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Semantic Web Overview

NOTE: This is the second document in a three part series describing the Semantic Web.  The initial report described the key concepts and standards, including RDF, RDFS, DAML, and OWL.  This document is a broad survey and classification of available tools and applications built around the standards described in Part 1.  The final document in the series will combine tutorial material and in-depth discussions of selected tools and applications discussed in this report.

The Semantic Web [1] is the representation of data on the World Wide Web using metadata markup tags that have semantic as well as syntactic meaning.  Such standardized markups allow general purpose metadata tools such as annotators, inference engines, and intelligent agents systems to be constructed. We may characterize the Semantic Web as follows: 

· An entity that includes documents, describing explicit relationships between things and containing semantic information intended for automated processing. 

· An extension of the current web in which information is given well defined meaning, enhancing the capability of computers and people to work in co-operation. 

· An idea of having data on the web defined and linked in a way, that it can be processed by machines - not just for display purposes, but for using it in various knowledge based applications. 

· A queryable web-model that enables machines to make more sense of the web, with the result of making the web more useful for humans.
The key points to note here are ‘machine readability’ and ‘automated processing’. This directly leads us to the fact that some sort of additional data, apart from the actual contents of the web pages, is required so that any tool can access this data, process it according to its requirements and present the results to the user with more relevance and ‘intelligence’ rather than a simple text based keyword search. This additional data is called the metadata.  
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Figure 1: Operational components of the Semantic Web 

In order to understand the available technologies, we must put them into a context that shows their inter-relationships.  This is shown in Figure 1, taken from http://www.isi.edu/us-uk.gridworkshop/talks/goble_-_grid_ontologies.ppt.  Web page annotators and ontology construction tools are used to create metadata descriptions of Web content.  Web markup is essentially RDF [2], the simplest of the Semantic Web tools.  RDF gives one the capability of constructing simple graph relationships (or subject-verb-object sentences) that describe entities with a set of standard property values.  The Dublin Core [3] is one prominent example of the standard property extensions that can be used with RDF.  Expressions of ontological relationships (such as taxonomies) require more sophisticated markup languages such as DAML and OWL, summarized in the next section.  


Once such metadata (simple or sophisticated) is created, we obviously wish to make use of it through knowledge retrieval techniques (such as agents) that can scour the web, and particularly metadata repositories, looking for information.  More sophisticated markup languages provide additional capabilities of inference; that is, one may infer metadata properties and relationships that are not explicitly stated in the markup.
Ontologies


Ontological markup languages are the key to the more sophisticated aspects of the Semantic Web and are described in detail in the first report in this series.  We provide here a quick overview of these key standards for reference.


DAML : DAML [4] is a language created by DARPA as an ontology and inference language based upon RDF. DAML takes RDF Schema a step further, by giving us more in depth properties and classes. DAML allows one to be even more expressive than with RDF Schema, by providing some simple terms for creating inferences. An interesting related web site is DARPA/Stanford Agent Manipulation Language, http://www.ksl.stanford.edu/projects/DAML/.  

OIL: An Ontology Infrastructure Layer [5] developed in Europe and then merged with DAML and formed DAML+OIL. The paper which describes OIL can be found in http://www.cs.vu.nl/~frankh/postscript/EKAW00.pdf.  Information on DAML+OIL may be found at http://www.w3.org/TR/daml+oil-reference.
OWL: The OWL Web Ontology Language is designed for use by applications that need to process the content of information instead of just presenting information to humans. OWL facilitates greater machine readability of Web content than that supported by XML, RDF, and RDF Schema by providing additional vocabulary along with a formal semantics. OWL has three increasingly-expressive sublanguages: OWL Lite, OWL DL, and OWL Full. It is developed under W3C. 

