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Executive Summary 
 

This deliverable is focused on studying state of the art Semantic Web Services (SWS) 
tools, projects and infrastructures. These tools, projects and infrastructures are 
classified according to the two most relevant SWS frameworks, which are OWL-S 
and WSMO. 
 
This deliverable belongs to Work Package 5 (WP5), which is responsible for the 
integration of the tools and results of WP2 - Learning Web Service Ontologies, WP3 - 
Automatic Semantic Augmentation of Legacy Content and WP4 - Scalable, 
Heterogeneous Knowledge Stores. So the summary of state of the art tools, projects 
and infrastructures according to those work packages has been included in this 
deliverable. 
 
The deliverable also includes a section on assessment and recommendations which 
guides, as to which SWS tools, projects and infrastructures can be used for developing 
the software system - the most pragmatic result of TAO project and the focus of WP5: 
the TAO Suite. 
 
In addition, finally, this deliverable provides information on time and planning of the 
TAO project. This is the first proposal of TAO Suite Architecture, which defines the 
components of the TAO Suite, and how they are integrated. 
 
In this way, the structure of this deliverable is the following: 

·  Section 1 is the introduction and explains general approach of the work 
package 5, to which this deliverable belongs. 

·  Section 2 is the summary of existing tools and projects about Learning Web 
Service Ontologies, Automatic Semantic Augmentation of Legacy Content 
and Scalable, Heterogeneous Knowledge Stores. 

·  Section 3 is the evaluation of the most common existing SWS tools, projects 
and infrastructures. 

·  Section 4 deals with the Eclipse IDE plug-in technology, as it is likely that the 
TAO Suite will be based on this technology. 

·  Section 5 presents a brief introduction to security of Web Services, because 
this security can be a useful option to be included in TAO Suite. 

·  Section 6 recommends which SWS tools, projects and infrastructures could 
be used to develop the TAO Suite and includes the first proposal of TAO 
Suite Architecture. 

·  And finally, Section 7 is the conclusions of the deliverable. 
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Terminology 
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SUA Service User Interface Agent 
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SWS-E SWS Executor 
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WS Web Service 
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1 Introduction 
 
This deliverable belongs to the WP5. For a better understanding of this deliverable, this 
section explains the main goals and purposes of the WP5 with respect to the overall TAO 
project. This section also explains some of the terminologies related to the frameworks, 
tools and infrastructures discussed in this deliverable. 
 
1.1 WP5 Context 
 
According to the Description of Work (DoW) of the TAO project, the WP5, 
“Transitioning Support Infrastructure”, has to provide an open-source infrastructure to 
support the transitioning process. This infrastructure will be called the TAO Suite. The 
purpose of the TAO Suite is to integrate the tools from WP2 “Learning Web Service 
Ontologies”, WP3 “Automatic Semantic Augmentation of Legacy Content” and WP4 
“Scalable, Heterogeneous Knowledge Stores” into a transition support Integrated 
Development Environment (IDE). 
 
Hence, the TAO Suite will aid users with ontology creation, inclusion of semantic 
content from legacy systems, augmentation of heterogeneous content, and a user friendly 
integrated development environment for the description, composition and deployment of 
SWS, providing users with access to distributed semantic repositories and distributed 
knowledge services and offer plug-and-play integration. 
 
figure 1-1 shows a high level context of WP5. The components1 of the WP2, WP3 and 
WP4 are in charge for getting the legacy system and handling it, but for that, WP5 must 
help to those components by means of their integration and must help user by means of a 
Graphical User Interface (GUI). The outcome of the handling the legacy system is stored 
in the Distributed Heterogeneous Knowledge Repository (in the WP4). And after this, the 
transitioning to SWS can be composed by creating Web Services, generating the SWS 
descriptions (with a possible semi-automation), refining SWS (with the all user 
participation) and possibly running the SWS. All of these steps are supported and based 
on the recommended SWS infrastructure (based on either OWL-S or WSMO 
framework). One of the goals of the TAO project is to generate SWS descriptions, 
however, running SWS is beyond the scope of the project. The boxes labeled as “WP5 
integration plus Common GUI” and a possible semi-automation part of “Generate SWS 
descriptions” belong to the WP5. Although the outcomes of the transitioning SWS are 
stored in the WP4 system, it is possible that the recommended SWS infrastructure needs 
other additional storage system. Finally, if it is necessary to make a final application 
based on semantic SOA but with a customized user interface (UI), it will be a 
responsibility of the developers. The final objective of the TAO Suite is to generate SWS 
descriptions based on WSMO or OWL-S. 
 

                                                 
1 Each software system resulted from WP2, WP3 and WP4 is composed by components, which will be 
integrated in TAO Suite. This issue is described in more detail in section 6.3. 
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Figure 1-1 WP5 Context 

 
1.2 Terms about type of systems in this deliverable 
 
This deliverable is a study of the most common existing state of the art SWS tools, 
projects and infrastructures. Below we describe these terms in the context of the 
deliverable: 

·  SWS tool: is a software system which provides functionalities for helping and 
supporting in the steps or some steps of SWS life-cycle. For example: WSMO 
Studio, OWL-S Editor, etc. 

·  SWS project: is the Research and Technological Development (RTD) Project 
which deals with researching and developing related to SWS. For example: 
OntoGov, DIP, INFRAWEBS, etc. 

·  SWS infrastructure: is the software system which is the first outcome of SWS 
project when it is finished. For example: DIP infrastructure, INFRAWEBS 
infrastructure, etc. 

·  SWS framework: the most common existing SWS frameworks are OWL-S and 
WSMO. Therefore, both SWS tools and SWS infrastructure have to be based on 
one SWS framework. 
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2 Summary of tools and projects about Ontology Learning, 

Augmentation and Knowledge stores 
 
This section presents a variety of tools and projects in the Ontology Learning (OL) 
domain, in the Augmentation of Legacy Application Content domain, in the Distributed 
Heterogeneous Knowledge Stores domain, and to which extent they are relevant to the 
TAO project. Tools considered are the output of previous European IST projects funded 
by FP6, and TAO can be considered to some extent a follow-up of such programs. Tools 
specifically relevant to TAO in the domain are presented first. The projects are then 
presented insofar as they are the framework of those tools, and not described in general. 
 
As the list of possible tools and projects is quite long, we just considered the most 
relevant in terms of TAO objectives. For each tool, the purpose and main functionalities 
are described, their technical requirements are depicted and a brief assessment 
considering relevance to TAO is also made. On the other hand, for each project a short 
description of the most important covered issues is presented. 
 
The next table shows in a glance, the summary of tools and projects presented in this 
section. 
 
 TOOLS PROJECTS 
 
Ontology Learning 

OntoGen 
TextToOnto 
OntoLT 

WonderWEB 
SEKT 

 
 
Augmentation 

GATE 
Amilcare 
Annotea 
KIM 
SemTag 
Armadillo 

SEKT 
Dot.Kom 
LIRICS 

 
Knowledge Stores 

KAON2 
Sesame 
Jena 

OntoWeb 
ALVIS 
INFRAWEBS 

 
 
 
2.1 References about Ontology Learning 
 
2.1.1 Tools 
 
2.1.1.1 OntoGen 
 
OntoGen [1] is the main OL tool considered as a direct input to TAO. It’s been developed 
by a consortium member (JSI partner) in the framework of a previous project (SEKT – 
see section 2.1.2.2). 
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2.1.1.1.1 Purpose and functionalities 
 
OntoGen is a tool dedicated to helping the construction of an ontology relevant to a given 
document corpus, by extracting and suggesting concepts and both hierarchical and 
associative relationships (similarity) between those concepts. The suggestions made by 
the tool can be edited through the GUI, and the edited structure submitted to further 
refinement in an iterative process. 
 
The system helps the user throughout the ontology construction process. It automatically 
categorizes instances of the corpus against the extracted concepts and provides features 
for ontology browsing and visualization. The user can edit the names of the concepts, add 
and delete concepts or relations, and reassign instances. 
 
The system is data-driven, since the suggestions provided by the system are based on the 
data corpus fed by the user at the beginning of the ontology construction. It’s up to the 
user to choose data representative of the domain for which the ontology is built, and of 
course the representative of the corpus used is critical. 
 
The hierarchy of concepts and the instances can be exported as either a hierarchy of RDF 
Schema (RDFS) classes, or a hierarchy of “topics” using the PROTON ontology [2] 
developed by the SEKT project (see section 2.1.2.2) 
 
 
2.1.1.1.2 Technical requirements 
 
The system is not platform-independent, since it runs on Microsoft Windows only, and 
needs the installation of the Microsoft .NET framework 2.0. This may be seen as an issue 
in the general objectives of TAO to deliver open-source, platform-independent 
components. 
 
2.1.1.1.3 Availability, licensing, adoption and community 
 
OntoGen is part of Text-Garden [3], a suite of Text-Mining Tools developed by the 
Department of Knowledge Technologies of the Jo�ef Stefan Institute in the framework of 
the SEKT project. The software is freely available for research purposes at 
http://ontogen.ijs.si/ , but is not Open Source. 
 
2.1.1.1.4 Relevance to TAO 
 
OntoGen is a reference legacy OL tool for TAO, but for it to fit the project objectives, it 
nevertheless must be adapted to be used not only on document corpus, but on 
applications legacy. In its current state OntoGen cannot extract directly concepts and 
their hierarchy embedded in e.g., Java classes, or fields of a relational data base, but can 
only indirectly “learn” them from the software documentation, such as JavaDoc or 
natural language description of the data base schema. It has to be assessed if the linguistic 
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approach of OntoGen can be extended to extract concepts from applications structure 
themselves, and not only from documentation. 
 
A second point to consider is the relevance of the current Resource Description 
Framework (RDF) output of OntoGen. Default output is an RDFS or Web Ontology 
Language (OWL) ontology, with the implicit assumption that all concepts extracted by 
the tool are classes, and resultant hierarchy of concepts is a subsumption hierarchy, 
instances being the documents in the corpus of which concepts are extracted. Such an 
approach is questionable, the concepts extracted with their hierarchy could be considered 
rather as an indexing scheme (also known as Thesaurus) than a proper taxonomy in the 
sense of a hierarchy of classes.  
 
Moreover, OntoGen only helps the building of backbone taxonomies, or so-called 
“hierarchies of topics” and does not discover properties attached to concepts/classes, 
which are critical in the construction of a formal ontology. Such properties are to be 
further added manually by the ontology editor. 
 
2.1.1.2 TextToOnto and OntoLT 
 
TextToOnto [4] has been developed as a component of the KAON ontology suite.  
 
 
 
2.1.1.2.1 Purpose and functionalities 
 
The aim of TextToOnto is to support developers in the ontology construction process by 
applying text mining techniques.  The basic approach is therefore similar to OntoGen’s in 
the sense that the extraction of concepts from documents corpus is based on the use of 
technologies that extract features from natural language. The following lists the types of  
documents and resources within TextToOnto that are relevant to the application area that 
TAO is exploring: 

1. The analysis and annotation of documents linguistically by use of language 
technology tools. 

2. The definition of a database of occurring terms from the annotated document 
collection. 

3. Identification of possible relations between these terms by use of machine 
learning algorithms (“association rules“ algorithm, which identifies correlations in 
the co-occurrence of classes of objects in a data collection) 

4.  Representation of the identified terms and relations as classes with assigned 
properties in a formal ontology. 

 
2.1.1.2.2 Technical requirements 
 
TextToOnto is a Java application, and is platform independent. Nevertheless, since it’s 
built on top of the KAON ontology suite, it makes sense only when integrated with other 
components of this suite, and not as a standalone application. 
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2.1.1.2.3 Availability, licensing, adoption and user community 
 
TextToOnto and its planned successor, Text2Onto [5], are Open Source Software, freely 
available on the Web. The original TextToOnto project was hosted at Sourceforge, at 
http://sourceforge.net/projects/texttoonto/ but its development seems to have stooped in 
2004; the “official successor” since this date being Tex2Onto, hosted by Ontoware at 
http://ontoware.org/projects/text2onto/. 
 
Not many resources can be found on both TextToOnto and Text2Onto websites, excepted 
a few messages in the developers’ forum. So the tools seem to be currently quite dormant 
and no visible projects seem to be using the technology. 
 
2.1.1.2.4 Relevance to TAO 
 
Given the poor level of adoption and feedback by the community, it’s difficult to assess 
the relevance of the technology to TAO, but some drawbacks of OntoGen seem to be 
similarly applicable to this tool. Nevertheless TextToOnto brings about a richer 
expressivity, since its output is not only a hierarchy of classes, but also properties 
attached to those classes.  
 
 
 
2.1.1.2.5 OntoLT 
 
OntoLT [6] is a tool similar to TextToOnto in its extraction technology, but designed as a 
plug-in for the ontology editor Protégé. The tool is completely integrated in the Protégé 
environment, classes and properties extracted can therefore be directly managed in the 
ontology editor interface. 
 
2.1.2 Projects 
 
2.1.2.1 WonderWeb 
 
The WonderWeb project [7] ran from 2002 through 2004. The consortium consisted of 
four academic partners, and an industrial advisory board. The aim of the WonderWeb 
project was to develop and demonstrate the infrastructure required for the large-scale 
deployment of ontologies as the foundation for the Semantic Web.  
 
The main objectives of the project were to deliver: 

1. A layered architecture of ontology languages extending previous Web standards.  
2. Infrastructure and tools to support Web based ontological engineering.  
3. A set of foundational ontologies providing a carefully crafted taxonomic 

backbone that will facilitate extension and integration.  
4. Ontological engineering methodologies supporting versioning, modularization, 

adaptation and reuse.  



D5.1 / Evaluation of existing SWS tools and infrastructures 

14 

 
Point 1 was achieved by the involvement of WonderWeb in the development of OWL 
language, which is of course relevant to TAO, but is now a W3C standard, and can’t be 
considered as a specific output of WonderWeb, even if projects members were active 
participants in OWL specification. 
  
It’s unclear if point 3 is relevant to TAO. Actually the very notion of “foundational 
ontologies” which could be extended to any domain is not a consensual approach, and is 
being questioned by many actors in ontology engineering, but on the other hand, such 
ontologies are considered indirectly in the TAO framework, for example the PROTON 
ontology (see description of SEKT in section 2.1.2.2). In any case, TAO methodology 
has not explicitly so far considered the reuse of foundational ontologies, but only the 
extraction of ontologies implicit in the legacy applications structure. 
 
Point 2 and 4 has led to several deliverables containing methodological resources, which 
could be considered as background knowledge and know-how, even if they don’t provide 
components directly integratable in TAO. Among those, of particular interest to TAO is 
[8]. 
 
A use case was developed with the Food and Agriculture Organization (FAO), “Reusing 
semi-structured terminologies for ontology building: A realistic case study in fishery 
information systems” [9]. This use case is also of interest to OL in TAO, insofar as the 
output of OL tools, as said in the description of tools, is closer to a structured terminology 
than a formal ontology. The task of transitioning from structured terminology to formal 
ontology could at some point be included within the critical path of TAO methodology. 
 
2.1.2.2 SEKT 
 
The SEKT project [10] is a 3 year FP6 project that commenced in 2004 and concluded at 
the end of 2006.  The objectives of SEKT were the combination of three core research 
areas, namely: ontology management, machine learning and natural language 
processing. Since three partners of SEKT (JSI, University of Sheffield, OntoText) are 
also partners of TAO, and the two projects had about one year of time overlap, there has 
been a natural and strong link between those two projects. 
 
One output of SEKT, the TextGarden suite of Natural Language tools, including 
OntoGen has already been described above. Other significant outputs for TAO include: 
 

·  PROTON: Described as a “basic upper-level ontology”, PROTON is used as 
output format for OntoGen. In particular, PROTON makes provision for both 
representations of “real world” knowledge bases and classification schemes or 
taxonomies (hierarchies of concepts). As explained above in the OntoGen 
discussion, such taxonomies represent a natural output for OL tools, and a natural 
step in the transitioning to full-fledged ontologies 

·  KAON2 [11]: The second generation of an ontology management suite 
developed by the University of Karlsruhe is currently providing an API for 
programmatic management of OWL-DL ontologies, a stand-alone server 
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providing access to ontologies in a distributed manner, and an inference engine 
for answering queries. A module of KAON2 for extracting ontology instances 
from relational databases is under development. This module would be of 
particular interest for TAO, and could be assessed in WP7, where migration of 
relational databases is critical. This module can be assessed against the tool 
developed internally by Dassault partner for the case study with similar 
objectives (RDB2ONTO). See also section 2.3.1.1. 
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2.2 References about Augmentation of Legacy Application Content 
 
2.2.1 Tools 
 
2.2.1.1 GATE 
 
2.2.1.1.1 Purpose and functionalities 
 
GATE (General Architecture for Text Engineering) [12] is an architecture, framework 
and development environment for implementing, evaluating and embedding Human 
Language Technology (HLT). The GATE architecture specifies a common organizational 
structure of language processing software. This architecture is implemented in the GATE 
framework that enables adding language processing functionality to applications. In 
addition, a development environment is presented so that new GATE components can be 
easily created with the use of graphical tools. 
GATE supports the most common text engineering tasks through a set of reusable and 
extensible natural-language processing (NLP) components realised as plug-ins. Thus, 
GATE can be used also as an application providing wide variety of text analysis 
functionality, including annotation. 
 
GATE can be used to annotate documents by hand or automatically. Annotation is done 
over a collection of documents (called a corpus) on the basis of a predefined set of 
concepts (called Annotation Schema). Mappings between pieces of text and concepts in 
the annotation schema can be easily created with the help of the GATE user interface. 
 
Data resources such as corpora, ontologies and annotation schemata are referred to as 
Language Resources in GATE. The other type of resources (Processing Resources) 
represent functional entities such as parsers, generators, translators, etc. Both types of 
resources can be persistently stored in datastores. Saving Language Resources in a 
datastore is very useful when working with large datasets. 
 
Annotation schemata can be created out of ontologies so that documents are then 
automatically annotated on the basis of these ontologies. GATE provides also an 
Ontology Editor to enable creation and modification of the ontologies to be used. On the 
basis of ontologies, OntoGazetteers are created. OntoGazetteers are processing resources 
that generate annotations for each instance of the corresponding ontology. This is only 
preliminary annotation since all different instances will be assigned the same annotation 
type. In order to further process the annotations, Jape Transducers have to be used, which 
change the generated annotations according to the specified Jape grammar. Thus, with the 
help of OntoGazetteers and Jape Transducers, documents can be automatically annotated 
in accordance to a given ontology. Detailed description of using GATE for annotation 
can be found in [13]. 
 
