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ABSTRACT:Semantic Webapplication areas are expe-
riencing intensified interest due to the rapid growth in the
use of the Web, together with the innovation and renovation
of information content technologies. The Semantic Web is
regarded as an integrator across different content and infor-
mation applications and systems, and provide mechanisms
for the realisation of Enterprise Information Systems. The
rapidity of the growth experienced provides the impetus for
researchers to focus on the creation and dissemination of in-
novative Semantic Web technologies, where the envisaged
’Semantic Web’ is long overdue. Often the terms’Seman-
tics’, ’metadata’, ’ontologies’and’Semantic Web’are used
inconsistently. In particular, these terms are used as every-
day terminology by researchers and practitioners, spanning
a vast landscape of different fields, technologies, concepts
and application areas. Furthermore, there is confusion with
regards to the current status of the enabling technologies
envisioned to realise the Semantic Web. In this paper we
chart the Semantic Web landscape and provide a brief sum-
mary of related terms and enabling technologies. We also
use the architectural model proposed by Tim Berners-Lee
as basis to present a status model that reflects current and
emerging technologies.

I. I NTRODUCTION

The Semantic Web is regarded as a means to integrate
different content and information applications and systems.
The technologies specified to realise the Semantic Web pro-
vide several mechanisms that might find application areas
within the domain of Enterprise Information Systems.’Se-
mantics’, ’metadata’, ’ontologies’and ’Semantic Web’are
terms used regularly in the vernacular of IT researchers and
are also frequently employed by IT practitioners active in
these different applied research fields. These terms span
various domains, technologies and concepts owing its in-
ception to different histories. Commonality is however pre-
sented by management, usage and interpretation of data, as
well as the extraction and manipulation of metadata (data
about data).

It is plausible to speculate that the indiscriminate use of
terminology surrounding the Semantic Web is confusing for
any interested reader and it might require effort to enable a
person to become familiar with the meanings and implica-
tions of these terms and their related technologies.

In this paper we chart the Semantic Web technology
landscape and discuss the appropriate terms together with
its history and relation to other important concepts in sec-
tion II. In particular, we investigate the underlying archi-
tecture that will facilitate the founder vision of the Seman-
tic Web as proposed by Berners-Lee [Berners-Lee et al.,
2001; Berners-Lee, 2003]. As a result of this investigation
we suggest a Semantic Web status model (adapted from
Berners-Lee’s proposed model) reflecting the current sta-
tus.

In section II we provide the reader with a valuable start-
ing point to assimilate Semantic Web terminology and as-
sociated concepts. This is followed by a status model that
reflects the refinements imposed by the status quo of cur-
rent technology in section III. We are of the opinion that
our adaptation may provide valuable insight into the limi-
tations of the technologies currently supporting this layered
model. We conclude the paper with some comments on fu-
ture research in section IV.

II. T HE SEMANTIC WEB

The Semantic Web is an information space used byma-
chinesrather thanhumans. Instead of processing and ma-
nipulating Web information, a user would have a personal
agenton his/her computer that would solve problems re-
lated to information overload, acquisition and discrepancy
resolution [Decker et al., 2000a]. Once an agent has ex-
ecuted the first level of information management, a user
would access or manipulate the results.

In 2001 Tim Berners-Lee [Berners-Lee et al., 2001] in-
troduced a vision of the new Web referred to as theSeman-
tic Web(presented in Figure 1 with added ’Layer’ captions
for reference purposes). Several Semantic Web authors re-
fer to and even adopt this model to be the Semantic Web ar-
chitecture of choice [Hendler, 2001; Fensel, 2002b; Patel-
Schneider and Fensel, 2002; Thuraisingham, 2003; Anto-
niou and von Harmelen, 2004]. In 2003 Berners-Lee pro-
posed a subsequent architecture [Berners-Lee, 2003] (pre-
sented in Figure 2 with corresponding added ’Layer’ cap-
tions as used in Figure 1), but since this architecture has not
been adopted to the same extent by Semantic Web authors,
we include both the original as well as the adapted model in
this discussion. In both these models of the Semantic Web,
a higher level layer language use the syntax and semantics
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of its lower level layer.
In sections II-A through II-G we consider the different

