the meaning of the information elements, you

could highlight certain word or set of words and get
intelligent linking to other Web pages, for example you
highlight a word Tahiti, and get a possibility to see a
map of the region, some information on the inhabitants,
climate, history, book a hotel there, etc.

Annotations - you could add comments to the infor-
mation on the Web, and these comments can be shown
to other visitors, so you could say you do not agree with
the information given on a certain page, or you agree
with some ideas on a page.

Personalization - you can create your own database
of information from the Web; make it your personal
Web.
• How can we achieve this?
By using semantic metadata – data about data, that

contain the information about a document (these data
would actually state for example that Mark Twain is a
writer or that Greece is a country). Next step is defining
vocabularies of these metadata (with RDF-Schema, later
explained) to enable general understanding (machine
understanding). One of the platforms used is RDF
XML, RDF with the XML syntax, as will be explained
later in the book. Beyond that web ontology languages
offer a possibility to automatically extract and relate the
Meta information in a new context.

The most bottom layer, or the foundation layer is
URIs, or the ability to name anything on the web
with a unique name and to publish this naming on the
web (namespaces). Next layer is XML or information
structuring (and data types). On top of that is relat-
ing information or semantics (RDF) and vocabularies,
which collect the semantics (Schema). On top of that is
building the systems of knowledge (ontology) by further
restricting and relating information. After comes logic
which enables generating proofs. Together with digital
signatures this enables web of trust.

The building blocks of this model are URIs, Uniform
resource Identifiers. This is a unique name for every-
thing. For example, http://library.com/ulix is a unique
name for a resource Ulix. Using URIs and metadata we
can describe documents in XML. We can use XML
(Extensible Markup Language) and RDF (Resource
Description Framework) syntax for defining data and
metadata.

After the metadata is defined, the goal is to de-
velop organized vocabularies of metadata (ontology) to
enable general machine understanding. Web ontology
languages and mechanisms that automatically extract
and relate the metainformation are the tools to generate
such vocabularies.

IV. PRINCIPLE IDEAS BEHIND THE SEMANTIC WEB

Everything identifiable is on the Semantic Web:
This means that anything can be identified
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with an URI, and not only objects existing
solely on the Internet. For example we can
give URIs to text, music, pictures, and other
non-digital objects.

The principle of least power:
The less rules, the better. There is no censor-
ship, so anything can be placed on the Web.
This gives a lot of freedom to people putting
information on the web, and so there are
possibilities that cannot be found otherwise.
The drawback of this is the inconsistency
of information on the Web. Lack of control
enables the existence of opposite information
about the same thing.

Evolution:
To enable combining independently designed
modules. Evolution means building the new
techniques on top of old ones, without altering
them, and using such description techniques
that can develop with the development of
human understanding.
Partial understanding means that when design-
ing the future of web we need to account for
the fact that not everything can be understood
there, that perhaps the chain of linking in-
formation may break and that the computer
will not understand something.com/mypage
and needs to cope with this. Transformability
means that the information is represented in
different ways and that there must be a way
to transform information from one platform to
another.

Minimalist Design:
The point is to make applications as simple as
possible. Simplicity helps future evolution of
Semantic Web.

Inference:
Deriving new data from the existing ones.
Merging data repositories gives new informa-
tion. Allows the creation of more powerful
applications (intelligent agents).
Unfortunately, inference can be achieved com-
pletely only when the semantics is defined for-
mally in a language e.g. ”First Order Predicate
Logic“ languages.

Repurpose of data:
The data you publish can be used for many
different purposes.

Anyone can create a language:
By publishing a RDF that describes a set
of URIs, and everyone with a generic RDF
processor can use this language. This helps the
expansion and evolution of Semantic Web.

V. XML T ECHNOLOGIES FOR THESEMANTIC WEB

XML (eXtensible Markup Language) is a text-based
Meta language format for data exchange. It provides
a pathway to transfer data easily between dissimilar
applications and servers.

