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Executive Summary 
 

This report presents the requirements and architecture of TAO Suite. TAO Suite is the 
software system responsible for enabling the semi automatic transitioning process of 
legacy systems into semantic-based systems, which will be composed of domain 
ontologies, semantically annotated legacy content and Semantic Web Services. 
Generated semantic-based systems are considered semantic-based SOA systems, 
since their functional architecture follows the SOA approach and in addition semantic 
descriptions are used to represent the domain ontology, to describe the Web services 
and to enable semantic-based search over associated documentation. TAO Suite 
enables the semi automatic transitioning process by integrating the TAO components: 
LATINO (Link-analysis and text mining), CA MANAGER (Content Augmentation 
Manager) and HKS (Heterogeneous Knowledge Store). These components have been 
devised in order to automatically perform specific and separated tasks in the whole 
transitioning process. 
 
Consequently, the TAO Suite architecture specifies how these components are 
integrated for carrying out the semi-automatic transitioning process. Additionally, this 
report also presents the architecture of CA MANAGER, one of the components to be 
integrated within TAO Suite. CA MANAGER was devised for semantically 
annotating legacy content, such as textual documents, XML files, etc.  
 
The organization of this report is as follows: 

·  Section 1 introduces the report focus, presenting the scope of work package 5, 
describing the functional aspects of TAO Suite and outlining a risk analysis 
determined by some dependencies. This section also explains the motivation 
for developing the TAO Suite taking into account its relevance with respect to 
TAO objectives and other work packages. 

·  Section 2 specifies the software requirements of TAO Suite. For that, this 
section follows the IEEE Recommended Practice for Software Requirements 
Specifications as much as possible. 

·  Section 3 describes the architecture of TAO Suite, following a layering 
approach and explaining the components included in each layer. Besides, this 
section also specifies how the three TAO components are integrated in some 
layer of TAO architecture and how they interact with TAO Suite. Interactions 
are specified using UML (Unified Modeling Language) sequence diagrams. 

·  Section 4 explains the architecture and functionalities of CA MANAGER, one 
of the TAO components to be integrated within TAO Suite. 

·  Finally, Section 5 concludes the report with a brief summary. 
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1 Introduction and Motivation 
 
This section presents an introduction of this deliverable considering the scope of work 
package 5, its main functional aspects, a brief risk analysis taking into account the 
state of its dependencies and the motivation of this deliverable according to its 
relevance with respect to TAO project objectives and other work packages. 
 
1.1 Scope of work package 5  
 
In D5.1 [3], the context of work package 5 was explained briefly. Now, this sub 
section aims to explain with more detail the scope of work package 5 taking into 
account some refinements realized during the second year of TAO. 
 
But firstly, in order better understand this deliverable, the appendix 6.1 explains the 
terminology used within the scope of work package 5. In fact, this terminology is 
followed in this whole deliverable. 
 
According to TAO Description of Work (DoW), the work package 5, which is called 
“Transitioning Support Infrastructure” , has to provide an open-source infrastructure to 
support the transitioning process, and this infrastructure will be called TAO Suite. 
This software infrastructure has the purpose of integrating the tools developed by 
other work packages. Now, in the second year of TAO, we have identified the tools, 
released as components that must be integrated into a process transitioning Integrated 
Development Environment (IDE), which will constitute the TAO Suite. These TAO 
components are LATINO, CA MANAGER and HKS. 
 
While LATINO belongs to work package 2 “Learning Web Service Ontologies”  and 
HKS belongs to work package 4 “Scalable, Heterogeneous Knowledge Stores” , CA 
MANAGER is beyond the scope of work package 3 “Automatic Semantic 
Augmentation of Legacy Content” . Not only CA MANAGER internally interacts with 
the tools developed in work package 3, such as the Key Concept Identification Tool 
(KCIT), to semantically annotate the contents of the documents but it also interacts 
with the HKS to store the annotations and to manage the stored ontology model on 
which the annotations are based. In fact, CA MANAGER better belongs to work 
package 5 due to its infrastructural nature and also to the fact that it has an important 
responsibility in the transitioning process, being at the crossroad of the other work 
packages’  tools. TAO Suite uses CA MANAGER for several major functionalities. 
Consequently, it is necessary to describe the architecture of CA MANAGER in this 
deliverable (see section 4). 
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Figure 1-1 Work package 5 scope 

 
Figure 1-1 summarizes the previous comments about the TAO scope. This scope 
finally covers till the generation of semantic descriptions resulted from transitioning 
process. These semantic descriptions are basically the domain ontologies, the 
semantic annotations of legacy content and the SWS. All these semantic descriptions 
comprise the generated semantic-based system. For this, TAO Suite integrates the 
TAO components for performing a first automatic generation of semantic 
descriptions. Additionally, an expert user can manage external GUI tools for manually 
refining the semantic descriptions. However, as already said, the scope of TAO is just 
the generation of semantic descriptions. 
 
Besides, the generated SWS will be compliant with SA-WSDL, and this decision will 
be motivated in section 1.5. Consequently, if someone wants to execute the resulting 
semantic-based system with an added GUI, he will have to develop it by himself but 
supported by some SWS infrastructure for execution of SA-WSDL (e.g. an ad-hoc 
developed infrastructure of SA-WSDL with WS-BPEL). 
 
Now, taking into account some objectives explained in DoW with respect to work 
package 5, the following points provide the explanation and justification about the 
fulfilment of those objectives: 

·  TAO Suite will not enable the re-factoring of applications to Web Services in 
the scope for TAO. The reason of this is due to the fact that two cases studies 
of TAO already provide some descriptions of Web Services (WSDL). 
Consequently, the case studies will provide the WSDL files to TAO Suite in 
order to perform the TAO Suite functionality of creation of SWS descriptions 
(see section 2). 
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·  TAO Suite will provide a step about the semi-automatic creation of SWS 
descriptions performed by integration of CA MANAGER in the biggest part 
of this same step. And TAO Suite will perform the remaining of part of the 
step, such as XSLT [21] management for the internal performance. 

·  TAO Suite will not provide support for composition or deployment of SWS. 
The reason for this is explained thoroughly in this section 1 and in section 
2.2.1. As section 1.5 explains, from our observation in TAO case studies, their 
Web Services are atomic. Consequently, TAO Suite does not cover their 
composition. Neither, TAO Suite covers other steps related with SWS 
execution, such as discovery or deployment, because for that purpose, there 
are external tools which support the SWS execution, and finally, TAO 
consortium decided that TAO project will not cover the SWS execution tasks. 

 
1.2 Functional Aspects of the TAO Suite 
 
Here are explained in a nutshell the main functional aspects of TAO Suite. We can 
define the following four functional aspects of TAO Suite: 

·  TAO Suite integrates into an IDE (with a common GUI) the TAO 
components. 

·  TAO Suite interacts with TAO components in order to perform a first 
automatic generation of semantic-based system. 

·  TAO Suite will be able to export the generated semantic descriptions so that 
an expert user can manually refine them with external tools. Consequently, 
TAO Suite will be able to import those results. 

·  The whole transitioning process supported by TAO Suite is semi-automatic. 
More detailed functional aspects are specified in section 2. 
 
1.3 Risk analysis 
 
This sub-section briefly explains some considerations to take into account at the 
beginning of TAO third year. Several of the specifications and requirements defined 
along this deliverable depend on other components or work packages. For example, if 
the interfaces of TAO components change, there is the risk that some of the 
specifications and requirements detailed in this deliverable will change in the third 
year of TAO. And therefore, if the interfaces of TAO components change, this would 
imply some delay in the delivery of TAO Suite. Basically, this deliverable has the 
following dependencies: 

·  LATINO component. The deadline for the final version of the LATINO 
interfaces is M24, which is the same deadline of this deliverable. Then, the 
r isk is low. 

·  CA MANAGER component. The deadline for the final version of the CA 
MANAGER interfaces is M36. Therefore, the r isk is middle, as a first 
prototype is already provided for initial experimentation. 

·  HKS component. The deadline for the final version of the HKS interfaces is 
M36. Consequently, the r isk is middle, as a first prototype is being provided 
as part of the M24 deliverable. 

·  TAO methodology. This is a two-way dependency because due to the 
objectives of work package 1 “SWS Bootstrapping methodology”  and work 
package 5, theirs results should be aligned. Hence, work package 1 should 
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provide feedback to work package 5 and vice versa. Taking this into account 
and knowing that the final version of TAO methodology will be released on 
M36, the r isk is middle. The current architecture for the TAO Suite is based 
on the M24 version of the methodology. 

 
However, there will be an attempt to set an early deadline for the final version of 
TAO components in order to deliver TAO Suite on time. 
 
1.4 Relevance to TAO 
 
This section explains the relevance of this deliverable to TAO. Specifically, section 
1.4.1 explains the relevance of this deliverable to TAO objectives, thus providing the 
motivation of this deliverable, and section 1.4.2 describes the relevance of this 
deliverable to other TAO work packages. 
 
1.4.1 Relevance to project objectives 
 
According to DoW, there are four types of objectives, which are explained in the next 
sub-sections. 
 
1.4.1.1 Overall goal 
 
Basically, the overall goal of TAO is to define a low-cost route for the transition of 
legacy system to semantic-based SOA systems. Starting from existing research and 
technology from diverse areas and enhancing them, TAO will build an infrastructure 
for the transition of legacy systems. 
 
This deliverable is highly relevant to the overall TAO goal, because the low-cost route 
for the transition of legacy system to semantic-based SOA systems is supported by 
TAO Suite, whose architecture is specified in this deliverable. The semantic-based 
system generated by TAO Suite can be considered a semantic-based SOA because 
one of the generated semantic artefacts is SWS (see section 1.1). TAO Suite is the 
infrastructure for transitioning legacy systems by integrating other components 
responsible of performing specific research and technological tasks in the 
transitioning process. 
 
1.4.1.2 Innovation 
 
The main innovation of TAO is semantic Web-service bootstrapping – an innovative 
methodology, based on state-of-the-art ontology learning and semantic data 
integration. 
 
This objective is related with work package 1 since it defines the mentioned 
innovative methodology. This deliverable has a moderate relevance to this objective 
because the transitioning process supported by the architecture of TAO Suite should 
be aligned with the methodology. And due to the fact that the final methodology will 
be realised in M36, this deliverable is aligned as much as possible in the current M24, 
but at the end of the project TAO Suite should be strictly aligned with methodology. 
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1.4.1.3 Research Objectives 
 
The process of transforming monolithic, legacy applications into semantic SOAs 
requires new research in several areas, which constitute the three RTD objectives of 
TAO: 

·  SWS bootstrapping via semi-automatic acquisition of domain ontologies 
·  Augmentation and integration of legacy content 
·  Transitioning Methodology and Infrastructure 

 
This deliverable is very relevant to these three sub-objectives, because TAO Suite is 
the infrastructure which supports the transitioning methodology by integrating 
developed technology about semi-automatic acquisition of domain ontologies 
(LATINO), augmentation of legacy content (CA MANAGER) and integration of 
legacy content and semantic artefacts (HKS). 
 
1.4.1.4 Exploitable Results 
 
Overall, the main project outcome will be the TAO Suite, which will be released 
under an Open Source license such as LGPL in order to promote maximum research 
and commercial exploitation of the project results. 
 
