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Abstract

This paper gives a never completely account of approaches that have been used for the research community for representing
knowledge. After underlining the importance of a layered approach and the use of standards, it starts with early eVorts used for
artiWcial intelligence researchers. Then recent approaches, aimed mainly at the semantic web, are described. Coding examples
from the literature are presented in both sections. Finally, the semantic web ontology creation process, as we envision it, is
introduced.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

In recent years, several markup languages have been
developed for realizing the semantic web. The construc-
tion of these languages is evolving according to a layered
approach to language development, in particular at the
level of the ontology vocabulary (Fig. 1 from [1]) as it is in
this layer where the basis to carry out reasoning and infer-
encing are laid. These languages must meet a number of
requirements. They1 must [2]:

• Have a compact syntax.
• Be highly intuitive to humans.
• Have a well-deWned formal semantics.
• Be able to represent human knowledge.
• Include reasoning properties.

* Corresponding author. Tel./fax: +52 312 316 1075.
E-mail address: jrgp@ucol.mx (J.R.G. Pulido).

1 See also http://www.w3.org/DesignIssues/Logic.html.
0950-7051/$ - see front matter © 2006 Elsevier B.V. All rights reserved.
doi:10.1016/j.knosys.2006.04.013
• Have the potential for building knowledge bases.
• Have a proper link with existing web standards to ensure

interoperability.

Unlike some existing markup languages, speciWcally
HTML, a semantic web language must describe meaning
in a machine-readable way. Therefore an ontology lan-
guage needs not only to include the ability to specify
vocabulary but also the means to formally deWne it in
such a way that it will work for automated reasoning.
Because the web is decentralized, the language must also
allow for the deWnition of diverse vocabularies and let
them evolve. Some existing languages let authors create
ontologies by deWning class taxonomies and relationships
between multiple classes. Some other also allow the for-
mation of more complex deWnitions by using axioms from
some form of logic. The idea in this context is to add
ontology-based metadata to web pages and improve
accessibility providing a means for reasoning about
content [45–48].

mailto: jrgp@ucol.mx
mailto: jrgp@ucol.mx
http://www.w3.org/DesignIssues/Logic.html
http://www.w3.org/DesignIssues/Logic.html
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2. Early approaches

In this section some early languages for representing
knowledge are brieXy discussed, namely, the Knowledge
Interchange Format, F-Logic, the Dublin Core, and The
CYC project.

2.1. Knowledge Interchange Format

The Knowledge Interchange Format (KIF) is a formal
language for the interchange of knowledge among disparate
computer programs. The following are some of its features [3]:

• Declarative semantics. It is possible to understand the
meaning of expressions in the language without appeal-
ing to an interpreter for manipulating the expressions.

• Logically comprehensive. It provides for the expression
of arbitrary sentences in predicate calculus.

• Metaknowledge. This allows us to make all knowledge
representation explicit and permit us to introduce new
knowledge representation constructs without changing
the language.

• Translatability. It enables practical means of translating
declarative knowledge bases to and from typical knowl-
edge representation languages.

• Readability. Although KIF is not intended as a language
for interaction with humans, it is useful for describing
representation language semantics and assisting humans
with knowledge base translation problems.

As any declarative representation language, it requires a
conceptualization of the world in terms of objects, functions,
and relations. KIF is a language that was developed by the
interlingua working group under the DARPA knowledge
sharing initiative to facilitate knowledge sharing. It was
designed to be a state-of-the-art interlingua tool. KIF is an
extended version of Wrst-order predicate calculus, and essen-
tially an intermediary language for translating diVerent knowl-
edge representation languages. Its speciWcations are meant to
be sharable. The sentence All writers are misunderstood by
some reader is shown in Table 1 as a KIF sentence [4].

2.2. F-Logic

F-Logic is a full-Xedged logic that includes a model-the-
oretic semantics and a sound and complete proof theory.

Table 1
KIF example

(forall ?w

()(writer ?w)

(exists (?r ?d)

(and (reader ?r) (document d?)