Their website is http://www.w3.org/TR/owl-guide/.
Semantic Web Tools


Since the Semantic Web topic is a broad area of basic research and the ontology languages themselves are evolving, there are numerous available tools. In order to understand Semantic Web tools, classification systems have been developed. The classifications of the tools are divided into the following items based on the International Semantic Web Conference, http://iswc.semanticweb.org/.
· Annotation and Authoring tools 

· Inference engines 

· Ontology editors and browsers 

· Ontology servers 

· Ontology mapping tools 

· Repositories 

· Retrieval tools 

· Semantic search engines  
Annotation and Authoring tools 
In the Semantic Web, annotation tools are used to create comments, notes, explanations, or other types of external remarks that can be attached to any Web document or a selected part of the document without actually needing to touch the document.  Annotations can also be decoupled from the documents they describe: when the user gets a particular document he/she can also load the annotations attached to it from a selected annotation server or several servers and see what his peer group thinks. General information may be found at http://annotation.semanticweb.org/. 
From our survey, the main annotation tools are the following:
1. OntoMat-Annotizer: OntoMat-Annotizer is a user-friendly interactive webpage annotation tool. It supports the user with the task of creating and maintaining ontology-based DAML+OIL markups i.e. creating of DAML-instances, attributes and relationships. It includes an ontology browser for the exploration of the ontology and instances and a HTML browser that will display the annotated parts of the text. It is Java-based and provides a plug-in interface for extensions. The intended user is the individual annotator i.e., people that want to enrich their web pages with DAML-meta data. Instead of manually annotating the page with a text editor, OntoMat allows the annotator to highlight relevant parts of the web page and create new instances via drag-and-drop interactions. It supports the meta-data creation phase of the lifecycle. It is planned that a future version will contain an information extraction plug-in, that offers a wizard which suggests which parts of the text are relevant for annotation. That aspect will help to ease the time-consuming annotation task. OntoMat-Annotizer is a tool of the OntoAgent Project. Their web site is: http://annotation.semanticweb.org/tools/ontomat.
2. Shoe Knowledge Annotator: The Knowledge Annotator is a Java program that allows users to mark-up web pages with SHOE knowledge without having to worry about the HTML-like codes. The Annotator is available as an applet or a stand-alone Java application from http://www.cs.umd.edu/projects/plus/SHOE/KnowledgeAnnotator.html
3. Annotea: a LEAD (Live Early Adoption and Demonstration) project enhancing the W3C collaboration environment with shared annotations. Annotea is open; it uses and helps to advance W3C standards when possible. Annotea is part of the Semantic Web efforts. The annotations are stored in annotation servers as metadata and presented to the user by a client capable of understanding this metadata and capable of interacting with an annotation server with the HTTP service protocol. The first client implementation of Annotea is W3C's Amaya editor/browser. More information can be found in the following web site.  http://www.w3.org/2001/Annotea. 
4. Annozilla: designed to view and create annotations associated with a web page, as defined by the W3C Annotea project by Mozilla. The idea is to store annotations as RDF on a server, using XPointer (or at least XPointer-like constructs) to identify the region of the document being annotated. The intention of Annozilla is to use Mozilla's native facilities to manipulate annotation. In order to use Annozilla, installation of the code, and to get set up with a user account with an annotation server (e.g., the W3C test server) is enough.
5. COHSE Annotator: Conceptual Open Hypermedia Services Environment project’s aim is to research into methods to improve significantly the quality, consistency and breadth of linking of WWW documents at retrieval time and authoring time. Their effort is to produce COHSE using the following three services. Their web site is http://cohse.semanticweb.org/ 
· an ontological reasoning service which is used to represent a sophisticated conceptual model of document terms and their relationships; 

· a Web-based open hypermedia link service that can offer a range of different link-providing facilities in a scalable and non-intrusive fashion; 

· the integration of the ontology service and the open hypermedia link service to form a conceptual hypermedia system to enable documents to be linked via metadata describing their contents;
6. SMORE is a tool that allows users to markup their documents in RDF using web ontologies in association with user-specific terms and elements. The aim of this software is as follows:
· To provide the user with a flexible environment in which he can create his web page without too many hindrances involving markup

· To allow the user to markup his document with minimal knowledge of RDF terms and syntax. However, the user should be able to semantically classify his data set for annotation i.e. breakup sentences into the basic subject-predicate-object model