2.2.1.1.2 Availability and licensing 
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GATE runs on any Java-enabled platform and requires JDK 5.0 or later. It is available as 
Open Source free software under the LGPL licence. The project is hosted on SourceForge 
at: http://sourceforge.net/projects/gate. 
 
2.2.1.1.3 Relevance to TAO 
 
GATE will play two roles in the TAO project. First, it will be used as a development 
environment for the content augmentation services in WP3. From an integration 
perspective, the second role of GATE as a TAO case study is more important, due to the 
fact that WP6 has produced the Web Service APIs through which semantic annotation 
components, developed in GATE, will be integrated within the TAO Suite. For further 
details, please refer to D6.1. 
 
2.2.1.2 Amilcare 
 
2.2.1.2.1 Purpose and functionalities 
 
Amilcare [14] is an adaptive Information Extraction (IE) system that supports document 
annotation for the purposes of the Semantic Web. It has been designed to meet the basic 
requirements for building IE-based applications for the Semantic Web such as: usability 
by the common Web users, cost of building new applications, portability and 
maintainability. 
 
Amilcare can be used as an IE tool or it can be easily integrated through its API. It uses 
machine learning (ML) to learn to adapt to new domains and applications using only a set 
of annotated texts (training data). Amilcare works by pre-processing the texts using 
GATE's IE system, ANNIE, and then uses a supervised machine learning algorithm to 
induce rules from the training data. Amilcare operates in three modes: 

·  Training – in which rules are learned by generalising over the scenario (e.g. an 
ontology) and the set of annotation examples found in the training data (corpus). 

·  Testing – when the rules are tested on a different tagged corpus in order to 
measure the accuracy of the automatic annotation. 

·  Production – during the application usage Amilcare annotates any incoming 
documents and uses the corrections provided by the user (if any) to retrain 
(change the set of rules). 

If the three modes are interleaved, the result is annotation based on active learning. 
Amilcare has been adapted for use in the Semantic Web by simply monitoring the kinds 
of annotations produced by the user in training, and learning how to reproduce them. The 
traditional version of Amilcare adds XML annotations to documents (inline markup), 
while the Semantic Web version (used by Melita [15]) leaves the original text unchanged 
and produces the extracted information as triples of the form: 
 

<annotation, startPosition, endPosition> (standoff markup). 
 
Thus, it is left to the annotation tool and not to the IE system to decide on the format of 
the ultimate annotations produced. In the Semantic Web version, no knowledge of IE is 
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necessary; the user must simply define a set of annotations, which may be organised as an 
ontology where annotations are associated with concepts and relations. The user then 
manually annotates the text using some interface connected to Amilcare. 
 
2.2.1.2.2 Availability and licensing 
 
Amilcare is no longer distributed or supported; but has been replaced by the Trainable 
Relation Extraction framework (T-Rex [16]). T-Rex is freely available only for research 
purposes and is not re-distributable. As T-Rex is constantly developed, we will continue 
to monitor its progress and its licensing conditions. 
 
2.2.1.2.3 Relevance to TAO 
 
An adaptive IE system such as Amilcare, can be used for automatic or active learning 
annotations of any kind of legacy application documentation, once trained on an 
appropriate corpus. Unfortunately, Amilcare is no longer available or supported, so 
cannot be integrated in TAO Suite. The fact that its successor - T-Rex - is only freely 
available for research purposes only and that it is not re-distributable, makes it 
inappropriate for inclusion in the TAO suite. 
 
2.2.1.3 Annotea 
 
2.2.1.3.1 Purpose and functionalities 
 
Annotea [17] is a LEAD (Live Early Adoption and Demonstration) project under the 
W3C Semantic Web Advanced Decelopment (SWAD). Annotea provides metadata-
based extensible framework for communication about Web pages, based on simple 
annotations, bookmarks and their combination.  
 
The main objective of Annotea was to enable non-technical users to create metadata 
transparently while performing familiar tasks related to Web documents. For that reason, 
annotations can be defined in the form of notes, explanations and any other type of 
external comments that can be attached to any Web document or part of it, without 
changing the document itself. 
 
Metadata (annotations and bookmarks) can be stored locally or in remote annotation 
servers, and are then presented to the user by specific client browsers, capable of 
understanding this metadata and also supporting the interactions with the annotation 
server.  
 
2.2.1.3.2 Availability and licensing 
 
Annotea is open and furthermore, it helps to advance W3C standards when possible. For 
example, the annotation schema is RDF based, and XPointer is used for locating the 
annotations in the document. 
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2.2.1.3.3 Relevance to TAO 
 
The fact that Annotea is oriented to facilitating collaborative work mainly related to Web 
documents makes it appropriate for usage for annotations related to user forums and 
wikis. However, the currently adopted RDFS defines some common document properties 
(such as creator, body, date of creation, etc.) and this metadata is insufficient for the task 
of transitioning of applications to semantically enabled services. 
 
2.2.1.4 KIM 
 
2.2.1.4.1 Purpose and functionalities 
 
The KIM Platform [18] provides infrastructure and services for automatic semantic 
annotation, indexing, and retrieval of unstructured and semi-structured content. The KIM 
Platform provides functionality for: 

·  Semantic annotation of text - automatic ontology population and semantic 
annotation of unstructured and semi-structured content for Semantic Web and 
knowledge management (KM) applications; 

·  Indexing and retrieval (semantically-enabled and IE-enhanced search 
technology) ; 

·  Query and exploration of formal knowledge; 
·  Co-occurrence tracking and ranking of entities; 
·  Entity popularity timeline analysis. 

 
As a base line, the KIM Platform analyses texts and recognizes references to entities (like 
persons, organizations, locations, dates). Then it tries to match each recognized reference 
with a known entity, having a unique Uniform Resource Identifier (URI) and description. 
Alternatively, a new URI and description are automatically generated. Finally, the 
reference in the document is annotated with the URI of the entity. We call this process (as 
well as the result) semantic annotation. This sort of meta-data can be used for indexing, 
retrieval, visualization and automatic hyperlinking of documents. 
 
In order to allow the easy bootstrapping of applications, the KIM Platform is equipped 
with an upper-level ontology (PROTON) of about 250 classes and 100 properties. 
Further, a knowledge base (KIM KB), pre-populated with about 200 000 entity 
descriptions, is bundled with the KIM Platform. Its role is to provide as background 
knowledge (resembling a human’s common knowledge) a quasi-exhaustive coverage of 
the entities of general importance. These are entities which are considered well-known, 
and because of their assumed nature, are typicall not introduced in the documents. For 
this reason, their descriptions can be difficult to extract automatically. 
 
From a technical point of view, the architecture allows KIM-based applications to 
perform automatic semantic annotation; content retrieval, based on semantic restrictions; 
as well as querying and modifying the underlying ontologies and knowledge bases. One 
of the front-end tools the KIM Platform provides is the KIM Plug-in for Internet 
Explorer. It can annotate, highlight and hyperlink Web pages, by sending them to a KIM 
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Server. The KIM Plug-in can be installed, configured, and re-configured to access 
different KIM Servers, including the public ones. It is a lightweight component, so it can 
easily be downloaded and installed. Its installation is also bundled with the KIM Platform 
installation. The KIM Plug-in now supports both OWL Lite and RDFS. 
 
2.2.1.4.2 Availability and licensing 
 
The KIM Platform is offered in three profiles: 

1. A platform similar in purpose and usage to the RDBMS and KM systems. 
2. A 3rd party extension bundled with larger KM products. 
3. A Seb Service, provided remotely with minimal installation and maintenance 

overheads 
 
The KIM Platform is commercially available from Ontotext Lab, Sirma Group Corp2. 
Ontotext provides it free of charge to registered users for research and evaluation 
purposes. Usage of the KIM Platform for non-research and non-evaluation purposes is 
also possible, but the licensing conditions have to be determined separately. The KIM 
Plug-in is free and requires only a user registration to be downloaded. 
 
2.2.1.4.3 Relevance to TAO 
 
The KIM Platform can be used to annotate any of the documents available for legacy 
applications being transitioned by TAO users, but probably the underlying ontology will 
have to be extended to properly model the application domain. However, the fact that the 
KIM Platform is not free (unless for research only) makes it impossible to include it in 
the TAO suite. 
 
2.2.1.5 SemTag 
 
2.2.1.5.1 Purpose and functionalities 
 
The SemTag system [19] performs large-scale (Web scale) semantic annotation with 
respect to the TAP ontology [20]. Initiall, a lookup is performed to annotate all possible 
occurances of instances from the TAP ontology. Then disambiguation is carried out by 
comparing the context of the current occurances with the contexts of instances in TAP 
with compatible aliases. SemTag uses a vector-space model to assign the correct 
ontological class or determine that this occurance does not correspond to a class in TAP. 
 
The TAP ontology, which contains about 65,000 instances, is very similar in size and 
structure to the KIM Ontology and KB (e.g. each instance has a number of lexical 
aliases). One important characteristic of the TAP ontology is that it encodes only 
essential properties of concepts and instances. In other words, the goal is to cover 
frequently searched for and commonly-known instances (e.g., capital cities, names of 
presidents), rather than to encode an extensive set of axioms enabling deep, Cyc-style 

                                                 
2 http://www.ontotext.com/ 
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reasoning. This design decision was taken based on the practical experience that the 
heavy-weight logical approach undertaken in Cyc is not appropriate for many NLP tasks.  
The SemTag system builds on top of a high-performance parallel architecture - Seeker, 
where each node annotates about 200 documents per second. Parallelism is necessary for 
processing big volumes of data and makes automatic semantic annotation the only 
feasible option. 
 
2.2.1.5.2 Availability and licensing 
 
No information about the licensing policy of SemTag was found. 
 
2.2.1.5.3 Relevance to TAO 
 
SemTag is focused on annotating documents on the Web based on the fixed TAP 
ontology. There is no information whether this tool can be used in other contexts and 
hence we haven’t considered including it in the TAO suite. 
 
2.2.1.6 Armadillo 
 
2.2.1.6.1 Purpose and functionalities 
 
Armadillo is a knowledge mining system designed to extract information from several 
sources and generic enough to be applicable to different domains. In order to minimize 
the human intervention, redundant Information on the Internet is used, in the form of the 
multiple citations, as a way of validating data. Data with high chances of validity can be 
exploited to bootstrap the annotation process. For example, the fact that a system knows 
the name of an entity can be used to identify a number of other entities using resources 
present on the Internet, instead of using rule-based or statistical applications, or hand-
built gazetteers. By combining a multiplicity of information sources, internal and external 
to the system, texts can be annotated with a high degree of accuracy with minimal or no 
manual intervention. 
 
The process of automatic annotation is structured as follows: 

·  First, potential annotations are identified on the basis of an existing lexicon 
(defined in an ontology). 

·  Then these annotations are confirmed using disambiguation and multiple 
evidence techniques. Confirmed annotations become part of the lexicon, and 
their context is used to identify new candidates (which were not identified at the 
first step). 

·  Finally, all annotations are integrated (some can be merged) and stored into an 
RDF repository. Links with annotated documents are also kept in the repository. 
These links can be used by Armadillo users to verify information correctness and 
provenance. 

The biggest advantage of Armadillo is that it uses a methodology for document 
annotation that is largely unsupervised, requires no human intervention and works not 
only for highly regular documents. 
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2.2.1.6.2 Availability and licensing 
 
No information about the licensing policy of Armadillo was found. 
 
2.2.1.6.3 Relevance to TAO 
 
The focus of Armadillo is on documents that appear on the Internet; and thus additional 
experiments are needed to determine its applicability for annotation of application 
documentation. However, the fact that no information about availability and licensing 
was found has precluded such experiments. We will continue to monitor the 
developments of Armadillo and its licensing policy. 
 
2.2.2 Projects 
 
2.2.2.1 SEKT 
 
SEKT [22] (Semantic Enabled Knowledge Technologies) aims to develop the essential 
semantic knowledge technologies to enable the “European Knowledge Society”. The 
vision of SEKT was to develop and exploit new knowledge technologies which include 
the means for automated knowledge extraction, knowledge packaging and delivering, 
according to user profiles as well as semantic-based knowledge analyses and matching 
for user-driven knowledge push. SEKT was an EU 6th Framework Integrated project. 
 
SEKT deals with the problem of huge labour overhead for knowledge modelling and 
annotation in the industrial knowledge management systems by an interdisciplinary 
approach focussing on substantially reducing it. This is done by integrating Ontology & 
Metadata Technology (OMT), HLT, and Knowledge Discovery (KD) into a uniform and 
scalable framework that supports the integrated learning and management of ontologies 
and metadata in a (semi-) automatic way.  
 
The three technologies are combined to produce semi-automatic tools for the creation of 
ontologies, population of those ontologies with meta-data, and the maintenance and 
evolution of the ontologies and associated metadata. A knowledge access tool uses the 
ontologies and associated metadata to meaningfully access the knowledge. Middleware 
software, with published APIs, enables the suite of tools to interoperate. Specifically, the 
use of ontologies and metadata underlies the SEKT components, and the whole approach; 
human language technology is used to extract metadata; knowledge discovery is used to 
semi-automatically learn and evolve ontologies. 
 
2.2.2.2 Dot.Kom 
 
Dot.Kom [23] is an EU IST project that was carried out as part of FP5 (grant IST-2001-
34038). The major objective of the project was to conduct research, design and 
implementation of innovative methodologies for KM based on IE. 
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The research in IE has been focused on user-driven IE systems that can be easily used in 
new application domains, and which require no deep knowledge of NLP. Attention has 
also been given to adaptive IE technologies based on Machine Learning (ML). The KM 
research has been dedicated mainly to implementing methodology for KM that uses IE 
for capturing knowledge in textual documents. 
 
The Dot.Kom project produced results in three categories: 

·  IE tools - some of which, e.g. Armadillo, Amilcare, T-Rex have been evaluated 
for the needs of TAO (see respective sections of this document). 

·  IE-based Knowledge Management Tools – such as CORDER, ASDI, AktiveDoc, 
Magpie, etc. 

·  Semantic Annotation Tools – the most popular of which are OntoStudio, Melita 
and MnM. 

 
Regarding the relevance to TAO, as already mentioned, the Dot.Kom project produced 
some tools that have been evaluated from the TAO perspective and their relevance can be 
found in the respective sections of this deliverable 
 
2.2.2.3 LIRICS 
 
LIRICS [24] is an FP6 project (IST No: 22236) addressing the needs of contemporary 
information society, which necessitates multilingual communication. Thus, the project 
main objectives are to: 

·  Provide ISO ratified standards for language technology to enable the exchange 
and reuse of multilingual language resources. 

·  Facilitate the implementation of these standards for end-users by providing an 
open-source implementation platform, related Web Services and test suites 
building on legacy formats, tools and data. 

 
Today there exists no established standard to enable the interoperability and re-use of 
multilingual data and linguistic processing tools thus impeding processes such as 
localisation and machine translation. LIRICS will provide Europe with a set of industry 
validated standards for language resource management ratified by ISO within the project 
lifetime. 
 
To ensure wide user acceptance and full industry take-up of these standards LIRICS will: 

·  Build on existing initiatives and legacy formats in this field. 
·  Provide an open-source implementation platform, Web Services and test suites in 

9 EU languages to facilitate standards implementation. 
·  Undertake a strong dissemination activity through the LIRICS Industry Group 

and eContent projects. 
·  Validate a pay-per-use business model for use by SMEs from the language and 

content industries. 
 
The outcomes of LIRICS can be summarized as follows: 
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·  A portfolio of ISO standards in language engineering supported by European 
National standardisation bodies comprising. 

·  An NLP Lexica standard. 
·  A Morpho-syntactic annotation meta-model standard. 
·  A Morpho-syntactic annotation Data Category Specification (DCS) standard. 
·  A Syntactic annotation meta-model standard. 
·  A Syntactic annotation DCS standard. 
·  An ISO-endorsed compilation of basic concepts for semantic annotation. 
·  A set of test suites in nine European languages to accompany the standards and 

facilitate their implementation. 
·  An Open Source implementation platform and Web Services allowing common-

format, multi-lingual language processing compatible with legacy systems and 
tools. 

Increased awareness in Europe and beyond of language engineering standards and their 
benefits and consequent take-up and use by industry on a large-scale. 
 
Regarding the relevance to TAO, the standards for NLP Lexica, different types of 
annotation and language engineering will be of particular interest for TAO, as it aims to 
build its technology on existing standards. The list of ISO documents for standardisation 
produced by LIRICS can be found at: http://lirics.loria.fr/documents.html 
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2.3 References about Distributed Heterogeneous Knowledge Stores 
 
2.3.1 Tools 
 
2.3.1.1 KAON2 
 
2.3.1.1.1 Purpose and functionalities 
 
The KAON2 [11] system has primarily been developed as a reasoner for the OWL and its 
interaction with rules, although it also provides other infrastructural components for 
ontology manipulation. As a distinctive feature among reasoners for knowledge 
representation languages, it supports both the description logic paradigm, that follows 
classical model-theoretic semantics of the first order predicate calculus, and the logic 
programming paradigm, that follows minimal-model style semantics for rules. By 
supporting so-called DL-safe rules as a mechanism for interaction between description 
logic knowledge bases and rules, the KAON2 system provides a hybrid reasoning engine 
that bridges the gap between the two paradigms. 
 
KAON2 is an infrastructure for managing ontologies and for reasoning about them. Its 
technical features comprise: 

·  An API for the programmatic management of OWL-DL, SWRL, and F-Logic 
·  Ontologies. 
·  A stand-alone server providing access to ontologies in a distributed manner using 

Java RMI. 
·  An inference engine for answering conjunctive queries (expressed using the 

Simple Protocol And RDF Query Language -SPARQL- syntax). 
·  A DIG interface, allowing access from tools such as Protégé. 
·  A module for extracting ontology instances from relational databases. 

 
The core part of the KAON2 infrastructure is a hybrid reasoning engine that has been 
developed in the scope of the DIP project. The KAON2 inference engine is used as the 
basic technology to implement reasoner components for various WSML variants on top 
of it. 
 
2.3.1.1.2 Availability and licensing 
 
KAON2 is available as a precompiled binary distribution and is free of charge for 
universities for non-commecial academic usage (national laboratories are not considered 
universities). For commercial purposes, there is a commercial version of KAON2 called 
OntoBroker OWL (contact information: Ontoprise GmbH [25]). 
 