This deliverable has a high relevance to this objective because defines the architecture 
and requirements of TAO Suite. At the end of the project, when the TAO Suite 
implementation finishes, the precise Open Source license of TAO Suite will be 
specified. However this deliverable only specifies that the license of TAO Suite will 
be based on an Open Source license. 
 
1.4.2 Relation to other work packages 
 
This sub-section explains the relation of this deliverable to other work packages. 
 
With respect to work package 1 “SWS Bootstrapping methodology” , this deliverable 
can provide feedback to the transitioning process task supported by TAO Suite, and at 
the same time the methodology defined in work package 1 can provide feedback to 
the TAO Suite functionalities that support the transitioning process. Consequently, 
due to the fact that the final methodology will be released in M36, this deliverable is 
aligned as much as possible in M24.  However in M36 TAO Suite should be aligned 
more exactly with the methodology. In fact, in order to simultaneously develop this 
deliverable and an intermediate version of TAO methodology also released in M24, 
these two reports have been aligned as much as possible thanks to appropriate 
communications between authors in meetings and via e-mail. 
 
Regarding work package 2 “Learning Web Services Ontologies” , this deliverable 
specifies how to integrate the LATINO component resulting from the work package 
2. Additionally, work package 2 will provide some GUI tools, and this deliverable 
also considers how to interact with those external GUI tools by means of 
exporting/importing functionalities in TAO Suite. 
 
This deliverable is related to work package 3 “Automatic Semantic Augmentation of 
Legacy Content”  since TAO Suite architecture defines how to integrate CA 
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MANAGER component, and this component internally uses the Key Concept 
Identification Tool (KCIT), which belongs to work package 3. Besides, work package 
3 will also provide some GUI tools, and this deliverable also considers how to interact 
with those tools by means of exporting/importing functionalities in TAO Suite. 
 
With respect to work package 4 “Scalable, Heterogeneous Knowledge Stores” , this 
deliverable specifies how to integrate the HKS component which belongs to that work 
package.  
 
This deliverable is related to work package 6 “Case Study 1: Transitioning a Large-
Scale Open-Source System” in the sense that TAO Suite will be used for transitioning 
the GATE case study in work package 6. Consequently, the architecture defined in 
this deliverable shall allow that transitioning process.  
 
A similar thing happens with work package 7 “Case Study 2: Transitioning Business 
Process Applications” , that provides the Dassault case study to be migrated with TAO 
Suite 
1.5 Justification for  adopting SA-WSDL 
 
This section is in charge of justifying one of the decisions taken in the second year of 
TAO. The main decision to be justified is the use of SA-WSDL. Section 2 includes 
the decisions which concern TAO Suite, in form of requirements. These decisions are 
encouraged to be final, although the considerations and dependencies explained in 
section 1.3 could imply some small change or refinement in the decisions described in 
section 2 during the third year of TAO.  
 
In D5.1 [5], a set of recommendations to be taken in account after M12 was included. 
These recommendations basically consist in encouraging the usage of tools based on 
WSMO framework [8], such as WSMO Studio [9], wsmo4j [10] and WSMX [11]. 
The motivation of these recommendations was mainly based on the SWS design and 
execution features of these tools. Nevertheless, these are only recommendations and 
the final decisions were taken by TAO consortium during the second year of TAO. As 
mentioned before, one of the main decisions is that the Semantic Web Services (SWS) 
generate in TAO transitioning process will be SA-WSDL compliant.  
 
In order to justify this decision, the TAO methodology work in WP1 has now 
produced “D.1.1-Annex A Comparison between OWL-S and WSMO” [12] which 
provides a comparison between OWL-S [13] and WSMO, two of the most widely 
used SWS frameworks. After this comparison the deliverable D1.1.Annex introduces 
SA-WSDL [14] as a third possibility, which is in fact consistent with our goal of 
being agnostic with respect to the ontology language. Finally it concludes with the 
concern that the original recommendations made in the first year of TAO were not 
adequately addressed. Therefore, the report justifies the use of SA-WSDL. 
Now, this sub-section takes into account the aforementioned report, and refines the 
justification of SA-WSDL usage in TAO. 

According to TAO policies, at different stages of the projects is advised and 
emphasized the use of standards. D5.1 describes an evaluation of tools and 
functionalities of the main SWS frameworks used by semantic engineers: OWL-S and 
WSMO. This document provides a recommendation on the use of WSMO, based on 
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the maturity of the WSMO framework, a better evaluation of the WSMO tools than 
OWL-S tools and the different ongoing projects related with WSMO framework. 
 
In August 2007, W3C accepted as recommendation another technology for semantic 
annotation for WSDL components. This technology is SA-WSDL. SA-WSDL defines 
how to add semantic annotation to different parts of a WSDL document such as input 
and output message, structures, interfaces and operations. SA-WSDL specification 
has extension attributes which fit within the WSDL 2.01, WSDL 1.12 and XML 
Schema3 extensibility frameworks. These annotations could be used for classifying, 
discovering matching, composing and invoking web services. In addition, SA-WSDL 
defines an annotation mechanism for specifying the data mapping of XML Schema 
types to and from an ontology; such mappings could be used during invocation. 
 
The previous D5.1 was delivered in March 2007 (M12) before SA-WSDL 
specification was accepted as W3C recommendation (August 2007) as detailed 
before. For this reason, in D5.1 there is no clear motivation for using SA-WSDL, 
since it was not yet a standard. But these new circumstances, with the emerging use 
and recommendation of SA-WSDL after M12, brought this technology under the 
TAO requirements and scope. 
 
Our analysis showed that the SA-WSDL adequately fits with TAO requirements 
better than WSMO and OWL-S frameworks. In fact, most of the projects which work 
improving and developing WSMO-related frameworks, are already influenced by SA-
WSDL. For example WSMO-Lite [15] uses SA-WSDL as a non-intrusive, simple 
extension of WSDL that enables semantic annotations in a way that does not 
invalidate any existing use of WSDL. This makes it perfectly suitable as a basis for 
lightweight ontology for SWS, working towards automation in service-oriented 
systems. 
 
OWL-S and WSMO are more complex than SA-WSDL, although they are more 
semantically mature. If the TAO Suite were based on WSMO technology, the 
different stages of legacy system transitioning process would include more manual 
and human decisions and the process would be slowed down due to the complexity of 
WSMO: then TAO Suite would need to automate the semantic description of the 
WSMO elements (e.g. goals, mediators, capabilities interfaces…) which need manual 
description, but to achieve this automation is very cumbersome and complex. Finally, 
TAO Suite will be based on the SA-WSDL which, thanks to its characteristics, 
ensures the transitioning process of legacy systems to semantic-based systems in a 
more automatic way. That is why one of the main objectives of TAO is the greater 
automation of the transitioning process from legacy system to semantic-based system. 
And besides, from our observation, most of Web Services are atomic in TAO scope. 
Consequently, several of complex elements of OWL-S and WSMO are not necessary 
in TAO. 
 
Additionally, in TAO heterogeneous software components LATINO, CA MANAGER 
and HKS,  developed by technical work packages (WP2-4), should be integrated and 

                                                 
1http://www.w3.org/TR/sawsdl/#WSDL2  
2 http://www.w3.org/TR/sawsdl/#WSDL  
3 http://www.w3.org/TR/sawsdl/#XMLSchemaPart1  
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in March 2007 it was not decided which language had to be used by the set of TAO 
components for ontology modelling (RDF, OWL, WSML,…). The semantic 
annotation references a concept in an ontology or mapping document. One main 
advantage that SA-WSDL provides, is its independence from ontology expression 
language: although other frameworks provide translation mechanism between 
ontology languages (e.g. [16]), there is a real and high risk of losing semantics in the 
translation process (i.e. WSML and OWL have different models). SA-WSDL is also 
agnostic of ontological languages and it does not restrict the possible choices of such 
languages. This is a very useful for achieving a TAO Suite which is open to any 
ontology model (OWL or WSML) since the introduction of SA-WSDL in the TAO 
Suite will allow to manage OWL ontologies and WSML ontologies without any loss 
of semantics. 
 
Actually, there are several tools that support SA-WSDL, and more are emerging since 
W3C recommendation. In appendix 6.2 are described the most SA-WSDL-related 
relevant tools. 
 
Considering all of the above arguments, as well as the ones given in D1.2, we have 
decided that TAO Suite will adopt the SAWSDL paradigm. This decision ensures that 
transitioning process of legacy systems to semantic-based systems will be carried out 
in a more automatic way, while compatibility with WSML and OWL ontology 
models is retained. Hence, one of the main objectives of TAO - to achieve greater 
automation of the transitioning process from legacy system to semantic-based system 
– can be easily achieved. 
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2 TAO Suite Requirements 
 
2.1 Introduction 
 
This section explains the requirements for the TAO Suite functionality in order to 
have inputs for the design the TAO Suite architecture (see section 3). With the aim of 
keeping as close to the standards as possible, this section adopts the IEEE [1] 
approach to requirements specification. Hence, this section is structured following as 
much as possible the main sub-sections recommended in IEEE [1] approach. 
 
In order to achieve these requirements, the accomplished methodology has lied with a 
main information source: the direct feedback from the consortium in several meetings 
(e.g. general meetings, virtual meetings by instant messaging, integration festivals, 
etc). 
 
The requirement analysis presented in this section aims to identify what performance 
and functionalities of TAO Suite are needed for migration of legacy systems into 
semantic-based systems. Additionally, these requirements aim to feed the design of 
the TAO Suite architecture, having into account that this architecture will serve as 
integration mechanism for the components developed in TAO (see section 3.3). 
 
In accordance with the IEEE software requirements specification [1], this section is 
structured as follows: an overall description of the requirements has been produced 
first; this description provides a perspective on the TAO Suite architecture and 
introduces the functions that shall be satisfied by it. Next, this information is analyzed 
in detail producing a complete collection of specific requirements. 
 
2.2 Overall Descr iption 
  
This section presents a high-level description of TAO Suite, outlining the main tasks 
in which TAO Suite shall provide support, the functions that TAO Suite shall 
perform, the information used, as well as the constraints and other factors which 
influence its development. 
 
2.2.1 TAO Suite perspective 
 
TAO Suite will be a software tool for supporting the semi-automatic transitioning 
process from a legacy system into a semantic-based system. The TAO methodology 
specifies the stages and tasks involved in the process of redesigning the legacy 
application and producing semantically-enabled SOA. As we explained in section 1.4, 
the TAO methodology and transitioning process supported by TAO Suite, should be 
aligned as much as possible. Figure 2-1 depicts the result of that alignment in M24. 
Consequently, it presents the transitioning tasks supported by TAO Suite and their 
relations. In summary, the transitioning process encompasses the following stages:  

1. Classification of legacy data. The artefacts which comprise the legacy 
system, such as source code, API documentation, user manual, WSDL files, 
etc., are stored in HKS in order to classify them for making easier the 
generation steps which depend on specific types of legacy data. 
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2. Producing ontologies on the basis of legacy data. Ontologies are produced 
in two steps: first automatic learning through LATINO from legacy data, and 
then direct editing by other users. 

3. Augmentation of legacy content with semantic annotations though CA 
MANAGER, based on the legacy data and application-specific ontologies. 
This stage also serves to populate the generated ontologies with instances. 

4. Annotation of Web service definitions (in WSDL) to produce SWS 
descriptions through CA MANAGER, based on SA-WSDL. In this step, the 
ontologies produced in the previous steps are used. 