· To provide a reference to existing ontologies on the Internet in order to use more precise references in his own web page/text. The user can also create his own ontology from scratch and borrow terms from existing ontologies

· To ensure accurate and complete RDF markup with scope to make modifications easily

7. MnM is an annotation tool which provides both automated and semi-automated support for annotating web pages with semantic contents. MnM integrates a web browser with an ontology editor and provides open APIs to link to ontology servers and for integrating information extraction tools.
8. Trellis Web is an interactive environment that allows users to add their observations, opinions, and conclusions as they analyze information by making semantic annotations to documents and other on-line resources. This is in essence a knowledge acquisition problem, where the user is adding new knowledge to the system based on their expertise as they analyze information. TRELLIS includes a vocabulary for semantic annotations of decisions and tradeoffs.  The initial version of this vocabulary is now available as a schema/ontology in XMLS, RDFS, and DAML+OIL. TRELLIS allows users to extend this vocabulary and its corresponding schemas. 
Inference engines 

Inference engines deduce new knowledge from already specified knowledge. Two different approaches are applicable here: having general logic based inference engines, and specialized algorithms.
Available Inference Engines for Higher Order Logics are e.g. the generic Theorem Prover Isabelle or HOL. Available automated First Order Theorem Provers are: SETHEO, GandalfSPASS

 HYPERLINK "http://www.mcs.anl.gov/AR/otter" , and . 

Other rules engines that we found include the following: 
· Blaze Advisor Rules Engine http://www.blazesoft.com/ 
· ILOG JRules http://www.ilog.com/ (Java based) 
· ART Enterprise http://www.mindbox.com/  
· Jess http://herzberg.ca.sandia.gov/jess Free for non-commercial applications
Ontology editors and browsers 
Ontology editors are used to construct ontological representations of knowledge bases.  See the initial report in this series for a more detailed description of Semantic Web ontologies.

1. Protégé: http://protege.stanford.edu/index.html is an open source Java based tool from Stanford which allows the user to construct a domain ontology, customize knowledge-acquisition forms, and enter domain knowledge. It provides a platform which can be extended with graphical widgets for tables, diagrams, animation components to access other knowledge-based systems embedded applications; a library which other applications can use to access and display knowledge bases.

2. OILed: is an ontology editor allowing the user to build ontologies using DAML+OIL. The current versions of OilEd does not provide a full ontology development environment and 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. They call it the "NotePad" of ontology editors, offering enough functionality to allow users to build ontologies and to demonstrate how we can use the FaCT reasoner to check those ontologies for consistency. Their web site is http://oiled.man.ac.uk/
3. OntoEdit:an Ontology Engineering Environment supporting the development and maintenance of ontologies by using graphical means. The 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. A concept may have several names, which essentially is a way to define synonyms for that concept. The tool allows similar to the well-known “copy-and-paste” functionality the reorganizing of concepts within the hierarchy. 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 exports and import plug-ins, this allows for user-friendly customization to adapt the tool to different usage scenarios. All OntoEdit versions are available in a free, a standard and a professional version. Their web site is http://www.ontoprise.de/products/ontoedit 
4. KAON: is an open-source ontology management infrastructure targeted for business applications. It includes a comprehensive tool suite allowing easy ontology creation and management, as well as building ontology-based applications. An important focus of KAON is on integrating traditional technologies for ontology management and application with those used in business applications, such as relational databases. It is written in Java and open source. It is a complete suite and has the following modules: 
· KAON API: Provides programmatic access to KAON ontologies and instances independently of the ontology storage mechanism. Supports ontology evolution, ontology modularization, concurrent ontology access and transactional processing. Storage mechanisms currently include RDF models or a relational database. 

· KAON Query: Enables answering queries to KAON ontologies using simple concept query language. 

· RDF API: Provides programmatic access to RDF models. Features include: modularization, RDF parser, RDF serializer, transactional processing. 

· ENGINEERING SERVER: A storage mechanism for KAON ontologies based on relational databases, suitable for use during ontology engineering. Features include client-side caching with coherency detection, distributed change notification mechanism and bulk-loading of ontology elements. 