(writer ?w ?d) (read ?r ?d)

(not (understands ?r ?d))

)

)

)

)

This makes it computationally attractive and renders it as a
suitable basis for developing a theory for object-oriented
logic programming. F-Logic is an integration of frame-
based languages and Wrst-order predicate calculus. It
includes objects, inheritance, polymorphic types, query
methods, and encapsulation. Its deductive system works
with the theory of predicate calculus and structural and
behaviour inheritance [5]. It is capable of representing vir-
tually all aspects of the object-oriented paradigm. Its main
achievement is to integrate conceptual modelling constructs
into a coherent logical framework. It provides classes, attri-
butes with domain and range deWnitions, is–a hierarchies
with set inclusion of subclasses, and logical axioms between
elements of an ontology and its instances. Table 2 shows an
example of F-Logic declarations [5].

2.3. Dublin core

The oldest and most widely adopted initiative for global
markup is the Dublin2 Core (DC). Its goal is to facilitate
electronic resource discovery on the web. It consists of a set
of 15 elements for describing web resources, and it is the de
facto worldwide standard for information resources across
disciplines and languages [6]. It has already been translated
into 25 languages. The DC is a metadata element set for
describing cataloguing information, such as that needed in
digital libraries. This initiative early embraced RDF as the
framework on which to build such metadata [7]. Simplicity
is both the strength and the weakness of it. The initial aim
was to create a single set of metadata elements for
untrained people who publish electronic materials for
describing their work. Some people continue to hold this
minimalist view, a simple set of rules that anyone can apply.
Others prefer the beneWts that come from more tightly con-
trolled cataloguing rules and would accept the additional
labour and cost. Table 3 shows a DC example coded in
HTML [8].

2.4. CYC

This3 knowledge base is a formalized representation of a
vast quantity of fundamental human knowledge: facts,

2 http://dublincore.org.
3 http://www.cyc.com.

Table 2
F-Logic example

bob: manager

1989: year

manager::empl

mary: faculty

10000: int

.

.

.

faculty :: empl

mary[boss!bob]

empl [boss)manager; salary @ year)integer]

faculty[boss)faculty]

http://dublincore.org
http://dublincore.org
http://www.cyc.com
http://www.cyc.com
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rules of thumb, and heuristics for reasoning about objects
and events of everyday life. The initial aim of this project
was to specify a large common-sense ontology that should
provide artiWcial intelligence to machines. Far from having
attained its goal, CYC still provides the worldwide largest
formalized ontology. It provides formal axiomating theo-
ries for many aspects of common-sense knowledge for
developing ontologies for a wide variety of speciWc domain
applications.

CycL is a declarative and expressive language similar
to Wrst-order predicate calculus with extensions. It uses a
form of circumscription, includes unique names, and can
make use of a classed world assumption when appropri-
ate. It has an inference engine to perform several kinds of
reasonings. Hundreds of thousands of concepts have been
formalized with millions of logical axioms, which are
known as microtheories, that specify constraints of the
individual objects and classes. Each microtheory captures
the knowledge and reasoning required for some particular
domain. CYC is not a monolithic integrated ontology, but
a network of microtheories for a set of domains whose
union covers the diVerent ontological commitments [50]
that can be made within those domains. Table 11 shows a
CYC sentence taken from its natural4 language processing
system.

3. Recent approaches

In this section some recent ontology languages, partic-
ularly useful for the semantic web, are presented, namely,
the extended markup language, the resource description
framework, the knowledge annotation initiative, the sim-
ple HTML ontology extensions, the ontology interchange
language, and the DARPA Agent Markup Language.

3.1. The eXtended Markup Language

The eXtended Markup Language (XML) was the Wrst
language to separate the markup of web content from web
presentation, facilitating the representation of task-spe-
ciWc and domain-speciWc data on the web. Unfortunately
it lacks semantics. Computer agents cannot be guaranteed

4 http://www.cyc.com/cycdoc/ref/nl.html.