layers, as presented in Figures 1 and 2, together with its as-
sociated technologies. In the discussion of each layer we
provide a brief description of the residing technologies as
well as references to significant work on the relevant topic.
In sections II-H and II-I we give a brief discussion of dig-
ital signatures and encryption, which serves as identifica-
tion authentication as well as security mechanisms for lay-
ers three to six.

A. Layer 1

Layer 1 in both models comprises Unicode and URI
(Uniform Resource Identifier) technologies. The function
of these technologies is to provide a unique identification
mechanism for upper language technologies.

A.1 Unicode:

Unicode aims to uniquely identify the characters in all
the written languages by assigning a unique number to each
character. The Unicode Standard (Universal Character Set,
Unicode/ISO10646) specified by the Unicode Consortium
is the universal character encoding standard used for rep-
resentation of text for computer processing. This standard
supports three encoding mechanisms, UTF-8, UTF-16 and
UTF-32, allowing the same data to be encoded in a byte,
word or double word format.

The emergence of the Unicode standard and the avail-
ability of supporting tools are amongst the most significant
recent global software technology trends. Unicode replaces
the use of legacy character sets and it allows data and text
to be exchanged internationally between different systems.
Useful References- [Bettels and Bishop, 1993; Unicode,

2004]

A.2 URI:

A URI (Uniform Resource Identifier), defined as a com-
pact string of characters that can be extended, is used to
identify an abstract or physical resource. Aresourceis de-
fined as an entity that has identity. The general URI spec-
ification of the IETF (Internet Engineering Task Force) is
known as RFC2396. URLs (or Uniform Resource Loca-
tors) are a subset of URI that specifically identify resources
by using their network ’location’ rather than identifying the
resource by name or by other attributes.

The Semantic Web would be impossible without global
identification and hence the use of URIs. The future expan-
sion of URIs into IRIs will ensure that a resource can be
identified across language and character encoding bound-
aries and any discussion about ’meaning’ has to uniquely
identify the objects or resources of the discussion.
Useful References- [Berners-Lee et al., 1998; IETF,

2004; W3C, 2003, 2004e]

B. Layer 2

Layer 2 comprises of Namespaces, XML (Extensible
Markup Language) as well as XML Schema technologies
(Figure 1). In Figure 2, XML Schema was omitted, but it
is clear from the discussion by Berners-Lee [2003] that it is
included under the ’XML’ caption as a technology of layer
two. The function of these technologies is to provide a self-
describing syntax for the upper layer language technolo-
gies. We acknowledge the existence of DTD (Document
Type Declaration) as XML originally used DTD as a val-
idation mechanism, however, DTD was replaced by XML
Schema and a discussion of DTD is thus excluded.

B.1 Namespaces:

Namespaces (NS) provide a simple method for qualify-
ing element and attribute names used in XML documents.
Namespaces are identified by URI references. The W3C
Namespace Recommendation [Bray et al., 1999] defines an
XML namespace as a collection of names, identified by a
URI reference [RFC2396], which are used in XML docu-
ments as element types and attribute names.

Useful References- [Bray et al., 1999, 2004; Srivastava,
2004; XML.com, 2005]

B.2 XML:

XML (Extensible Markup Language) specifies a stan-
dard for the exchange of data over networks, notably the
Web. XML is considered to be both ametalanguageand
a markup language. XML as metalanguage allows for
the specification of the content of documents according to
a predefined and specific structure. All documents con-
forming to this specification will have the same structure
or represent data items in the specified structure. In ad-
dition, XML as markup language allows for the insertion
of markup tags into text to define the logical structure of
a document, or to add information regarding information
contained in a document (metadata).

