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Abstract

Semantic Web is intended to guide the current web to a place where it is more useful for human consumption. It contributes several mechanisms that can be used to classify information and characterize its context for intelligently retrieving information on web. This is mainly done using knowledge representation languages that create explicitly domain conceptualizations, such as ontologies. This conceptualization consists of a set of concepts, their definition and the relationships between them. In recent years, much progress has been made in developing ideas and tools to enable the growth of ontologies. Here, Ontology is widely viewed as the backbone to support various types of information management including information retrieval, storage, and sharing on web. It is a formal specification of a particular domain that is widely used by different communities for different purposes. Although ontologies are the key and central enabling technology for the semantic web, however, the creation of ontologies is not an easy task or straightforward. The development of ontologies demands the use of various software tools. A range of open-source and commercial tools are available which assist in the development of various ontologies called Ontology Editors. These tools can be applied to several stages of the ontology life cycle including the creation, implementation, and maintenance of ontologies. This paper emphasis on the role of ontology editor tools for the ontology construction and presents a case study. 
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1. Introduction
1.1. Ontology
In Semantic Web, Ontology attracts many attentions due to the fact that it provides a shared and common understanding of some domain, which can be communicated across people and application systems. It is the next generation internet which tends to provide an intelligent and meaningful search of information from the vast ocean of information in World Wide Web. There are several definitions of ontology and the most quoted one is given by Gruber: “an explicit specification of a conceptualization” [1]. It is a set of concepts, their properties, and their inter-relationships. Ontologies provide the building blocks for expressing semantics in a well defined manner. A simple ontology example related to the concept of Computer is shown in Figure 2, describing some part of the Computer technology. This example shows the basic classes and their subclass relationship consisting of four subclasses hardware, software, cpu and msoffice each having the properties. 


Figure 2. Classes and subclasses of the Computer ontology
Following is the representation of the above Computer ontology example in owl [2], a semantic web language.

xmlns:rdfs="http://www.w3.org/2000/01/rdf-schema#"

xmlns:owl ="http://www.w3.org/2002/07/owl#"

xmlns:xsd="http://www.w3.org/2001/XLMSchema#"

<owl:Class rdf:ID="Computer">


<rdfs:comment>Computer form a class</rdfs:comment>

</owl:Class>
<owl:Class rdf:ID="Hardware">

<rdfs:comment>Hardware components are physical devices</rdfs:comment>

</owl:Class>
<owl:Class rdf:ID="Software">

<rdfs:comment>Software is computer instructions or data</rdfs:comment>

</owl:Class>
<owl:Class rdf:ID="CPU">

<rdfs:comment>CPU is the most important element of computer system</rdfs:comment>

<rdfs:subClassOf rdf:resource="#Hardware"/>

<rdfs:subClassOf>

<owl:Restriction>

<owl:onPropertyrdf:resource="#manufactured-by"/>

<owl:hasValue>

<xsd:string rdf:value="Intel"/>

</owl:hasValue>

</owl:Restriction>

</owl:subClassOf>

</owl:Class>

<owl:Class rdf:ID="MSOffice">

<rdfs:comment>MSOffice is an office suite from Microsift</rdfs:comment>

<rdfs:subClassOf rdf:resource="#Software"/>

<rdfs:subClassOf>

<owl:Restriction>

<owl:onPropertyrdf:resource="#Version"/>

<owl:hasValue>

<xsd:string rdf:value="2k3"/>

</owl:hasValue>

</owl:Restriction>

</owl:subClassOf>

</owl:Class>

2. Ontology Building

Although ontologies are the key and central enabling technology for the semantic web, however, the creation of ontologies is not an easy task or straightforward. People need a sophisticated methodology, skills and an assistance to develop an ontology. The development of ontologies demands the use of various software tools. So, it is necessary to provide such tools which aim to facilitate ontology creation and manipulation. For the past few years, a lot of effort has been made due to which a range of open-source and commercial tools are available assisting in the development of various ontologies. These tools can be applied to several stages of the ontology life cycle including the creation, implementation, and maintenance of ontologies. Therefore, such tools may be useful in reducing the complexities involved and capturing the essence of semantic web technology to a great extent.

2.1. Ontology Building Tools
Tools that provide support for the different phases of the ontology engineering process are referred to as ontology building tools. These tools are used for building a new ontology either from scratch or by reusing existing ontologies, which usually supports editing, browsing, documentation, export and import from different formats, views; libraries and they may have attached inference engines, etc. [3]. The number of available Semantic Web tools has increased rapidly over the few years, which reveals the great attention that Semantic Web is receiving. More than five hundred semantic web technologies have been introduced and are available for download on the web at AI3 [Adaptive Information Innovation Infrastructure]. The referred classification listed thirty one categories: Ontology Mapper/Mediator, RDF Editor, RDF Generator, Query Language or Service, Search Engine, Browser (RDF, other), RDF (general), NLP/Language Processor, Visualization, Composite App/Framework, Ontology Editor, Wiki- or blog-related, Ontology (general), Semantic Desktop, Reasoner/Inference Engine, Annotator, Database/Datastore, Data Language, Miscellaneous, Parser or Converter, Information Extraction, Wrapper (Web data extractor), Description or Formal Logics, Harvester, Programming Environment, Validator, Chat-related, Data Presentation, Mashup/Meshup Framework, Rules and related [4]. 

