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Abstract

Ontology tools can be applicable for all stages of the ontology lifecycle (creation, population, validation, deployment, maintenance and evolution). Ontology can be used to support various knowledge management including knowledge retrieval, store and sharing. There are several ontology languages like XML, RDF(S), DAML+OIL and OWL. Many ontology tools have been developed for implementing metadata of ontology using these languages. However, current ontology tools have some problems in interoperation and collaborative work. The primary goal of this survey is to understand and evaluate each tool by analyzing and using them. Therefore, we can develop the new generation tool not only supporting more capabilities, but also solving current tools’ problems.
1. Introduction

   Ontology tools can be applicable for all stages of the ontology lifecycle (creation, population, validation, deployment, maintenance and evolution) [11]. An ontology can be used to support various knowledge management including knowledge retrieval, store and sharing [12]. In one of the most popular definitions, an ontology is “the specification of knowledge” [15]. For knowledge management system, ontology can be regarded as the classification of knowledge. Ontologies are different from traditional search engines that directly search for the contents of data. Ontologies are metadata that provide the search engine with the functionality of a semantic match. Typically, an ontology consists of hierarchical description of important concepts in domain and the descriptions of the properties of each concept.
   Traditionally, ontologies are built by highly trained knowledge engineers with the assistance of domain specialists. It’s time-consuming and laborious task. Ontology tool also require users to be trained knowledge representation and predicate logic.

   XML is a popular markup language of metadata. With the development of the XML, different definitions of metadata have been proposed such as Dublin Core [16] and ebXML[29]. However, from the viewpoint of ontology, XML is not suited to describe the interrelationships of resources [10]. Therefore, W3C has suggested the resource description framework (RDF), RDF schema (RDFS), DAML+OIL and OWL. Since then, many ontology tools have been developed for implementing metadata of ontology by using RDF, RDFS, DAML+OIL and OWL.
   There are several ontology languages like XML, RDF(S), DAML+OIL and OWL. Many ontology tools have been developed for implementing metadata of ontology using these languages. The primary goal of this survey is understanding and evaluation of each tool by analyzing and using them. This paper is organized as follows. Section 2 gives the description and evaluation about 11 tools; protege2000, OilEd, Apollo,  RDFedt, OntoLingua, OntoEdit, WebODE, KAON, ICOM, DOE and WebOnto. Section 3 gives an additional survey about some commercial tools; Medius Visual Ontology Modeller, LinKFactory Workbench and K-Infinity. Section 4 presents a comparison table about tools. The conclusions and future work are discussed in Section 5.
2. Ontology tools
2.1 Protégé 2000

   Protégé is a tool which allows a user to construct domain ontology, customize data entry forms and enter data. The tool can be easily extended to access other knowledge based embedded applications. For example, Graphical widgets can be added for tables and diagrams. Protégé can also be used by other applications to access the data.

   Protégé allows a user to simultaneously work on classes and instances. This is provided for by a uniform GUI whose top level is composed of overlapping tabs for compact representation.

   ‘Classes’ tab is used to define classes and the class hierarchy, slot and slot-value restrictions, relationships between classes and properties of these relationships. The ‘Instances’ tab can be used to acquire instances of classes defined in the ontology. The forms are used for acquiring instances based on the type of slots that you have specified. The default form can then be changes by rearranging the fields on the screen, changing the size, label and properties for a slot.

   The main assumption of Protégé-2000 is that knowledge-based systems are usually very expensive to build and maintain. For example, the expectation is that knowledge-based system development is a team effort, including both developers and domain experts who may have less familiarity with computer software. Protégé-2000 is designed to guide developers and domain experts through the process of system development. Protégé-2000 is designed to allow developers to reuse domain ontologies and problem-solving methods, thereby shortening the time needed for development and program maintenance. Several applications can use the same domain ontology to solve different problems, and the same problem-solving method can be used with different ontologies [24, 25, 35].
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Figure 1. Snapshot of Protégé 2000
· Basic features :

· Import format

· XML, RDF(S) and XML Schema

· Export format

· XML, RDF(S), XML Schema, FLogic, CLIPS and Java HTML

· Graph view

· Via GraphViz plug-in (browsing of classes and global properties)

· Via Jambalaya plug-in (nested graph view)

· Consistency check

· Via plug-ins (PAL and FaCT)

· Limited multi-user support

· Protégé 2.0 has new multi-user capabilities added to it. It is intended for experienced Protégé users. Multiple users can read the same database and make incremental changes or changes that don't conflict with one another. However, there's no support for multiple users trying to modify the same elements of a knowledge base or notification of changes made by other users. Concurrent changes to the same section will cause severe problems.
· Web support
· Via Protégé-OWL plug-in