An XML document is atext document which in itself
does not have any functionality. It is used only to describe
data, information or metadata. Thus, XML is a means for
defining common grammars to enable data exchange. It
does not specify semantics, all partiesmust agreeon the
data model and document structure for XML data exchange
to be successful. If an XML grammar is accepted as a stan-
dard for data exchange, any XML parser can parse the XML
data and access the content if it is a valid XML document. It
is however difficult to re-engineer the data model from any
given XML document if the document type specification is
not available.

Useful References- [Bray et al., 1999, 2004; Decker
et al., 2000a; McKinnon and McKinnon, 2003; W3C, 2005;
XML.com, 2005]
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B.3 XML Schema:

An XML schemais an XML document defining the con-
tent and structure of one or more derived XML documents.
Generally, aschemais a model for describing the structure
and content of data. XML Schema is a content modelling
language as well as an application ofXML that applies only
to XML-related languages and documents. In particular, an
XML Schema describes a model for a whole class of XML
documents. The model describes the possible arrangement
of elements, their attributes and text that would be present
in a schema-valid document.

Useful References- [Carey, 2003; Decker et al., 2000a;
McKinnon and McKinnon, 2003; Mertz, 2001; Palmer,
2001; Srivastava, 2004; W3C, 2001a,b,c, 2004f, 2005]

C. Layer 3 / Layers 3a and 3b

RDF (Resource Descriptive Framework) and RDF
Schema technologies reside on Layer 3 (refer to Figures
1 and 2). The function of these technologies is to provide
a metadata description mechanism for the upper language
technologies. With the positioning of RDF Schema, Layer
3b, above RDF M&S (Model and Syntax), Layer 3a, in Fig-
ure 2, Berners-Lee [2003] emphasises the importance of a
vocabulary description mechanism on top of the RDF data
model as part of the Semantic Web language stack.

C.1 RDF:

The purpose of RDF (Resource Description Framework)
is to declare metadata that is machine-processable. RDF
provides a mechanism to declare statements that describe
resources by means of a basic data model. Astatementde-
scribes an entity (resource) in terms ofproperties, which
havevalues. Furthermore, an RDF statement is a subject,
predicate, object triple [Decker et al., 2000b; Dong et al.,
2004; W3C, 2004b]. Thesubject is the resource of the
statement. Thepredicateis the property or characteristic
of the subject specified by the statement (examples include
creator, creation-date, or language), and the value of the
property is theobject.

In terms of the Semantic Web, the basic object-attribute-
value data model is the only semantics prescribed in the
RDF specifications. RDF has no other data-modelling com-
mitments and specifies no reserved terms for further data
modelling or no other mechanisms for declaring property
names. For semantic interoperability RDF has significant
advantages over XML primarily because of the data model
used.

Useful References- [Beckett, 2004a,b; Brickley and
Guha, 2004; Broekstra et al., 2002; DCMI, 2005; Decker
et al., 2000a,b; Dong et al., 2004; Grant and Beckett, 2004;
Hayes, 2004; Palmer, 2001; W3C, 1999, 2004b,c]

C.2 RDF Schema:

RDF Schema specifies extensions to RDF that are used
to define the common vocabularies in RDF metadata state-
ments. RDF itself provides the data model and does not pre-
scribe any application-specific classes and properties. This
is accomplished by RDF Schema. RDF Schema provides a
predefined, basic type system for RDF models, thus extend-
ing RDF by assigning an externally specified semantics to
specific resources. RDF Schema expressions are valid RDF
expressions, and therefore RDF Schema is a semantic ex-
tension of RDF [Broekstra et al., 2002; Hayes, 2004]. Soft-
ware that can interpret RDF can also be used to interpret an
RDF Schema implementation; although it will not attach
the intended meaning to the built-in schema definitions.