Markup identifies structures in the document
(<p></p>), and elements are written between the start
tag (<p>) and the end tag (</p>).

We specify the names of these tags in DTD – which
specifies the structure of XML files, or XML Schema
– which adds types to XML.

We query XML documents with XML Query – a
typed query language for XML documents.

In the following example (song.xml) we will describe
songs, including the artist that performs them or is their
author, their genre, and if they can be downloaded from
the WWW:

<song>
<title>Gipsy song</title>
<artist>Vlatko Stefanovski</artist>
<genre class=“ETHNO” />
<download class=“YES”/>
<comments/>

< /song>

Document Type Definition or DTD defines which el-
ements and attributes can be used in the XML document
and how. A DTD which defines markup for songs.xml
is Music.dtd:

<!ELEMENT song (title, artist, album?, type, for-
mat?, download, comments?)>
<!ELEMENT title (#PCDATA)>
<!ELEMENT artist (#PCDATA)>
<!ELEMENT type EMPTY>
<!ATTLIST genre class (CLASSICAL| ROCK | POP
| RAP | JAZZ | TECHNO | ETHNO) #REQUIRED>
<!ELEMENT download EMPTY>
<!ATTLIST download class (YES| NO) ”YES”>
<!ELEMENT comments (#PCDATA)>

XML Schema defines a class of XML documents.
It defines (explains) the data types, elements, and at-
tributes, defines and catalogues vocabularies for classes
of XML documents. The schema language considerably
extends the capabilities of XML 1.0 document type def-
initions (DTDs), most importantly with data types. This
is a part of XML schema MusicAlbum.xsd describing
and constraining a type of music album element:

<xsd:element name=“Musicalbum” type=“MusicalbumType”/>
<xsd:element name=”comment” type=”xsd:string”/>
<xsd:complexType name=“MusicalbumType”>

<xsd:sequence>
<xsd:element name=“title” type=“xsd:string”/>
<xsd:element name=“contains” type=“song”/>
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<xsd:element ref=”comment” minOccurs=”0”/>
<xsd:element name=“publisher” type=“xsd:string”/>

< /xsd:sequence>
<xsd:attribute name=“PublishDate” type=”xsd:date”/>
< /xsd:complexType>

VI. D EFINING VOCABULARIES WITH RDF

How much “semantics” do we get from XML?
XML 1.0 (and DTDs) is one language for structures

and the rules to agree on (one) structure. Namespaces
are powerful means to disagree on structures. XML
Schema and Xquery are more expressive languages for
structures. Simple types are the basis for interoperable
operational semantics, and complex types are the basis
for top down reuse of vocabularies. With XML we can
query and transform information.

What do we NOT get from XML?
Superimposing (meta) information: XML combines

met information and content. Also, we do not have data
types that we can “reason” about.

Example:
CLASSICAL | ROCK | POP | RAP | JAZZ |

TECHNO | ETHNO is just a choice of allowed strings.
We cannot represent that DIXIE is a subclass of JAZZ,
BLUES overlaps with ROCK, ETHNO. Another ques-
tion is how you model an “address”?

There is a need to put data in a form that can be used
by machines across the web. Since data is different, it is
not possible to have a standard for defining data. There
is a possibility of having the standard for description
of metadata. Interpretation depends on the context of
a resource e.g. Jaguar (car vs. beast). Using their
experience and cognitive abilities humans may infer
the context of a resource in many ways when if it is
not made explicit. Software can interpret context only
if it is described explicitly and formally. RDF and the
ontology languages building upon RDF provide means
to explicate (part of) this context.

Motivation for RDF is that RDF instances should
not depend on the syntax. There is a possibility for
reification, designing collections of objects, and in RDF
Schema for defining your own vocabularies.

RDF - Resource Description Framework defines a
framework for structuring and describing resources, like
documents, in the Semantic Web. It enables the defi-
nition of vocabularies for the description of resources
in an application domain. It is not a programming
language, but a general framework that helps define
metadata. The idea of RDF is to provide a mechanism
for describing the data that is independent of the do-
main, so it can be used across all domains.