· Protégé doesn't provide direct support for accessing knowledge base from the web, but it can easily be done. A number of our users have communicated with Protégé knowledge bases from the Web via servlets. Protégé can be run as an applet. The new release of the Protégé Web     Browser is now available. It can be downloaded from the Protégé plug-ins page. The Protégé Web Browser allows users to browse Protégé ontologies and knowledge bases in their web browser, without having to install the Protégé application locally.
· Additional features :

· Merging
· Via Anchor-PROMPT plug-in

· Not support to add a new basic type
· Extensible plug-in architecture

· Ontology storage

· File and DBMS(JDBC)
2.2 OilEd
   OilEd is a simple editor that allows the user to create and edit OIL ontologies. The main intention behind OilEd is to provide a simple, freeware editor that demonstrates the use of, and stimulates interest in, DAML+OIL. OilEd is not intended as a full ontology development environment - it will not actively support the development of large-scale ontologies, the migration and integration of ontologies, versioning, argumentation and many other activities that are involved in ontology construction. It should, however, provide enough to allow the basic construction of OIL ontologies and demonstrate the power of the connection to the FaCT reasoner [2, 3, 22]. 
   OilEd has been built by The Information Management Group, Department of Computer Science, University of Manchester, and is copyright University of Manchester. The original development of OilEd was supported by Interprice GmbH and the Free University of Amsterdam. 
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Figure 2. Snapshot of OilEd
· Basic features :

· Import format

· RDF(S), OIL and DAML+OIL

· Export format

· RDF(S), OIL, DAML+OIL, SHIQ, dotty and HTML

· Not support graph view

· Consistency check

· Via built-in FaCT

· Limited web support

· RDF URIs, limited namespaces, very limited XML Schemas 
· Additional features :

· Arbitrary class expressions can be used as slot fillers.
· Primitive & defined classes
· Concrete type expressions
· Concrete Types aren’t very well supported
· XML Schema types now in DAML+OIL
· Ontology storage 

· File

· No extensibility

2.3 Apollo
   Apollo is a user-friendly knowledge modeling application. The modeling is based around the basic primitives, such as classes, instances, functions, relations etc. Internal model is build as a frame system according to the internal model of the OKBC protocol. 
   Apollo’s class system is modeled according to the OKBC. The knowledge base consists of ontology’s that are hierarchically organized. Ontology can inherit other ontology’s and then use classes of inherited ontology’s as its own.

   Every ontology inherits at least one ontology − a default ontology, which contains all primitive classes: Boolean, integer, float, string, list etc. Class contains slots of two types: non template and template slots. Apollo currently does not support non template class slots. For each class is possible to create a number of instances. An instance inherits all slots of the class. Each slot has a set of facets [18].

   The following set of default facets, that is implicitly created for each slot ::VALUE−TYPE,:VALUE,:DEFAULT−VALUE,:CARDINALITY,:MINIMUM−CARDINALITY,:MAXIMUM−CARDINALITY,:ALIAS,:INHERITANCE.
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Figure 3. Main window with loaded ontology in Apollo
· Basic features :

· Import/export format

· CLOS(Common LISP Object System) and OCML

· Not support graph view

· Consistency check

· Apollo’s object model features strong typing, that is, value of the slot can be only of the same type as is a type of the slot and all values are checked during editing for the correct type and existence. Undefined instances are immediately removed from the ontology, as soon as there is not any slot that refers to them. Similar concept applies to the undefined classes − e.g. for the type of the slots. You cannot create instances of such classes as well as edit their slots. Such strong type checking is a very powerful feature; however it is often required to use weak typing as present in Lisp language. Future versions of Apollo will incorporate support for weak typing, as well as Meta classes.
· Not support web

· Not support multi-user

· Additional features :

· Not support merging
· Not support information extraction

· Extensibility with plug-ins

· Ontology storage

· File

· Ontology library

· No collaborative working
2.4 RDFedt
   The RDFedt brings you fast and easy ways to build complex and structured RDF (and RSS) documents. With the element-tree you also get the overview at complex datastructures. Additionally functions will help you to test the data and - if necessary - they will give you comments and errormessages.
   This publisher supports: language RDF properly said; language RDF Schema; Dublin elements Core (standard of metadados); the RDF Site Summary 1.0 with the following modules: aggregation, notation, change of page, content, cut, organization, threading e RSS 0.91; declaration and levels of styles in XML; set of imported elements; to open and to save documents in archives of the type xml; to generate code from tree RDF; to print the generated codes; to test entered in tree RDF; to generate list automatically of links based in RDF of a document HTML [31]. 
   An important point is that it is not a Java program, so it is not platform independent. RDFedt works only on Windows platforms.
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Figure 4. Snapshot of RDFedt