5. Storage of legacy content and transitioning results in HKS. The generated 
semantic-based system is composed by three main semantic artefacts: 
populated domain ontologies, semantic annotations of legacy content, and the 
SWS based on SA-WSDL. Consequently, the generated semantic-based 
system is a semantic-based SOA, although according to the scope of TAO, the 
semantic-based SOA will be only used for browsing and searching the 
semantic descriptions of generated semantic-based system. And if someone 
wants to use the generated semantic-based system for executing it, he will 
have to use external platforms. 

These tasks correspond with the main phases which comprise the transitioning 
process to migrate a legacy system into a semantic-based system. In fact, these tasks 
must be performed in the specified order.  

 
Figure 2-1 Main stages and ar tefacts involved in the transitioning process 

 
In order to support the transitioning process, TAO Suite will integrate the TAO 
components, responsible for performing sub-tasks of the transitioning process, on the 
one hand, and on the other hand will provide “missing”  functionalities involved in the 
process. TAO components that will be integrated by TAO Suite are: 
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·  LATINO (Link analysis and text mining toolbox) to carry out the sub-tasks 
about ontology learning. LATINO is developed by JSI partner. 

·  CA MANAGER (Content Augmentation Manager) to accomplish the sub-
tasks about semantic augmentation of legacy content. CA MANAGER is 
developed by MON partner 

·  HKS (Heterogeneous Knowledge Store) to perform the sub-tasks about 
storage of heterogeneous content (e.g. legacy content, semantic content, etc). 
HKS is developed by ONTO partner. 

TAO Suite will integrate these components, provided as Web Services by each 
component owner4. 
 
In order to provide support for the whole transitioning process, TAO Suite will 
additionally develop functionality for the following tasks: 

1. Initial registration of transitioning process. When a user wants to start the 
transitioning process of a legacy system with the TAO Suite, firstly he has to 
register the transitioning process, adding information about unique name of 
transitioning process to be started, name of the legacy system to be migrated, 
date when transitioning process starts, login and password of user who 
performs the transitioning process, etc.  

2. Consequently, if a user quits the TAO Suite before he ends the whole 
transitioning process, when he run TAO Suite again he will have to provide 
the correct login and password  in order to continue the same  transitioning  
process. 

 
Apart from integration, the TAO Suite must provide a transitioning support Integrated 
Development Environment (IDE), similar to/based upon Eclipse IDE (see [4]). This 
IDE will provide a GUI for accessing the functionalities of the TAO Suite. 
Specifically, following some of the recommendations made in [5], the GUI will be 
based on Eclipse IDE, because TAO Suite will be developed as an Eclipse Plug-in. 
 
Having into account all the points mentioned above, we can conclude that TAO Suite 
will be based on an architectural perspective of three layers as follows (see Figure 
2-2): 

·  GUI layer: user front-end to the functionalities provided by the second 
architecture layer. 

·  Distributed business components layer: is a middleware layer between the 
front-end and the distributed repositories. It hosts a set of services in order to 
perform the business functionalities of the system and allows the users to 
exploit the information stored in the bottom layer. 

·  Distributed repositories layer: includes the persistent information resources 
allowing the system to access resources both transparently and independently 
from their location and the nature of the information.  

                                                 
4 Componet owners also provide the adequate clients for the Web Services of their componets. 



D5.2 / Architecture and integration requirements and specifications 

18 

 
Figure 2-2 Reference of architectural perspective 

 
Note that the architecture layers depicted in Figure 2-2 are only indicative layers, 
which will be further detailed in section 3, the specification of TAO Suite 
architecture. 
 
2.2.2 Functions of the TAO Suite 
 
In this section we investigate in more detail each of the tasks of the TAO transitioning 
process described in the previous section. For each task we identify which are the 
functionalities that the TAO Suite will provide.  
 
Additionally, TAO Suite will be able to export the results of some tasks and to pass 
these results to external GUI-based tools where the user can manage and refine them. 
 
2.2.2.1 Classify legacy data 
 
The TAO transitioning process starts with this task. Classification of legacy data 
enables the proper performance of the next tasks. The case study analysis and our 
general expectations are that the following types of legacy documents (i.e. legacy 
data) will be used in the transitioning process: 

·  Textual documents: all sorts of documentation associated with the legacy 
application, e.g. user guides, programmer guides, functional specifications, 
etc. 

·  HTML documents: Web pages describing the application, Wiki entries, etc. 
·  Source code: implementing the application functionality in a particular 

programming language. 
·  WSDL files: describing some legacy functionalities that are made available as 

Web Services. Such files will only be available for applications that are 
already designed as SOA.  

The data mentioned above are the most common, although TAO Suite will allow 
classifying and storing other types of documents. Obviously, all of these data will be 
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provided by the TAO Suite user5. The TAO Suite will provide a GUI that will enable 
application owners to upload all available legacy documents and to initiate the process 
of transitioning. TAO Suite will internally use the HKS functionalities in order to 
store the uploaded documents. 
 
2.2.2.2 Ontology generation 
 
Once legacy data is classified and stored, it can be used to generate semi-
automatically ontology describing the domain and the application terms. TAO Suite 
will internally use the LATINO functionalities in order to automatically generate a 
first proposed ontology, based on the legacy data. The TAO Suite performance for 
this generation is based on LATINO adapters. An adapter will be a small JAVA 
program in order to adequate the ontology generation for each specific legacy. This 
LATINO adapter has to invoke the most adequate operations of LATINO according 
to the types of legacy data and other artefacts for each specific legacy system to be 
migrated. Before the ontology generation task begins, TAO Suite will be able to allow 
the easy installation of a LATINO adapter as a plug-in within TAO Suite. Due to one 
LATINO adapter is for one specific legacy system, the owner of this should 
implement it with the collaboration of a LATINO expert. Although for the two legacy 
systems of TAO project, the two respective LATINO adapters will be provided along 
with TAO Suite. Additionally, by default, in TAO Suite there will be a generic 
LATINO adapter with which the TAO Suite user can use it, as a reference example, in 
order to implement the adequate LATINO adapter for each specific legacy system to 
be migrated. 
 
Additional export functionality is needed to enable refinement of the generated 
ontology by the user. This export functionality will be implemented by the TAO Suite 
and will enable accessing external GUI-based tools, such as ONTOGEN, to edit the 
first candidate ontology. Subsequently, TAO Suite will also be able to import the 
refined ontology in order to replace the first proposed ontology. 
 
2.2.2.3 Content augmentation 
 
The next phase carries out semi-automatic, semantic augmentation of the legacy data 
according to the domain ontology generated in the previous phase. Additionally, this 
phase will enable automatic ontology population in order to add new instances into 
the domain ontology. TAO Suite will internally use the CA MANAGER to perform 
both the content augmentation of legacy data and the ontology population of domain 
ontology. In contrast to the previous phase, TAO Suite does not have to manage the 
installation of any kind of CA MANAGER adapter for each specific legacy system, 
because CA MANAGER will be the responsible of internally managing a kind of 
adapter based on a XML file for each specific legacy system to be migrated6. 
 
Additionally, TAO Suite will be able to export the first generated semantic 
annotations of legacy data and the first ontology population to external, GUI-based 
tools, such as the Annotation UI7 , in order to allow users to refine the semantic 
                                                 
5 We assume that the TAO Suite user is the legacy system owner. See section 2.2.3 
6 See section 4 for CA MANAGER architecture and specification 
7 A GUI-based tool for CA MANAGER, called Annotation UI in D3.4.1, will be developed by 
MONDECA in the third year of TAO 
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annotations and manually carry out ontology population. Then TAO Suite will be able 
to import the refined semantic annotations and ontology population and finally 
replace the automatically generated semantic annotation and populated ontology by 
the refined ones. 
 
2.2.2.4 Creation of SWS descr iptions 
 
Having the domain ontology already populated and the documents augmented with 
semantic annotations, the task of creating Semantic Web Services (SWS) can be 
carried out. In order to enable enterprises to create SWS that are standard-compliant, 
the only W3C recommendation, SA-WSDL, has been chosen as SWS description 
framework/paradigm in TAO, see section 1.5. The task of SWS creation is thus 
considered a task in which given an existing WSDL description, SA-WSDL 
annotations are created. The process of creation of SA-WSDL annotations for WSDL 
descriptions is similar to the process of creation of semantic annotations for legacy 
documents; hence the CA MANAGER component will be used to create the semantic 
annotations for Web Services. Besides, for this phase, CA MANAGER shall also 
internally manage a kind of adapter based on a XML file for each specific legacy 
system to be migrated. 
 
For this reason, TAO Suite will internally use the CA MANAGER to semi-
automatically and semantically annotate the WSDL in accordance with the SA-WSDL 
recommendation. In addition, TAO Suite will be able to export the generated SA-
WSDL files to other external GUI-based tool, like for example Annotation UI or SA-
WSDL perspective of WSMO Studio [9], or Radiant [19], in order to refine the SA-
WSDL files by user. Finally, TAO Suite will be able to import the refined SA-WSDL 
files and replace the automatically generated SWS descriptions with the refined ones. 
 
2.2.3 User analysis 
 
There is only one kind of user role which will interact with TAO Suite: 

·  Legacy system expert: this user deeply knows the legacy system, in terms of 
being well aware of components, artefacts and data which comprise the legacy 
system. In order to implement the LATINO adapter, the legacy system expert 
could implement it with the collaboration of a LATINO expert who is well 
aware of LATINO operations, but the final installation of a LATINO adapter 
for the specific legacy system can be achieved only by the legacy system 
expert because this installation is based on the easy plug-in mechanism. 

 
Due to the fact that TAO Suite will be based on GUI Eclipse, TAO Suite user must 
have knowledge to interact with window-based GUI. Nevertheless, there is no 
obligation that a user has preliminary experience using Eclipse IDE. That is why TAO 
Suite will be released in two forms: 

·  As Eclipse plug-in - users that are Eclipse experts can easily integrate the 
TAO Suite into their Eclipse IDE. 

·  As Rich Client Platform (RCP – see [4]) - users having no knowledge of 
Eclipse can use TAO Suite as a standalone application. 

 
Additionally, it is required that users with no deep knowledge of Semantic Web field 
can use TAO Suite. Hence, TAO Suite shall abstract the details of the transitioning 
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process to migrate the legacy system into semantic-based system. Nevertheless, when 
there is a necessity or interest to refine some intermediate or final results, users with 
semantic experience can access external tools8 using as input the intermediate or final 
results from the transitioning process produced by TAO Suite. Anyway, in order to 
manage the TAO Suite, it is not necessary that the end-user has experience in 
semantic technologies. 
 
2.2.4 Constraints and risk analysis 
 
As already discussed in the previous sections, TAO Suite will perform the automatic 
transitioning process using the TAO components LATINO, CA MANAGER and 
HKS. But, in order to manually refine some partial or final result from the 
transitioning process an user may also manage a tool or a set of tools that are external 
to the TAO Suite. TAO Suite does not have to directly interact with those external 
tools, but it shall be able to export the partial or final results from transitioning 
process so that the external tools are able to import those results. 
 
TAO Suite will rely on the performance of LATINO, CA MANGER and HKS. 
Hence, TAO Suite depends on them, and any change of the interfaces of these 
services will imply a change in the internal performance of TAO Suite. 
 