Goals of RDF are extensibility, interoperability, reuse
of vocabularies, and improved support for interpretation
of data by machines.

The RDF Data Model is a simple but powerful data
model for the description of resources and the creation
of metadata. RDF statements are equal if and only if
their model representations are the same. It consists of
three core concepts:

- Resource
- Property
- Statement
+ Class (in RDF Schema)
It is similar to other modeling approaches (e.g.

object-oriented modeling), but property-centric, not
class-centric. You can define different types of attributes
or properties, whereas object-oriented approaches have
a class-centered approach where all instances of a class
have the same set if attributes. RDF is more similar to
the entity – relationship model, since it has the property
- value pairs.

An RDF Resource forms the central concept in
RDF. Anything that can be described can act as a
resource: Web page, part of web page, web site, book,
photograph, person, . . . Resources are identified by a
resource identifier - URI (plus optional anchor IDs). We
can compare it to an entity (in the Entity Relationship
model), and partially to an object (in an object- oriented
model).

An RDF Property is used to express a characteristic
of a resource or a binary relation between resources. It is
a predicate in a statement. A property can be compared
to a (binary) relationship among entities (in the Entity
Relationship model).

Statement consists of:
- Subject S (which is resource),
- Predicate P (which is property), and an
- Object O (which is resource or literal)
These are called triplets.
The idea here is to copy the logic from human

languages, where main constituents of a sentence are
subject, predicate and object. So the computers will
understand the basic sentence, and therefore the basic
communication of humans, that already exists on the
Web.

The characteristics of RDF are that anyone can invent
a property, since RDF Statements can be converted
into XML, they are easy for us to interchange, RDF
statements are simple, three-part records (Resource,
Property, value), so they are easy to handle.

RDF is modeled by graphs. Each triple (S, P, O) node
– arc – node represents an RDF statement. Labeled,
directed graph is the basic abstract syntax for RDF.
Graph is actually a set of URIs.

Example: “Gipsy song is performed by Vlatko Ste-
fanovski”, written in RDF would be:
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<rdf:RDF>
<rdf:Description

about=”http://www.music.org/songs/gipsySong ”>
<s:Performer>

http://www.artist.org/stefanocski
< /s:Performer>

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

Two important concepts of RDF semantics are reifi-
cation and collections.

Reification (indirect speech) Latin: Res ... Thing ->
Reification ... “Thing Making“. Statements themselves
can be considered as resources (things) in RDF. Thus,
it is possible to make statements about statements.
This is reification. Possible applications for this are
definition of a context for a statement with respect to
time, place, validity, . . . Embed a statements into a
discourse (claims, doubts, proofs of statements). . . To
put it into RDF, we have to model the original statement
as a resource with four properties. This process is
called reification. To model statements RDF defines
the following properties: Subject, Predicate, Object, and
Type. The value of thetypeproperty describes the type
of the new resource. All reified statements are instances
of RDF:Statement; that is, they have atype property
whose object is RDF:Statement.

Example of how reification is used:

Statement A:<sonata XY> <composer> <Mozart>
Statement B:<music expert A> <claims> <statement A>

<music expert C> <doubts> <statement A>

RDF Collections are another very important concept
of entering semantics. There are certain collections
of objects or individuals, where we want to refer to
this collection instead of referring to the group of
individuals. For example a rock band is a group of
musicians, but it functions as an entity and we want
to refer to the band and not to the people in the band.

An RDF Container models a collection of resources.
The RDF model supports three types of contain-

ers: Bag – an unordered list of resources or literals.
Sequence - an ordered list of resources or literals.
Alternative - a list of resources or literals that represent
alternatives for the (single) value of a property.