2.3.1.1.3 Relevance to TAO 
 
KAON2 can deal with complex WSML ontologies with rich expressivity and its module 
for extraction ontology instances out of relational databases can be very useful in the 
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scope if TAO, but its distribution license is very restrictive and not suitable for the 
project. 
 
2.3.1.2 Sesame 
 
2.3.1.2.1 Purpose and functionalities 
 
Sesame [26] is an Open Source RDF framework with support for RDF Schema 
inferencing and querying. Originally, it was developed by Aduna (then known as 
Aidministrator) as a research prototype for the EU research project On-To-Knowledge. 
Now, it is further developed and maintained by Aduna in cooperation with a number of 
volunteer developers who contribute ideas, bug reports and fixes. 
 
Sesame has been designed with flexibility in mind. It can be deployed on top of a variety 
of storage systems (relational databases, in-memory, filesystems, keyword indexers, etc.). 
Sesame offers to developers a large scala of tools to leverage the power of RDF and RDF 
Schema, such as a flexible access API, which supports both local and remote (through 
HTTP or RMI) access, and several query languages, of which SeRQL is the most 
powerful one. 
 
It comes with a rich infrastructure and set of tools for managing RDF data, such as RDF 
parsers and serializers for RDF/XML, N3, NTriples and Turtle, and a rich set of query 
languages: SeRQL, RDQL, RQL, SPARQL. 
 
2.3.1.2.2 Availability and licensing 
 
Sesame 1.2.6 and all previous releases of Sesame are available under the terms of the 
GNU Lesser General Public License (LGPL), version 2.1. Sesame 2.0 is available under 
a BSD-style license. More about Sesame licensing can be found at: 
http://openrdf.org/license.jsp 
 
2.3.1.2.3 Relevance to TAO 
 
In general, it is a good framework for managing RDF data and could scale quite well in 
combination with custom Semantic Applications Inferencing Layer (SAIL) 
implementations such as OWLIM [27]. It was used successfully as a reference 
implementation in the first version of Ontology Representation and Data Integration 
(ORDI), in the scope of DIP project, to store WSML ontologies and query them with 
SPARQL. 
 
2.3.1.3 Jena 
 
2.3.1.3.1 Purpose and functionalities 
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Jena [28] is a leading Semantic Web programmer’s toolkit. It is an open-source project, 
implemented in Java, and available for download from SourceForge. Jena offers a simple 
abstraction of the RDF graph as its central internal interface. 
 
This is used uniformly for graph implementations, including in-memory, database-
backed, and inferred graphs. The main contribution of Jena is a rich API for manipulating 
RDF graphs. In addition, Jena provides various tools, e.g., an RDF/XML parser, a query 
language, I/O modules for N3, N-triple and RDF/XML output. Underneath the API the 
user can choose to store RDF graphs in memory or in databases. Jena provides additional 
functionality to support RDFS and OWL. 
 
Jena2 is the second generation of the Jena toolkit. It conforms to the revised RDF 
specification, has new capabilities and a new internal architecture. A design principle for 
Jena2 was to minimize changes to the API. 
  
The Jena database subsystem implements persistence for RDF graphs using an SQL 
database through a JDBC connection. The Jena1 implementation supported a number of 
database engines (e.g., Postgresql, MySQL, Oracle) and had a flexible architecture that 
facilitated porting to new SQL database engines and experimentation with different 
database layouts. 
 
2.3.1.3.2 Availability and licensing 
 
Jena is Open Source, available under a custom license that is publicly available at: 
http://jena.sourceforge.net/license.html 
 
2.3.1.3.3 Relevance to TAO 
 
Although Jena provides very rich API infrastructure for managing RDF ontologies, its 
scalability is questionable. According to [29], it can reach 200M triples but shows 
problems with OWL ontologies even with size of 11M triples. 
 
2.3.2 Projects 
 
2.3.2.1 OntoWeb 
 
OntoWeb [34] is a Thematic Network that brings together researchers and practitioners 
from industry interested in the development of ontology-based systems to improve 
information processes in areas such as: information retrieval, knowledge management, 
electronic commerce, and bioinformatics. The network also promotes standardization and 
integration efforts in areas such as the Semantic Web, upper-layer ontologies, and content 
standards.  
 
The aim of OntoWeb is to design an ontology for international organizations and build an 
Internet Web retrieval system based on the proposed ontology. To achieve this, OntoWeb 
divided its system into two main components: 
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·  Databases: have three kinds of files: an ontology file represented in OWL 
language, RDBMS files, and lists of controlled vocabularies and codes. 

·  Ontology-based search engine: is a tool used to query the information that has 
been loaded into the OntoWeb database. It allows users to browse the Web by 
enabling them to submit structured queries and open documents based on the 
results. The user selects a class (category) from a drop-down list and presses the 
select button, at which the system responds with a set of properties applicable to 
that class. Applicable properties are inheritable; thus, any properties that apply to 
an ancestor of the selected class are also included in the set. 

 
The OntoWeb ontology design process is based on the widely accepted five-stage 
methodological approach that includes the following steps:  

1. Identification of purpose and scope; this stage aims to define the purpose and 
scope of the ontology, describing its use, its users, and the scope of the ontology. 
The OntoWeb ontologies are constructed to allow researchers, librarians, and 
general users to semantically search the Web resources of international 
organizations. 

2. Knowledge acquisition and conceptualization; acquiring knowledge from a given 
domain is described in this stage, which applies traditional methods such as 
analysis of domain texts, expert interviews, and questionnaires. Also, the 
terminology used by domain experts is defined in this stage. 

3. Integration and reuse of other ontologies; to obtain some uniformity across 
ontologies, definitions from other ontologies can be reused in this stage. 

4. Formal specification; in this stage ontologies are formally represented using an 
ontology language. This involves the formalization of each term and the 
constraints used by the ontology. Terms are represented through classes, relations, 
functions, and instances. 

5. Evaluation and documentation; at this stage OntoWeb ontologies validation and 
verification are accomplished through the application of a set of guidelines which 
look for incompleteness, inconsistencies, and redundancies. 

 
OntoWeb ontologies3 are presented in an OWL file, which has five classes converted 
from the above-mentioned ontologies. Classes and their attributes in the OWL ontology 
are transformed into tables and their attributes of RDBMS files according to the hierarchy 
structure, rules, and limitations presented in the ontology file. Data is then extracted from 
the Web sites of international organizations and is then input into the records of those 
five tables. These RDBMS files are thereafter used to represent real-world instance data. 
In addition to these two types of files, OntoWeb database contains a list of controlled 
vocabularies and codes used to populate values of fields of the RDBMS files. For 
example, a subject-topic term can be selected from a list of subject-topic terms instead of 
by inputting a term in a box. 
 
 
 
 
                                                 
3 The OntoWeb ontologies are the following: Publication, Project, Person, Member, and Organization. 
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2.3.2.2 ALVIS 
 
ALVIS [35] is a peer-to-peer (P2P) infrastructure concerned with the design, use and 
interoperability of topic-specific search engines to develop an Open Source prototype of a 
distributed, semantic-based search engine. The ALVIS approach is not the traditional 
Semantic Web approach with coded or semi-automatically extracted metadata, but rather 
an engine that can build on content through automatic analysis. In ALVIS linguistic 
processing is imbedded within the search engine and statistical processing together with a 
probabilistic document model of the corpus extracts semantic information from both 
queries and documents thus providing disambiguation, semantic clarification and topical 
content that can enrich both indexed documents and queries. This facilitates semantic 
retrieval and incorporation of pre-existing domain ontologies using facilities for import 
and maintenance.  
 
The ALVIS distributed design is based on exposing search objects as resources, and on 
using implicit and automatically generated semantics (not ontologies) to distribute 
queries and merge results. This involves both the statistical and linguistic format of 
semantic internals, and determining the extent to which the semantic internals are 
exposed at the interface. 
 
Focused Web-crawling is an integral component of ALVIS, capable of generating topic-
specific databases of Web-pages by crawling the Web and only saving relevant (i.e. 
topic-specific) pages. The crawler uses techniques for automated subject classification 
developed within the KnowLib research group4. The ALVIS focused Web crawler 
enables the crawler to select the most relevant links to follow in order to find the most 
relevant (with respect to the focus topic) pages. This is done by evaluating the relevance 
of a page for a specific topic (or subject) area (for example by automated subject 
classification). 
 
The ALVIS infrastructure comprises of a system for automated subject classification that 
determines topical relevance. The system is based on matching of terms from a topic 
definition with the text of the document to be classified. The topic definition forms an 
ontology with subject classes in a hierarchical classification system and terms associated 
with each subject class. Terms can be single words, phrases (i.e. a number of words in 
exact order), or Boolean AND-expressions connecting terms (i.e. all terms must be 
present but in any order). Boolean OR-expressions are implicitly handled by having 
several different terms associated with the same subject class. Each time a match is found 
the document is awarded points based on which term is matched and in which structural 
part of the document (loc) the match is found. The points are summed to make the final 
score of the document. If that score is above a cut-off value the document is saved in the 
database together with a (list of) subject classification. Optional topic specific RageRanks 
are calculated as a complement to the scores assigned by the system and used for 
scheduling of URLs for crawling in order to obtain the most relevant pages as fast as 
possible. The crawler stores all this information locally in a relational database that is 

                                                 
4 Knowledge discovery and digital library research group. http://www.it.lth.se/knowlib/. 
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also used for administration of the crawler. The crawler runs continuously in order to 
keep the topic-specific database as up to date as possible. 
 
The ALVIS approach to open-source search relies on an underlying structured P2P 
overlay network for maintaining a distributed inverted index of large-scale document 
collections. Structured P2P networks limit the routing latency and they make it efficient. 
The ALVIS architecture comprises of two types of nodes: 

·  Peers building the distributed P2P overlay network: the network of peers is 
responsible for maintaining a distributed index of superpeers document 
collections, and enables efficient querying of its distributed index. 

·  Superpeers, stand-alone components hosting document collections: Superpeers 
are capable of performing advanced information retrieval services such as 
sophisticated processing of document collections to build semantically rich 
indexes enhanced by ranking strategies, and to support complex structured 
queries. They incorporate the ALVIS document and runtime system, but are not 
peers in the sense of P2P. 

 
2.3.2.3 INFRAWEBS (DSWS-R & SIR) 
 
2.3.2.3.1 DSWS-R (Distributed SWS Repository) 
 
2.3.2.3.1.1 Purpose and functionalities 
 
The DSWS-R [30] is a repository and registry tool that was developed in the 
INFRAWEBS project. The DSWS-R has two sub-components with clear separation of 
functionality: 

·  A Repository which enables efficient storage and retrieval of WSMO 
descriptions: the Repository stores all kinds of WSMO descriptions that are 
produced by INFRAWEBS designer tools. These descriptions are only accessible 
within the local organization by all users and INFRAWEBS tools.  

·  A Registry that supports publication and propagation of descriptions: the 
Registry, on the other hand, supports publication and access to publicly available 
descriptions. For that purpose the Registry provides features allowing the user to 
specify which descriptions in the Repository can be publicly accessed. Any 
WSMO description can be published in the form of an advertisement and the 
Registry is responsible both for propagation of published advertisements and, 
upon request, for the lookup and retrieval of advertised descriptions. 

 
In order to minimize duplication of information, the Registry component is designed to 
work with the minimal necessary information. While the Repository stores complete 
WSMO descriptions, the Registry only stores advertisements containing references to 
these descriptions together with information necessary for locating referenced 
description. 
 
Both the Repository and the Registry components are realised on the basis of wsmo4j and 
the ORDI framework. The DSWS-R tool can be deployed and used as a Web Service. 
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2.3.2.3.1.2 Availability and licensing 
 
The DSWS-R repository and registry tool is distributed as Open Source under the LGPL 
licence. 
 
2.3.2.3.1.3 Relevance to TAO 
 
The DSWS-R tool can be used to store any WSMO descriptions created by TAO 
transitioning tools. The possibility to integrate it with the TAO Distributed 
Heterogeneous knowledge store will be further investigated. 
 
DSWS-R will be explained in more detail in section 3.2.3.1. 
 
2.3.2.3.2 SIR (Semantic Information Router) 
 
2.3.2.3.2.1 Purpose and functionalities 
 
Semantic Information Router (SIR) [31] is a platform for a meta-data based content 
management and aggregation, that was used in INFRAWEBS for registering and 
annotating Web Services (and more precisely their WSDL definitions) which are further 
made available for other INFRAWEBS components.  
 
The SIR registration interface is a Web interface for human beings who wish to register, 
annotate and categorize WSDL and BPEL files to the INFRAWEBS system. This 
interface is typically used by a software engineer who wishes to make his/her Web 
Services available as SWS. This interface can be considered as the entry point to the 
overall INFRAWEBS system. 
 
The interface has been developed to support two roles: 

·  Developers who can register, annotate and register WSDL and BPEL files. 
·  Administrators who can manage registered services and metadata schemas used 

to annotate the services by the developers. 
 
SIR stores metadata natively in RDF format about the registered WSDL and Business 
Process Execution Language (BPEL) files. This metadata is exposed for querying via 
SPARQL. 
 
2.3.2.3.2.2 Availability and licensing 
 
SIR is a proprietary product which is only commercially available. 
 
2.3.2.3.2.3 Relevance to TAO 
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Although SIR could have been useful as a repository for non-Semantic Web Service 
definitions (in WSDL) by TAO users, its commercial nature makes in inappropriate for 
inclusion in the TAO Suite. 
 
SIR will be explained in more detail in section 3.2.3.1.
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3 Analysis of most common existing SWS tools, projects and 
infrastructures 

 
This section, along with section 6, constitutes the main focus of this deliverable5. In 
this section is detailed a state of the art about the most common existing SWS tools, 
projects and infrastructures. These tools, projects and infrastructures are structured 
according to the SWS framework in which they belong. Therefore, this section 
describes the SWS tools, projects and infrastructures according to the two main 
efforts - OWL-S, and the SWS tools, projects and infrastructures according to WSMO. 
 
In section 2, each tool has been described explaining its main purpose and 
functionalities, along with other issues, and also is explained the relevance of each 
tool to TAO. But this section 3 only includes the purpose, functionalities of each SWS 
tool and infrastructure structured in functionalities for SWS design and functionalities 
for SWS running, and the relevance of them to TAO is explained in section 6. 
 
3.1 OWL-S 
 
3.1.1 Brief description 
 
OWL-S (Web Ontology Language for Services), formally known as DAML-S, has 
been described in detail within the TAO Devliverable D1.1 “Requirements Analysis 
and Assessment of Relevant Methodologies”, and thus this section provides only a 
brief summary of OWL-S to recap on the salient points for later discussion. 
 
OWL-S is a Web Services description language, which builds on Semantic Web 
technology. OWL-S is an OWL-based Web Service ontology, which supplies a core 
set of mark-up language constructs for describing the properties and capabilities of 
Web Services in unambiguous, computer-interpretable form. OWL-S mark-up of Web 
Services facilitates fuller automation of Web Service tasks, such as Web Service 
discovery, execution, composition and interoperation. 
 
OWL-S provides an ontology of services that makes these functionalities possible, 
and the overall structure of that ontology and its three main parts (related among them 
as is showed in figure 3-1) are the following: 

·  Service Profile for advertising and discovering services. The Service Profile 
tells "what the service does", in a way that is suitable for a service-seeking 
agent (or matchmaking agent acting on behalf of a service-seeking agent) to 
determine whether the service meets its needs. This form of representation 
includes a description of what is accomplished by the service, limitations on 
service applicability and quality of service, and requirements that the service 
requester must satisfy to use the service successfully. 

·  Service Model, which gives a detailed description of a service's operation. 
The Service Model tells a client how to use the service, by detailing the 
semantic content of requests, the conditions under which particular outcomes 
will occur, and, where necessary, the step by step processes leading to those 

                                                 
5 The section 3, along with section 6, provides the main focus of this deliverable, reflecting the title - 
“Evaluation of existing SWS tools and infrastructures”. 
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outcomes. That is, it describes how to ask for the service and what happens 
when the service is carried out.  

·  Service Grounding, which provides details on how to interoperate with a 
service, via messages. The Service Grounding specifies the details of how an 
agent can access a service. Typically a Service Grounding will specify a 
communication protocol, message formats, and other service-specific details 
such as port numbers used in contacting the service. In addition, the Service 
Grounding must specify, for each semantic type of input or output specified 
in the Service Model, an unambiguous way of exchanging data elements of 
that type with the service (that is, the serialization techniques employed). 

 

 
Figure 3-1 Top level of the service ontology in OWL-S 

 
3.1.2 Tools 
 
3.1.2.1 Tools used at Design time 
 
3.1.2.1.1 OWL-S Editor from Protégé 
 
The OWL-S Editor6 [36] is a Tab Widget plug-in for Protégé [37]. These tabs (as 
illustrated in figure 3-2) provide a good overview of the main instance elements that 
comprise an OWL-S service, and provides and editing mode for its four main classes: 
Service, Profile, Process and Grounding. 
 
The relations between the different parts of an OWL-S service are shown in an 
intuitive way in the GUI.  The main features which are managed of OWL-S Editor 
and according to SWS design are the following: 
 

·  Managing the Top-Level Ontology: the OWL-S Editor tab widget provides 
a customized view for managing instances of the OWL-S subontologies. 
Along the left side of the OWL-S tab are four instance panes (see figure 3-2, 
one each for services, profiles, processes, and groundings. Each pane lists all 
instances of the corresponding type. 

                                                 
6 In whole 3.1.2.1.1 section, when we refer to OWL-S Editor, we means OWL-S Editor from Protégé 



D5.1 / Evaluation of existing SWS tools and infrastructures 

35 

 
Figure 3-2 OWL-S Editor based on tab-widget GUI 

 
·  IOPE Manager: IOPEs (Inputs, Outputs, Preconditions, and Effects) are 

important parts of services in OWL-S. Both profiles and processes have a set 
of properties to relate them to their IOPEs: hasInput, hasOutput, 
hasPrecondition, and hasResult. OWL-S Editor provides an IOPE Manager, 
which visualizes IOPE relationships in a very compact way (see figure 3-3). 
The IOPE Manager window, which is somewhat similar to the main tab 
widget of the OWL-S Editor, provides four instance panes to the left, and an 
editing pane to the right.  