2.2.5 Assumptions 
 
We assume that the requirements here described are stable once they are approved by 
all technical work packages. 
 
Additionally, we also assume the real existence components, artefacts and data which 
comprise the legacy system. Specifically, we assume that expert user of legacy system 
will provide to the TAO Suite the WSDL files, as a legacy system component 
representing the services of legacy system. And besides, in order to ensure the 
adequate creation of SA-WSDL with TAO Suite and with external tools, it is expected 
that the WSDL files provided in the legacy system are WSDL 2.0 compliant. 
 
Other assumption to have into account is about there is no possibility of re-starting the 
transitioning process with TAO Suite. This means that after the first task “classify 
legacy data”  ends and the second task “ontology generation”  creates the proposed 
ontology, if user wish to store new legacy data, then user has to start a new 
transitioning process in TAO Suite for storing the previous and new legacy data with 
the classify legacy data task, and afterward executing the ontology generation task, 
and so on. 
 
And the last assumption is one already explained in D5.1 [5] and in section 1.1 about 
the scope of TAO Suite. This assumption consist in TAO Suite is responsible of semi-
automate the transitioning process from legacy systems to semantic-based system, but 
it is not responsible of execution functionalities of the generated semantic-based 
system. Having this into account, TAO Suite does not cover any task related to 
discovery, composition and execution of the SWS created as a result of the 
transitioning process. 

                                                 
8 Like Ontogen, a GUI-based tool for Content Augmenation, or a GUI-based tool for SWS descriptions 
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2.2.6 Future requirements 
 
Some possible extensions of TAO Suite after project finishes could be: adding 
functionalities of “Undo”  and “Repeat”  for the steps of the transitioning process, 
integration of external tools (GUI) for manually refinement of partial results from 
transitioning process inside TAO Suite. 
 
2.3 Specific requirements 
 
In this section are presented the functional requirements that shall be satisfied by the 
TAO Suite system. All requirements here exposed are essential, so that, it is not 
acceptable that the system does not fulfil even one of these requirements. These 
requirements have been specified having into account, the “ testability”  criteria, among 
others, which require that the fulfilment of any requirement should be easily proved. 
 
Additionally, these requirements on TAO Suite system will also serve as input to the 
design of the TAO Suite architecture explained in section 3. 
 
The detailed requirements towards TAO Suite are described in a table format. The 
meaning of each column is shortly explained in the following table: 
 
Req# Title Descr iption Relevance Arch.  layer  
R.Type.x Short title of 

requirement 
Description about the requirement Either critical 

or average or 
low 

Layers of the 
architecture related 
with this requirement 

RType.x means “ requirement number x of a specific type” , where the type is either F 
(Functional), or EI (External Interface), or H (Hardware), or Sw (Software), or S 
(Security). And “Arch. Layer”  can be any combination of “Distributed repositories 
layer (1)” , “Distributed business components layer (2)”  and “GUI layer (3)” . 
 
2.3.1 Functional requirements 
 
Req# Title Descr iption Relevance Arch. 

layer  
R.F.1  
 

Distributed 
repositories 
layer 

TAO Suite architecture shall include persistent information resources 
layer enabling access to resources both transparently and 
independently from their location and the nature of the information. 

Critical (1) 

R.F.2  
 

Distributed 
business 
components 
layer 

TAO Suite architecture shall include a middleware layer between the 
front-end and the distributed repositories. It hosts a set of services 
performing the business functionalities of the system and allows 
users to exploit the information stored in the repositories layer. 

Critical (2) 

R.F.3  
 

GUI layer TAO Suite architecture shall include a GUI layer which provides the 
user with a front-end to the functionalities provided by TAO business 
components. 

Critical (3) 

R.F.4  
 

TAO Suite 
functionalities 

TAO Suite shall facilitate the migration9 of legacy applications into 
semantic-based systems by means of performing the following 
sequentially ordered tasks: “Classify Legacy Data” , “Ontology 
Generation” , “Content Augmentation”  and “Creation of SWS 
descriptions” . 

Critical (1), (2) 
and (3) 

R.F.4.1 
 

Automation in 
TAO Suite 
functionalities 

TAO Suite will be able to perform R.F.4 tasks in an automatic way, 
having the possibility of manually refining the results by external 
tools. 

Critical (1), (2) 
and (3) 

R.F.5  
 

TAO 
Components 

In order to perform the TAO Suite functionalities, TAO Suite shall 
integrate and use the following components: LATINO, CA 
MANAGER and HKS. 

Critical (1) and 
(2) 

                                                 
9 Also known as transitioning process 
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R.F.6  
 

Classify Legacy 
Data 

TAO Suite shall perform “Classify Legacy Data”  functionality 
enabling the user to store and classify existing application 
documentation, source code, WSDLs and other data to be used in the 
transitioning process. 

Critical (1), (2) 
and (3) 

R.F.6.1 
 

Components of 
Classify Legacy 
Data 

TAO Suite shall directly interact with HKS for performing the 
“Classify Legacy Data”  task. All data will be stored in the HKS to be 
later used by the other components. 

Critical (1) and 
(2) 

R.F.7  
 

Ontology 
Generation 

TAO Suite shall perform the “Ontology Generation”  task in order to 
automatically create the domain ontology, 

Critical (1), (2) 
and (3) 

R.F.7.1 
 

Components of 
Ontology 
Generation 

TAO Suite shall directly interact with LATINO and HKS for 
performing the “Ontology Generation”  task. 

Critical (2) 

R.F.7.2 
 

LATINO in 
Ontology 
Generation 

TAO Suite shall directly interact with LATINO for “Ontology 
Generation”  functionality in order to automatically generate the 
domain the ontology. 

Critical (2) 

R.F.7.3 
 

HKS in 
Ontology 
Generation 

TAO Suite shall directly interact with HKS for “Ontology 
Generation”  functionality in order to retrieve the legacy data 
previously stored, store the automatically generated domain 
ontology, and store the optionally refined domain ontology by an 
external tool. 

Critical (1) and 
(2) 

R.F.7.4 
 

Refinement in 
Ontology 
Generation 

TAO Suite will be able to export the results from “Ontology 
Generation”  functionality in order to enable manual refinement with 
other external tools. Afterwards, TAO Suite will be able to import 
those refined results and store them into HKS. 

Average (1), (2) 
and (3) 

R.F.8  
 

Content 
augmentation 

TAO Suite shall perform the “Content Augmentation”  task in order 
to automatically annotate semantically the legacy data and populate 
the domain ontology 

Critical (1), (2) 
and (3) 

R.F.8.1 
 

Components of 
Content 
Augmentation 

TAO Suite shall directly interact with CA MANAGER and HKS for 
performing the “Content Augmentation”  task. 

Critical (2) 

R.F.8.2 
 

CA 
MANAGER in 
Content 
Augmentation 

TAO Suite shall directly interact with CA MANAGER which will 
automatically create semantic annotations of legacy content and 
populate the domain ontology. 

Critical (2) 

R.F.8.3 
 

HKS in Content 
Augmentation 

TAO Suite shall directly interact with HKS in order to retrieve the 
legacy data previously stored, store the semantic annotations created 
by CA MANAGER and, optionally, store annotations and ontology 
instances refined with the help of external tools.10 

Critical (1) and 
(2) 

R.F.8.4 
 

Refinement in 
Content 
Augmentation 

TAO Suite will be able to export the results from “Content 
Augmentation”  task in order to allow their manual refinement by the 
user with other external tools. Then, TAO Suite will be able to 
import those refined results and store them into HKS. 

Average (1), (2) 
and (3) 

R.F.9  
 

Creation of 
SWS 
descriptions 

TAO Suite shall perform the “Creation of SWS descriptions”  task in 
order to automatically annotate the WSDL files, belonging to legacy 
system 

Critical (1), (2) 
and (3) 

R.F.9.1 
 

SWS 
descriptions 

The SWS descriptions created will be SA-WSDL compliant.  Critical (2) 

R.F.9.2 
 

Components of 
Creation of 
SWS 
descriptions 

TAO Suite shall directly interact with CA MANAGER and HKS for 
performing the “Creation of SWS description”  task. 

Critical (2) 

R.F.9.3 
 

CA 
MANAGER in 
Creation of 
SWS 
descriptions 

TAO Suite shall directly interact with CA MANAGER which will 
perform automatic semantic annotation (compliant with SA-WSDL) 
of the WSDL files belonging to legacy system. 

Critical (2) 

R.F.9.4 
 

HKS in 
Creation of 
SWS 
descriptions 

TAO Suite shall directly interact with HKS for “Creation of SWS 
descriptions”  task in order to retrieve the WSDL files previously 
stored, store the SA-WSDL annotations and, optionally, store SA-
WSDL files refined in external tools.11 

Critical (1) and 
(2) 

R.F.9.5 
 

Refinement in 
Creation of 
SWS 
descriptions 

TAO Suite will be able to export the results from “Creation of SWS 
descriptions”  task so that the user can manually refine them with 
external tools and subsequently, will be able to import refined results 
and store them into HKS. 

Average (1), (2) 
and (3) 

                                                 
10 In order to store the automatically generated semantic annotations and populated ontology, CA 
MANAGER shall directly interact with HKS. See section 4 CA Manager Architecture and 
Specification. 
11 In order to store the automatically generated semantic annotated WSDL files, CA MANAGER shall 
directly interact with HKS. See section 4 CA Manager Architecture and Specification. 
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R.F.10 
 

GUI layer for 
TAO Suite 
functionalities 

The GUI layer of TAO Suite shall provide the front-end for users to 
be able to enter the parameters/inputs needed by business 
components of the middleware layer. The GUI will provide an 
abstraction and automation of the transitioning process as much as 
possible. 

Critical (3) 

R.F.11 
 

Business 
components for 
TAO Suite  

TAO Suite shall integrate the TAO components (LATINO, CA 
MANAGER and HKS) by means of invocations to their interfaces 
within the Distributed bussiness components layer. Consequently, 
this layer includes the client-side libraries of components, which are 
remotely accessed through Web Services within TAO Suite. 

Critical (2) 

R.F.12 
 

Distributed 
repositories 
layer for TAO 
Suite 

Distributed repositories layer of TAO Suite shall be composed by 
HKS server and a customized database 

Critical (1) 

R.F.12.1 
 

HKS in 
Distributed 
repositories 
layer 

TAO Suite shall use the HKS server, by means of business 
components layer, in order to store the artefacts of legacy system and 
the artefacts produced as results of the transitioning process. 

Critical (1) 

R.F.12.2 
 

Database in 
Distributed 
repositories 
layer 

TAO Suite shall manage a customized database in order to store 
some descriptive data of each transitioning process, and to 
temporally store associations between artefacts of the legacy system 
and artefacts of the semantic-based system. TAO Suite will be 
responsible of creation and maintenance of this database. 

Critical (1) 

R.F.12.2.1 
 

Information of 
Database in 
Distributed 
repositories 
layer 

Some data stored in the customized database of TAO Suite is: unique 
name of transitioning process to be started, name of the legacy 
system to be migrated, date when transitioning process starts, login 
and password of user who performs the transitioning process, etc. 
This information shall be stored before transitioning process begins. 