· Basic features :

· Import/export format

· RDF(S), OIL, DAML and SHOE
· Not support graph view

· Very limited consistency check

· Only checks writing mistakes

· Not support multi-user

· Web support
· Via RSS (RDF Site Summary)

· Additional features :

· Support for Dublin Core Element Set
· Support RSS modules

· Aggregation, Annotation, etc

· Automatic generation of a rdf-based linked list from a html-document

· Load and save XML files

2.5 OntoLingua
   Ontolingua provides a distributed collaborative environment to browse, create, edit, modify, and use ontologies. This tool is an Ontology library and server, which supports a WWW interface and translation into various formats. It provides a suite of ontology authoring tools and a library of modular, reusable ontologies. The environment is available as a World Wide Web service and has a substantial user community. The tools in Ontolingua are oriented toward the authoring of ontologies by assembling and extending ontologies obtained from the library. The Ontolingua server can be accessed with a standard web browser at [26].
   Its available services include [9, 32]:

Chimaera: Helps you reorganize the taxonomy and resolve name conflicts in a KB - especially useful when merging KBs, but also useful as an ontology browser, and ontological sketchpad. 

CML Model Fragment Editor: Allows you to browse, create and edit CML model fragments.

General purpose data structure inspector: Allows you to look inside data structures in the Lisp image within which the server is running according to multiple perspectives.

Ontology Editor: Allows you to browse, create and edit Ontologies using your web browser. 

Webster: An HTTP gateway to a webster server.
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Figure 5. Snapshot of ontology creation in Ontolingua
· Basic features :

· Import format

· IDL, KIF

· Export format

· KIF, CLIPS, IDL, OKBC syntax and PROLOG syntax

· Not support graph view

· Limited consistency check

· Via Chimaera ( reorganize the taxanomy and resolve name conflicts in KB)
· Freely web access

· Multi-user support

· Via write-only locking and user access levels

· Additional features :

· No extensibility
· Ontology storage

· Files

2.6 OntoEdit

   OntoEdit is an Ontology Engineering Environment supporting the development and maintenance of ontologies by using graphical means. OntoEdit is built on top of a powerful internal ontology model. This paradigm supports representation-language neutral modeling as much as possible for concepts, relations and axioms. Several graphical views onto the structures contained in the ontology support modeling the different phases of the ontology engineering cycle - the ontology kickoff phase, refinement phase, and evaluation phase. It relies on W3C standards and offers a multitude of export interfaces to all major ontology representation languages. The tool is based on a flexible plug-in framework. Firstly this easily allows extending functionality in a modularized way. The plug-in interface is open to third parties, which enables users to extend OntoEdit easily by additionally needed functionalities. Secondly, having a set of plug-ins available like e.g. a domain lexicon, an inferencing plug-in and several export and import plug-ins, this allows for user-friendly customization to adapt the tool to different usage scenarios [33].

   The Requirements Specification phase for ontology development leads to an ontology requirements specification document describing what an ontology should support. Collecting requirements for the envisaged ontology starts the ontology development. This task is performed by a team of experts for the domain accompanied by experts for modeling. It also guides an ontology engineer to decide about relevant concepts and their hierarchical structure in the ontology. This phase is supported by OntoEdit by the two plug-ins OntoKick and Mind2Onto5 for meta ontology description with automatically calculated statistic information. 
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Figure 6. Snapshot of OntoEdit
   The goal of the Refinement phase is to produce a mature and application-oriented target ontology according to the specification given by the kickoff phase. The ontology engineer may develop the concept hierarchy, relations and axioms in as much as possible independence of a concrete representation language. The ontology engineering environment OntoEdit uses a powerful ontology model to store the conceptual model of an ontology. With a single click, the Ontology Engineer is supported to transform the conceptual representation to all major ontology representation languages like RDF(S), XML, DAML+OIL or F-Logic.