The RDF vocabulary description strategy contained in
RDF Schema acknowledges that there are many techniques
that enabledescription of meaningof classes and proper-
ties. To extend the description of meaning, ontology lan-
guages (such as DAML+OIL, OIL and OWL), inference
rule languages and other formalisms are used.
Useful References- [Beckett, 2004a,b; Berners-Lee et al.,

2001; Brickley and Guha, 2004; Broekstra et al., 2002,
2001; Decker et al., 2000a,b; Dong et al., 2004; Grant and
Beckett, 2004; Hayes, 2004; Palmer, 2001; W3C, 1999,
2004b,c]

D. Layer 4 / Layers 4a and 4b

In Figure 1 ’Ontology vocabulary’ is depicted on Layer
4, whilst this layer is separated as ’Ontology’, Layer 4a,
and ’Rules’, Layer 4b, in Figure 2. In Figure 2, Berners-
Lee [2003] acknowledges that an ontology is aknowledge
representation languagecapturing the syntax (ontology) as
well as the semantics (rules) of a specific domain [McGuin-
ness et al., 2002; McGuinness and van Harmelen, 2004].
Currently, OWL is the W3C technology representing an
’Ontology vocabulary’ or ’Ontology’ associated with this
layer, whilst W3C research efforts aim to establish the tech-
nologies required for the implementation of the ’Rules’ to
be contained in this layer [Horrocks et al., 2005].

It is noted that the terminology on this layer differs from
the three preceding layers, because thefunctionalityrather
than thetechnologyis mentioned.

D.1 Ontology Vocabulary / Ontology:

An ontology specifies a machine readable vocabulary in
computer systems technology descriptions. Ontologies as-
sist in creating a common understanding for communica-
tion between people and computer applications. Generally
it is defined as a shared, formal, explicit specification or
conceptualisation of a particular domain [Broekstra et al.,
2001; Decker et al., 2000a; Heflin and Hendler, 2001].

It is envisioned that ontologies will play a crucial role in
knowledge processing, sharing, and reuse between Web ap-
plications. On the Semantic Web, ontologies may be used

 
 
 
                                                                                                 475 



4

in applications required to search across, or merge informa-
tion from diverse communities.

In early 2001 the W3C initiated a Web-Ontology Work-
ing Group (WebOnt) in order to consolidate existing Web
ontology efforts (notably OIL and DAML+OIL [DAML,
2005; On-To-Knowledge, 2005]) into a Web Ontology Lan-
guage. OWL extends RDF Schema in order to express
complex relationships between different classes specified
in RDF Schema, as well as to enhance the specification
of constraints applicable to classes and properties. OWL
specifies three sub-languages of increasing expressiveness
[Bechhofer et al., 2004; McGuinness and van Harmelen,
2004; Smith et al., 2004]. These language are OWL Lite,
OWL DL and OWL Full. Ontology designers should select
the most appropriate version.

The OWL language provides a specific subset in the form
of OWL DL to support existing DL (Description Logics)
and to provide a language subset that possesses the com-
putational properties required for reasoning systems [Bech-
hofer et al., 2004; McGuinness and van Harmelen, 2004;
Smith et al., 2004]. DL is a set of knowledge representation
formalisms with semantic characterisation based on stan-
dard first-order logics. DL offers a formal foundation for
frame-based systems [Fensel, 2002b; McGuinness et al.,
2002], where meaning is provided by interpretations that
define the formal semantics of the logic [Grau, 2004].
Useful References- [Antoniou and von Harmelen, 2004;

Bechhofer et al., 2004; Broekstra et al., 2002, 2001; Bus-
sler et al., 2002; Butler, 2002; Carroll and Roo, 2004;
DAML, 2005; Decker et al., 2000b; Fensel, 2002a,b; NCI,
2005; Gruber, 1993; Hayes, 2004; Heflin, 2004; Heflin
and Hendler, 2001; McGuinness et al., 2002; McGuinness
and van Harmelen, 2004; Niles and Pease, 2001; On-To-
Knowledge, 2005; Palmer, 2001; Smith et al., 2004; Staab
et al., 2000; Staab and Maedche, 2000; Van Harmelen et al.,
2001; W3C, 2004a].