Critical (1) 

R.F.13 Adapter for 
LATINO within 
TAO Suite 

Before the ontology generation task begins, TAO Suite will be able 
to allow the easy installation of a LATINO adapter as a plug-in 
within TAO Suite. An adapter will be a small JAVA program in 
order to adequate the ontology generation for each specific legacy. 
This LATINO adapter has to invoke the most adequate operations of 
LATINO according to the types of legacy data and other artefacts for 
each specific legacy system to be migrated 

Critical (2) and 
(3) 

R.F.14 LATINO 
adapter 
developed by 
user 

Due to one LATINO adapter is for one specific legacy system, the 
owner of this should implement it with the collaboration of a 
LATINO expert. 

Critical (2) 

R.F.14.1 LATINO 
adapters for 
TAO case 
studies 

For the two legacy systems (GATE and DASSAULT cases studies) 
of TAO project, the two respective LATINO adapters will be already 
provided along with the TAO Suite. 

Critical (2) 

R.F.14.2 Generic 
LATINO 
adapter within 
TAO Suite. 

By default, in TAO Suite there will be a generic LATINO adapter 
with which the user can use it, as a reference example, in order to 
implement the adequate LATINO adapter for each specific legacy 
system to be migrated. 

Critical (2) 

R.F.14.3 3 LATINO 
adapters 
provided along 
with TAO 
Suite. 

Consequently, TAO Suite will provide three LATINO adapters: one 
for GATE case study, other for DASSAULT case study, and the 
generic adapter for customizing future legacy systems to be migrated. 

Critical (2) 

R.F.15 Adapter for CA 
MANAGER 

Before the “content augmentation”  task and “creations of SWS 
descriptions”  task begin, within CA MANAGER shall be installed 
the adequate adapters for each legacy system. These CA MANAGER 
adapters are XML files which include a declarative workflow of the 
most adequate CA MANAGER operations for each legacy system. 
Then, before the “content augmentation”  task and “creations of SWS 
descriptions”  task begin, TAO Suite shall notify to CA MANAGER, 
which adapter to use. CA MANAGER will be responsible of the 
creation and maintenance of these adapters. 

Critical (2) and 
(3) 

R.F.15.1 CA 
MANAGER 
adapters for 
TAO case 
studies 

For the two legacy systems (GATE and DASSAULT cases studies) 
of TAO project, the two respective CA MANAGER adapters will be 
already provided along with the CA MANAGER. 

Critical (2) and 
(3) 
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2.3.2 External interface requirements 
 
Req# Title Descr iption Relevance Arch. 

layer  
R.EI .1.  
 

User interface TAO Suite shall provide a GUI based on window graphic 
interface. 

Average (3) 

R.EI .2.  
 

Software 
interface 

TAO Suite shall interact with TAO components (LATINO, CA 
MANAGER and HKS) by means of Web Service invocations 

Critical (2) 

R.EI .2.1. 
 

Software 
interface with 
clients 

TAO Suite will be able to interact with TAO component client 
libraries provided by the respective component owners. These 
client libraries will invoke the respective component Web Services 

Critical (2) 

 
2.3.3 Hardware requirements 
 
Req# Title Descr iption Relevance Arch. 

layer  
R.H.1. 
 

Hardware 
requirements 

TAO Suite will be implemented with the following hardware 
requirements: 

Average (1), (2) 
and (3) 

R.H.1.1. 
 

Recommended 
processor 

1.8 Ghz Average (1), (2) 
and (3) 

R.H.1.2. 
 

Recommended 
memory 

2 GB . Average (1), (2) 
and (3) 

 
2.3.4 Software requirements 
 
Req# Title Descr iption Relevance Arch. 

layer  
R.Sw.1.  
 

TAO Suite 
programming 
language 

TAO Suite will be developed in the JAVA programming language Critical (2) and 
(3) 

R.Sw.2.  
 

TAO Suite 
releases 

TAO Suite will be released in two versions: one as Eclipse-plug-in, 
and another as RCP. 

Critical (2) and 
(3) 

R.Sw.3.  
 

TAO Suite 
development 

TAO Suite will be developed with Eclipse IDE, and internally as 
Eclipse plug-in, although it will also be available as RCP. 

Critical (2) and 
(3) 

R.Sw.4.  
 

Operating 
Systems 

TAO Suite will be compatible with several Operating Systems, 
thanks to Eclipse multi-platform capability. 

Critical (2) and 
(3) 

R.Sw.5.  
 

Customized 
database 

The customized database of TAO Suite described in R.F.12.2 and 
R.F.12.2.1 will be a MySQL database version…. 

Critical (1) 

R.Sw.6.  
 

License TAO Suite will be released with an Open Source license Critical (1) 

 
2.3.5 Security requirements 
 
Req# Title Descr iption Relevance Arch. 

layer  
R.Sw.1.  
 

TAO Suite 
login 

TAO Suite shall ask the user who will perform the transitioning 
process to first register into the system. 

Critical (2) and 
(3) 

R.Sw.1.1. 
 

TAO Suite 
login constraint 

TAO Suite registration form will be based on login and password. Critical (2) and 
(3) 

R.Sw.1.2. 
 

TAO Suite 
login constraint 

TAO Suite shall restrict the access, allowing the access only for 
registered users. 

Critical (2) and 
(3) 

R.Sw.2.  
 

TAO Suite 
security issues 

TAO Suite interactions with TAO components shall be security-
enabled.  

Critical (2) and 
(3) 
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3  TAO Suite Architecture 
 
3.1 Methodological approach 
 
This section describes the TAO Suite architecture for transitioning legacy systems 
into semantic-based system. While “architecture”  frequently appears in product and 
project descriptions, it’s often used in different ways. The ANSI/IEEE definition of 
“architecture”  is:  
 
“Architecture is defined by the recommended practice as the fundamental 
organization of a system, embodied in its components, their relationships to each 
other and the environment, and the principles governing its design and evolution." 
[18]  
 
According to this definition architecture is a rather high-level concept. It does not 
directly imply the usage of a certain platform (e.g. programming language, system) or 
framework (library, etc.). Therefore architecture is not to be mistaken with application 
design. However, the definition given above (as well as other definitions of the term) 
still gives much room for interpretations. 
 
The generic nature of the term architecture and the divergence regarding common 
interpretations makes it necessary to introduce our notion of architecture in the TAO 
Suite context. On the one hand we provide the general concepts of the TAO Suite 
architecture in line with the definition given above. This is reflected by a layered 
approach and the generic functionalities of its components. On the other hand, we 
specify the mechanism of integrating the TAO components within TAO Suite 
architecture. This is mainly reflected with UML diagrams.  
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3.2 General Architecture  
 
This section includes the description of TAO Suite architecture having as input the 
requirements, assumptions and other relevant data described in section 2. As we 
explained in section 2, the TAO Suite architecture is based on the three referential 
layers depicted in Figure 2-2: 

·  Layer 3: GUI components layer 
·  Layer 2: Distributed business components layer 
·  Layer 1: Distributed repositories layer 

 
Having all of this into account, the general architecture of TAO Suite is structured as 
Figure 3-1 details. 

 
Figure 3-1 TAO Suite architecture 

 
The justifications and design motivations of this architecture are explained in the 
following section 3.2.1. And in section 3.2.2 the detailed functionalities of each 
architectural layer are explained. 
 
3.2.1 Core concepts 
 
3.2.1.1 Layer ing of architectural components 
 
The chosen layering approach is based on a complete abstraction layer. This means 
that components of a higher level use only components from the layer immediately 
below. Although, this approach can seem a bit strict, having into account the TAO 
Suite requirements in section 2, it is considered appropriate regarding the main set of 
requirements dealing with the integration of the components LATINO, CA 
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MANAGER and HKS. Due to the nature and functionalities of these components, it is 
most appropriate to integrate them in a middleware layer, which is responsible for 
performing the core business logic of transitioning process. Consequently, this 
middleware should be accessed by a GUI layer, enabling the user to manage the 
middleware layer, while the repositories layer will be managed only through the 
middleware layer. More details of internal performance for each layer are given in 
section 3.2.2 
 
3.2.1.2 Service-or iented vs. Object-or iented 
 
The service-oriented approach is one major driving paradigm of the TAO Suite 
architecture. Nevertheless, the object-oriented approach is also used in the 
architecture. Basically, the approach to use depends on each layer: 

·  Layer  3: GUI components layer. It uses an object-oriented approach because 
this layer realizes a Java Eclipse IDE plug-in, whose paradigm is object-
oriented. 

·  Layer  2: Distributed business components layer. Although this layer is 
included within Eclipse IDE plug-in, it takes the service-oriented approach 
due to the mechanism for integration of the business components (i.e. 
LATINO SERVICES, CA MANAGER SERVICES and HKS SERVICES). It 
basically allows for a loose coupling of components and additionally provides 
a basis for distributed environments. This mechanism is based on Web 
Services invocations. Consequently, the SOAP protocol [20] will be the 
preferred transport protocol for business components (see Figure 3-2). 

·  Layer  1: Distributed repositories layer. This layer is also based on both 
approaches, because for managing the customized TAO Suite database is used 
the object-oriented paradigm of JAVA JDBC (Java Database Connectivity), 
and for managing the HKS server are used the HKS services from the 
middleware layer 2. 
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3.2.2 Layer Functionalities 
 
In this section we explain the functionality of each layer, taking into account how 
each included component works and how it interacts with the other components of the 
same and the next layer. Figure 3-2 depicts the distributed perspective of TAO Suite 
architecture, which is the basis for the explanation of layer functionalities. 
 

 
Figure 3-2 Distr ibuted perspective of TAO Suite architecture 

 
3.2.2.1 Layer  3: GUI  components 
 
Figure 3-3 depicts the components of layer 3 and their interactions with other 
components. As we explained in section 2, the GUI components layer provides the 
user with a front-end to the functionalities provided by TAO business components. 
According to the requirements of section 2, this layer is implemented as an Eclipse 
IDE plug-in. Consequently, the user front-end technologically depends on this GUI, 
although it will be released both as Eclipse plug-in and as RCP. The components of 
this layer are the following: 

·  TAO Suite user  authentication GUI . It is the front-end component 
responsible for registering new users, when transitioning process starts, and 
for authentication when already registered users want to continue transitioning 
processes (previously started but not yet finished). For these two 
responsibilities, it has to interact with TAO Suite Controller from layer 2 in 
order to process the registration data and user data. Finally, it delegates 
execution to the adequate GUI component. 
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·  Classify Legacy Data GUI . It is responsible for showing the form for 
classification of legacy data. It interacts with TAO Suite Controller from layer 
2 in order to process the form input.  

·  Ontology Generation GUI . It is responsible for showing the UI for 
performing the ontology generation task. Additionally, it provides the option 
of importing and exporting the results of this task. It interacts with TAO Suite 
Controller from layer 2 in order to process input data and to request import 
and/or export of results. 

·  Content Augmentation GUI . It is responsible for showing the form for 
performing the content augmentation task. It also enables import and export of 
the results of this task. It interacts with TAO Suite Controller from layer 2 in 
order to process entered data and to initiate import and/or export. 

·  Creation of SWS descr iptions GUI . It provides UI for visual creation of 
SWS descriptions. It has to support import and export of the results of this 
task. It interacts with TAO Suite Controller from layer 2 in order to process 
input data and to request the import and/or export. 