Table 3
Dublin Core example

<meta nameD’’DC.subject’’

contentD’’Dublin Core Metadata Element Set’’>
<meta nameD’’DC.publisher’’ contentD’’ OCLC

online

computer library center, inc.’’>
.

.

.

<meta nameD’’DC.title’’ contentD’’ Dublin

Core Element

Set Reference Page’’>
<meta nameD’’DC.identifier’’ schemeD’’ URL’’
contentD’’http://purl.oclc.org/metadata/
dublin_core”>
to determine the intended interpretation of its tags. It is
designed to describe the structure of a document, not the
content. XML includes a Document Type DeWnition
(DTD) which is used to enforce constraints on which tags
to use and how they should be nested within a document.
A DTD deWnes a grammar to specify allowable combina-
tions and nestings of tag names and attribute names. The
DTD speciWes only semantic conventions, not any seman-
tics. For DTDs are the closest component that XML oVer
for ontological modelling, it is easy to consider them as a
simple ontology mechanism, however some diVerences
between DTDs and ontologies exist [9,10]:

• A DTD speciWes the legal lexical nesting of a document,
which may or may not coincide with an ontological hier-
archy. An is–a relationship does not exist in XML for
instance.

• Attributes are no longer local to a concept, they are
global to a document, at least for the representation of
ontology attributes as XML elements.

• DTDs have no notion of inheritance. In an ontology,
subclasses inherit at tributes from their superclasses.

• DTDs deWne the order in which tags appear in a docu-
ment. In an ontology the order does not matter.

• Ontologies have a much richer means of deWning seman-
tics. The lack of expressivity of DTD prohibits the
formulation of axioms.

XML is widely known in the internet community and
has been used as a basis for a number of software develop-
ment activities [11–13]. A well-formed XML document cre-
ates a balanced tree of nested sets of open and close tags,
each of which may include several attribute–value pairs.
Table 4 shows an XML example.

3.2. The Resource Description Framework

The Resource Description Framework (RDF) is a
standard for the web metadata that the World Wide Web
Consortium (W3C) developed. It is suitable for describ-
ing any web resource and as such it provides interoperability
between applications that exchange machine-understand-
able information on the web. RDF is becoming a widely
recognized language and a representation formalism that
can serve as a worldwide interlingua for information inter-
change. The RDF description model uses object–attribute–

Table 4
XML example

<?XML versionD’’1.0’’?>
<book>
<author>M Goossens</author>
<title>The LaTeX companion</title>
<publisher>Addison-Wesley, Reading, Mass</
publisher>

<year>1994</year>
</book>

http://purl.oclc.org/metadata/dublin_core
http://purl.oclc.org/metadata/dublin_core
http://purl.oclc.org/metadata/dublin_core
http://purl.oclc.org/metadata/dublin_core
http://purl.oclc.org/metadata/dublin_core
http://purl.oclc.org/metadata/dublin_core
http://www.cyc.com/cycdoc/ref/nl.html
http://www.cyc.com/cycdoc/ref/nl.html
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value triples, also known as statements (Table 5). Its goal is to
add formal semantics to the web and provide a data model
and syntax convention for representing the semantics of
the data in a standardized manner. It provides a means of
describing the relationships among resources in terms of
the named properties and values. RDF has signiWcant
advantages over XML. The object-attribute structure
provides natural semantic units because all objects are
independent entities. The RDF model can still be used
even if XML’s syntax changes or disappears because
RDF describes an independent layer.

An extensible object-oriented type system, the RDF
schema (RDFS), has been introduced as a layer on the top
of the basic RDF model. The RDFS can be thought of as
a set of ontological modelling primitives. XML lacks this
layer, and some developers when using XML end up
building a layer on the top of XML to integrate these
ontological primitives. RDFS lets developers deWne a par-
ticular vocabulary for RDF data and specify the kind of
object to which these attributes may be applied. This
mechanism provides a basic type system for RDF models
and interpretation of RDF expressions. RDF played an
important role as a basis for DARPA Agent Markup
Language (DAML), discussed later in this section, whose
layers of logic are to be built on the top of the basic RDF
framework [14,44].