E. Layer 5

The Semantic Web models (Figures 1 and 2) depicts
’Logic’ or ’Logic framework’ residingabovethe ontology
layer.

E.1 Logic / Logic framework:

Logic is regarded as the foundation of knowledge repre-
sentation languages, and it is required to provide the highly
expressive language constructs in which knowledge can be
captured in a transparent way. A logic framework provides
a well-established formal semantics which assigns unam-
biguous meaning to logical statements. Without a logic
framework, inferencing on the Semantic Web will not be
possible.
Useful References- [Antoniou and von Harmelen, 2004;

Baader et al., 2003; Bechhofer et al., 2004; Berners-
Lee, 1998a; Decker et al., 2000a; Fensel, 2000, 2002b;

Grau, 2004; McGuinness et al., 2002; Palmer, 2001; Patel-
Schneider and Fensel, 2002].

F. Layer 6

In the Semantic Web models of Berners-Lee (Figures 1
and 2), ’Proof’ resides on Layer 6.

F.1 Proof:

’Proof’ as concept exists within the theorem proving do-
main, for instance as applied in artificial intelligence [anon.,
2005]. To support Semantic Web proof scenarios,proof
languageswere developed. A proof language determines
the validity of a specific statement. An instance thereof
generally consists of a list of inference items used to derive
the information in question, as well as the associated trust
information of each item [Appel and Felten, 1999; Palmer,
2001].

A Semantic Web will probably not require proof genera-
tion and in general proof validation will be adequate. The
search for and generation of a proof for an arbitrary ques-
tion, is typically an intractable process for many real world
problems, and the Semantic Web does not require this to be
solved. For perceived Semantic Web applications construc-
tion of a proof is performed according to constrained rules,
and only the validation thereof is required from other par-
ties. For example, when a user is granted access to a web
site, an accompanying document explains to the web server
why they should be granted access. Such proof for exam-
ple, could be a chain of assertions and reasoning rules with
pointers to all supporting material [Berners-Lee, 1998b].
Useful References- [anon., 2005; Appel and Felten,

1999; Palmer, 2001; Patel-Schneider and Fensel, 2002]

G. Layer 7

’Trust’ resides on Layer 7 in Figures 1 and 2.

G.1 Trust:

Semantic Web interaction requires different collabora-
tors to communicate, implying that they have to determine
how to trust one another, as well as how to establish the trust
levels of acquired information. When dealing with user in-
teractions on the Web, McKnight et al. [2000] define the
term trust as the belief that another entity is benevolent,
competent, honest, or predictable in a given situation. Trust
also includes the participants’ willingness to depend on one
another in a specific interaction. Furthermore, user trust of
Semantic Web information is determined by thesourceof
the information, in particular its authenticity and trustwor-
thiness [Thuraisingham, 2003].

Within the Semantic Web the concepts trust and proof
are dependent on the interaction context. However, an
all-encompassing definition of context is problematic. An
appropriate meaning of context is therefore explicated by
means of the following example. A user on the Semantic
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Web receives data from a friend regarding the best music
performances. The data can be trusted as it originates from
aknown(implying verified) friend, whose musical interests
are familiar. It is thus possible tousethe data because the
user either shares or disagrees with the musical tastes of the
friend. Within the domain of the Semantic Web,context
therefore assists applications or users regarding the trust-
worthiness and usefulness of data [Bhargava et al., 2004].
Useful References- [anon., 2005; Appel and Felten,

1999; McKnight et al., 2000; Palmer, 2001; Patel-Schneider
and Fensel, 2002; Park, 2003]

H. Digital Signatures

In the Semantic Web models of Berners-Lee ’Digital Sig-
nature’ is associated with layers three to six (ref Figures 1
and 2). The Digital Signature Standard (DSS) is a crypto-
graphic standard or a particular application of public key
cryptography promulgated by NIST (National Institute of
Standards and Technology) [Center, 2005]. A digital sig-
nature is an electronic signature that can be used to authen-
ticate identity. Digital signatures are easily transportable,
cannot be imitated, and can be automatically time-stamped.
A digital signature can be used with any kind of message,
whether it is encrypted or not.