The emphasis is on the ontology building tools and the role of various ontology editors for ontology construction.
2.2. Ontology Editors
The ontology editors are tools that allow users to visually manipulate, inspect, browse and code ontologies and support in this way the ontology development and maintenance task [5]. In this section, we will provide a broad overview of some of the available ontology editor tools with a brief description of each tool, presenting the group that has developed it, its main features and functionalities, its URL etc. 
2.2.1. Adaptiva
Adaptiva is an ontology building environment developed by the University of Sheffield, which implements a user-centered approach to the process of ontology learning [6]. It is based on using multiple strategies to construct an ontology, minimizing input by using adaptive information extraction. A tool has been integrated, Amilcare, for adaptive Information Extraction from text designed for supporting active annotation of documents for the Semantic Web. This tool mainly addresses the problem of Knowledge Acquisition [7]. 

2.2.2. SemanticWorks 2000
Altova SemanticWorks 2008 is a commercial visual Semantic Web editor which provides powerful, easy-to-use functionality for a visual creation and editing of N-triples, XML, OWL, RDF and RDFS [8]. This editor has an intuitive visual interface and drag-and-drop functionalities. It allows users to visually design Semantic Web instance documents, vocabularies, and ontologies. This tool provides powerful features [9]:

· Graphical RDFS editor

· Graphical OWL editor

· Support for OWL Lite, OWL Full & OWL DL dialects

· Syntax and format checking with links to errors

· Semantics checking for ontologies

· Tabs for organizing instances, properties, classes, etc.

· Overview window for navigating large ontologies

A full version of this editor can be installed using a self-contained installer from the link below: http://www.altova.com/download/semanticworks/semantic_web_rdf_owl_editor.html. It is easy and fast to install. The user has to request a free evaluation key, by giving the following information: Name, Company name and e-mail. Users can test this editor for a period of 30 days after receiving the key password by e-mail.

2.2.3. COE
COE, a peer-to-peer [10] collaborative ontology editor, supports creation, edition, sharing, and reuse of ontologies. It provides a visual interface where users can manipulate the ontology in graphical or textual form. COE was implemented on top of a general-purpose peer-to-peer framework, COPPEER, a framework for creating very flexible collaborative P2P applications that provides nonspecific collaboration tools as plug-ins. It uses hyperbolic trees [11] to provide an overall understanding of the ontology. Recently COE v4.01 was released which can be downloaded from the link: http://cmap.ihmc.us/coe/test/Installer/install.htm.

2.2.4. Conzilla2
Conzilla2 is a second generation concept browser and knowledge management tool with many purposes [12]. It can be used as a visual designer and manager of RDF classes and ontologies, since its native storage is in RDF. It also has an online collaboration server. It provides an efficient collaborative knowledge environment/modeling tool as well as a versatile interface for editing and styling RDF. Conzilla can be downloaded from the specified given link: http://www.conzilla.org/wiki/Download/Main and launched via Java Web Start (JWS). One should have at least version 1.5 of a Java Runtime Environment installed.

2.2.5. Hozo
Hozo is an ontology visualization and development tool that brings version control constructs to group ontology development. “Hozo” is composed of “Ontology Editor”, “Onto-Studio” and “Ontology Server”. The features of Hozo include: 

· Supporting role representation [13, 14].

· Visualization of ontologies in a well considered format

· Distributed development based on management of dependencies between ontologies.

One can download Hozo - Ontology Editor from this specified link: http://www.hozo.jp/ckc07demo/. To run this editor the minimum requirements are: OS: Windows (2000, XP, Vista), Mac OS X (10.4.x) Java Runtime: JRE 1.5.0 or later.
2.2.6. OWL Editor
OWL, a free OWL Editor, developed by the Model Futures, is a tree-based and has a “navigator” tool for traversing property and class-instance relationships [15]. It can import XMI (the interchange format for UML) and Thesaurus Descriptor (BT-NT XML), and EXPRESS XML files. It can export to MS Word. The software runs on Windows 2000/XP/Vista. The current build is 0.2.0.36. The OWL Editor is offered without warranty or license. The software is still undergoing testing (i.e. it’s a Beta release), and may have bugs which could cause damage or loss of data. The Editor is a simple Windows executable (zipped) and requires no installation or registration. You can download it from this link: http://www.modelfutures.com/owl