 

 
Figure 3-3 IOPE Manager 

 
·  Control Flow: other feature of OWL-S Editor is the ability to model 

composite processes. A composite process is constructed from subprocesses 
that can in turn be composite, atomic, or simple. The control flow of a 
composite process is defined using control constructs, such as If-Then-Else, 
Sequence, and Repeat-Until. These constructs can be nested to an arbitrary 
depth. The OWL-S editor visualizes these control flows graphically, in a style 
similar to Unified Modelling Language (UML) Activity Diagrams, using 
boxes for subprocess invocation (called Performs in OWL-S), diamonds for 
conditional nodes (e.g., for If-Then-Else constructs), and arrows showing the 
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flow of execution tree (see figure 3-4). Being able to view these “work flow” 
graphs was a high priority for us. OWL-S control flows have more structure 
than arbitrary flow charts or UML activity diagrams.  

 
Figure 3-4 Control Flow Manager 

 
·  Data Flow: in addition to control flow, composite processes can specify their 

data flow. For example, we can state that a certain input of Process B should 
be taken from a certain output of Process A. The goal in OWL-S is also to be 
able to define more complex things, such as the input of Process B being the 
sum of the outputs of Processes A and C. The details of this remain to be 
worked out, but the simple one-to-one mappings should be sufficient for 
many applications. Data flow is another area that is complicated to do by 
hand, and OWL-S Editor provides a graphical representation and editing 
support for data flow (see figure 3-5). 

 
Figure 3-5 Data flow Manager 
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·  Grounding and WSDL Import : OWL-S Editor provides the support for 
managing the service grounding and WSDL import. OWL-S descriptions are 
related to WSDL files through groundings. OWL-S Editor has rudimentary 
support for this task in the OWL-S Editor, but complex mappings still have to 
be written manually. The OWL-S Editor integrates the WSDL2OWLS code, 
which is part of the OWL-S API [39], for generating automatically OWL-S 
descriptions based on the input and outputs defined in the WSDL file. 

 
In addition to this SWS design features, OWL-S Editor (from Protégé) has other 
feature regarding SWS running, which will be explained in section 3.1.2.2. 
 
3.1.2.1.2 OWL-S Editor from University of Malta 
 
Another tool for designing SWS, the OWL-S Editor7 [38], is based on OWL-S, and 
has been developed at the University of Malta. It is a stand-alone program, providing 
WSDL import as well as providing a graphical editor and visualization for control 
flow and data flow. The main features of the OWL-S Editor are described below, 
according to the three main parts: creator, validator and visualiser. 
 

·  Creator: this component facilitates the creation of an empty OWL-S 
description either from a template or through a wizard called OwlsWiz which 
accepts an input WSDL and extracts partial information from it to create a 
basic OWL-S description. The OwlsWiz is being given the greatest focus as 
its aim is to provide the user with the tools needed to create an OWL-S 
description in the least amount of time possible and without exposing the user 
to the (at times) complex structures comprising OWL-S. The heart of the 
OwlsWiz is the "Visual Composer". This tool is used during the Process 
Ontology building where it permits the user to compose the atomic processes 
extracted from the WSDL in a drag-and-drop style using standard UML 
Activity Diagrams. This type of diagramming technique enables the user to 
create a workflow using many features needed in composite Web Services, 
including: Dataflow, Decisions and Concurrency 

 

                                                 
7 In whole section 3.1.2.1.2, when we refer to OWL-S Editor, we means OWL-S Editor from 
University of Malta 
9 In whole 3.1.2.2.1 section, when we refer to OWL-S Editor, we means OWL-S Editor from Protégé 
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Figure 3-6 OwlsWiz with the visualiser 

 
·  Validator : this checks whether the URIs used in the OWL-S description are 

valid and also validate the syntax of the ontologies. The underlying engine is 
the Jena API which validates the ontologies both from the syntax and 
integrity point of views.  

 
·  Visualiser: this part enables the user to visualise the descriptions in a 

graphical manner and also to print out a hard copy of the OWL-S description. 
In this way, this part is integrated with the parts: creator and validator (see 
figure 3-6 and figure 3-7). 

 
 

 
Figure 3-7 Validator with visualizer 
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3.1.2.1.3 OWL-S IDE 
 
The OWL-S IDE [40], formerly known as CODE, is a plug-in for Eclipse IDE [41], 
which attempts to integrate the semantic markup with the programming environment. 
Developers can write their Java code in Eclipse, and run a Java2OWLS tool to 
generate an OWL-S “skeleton” directly from the Java sources, although OWL-S IDE 
does not provide any graphical visualization of services or processes. The main 
features regarding SWS design are the following: 
 

·  Generation of WSDL and OWL-S: OWL-S IDE supports the generation of 
the Java code that implements the Web Services. Once the code is generated, 
OWL-S IDE supports the generation of the WSDL descriptions of Web 
Service with the support of Apache’s JAVA2WSDL and the OWL-S 
description with the support of WSDL2OWLS. 

 
·  Editing OWL-S : OWL-S IDE provides two forms of editing for OWL-S 

ontologies: the first one is form based, as shown in figure 3-8 and figure 3-9; 
whereas the other is text-based which allows the developer to directly edit the 
OWL-S source. The text based editor is an extension of SWeDE [42], an 
Eclipse-based OWL editor that can be used by more experienced developers 
to generate their OWL-S code more expeditiously as well as to generate 
ontologies that are used to describe concepts that are specific of the Web 
Service. The editing functions within editing of OWL-S are the following: 

 
 

�  Profile Editor: the Profile editor, shown in figure 3-8, supports the 
developer in the following two tasks: editing of the Service Profile of 
the Web Service, and the registration with an UDDI server 

 

 
Figure 3-8 Profile Editor 
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�  Process Editor: the Process Editor supports the developer in the 
generation of the Process Model using the same approach of the Profile 
editor. It provides a framebased editor to define processes and their 
control and data flow, as well as a quick navigation panels. 

 
Figure 3-9 Process Editor 

 
3.1.2.2 Tools used to support Run time usage 
 
3.1.2.2.1 OWL-S Editor from Protégé 
 

·  The OWL-S Editor9 also provides an execution feature for running SWS 
inside the editing environment. Selecting a Service instance and clicking the 
’play’ button (see figure 3-2) will execute that service, provided that it has a 
WSDL grounding which is hooked up to a real Web Service. The user is 
presented with a window (see figure 3-10) where he gets to choose the values 
of the input parameters (or create new instances for them) based on the 
parameter types defined in the service’s process model. 

 
 

 
Figure 3-10 Execution of SWS with OWL-S Editor 

 
3.1.2.2.2 OWL-S IDE 
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In the Process Editor functionality of OWL-S IDE, the editor provides verification 
and execution functionalities. The developed Process Model can be verified using the 
Spin model checker, to eliminate any inconsistencies in the workflow. Likewise, the 
Process Model can be executed using OWL-S VM (Virtual Machine) to eliminate any 
errors during actual invocation of the Web Service. 
 
3.1.2.2.3 OWL-S API 
 
OWL-S API [39] provides a Java API for programmatic access to read, execute and 
write OWL-S service descriptions. The API provides an ExecutionEngine that can 
invoke AtomicProcesses that has WSDL groundings, and CompositeProcesses that 
uses control constructs Sequence, Unordered, and Split. Executing processes that 
relies on conditionals such as If-Then-else and RepeatUntil is not supported in the 
default implementation. But this implementation can be extended to handle these 
constructs if the application that uses the OWL-S descriptions has a custom syntax 
and evaluation procedure for the conditions. 
 
3.1.3 Projects 
 
3.1.3.1 OntoGov 
 
OntoGov [43] or “Ontology-enabled e-Gov Service Configuration”, commenced on 
1st January of 2005 and ended on 30th Juny of 2006.  The OntoGov project aimed to 
develop and validate a platform that will facilitate the consistent composition, 
reconfiguration and evolution of e-Government10 services.  Regarding the technical 
approach, the overall objective of OntoGov was to develop, test and validate a 
semantically enriched (ontology-enabled) platform that will facilitate the consistent 
composition, re-configuration and evolution of e-government services. More 
specifically, in this scope, OntoGov provides: 
 
 

 
Figure 3-11 Different ontologies for describing SWS in OntoGov 

 
·  A high-level generic ontology for the e-Government service lifecycle (i.e. 

covering all the phases from definition and design through to implementation 

                                                 
10e-Government means Electronic government and it is also known as e-gov, digital government, 
online government or in a certain context transformational government. 
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and reconfiguration of e-Government services) which provides the basis for 
designing lower-level domain ontologies specific to the service offerings of 
the participating public authorities. This objective is achieved by means of the 
following ontologies, which are used for modelling SWS (as is showed in 
figure 3-11):  

�  Meta Ontologies define the schema i.e. the language for modelling the 
e-Government services. 

�  Domain-oriented Ontologies model the concrete e-Government 
services and all data relevant for these services. 

�  Service Ontologies enable better management of e-Government 
services. 

 
·  A semantically-enriched platform which enables public administrations to 

model the semantics and the processes of their e-Government service 
offerings at different levels of abstraction; easily and consistently re-
configure their e-Government services; and knowledge-enrich the provision 
of e-Government services to citizens and businesses. This OntoGov software 
platform allows for change propagation and traceability, contributing in this 
way to the bridging of decision-making with technical realization (e.g. 
updating the services due to changes in legislation). With this purpose, the 
software platform of OntoGov comprises: 

�  An ontology editor for modelling domain ontologies of public 
administrations. 

�  An ontology management system for managing the life-cycle of 
domain ontologies. 

�  A service configuration system for configuring and re-configuring 
service provision and for interconnecting the ontology management 
system with the existing applications and data sources of public 
administrations. 

 
Now, it’s necessary to focus on a better SWS approach. In this line, ONTOGOV base 
several of its ontologies belonged to ontology for the e-Government service 
lifecycle on OWL-S (although with some extensions), due to ontologies are used to 
model (formally and explicitly) e-government services, for example: 

·  OntoGov Profile Ontology: This is used for advertising and discovering e-
government services. It’s based on OWL-S Profile Ontology and extends it 
with e-government specific metadata in order to the classification of the e-
government services. 

·  OntoGov Process Ontology: This gives a detailed description of a process 
flow. It’s based on OWL-S Process Ontology and extends it with e-
government specific metadata in order to enable better and easier 
management of services, and with a set of rules for defining consistency of a 
service description and for resolving inconsistencies. 

·  Set of ontologies (i.e. Legal, Organisational, Domain, Lifecycle and 
LifeEvent) used for annotation of a service description. 

·  Service Evolution ontology is used to model aspects relevant for change 
management, in the way that, it models what changes, why, when, by whom 
and how are performed in a service description (e.g.). The change 
management system is the software which is the responsible of managing 
those changes, and therefore, it’s based on Service Evolution ontology.  
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And regarding SWS design and running approach, it’s necessary to show the logical 
architecture of OntoGov platform (see figure 3-12). 
 

 
Figure 3-12 OntoGov logical architecture 

 
According to figure 3-12 the architecture is divided in three layers: 

·  The Business Modelling layer is where a top level service model is drawn. 
Users of this layer will typically be Public Administration (PA) domain 
experts that have sufficient knowledge of the domain. This knowledge 
includes the legislation that a service is based on, related directives, 
prerequisites etc. 

·  The Configuration layer allows referencing the implementation of the 
business logic in actual software components. This task is carried out by the 
IT Consultant, who is responsible for the configuration and deployment of 
OntoGov services. In OntoGov platform, the software implementation will 
always be achieved through Web Services interfaces. 

·  The Runtime layer should orchestrate and control the execution of the atomic 
services by making the correct invocations of the Web Services configured in 
the Configuration layer. 

 
3.1.3.1.1 Solutions for SWS design 
 
In OWL-S world, when we refer to design SWS, we really referring to design the 
ontologies which model the desirable SWS. In OntoGov project there are several 
developed tools for managing and helping in the design of those ontologies which 
model SWS: 
 

·  OMS (Ontology Management System): the OMS is a framework for 
creating, modifying, querying, and storing ontology-based description of e-
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Government services. Therefore, it has also the feature of the ontology editor. 
It focuses on the service lifecycle management, which includes service 
modelling, service reuse, service discovery, service composition as well as 
service reconfiguration. The simplified conceptual architecture of the OMS 
system is presented in figure 3-13.  

 

 
Figure 3-13 Conceptual architecture of the OMS 

 
Roughly, the OMS components can be divided into three layers: 

�  Applications and Services Layer realises UI applications and provides 
interfaces to non-human agents. It includes: 

o Service Modeller: this is an editor for semantic descriptions of 
the e-Government services. 

o KAON2 OIModeller: this is an editor for “standard” ontologies. 
o Service Registry: provides a registry for e-Government services. 

�  The Service API as part of the Middleware Layer is the focal point of 
the OMS architecture. It is based on the KAON2 API, which is an API 
for OWL ontologies.  

�  Data and Remote Services Layer provides data storage facilities.  
 

·  SCS (Service Configuration System): the SCS is the responsible of bridging 
the gap between the service definitions (managed by OMS) and service 
generation, deployment and execution (managed by Running Framework of 
OntoGov). The approach of SCS is to use Web Services as executing protocol 
for e-Government services, that is, the SCS provides the necessary means for 
what the Running Framework will run Web Services11. The SCS has dual 
role, as is showed in figure 3-14: 

�  "Compile" service models and provide the "skeleton" of the Web 
Services that will enact the models. 

�  Provide run-time environment for deploying (composite) Web 
Services. 

                                                 
11 Web Services based on SOAP and WSDL protocols 
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Figure 3-14 SCS Architecture 

 
The main component of SCS is the WSOR (Web Services Orchestration 
Registry), an ontology-based repository that stores the mappings between 
atomic services defined in the service model and Web Services that carry on 
with the task. According to the WSDL definition, these mappings comprise  of 
the selection of the WSDL operation (method) that should be called once the 
Web Service is invoked, and the linking of the WSDL parts (I/O attributes) to 
the atomic service inputs and outputs. 

 
3.1.3.1.2 Solutions for SWS running 
 
The component of the OntoGov framework which provides features of SWS running 
is defined in the respective layer of the Running Framework is illustrated in figure 
3-12. 

·  Runtime Framework: the final approach of this Runtime Framework is to 
manage and to run atomic Web Services, which have been provided by layer 
from above (SCM), by means of mappings between atomic services defined 
in the service model and Web Services which carry on with a specific task. 
Therefore, the main responsibilities of the Running Framework are: 

�  To provide run-time environment for executing (composite) Web 
Services; 

�  To monitor, track, synchronise and log running Web Services. 
 

The Runtime Framework can be properly installed in a broker machine to 
allow the execution of Web Services. The key components here are: 

�  Process Engine, which is a workflow tool that is in charge of querying 
the Service Ontology (process model information) and selecting the 
first activity described in the process model. Therefore the Process 
Engine acts as an orchestration machine extracting the service 
ontology from the ontologies and proceeding to deliver the request to 
the first atomic service described in the process model.  

�  WS Manager (Web Service Manager), which looks up in the WSOR 
ontology (from SCS) the implementation that, according to the data 
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provided by the consumer or derived from the process, should be 
invoked to accomplish the activity selected. 

�  Synchronization Manager, which hides the complexity of the 
synchronous or asynchronous behaviour of the Web Services. 

�  Audit and Tracking component, which is in charge of execution and 
monitoring (logging) of the Web Services. 
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3.2 WSMO 
 
3.2.1 Brief description 
 
WSMO (Web Service Modelling Ontology) is a conceptual model for describing 
various aspects related to SWS, and is based on earlier work on UPML within the 
iBrow project. WSMO is described in detail in the TAO deliverable D1.1 
“Requirements Analysis and Assessment of Relevant Methodologies”, and thus this 
section briefly summariases WSMO before providing details on WSMO-related tools, 
projects, etc. 
 
WSMO is a conceptual model for describing various aspects related to SWS. WSMO 
takes the Web Service Modeling Framework (WSMF) as starting point and further 
refines and extends its concepts. Taking as the base the WSMF, WSMO identifies 
four top-level elements as the main concepts (shown in figure 3-15) that have to be 
described in order to describe SWS: 
 

 
Figure 3-15 The top-level elements of WSMO 

 
·  Ontologies: provide the terminology used by other WSMO elements to 

describe the relevant aspects of the domains of discourse. 
·  Web Services: describes the computational entity providing access to services 

that provide some value in a domain. These descriptions comprise the 
capabilities, interfaces and internal working of the Web Service. All these 
aspects of a Web Service are described using the terminology defined by the 
ontologies. 

·  Goals: represent user desires, for which fulfilment could be sought by 
executing a Web Service. Ontologies can be used for the domain terminology 
to describe the relevant aspects. 

·  Mediators: describe elements that overcome interoperability problems 
between different WSMO elements. There are four types of mediators: 

�  OOMediators to link 2 ontologies. 
�  GGMediators to link 2 goals 
�  WWMediators to link 2 Web Service 
�  WGMediators to link a Web Service and a Goal, or more precisely, to 

link the Capability of a Web Service and a Goal. 
 
In order to achieve automated discovery, composition, and execution of Web Services 
a conceptual model alone is insufficient. In addition, a formal language is required to 
write down annotations of Web Services according to the conceptual model. Logical 
inference-mechanisms can be applied to the descriptions in this language. In order to 
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allow appropriate, satisfactorily logic-based reasoning on SWS, the description 
language has to provide reasonable expressivity, together with well-defined formal 
semantics. The Web Service Modelling Language (WSML) is a family of languages 
which formalizes WSMO. A related goal of WSML is to provide a rule-based 
language for the Semantic Web. It is developed by the WSML working group, which 
is a subgroup of the WSMO working group. 
 
Another purpose related to WSMO is dedicated to the Web Service Execution 
Environment (WSMX). The goal of WSMX is to provide an execution environment 
for the dynamic discovery, selection, mediation, invocation and inter-operation of 
SWS based on the WSMO specification. WSMX also provides a reference 
architecture and implementation for this purpose. 
 