3.3. The knowledge annotation initiative of knowledge 
acquisition

This initiative, also known as (KA)2, was a case study on
the process of populating a shared ontology for a heteroge-
neous and world-wide research community. The use of an
ontology for providing semantic access to on-line informa-
tion sources of this community was tested. It comprises
three main tasks [15,49]:

• Ontological engineering to build an ontology of the
subject matter. The design criteria used were: modular-
ity, specialization, classiWcation of concepts, and stan-
dardized names.

• Characterising the knowledge in terms of the ontology.
Each participant had to annotate relevant knowledge on

Table 5
RDF example

bookName{http://www.amazon.co.uk/exec/ obidos/

ASIN

/0198538642/202-6666526-7532666,

’’Neural Networks for Pattern Recognition’’ }

publisher{http://www.amazon.co.uk/exec/obidos/ASIN
/0198538642/202-6666526-7532666, ’’Clar endon

Press’’}

numberOfPages{http://www.amazon.co.uk/ exec/obi-

dos/ASIN

/0198538642/202-6666526-7532666, ’’500’’}
their web pages by using the onto attribute (Table 6). An
annotating tool was provided.

• Delivering intelligent access to the knowledge. A tool for
querying the knowledge using F-logic formulations and
a graphical user interface for non-expert users were also
provided.

Several researchers cooperated to construct the ontol-
ogy. Ontobroker is the intelligent agent that provides access
to the knowledge.

3.4. Simple HTML Ontology Extensions

Giving the authors the ability to embed knowledge
directly into HTML pages, making it also simple for user-
agents and robots to retrieve and store knowledge, was
the goal of the so-called Simple HTML Ontology Exten-
sion (SHOE). This approach allows authors to add seman-
tic content to web pages, relating the context to common
ontologies that provide contextual information about the
domain [16]. Most web pages with SHOE annotations
tend to have tags that categorize concepts, therefore there
is no need for complex inference rules to perform auto-
matic classiWcation [17]. This approach extends HTML
with a set of object-oriented tags to provide structure for
knowledge acquisition. It associates meaning with content
by committing web pages to existing ontologies. These
ontologies permit the discovery of implicit knowledge
through the use of taxonomies and inference rules, allow-
ing information providers to encode only the necessary
information into their web pages. An ontology tag delim-
its the machine-readable portion of the ontology. Some
other tags5 complement the deWnition of ontologies
(Table 7). SHOE focuses on the problem of maintaining
consistency as the ontologies evolve. In [18] the use of
SHOE in a real world internet application is described.
Tools for annotating pages, information gathering tasks,
and querying are provided.

5 See http://www.cs.umd.edu/projects/plus/SHOE/ontologies.html.

Table 6
(KA)2 example

<html><head><a ONTOD’’page :Researcher’’/>
<title>Richard Benjamins</title>
</head><body><h1>
<a ONTOD’’page[firstNameDbody]’’>Richard</a>
<a ONTOD’’page[lastNameDbody]’’>Benjamins</a>
<a ONTOD’’page[affiliationDbody]’’>
Artificial Intelligence Research Institute

(IIIA)</a>
<a hrefD”http://www.iiia.csic.es”>CSIC</a>,
Barcelona, Spain.

</h1>
.

.

.

</body></html>

http://www.amazon.co.uk/exec/obidos/ASIN
http://www.amazon.co.uk/exec/obidos/ASIN
http://www.amazon.co.uk/exec/obidos/ASIN
http://www.amazon.co.uk/exec/obidos/ASIN
http://www.amazon.co.uk/exec/obidos/ASIN
http://www.amazon.co.uk/exec/obidos/ASIN
http://www.amazon.co.uk/exec/obidos/ASIN
http://www.amazon.co.uk/exec/obidos/ASIN
http://www.amazon.co.uk/exec/obidos/ASIN
http://www.amazon.co.uk/exec/obidos/ASIN
http://www.amazon.co.uk/exec/obidos/ASIN
http://www.amazon.co.uk/exec/obidos/ASIN
http://www.amazon.co.uk/exec/obidos/ASIN
http://www.amazon.co.uk/exec/obidos/ASIN
http://www.iiia.csic.es
http://www.iiia.csic.es
http://www.iiia.csic.es
http://www.iiia.csic.es
http://www.cs.umd.edu/projects/plus/SHOE/ontologies.html
http://www.cs.umd.edu/projects/plus/SHOE/ontologies.html
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3.5. The Ontology Interchange Language