XMLDSig (XML Digital Signatures), also called XML
Signatures, is an IETF/W3C joint standard that specifies
how to digitally sign and verify a signature of a XML data
object [Bartel et al., 2002]. XMLDSig enables digital sig-
natures on arbitrary digital content (XML or non-XML)
[Lee et al., 2005]. XML Signatures are digital signatures
designed for use in XML transactions [Simon et al., 2001].

For the Semantic Web a digital signature is a mechanism
used to unambiguously verify an identity such as the author
of a document [Palmer, 2001]. The implementation of digi-
tal signatures on the Semantic Web could result in a system
which can express and reason about relationships across the
whole range of public-key based security and trust systems.
It is foreseen that XMLDSig will be used in many phases in
Semantic knowledge management systems, such as the au-
thenticity verification for retrieved/updated knowledge and
involved intermediaries, among others.
Useful References- [Berners-Lee, 1998b; Biddle, 1996;

Center, 2005; Hess et al., 2004; McKnight et al., 2000;
Palmer, 2001; Simon et al., 2001; Lee et al., 2005; Hor-
rocks et al., 2005; Park, 2003; Bartel et al., 2002]

I. Encryption

The original model of Berners-Lee does not depict ’En-
cryption’. It was however added in the adapted model of
Figure 2 where it is associated with layers three to six, along
with ’Signature’.

Encryption is an effective way to achieve data security.
XMLEnc (XML Encryption) is a W3C standard that speci-
fies how to encrypt/decrypt an XML-formatted data object
[Imamura et al., 2002]. XMLEnc supports end-to-end (as

opposed to point-to-point) encryption of an XML object,
which can be the whole or a part of an XML document. The
document can be transmitted in XML or non-XML syntax.

On the Semantic Web it is foreseen that encryption could
be used in knowledge storage, internal/external knowledge
transfer as well as authentication [Lee et al., 2005].
Useful References- [Berners-Lee, 2003; Horrocks et al.,

2005; Lee et al., 2005; Park, 2003; Imamura et al., 2002]

III. STATUS OF SEMANTIC WEB TECHNOLOGIES

In this section we discuss the status of the technologies
covered in section II. In particular we adapt Figure 2 to re-
flect the current status of the technologies, which is graph-
ically depicted in Figure 3. We discuss the adaptations to
this model in sections III-A to III-E.

A. ’OWL’ replaces ’Ontology’ on Layers 4 and 4a

As mentioned in section II-D, OWL is the W3C technol-
ogy representing ’Ontology’ on Layer 4a in Figure 2 in par-
ticular. This provides motivation for one of the changes re-
flected in Figure 3, where we replace ’Ontology’ with OWL
in order to be consistent with the otherW3C technologies
represented in the four bottom layers1.

B. ’Digital Signatures’ moved to Layer 1

As previously discussed in section II-H, a digital signa-
ture is a mechanism used to unambiguously verify an iden-
tity [Palmer, 2001] such as the author of a document. The
concept, digital signature, and the use thereof is prevalent
in e-commerce and trust negotiations application domains
[Hess et al., 2004; McKnight et al., 2000].

However, within the context of the Semantic Web the no-
tions of digital signatures, encryption, as well as it’s associ-
ated roles are still vague [Patel-Schneider and Fensel, 2002;
Lee et al., 2005]. Since the function of Layer 1 technologies
are to provide a unique identification mechanism for the
upper layer technologies, it provides motivation for ’digital
signatures’ to be incorporated as a technology into Layer 1.
In addition, XML as an immediate upper layer technology,
provides a mechanism by means ofXML signaturesto use
digital signatures in XML transactions [Simon et al., 2001].
This provides further motivation for digital signatures to be
moved to Layer 1.