3.2.2 Tools 
 
3.2.2.1 Design time elements 
 
3.2.2.1.1 WSMO Studio 
 
WSMO Studio [44] is a SWS modelling environment for the WSMO. WSMO Studio 
is available as a set of Eclipse plug-ins that can be further extended by 3rd parties. 
Along with other European projects, WSMO Studio is partly funded by 
INFRAWEBS. The main features of WSMO Studio are the following: 
 

·  Editor for WSMO elements (ontologies, services, goals, mediators) 
·  Choreography designer, for WSMO centric choreographies 
·  SAWSDL editor for adding semantic annotations to WSDL documents 
·  Import/export from WSML, a subset of OWL-DL, RDF and XML 

representation of WSML 
·  Integrated WSML Validator 
·  Integrated WSML Reasoner for consistency checks of ontologies 
·  Front-end for ontology / service / goal repositories 

�  Integrated ORDI repository 
�  IRS-III adapter (3rd party) 

·  Front-end for service discovery components: EPFL QoS based discovery 
·  WSML text editor with syntax colouring 
·  Eclipse GEF based Axiom editor (3rd party) 

 
With a more general view, those features for SWS design are grouped in the 
following general features of WSMO Studio: 
 
 
 
 

·  WSMO Editor : the WSMO Editor is composed by: 
�  WSMO Navigator: the WSMO Navigator (see figure 3-16) presents 

summary view that is specific for the selected WSMO entity (ontology, 
service, goal or mediator). 
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Figure 3-16 WSMO Navigator 

 
�  Editors: The WSMO editor in turn consists of several futher editing 

components, including: Common Editors, the Ontology Editor (as 
illustrated in figure 3-17), the Concept/Relation Editor, an Instance 
Editor, an Axiom Editor, the Goal/Web Service Editor, Mediator 
Editors and the WSML Text Editor. 

 

 
Figure 3-17 Ontology Editor 

 
·  Choreography Editor: The Choreography Editor (see figure 3-18) provides 

functionality for creating WSMO based choreographies, which is comprised 
of: 
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Figure 3-18 Choreography Editor 

 
�  A state signature (see figure 3-19) that specifies the state ontology for 

the choreography. 

 
Figure 3-19 State Signature Editor 

 
�  A set of transition rules (see figure 3-19) that express state changes 

(e.g. changes in the set of instances that comprise the choreography 
state). 

 
Figure 3-20 Rule Viewer 

 
·  Repository Perspective: The Repository Perspective in WSMO Studio 

(figure 3-21) provides functionality for accessing remote ontology, goal, 
service and mediator repositories. The UI area of the Repository perspective 
contains several components: Repository Explorer, Ontologies list, Mediators 
list, Web Services list, Goals list. A local repository, based on the ORDI 
framework, is available by default in WSMO Studio. To use the local 
repository the user must choose "ORDI Repository" from the context menu of 
the Repository plug-in.  
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Figure 3-21 Repository Perspective 

 
·  WSML Validator : WSMO Studio contains an integrated WSML validator 

from the wsmo4j framework [45]. All errors, warnings and notifications 
produced from the validator are reflected in the studio’s graphical 
environment (see figure 3-22) in the standard “problems view” of Eclipse.  

 

 
Figure 3-22 WSML Validator 

 
·  WSML Reasoner: The main functionality of WSML Reasoner is to check 

the satisfiability of ontologies. 
 

·  SA-WSDL Editor : The SAWSDL Editor (see figure 3-23) provides 
functionality for attaching semantic annotations to WSDL documents 
according to the SA-WSDL recommendation. The component is partly 
applicable in cases where the mappings are created according to the WSDL-S 
(Web Service Semantics) recommendation ([46], [47]) but only to the extent 
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to which the SAWSDL and the WSDL-S standards overlap. In order to use 
the SAWSDL Editor, the user needs to switch to the SA-WSDL perspective. 

 
  

 
Figure 3-23 SAWDL Editor 

 
The SA-WSDL Editor provides the following mappings: 

·  Concept to simple / complex XML type; 
·  Concept to WSDL interface; 
·  Concept to WSDL operation; and 
·  Concept to WSDL message / element. 

 
·  INFRAWEBS Axiom Editor : The INFRAWEBS Axiom editor is an 

ontology-driven tool for graphical construction of WSML logical expressions 
(see figure 3-24). The main objective of the editor is to construct valid 
WSML logical expressions to be used for describing a capability of WSMO-
based SWS. The specificity of the underlying representation language is 
hidden behind rich graphical environment supporting the construction 
process. 
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Figure 3-24 INFRAWEBS Axiom Editor 

 
·  WSMO Visualizer: The WSMO Visualizer provides an alternative view of 

an WSML ontology (see figure 3-25) 

 
Figure 3-25 WSMO Visualizer 
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3.2.2.1.2 wsmo4j 
 
wsmo4j [45] is an Java API and a reference implementation for building SWS 
applications compliant with the WSMO. In this way, the wsmo4j API is composed 
by: 

·  Interfaces which correspond to various entities defined in the WSMO 
specification. 

·  Logical Expressions API which is not part of the core WSMO specification 
but is elaborated in the WSML specification. 

·  Various “helper” interfaces which are not part of the WSMO domain 
specification, but instead provide infrastructure functionality (e.g. parsers, 
validators, factories, etc.). 

 
3.2.2.2 Run time Components 
 
3.2.2.2.1 WSMO Studio 
 
Although WSMO Studio is mainly a tool for SWS design, this tool provides a feature 
belonged to SWS execution, which is the following: 
 

·  IRS-III Adapter : The IRS-III plug-in is a front-end for the IRS-III server 
into WSMO Studio. The plug-in supports importing and exporting WSMO 
entities, such as Goals, Mediators, Web Services and Ontologies, etc, to and 
from the reasoning server. Furthermore, it allows users to achieve Goals using 
the IRS-III directly from the editor, through a simple point-and-click 
interface. 

 
·  Discovery Plug-in: The Discovery plug-in provides a simple UI front-end to 

various SWS discovery engines. Discovery of SWS is based on the idea of 
goal-based discovery, in the way that the user provides his request 
represented as a WSMO goal (possibly with some additional information 
such as Quality of Service (QoS) restrictions, ontologies, etc.), and the 
discovery component returns a list of matching services, possibly ranked 
according to some ranking criteria. The Service Discovery pane provides 
additional user interaction by displaying the results returned from the 
discovery component (see figure 3-26), i.e. the services that match the user’s 
goal. 

 

 
Figure 3-26 Discovery results 
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3.2.2.2.2 WSMX 
 
WSMX [48] is the reference implementation of WSMO. It is an execution 
environment for business application integration, where enhanced Web Services are 
integrated for various business applications. 
 
WSMX enables discovery, selection, mediation, invocation and interoperation of 
SWS. The development process for WSMX includes establishing a conceptual model, 
defining its execution semantics, developing the architecture of the system, designing 
the software and building a working implementation of the system. The research 
results for WSMX provide guidelines and justification for a general SWS architecture.  
 
WSMX is composed of the following set of components: 
 

·  WSMX Integration API : this is a collection of libraries required for the 
integration of loosely coupled components with the main WSMX system. 
Components must implement interfaces from the provided infomodel to make 
this integration possible. 

·  WSMX Core: this component is a release of the compiled core of WSMX, 
along with a set of mock up components that implement the different 
interfaces in the WSMX Integration API. 

·  WSMX Components: these components represent a release of the compiled 
versions of the current components available for WSMX. The components 
can be plugged into the WSMX Core. 

·  WSMX Runtime Data Mediator: The WSMX Runtime Data Mediator is a 
component from the WSMX system that has been made available as a 
standalone web service to support Runtime Data Mediation. Users can 
register ontologies and the mappings between them with the Web Service and 
use this Web Service to perform Instance Transformation between instances 
of the source ontology and instances of the target ontology. 

·  Web Services Modelling Toolkit (WSMT): is a lightweight framework for 
the rapid creation and deployment of the tools for SWS. The aim of the 
WSMT is to reduce the overhead of application creation for would-be tool 
creators and to centralize existing tools within the one application. 

 
This set of components are related by means of WSMX Architecture, which consists 
of a set of loosely-coupled components as presented figure 3-27. These can be 
plugged-in and plugged-out from the system. The components that are provided with 
the WSMX reference implementation can be easily replaced by other components, 
e.g., those provided by third parties. 
 



D5.1 / Evaluation of existing SWS tools and infrastructures 

56 

 
3.2.2.2.3 IRS-III 
 
IRS-III (Internet Reasoning Service) [49] is an infrastructure for publishing, locating, 
executing and composing SWS, organized according to the WSMO framework.  It 
was developed at the Knowledge Media Institute of the Open University, UK as part 
of the DIP project. IRS-III provides a platform and infrastructure for creating WSMO-
based SWS, building upon the previous implementation, IRS-II. 
 
 

 
Figure 3-27 Architecture of WSMX 

 
 
The IRS-III architecture (see figure 3-28) is composed of the main following 
components: 

·  IRS-III Server : is based on an HTTP server written in lisp, which has been 
extended with a Simple Object Access Protocol (SOAP) handler. Separate 
modules handle soap-based requests from the browser, the publishing 
platforms and the invocation client. Messages result in a combination of 
queries to or changes within the entities stored in the WSMO library. 

·  IRS-III Publisher : entails associating a deployed Web Service with a 
WSMO Web Service description. Within WSMO, a Web Service is 
associated with an interface, which contains an orchestration and 
choreography. The orchestration specifies the control and dataflow of a Web 
Service that invokes other Web Services (a composite Web Service). The 
choreography specifies how a third party should communicate with a Web 
Service. When a Web Service is published in IRS-III, all of the information 
necessary to call the service, the host, port and the path are stored within the 
choreography associated with the Web Service. Additionally, updates are 
made to the appropriate publishing platform. IRS-III contains publishing 
platforms to support the publishing of standalone Java and Lisp code and of 
Web Services. Web applications accessible as HTTP GET requests are 
handled internally by the IRS-III server. 
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·  IRS-III Client : supports the Web Service invocation by providing a goal-
centric invocation mechanism. An IRS-III user simply asks for a goal to be 
solved and the IRS-III broker locates an appropriate Web Service semantic 
description before subsequently invoking the underlying deployed Web 
Service. 

 

 
Figure 3-28 IRS-III Architecture 

 
3.2.3 Projects 
 
3.2.3.1 INFRAWEBS 
 
INFRAWEBS [32] is a large-scale FP6 project that commenced in August 2004 for 
30 months.  The acronym stands for: Intelligent Framework for Generating Open 
(Adaptable) Development Platforms for Web-Service Enabled Applications Using 
Semantic Web Technologies, Distributed Decision Support Units and Multi-Agent-
Systems. The main INFRAWEBS objective is the development of an application-
oriented software toolset for creating, maintaining and executing WSMO-based 
SWS within their whole life cycle. This objective is achieved by developing software 
components consisting of: 
 

·  An ontology and similarity  based organizational memory and tools for 
extracting a retrieving specific knowledge and information for SWS. 

·  A P2P agent-based interoperability  environment (distributed SWS 
repositories) for CBR (Case Based Reasoning) based design and composition 
of SWS (CASE-tool). 

·  A run-time module for supervision (Executor, QoS-Broker) and 
maintenance considering security and privacy aspects. 

 
The reduced scheme of the INFRAWEBS is illustrated in figure 3-29. The envisaged 
framework INFRAWEBS consists of two main components: 
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Figure 3-29 Broker (OM/SIR) and client & provider part (SWU) 

 
·  A knowledge brokering component: is realised as an organisational 

memory (OM) with decision support and recommender facilities. This 
broker is designated to endow the specific entity (i.e. business enterprise, 
SME, IND) with comprehensive facilities to maintain and process the entity 
specific knowledge (knowledge artefacts) with respect to the SWS design. 
Via this broker the user accesses the entity specific knowledge and extracts 
decision supported (recommender system) the SWS relevant knowledge 
artefacts. These artefacts are transferred to the SWU (described below), 
where the user has the capabilities (Designer, Composer, Executor) to build 
the knowledge artefacts to running SWS. 

·  A client & provider component: is a designed as a semantic and ontology 
based module handling and maintaining SWS, that is, a Semantic Web 
Service Unit (SWU) as a workflow and knowledge sharing component as a 
modern type of SWS based collaboration platform and interoperable 
middleware.  

 
The following presents the overall the system architecture of the INFRAWEBS 
project. The infrastructure enables the services and software suppliers to generate a 
collaborative development platform for analysis, deployment of Web Services. This 
framework is designed to enable the user to be, simultaneously, broker , client or 
provider  of services. 
 
As mentioned earlier, the system architecture of INFRAWEBS is designed using a 
tow component approach: 

·  A knowledge brokering component (OM/SIR). 
·  A dynamic SWS Unit (SWU) 
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Figure 3-30 Architecture of INFRAWEBS system 

 
The broker component consists of the similarity and Ontology based OM of the entity, 
and the SIR interconnects the broker component and the client & provider component 
by accessing the Semantic Web repository module of the SWU. Coupled with this 
repository are further modules for: 

·  Designing of static Web Services, without inferencing facilities; 
·  For composing dynamic SWS, with inferencing capabilities; 
·  For the execution and maintenance (whole life cycle) of SWS within the 

Distributed Decision Support Unit. 
 

The designing, composing and execution modules are supplemented by a multi-agent 
module for agent-based service discovery and mediation. Security and privacy aspects 
are considered in a further module connected to the execution and agent related 
modules. 
 
The figure 3-31 shows the global view of the INFRAWEBS architecture with the 
approach based on the components, which support the design and execution. 
 

 
Figure 3-31 INFRAWEBS Architecture with Design & Runtime approach 
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According to this architecture, table 3-1 lists the INFRAWEBS components utilised 
for SWS design and execution. In addition to these components, there are some 
components that take part in both fields, specifically: 

·  DSWS-R. Although this component takes also part in SWS design field, it 
really belongs to SWS running field. 

·  OM. Although this component takes also part in SWS running field, it really 
belongs to SWS design field. 

 
 

Solutions for SWS design Solutions for SWS running 
SWS Designer CBR 

Responsible for the design of SWS descriptions 
(in particular the capabilities of the Web Service 

descriptions) 

DSWS-R 
Responsible for the persistent storage of WSMO-

based descriptions 

SWS Composer CBR 
Responsible for the composition of existing 

WSMO-based SWS 

SAM 
Responsible for guiding the user applications 

through the steps of SWS usage, including service 
discovery, selection and execution 

OM 
Represents and organizational memory and a 

case-based recommender tool 

SWS-E 
Responsible for executing the SWS descriptions 

SIR 
Responsible for handling the formal descriptions 
(based on RDF) that are submitted in the service 

registration process. 

QoS Broker 
Responsible for collecting monitor data and 

calculate the metric values for the SWS being 
executed 

Table 3-1 Solutions for SWS design & running 
 
According to these points, the next sections detail each of the components classified 
in the above table. 
 
3.2.3.1.1 Solutions for SWS design 
 

 
Figure 3-32 Design Time Phase of INFRAWEBS 

 
·  SWS Designer CBR (SWS-D): the SWS Designer is realised as CBR (Case 

Based Reasoning) based SWS development tool and is endowed with 
decision-making capabilities. The SWS Designer processes a designing 
procedure for single static Web Services advertised to the external 
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(customer) as well as in the internal (networking) area. This module accesses 
the SWS-R (repository) for single SWS descriptions. The functional 
architecture of the SWS Designer is illustrated in figure 3-33. The functional 
architecture of the SWS Designer consists of a set of functions organized 
semantically as modules, which are needed for designing a selected 
framework for service description. A SWS created using the INFRAWEBS 
SWS Designer will be described by general WSMO framework. In this way, 
the SWS Designer is composed by the following modules, and therefore, with 
those modules we can identify the main functionalities of SWS Designer: 

 

 
Figure 3-33 Functional architecture of INFRAWEBS SWS Designer 

 
�  Service Modeller: this is responsible for creating a general frame for 

the description of services according to the selected methodology as 
well for creating QoS definitions and other non-functional properties 
of the service. This module can be seen as a WSMO-based 
implementation of the Selection Semantics Editor from the Conceptual 
Architecture of the Designer. 

�  Axiom Editor: the set of Pre-conditions, Post-conditions, Assumptions 
and Effects (PPAE) is created by the Axiom Editor, which is an 
ontology-driven context sensitive editor of logical expressions. The 
Axiom Editor creates a correct logical description of the service 
capability consistent with all entered data about the service. 

�  Service Grounding Editor: produces a mapping between data 
structured used in WSDL description of an existing Web Service and 
the ontology-based description of the corresponding SWS. 

�  Choreography Editor: produces the description of service 
choreography and is augmented by means of creating, storing and 
retrieving Design Service Templates (re-usable parts of service 
definition) as well as the means for validating the designing service 
model against available description of other parts of the service. A first 
prototype of this module has been developed to date, know as the 
Interface BPEL-Based Editor. 

�  Case-based Memory: is used for storing and retrieving of such data 
structures, including Design Service Templates – re-usable parts of 
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descriptions of capability and choreography of some services 
constructed by the service provider in the past. 

 
·  SWS Composer CBR (SWS-C): the SWS Composer is also realised as a 

CBR-based SWS development tool, which has additional decision-making 
capabilities. The SWS Composer supports dynamic composition of available 
and existing SWS to facilitate the construction of new workflows. This 
module also accesses the SWS-R (repository) to locate single SWS 
descriptions. Whilst service composition can be used to realise new business 
processes, it can be a laborious and costly process, as it can involve several 
separate sub-tasks, including discovery, selection, and data type mediation. 
Some of the fields which are supported by SWS-C are: 

�  Workflow construction: SWS-C provides an environment in which the 
user can compose custom workflows of Web Services based on their 
semantically described inputs and outputs with support from other 
modules of INFRAWEBS infrastructure. 

�  Data integration in syntactic, semantic and QoS aspects: SWS-C 
allows the definition of reference ontologies to be imported and shared 
within the composed service. In addition, the SWS-C gives the 
possibility to mach ontological concepts and attributes that are used in 
postconditions and precondition of participating services. The 
ontologies are visualized using a tree view, so that concepts and 
attributes can be compared according with their types 

�  Visualization of composition and its participants: the SWS-C offers its 
own graphical interface to construct service-based diagrams. The 
nodes in the service diagram are semantic WSMO-based services. The 
graphical environment consists of: 

o Visual tool to edit and modify the service diagram. 
o Visual tools for importing/exporting services and ontologies. 
o Visual tools for editing interconnections between services. 

�  Discovery of matching services: the SWS-C creates a query for the 
discovery module (Service Access Middleware - SAM) that consists of 
a goal description constructed from the selected semantic service. 

�  Decision support for selecting appropriated services: the SWS-C is 
intended to explore the reuse of existing semantic services 
descriptions. This reuse should lead to more efficiency in the 
composition process. Thus the application development can be 
accelerated and the user’s needs can be more completely satisfied. 
Case-based memory realized in INFRAWEBS as OM module can 
provide advices for service composition. 