   OntoEdit tool allows the user to edit a hierarchy of concepts or classes. These concepts may be abstract or concrete, which indicates whether or not it is allowed to make direct instances of the concept. The Ontologies are modeled in a 'is-a' hierarchy which means that sub concepts have all properties of their super concepts. A concept may have several names, which essentially is a way to define synonyms for that concept. Concepts may participate in binary typed relations. Attributes of concepts are also considered to be relations. For this purpose, built-in types such as STRING, INTEGER and BOOLEAN are introduced. Relations can also be composed based on other relations. Relations can be ordered in a hierarchy, which allows for inheritance/refinement of characteristics of relations. Each concept and relation can be documented explicitly within the ontology. This is especially important when exchanging ontologies. Metadata of the ontology, such as the creator and the date of last modification, can also be stored within the ontology. Transformation modules can be linked into the system, which allow translating the ontology from its own general XML-based storage format to a more specific format. Currently an F-Logic transformation module is available, and work on an RDF module is being done. The whole system is multilingual, meaning that each concept name, relation name or documentation string can be entered in several languages. The tool allows for multiple ontologies to be opened at the same moment. The OntoEdit plug-in architecture is hot-pluggable. That means that you can load and unload plugins during runtime [13, 14]. 
· Basic features :

· Import/export format

· XML, RDF(S), FLogic and DAML+OIL for free version

· XML, RDF(S), FLogic, DAML+OIL and SQL-3 (export only) for professional version

· Graph view

· Consistency check

· Web support

· URIs

· Additional features :

· Ontology storage

· File (free) vs. File and DBMS (professional)

· Built-in inference engine

· Not support (free) vs. support via OntoBroker (professional)

· Collaborative working and Ontology library

· Not support (free) vs. support (professional)

2.7 WebODE
   This tool is based on the widely used and tested Methontology methodology built in the Technical School of Computer Science (FI) in Madrid.
   A strong need for an integrated ontological engineering workbench supporting three groups of activities was the major motivation behind development of this tool. These are grouped as follows:
(1) Ontology Development, Management and Population activities; 

(2) Ontology middleware services to allow the easy used and integration of ontological technology in information systems; and 

(3) Ontology-based applications' development suites to ease the creation of ontology-based applications.
   Concisely, WebODE is not an isolated tool for the development of ontologies, but an advanced ontological engineering workbench that provides varied ontology related services, and covers and gives support to most of the activities involved in the ontology development process. WebODE has been created to provide technological support for Methontology, an ontology construction methodology. Nevertheless, this fact does not prevent it from being used following other methodologies or no methodological approach at all. It has been implemented using state-of-the-art technology such as Java, RMI, CORBA or XML and Minerva Application Server [1, 4].

WebODE Architecture (three-tier model) [19]
The first tier provides the user interface. For the current release, this interface is provided by means of a web browser. The presentation tier was implemented using HTML, CSS (Cascading Style Sheets) and XML (Extended Mark-up Language) to easily interoperate with other applications. So that the client can work more rapidly and thus ease the server of the burden of user validations, technologies like JavaScript and Java are used at this level. The first one provides easy and quick form validation while the second allows more complex presentation and logic schemas like graphical design or formula validation.

The second tier provides the business logic. In fact, this tier consists of two other sub-tiers: presentation sub-tier and logic-subtier. The logic sub-tier provides direct access to ontologies by means of a well-defined API (Application Programming Interface) supplied through an application server developed by our team (Minerva Application Server). This server provides access to services through RMI-IIOP (Remote Method Invocation-Internet Inter ORB Protocol) thus making application development and integration very easy. The presentation sub-tier is responsible for generating the content to be presented in the user’s browser. It is also aimed at handling user requests from the client (like form handling, queries, etc.) and forward them to the ODE service as appropriate. Technologies such as servlets or JSPs (Java Server Pages) were used for this purpose.
The third tier is comprised of the data. For our ontologies, we use a relational database (Oracle) to store all the information about them. This database is accessed by means of the JDBC (Java Database Connectivity) standard.
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Figure 7. WebODE ontology editor

· Basic features :

· Import format

· WebODE’s xml, RDF(S), DAML+OIL, OWL and UML

· Export format

· WebODE’s xml, RDF(S), OIL, DAML+OIL, OWL, PROLOG, X-CARIN, Java/Jess and UML

· Graph view

· Form based graphical user interfaces

· Consistency check

· Type constraints, numerical constraints, cardinality constraints, taxonomic consistency variation
· Web support

· URIs

· Multi-user support

· By synchronization, authentication and access restrictions per user groups
· Additional features [1, 4]:

· Merging
· Via ODEmerge methodology

· Extensibility

· Via plug-ins

· Ontology storage
· DBMS

· Collaborative working

· Not support ontology libraries

2.8 KAON

   KAON is an open-source ontology management system targeted for business applications. It includes a comprehensive tool suite allowing easy ontology creation and management and provides a framework for building ontology-based applications.
   KAON provides two user-level applications: OiModeler and KAON PORTAL, All other KAON modules are intended for software development. OI-modeler is an ontology editor and provides support for ontology creation and maintenance. KAON Portal provides a simple framework for navigating and searching ontology’s through Web browsers. The latest version is 1.2.7 [20].
   KAON is primarily a framework for the development of other ontology-based applications. It has the following modules:

- Front-end: The front-end is mainly presented by two applications, OI-modeler and KAON Portal.
- Core of KAON: The core of KAON is the two APIs for the Resource Description Framework (RDF) and the KAON ontology language
- Libraries: To provide the functionality of KAON.
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Figure 8. Snapshot of KAON tool

· Basic features :

· Import/export format

· RDF(S)

· Not support graph view

· Consistency check

· Web support

· Via KAON Portal

· Multi-user support

· By concurrent access control with transaction oriented locking and rollback

· Additional features :

· Not support merging
· Scalable and efficient reasoning with ontologies
· Extends RDFS with symmetric, transitive and inverse relations

· Meta-modeling similar to F-Logic using axiom patterns
2.9 ICOM 
   ICOM is an advanced CASE tool which allows the user to design multiple extended Entity-Relationship diagrams with inter- and intra-schema constraints. The intention behind ICOM is to provide a simple, freeware conceptual modelling tool that demonstrates the use of, and stimulates interest in, the novel and powerful knowledge representation based technologies for database and ontology design. It turned out to be extremely useful also in supporting the conceptual modelling of "classical" databases involving a single rich schema with integrity constraints, and in designing ontologies for various purposes [30].

   The conceptual modeling language supported by ICOM can express:
- the standard Entity-Relationship data model, enriched with IsA links (i.e., inclusion dependencies),disjoint and covering constraints, full cardinality constraints, and definitions attached to entities and relations by means of view expressions over other entities and relationships in the schema.
- aggregated entities together with their multiply hierarchically organized dimensions -- e.g. it is possible to represent multidimensional cubes over star and snowflake schemas.
- rich class of (inter-schema) integrity constraints, as inclusion and equivalence dependencies between view expressions involving entities and relationships possibly belonging to different schemas.
   ICOM reasons with (multiple) diagrams by encoding them in a single description logic knowledge base, and shows the result of any deductions such as inferred links, new stricter constraints, and inconsistent entities or relationships. Theoretical results guarantee the correctness and the completeness of the reasoning process. To the best of our knowledge, this is the first implemented tool for EER conceptual modelling with a provably complete inference mechanism for consistency checking and for deduction -- i.e., derivation of implied links and constraints in the schema.

   Completeness of reasoning means in this context that no valid deduction is left out by the inference engine. This of course holds for the full data model employed by ICOM, which is much richer than EER. The system employs the DLR/SHIQ description logic to encode the schemas and to express the views and the constraints.

   ICOM tool is written in standard Java 1.2, and it is being used on Linux and Windows machines. ICOM communicates via a CORBA protocol with the FaCT description logic server.
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Figure 9. Snapshot of ICOM tool

· Basic features :

· Import/export format

· XML and UML

· Graph view

· Native editing of ER diagrams

· Consistency check

· Via FaCT (verify the specification)

· Not support web

· Not support multi-user

· Additional features :

· Merging

· Supports inter-ontology mapping with graphical interface

· Not support information extraction

2.10 DOE (Differential Ontology Editor)
   DOE is a simple ontology editor which allows the user to build ontologies according to the methodology proposed by Bruno Bachimont. The specification process is divided in 3 steps. In the 1st step, the user is invited to build taxonomies of concepts and relations, explicitly justifying the position of each item (notion) in the hierarchy. For each notion, the user builds a definition following 4 principles which come from the Differential Semantics theory. Hence, the user has to explicit why a notion is similar but more specific than its parent (2 principles), and why this notion is similar but different from its siblings (2 others principles). The user can also add synonyms and encyclopedic definition in a few languages for all notions. In a 2nd step, the two taxonomies are considered from an extensional semantics point of view. The user can augment them with new entities (defined) or add constraints onto the domains of the relations. Finally, in a 3rd step, the ontology can be translated into a knowledge representation language, which allows to use it in an appropriate ontology-based system or to import it into another ontology-building tool to specify it further: RDFS, OWL, DAML+OIL, OIL and CGXML (a language to specify conceptual graphs). DOE is not intended as a full ontology development environment: it will not actively support many activities that are involved traditionally in ontology construction, such as advanced formal specification dealt with by tools like Protégé 2000. It is rather a complement of others editors, offering linguistics-inspired techniques which attach a lexical definition to the concepts and relations used, and justifies their hierarchies from a theoretical, human-understandable point of view [23, 36]. 
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Figure 10. DOE snapshot for TravellingOntology
· Basic features :