C. Classification of the bottom four layers as ’Established
Technologies’

The technologies of layers 1 through 4a were adopted as
either W3C Specifications or W3C Recommendations, im-
plying that these technologies areestablishedtechnologies.

1We acknowledge Parnas’functional modularisation of software[Par-
nas, 1972], also dubbedthe separation of concernstheory by Dijkstra
[Dijkstra, 1974], which emphasises functionality rather than technology
in a structured view. However, for this paper we follow the approach of
Berners-Lee [Berners-Lee, 2003].
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This provides the motivation for classifying the bottom four
layers as established technologies:
• The Unicode Standard was adopted by industry leaders
and is required by standards such as XML, Java, JavaScript,
LDAP and CORBA 3.0. Unicode is specified as part of
any emerging W3C standard. In particular, any application,
parser or browser that adhere to the W3C standards there-
fore has to adhere to the Unicode Standard.
• Regarding URI, RFC2396 currently allows for a subset
of ASCII only, comprising about 60 characters. In con-
trast IRIs (Internationalised Resource Identifiers) are being
developed by the Internationalisation Activity of the W3C.
IRIs are specified as a sequence of characters from the Uni-
versal Character Set (Unicode/ISO10646) which implies
that an IRI can include characters from any of the written
languages in the world.
• The current W3C Recommendation specifies the use of
URLs to identify anamespacebecause URLs indicate do-
main names that should be unique throughout the Internet.
However, it is envisioned that IRIs will eventually replace
URLs as namespace identifiers. Namespaces are required
because of naming conflicts that arise when different au-
thors create grammars for metadata, using for instance, el-
ements with the same name. XML namespaces avoid nam-
ing conflicts when using and re-using multiple vocabularies
because an element is qualified against a namespace, thus
making it auniqueelement. XML Schema is used to create
a vocabulary for an XML instance, as a result XML Schema
uses namespaces extensively.
• The firstXML specification was accepted by the W3C on
Feb 10, 1998. The third edition was accepted as a W3C rec-
ommendation on February 4, 2004 [Bray et al., 2004]. Nu-
merous XML-based languages and applications were devel-
oped by organisations that share high volumes of informa-
tion.
• Regarding XML Schema, the XML 1.0 Recommendation
was endorsed by the W3C in 1998. In response to the short-
comings of DTD, the W3C mandated the XML Schema
Working Group to develop an XML Schema Language. On
May 2, 2001, the W3C endorsed the language specifications
viz, XML Schema Part 1: StructuresandXML Schema Part
2: Datatypes.
• RDF was released as a W3C Recommendation in Febru-
ary 2004 [W3C, 2004d]. In doing so, W3C endeavoured
to establish a more practical technology platform as op-
posed to only a research project environment. This tech-
nology platform enables flexible access to structured Web
data. The RDF Specification set of the W3C provides an
extensive overview of RDF. RDF is used to define meta-
data vocabularies. One of the most quoted examples is the
Dublin Core Metadata Initiative DCMI [2005].
• RDF Schema is a W3C Recommendation [W3C, 2004d]
that provides a technology that will assist in the descrip-
tion of meaningusing underlying basic data structures by
allowing the specification of domain vocabularies. RDF

Schema does not specify a vocabulary of application-
specific classes and their associated properties, but it de-
scribes the mechanisms necessary to specify such a vocab-
ulary.
• In February 2004 the OWL specification was endorsed
as a W3C Recommendation. The current W3C OWL doc-
ument set consists of six documents. OWL is intended
as a Web Ontology language, implying that it is specifi-
cally designed to be compatible with the architecture of the
World Wide Web and Semantic Web [McGuinness and van
Harmelen, 2004]. OWL has already permeated the ontol-
ogy engineering community and a number of existing OWL
ontologies are available on the Web [DAML, 2005; NCI,
2005].