 
·  OM (Organisational Memory): the OM is mainly realised by considering 

the new streams and approaches in the area of FCS Modelling (Fuzzy 
Concept Set - Modelling) and specifically, FCM (Fuzzy Concept Matching). 
In this way, this module is realised as a FCS-OM and it is the responsible for 
the collection, organisation, refinement, and distribution of the entity specific 
knowledge; and thus its design is oriented on self-organising memory 
approaches. The FCS-OM management module is endowed with tools for 
knowledge acquisition, knowledge representation, and information retrieval. 



D5.1 / Evaluation of existing SWS tools and infrastructures 

63 

The main functionalities of the OM are based on retrieving semantic and non-
semantic objects, and are the following: 

�  Retrieving WSMO objects by loaded (imported) ontologies; 
�  Retrieving WSMO objects by natural language descriptions; 
�  Retrieving WSMO objects by WSMO ontology terms; 
�  Retrieving WSMO objects similar to given WSMO descriptions. 

 
The OM module needs to communicate with the following modules mainly 
by indexing their objects: DSWS-R and SIR. As illustrated in figure 3-34 the 
OM module has the following roles in this scenario: 

�  OM: storing and retrieving all non-semantic descriptions of SWS. 
�  OM Recommender Tool: similarity-based calculations and 

recommending SWS based on non-semantic similarity and 
assignments. 

 

 
Figure 3-34 Operation on INFRAWEBS as a Module in Web Service Provider Model 

 
·  SIR (Semantic Information Router): this component is also explained in 

section 2.3.2.3.2 from the perspective of Knowledge Stores; however, here 
we focus on features for SWS design. This module is responsible for handling 
the formal descriptions (based on RDF) that are submitted in the service 
registration process. SIR is a metadata based content management and 
aggregation platform. Content objects and metadata enter the SIR system 
through different input mechanisms and the metadata is converted into RDF 
metadata using content handlers. The following subsections describe the 
activities that are part of the INFRAWEBS system and in which SIR interacts 
either with the other components or with the users of the INFRAWEBS 
system to satisfy business goals: 

�  Registration of WSDL files: manual insertion of WSDL files and 
annotation as well as its categorization according to domain specific 
service ontologies. 

�  Registration of BPEL files: manual insertion of BPEL files and 
annotation as well as its categorization according to domain specific 
service ontologies 
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�  Retrieve WSDL file for designing SWS: retrieve of a WSDL file in 
order to annotate it semantically. 

 
3.2.3.1.2 Solutions for SWS execution 
 

 
Figure 3-35 Running Time Phase of INFRAWEBS 

 
·  DSWS-R (Distributed SWS Repository): this component is also explained 

in section 2.3.2.3.1 from the Knowledge Storage perspective, but here we 
consider the execution perspective. This component is the responsible for the 
persistent storage of WSMO-based descriptions and their publication in the 
INFRAWEBS system of units, and it provides access to the semantic 
descriptions published at design time. The responsibilities DSWS-R in the 
INFRAWEBS system are related to: 

�  Storing and retrieving WSMO descriptions created at design time; this 
enables storage, retrieval and modification of SWS descriptions, 
related goals and ontologies. 

�  Validation: only valid WSML definitions are stored in the DSWS-R 
Repository. When a description is stored in the repository its syntax is 
validated and an error message is issued in case of problems. 

�  Publication of descriptions that can be used outside of the provider 
SWU. 

�  Publishing descriptions representing services, ontologies and goals that 
can be accessed by end-users or components inside and outside of the 
local Unit. 

�  Propagating advertisements in the P2P network of units so that they 
can be discovered and used by partner INFRAWEBS units. 

�  Management of descriptions related to QoS characteristics of services 
and to policies related to error handling and propagation rules. 

 
In the DSWS-R component, two types of functionality are needed: a 
repository functionality enabling efficient storage and retrieval of WSMO 
descriptions, as well as a registry that supports the publication and propagation 
of descriptions. figure 3-36 illustrates the DSWS-R Architecture according to 
these two types of functionalities. 
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Figure 3-36 DSWS-R Architecture 

 
·  SAM (Service Access Middleware): this component is responsible for 

guiding the user applications through the steps of SWS usage, including 
service discovery, selection and execution. Web Service discovery is 
implemented within the module, while Web Service executions are processed 
in cooperation with the SWS Executor (SWS-E) module. Discovery uses a 
two-phase method, which combines a traditional IR-based approach and a 
logic-based approach. The main functionalities in which SAM takes part 
are12: 

�  Discovery: this task can be summarized as providing a list of SWS 
descriptions matching the given goal which expresses the user's 
desires. The goal is given as a WSML goal instance, and the result is 
provided as a list of WSML service descriptions with additional 
information (which can be used for the refinement of the goal or in the 
next step of selection).  

�  Selection: the objective of this activity is to help the user to select a 
Web Service from the list of SWS Descriptions returned in the 
previous step (discovery). Various methods are offered for the 
requester to manipulate the result list (through the SWS Application), 
which can be applied in any order. Post-agreement choreography (such 
as delivery choreography, monitoring choreography or cancellation 
choreography) cannot be supported in this phase. 

�  Execution: in the INFRAWEBS architecture, a separate module called 
the SWS Executor (SWS-E) is responsible for the execution of Web 
Services. The SAM initiates service execution, and then plays an 
intermediary role between the client and the executing Web Service.  

 
According to the functionalities described above, in the figure 3-37 is 
showed the SAM Architecture. 
 

·  SWS-E (SWS Executor): as its name describes, this component is 
responsible for executing SWS descriptions based on WSMO, and therefore, 
this component is based on WSMX. The component interacts mainly with the 
DSWS-R and the SAM. The main elements and components of SWS-E are: 

�  Behavioural languages 

                                                 
12 Although there are other components involved in those functionalities. 
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�  Choreography 
�  Orchestration 
�  Grounding 

 

 
Figure 3-37 SAM Architecture 

 
In figure 3-38, a general scheme of SWS-E is depicted. At the heart of this 
module are the choreography and orchestration engines which execute the 
rules defines in the interface descriptions. The choreography engine takes an 
Abstract State Machine (ASM) based approach for executing the rules and has 
been given the main focus since orchestration is not yet well defined in 
WSMO. On top of the executor is also a QoS Broker responsible for 
monitoring and calculating metric data of the Web Services that are being 
executed. Apart from the QoS Broker, the executor interacts with the Service 
User Interface Agent (SUA) and the DSWS-R. The SUA sends a request for 
execution to the Request Manager. The latter component is responsible for 
handling communication between the external entities and the components 
inside the Executor. The requested Web Service description is then fetched 
from the repository, and once obtained, it is forwarded to the choreography 
engine for execution. The actual invocation of the Web Services is performed 
by the invoker during the execution of the rules. The Invoker is based on a 
standard API which is the Web Service Invocation Framework (WSIF). Once 
execution of choreography terminates, the result is sent back to the User 
Agent. Furthermore, during execution the QoS Broker is constantly updated 
with metric related data. 
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Figure 3-38 Scheme of SWS-Executor 

 
·  QoS Broker (Quality of Service Broker): this component is responsible for 

collecting monitor data and calculating the metric values for the SWS being 
executed. A name more suitable which we can adopt is “QoS Monitor” 
instead of “QoS Broker”. The reason is that this component acts more 
passively during execution of the SWS. The resulting values for the quality of 
service metrics are then reused by other components during the different 
stages of the design and execution of the SWS in the INFRAWEBS system. 
The QoS Metrics can be used in different stages of the SWS life-cycle. With 
respect to the INFRAWEBS system, we envision the usage in these scenarios: 

�  During Discovery and Selection 
�  During the Design and Composition 

 
To this extent, a set of metrics are chosen for helping the user or designer of a 
SWS to decide which one to use. An ontology describing the metrics has also 
been defined. Next, an overview of the metrics together with a motivation for 
each is described: 

�  Cost: defines the actual cost incurred for using the SWS.  
�  Accessibility: measures whether the service can be accessed on the 

platform where it is deployed. 
�  Availability: further refines accessibility in that it also takes into 

account the number of execution faults of the service.  
�  Execution Duration: defines the amount of (average) time needed to 

execute the service. 
 
3.2.3.2 DIP 
 
DIP [33] means Data, Information, and Process Integration with SWS, and it started 
on 1st January 2004 and ended on 31 Dec 2006. 
  
The main objective of DIP has been to develop and extend Semantic Web and Web 
Service technologies in order to produce a new technology infrastructure for SWS. 
DIP long term vision is to deliver the enormous potential benefits of SWS to e-Work 
and e-Commerce. 
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3.2.3.2.1 Solutions for SWS design 
 

·  Ontology Management Suite (OMS): is an integrated set of tools for 
efficient and effective management of ontologies, providing the basis for 
handling and using ontologies as the underlying data model for SWS. The 
OMS consists of six major elements that denote the functional components 
needed for large-scale ontology management of the Semantic Web. The OMS 
comprises of the following components:  

�  ORDI: provides the middle layer for ontology management, including 
an API for ontology data handling by end user tools as well as a 
generic interface for adapting ontology repositories.  

�  Ontology Versioning Tool: ontology versioning library to enable user-
driven creation of versions of WSMO ontologies.  

�  Ontology Repositories: for persistent storage and retrieval of ontology 
data. OMS provides two ontology repositories: YARS with provenance 
tracking; and FOR, which focuses on corporate environments.  

�  Ontology Mapping and Merging Tool: The mapping and merging tool 
is a GUI for creating, maintaining and browsing ontology mapping 
constructs. 

�  Ontology Representation Language: the WSML as the DIP / WSMO 
specification language.  

�  Ontology Editing & Browsing Tool: a GUI for creating, maintaining 
and browsing WSML Ontologies. This serves as the GUI for the 
integrated OMS tool suite. 

�  Ontology Reporting Tool: a Web application for community-driven 
ontology management with a graphical user interface (GUI) for 
browsing and reporting. 

 
·  WSMO Studio: see section 3.2.2.1.1.  

 
3.2.3.2.2 Solutions for SWS execution 
 

·  WSMX: see section 3.2.2.2.2 
 

·  IRS-III : see section 3.2.2.2.3 
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3.3 OWL-S and WSMO 
 
This section presents a brief comparison between OWL-S and WSMO, and after this 
comparison a SWS project is briefly presented, which provides a SWS infrastructure 
for working towards convergence of OWL-S with the products of the WSMO/WSML 
research effort [50], and that SWS infrastructure is SWSI [51]. However, this section 
doesn’t explain SWSI with its features for SWS design and SWS running due to, it is 
considered using SWS tools and infrastructures based on OWL-S or WSMO. 
 
Even though the purpose of OWL-S and WSMO is similar, both aim at providing an 
ontology for describing Web Services that enables users and software agents to realize 
the Web Service Usage Process, the underlying principles of both approaches slightly 
differs. While WSMO is based on a number of explicit principles of the domain that 
the ontology formally represents, OWL-S lacks of these explicit and well-established 
grounding principles. 
 

·  Discovery. OWL-S provides/defines/uses the Service Profile which provides 
information about the service and its provider in terms of service description, 
functional behaviour and functional attributes to allow its discovery. WSMO 
makes use of goals to define the objectives that a client may have when 
consulting a Web Service allowing Service discovery. In particular WSMO 
restricts the definition of goals to post-conditions and effects. Post-conditions 
define the state of the desired information space. Effects describe the desired 
state of the world after the execution of the Web Service. WSMX provides 
the required inferencing support to discover Web Services. 

·  Selection. Neither WSMO nor OWL-S foresees mechanisms to rank services 
according to functional and non-functional aspects and such enable selection. 

·  Mediation. WSMO supports scalable mediation based on mediators. It offers 
four types of mediators: OOMediators, GGMediators, WWMediators and 
WGMediators (see section 3.2.1). WSMX provides an implementation to 
support Web Service mediation. OWL-S does not specify any particular form 
of mediation. 

·  Composition. OWL-S makes use of Service Profile to allow the matching 
among service’s functionalities and objectives, enabling service composition. 
In WSMO, the description of the Web Services in terms of capabilities and 
interfaces covers the same aspect as the Service Model in OWL-S, permitting 
the specification of the functionality of the service. The capability of a Web 
Service defines its functionality in terms of preconditions and post-
conditions, assumptions and effects. The Interface provides further 
information on how the functionality can be achieved. It describes the 
communication pattern that allows consuming the functionality: 
choreography; and/or how the overall functionality is achieved by means of 
cooperation of different service providers: orchestration. WSMO supports 
both static and dynamic composition while OWL-S counts with limited 
support for dynamic composition.  

·  Execution. While WSMO counts on WSMX, which provides an execution 
platform for SWS, OWL-S also has an execution environment called OWL-S 
VM (Virtual Machine) (see section 3.1.2.2.2).  

·  Monitoring. OWL-S service model by means of its Process Control Ontology 
allows the monitoring of the execution of services describing the process in 
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terms of its state, namely activation, execution and completion. WSMO by 
means of WSMX, its execution environment, should provide the required 
support for monitoring the execution of Web Services. 

·  Replacement: only WSMO support this feature in its execution environment 
WSMX. 

·  Compensation. OWL-S currently does not specify any particular form of 
compensation. Even though it is not formally stated, WSMX should support 
Web Service compensation.  

 
In a nutshell the WSMO seems to try to cover a wider spectrum of the usage process 
of SWS, providing a clearer direction in discovery, composition, mediation and 
execution. In regard to monitoring, OWL-S offers a better defined path, while none of 
them seem to have put any interest in service compensation. 
 
3.3.1 SWSI 
 
The Semantic Web Service Initiative (SWSI) [51] is an infrastructure that combines 
Semantic Web and Web Services technologies to enable maximal automation and 
dynamism in all aspects of Web Service provision and use, including (but not limited 
to) discovery, selection, composition, negotiation, invocation, monitoring and 
recovery. The infrastructure is based on a SWS Language (SWSL) and an ontological 
infrastructure (FLOWS) to support the incorporation of machine understandable 
semantics into Web Services. It also comprises of a SWS architecture (SWSA) and a 
number of protocol abstractions to support the deployment of semantically enabled 
services in a variety of current and future distributed environments. 
 
The main relation between WSMO/WSML and SWSI is based on the SWSL-Rules 
sublanguage is closely related to WSML-Flight and WSML-Rule. Both languages are 
largely based on F-logic and they mostly share the logical expression syntax. 
However, the two groups have pursued complimentary goals. WSML is focused on 
the end user and developed a "conceptual syntax" for top-level descriptions of 
services. WSML defines WSML-Core as a subset of both Description Logics and 
Logic Programming, which serves as a common ground for ontology interoperability. 
In contrast, SWSL's focus was on extending the functionality of their rule-based 
language. In particular, SWSL-Rules supports meta-reasoning with its HiLog and 
reification extensions 
 
SWSA puts together an overview of the requirements that a comprehensive approach 
to architectures for SWS should include. The requirements are divided into functional 
capabilities and architectural requirements. The architecture defines a number of 
general requirements for SWS architectures: 

·  All agents can interpret web-published ontologies and send and interpret 
messages whose content can be represented or interpreted in terms of 
published ontologies. Also, there should be a published description or set of 
mapping rules that specifies how to semantically interpret the messages if 
their serialized form is not in a Semantic Web description language13. 

                                                 
13 Like OWL. 
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·  Requester agents (clients) must be able to formulate at least some internal 
objectives as requests to (potentially, newly discovered) server agents based 
on their semantically described service interfaces.  

 
SWSL, part of SWSI, is a general-purpose logical language, with certain features to 
make it usable with the basic languages and infrastructure of the Web. These features 
include URIs, integration of XML built-in types, and XML-compatible namespace 
and import mechanisms. SWSL includes two aspects/layers of expressiveness: 
SWSL-FOL and SWSL-Rules.  
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4 Eclipse IDE plug-in technology 

Eclipse [41] is an Integrated Development Environment (IDE) for developing in Java 
programming language. From the Eclipse web portal we found this definition: 

“Eclipse is an open platform for tool integration built by an open community of tool 
providers. Operating under an Open Source paradigm, with a common public license 
that provides royalty free source code and worldwide redistribution rights, the eclipse 
platform provides tool developers with ultimate flexibility and control over their 
software technology…”  

That sentence describes in few lines the main features of Eclipse as an open platform 
for tools integration. Therefore, given this important assumption and the success story 
behind Eclipse, it has been considered as our first choice to achieve the integration 
goal of the TAO project. Other features of Eclipse are summarized below: 

·  Eclipse is an open platform distributed under a common public license (CPL). 
·  It is developed on Java, hence it can be installed across many operating 

systems, including the most used: Windows, Linux, BSD, Solaris, Aix, etc. 
·  Some of the most important software manufacturers have ported their own 

development tools to this platform, including IBM, Borland, etc. 
·  It is developed by a huge group of programmers worldwide. Therefore, it is 

very well supported. 
·  It is extensible by means of a plug-in mechanism that permits incorporated 

new tools to the platform.  
·  It includes additional software frameworks to ease the development of GUI 

plug-ins. 
·  It is very well documented. There is a full documentation to assist a non-

experienced developer in the use of Eclipse facilities to build a new plug-ins. 
In addition, all additional frameworks offered by Eclipse for plug-in 
development are very well documented. There are also many technical 
articles that describe some specific areas of the Eclipse platform. 

 
The facilities that Eclipse offers to integrate new tools are based on its plug-in 
mechanism. Eclipse itself is built up by means of a group of those essential plug-ins. 
A plug-in is a software component that offers a specific group of functionalities and 
that can be extended through some extension points, that is, particular functionalities 
that are susceptible to be extended by third parties as with the object-oriented 
programming class extension mechanism.  

RuntimeRuntime

PluginPlugin

PluginPlugin

PluginPlugin

= extension point

= extension

 
Figure 4-1 Eclipse Plug-in Schema 
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The Eclipse platform itself contains some core plug-ins that supports the main Eclipse 
functionalities. A new plug-in is incorporated to the Eclipse platform by extending 
one or more extension points offered by a Eclipse core plug-in or by a third party 
plug-in already incorporated to the Eclipse platform. Additionally, all Eclipse plug-ins 
can make use of other plug-in functionality just by invoking their methods as if they 
were software components. 
 
Besides the plug-in mechanism, Eclipse offers additional frameworks to simplify the 
process of GUI plug-in development (see appendix 8.1). 
 
TAO suite would be developed within the Eclipse platform using the plug-in 
mechanism provided by Eclipse, extending some extension point. The TAO tools will 
interoperate each other by following the same plug-in extension point mechanism. 
Each tool would define an extension point as an exchange entry point that other tool 
would use to send it messages. Commonly those messages include some data in form 
of XML files that would be shared using the Eclipse exchange model mechanisms. 
 