The Ontology Interchange Language (OIL) is based on
three elements, namely, frame-based systems, description
logics, and web standards [2,19].

• The central modelling primitives of frame-based sys-
tems are frames with properties. These properties
have a local scope and are only known to the frames
for which they have been deWned. A frame provides a
certain context for modelling one aspect of a domain.
OIL is based on the notion of a class and its super-
classes and attributes. Relations can be deWned as
independent entities.

• Description6 logics have been developed in knowledge
representation research for describing knowledge in
terms of concepts and roles. In addition the meaning of
any expression can be described in a mathematic precise
way, which enables reasoning with concept description
and the automatic derivation of classiWcation taxono-
mies. Table 8 shows an example deWning African wild-
life [20].

• Given the importance of the WWW, ontology languages
must be developed bearing web standards in mind. OIL
has a well-deWned syntax in XML. It is also deWned as an
extension of the RDF and its extension schema (RDFS),
which provides two important contributions: a stan-
dardized syntax for writing ontologies and a standard
set of modelling primitives.

3.6. The DARPA Agent Markup Language

The DARPA Agent Markup Language (DAML) is a
US Government-sponsored endeavour aimed at providing
the foundation for the next web evolution, the semantic
web. Academic researchers, government agencies, software

6 They result from early work on semantic networks and Wrst-order logic.
They allow to deWne eYcient inference procedures. Papers, projects, and
research in this area can be found at http://dl.kr.org.

Table 7
SHOE example

<html><body><ontology>
<USE-ONTOLOGY IDD’’base-ontology’’

VERSIOND’’1.0’’

PREFIXD’’base’’
URLD”http://www.cs.umd.edu/projects/ plus/SHOE/

base.html”>
.

.

.

<DEF-CATEGORY NAMED’’Department’’ ISAD’’
Organization’’>

<DEF-RELATION NAMED’’advisor’’>
<DEF-ARG POSD’’1’’ TYPED’’Student’’>
<DEF-ARG POSD’’2’’ TYPED’’Professor’’>

</DEF-RELATION>
</ontology></body></html>
development companies, and industrial organizations are
participating in the program [7]. DAML consists of two
portions, the ontology language and a language for
expressing constraints and adding inference rules. It also
includes mappings to other semantic web languages such as
SHOE, OIL, KIF, XML, and RDF. Table 9 shows an
example taken from [21].

Building on the top of RDF and RDFS, and with its
root in description logics, the ontology language
(DAML + OIL) has a well-deWned model-theoretic
semantics as well as an axiomatic speciWcation that deter-
mines the language’s intended interpretations. This makes
it an unambiguously computer-interpretable language,
thus making it amenable to agent interoperability and
automated-reasoning techniques. The Inference Language
(DAML-L) is a logical language with a well-deWned
semantics and the ability to express at least propositional
Horn clauses, which enable compact representation of
constraints and rules for reasoning. The language ties the
information on a page to machine-readable semantics and
allows for communities to extend simple ontologies for
their own use. In addition, it provides mechanisms for the
explicit representation of services, processes, and business
models, so as to allow non-explicit information to be rec-
ognized [1]. DAML + OIL and DAML-L together provide
a markup language for the semantic web with expressive
power and a well-deWned semantics for reasoning. The
DAML family of markup languages enable web service
providers to develop semantically grounded, rich repre-
sentations of web services that a number of diVerent agent

Table 8
OIL example

class-def animal

class-def plant subclass-of NOT animal

class-def tree subclass-of plant

.