2.2.7. OWL Editor
OntoTrack is a browsing and editing ontology authoring tool for OWL Lite. It combines a sophisticated graphical layout with mouse enabled editing features optimized for efficient navigation and manipulation, specifically designed for dealing with large ontologies [16]. OntoTrack is a pure Java application and run on any Java supported platform version 1.4.1 or higher (Java 1.5.0 Beta 1 will also work). OntoTrack is still in an early development phase. The current version is the first public release. This means, that OntoTrack might contain many bugs which may result in loose of data. Therefore, it comes with absolutely no warranty. In order to obtain OntoTrack you have to first register for a password via email, then login and download OntoTrack.
2.2.8. OWL-S-editor
The OWL-S Editor is a plugin for Protégé that is being developed in collaboration between Linkoping University and SRI. This editor tool provides a graphical user interface for users to create Semantic Web Service descriptions while using standard specifications such as WSDL [17] and UML Activity Diagrams [18]. It generates an OWL-S description entirely from a WSDL specification, therefore, no direct user input is required to do mapping. An exciting feature of the OWL-S Editor is the ability to actually execute services inside the editing environment. It is developed as open-source software and can be downloaded at http://projects.semwebcentral.org/projects/owlseditor/

2.2.9. Protégé

Protégé-2000 is one of the most widely used editing tools developed by the Stanford Medical Informatics (SMI) at Stanford University. With Protégé [19], a user can construct domain ontologies, customize data entry forms, and enter data. It has been used by experts in domains such as medicine and manufacturing for domain modeling and for building knowledge-base systems because it enables the building of distributed ontologies on the web with migration, integration and version control capabilities. Protégé-2000 is freely available for download from http://protege.stanford.edu/download/download.html under the Mozilla open-source license.

2.2.10. SWOOP
SWOOP is a lightweight ontology editor tool for creating, editing, and debugging OWL ontologies. It was produced by the MIND lab at University of Maryland, College Park, but is now an open source project with contributors from all over. It is a Web-based OWL ontology editor and browser that contains OWL validation and offers various OWL presentation syntax views. It has reasoning support and provides a multiple ontology environment where ontologies can be compared, edited and merged. Swoop, which is meant for rapid and easy browsing and development of web ontologies, is characterized by the following basic features [20]:
· Multiple Ontology Browsing and Editing 

· Renderer Plugins for OWL Presentation Syntaxes

· Semantic Search
· Collaborative Annotation

· Multimedia Markup Extension
	Table 1. A Comparative Study of Features of Various Ontology Editors

	Tool
	Version
	Release Date
	Owner /

Developer
	Features /

Limitations
	Primary Language
	FOSS
	More Information

	Adaptiva
	-
	-
	Sheffield University
	Knowledge Acquisition
	Java
	Yes
	http://www.aktors.org/technologies/

adaptiva/

	Semantic-Works 2008
	2008 sp1
	-
	Altova
	OWL+RDFS Editor


	Java
	No
	http://www.altova.com/products/semanticworks/semantic_web_rdf_owl_editor.html

	COE
	4.01
	06/02/06
	Indiana Minority Health Coalition
	Peer-to-peer,  Collaborative
	Java
	Mixed
	http://cmap.ihmc.us/coe/

	Conzilla2
	2.2


	05/02/08
	Knowledge Management Research Group
	Concept Browser
	Java
	Yes
	http://www.conzilla.org/wiki/Download/Main

	HOZO
	5.01
	10/08/07
	Osaka University
	Role concept; User-friendly
	Java
	Yes
	http://www.ei.sanken.osaka-u.ac.jp/main/index-en.html

	OWL Editor
	0.2.0.36
	-
	Model Futures
	Tree-based
	Other
	Yes
	http://www.modelfutures.com/owl

	Onto-

Track
	-
	-
	Ulm  University
	Fast browsing & Easy editing
	Java
	Yes/No
	http://www.informatik.uni-ulm.de/ki/ontotrack/

	OWL-S Editor
	23
	06/09/06
	Linkoping University
	Semantic Web Services
	Java
	Yes
	http://owlseditor.semwebcentral.org/

	Protégé-2000
	3.4 beta
	15/02/08
	Stanford Medical Informatics
	Multiple Inheritance
	Java
	Yes
	http://protege.stanford.edu/

	SWOOP
	2.3 beta
	01/04/06
	MINDSWAP
	Web-browser look & feel
	Java
	Yes
	http://www.mindswap.org/2004/

SWOOP/

	WebOnto
	-
	-
	Open University
	Knowledge Modelling
	Java
	Yes
	http://www.aktors.org/technologies/

webonto/


It can be downloaded from the link given here: http://www.mindswap.org/2004/SWOOP/downloads/

2.2.11. WebOnto
WebOnto is a tool developed by the Knowledge Media Institute (KMi) of the Open University (England). It supports the collaborative browsing, creation and editing of ontologies, which are represented in the knowledge modelling language OCML [21]. It is basically a Java client connected to a customized web server. The WebOnto server is a freely available service provided to the ontology engineering community. To create your own knowledge models you will need a login name and password, which can be received by sending an email.
2.3. Analysis of Ontology Editors
A comparison and analysis of features of various ontology editors is shown in Table 1.

3. Conclusion and Future Work
Ontology Editors prove an asset in the development of ontologies. The need is to identify a suitable editor for a particular domain. A theoretical attempt has been made to analyze and make a comparative analysis of the various ontology editors available and their role in ontology building and maintenance. It can be further extended to choose and make use of an ontology editor for a particular domain ontology creation.
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