 
Figure 3-3 Layer  3 GUI components 

 
3.2.2.2 Layer  2: Distr ibuted Business components 
 
Figure 3-4 depicts the components of layer 2, and their interactions with other 
components. This layer is also implemented within the Eclipse IDE plug-in. The 
reason for this design decision is based on the fact that the integration mechanism of 
TAO components (LATINO, CA MANAGER and HKS) consists of invocations to 
their services, but the client side libraries, responsible for invoking corresponding 
services have to be integrated in the Eclipse IDE plug-in, according to the 
requirements in section 2. This layer is distributed because it physically includes the 
clients who invoke the remote services. Consequently, the clients are included in the 
Eclipse IDE plug-in, but the services are hosted by remote servers. The components 
of this layer are the following: 

·  TAO Suite Controller . It is the responsible of controlling the interactions 
between layer 3 and layer 2, inside the layer 2, and the layer 2 with some 
component of layer 1. Specifically 

o It receives invocations from TAO Suite user authentication GUI 
component, and it interacts with customized TAO Suite database in 
order to register the transitioning process, register the user, and check 
if authentication data is correct. 
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o It receives invocations from Classify Legacy Data GUI component for 
storing the legacy data, and it passes the invocation to the HKS client. 

o It receives invocations for generating domain ontologies from 
Ontology Generation GUI component and passes these invocations to 
the LATINO client. It will then receive the generated ontology and 
finally invoke the HKS in order to store it. 

o It receives invocations from Content Augmentation GUI component 
for generating semantic annotations of legacy content and for ontology 
population, and it passes such invocations to the CA MANAGER 
client. 

o It receives invocations for generating the SWS from Creation of SWS 
descriptions GUI component and it invokes the CA MANAGER client. 

o It receives the invocations of Ontology Generation GUI component, 
Content Augmentation GUI component, and Creation of SWS 
descriptions GUI component for exporting and importing their results, 
and it interacts with HKS in order to store and load these results. 

·  LATINO client. It interacts with a remote LATINO server in order to 
generate the domain ontology. This interaction is made by the LATINO 
adapter, which is a small JAVA program within LATINO client component 
and it includes the most adequate invocations to LATINO services for each 
legacy system to be migrated. 

·  CA MANAGER client. It interacts with remote CA MANAGER server in 
order to generate semantic annotations of legacy content, to populate the 
domain ontology and to annotate semantically Web services in order to 
produce SWS descriptions. Additionally, the CA MANAGER services are in 
charge of directly interacting with HKS services for storing the results of these 
generations. 

·  HKS client. It interacts with remote HKS server in order to store generated 
domain ontologies and provide access to the partial or final results from 
transitioning process (such as domain ontology, annotations, SWS 
descriptions, etc.). 
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Figure 3-4 Layer  2 Distr ibuted Business components 

 
3.2.2.3 Layer  1: Distr ibuted Storage components 
 
Figure 3-4 also depicts the components of layer 1, and their interactions with other 
components. In fact, these components and their interactions have been already 
explained in the previous section, but in order to summarize, the main components of 
layer 1 are: 

·  HKS. It is the physical remote HKS which serves as persistent storage of the 
results of each task during the transitioning process. It interacts with HKS 
services, which also interacts with HKS client and the CA MANAGER 
services. 

·  Customized TAO Suite database. It is a customized database which includes 
data not relevant for the results of transitioning process, but it includes 
secondary data like: unique name of transitioning process to be started, name 
of the legacy system to be migrated, date when transitioning process starts, 
login names and passwords of users who perform the transitioning process, 
etc. This information shall be stored before transitioning process begins. For 
this reason, it is invoked by the TAO Suite controller when a user wants to 
register a new transitioning process, or when a user wants to authenticate in 
TAO Suite in order to continue a transitioning process previously started. 

This layer is not included within Eclipse IDE plug-in because it comprises of 
components of for physical storage 
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3.3 TAO Suite Architecture as an integration mechanism 
 
As we already explained in section 2, TAO Suite shall provide semi-automatic 
support of the legacy applications transitioning process by means of integrating the 
TAO components: LATINO, CA MANAGER and HKS. As discussed in section 2 
and in the previous section, TAO Suite integrates the TAO components by the 
following mechanism: 

·  TAO Suite integrates the TAO components client-side libraries within the 
Eclipse IDE plug-in as part of the middleware layer, that is the Distributed 
Business components layer. Each TAO component client invokes its 
respective TAO component service by Web Service invocation, that is, by 
SOAP [20]. 

 
Both TAO components Web services and TAO component client-side libraries are 
developed and provided by respective component owners (partners). In the following 
sections, we are going to specify the integration of the TAO component client-side 
libraries which are the real components which TAO Suite will integrate. 
 
3.3.1 Specification of TAO Components 
 
Appendix 6.5 specifies the TAO components as both services and client-side libraries, 
following the template explained in appendix 6.4, but mainly focussing on the client-
side because TAO Suite will directly interact with these component libraries. 

 
3.3.2 Integration templates  
 
Appendix 6.7 explains the operations of each component interface with which TAO 
Suite will interact. 
 
3.3.3 Development the architecture 
 
Having into account the descriptions of TAO components for integrating them, this 
section specifies more detailed descriptions of this integration with UML diagrams. 
These descriptions are focused on the development of the TAO Suite architecture. 
Firstly, a UML diagram of software use cases for TAO Suite is addressed as the main 
scenarios which TAO Suite performs.  
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3.3.3.1 UML Use Cases  
 
UML use case diagrams shows the relationship between the actors and use cases of 
system. It represents the functionalities which system offers with regards to its 
external interaction. 

 
Figure 3-5 Use cases of TAO Suite 

 
Figure 3-5 depicts the use cases of TAO Suite, and the appendix 6.3 explains with a 
descriptive table these use cases. 
 
3.3.3.2 UML Sequence Diagrams for  “ TAO Suite Scenar ios”   
 
In order to show how TAO Suite interacts with TAO components to be integrated, 
these sections describe the UML sequence diagrams of the main scenarios of TAO 
Suite according to operations of TAO components specified in appendix 6.7. These 
scenarios are considered the use cases explained in section 3.3.3.1, but those which 
implies the interactions with TAO components. Consequently, the TAO Suite 
scenarios are: classify legacy data, ontology generation, content augmentation and 
creation of SWS descriptions.  
 
Additionally, each TAO Suite scenario is textually described by pseudo-code. 
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3.3.3.2.1 Classify legacy data 
 

 
Figure 3-6 UML Sequence Diagram for  scenar io “ Classify Legacy Data”  

 
l egacyDat a:  St r i ng;  
l egacyDat aType:  St r i ng;  
docI D:  St r i ng;  
. . .  
f or  each l egacyDat aType{  
 docI D : = hks. st or eDocument ( l egacyDat a,  l egacyDat aType) ;  
}  

Pseudo-code 3-1 Scenar io “ Classify Legacy Data”  
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3.3.3.2.2 Ontology generation 

 
Figure 3-7 UML Sequence Diagram for  scenar io “ Ontology generation”  

l egacyDat aType:  St r i ng;  
l egacyDocument s:  St r i ng[ ] ;  
mul t i pl eLegacyDocument s:  { l egacyDocument s,  l egacyDat aType} ;  
pr oposedDomai nOnt ol ogy:  OWLOnt ol ogy;  
ont ol ogyI D:  St r i ng;  
. . .  
f or  each l egacyDat aType==adequat eType{  
 l egacyDocument s : = hks. r et r i eveDocument s( l egacyDat aType) ;  
}  
pr oposedDomai nOnt ol ogy: = 
gener at ePr oposedDomai nOnt ol ogy( mul t i pl eLegacyDocument s) ;  
ont ol ogyI D: = hks. addOWLOnt ol ogi es( pr oposedDomai nOnt ol ogy) ;  

/ / Asynchr onous met hods 
expor t - pr oposedDomai nOnt ol ogy{  
  pr oposedDomai nOnt ol ogy: = hks. r et r i eveOWLOnt ol ogy( ont ol ogyI D) ;  
  f or  each l egacyDat aType{  
    l egacyDocument s : = hks. r et r i eveDocument s( l egacyDat aType) ;  
  }  
  r et ur n { pr oposedDomai nOnt ol ogy, mul t i pl eLegacyDocument s} ;  
}  
 
i mpor t - r ef i nedDomai nOnt ol ogy( r ef i nedDomai nOnt ol ogi es) {  
  hks. del et eOWLOnt ol ogy( ont ol ogyI D) ;  
  hks. st or eOWLOnt ol ogy( r ef i nedDomai nOnt ol ogi es,  ont ol ogyI D) ;  
}  

Pseudo-code 3-2 Scenar io “ Ontology generation”  
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3.3.3.2.3 Content augmentation 

 
Figure 3-8 UML Sequence Diagram for  scenar io “ Content augmentation”  
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l egacyDat aType:  St r i ng;  
l egacyDocument s:  St r i ng[ ] ;  
par amet er s:  Par amet er [ ] ;  
mul t i pl eLegacyDocument s:  { l egacyDocument s,  l egacyDat aType} ;  
pr ocName:  St r i ng : = “ bot h semant i c annot at i ons and ont ol ogy popul at i on” ;  
ont ol ogyI D:  St r i ng;  
. . .  
f or  each l egacyDat aType==adequat eType{  
 l egacyDocument s : = hks. r et r i eveDocument s( l egacyDat aType) ;  
}  
caManager . connect ( par amet er s) ;  
caManager . per f or mPr ocess( mul t i pl eLegacyDocument s,  pr ocName,  par amet er s) ;  
/ / Asynchr onous met hods 
expor t - pr oposedSemant i cAnnot at i ons- and- popul at edOnt ol ogy{  
  popul at edDomai nOnt ol ogy: = hks. r et r i eveOWLOnt ol ogy( ont ol ogyI D) ;  
  f or  each l egacyDat aType{  
    l egacyDocument s : = hks. r et r i eveDocument s( l egacyDat aType) ;  
  }  
  f or  each mul t i pl eLegacyDocument s{  
    semant i cAnnoat i ons : = hks. r et r i eveAnnot at i ons( l egacyDat aType) ;  
  }  
 
  r et ur n 
    { mul t i pl eSemant i cAnnot at i ons, popul at edDomai nOnt ol ogy, mul t i pl eLegacyDocument s} ;  
}  
 
i mpor t - pr oposedSemant i cAnnot at i ons- and- popul at edOnt ol ogy 
 ( r ef i nedSemant i cAnnot at i ons,  r ef i nedPopul at edDomai nOnt ol ogy) {  
  hks. st or eOWLOnt ol ogy( r ef i nedPopul at edDomai nOnt ol ogy,  ont ol ogyI D) ;  
  f or  each mul t i pl eLegacyDocument s{  
     hks. st or edAnnot at i ons( r ef i nedSemant i cAnnot at i ons,  l egacyDocument ) ;  
  }  
}  

Pseudo-code 3-3 Scenar io “ Content augmetation”  
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3.3.3.2.4 Creation of SWS descriptions 
 

 
Figure 3-9 UML Sequence Diagram for  scenar io “ Creation of SWS descr iptions”  
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l egacyDat aType:  St r i ng : = “ wsdl Fi l esType” ;  
wsdl Fi l es:  St r i ng;  
par amet er s:  Par amet er [ ] ;  
pr ocName:  St r i ng : = “ semant i c annot at i ons” ;  
ont ol ogyI D:  St r i ng;  
. . .  
wsdl Fi l es : = hks. r et r i eveDocument s( l egacyDat aType) ;  
caManager . connect ( par amet er s) ;  
caManager . per f or mPr ocess( wsdl Fi l es,  pr ocName,  par amet er s) ;  
/ / Asynchr onous met hods 
expor t - pr oposedSAWSDLs{  
  domai nOnt ol ogy: = hks. r et r i eveOWLOnt ol ogy( ont ol ogyI D) ;  
  f or  each l egacyDat aType{  
    l egacyDocument s : = hks. r et r i eveDocument s( l egacyDat aType) ;  
  }  
  sawsdl I Ds: =hks. l i s t SAWSDLDescr i pt i ons( ) ;  
  f or  each sawsdl I Ds {  
    sawsdl  : = hks. r et r i eveAnnot at i ons( sawsdl I D) ;  
  }  
  r et ur n 
    { mul t i pl eSAWSDLs, domai nOnt ol ogy, mul t i pl eLegacyDocument s} ;  
}  
 
i mpor t - r ef i nedSAWSDLs( r ef i nedSAWSDLs) {  
  f or  each r ef i nedSAWSDLs {  
    hks. st or eSAWSDL( r ef i nedSAWSDL,  sawsdl I D) ;  
  }  
}  

Pseudo-code 3-4 Scenar io “ Creation of SWS descr iptions”  
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4 CA Manager  Architecture and Specification 
 
The Content Augmentation Manager (otherwise referred to as “ the CA Manager” ) is 
the software component responsible for populating the ontology with new instances 
(knowledge acquisition), semantically annotating documents (metadata generation), 
and tagging document content (document highlight or document tagging). Its 
architecture is described in this section. 
 