· RDF SERVER: Provides persistent storage of RDF models in relational databases, thus providing concurrency and transactional support for RDF processing. 

· KAON PORTAL: A simple tool for generating multi-lingual, ontology-based Web portals. 

· OI-modeler: is a tool for ontology creation and evolution.  

· TEXT-TO-ONTO: Supports semi-automatic creation of ontologies by applying text mining algorithms. Currently includes term extraction algorithm, concept association extraction algorithm and ontology pruning algorithm. 

· ONTOLOGY REGISTRY: Supports ontology reuse in distributed environments. 

· RDF CRAWLER: A simple tool for syndication of RDF-based content from a set of Internet pages. 

· KAON SERVER: Application Server for the Semantic Web

The web site of KAON is http://kaon.semanticweb.org/ 
Ontology servers 

KAON ENGINEERING SERVER: A storage mechanism for KAON ontologies based on relational databases, suitable for use during ontology engineering. Features include client-side caching with coherency detection, distributed change notification mechanism and bulk-loading of ontology elements. The engineering server is an ontology server that is optimized for ontology engineering. This optimization is in particular reflected in the database schema used by the server. Since ontology engineering often involves creating and deleting concepts, which must be multi-user capable and transactional, the engineering server has a schema with the fixed number of tables. Some other ontology servers create a table per concept, thus making concept creation and deletion non-transactional, and in general, more heavy-weight. The server offers scalable, transactional and concurrent access to ontology information. To achieve that, optimized bulk-loading is implemented, that allows fetching information about several ontology entities in one database request. The server has been tested with an ontology consisting of 100000 concepts, 66000 properties and 1000000 instances, where loading related information about 20 ontology entities takes under 3 seconds, while deleting a concept takes under 5 seconds. Clients may use engineering server in a two-tiered setting, with the client application accessing the database directly. Alternatively, the clients may access the ontology through JBoss, where he may register himself to be notified whenever other users make a change in the ontology. Thus the engineering server can serve as a basis for collaborative ontology development. Clients access the server through a KAON API implementation, which provides client-side ontology information caching, along with a mechanism for detecting incoherencies between the cache and the database. This feature thus significantly simplifies developing applications where ontology entities are loaded and kept at the client across transaction boundaries.
Ontology mapping tools 

Inevitably, ontology editors and similar tools enable the creation of overlapping representations of related fields.  Tools for mapping, aligning, and merging ontologies called mapping tools are thus needed to help users find similarities and differences between source ontologies. Mapping tools either identify potential correspondences automatically or provide the environment for the users to find and define these correspondences, or both. Mapping tools are often extensions of development tools. Mapping tool examples include PROMPT, ONION, Chimaera.

1. PROMPT: is a tool for interactive ontology merging. It is a plug-in for Prot´eg´e-2000. PROMPT leads the user through the ontology-merging process, identifying possible points of integration, and making suggestions for operations that should be done next, what conflicts need to be resolved, and how to resolve them. The tool compares names of concepts, relations among them, constraints on slot values, and instances of concepts to make its suggestions.

2. ONION: is a simple intermediate conceptual model that describes the semantically relevant intersection of information resources with respect to a type of application. Application-dependent articulation rules capture the correspondence between concepts in different ontologies. This is a semi-automatic process that leads to the creation of an ontology algebra. The interrelation between Topic Maps and RDF has been investigated in a presentation in order to define an interchangeable format for the exchange of knowledge on the Web. A possible first step consists in representing Topic Maps information as RDF information. The presentation is done by describing a mapping the topic map graph model to the RDF graph model.