.

.

class-def deWned herbivore subclass-of animal

NOT carnivore

slot-constraint eats value-type plant

OR (slot-constraint is-part-of has- value

plant)

class-def giraVe subclass-of herbivore

slot-constraint eats value-type leaf

Table 9
DARPA example

<daml:Class>
<daml:intersectionOf
rdf:parseTypeD’’daml:collection’’>

<daml:Class rdf:aboutD’’#Human’’/>
<daml:Class rdf:aboutD’’#Male’’/>
</daml:intersectionOf>
</daml:Class>
.

.

.

<daml:Restriction daml:minCardinalityQD’’2’’>
<daml:onProperty rdf:resourceD’’#hasChild’’/>
<daml:hasClassQ rdf:resourceD’’#Lawyer’’/>
</daml:Restriction>

http://www.cs.umd.edu/projects/plus/SHOE/base.html
http://www.cs.umd.edu/projects/plus/SHOE/base.html
http://www.cs.umd.edu/projects/plus/SHOE/base.html
http://www.cs.umd.edu/projects/plus/SHOE/base.html
http://www.cs.umd.edu/projects/plus/SHOE/base.html
http://www.cs.umd.edu/projects/plus/SHOE/base.html
http://dl.kr.org
http://dl.kr.org
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architectures and technologies can exploit to a variety of
diVerent ends [22].

3.7. Ontology Web Language (OWL)

This is the result of some hard-work carried out by
some experts and semantic web enthusiasts. It now an
standard ontology language for the semantic web. It is
compatible with early ontology languages, including
SHOE, DAML + OIL, and provides the engineer more
power to express semantics. It includes conjuction, disjunc-
tion, exitencially, and universally quantiWed variables. Rea-
soners can make use of this to carry out logical inferences
and derive knowledge. Its expressiveness, however, has
some drawbacks [23]:

(1) Some constructs are very complex, that is why it
comes in three Xavors.

(2) Reasoning is not eYcient as there is a trade-oV
against time-complex cost.

(3) It is not easy to use, here is where authoring software
tools Wt.

(4) It is not intuitive, need to be owl-savvy to build
eYcient knowledge constructions.

It is not possible to satisfy all of the constraints of a
domain, that is why it comes in three Xavors [24]:

(1) OWL FULL: for an upward compatibility with RDF
both at syntax and semantic level, a legal RDFS
schema is also an OWL documents. We also can
change RDF primitives.

Table 10
OWL example

<owl:Class>
<owl:oneOf rdf:parseTypeD’’Collection’’>

<owl:Thing rdf:aboutD’’#Eurasia’’/>
<owl:Thing rdf:aboutD’’#Africa’’/>
<owl:Thing rdf:aboutD’’#NorthAmerica’’/>
<owl:Thing rdf:aboutD’’#SouthAmerica’’/>
<owl:Thing rdf:aboutD’’#Australia’’/>
<owl:Thing rdf:aboutD’’#Antarctica’’/>

</owl:oneOf>
</owl:Class>

Table 11
CYC example

#$Department departments
The collection #$Department is a subset of 
#$Organization. An element of #$Department is a 
major sub-organization of a business, government, 

or academic organization. An element of 

#$Department is part of the organization to which 
it belongs, NOT a separate legal entity (such as a 

partly or wholly owned subsidiary company), and it 

performs some of the activity of that organization.

direct specialization of: #$Organization
direct instance of: #$ExistingObjectType
(2) OWL DL: in order to be less time-complex, this ver-
sion of OWL has been created. It allows eYcient rea-
soning and inferencing but loses backward
compatibility with owl full.

(3) OWL Lite : an even more restricted subset of owl full,
for an expressive ontology language with decidable
inference. Implementers love this version.

Table 10 shows an OWL7 example. The diVerent ver-
sions of this ontology language give implementers
choices for them to select the best one depending on their
system requirements. This semantic web language is to
allow mechanisms to convert the current web into a
semantic one. This transition is yet to take a while as
software tools that help us in the semi-automatic con-
struction of ontology components for the semantic web
become available.