· Import/export format

· OWL, OIL, CGXML, XSLT, RDFS and DAML+OIL

· Not support graph view

· Consistency check

· Via arity and type inheritance on relational domains

· Via detection of cycles in hierarchies
· Basic web support
· URL of the ontology

· Additional features :

· Interoperability 
· The structured textual information is exported in comments. There are few formal features such as multi-hierarchies, individuals which make it very similar to RDFS.  Interpretability is achieved using both RDFS and OWL. Results using RDFS produces satisfactory results, while with OWL some problems arise with Protégé and WebODE. Theses are discussed in the drawbacks section.
· Not support merging
· Problems with Dublin Core Metadata during importing

· For interoperability with Protégé OWL plug in, the individual namespaces need to be explicitly declared using the Protégé namespace

· While using WebODE, the individuals are not imported

· Concepts cannot be defined intentionally with constraints  
· Only types of the domains of relationships can be specified 

· No axiom editor 
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Figure 11. Interoperability using both RDFS and OWL
2.11 WebOnto

   WebOnto , which is a tool developed by the Knowledge Media Institute of the Open University in England, supports the collaborative browsing, creation and editing of ontologies, which are represented in the knowledge modeling language OCML without suffering form the interface problems. The aim of WebOnto is to be easy-to-use, yet have scalability up to large ontologies. Main features of WebOnto are management of ontologies using a graphical interface, the automatic generation of instance editing forms from class definitions, inspection  of elements taking into account the inheritance of properties and consistency checking, and support for collaborative work using broadcast/receive and making annotations. WebOnto consists of Java-based central server and clients [7, 8, 21]. 
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Figure 12
· Basic features :

· Import format

· RDF

· Export format

· GXL, RDF(S) and OIL

· Graph view

· Limited consistency check

· Web support

· Multi-user 

· Global write-only locking with change notification
· Additional features :

· Multiple inheritance and exact coverings
· Meta-classes
· Class level support for prolog-like inference
· Online service only

· Information extraction

· Via MnM

· Not support merging

· No extensibility

· Built-in inference engine

· Ontology storage

· File

· Collaborative environment
3. Some commercial tools
3.1 Medius Visual Ontology Modeler
   Medius Visual Ontology Modeler is a UML-based ontology modeling tool that enables ontology development and management for use in collaborative applications and interoperability and an add-in to Rational Rose Enterprise Edition. It is developed by Sandpiper Software. It has a set of ontology authoring wizards that create and maintain the required UML model elements for user, so it substantially reduce construction errors and inconsistencies, but it is not perfect. That is to say, it supports limited consistency check.
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Figure 13. Rational Rose framework

· Basic features :

· Import/export format

· XML Schema, RDF and DAML+OIL

· Graph view

· UML diagrams via Rose

· Limited consistency check

· Set of ontology authoring wizards

· Multi-user support

· Network-based environment for ontology development

· Web support (URI)
· In DAML generator via read-only browser support from Rose

· Additional features :

· Includes a library of ontologies that represent the IEEE Standard Upper Ontology (SUO), concepts relevant to XML schema, RDF and DAML generation, as well as other basic concepts for collaborative product commerce and bioinformatics markets [11, 34]

· Merging 

· Only native Rose model

· Not support information extraction

· Operates only as Rational Rose plug-in

3.2 LinKFactory Workbench

   LinKFactory Workbench is originally designed for very large medical ontologies. LinKFactory ontology client-server structure is an information system (IS) constructed using 3-tier architecture. [6]: 1) LinKFactory Workbench is a client application on the userside to manage the LinKBase ontology, which is an ontology database. 2) LinKFactory is the server interface, receiving and answering user requests, holding the business logic and requesting data using the application server tier. 3) Data layer accessing the underlying database. This database contains all information (user information, ontology contents and maintenance information). 
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Figure 14. Screenshot of the LinkFactory Workbench
· Basic features :

· Import/export format

· XML, RDF(S), DAML+OIL and OWL

· Consistency check

· Checks cover role restrictions, formal disjoints, sanctioning over subsumers
· Not support graphical view