3. Chimaera: is an ontology merging and diagnosis tool developed by the Stanford University Knowledge Systems Laboratory (KSL).  Its initial design goal was to provide substantial assistance with the task of merging KBs produced by multiple authors in multiple settings.  It later took on another goal of supporting testing and diagnosing ontologies as well.  Finally, inherent in the goals of supporting merging and diagnosis are requirements for ontology browsing and editing. A detailed information about Chimaera can be found http://www.ksl.stanford.edu/people/dlm/papers/kr2000-camera-ready-copy.doc   
Repositories 

1. Sesame: is a scalable, modular, architecture for persistent storage and querying of RDF and RDF Schema. Sesame supports two query languages (RQL and RDQL), and can use main memory or PostgreSQL, MySQL and Oracle 9i databases for storage. It’s an open source java based tool for repository.  Their web site is: http://sourceforge.net/projects/sesame/
Retrieval tools 
1. NESSTAR: is a Semantic Web application (SWA) for statistical data and metadata that aims to streamline the process of finding, accessing and analyzing statistical information.The basic aim of NESSTAR is to make available, in an easily accessible way, the great quantity of statistical data and metadata that is currently locked in incompatible or human understandable only formats. The NESSTAR "Data Web" is the application of Semantic Web techniques and principles to the problem of distributed data dissemination and processing. Data publishers make their statistical information available as objects, as specified by the NESSTAR object model of statistical data and metadata, on the Net. The system is fully distributed: each publisher runs its own server. Users use the system pretty much as they use the Web: if they know where some information is stored they can "point" their client application to it (for example by typing the object URL in a location bar or by clicking on a hyperlink). The client will access the remote statistical object and display it to the user. The users can also perform searches to find objects with particular characteristics such as: "find all variables about political orientation". This is similar to using a search engine such as Google to find all HTML pages that contain a given keyword. The NESSTAR system is built on top of a lightweight Web and object-oriented middleware, the "NEsstar Object Oriented Middleware" (NEOOM). NEOOM is closely based on Web and Semantic Web standards, in particular RDF, RDF Schema, HTML and HTTP. More information can be found in http://sig4.ago.fr/top .
Semantic search engines
1. TAP: is a tool from Stanford University which enables Query Interface & Publishing. http://tap.stanford.edu/tap/demos.html 
Others

· HudsonFog has developed and deployed Supply Chain Management (SCM) application built on top of this generic platform.

· Web-for-Web: A Tool for Evolving Data-Driven Web Applications.
· QuizRDF: allows structured browsing of an ontology.
· SemTalk: is a modeling tool embedded in Visio.
Sites and Resources
SemanticWeb.org: This site is a Semantic Web Community Portal run by Stefan Decker of Stanford University. They have a mailing list to communicate news about RDF and Semantic Web related events technologies. Their web site is as follows:
http://www.semanticweb.org/
· A commercial site for Semantic Web: http://www.networkinference.com/
· A zip file related with OWL: http://www.xfront.com/owl/
· DARPA/Stanford Rapid Knowledge Formation Project:
· http://www.ksl.stanford.edu/projects/RKF/
Selected References

1. W3C Semantic Web Site http://www.w3.org/2001/sw/
2. W3C RDF Web Site http://www.w3.org/RDF/
3. The Dublin Core Metadata Initiative Web Site http://dublincore.org/
4. The DARPA Agent Markup Language Web Site http://www.daml.org/
5. OntoWeb: European Union founded project about Ontology-based information exchange for knowledge management and electronic commerce. http://www.ontoweb.org/
6. http://www.ontoprise.com/
7. EON web site http://km.aifb.uni-karlsrhe.due/eon2002
8. http://tap.stanford.edu/tap/demos.html
9. http://sig4.ago.fr/bests.html
10. http://hudsonfog.com/index.html
11. http://www.cs.rutgers.edu/~shklar/www11/
12. Building a Semantic Web from XML.com http://www.xml.com/lpt/a/2001/05/02/semanticwebsite.html
13. The Semantic Web: An Introduction http://infomesh.net/2001/swintro/#ontInference
14. International Semantic Web Conference 2002 (ISWC'02), Sardinia, Italyhttp://iswc2002.semanticweb.org/
15. http://p2p.semanticweb.org/
16. Building DAML+OIL Ontologies http://oiled.man.ac.uk/building/ 

Appendix: Summary of Semantic Web Tools

The following table is adapted from http://www.daml.org/tools/.
	Category of the tool
	Name of the tool
	interface
	specific to daml?