In the following section the elements that are required
for the next generation web to become a reality are intro-
duced in turn.

4. Discussion

For the semantic web to become a reality, a number of
frameworks have to be built to support the ontology crea-
tion activities (Fig. 2) involved in the process. These activi-
ties, as we envision this process, are as follows: 

Gathering Before the extraction phase, we have to collect
documents carrying knowledge from the domain we
are interested in, process them, and end with a suit-
able form to carry out the next operations. It usually
involves dealing with unstructured data in natural
language from digital archives [25–28,43,51,52]. Some

7 Taken from http://www.w3.org/TR/2003/WD-owl-ref-20030331.

Fig. 1. Web language layers.

http://www.w3.org/TR/2003/WD-owl-ref-20030331
http://www.w3.org/TR/2003/WD-owl-ref-20030331
http://www.w3.org/TR/2003/WD-owl-ref-20030331
http://www.w3.org/TR/2003/WD-owl-ref-20030331
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useful software tools to carry out gathering tasks are:
Spade8 and OntoExtract9.

Extraction A number of ontology learning tools are
available. The purpose of these kind of software is
to help the ontology engineer to explore speciWc
domains and extract ontology components. This
requires background knowledge for creating
taxonomies of the domain in a semi-automatic way.
Learning techniques may be applied by the knowl-
edge engineer for this task [29–34]. Some useful
extraction software tools are: Grubber10 and Onto-
Builder11.

Organization Once the ontology components have been
extracted from the domain, it is time to generate for-
mal representations of the knowledge acquired.
Ontology software tools may be useful at this stage.
Later, this knowledge may be embedded into digital
archives, e.g., web pages, to be used by software
agents or humans [35,36,2,37]. Some useful ontology
software tools are: OntoEdit12, SMORE13, and
Protégé14.

Merging DeWning mapping rules to facilitate interlingua
exchange relating information from one context to
another. This activity is as important as Extraction.
It can be referred to as Wnding commonalities
between two knowledge bases and deriving a new
knowledge base [38,31,39]. Some helpful software
tools for merging ontologies are: PROMPT15, and
quimaera16.

ReWnement Improving the structure and content of the
knowledge by eliciting knowledge from the domain
experts. It amends the knowledge at a Wner granu-

8 http://venus.ucol.mx/~jrgp/en/ol-approach.html.
9 http://www.ontoknowledge.org/tools/toolrep.shtml#Individual_tools.

10 http://venus.ucol.mx/~jrgp/en/ol-approach.html.
11 http://iew3.technion.ac.il/OntoBuilder.
12 http://www.ontoknowledge.org/tools/ontoedit.shtml.
13 http://www.mindswap.org/2005/SMORE.
14 http://protege.stanford.edu.
15 http://protege.stanford.edu/plugins/prompt/prompt.html.
16 http://www.ksl.Stanford.EDU/software/chimaera.

Fig. 2. The semantic web ontology creation process.
larity level. It is also of particular importance after
merging operations (cf. [38,40–42]), for instance,
when two e-commerce agents are trying to negoti-
ate. A number of software tools for organizing
ontology components include reWnement capabili-
ties as well.

Retrieval This is the ultimate semantic web goal and it is
going to take a while yet before we see smart software
applications, but when the semantic web is populated,
then those applications, e.g., semantic robots, agents,
will traverse the web looking for data for us in a
knowledge-based fashion. In the mean while, we still
have to wait for those frameworks to mature. Racer17,
and KAON218 are some promising early tools to
carry out these tasks.

This paper has given a never completely account of
approaches that have been used for the research
community for representing knowledge. After underlin-
ing the importance of a layered approach and the use of
standards, it started with early eVorts used for artiWcial
intelligence researchers. Then recent approaches, aimed
mainly at the semantic web, were described. Coding
examples from the literature have been presented for
both sections. Finally, the semantic web ontology
creation process, as we envision it, has been introduced.
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