· Multi-user

· Additional features :

· Merging 

· compares and links ontologies via a core ontology; related concepts matched on formal relationships and lexical information
· Information extraction

· via text analyses and automatic linkage to ontology
· Collaborative authoring environment

· with author privileges and auditing specific to concept hierarchies
3.3 K-Infinity

   K-Infinity is the tool developed by Intelligent Views, German company, for the creation, maintenance and the use of knowledge network. It is a knowledge editor broad support for object-oriented knowledge modeling. Knowledge Builder is K-Infinity’s main component. Using Knowledge Builder, knowledge engineers and lexicographers can create, delete, rename and edit both objects and relations, as well as to relate objects to each other according to defined relations. This can be done in two different workspaces:
· Graph Editor

   It enables user to see a graphical view of the network of objects and the relations of them. Implemented network can be expanded according to the defined model and monitored by some consistency rules. An interactive network layout algorithm for the exploration of the knowledge network is one of the basic functions of the Graph Editor.

· Concept Editor

   It is a supplemental data viewer to the Graph Editor. It allows the user to focus on one objects and its semantic links to neighboring objects. Also, it allows the user to survey links and their attributes in detail, and to modify them if necessary.
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   In addition to the tools for editing the knowledge, K-Infinity has the K-Organizer which provides administration, navigation, search and query formulation. Main function of the K-Organizer is classification and grouping of objects, either manually or by existing object properties.
[image: image17.emf]
Figure 16. K-Organizer

   The meaning of a knowledge network in K-Infinity fits well with ontology. A knowledge network is a collection of concepts that structure information. Centrals of the construction of the knowledge network are concepts, individuals, attributes and relations. The concepts are organized hierarchically, so each concept is related to its superconcepts and subconcepts.
· Basic features :

· Import/export format

· RDF

· Graph view

· Consistency check
· Not support web

· Additional features :

· Automatic management of references

· Multiple inheritance and relation hierarchies 

4. Comparison Table
	
	Import

format
	Export

format
	Graph view
	Consistency

check
	Multi-

user
	Web

support
	Merging

	Protégé 2000
	XML, RDF(S), XML Schema
	XML,
RDF(S), XML Schema, FLogic, CLIPS, Java html
	Via plug-ins like GraphViz and Jambalaya
	Via plug-ins like PAL and FaCT
	Limited
(Multi-user capability added to it in 2.0 version)
	Via Protégé-OWL plug-in
	Via Anchor-PROMPT plug-in

	OilEd
	RDF(S), OIL, DAML+OIL
	RDF(S), OIL, DAML+OIL, SHIQ, dotty, html
	No
	Via FaCT
	No
	Very limited namespaces
	No

	Apollo
	OCML, CLOS
	OCML, CLOS
	No
	Yes
	No
	No
	No

	RDFedt
	RDF(S), OIL, DAML, SHOE 
	RDF(S), OIL, DAML, SHOE
	No
	Only checks writing mistakes
	No
	Via RSS (RDF Site Summary)
	?

	OntoLingua
	IDL, KIF
	KIF, CLIPS, IDL, OKBC syntax, Prolog syntax
	No
	Via Chimaera
	Via write-only locking,user access levels
	Yes
	?

	OntoEdit
(Free version)
	XML, RDF(S), FLogic and DAML+OIL
	XML, RDF(S), FLogic and DAML+OIL
	Yes
	Yes
	No
	Yes
	?

	WebODE
	RDF(S), UML, DAML+OIL and OWL
	RDF(S), UML, DAML+OIL,OWL, PROLOG, X-CARIN, Java/Jess
	Form based graphical user interface
	Yes
	By synchronization, authentication and access restriction
	Yes
	Via ODEmerge

	KAON
	RDF(S)
	RDF(S)
	No
	Yes
	By concurrent access control
	Via KAON portal
	No

	ICOM
	XML , UML
	XML, UML
	Yes
	Via FaCT
	No
	No
	With inter-ontology mapping

	DOE
	XSLT, RDF(S), OIL, DAML+OIL, OWL and CGXML
	XSLT, RDF(S), OIL, DAML+OIL, OWL and CGXML
	No
	Via type inheritance and detection of cycles in hierarchies
	No
	Load ontology via URL
	No

	WebOnto
	OCML
	OCML, GXL, RDF(S) and OIL
	Yes
	Yes
	With global write-only locking
	Web based
	?