	Persistence
	3store
	c, www
	 

	Query
	3store
	c, www
	 

	DAML Annotation
	AeroDAML
	 
	daml

	RDF Query
	Algae
	perl
	daml

	RDF Parser
	Another RDF Parser (ARP)
	java
	 

	Ontology Translation
	Articulation Service
	www
	daml

	 
	Blindfold
	cpp
	 

	DAML Viewer
	BrownSauce
	 
	 

	Inference Engine
	Cerebra
	 
	 

	Ontology Analyzer
	Chimaera
	www, okbc (*)
	 

	Agent Infrastructure
	CoABS Grid
	java
	 

	Agent Infrastructure
	Cognitive Agent Architecture (Cougaar)
	java
	 

	Inference Engine
	CommonRules
	 
	 

	HTML Screen Scraper
	Compaq's Web Language (WebL)
	 
	 

	Ontology Analyzer
	ConsVISor
	www (prolog based)
	daml

	Inference Engine
	cwm
	python
	daml

	DAML API
	DAML API
	java
	daml

	DAML Crawler
	DAML Crawler
	command, gui, dbms
	daml

	Persistence
	DAML DB
	cpp, java
	daml

	RDF Parser
	DAML dotnetAPI
	 
	daml

	DAML Editor
	DAML Emacs Mode
	 
	daml

	DAML Browser
	DAML Markup Tool
	 
	daml

	DAML Browser
	DAML Mozilla sidebar
	 
	daml

	Search Engine
	DAML Semantic Search Service
	 
	daml

	DAML Browser
	DAML Sidebar
	 
	daml

	Ontology Editor
	DAML UML Enhanced Tool (DUET)
	 
	daml

	DAML Validator
	DAML Validator
	 
	daml

	DAML Viewer
	DAML Viewer
	 
	daml

	DAML Graph Visualization
	DAML VisuaLinks
	 
	daml

	DAML Transformation
	DAML/XSLT Adapter
	java, command
	daml

	Ontology Analyzer
	DAML+OIL Ontology Checker
	 
	daml

	Ontology Editor
	DAML+OIL Plugin for Protege 2000
	 
	daml

	DAML API
	DAMLJessKB
	java
	daml

	RDF Parser
	Drive
	 
	 

	Inference Engine
	drools
	java
	 

	Inference Engine
	Euler proof mechanism
	 
	daml

	Import
	Excel to RDF converter
	 
	daml

	Inference Engine
	Fast Classification of Terminologies (FaCT)
	lisp, corba
	 

	DAML Graph Visualization
	Fenfire Loom
	 
	 

	Graph Visualization
	GraphViz
	 
	 

	Graph Visualization
	Grappa
	 
	 

	DAML Browser
	HyperDAML
	 
	daml

	RDF Parser
	ICS-FORTH Validating RDF Parser (VRP)
	 
	 

	 
	idl2daml
	java
	 

	DAML Graph Visualization
	IsaViz
	 
	daml

	Inference Engine
	Java Expert System Shell (JESS)
	java
	 

	Inference Engine
	Java Theorem Prover (JTP)
	 
	daml

	 
	java2daml
	java
	 

	DAML API
	Jena
	java
	daml

	Persistence
	Jena
	java
	daml

	RDF Parser
	Jena
	java
	daml

	RDF Query
	Jena
	java
	daml

	RDF Parser
	Jena Location Modification
	java
	daml

	 
	joseki
	java, www
	 

	RDBMS Mapping
	KAON-REVERSE
	gui (open source, java api?)
	daml

	Ontology Editor
	Medius Visual Ontology Modeler
	 
	 

	Thesaurus Construction
	MultiTes
	 
	 

	DAML Graph Visualization
	Object Viewer
	 
	daml

	Ontology Editor
	OilEd
	 
	daml

	DAML Browser
	OntoDoc
	 
	daml

	Ontology Editor
	OntoEdit
	 
	daml

	Ontology Editor
	Ontolingua
	 
	 