4.1 Assessment 
 
It is necessary to detail in this document the advantages and disadvantages of this 
integration approach to score it for the final decision.  

The advantages of this approach are as follows: 

·  Eclipse includes many facilities to assist in the integration of a new tool 
within the environment. Hence, this eases and simplifies the process to 
include some new tools. 

·  The documentation and support for the development of a new plug-in is very 
good, existing numerous examples, books, and articles. 

·  Eclipse can be installed and used over almost any operating system, therefore, 
TAO suite could achieve the multiplatform goal. 

·  Eclipse offers a very simple mechanism to install new plug-ins, so installation 
concern is consequently addressed. 

·  Eclipse IE is the favourite IDE of the Java community.  
·  Eclipse provides a large set of plugins covering a wide range of 

functionalities. 
 

The disadvantages are: 

·  New technologies have to be learnt (including Eclipse plug-in mechanism, 
SWT, etc) so the learning curve could be considerable.  

·  It is not in line with the new trend to provide software services easily 
accessible anyhow anywhere provided that a browser is installed on the 
device. 

Overall, the Eclipse IDE platform is complex, but at the same time, it is so powerful, 
that makes it the most suitable for the purposes outlined in the TAO project. 
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5 Security between Web Services 
 
5.1 Introduction 
 
The IT industry has been talking about Web Services for long time. The benefits of 
having a loosely-coupled, language-neutral, platform-independent way of linking 
applications within organizations, across enterprises, and across the Internet are 
becoming more evident as Web Services are used in pilot programs and in wide-scale 
production. Moving forward, customers, industry analysts, and the press identify a 
key area that needs to be addressed as Web services become more mainstream: 
security.  
 
This section proposes a technical view of a standards-based architecture that is 
comprehensive yet flexible enough to meet the Web services security needs of real 
businesses. A key benefit of the emerging Web services architecture is the ability to 
deliver integrated, interoperable solutions. Ensuring the integrity, confidentiality and 
security of Web Services through the application of a comprehensive security model 
is critical, both for organizations and their customers. 
 
Also this section outlines a broad set of specifications that cover security technologies 
including authentication, authorization, privacy, trust, integrity, confidentiality, secure 
communications channels, federation, delegation and auditing across a wide spectrum 
of application and business topologies. These specifications provide a framework that 
is extensible, flexible, and maximizes existing investments in security infrastructure. 
 
By leveraging the natural extensibility that is at the core of the Web Services model, 
the specifications build upon foundational technologies such as SOAP, WSDL, XML 
Digital Signatures, XML Encryption and Secure Socket Layer (SSL)/Transport Layer 
Security (TLS). This allows Web Service providers and requesters to develop 
solutions that meet the individual security requirements of their applications. 
 
5.2 Web Services Security Model Principles 
 
Web Services can be accessed by sending SOAP messages to service endpoints 
identified by URIs, requesting specific actions, and receiving SOAP message 
responses (including fault indications). Within this context, the broad goal of securing 
Web Services breaks into the subsidiary goals of providing facilities for securing the 
integrity and confidentiality of the messages and for ensuring that the service acts 
only on requests in messages that express the claims required by policies. 
 
Today the SSL, along with the de facto TLS, is used to provide transport level 
security for Web Services applications. SSL/TLS offers several security features 
including authentication, data integrity and data confidentiality. SSL/TLS enables 
point-to-point secure sessions. IPSec is another network layer standard for transport 
security that may become important for Web Services. Like SSL/TLS, IPSec also 
provides secure sessions with host authentication, data integrity and data 
confidentiality. 
 
When data is received and forwarded on by an intermediary beyond the transport 
layer both the integrity of data and any security information that flows with it may be 
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lost. This forces any upstream message processors to rely on the security evaluations 
made by previous intermediaries and to completely trust their handling of the content 
of messages. What is needed in a comprehensive Web Service security architecture is 
a mechanism that provides end-to-end security. Successful Web Service security 
solutions will be able to leverage both transport and application layer security 
mechanisms to provide a comprehensive suite of security capabilities. 
 
5.3 Web Services Security Specifications 
 
Based on the next figure, a brief description of each specification is given below [52]. 
 

 
Figure 5-1 Web Services Security Specifications 

 
·  WS-Security: WS-Security describes enhancements to SOAP messaging to 

provide quality of protection through message integrity and message 
confidentiality. As well, this specification defines how to attach and include 
security tokens within SOAP messages. Finally, a mechanism is provided for 
specifying binary encoded security tokens (e.g. X.509 certificates). These 
mechanisms can be used independently or in combination to accommodate a 
wide variety of security models and encryption technologies. WS-Security 
provides a general-purpose mechanism for associating security tokens with 
messages. No specific type of security token is required by WS-Security. It is 
designed to be extensible (e.g. support multiple security token formats). For 
example, a requester might provide proof of identity and proof that they have 
a particular business certification. Message integrity is provided by 
leveraging XML Signature in conjunction with security tokens (which may 
contain or imply key data) to ensure that messages are transmitted without 
modifications. The integrity mechanisms are designed to support multiple 
signatures, potentially by multiple actors, and to be extensible to support 
additional signature formats. The signatures may reference (i.e. point to) a 
security token. 

·  WS-Policy: WS-Policy describes how senders and receivers can specify their 
requirements and capabilities. WS-Policy is fully extensible and does not 
place limits on the types of requirements and capabilities that may be 
described; however, the specification identifies several basic service attributes 
including privacy attributes, encoding formats, security token requirements, 
and supported algorithms. This specification defines a generic SOAP policy 
format, which can support more than just security policies. This specification 
also defines a mechanism for attaching service policies to SOAP messages. 

·  WS-Trust: WS-Trust describes the model for establishing both direct and 
brokered trust relationships (including third parties and intermediaries). This 
specification describes how existing direct trust relationships may be used as 
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the basis for brokering trust through the creation of security token issuance 
services. These security token issuance services build on WS-Security to 
transfer the requisite security tokens in a manner that ensures the integrity and 
confidentiality of those tokens. 

·  WS-Privacy: This specification describes a model for how a privacy 
language may be embedded into WS-Policy descriptions and how WS-
Security may be used to associate privacy claims with a message. Finally, this 
specification describes how WS-Trust mechanisms can be used to evaluate 
these privacy claims for both user preferences and organizational practice 
claims. 

·  WS-SecureConversation: WS-SecureConversation describes how a Web 
Service can authenticate requester messages, how requesters can authenticate 
services, and how to establish mutually authenticated security contexts. This 
specification describes how to establish session keys, derived keys, and per-
message keys. Finally, this specification describes how a service can securely 
exchange context (collections of claims about security attributes and related 
data). In order to accomplish this, the specification describes and builds upon 
the concepts of security token issuance and exchange mechanisms defined in 
WS-Security and WS-Trust. Using these mechanisms a service might, for 
example, support security tokens using weak symmetric key technology as 
well as issue stronger security tokens using non-shared (asymmetric) keys. 

·  WS-Federation:  this specification defines how to construct federated trust 
scenarios using the WS-Security, WS-Policy, WS-Trust, and WS-
SecureConversation specifications.  

·  WS-Authorization: this specification describes how access policies for a 
Web Service are specified and managed. In particular it describes how claims 
may be specified within security tokens and how these claims will be 
interpreted at the endpoint. This specification is designed to be flexible and 
extensible with respect to both authorization format and authorization 
language.  

 
5.4 SOAP Security Requirements. 
 
The goal is to secure the entire SOAP message including the SOAP Headers and the 
SOAP Body. In general, there are five security requirements for message 
transmission: 

·  Confidentiality  guarantees that an eavesdropper can not read the message. 
·  Authorization  guarantees that the sender is authorized to send a message. 
·  Data integrity refers to assurance that the message was not modified 

accidentally or deliberately in transit. 
·  Message origin authentication guarantees that the message was transmitted 

by a properly identified sender and is not a replay of a previously transmitted 
message. 

·  Non-repudiation guarantees that the sender of the message can not deny that 
he/she has sent it. 

The last three requirements are strongly related to each other. In particular, non-
repudiation implies message origin authentication, which also implies data integrity. 
Non-repudiation requires a digital signature algorithm. 
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Moreover, three properties of the SOAP message transmission model must be 
considered and discussed relating to security requirements: 

·  Transport Agnostic: the SOAP layer does not depend on any transport layer, 
nor on higher any application layer. Therefore, the SOAP layer security 
should not depend on them. 

·  Sessionless: Long-term sessions are not described or mentioned in the SOAP 
specification. Although an originator may concurrently send several messages 
to an ultimate destination, they are totally independent. Therefore, we do not 
provide any session key exchange protocol such as the TLS handshake 
protocol for the SOAP layer security. If a user needs to manage sessions and 
exchange messages securely within a session, transport layer security such as 
TLS may be used and an application may manage the secure sessions. 

·  One-way transmission: SOAP messages are fundamentally one-way 
transmissions from an originator to an ultimate destination although they are 
often combined to implement patterns such as request/response. This property 
is important in discussing how to satisfy message-origin authentication 
(which implies non-repudiation) at the SOAP layer. By digitally signing a 
message before sending it, data-integrity can be satisfied, but it is not 
sufficient for message-origin authentication. We need to detect a replay of a 
previously transmitted message. One way to detect this while using one-way 
message transmissions is to embed a unique sequence number (a nonce) into 
each message and sign it. So, we define a header entry to add digital 
signatures, which can be used to embed a nonce and sign it. However, this 
requires maintaining a common state among different transmitted messages 
and it is out of scope of the SOAP specification. 

 
5.5 Approach to satisfy the SOAP Security Requirements 
 
In order to satisfy the five security requirements described at the beginning of section 
5.4, we discuss three technologies (encryption, digital signature and authorization) in 
more detail from the perspective of SOAP. 

·  Encryption: XML-Encryption can be used for this requirement. It enables a 
user to encrypt any element in the SOAP Envelope. 

·  Digital Signature: we propose using the W3C XML Signature standard. We 
believe that it is the most suitable format because SOAP is an XML-based 
protocol. In addition to that, it can be used to encode not only digital 
signatures but also message authentication codes (MACs). The SOAP Header 
can be used to carry an XML Signature within the message. The "actor" 
attribute may be used to indicate a URI of an entity who is intended to 
validate it. 

·  Authorization : there are cases where a user may not be allowed to request a 
particular service. For example, it is not known whether the user has a 
clearance for accessing confidential information provided by the requested 
service. Another example is when an Internet application service provider 
(ASP) allows premium service members to request higher quality services 
than regular members. As described above, we cannot satisfy the message 
origin authentication requirement at the SOAP layer, but it is possible to 
satisfy it at the application layer. If requestors are authenticated, maintaining 
a local access control list (ACL) is a possible solution but this has nothing to 
do with the SOAP layer security. 
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6 Conclusions and recommendations 
 
6.1 Evaluation of SWS tools, projects and infrastructures against the 

requirements of the TAO methodology and the 2 case studies 
 
This section explains an evaluation of the different SWS tools, projects and 
infrastructures described in Section 3 against the requirements described in Section 9 
“Analysis and Methodology Requirements of TAO Case Studies” of deliverable D1.1. 
Below, a summary of those requirements is showed along with the evaluation of SWS 
tools, projects and infrastructures against these requirements. 
 
6.1.1 Case study 1: GATE 
 
The aim of Case Study 1 is to transition the GATE domain into an ontology that 
describes its resources in a way that can facilitate its discovery and integration by 
other applications. GATE is a component-based framework for building and 
deploying HLT (Human Language Technology) applications. This framework 
comprises of the following components: 

·  Core library. 
·  Language Engineering plugins for POS (Part-Of-Speech) tagging and 

semantic tagging. These plugins are used for accessing its resources 
categorized in (collectively known as Collection of Reusable Objects and 
Language Engineering –CREOLE-): 

�  Language Resources (LR) 
�  Processing Resources (PR) 
�  Visual Resources (VR). 

 
In D1.1, the reengineering requirements are described for Ontology Learning, Legacy 
System and SWS. Next, in the case study 1, the SWS tools, projects and 
infrastructures are evaluated against the reengineering requirements whereby the 
methodology should be addressed only according to SWS requirements, not Ontology 
Learning and Legacy Systems because the focus of this deliverable is the evaluation 
of existing SWS tools and infrastructures. 
 
6.1.1.1 SWS 
 
Currently, GATE provides two types of services: 

·  Services associated with LR: non annotated Web Services for document-
storage and ontology-access. 

·  Services associated with PR: provide operations about LR, and these Web 
Services are created with WSDL and HTTP-accessible. 

 
The reengineering requirements regarding SWS are the following14: 

·  Req1SWSCS1: To describe resources and making them available to users, to 
define mappings and encoding techniques used by processing services to 
encode data resources. 

                                                 
14 The mnemonic code follows this pattern:  ReqxSWSCSy, where ‘x’ is the number of requirement 
(Req) according to SWS, and ‘y’ is the number of case study (CS) 
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�  Motivation : Due to GATE processing services support multiple 
languages and can process different data format, it’s important to 
describe these resources, mappings and encoding techniques. 

�  Satisfactory tools and projects: all of tools and infrastructures which 
provides SWS design features, can fulfil in some way this requirement, 
due to this requirement concerns to a SWS design feature, and the 
respective tools and projects showed in table 6-1, can help and support, 
by means of hand-steps led by a GUI, the creation of resource's 
descriptions mappings definition, and encoding techniques.  

 
·  Req2SWSCS1: To define how to extract the information about services 

pre/post conditions and how to add it to the semantic description of services. 
�  Motivation : Due to services dependencies are not clearly defined in 

GATE, and services prerequisites are implicitly defined within services 
implementation and only presented to the user in the form of error 
messages when prerequisites are not satisfied, it’s necessary to define 
how to extract this information. 

�  Satisfactory tools and projects: actually, none of the existing SWS 
tools and projects can define how to extract automatically the services 
pre/post conditions and services pre-requisites in general. But once we 
have defined this question, the tools and projects, which provides SWS 
design features, can help to establish the services pre-requisites, 
supported by means a GUI.  

 
·  Req3SWSCS1: To define the steps for semantically describing services (in 

an unambiguous way), advertising them and discovering them. 
�  Motivation : SWS can be advertised/discovered through a Web 

Services registry. 
�  Satisfactory tools and projects: this requirement covers both SWS 

design and SWS running, due to the semantic descriptions of services 
belongs to SWS design and advertising/discovering belongs to SWS 
running. In the table 6-1 are showed the tools and project, which fulfil 
these requirements. 

 
6.1.2 Case study 2: DASSAV 
 
Case study 2 is based on a Logistic Support Analysis (LSA) database, which defines a 
set of maintenance tasks required to sustain manufactured aircrafts in an operational 
condition. It also defines resources, tools, consumable, etc. The database also gathers 
data for maintenance planning, in particular task durations and manpower data 
required for the definition of maintenance schedules to be implemented by 
Maintenance Management Systems (MMS). The work distribution among partners 
and the data organization is heavily based on American Transport Association (ATA) 
system. 
 
Most maintenance documentation is in XML format and based on DTDs or XML 
schemas defined by the leader of the documentation work package. Enhanced Logistic 
Support Analysis (ELSA) is the new version of LSA generated by partners 
responsible for manufacturing/maintaining different parts of the aircraft. ELSA 
database contains common patterns for task description, which is pre-initialised by 
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shared product data partly extracted from the Virtual Product Manager (VPM) 
application. ELSA also provides the tools for accessing the database, based on MS 
Access 
 
In the case study 2, the reengineering requirements whereby the methodology should 
be addressed, only according to SWS requirements, are as follows: 
 
6.1.2.1 SWS 
 

·  Req1SWSCS2: To address the methods of interaction between the ontology 
and MMS, including mappings and encodings. 

�  Motivation : Currently there is no interaction between LSA and the 
MMS utilised by Dassault and therefore maintenance schedules. 

�  Satisfactory tools and projects: it has a great resemblance with 
Req1SWSCS1. 

 
·  Req2SWSCS2: To investigate into multimedia encoding and semantic 

annotation for supporting media contents by both LSA and the interface 
ontology. 

�  Motivation : MMS database contains variant multimedia contents (e.g. 
electronic logbook archives, digital images and videos of inspections, 
wiring diagrams, etc.) 

�  Satisfactory tools and projects:  it’s not clear which tools and 
projects provide multimedia encoding and semantic annotation for 
supporting media. It’s very probably that TAO Suite has to provide an 
additional software component for achieving this requirement. 

 
·  Req3SWSCS2: To create synchronization Web Service which can be 

dynamically discovered by partners to update the centralised database 
(managed by Dassault) 

�  Motivation : LSA database suffers from lack of synchronization 
between partners, and Deriving a distributed ontology from LSA to 
represent partners' individual data sets and synchronizing them is not 
one of TAO main goals. 

�  Satisfactory tools and projects: this requirement can be fulfilled by 
tools and projects which provide SWS running features, due to the 
synchronization and dynamic discovering are functionalities in the 
SWS running (see table 6-1). 

 
·  Req4SWSCS2: To analyse the key MMS services used by Dassault in 

generating maintenance documentation and carrying out maintenance 
activities. 

�  Motivation : This analysis is important in order for TAO to 
dynamically generate SWS from LSA database and annotated technical 
documentations provided by the ontology. 

�  Satisfactory tools and projects: although this requirement concerns 
the SWS design, it’s not easy automatically generate the SWS, 
therefore, the tools and projects which provide SWS design will 
support (don’t automate) the generation of SWS from the analysing of 
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the key MMS services used by Dassault in generating maintenance 
documentation (see table 6-1). 

 
·  Req5SWSCS2: New service: “Airbone maintenance service”. 