D. Classification of the top layers as ’Emerging Function-
alities’

We distinguish betweenestablished technologiesand
emerging functionalities. Theemergingfunctionalities re-
side in the top layers, including layer 4b that contains
’Rules’. We categorise established technologies as those
adopted as either W3C Recommendations or Specifications
in layers 1 through 4a. In contrast, emerging functionalities
are the functionalities that are required to realise the Se-
mantic Web but that are presently predominantly research
efforts.

Reasoning and inferencing are two of the driving prin-
ciples of the Semantic Web. New data is derived from
existing data by means ofinferencing. Reasoningdeduct
meaning and make decisions based on the acquired data.
An expressive, logical language that supports reasoning is
required in order to implement or use the Semantic Web.
Presently, this is one of the active research focus areas of
the Semantic Web domain [Fensel, 2000; Grau, 2004; Patel-
Schneider and Fensel, 2002]. RDF together with its data
model, as well as OWL, support the notion of machine-
processable information on the Web [Decker et al., 2000b].
However, neither RDF nor OWL (residing on the data layer)
has the necessary expressive power to enable the inferenc-
ing and reasoning required for the Semantic Web.

Trust and proof within the Semantic Web application
domain are emergent research concepts [Patel-Schneider
and Fensel, 2002]. It is, however, a crucial aspect of the
eventual Semantic Web realisation due to inherent contra-
dictions and duplications in ontology definitions [Palmer,
2001]. Applications on the Semantic Web presently depend
uponcontextto manage trust and proof. It is an accepted
requirement that proof checking mechanisms enhanced by
digital signatures will be integrated into the eventual Se-
mantic Web interaction and collaboration activities.

E. Classification of the bottom four layers as the data layer
of the Semantic Web

Ontologies that build upon the lower layers depicted in
Figure 2 and that capture the meaning and metadata of in-
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formation are the realisation of the information space re-
quired by the Semantic Web, i.e. the existing technologies
enable an information space usable by machines. We pro-
pose that the established technologies discussed in sections
II-A to II-D but excluding ’Rules’ (depicted in layers one
to four a in Figure 3), constitute thedata layerof the Se-
mantic Web. It is thus not unreasonable to state thatsome
maturity can already be associated with the data layer of the
Semantic Web.

However, an application is required to manipulate or use
a data layer. Thus, in the same vein, a Semantic Web appli-
cation is required to manipulate any ontology. In the vision
of Berners-Lee [Berners-Lee et al., 2001], Semantic Web
data (ontologies) are used byagents. However, presently
several unresolved issues cloud the realisation of this vi-
sion. This is supported by Patel-Schneider and Fensel who
state that”...there are layering decisions to be made when-
ever a new representation formalism has to be compatible
with an existing representation formalism. This will occur
at other points of the semantic web tower, has occurred in
the past, and will undoubtedly occur in the future.”[Patel-
Schneider and Fensel, 2002]. This serves as a further moti-
vation for the term ’emerging’ associated with the top three
layers of the model in Figure 3.

IV. CONCLUSION

At present, the information overload experienced on the
Web necessitates the urgent introduction of an automated
information management functionality. The realisation of
which constitutes the envisioned Semantic Web. The Se-
mantic Web with its associated technologies are permeating
various fields. It is therefore necessary for readers to ac-
quaint themselves with the Semantic Web and its technolo-
gies and concepts. This may well be a daunting task as these
technologies are diverse and span interrelated fields. In this
positioning paper we thus provide the novice reader with
among other things, a starting point to assimilate Semantic
Web terminology and associated concepts. Our adapted ar-
chitectural model reflects various refinements imposed by
the status quo of current technology, and imparts some in-
sight into the limitations of the technologies currently sup-
porting this layered architecture.

———————————————————————
-
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