	Ontology Library
	OntoMap.org
	www
	daml

	 
	Ontomat
	gui
	 

	Ontology Translation
	OntoMerge
	www
	 

	Ontology Browser
	OntoRama
	 
	daml

	Agent Infrastructure
	Open Agent Architecture (OAA)
	java, c, prolog
	 

	Inference Engine
	OpenCyc
	 
	daml

	Knowledge Base
	OpenCyc
	java
	daml

	Map Toolkit
	OpenMap
	java, gui
	 

	Inference Engine
	Otter
	 
	 

	OWL Validator
	OWL (Ontology?) Validator
	java, www
	 

	Export
	OWL Converter
	 
	daml

	 
	OWL Genie
	xslt
	daml

	OWL Validator
	OWL Validator
	 
	daml

	DAML Viewer
	PalmDAML
	 
	daml

	RDF Storage
	PARKA-DB
	 
	 

	Persistence
	ParkaSW
	 
	 

	Import
	PDDL to DAML Translator
	 
	daml

	Ontology Editor
	Protege
	 
	 

	RDF Parser
	Raptor
	c
	 

	RDF Parser
	RDF API
	java
	daml

	DAML Crawler
	RDF Crawler
	java
	daml

	Query
	RDF Data Query Language (RDQL)
	java
	 

	Inference Engine
	RDF Gateway
	 
	 

	Persistence
	RDF Gateway
	 
	 

	Query
	RDF Gateway
	 
	 

	RDF/DAML Authoring
	RDF Instance Creator (RIC)
	java, www
	daml

	DAML Graph Visualization
	RDF Model Browser
	 
	 

	RDF Parser
	RDF Parser Toolkit (repat)
	c
	 

	HTML Screen Scraper
	RDF Web Scraper
	java, www
	daml

	Import
	RDF Web Scraper
	java, www
	daml

	RDF Storage
	rdfDB
	 
	 

	XML Editor
	RDFedt
	 
	daml

	Persistence
	RDFLib
	python
	 

	RDF Parser
	RDFLib
	 
	 

	RDF Storage
	RDFStore
	perl
	 

	RDF Parser
	Redland
	c, pyton, tcl, perl
	 

	RDF Query
	Rudolf Squish
	java, command, www
	 

	DAML Crawler
	scutter
	 
	 

	DAML Markup tool
	Semantic Markup, Ontology and RDF Editor (SMORE)
	java, web
	daml

	Inference Engine
	Semantic Web Enabling Technologies for Jess (SweetJess)
	java
	 

	DAML Graph Visualization
	SemTalk
	 
	 

	Persistence
	Sesame
	www, http
	daml

	Query
	Sesame
	 
	 

	Inference Engine
	Simple Logic-based RDF Interpreter (SiLRI)
	 
	 

	RDF Parser
	Simple RDF Parser And Compiler (SiRPAC)
	java
	 

	RDF Parser
	Source and Dynamic Loading Extensions for Jena
	 
	 

	Inference Engine
	SRI's New Automated Reasoning Kit (SNARK)
	 
	 

	Inference Engine
	SWI Prolog
	 
	 

	RDF Parser
	Thea RDF Parser
	vb_api
	 

	Inference Engine
	TRIPLE
	 
	daml

	Persistence
	Tucana KnowledgeStore (TKS)
	java, www, command
	 

	Import
	Unicorn System
	java, gui
	daml

	Ontology Editor
	Unicorn System
	java, gui
	daml

	RDBMS Mapping
	Unicorn System
	java,gui
	daml

	DAML Graph Visualization
	VisioDAML
	 
	daml

	Report Generation
	Webscripter
	 
	daml

	RDF Parser
	Wilbur RDF Toolkit
	lisp
	daml

	HTML Screen Scraper
	World Wide Web Wrapper Factory (W4F)
	 
	 

	Import
	XML Schema to DAML Translator
	 
	 

	Inference Engine
	XSB
	 
	 

	XSLT
	XT
	 
	 

	
	
	
	

	
	
	
	

	(*) OKBC =Open Knowledge Base Connectivity 
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