4.1 CA Manager  use cases 
 
The core philosophy of this software component is to bridge the gap between the text-
mining tools12 and the semantic repository tools. It is conceived as a middleware to 
address this problematic. 
It is, amongst other things, capable of controlling the validity of text-mining results 
against an ontology, match them against existing resources in a knowledge repository, 
upgrade and enrich them with other pieces of information taken from the repository. 
Thus it addresses the 3 following use cases: 
 
4.1.1 Knowledge Acquisition 
 
Text-mining tools have algorithms capable of detecting (guessing) new entities in 
texts they process; like detecting person names, company names, software 
components, etc. They are also able – to a certain extent – of extracting relations 
between entities. These two outputs are valuable inputs to be stored in knowledge 
repositories (semi-)automatically, provided that: 
- The extracted entity or relation is checked to control whether it is valid against 

the ontology (the applied controls may vary here, and the actions to be taken 
when something is not valid may depend on the workflow requirements). 

- The extracted entity or relation is checked to see if it already exists in the 
knowledge repository (note that the heuristics applied to check if something 
already exists can range in complexity from simple, like checking on a label, to 
very complex, like checking on multiple attributes). 

- Users usually validate manually the created entities and relations in the 
knowledge repository (user validation interfaces, although related, are outside the 
scope of this component13). 

 
4.1.2 Metadata Generation 
 
In parallel to knowledge acquisition, the CA Manager can be used to generate (semi) 
automatically a set of semantic annotations on a corpus of documents given as input. 
This set is independent from the input document, and is usually stored separately (as 
such, it is different from tagging the document, described in the third use-case). This 
semantic annotations set is not simply the list of extracted entities in the text, but is 
usually driven by an annotation schema, defining which annotation can be applied to 
the documents as modelled in the ontology.  
                                                 
12 Or other knowledge mining technologies, like audio-mining, or image recognition softwares. For 
simplicity we are only referring to text-mining here, as it is the most mature of these technologies. Also 
note that this component does not make any assumption on the mining technology being used : 
grammar-based or statistics-based. 
13  Cf. Annotation UI specifications in D3.4.1 
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Typical steps to be taken here are: 
- Integration of multiple mining tools; for example, to generate a complete set of 

annotations, one might need to combine text-mining, structured information 
parsing, and image recognition; 

- Mapping text-mining results to the annotation schema; 
- Validity checks of the results against the annotation schema; 
- Enriching the annotation set with more complete information from the repository. 

For example, one may want to include generic terms of a given keyword from a 
thesaurus, or translations of a given item of the knowledge repository in another 
language. 

 
4.1.3 Document Tagging 
 
Close to metadata generation is document tagging, which involves adding tags inside 
the content of the input document around pieces of knowledge that have been 
identified. This typically involves: 
- Checking text-mining results for validity against the knowledge referential, 

mapping them to an annotation schema, optionally adding more information from 
the knowledge repository; 

- Keeping track of the offsets of the extracted pieces of information, to be capable 
of tagging the document in the right place. 

 

 

Title : « brave new 
world » 
Date : 1954-09-23 
Person : 
Place : 
Rdf:About :  
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Knowledge 
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Figure 4-1 CA Manager use cases 
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4.2 Objectives and constraints 
 
While designing this component, we had to take into accounts the following 
constraints: 
 
- Build a pluggable architecture for various types of components : 

o Text-Mining tools; 
o Knowledge repositories; 
o Inference/rules engines; 

- Make the component accessible remotely with RPC and Web Services; 
- Have the flexibility to setup the process according to different workflow needs : 

o Globally by the server administrator; 
o Locally (for each calls) by the programmer; 

- Output results in RDF but keep the flexibility to output other formats as well if 
required; 

- Output 3 parts in the results : 
o Extracted knowledge; 
o Generated metadata; 
o Offsets in the document; 

- Capacity to process unstructured, semi-structured, and structured documents 
- Capacity to split the input documents into subparts and to keep track of which 

item of the result was extracted in which part of the document; 
- Information that has been invalidated in the result should be “ tagged”  as invalid, 

but must be outputted anyway, so that it can be post-processed by a validation 
screen; 

- Capability to take text documents or images as input; 
- Robust and capable of processing large amounts of documents 

o Processing should not stop in case of error on one document; 
o Appropriate logs should be generated if an error occurs; 

- Open-Source and bundled as an SDK; 
- Ontology independent : the component must be capable of working based on any 

ontology; 
- Integrate multiple extractors, like text-mining, image recognition, structured 

information extraction; 
 
The general philosophy is to build an efficient bridge over the gap between “mining 
technologies”  (text-mining, audio-mining, image recognition, structured information 
processing) and semantic technologies. In this sense, this component does not have 
the responsibility neither of the text-mining by itself, nor of the knowledge storage, 
but it should be flexible enough to adapt to multiple tools and multiple workflow 
requirements. 
 
4.3 The UIMA Framework 
 
Recently, IBM has developed a framework called UIMA (Unstructured Information 
Management Architecture), aimed at providing a development platform for “software 
systems that analyze large volumes of unstructured information in order to discover 
knowledge that is relevant to an end user” . 
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UIMA was first developed at IBM research center in 2004, and has been donated to 
the open-source community; it is now hosted in the Apache Incubator since October 
2006. It is undergoing standardization within the OASIS standards organization. 
 
The main highlights of the UIMA architecture are14: 

- Common data representation: every component of a UIMA processing pipe 
will interact with the same data structure, called a CAS (Common Analysis 
Structure) 

- Plug-n-Play Analysis Engines: each component of a UIMA pipe, called 
Analysis Engine, processes the CAS outputted by the previous engine, and 
passes its output to the next one. 

- Multiple views and multi-modal support: the CAS can contain multiple views 
of the same logical artefact, like translations of the same input documents, or 
audio, video, and close-captions streams of an input video. 

- Java and C++ interoperability 
- Component packaging, discovery and reuse 
- Collection processing and scalability: UIMA provides ways to process large 

amounts of documents without going down and provides logging and multi-
pipelining capabilities. 

 
The UIMA philosophy and the issues it addresses, were not completely new to us as 
Mondeca already implemented a proprietary framework, OntoPop [22], that spanned 
more or less the same functional scope as UIMA. Nevertheless, thanks to its 
flexibility, modular-based, its ease of integration and composition of internal or 
external modules, and more importantly its wide acceptance by the IE community, 
UIMA rapidly became a recommended infrastructure on which to develop content 
augmentation tools. These considerations lead us to adopt UIMA as the basis of the 
internal architecture of the CA Manager  component.  
 
Especially, the interesting items were: 

- The formalization of the common analysis structure; 
- The flexible architecture divided in analysis engines, allowing for 

customization of processing pipes; 
- The ability to deploy a UIMA process in a distributed way to scale efficiently; 
- Logging facility already implemented; 

 
However, some critics can be addressed to this framework: 

- It is targeted at developing text-mining components, and does not specify the 
interactions with a semantic (RDF) repository; 

- Although it formalizes the notion of “Common Analysis Structure” , the 
definition/implementation of such a structure for a particular need (called a 
“ typesystem”) remains to be done for each project. Thus it is domain-
dependent, and cannot be reused across projects/ontologies; 

- The complexity is high, with a steep learning curve; 
- It uses a proprietary way to expose the web-services (the Vinci IBM protocol), 

that adds more complexity; 
 

                                                 
14 Taken from 
http://domino.research.ibm.com/comm/research_projects.nsf/pages/uima.architectureHighlights.html 
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4.4 CA Manager  component architecture 
 
The TAO CA Manager component is a UIMA-based software artefact that goes 
beyond UIMA and specialize the architecture to specifically address the need of going 
from “mining tools”  results to semantic repositories. The architecture comprises the 
following elements, outlined in red in Figure 4-2. 
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Figure 4-2 CA Manager Architecture
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4.4.1 A generic typesystem 
 
The typesystem can be seen as the “model”  of the data that will be put inside the 
CAS, and that will be transferred from analysis engine to analysis engine. Thus, as the 
processing pipeline has the requirement to work with any ontology, this model cannot 
be domain-specific; rather, we needed to specify a generic typesystem. 
This generic typesystem is a “meta-model” , close to the RDF meta-model. It consists 
of the types shown in the Figure 4-3. 
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Figure 4-3 CA Manager Typesystem 
 

Each type has properties, not shown in Figure 4-3. We give here an informal 
description of each type: 
- TOP: the supertype of most of the other types. It has a property “valid” , to 

indicate if an element is valid or not; 
- Entity: the equivalent of an RDF resource identified in the text, that contains : 

o An id: the internal id of the entity 
o A type: the class of the entity in an ontology 
o A URI: the URI of the entity 
o Properties: the list of properties of the entity 
o Occurrences: the list of occurrences of the entity in the document 

- Serialization: the representation of a part of the output. It contains: 
o The String serialization of the output 
o The name of this serialization format 

- Content Unit Metadata: the set of metadata on the processed document. It 
contains: 

o An id: internal id of the metadata set 
o A type: the class of the document in the annotation schema 
o URI: the URI of the document 
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o Properties: the list of properties in the metadata set 
- Property: the equivalent of an RDF property. It holds: 

o A type: the type of the property in an ontology 
o A datatype: a constant indicating the physical structure of the property (see 

below) 
o A language: optionally, a property can hold a language information 
o Occurrences: the list of occurrences of this property in the document 
Properties have different physical structures holding the actual properties 
value. These structures are: 

�  String property: a text value; 
�  Object property: a reference to another entity; 
�  Number property: a number; 
�  Link property:  a URL; 
�  Date property: a date; 
�  Label property: for the moment holds only a text value like the 

string property; as labels often have a special status, we can expect 
to add more information in properties of this type; 

- CASMetadata: global technical information on the content of the CAS, not related 
to the information extraction. 