An example of RDF collection of arias in the opera
Zauberflote written in XML syntax:

<rdf:RDF>
<rdf:Description

about=“http://www.operas.org/Zauberflote”>
<music:arias>

<rdf:Sequence>
<rdf:li resource=“. . . /Aria1”>
<rdf:li resource=“. . . /Aria2”/>

<rdf:li resource=“. . . /Aria3”/>
<rdf:li resource=“. . . /Aria4”/>

< /rdf:Sequence>
< /music:arias>

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

The RDF data model itself provides no mechanisms
for describing the properties, nor does it provide any
mechanisms for describing the relationships between
the properties and other resources.

The RDF vocabulary description language defines
classes and properties that can be used to describe other
classes and properties. The RDF vocabulary description
language, RDF Schema, stresses reuse and extension
of existing schemata and semantic enrichment by con-
cept hierarchies. It enables statements on the schema
level to define classes of resources, define relationships
between these classes, define the kinds of properties
that instances of that classes have, define relationships
between properties to restrict possible combinations of
classes and relationships/properties and allows mixing
of schemata. RDF Schema specifies some mechanisms
needed to define elements, to name the classes of
resources they may be used with, to restrict possible
combinations of classes and relationships, and to help
detect violations of those restrictions.

RDF core classes are:rdfs:Resource - all things
described by RDF are calledresources, and are mem-
bers of the class rdfs:Resource;rdfs:Literal - property
values such as textual strings are examples of RDF
literals; rdfs:Class – this corresponds to the concept of
a typeor categoryof resource. RDF class membership
is used to represent types or categories of resource;
rdf:Property - rdf:Property represents resources which
are RDF properties.

RDF core properties are:rdf:type - indicates that
a resource is a member of a class. When a resource
has an rdf:type property whose value is some specific
class, we say that the resource is aninstance of the
specified class;rdfs:subClassOf - represents a special-
ization relationship between classes of resource. It is
transitive.rdfs:subPropertyOf is used to specify that
one property is a specialization of another.

Restrictions on properties arerdfs:range - used to
indicate which class(es) must the values of a property
be members of.rdfs:domain is used to indicate which
class(es) can have their members be a resource of the
indicated property.

RDF contributes in different ways to interoperability
between resource descriptions in the Web. RDF makes
the publication of a Schema in the Web and references
to this Schema easy (URI, XML Namespace). The goal
is to refer to the same Schema/Vocabulary.
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RDF enables mixing different Schemata into one
RDF document. The goal here is rather to combine
several existing schemata than to write your own pro-
prietary one. RDF supports the systematic extension of
existing Schemata. The goal - when defining your own
schema, you can reuse existing schemata.

VII. C ONCLUSION

The real power of the Semantic Web will be realized
when people create many programs that collect Web
content from diverse sources, process the information
and exchange the results with other programs (web
agents). Even agents that were not expressly designed
to work together can transfer data among themselves
when the data come with semantics. A typical process
will involve the creation of a “value chain” in which
subassemblies of information are passed from one agent
to another, each one ”adding value,” to construct the
final product requested by the end user.

APPENDIX

As an application of Semantic Web ideas we mention
Artshop Gallery, a joint project of Fraunhofer IPSI and
IPSI Belgrade. Artshop Gallery is a portal for artists
with a possibility of generating custom 3D exhibitions
and galleries, shopping cart, user profiles, etc. Artshop
system is written in ASP.NET using C# as code-behind.
It communicates with the underlying database via a de-
fined XML schema (XSD). Dynamical 3D surrounding
I generated with VRML. The system provides image-
content-oriented search for the MM Showroom system
with the appropriate XML meta information tagging.
Image content analysis and creation of semantic tags
based on combinations of image features is done au-
tomatically. The implemented mechanisms include ef-
ficient syntax analysis for efficient processing resulting
in good system response time. This enables intelligent
search and recognition of paintings, a service made
using the principles and techniques of Semantic Web. It
works by mapping the multimedia object (painting as a
2D object, sculpture as a 3D object, etc) concepts into
semantic concepts (for example object in the sky). For
details seehttp://www.ipsi.co.yu/
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