	Medius VOM
	XML Schema,
RDF and DAML+OIL
	XML Schema, RDF and DAML+OIL
	UML diagrams via Rose
	With a set of ontology authoring wizards
	Network based
	Via read-only browser support from Rose
	Limited
(only native Rose model)

	LinKFactory
	XML, RDF(S), DAML+OIL and OWL
	XML,
RDF(S),

DAML+OIL, OWL and html
	No
	Yes
	Yes
	Yes
	Yes

	K-Infinity
	RDF
	RDF
	With Graph editor
	Yes
	Network based
	No
	?


	
	Collaborative

working
	Ontology

library
	Inference

engine
	Exception

handling
	Ontology

storage
	Extensibility
	Availability

	Protégé 2000
	No
	Yes
	With PAL
	No
	File & DBMS (JDBC)
	Via plug-ins
	Free

	OilEd
	No
	Yes
	With FaCT
	No
	File
	No
	Free

	Apollo
	No
	Yes
	No
	No
	Files
	Via plug-ins
	Free

	RDFedt
	No
	No
	No
	Yes
	Files
	No
	Free

	OntoLingua
	Yes
	Yes
	No
	No
	Files
	No
	Free

	OntoEdit
	No
	No
	No
	No
	File
	Via plug-ins
	Free

	WebODE
	Yes
	No
	Prolog
	No
	DBMS (JDBC)
	Via plug-ins
	Free

	KAON
	?
	Yes
	Yes
	No
	?
	No
	Free

	ICOM
	No
	?
	Yes
	No
	DBMS
	Yes
	Free

	DOE
	No
	No
	Yes
	No
	File
	No
	Free

	WebOnto
	Yes
	Yes
	Yes
	No
	File
	No
	Free web access

	Medius VOM
	Yes
	Yes
(IEEE SUO)
	Yes
	?
	?
	Yes
	Commercial

	LinKFactory
	Yes
	Yes
	Yes
	No
	DBMS
	Yes
	Commercial

	K-Infinity
	Yes
	Yes
	Yes
	?
	DBMS
	No
	Commercial


5. Conclusion

   So far, we have described above ontology tools; protégé 2000, OilEd, Apollo,  RDFedt, OntoLingua, OntoEdit, WebODE, KAON, ICOM, DOE and WebOnto.  Additionally,we have surveyed some commercial tools such as Medius Visual Ontology Modeller, LinKFactory Workbench and K-Infinity. All of these tools are ontology development tools. To compare each tool’s features, we have chosen the tools of the similar purpose. Of course, there are many other tools that have different purpose. For example, Chimaera, FCA-merge and PROMPT are ontology merge and integration tools. AeroDAML, COHSE, MnM and OntoAnnotate are ontology annotation tools. Sesame, Inkling, rdfDB, Redland, jena, cerebra are ontology storing and querying tools. 

   Several important aspects when we analyze tools are exist. We have included information about the import/export format, graph view, consistency check, multi-user support, merging, web support, extensibility, ontology storage, ontology library support and etc. 

   Most of the tools are moving for java platforms and extensible architecture as well. Interoperability and storage in databases are still a weak point of ontology tools.
   According to [11], they performed Protégé 2000, OilEd and OntoEdit to test the interoperability of an ontology tool. For example, plain RDFS from OilEd could be used in OilEd and Protégé 2000, but it was not working well in OntoEdit. Plain RDFS from Protégé 2000 could be used in Protégé 2000 and OidEd version 19990303, while OilEd used an unmarked version, but it couldn’t be used in OntoEdit. Also, standard Oil RDFS from Protégé 2000 and OWL from OilEd couldn’t be used in all tools (OilEd, Protégé 2000 and OntoEdit). DAML+OIL from OidEd could be used in OidEd and OntoEdit with minor problems, but it couldn’t be used in Protégé 2000. Interoperability with other ontology development tools, merging tools, databases, as well as translations to and from some ontology languages, is important factor in order to integrate ontologies in applications. However, there are few comparative studies about the quality of all translators, the possibility of exchanging ontologies between different tools and the loose of knowledge in the translation processes. 

   In case of storage, only a few of surveyed tools use databases for storing ontologies: LinkFactory, OntoEdit Professional version, Protégé 2000 and WebODE. Also, only a few have backup management functionality. 

   Although a lot of similar ontology tools exist for ontology creation, they don’t interoperate well nor cover all the activities of the ontology lifecycle. The lack of interoperability between all these tools induces important problems, for example, when we integrate an ontology into the ontology library of a different tool, or when two ontologies built using different tools or languages are integrated using merging tools.
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