�  This service allows aircrafts to send valuable maintenance information 
to ground MMS before landing or even before approaching the airport. 

o Motivation : To minimise the aircraft maintenance time 
(downtime) and enable maintenance engineers to operate more 
efficiently towards unplanned maintenance tasks. 

o Method: augmenting the description of this service with non-
functional properties such as availability to enhance the aircraft 
chance in selecting the most appropriate service for submitting 
the information. 

o Satisfactory tools and projects: this requirement can be fulfilled 
by tools and projects which provide SWS design features, 
because those non-functional properties can be modelled in the 
semantic description of services both based on OWL-S and 
WSMO. 
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Figure 6-1 Summary of SWS tools and projects based on OWL-S 
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Figure 6-2 Summary of SWS tools and projects based on WSMO 
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SWS Design 
features

SWS Running 
features

Req1SWS
CS1

Req2SWS
CS1

Req3SWS
CS2

Req1SWS
CS2

Req2SWS
CS2

Req3SWS
CS2

Req4SWS
CS2

Req5SWS
CS2

OWL-S
Tools

OWL-S Editor (from Protégé)

OWL-S Editor (from Univ. Malta)

OWL-S IDE

OWL-S API

Projects

OntoGov

WSMO
Tools

WSMO Studio

wsmo4j

WSMX

IRS-III

Projects

INFRAWEBS

DIP

OWL-S & WSMO
Projects

SWSI
 /|\       /|\

    Semantic Descriptions _|         |_ Advertising/Discovering

Legend
> satisfactorily fulfilment

> low fulfilment

> non-fulfilment

> unknown fulfilment

 
Table 6-1 Fulfilment of SWS infrastructures, tools and projects against reengineering 

requirements whereby the methodology should be addressed 
 
figure 6-1, figure 6-2 and table 6-1 shows the most useful graphical conclusion of the 
evaluation of SWS tools, projects and infrastructures for this deliverable, and those 
figures and table will be the base for Section 6.2 (below). 
 
6.2 Recommendations about infrastructures, tools and projects for TAO Suite 
 
The recommendations about what SWS infrastructure, tools and projects to use for 
developing the TAO Suite are based on the following criteria: 
 

·  Fulfilment of the reengineering requirements whereby the methodology 
should be addressed only according to SWS requirements. For this criterion, 
table 6-1, as well as section 6.1, is very useful. 

·  Facility for finding technical documentation about descriptions and 
procedures for carrying out the functionalities of the SWS tools and 
infrastructures/projects. 

·  Maturity state of SWS tools and infrastructures/projects in terms of: 
�  Ending date of infrastructure/projects development. 
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�  Popularity and number of users for using the SWS tools. 
 
According to these criteria, we recommend the use of the following infrastructure, 
tools and projects: 

·  The SWS infrastructure will be WSMO framework , at least in the first 
prototype of TAO suite, although TAO project can provide the guideline for 
transitioning to SWS based on OWL-S. 

�  Motivations: 
o Although OWL-S released before WSMO15, WSMO is more 

mature and purist according to the motivation and approach of 
SWS. 

o It’s most often to find tools and project based on WSMO than on 
OWL-S. 

 
·  The infrastructure/project will be INFRAWEBS. 

�  Motivations: 
o ATOS, which is the responsible of WP5, and this WP is the 

responsible of developing the TAO Suite, is involved in 
INFRAWEBS, and therefore, ATOS has available the technical 
documentation about descriptions and procedures for carrying out 
the functionalities of the project framework. 

o INFRAWEBS has just finished very successfully. The final-
review was in March of 2007. 

o INFRAWEBS system is Open Source, except one component, 
but it’s not sure that we are going to use that component. 

 
·  The tools will be WSMO Studio, wsmo4j and WSMX. 

�  Motivations: 
o This set of tools is used in INFRAWEBS for fulfilling the 

features of SWS design and SWS running which is the purpose of 
INFRAWEBS. 

o This set of tools is more mature and popular than the tools based 
on OWL-S. The proof of this is the number of users of WSMO 
Studio, wsmo4j and WSMX, because this number is bigger than 
the number of users, which use the OWL-S tools. 

o This set of tools are Open Source. 
 
6.3 First proposal of TAO Suite Architecture 
 
This section is the first added-value of TAO project, because the TAO Suite 
architecture is really planned for M24. However, in this section is not showed the 
final TAO Suite architecture, but rather is showed a first proposal of TAO Suite 
Architecture which will be very probably changed and improved in the M24 with the 
Deliverable 5.2 “Architecture and integration requirements and specification”. 
 
The motivation for providing in this section a first proposal of TAO Suite 
Architecture is not only based on providing a first added-value of TAO project 

                                                 
15 OWL-S released in November of 2004, as submission. And WSMO released in April of 2005, as 
submission too. 
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(regarding time and planning issues), but also the motivation is based on starting to 
lead and to address the focus and the approach of TAO Suite Architecture. 
 
The purposes of the architecture are the following: 
 

·  To define the software components which compose the TAO Suite. These 
components are based on the tools provided by WP2 (“Learning Web 
Services Ontologies”), WP3 (“Automatic Semantic Augmentation of Legacy 
Content”) and WP4 (“Scalable, Heterogeneous Knowledge Stores”). But, the 
software components which compose the TAO Suite are not only based on 
the tools provided by WP2, WP3 and WP4, because the WP5 must provide 
some software components for developing the TAO Suite. The software 
components provided only by WP5 have been studied in this deliverable 5.1, 
because the software components provided only by WP5 are the included in 
the recommended and necessary SWS tools and projects for TAO Suite. 

·  To define the integration of all of these software components for developing 
and composing the TAO Suite. 

 
Therefore, as first step for achieving the first proposal of TAO Suite Architecture, it’s 
necessary to define the main components of the tools provided by WP2, WP4 and 
WP5, and with them main features. In the table 6-2, are showed these components. 
The meaning of the component features is the following: 

·  Type of technology: this column refers to the type of technology which is 
used for the development of the component. The main examples of answers 
can be “Java”, “.Net”, etc. Therefore this column mainly concerns to 
programming language. 

·  IF Integrated: this column means Integrated Framework. Therefore, it refers 
to if is necessary or suitable to integrate the component into a framework of 
integration, like ESB, Eclipse Plug-in, etc. The answers can be “Yes” or 
“No”. 

·  GUI Integrated: this column concerns to if the component provides a GUI, 
and if the GUI provided by this component should be integrated with TAO 
Suite. The possible answers can be “Yes, fully”, “Reference data”, “Partial 
data, “No”, “N/A”, etc. 

·  GUI Coupling: this column refers to the level of GUI coupling is provided by 
the component regarding GUI. The possible answers are “Loosely coupled 
(presentation tier is separated from business logic tier)” or “Tightly coupled 
(presentation tier is near to business logic tier)”. 

·  Integration facilities: this column concerns to if the component provides 
integration facilities by means of Web Services, this is, if the component 
provides a Web Service Interface for integration. The possible answers are 
“Yes”, “No” or “Not currently”. 

·  Storage facilities: this column concerns to if the component provides own 
storage facilities or not. The possible answers are: “Yes, and [what 
Database]”, “Yes, the WP4 tool”, “No”. 

·  State of the development: this column refers to if something is done with the 
component development. The possible answers are “Yes, it’s done” or “Not 
yet”. 
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·  Interfaces for integration: this column concerns to define the interfaces of 
Web Services regarding the column called “Integration facilities”. 

·  Interfaces for GUI: this column refers to the type of GUI in the case that 
component provides a GUI. The possible answers can be “Java Eclipse GUI”, 
“Standalone GUI”, “Web GUI”, “Not supplied”, etc 

 
The answers regarding to these features has been provided by the partner leaders of 
WP2, WP3 and WP4. According to these answers, in the figure 6-3 is showed the first 
proposal of TAO Suite Architecture. The main features of this proposal are the 
following: 
 

·  The proposed architecture is composed by three main layers which are a GUI 
layer, a business layer and a storage layer. These kinds of layer are the most 
often in the software systems. In addition to these three layers, there are a 
orthogonal layer which is the layer what concerns the components provided 
by WP5, which is INFRAWEBS along with WSMO Studio and WSMX. 
Besides, it’s possible to include another orthogonal layer which is a Security 
layer for Web Services according to the state of the art made in section 5. 

�  Within each main layer, there are sets of boxes which represent not 
only the respective component or the set of components from the WP2, 
WP3 and WP4 and from the INFRAWEBS/WSMO Studio/WMSX, 
but rather they represent a set of modules for achieving a determined 
functionality. 

 
·  The GUI layer is composed by: 

�  TAO Integrated GUI: is the set of components provided by WP5 which 
are the responsible of managing the other GUI components GUI 
included the GUI components provided by INFRAWEBS/WSMO 
Studio/WSMX 

�  OntoGen GUI: is the GUI for accessing to the business components of 
OntoGen (WP2 tool). This OntoGen GUI is represented by the 
component “OntoGen” from the table 6-2. 

�  Augmentation GUI: is the GUI for accessing to the business 
components of GATE (WP3 tool). This Augmentation GUI is 
represented by the component “user tool” from the table 6-2. 

�  ORDI GUI: is the GUI for accessing to the business components of 
ORDI SG (WP4 tool). 

 
·  The Business layer is composed by: 

�  A set of TAO services which manage and control the other business 
components and this TAO services can provide other functionalities 
which are necessary but they are not provided by other set of business 
components. This set of TAO services are provided by WP5. 

�  A set of Augmentation services, which can be represented by the 
components “Term identification and co-reference service” and 
“Cross-media content augmentation service” from the table 6-2. This 
set of Augmentation services are placed between the tightly coupled 
components and the loosely coupled services, because in the table 6-2 
is not specified the GUI coupling. 
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�  A set of OntoGen services, which is represented by the components 
“Data preprocessing Web Services” and “Ontology learning Web 
Services” from the table 6-2. And this table specifies that those 
components has a tightly GUI coupled. 

�  A business component called the ORDI API which provides the API 
for accessing to “ORDI SG” component (specified in table 6-2). 

 
·  The Storage Layer is composed by: 

�  A File System necessary for the component “OntoGen” (specified in 
the table 6-2). 

�  The “ORDI SG” component specified in the table 6-2. 
 

·  The INFRAWEBS/WSMO Studio/WSMX is composed by a large set of 
components and functionalities (as they have been presented in the section 3), 
but for the graphical representation of the architecture is better to have 
present that this layer is also composed by a set of components according to 
GUI layer, Business layer and Storage layer16. 

 
·  And the possible layer for security between Web Services. Therefore, the best 

place for locating this layer is near of the Business layer which is compose by 
a set of services. 

 
 

 
Figure 6-3 First proposal of TAO Suite Architecture 

 
 
 
 

                                                 
16 In the section 3.2.3.1 is described that INFRAWEBS provides some components with storage 
features, which are DSWS-R and SIR. 
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Component
Type of 

technology
IF 

Integrated
GUI 

Integrated
GUI 

Coupling  
Integration 

facilities
Storage Facilities State of development Interfaces fo r integration

Interfaces for 
GUI

WP2 - Learning Web Service 
Ontologies

OntoGen
.NET / C++ 

DLL Yes
Reference 

data
Loosely No File system Yes - Standalone GUI

Data preprocessing Web services
.NET Web 

service / C++ 
DLL

Yes fully Tightly Yes No Not yet - No supplied

Ontology learning Web services
.NET Web 

service / C++ 
DLL

Yes fully Tightly Yes No Not yet - No supplied

WP3 - Automatic Semantic 
Augmentation of Legacy Content

term identification and co-reference 
service

Java Yes No N/A Yes the WP4 prototype Not yet can provide WSDL or discuss what WSDL defs make sense best No supplied

cross-media content augmentation 
service

Java Yes No N/A Yes the WP4 prototype Not yet can provide WSDL or discuss what WSDL defs make sense best No supplied

user tools Java Yes Yes Loosely Yes the WP4 prototype Not yet
the GUI is either Swing components or Java web start application; so 

need to try which one better to integrate in eclipse
Standalone GUI

WP4 - Scalable, Heterogeneous 
Knowledge Stores

ORDI SG Java Yes
Reference 

data
Loosely Not currently

Yes, the WP4 
prototype

Yes, it's done the first 
version of the component

ORDI API Eclipse GUI
 

 
Table 6-2 Main components of tools from WP2, WP3 and WP4 
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Other issue very relevant and related with the TAO Suite Architecture is the 
integration of the components, which compose the TAO Suite. Due to a need for 
providing an integration of all these components into a transition support Integrated 
Development Environment (IDE)17, and in the section 4 of this deliverable has been 
studied and evaluated the Java Eclipse Plug-in technology, the TAO Suite will be 
based on Java Eclipse Plug-in for providing the integration into a IDE. But, there is a 
constraint: OntoGen cannot be integrated in Java Eclipse Plug-in because OntoGen 
has a different type of technology (.NET/C++ DLL, see table 6-2). 
 
Therefore, in the figure 6-4 is showed the proposal of integration for achieving the 
TAO Suite. This integration is based on: 

·  All of components based on Java technology, can be integrated in Java 
Eclipse Plug-in technology. And it’s not sure that all components of 
INFRAWEBS are going to use and to integrate for developing the TAO Suite, 
therefore in the figure 6-4 the box of INFRAWEBS is half-include in Eclipse 
Plug-in. 

·  OntoGen is integrated in TAO Suite by means of SOAP protocol, in the way 
that, the components from Eclipse Plug-in invokes the needed services from 
OntoGen by means on SOAP messages. 

 

 
Figure 6-4 Proposal of integration for TAO Suite 

 

                                                 
17 Page 30 from “Description of Work” 
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7 Conclusion 
 
This report has addressed the state of the art for several software systems. In this way, 
this report has presented and described a comprehensive state of the art about the most 
common existing SWS tools, projects and infrastructures. This state of the art is 
important for the WP (WP5 Transitioning Support Infrastructure) in which belong this 
deliverable. WP5 is the WP in charge of developing the TAO Suite, which will be the 
software system resulted from TAO project, and the TAO Suite must integrate the 
software systems resulted from WP2 “Learning Web Service Ontologies”, WP3 
“Automatic Semantic Augmentation of Legacy Content” and WP4 “Scalable, 
Heterogeneous Knowledge Stores”. Therefore, this report has also described a state of 
the art about the most common software systems related those fields. 
 
In addition, other state of the art very probably necessary for including in TAO Suite 
has been described, which are the Eclipse Plug-in technology and Security between 
the Web Services. 
 
However, the real main focus of this deliverable has been the section about the state 
of the art about the existing SWS tools, projects and infrastructures, and the section of 
conclusions and recommendations about which SWS tools, projects and 
infrastructures to use for developing the TAO Suite, getting the following 
recommendations of using: 

·  The WSMO framework 
·  INFRAWEBS infrastructure. 
·  WSMO Studio, wsmo4j and WSMX tools. 

 
The section of software systems about WP2, WP3, WP4, the section of Eclipse Java 
Eclipse plug-in technology and the section of Security between Web Services have 
been complementary to the real scope of this deliverable. 
 
Other section complementary, but with a relevant added value, has been the first 
proposal of TAO Suite Architecture, which although it will be probably changed in 
the next D5.2, this proposal provides a way for leading and guiding the developing of 
TAO Suite. 
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8 Appendixes 
 
8.1 Frameworks for simplifying the development of GUI Eclipse plug-in 
 

·  PDE: The PDE framework provides a number of platform contributions (e.g. 
views, editors, wizards, launchers, etc.) that make easier to build, test, debug 
and deploy plug-ins for Eclipse. Using the PDE, you can describe your plug-
in, specify your plug-in runtime and other required plug-ins, define extension 
points, create extensions on other plug-in extension points, etc. PDE is part of 
the Eclipse SDK and not a separately launched tool.  

·  RCP: Eclipse offers a minimal set of plug-ins needed to build standalone rich 
client application. Therefore, you can use Eclipse framework to speed up the 
development of standalone applications, by leveraging on all Eclipse 
technologies. These rich applications are still based on a dynamic plug-in 
model, and the UI is built using the same toolkits and extension points. 

·  SWT: SWT is a widget toolkit for Java designed to provide efficient, portable 
access to the user-interface facilities of the operating systems on which it is 
implemented. This GUI toolkit is an alternative to Sun Swing toolkit that 
spends much less memory and improves its performance. 

·  GEF: The Graphical Editor Framework allows developers to take an existing 
application model and easily create a rich graphical editor. GEF allows a 
developer to quickly map any existing model to a graphical editing 
environment. GEF is suitable for creating a wide variety of applications, 
including: flow builders, GUI builders, UML diagram editors (such as work-
flow and class modelling diagrams), and even WYSIWYG text editors like 
HTML. 

·  EMF: it is a Java/XML framework for generating tools and other applications 
based on simple class models. EMF helps you rapidly turn models into 
efficient, correct, and easily customizable Java code. It is intended to provide 
the benefits of formal modelling, but with a very low cost of entry. In 
addition to code generation, it provides the ability to save objects as XML 
documents for interchange with other tools and applications. Models can be 
created using annotated Java, XML documents, or modelling tools like 
Rational Rose, then imported into EMF. The code generator turns a model 
into a set of Java implementation classes. Most important of all, EMF 
provides the foundation for interoperability with other EMF-based tools and 
applications. EMF includes the XML Schema Infoset Model (XSD) project 
and an EMF-based implementation of Service Data Objects (SDO). EMF 
consists of three fundamental pieces: 

�  EMF: it’s the core EMF framework includes a meta model (Ecore) for 
describing models and runtime support for the models including 
change notification, persistence support with default XMI serialization, 
and a very efficient reflective API for manipulating EMF objects 
generically.  

�  EMF.Edit : the EMF.Edit framework includes generic reusable classes 
for building editors for EMF models. It provides content and label 
provider classes, property source support, and other convenience 
classes that allow EMF models to be displayed using standard desktop 
(JFace) viewers and property sheets.  
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�  A command framework, including a set of generic command 
implementation classes for building editors that support fully automatic 
undo and redo.  

�  EMF.Codegen: the EMF code generation facility is capable of 
generating everything needed to build a complete editor for an EMF 
model. It includes a GUI from which generation options can be 
specified, and generators can be invoked. The generation facility 
leverages the JDT (Java Development Tooling) component of Eclipse.  

Three levels of code generation are supported: 
�  Model: provides Java interfaces and implementation classes for all the 

classes in the model, plus a factory and package (meta data) 
implementation class.  

�  Adapters: generates implementation classes (called ItemProviders) 
that adapt the model classes for editing and display.  

�  Editor : produces a properly structured editor that conforms to the 
recommended style for Eclipse EMF model editors and serves as a 
starting point from which to start customizing.  

·  UML2 : it is an EMF-based implementation of the UML 2.0 meta-model for 
the Eclipse platform. The objectives of this project are to provide a useable 
implementation of the meta-model to support the development of modelling 
tools, a common XMI schema to facilitate interchange of semantic models, 
test cases as a means of validating the specification, and validation rules as a 
means of defining and enforcing levels of compliance. 

·  XSD: it is a library that provides an API for manipulating the components of 
an XML Schema as described by the W3C Schema specifications, as well as 
an API for manipulating the DOM-accessible representation of XML Schema 
as a series of XML documents, and for keeping these representations in 
agreement as schemas are modified. 
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