- Occurrence: represents the occurrence of an entity or a property in the input 
document. It contains begin and end offsets of the occurrence in the text, and the 
string found in the text. 

-  
 
4.4.2 A specialized UIMA processing pipeline 
 
UIMA only provides the building blocks to develop a processing pipeline, but it does 
not give any guideline as to which steps should be arranged in which order in the 
pipeline. 
Here, the work consisted in defining a list of logical steps that will be chained 
together to transition text-mining results to semantic repositories, cf. Figure 4-4.  
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Figure 4-4 Specialized UIMA processing pipeline 

 
 
Not all the steps are necessary in all workflows. Their order may also vary. The steps 
we have identified are: 
 
1. split: splits the input documents into multiple parts. Each individual parts will be 

separately processed in the rest of the pipeline. 
2. extract: do the actual document processing and retrieve the result of a knowledge 

extraction. This usually involves calling an external text-mining tool, and 
retrieving the results. This step is usually divided into 2 : 
2.1. call the external text-mining tool, and gets a result in the form of any piece of 

XML. 
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2.2. turn this tool-dependent XML into a common XML format, based on a set of 
rules. This common XML format is then parsed and turned into a Common 
Analysis Structure (CAS). 

3. merge: merges the entities in the CAS (see the typesystem definition in previous 
section) that are the same. 

4. match: attempts to match the extracted entities in the CAS against existing entities 
in the knowledge repositories 

5. control: controls that extracted knowledge is valid against the ontology. This 
implies controlling domains and ranges, cardinalities, date formats, number 
formats, etc. Invalid statements are marked but not removed, so that they can be 
further be manually validated by a user. 

6. infer: applies an inference engine or inference rules to the extracted knowledge to 
add some information to it 

7. store: stores the generated knowledge, metadata and offsets into the knowledge 
store. 

8. serialize: serialize the generated knowledge, metadata and offsets in a requested 
format. This could be RDF or other serialization as requested. 

 
4.4.3 Technology independent implementation of some processing steps 
 
Having identified the necessary steps in the processing flow, we have included 
implementations of some of them, that are technology independent, and that will be 
bundled in the SDK. These include for example: 
 
-  In the “extract”  step: 

o Extracting information in a text based on regular expressions 
o Extracting information in  an XML file with an XSL stylesheet 

- In the “merge”  step: 
o Merging the entities based on their labels 
o Merging the entities based on their URIs 

- In the serialize step: 
o RDF serialization of the extracted knowledge 
o RDF serialization of the occurrences using the Proton Ontology15 

 
Along with these implementations bundled with the SDK other technology specific 
implementations are being developed for the project. A good example is the 
integration with the Gate web-service. These technology specific implementations do 
not have the same “status”  as the others, since they are bundled with the SDK, but 
come in the form of “plugins”  of the Content Augmentation Manager. 
 
4.4.4 A remote API and web-service front-end 
 
The Content Augmentation Manager is a server that wraps the UIMA pipeline 
described above. Other applications (like TAO Suite) send it documents to process, 
and retrieve the results. We have defined 3 ways to interact with the component: 
 
- The UIMA way : if the external application is based on UIMA, it can use the IBM 

Vinci protocol to call the internal UIMA pipeline that the CA Manager exposes. 

                                                 
15 http://proton.semanticweb.org/2005/04/protonkm 
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- The RPC way : we do not want to constrain the client application to use UIMA. 
This is why the services of the CA Manager are also exposed as simple remote 
procedure calls. The client application only interacts with these procedure, and 
does not have to worry about internal implementation. 

- The webservice way : on top of the procedures exposed for remote call, a web-
service has been developed, that simply wraps the same functionalities and 
exposes them as web-services; it should ease integration in information system, 
but can prove slow in environments where processing speed is needed; in this 
case, the RPC way will be preferred. 

 
4.4.5 A client-side integration package 
 
Along with RPC and webservices front-end of the processing chain, in order to ease 
integration of other applications as much as possible, we are also providing a client-
side integration package, that: 
 
- can connect either to the RPC front-end or the webservice front-end 
- hides web-service calls complexity 
- provides simple methods for easy integration 
- hides the front-end : if the webservices ever change, then the client package will 

be modified to reflect this change, without the client application even noticing the 
modification. 

 
4.4.6 A web-interface for testing 
 
The CA Manager comes with a test interface, in the form of a web application shown 
in Figure 4-5. This web application builds on the client-side integration package with 
RPC calls. It provides 3 ways of submitting content: 
- A text field to enter inline text 
- A URL field to provide the URL of an online web page to annotate 
- An upload filed to upload a document to annotate 
 
Whatever way is chosen to submit the content, a process also needs to be selected. 
This process corresponds to a configuration file inside the server, that describes the 
series of steps to annotate the document, from mining technology to serialization and 
storage. 
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Figure 4-5 CA MANAGER service testing UI  

 
Once content is submitted and a process is chosen, the processing happens and the 
results are being returned in the same page, below the input fields. 
 
This web interface is accessible for the publicly available version of the CA 
MANAGER, at http://62.210.155.132/ca-test. 
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5 Conclusions 
 
In this report we have presented the requirements and architecture of the TAO Suite, 
which supports the transitioning process of legacy systems to a semantic-based 
system. In particular we considered the transition to a semantic-based SOA, because 
the generated semantic artefacts are the domain ontologies, semantic annotations of 
legacy content, and the SWS based on SA-WSDL. Additionally, we have justified the 
usage of SA-WSDL in TAO. 
 
In order to perform such transitioning process, we have explained that the TAO Suite 
has to integrate three TAO components: LATINO, CA MANAGER and HKS. 
Consequently, there is a dependency between the TAO Suite and the interfaces of 
these components. 
 
Taking into account the points mentioned above, the requirements section has 
explained how to transition the legacy systems by means of the TAO Suite, and its 
scope. Besides, the requirements section has been used as a guideline for the design of 
the TAO Suite architecture, which specifies a layered approach to the integration and 
interaction of TAO components within the TAO Suite. 
 
Both the requirements section and the architecture section have been addressed to 
explain how TAO Suite is used for adapting the transitioning process according to a 
specific legacy system, such as the GATE case study or Dassault case study. Such 
result is achieved by means of some adapters in specific TAO components. 
 
And last but not least, CA MANAGER, one of the TAO components to be integrated, 
was explained in order to describe its architecture due to its high relevance in the 
transitioning process and to its central interactions with the other TAO components, 
described in corresponding work packages (KCIT in WP3 and HKS in WP4).  
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6 Appendixes 
 
6.1 Terminology 
 
This appendix explains the terms followed for this whole report in order to solve any 
ambiguity caused by some possible double meaning of some terms or by some other 
misunderstanding. 

·  TAO. It refers to the project called Transitioning Applications to Ontologies. 
·  TAO methodology. It corresponds with the SWS bootstrapping methodology 

defined in work package 1. 
·  Work package. It refers to a work package of TAO. 
·  M12. It means the month number 24 since TAO begins. Consequently, we can 

deduce the meaning of M24, M36 and so on. 
·  D5.1. It refers to deliverable report identified as 5.1, according to deliverable 

list of DoW. Consequently, we can deduce the meaning of D1.1, D1.2, and so 
on. 

·  TAO components. It refers to the following three components developed in the 
scope of TAO: LATINO, CA MANAGER and HKS. TAO Suite shall 
integrate these three components for supporting the semi automatic 
transitioning process of legacy systems into semantic-based systems. 

·  Transitioning process. Consists of migration steps for generating semantic-
based systems from legacy systems. 

·  Use case. It is a technique used in software engineering to capture the 
functional requirements of a system. The UML use case diagram is often used 
to graphically represent an overview of the use cases for a given system. 

·  Case study. It refers to the applicability of the project results to some practical 
case. In TAO, there are two case studies and they are represented by work 
package 6 (case study 1: Transitioning a Large-Scale Open-Source System) 
and work package 7 (case study 2: Transitioning Business Process 
Applications). The case study 1 corresponds with transitioning GATE 
application provided by USFD partner. And the case study 2 corresponds with 
transitioning the application provided by DASSAV partner. Hence, case study 
1 is also known as GATE case study, and case study 2 is also known as 
Dassault case study. For the scope of TAO, both application from GATE case 
study and application form Dassault case study are legacy systems. 

 
6.2 SA-WSDL related relevant tools 
 
This table was extracted from [17]. 
 
SA-WSDL Tool Descr iption 
SAWSDL4J The SAWSDL4J project is an attempt to provide a clean object model for SA-

WSDL documents http://knoesis.wright.edu/opensource/sawsdl4j/  
Radiant Radiant: WSDL-S/SA-WSDL Annotation Tool provides a UI for annotating 

existing WSDL documents into WSDL-S or SA-WSDL via an OWL 
Ontology. Radiant comes with an ontology viewer based on the UMBC©s 
Cobra Ontology Viewer. Publishing has been added to Radiant as jUDDi 
http://lsdis.cs.uga.edu/projects/meteor-s/downloads/index.php?page=1 
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Woden4SAWSDL The Woden4SAWSDL project is an attempt to provide an object model for 
WSDL 2.0 based SA-WSDL documents 
http://lsdis.cs.uga.edu/projects/meteor-s/opensource/woden4sawsdl/  

BPEL4SWS The BPEL4SWS specification identifies the use of SA-WSDL 
modelReference and schemaMapping for the variables definitions which can 
be an XML Schema type (simple or complex) and XML Schema element      
http://www.ip-super.org/res/Deliverables/D1.3.pdf  

SAWSDL  RDF 
Mapping 

There is now a SAWSDL RDF mapping implementation in Java, built on top 
of Woden4SAWSDL                                          
http://lists.w3.org/Archives/Public/public-ws-semann/2007Jun/0004  

Lumina This project follows the WSDL-S/SA-WSDL approach and provides semantic 
discovery, discovering web services with the required ontological concepts. It 
supplies a unified WSDL-S/SA-WSDL to UDDI mapping structure which 
enables the user to discover the services based on the "operation" level 
http://lsdis.cs.uga.edu/projects/meteor-s/downloads/Lumina/  

WSMO Studio WSMO Studio is an open source Semantic Web Service and Semantic 
Business Process modeling environment for the Web Service Modeling 
Ontology    http://www.wsmostudio.org/  

 
6.3 Use case table of TAO Suite 
 
Use case Name User  authentication 
Short Description Legacy system expert starts a transitioning process with TAO Suite, and he 

registers information such as the unique name of transitioning process to be 
started, name of the legacy system to be migrated, date when transitioning 
process starts, login and password of user who performs the transitioning 
process, etc. Alternatively, if the user quit TAO Suite before a transitioning 
process ends, this use case continues the same transitioning process by means 
of user authentication with the registered login and password. 

Actor Legacy system expert 
Preconditions a) A transitioning process identified by a specific unique name was not 

started 
b) A transitioning process identified by a specific unique name was 

started and registered 
Postconditions a)  

·  A transitioning process identified by a specific unique name 
was started and registered 

·  The user was authenticated 
b)  

·  The user was authenticated 
 

Normal course 1. User registers a new transitioning process editing the necessary data 
(unique name, login, password) 

Alternative Courses 1. a). User authenticates in TAO Suite with login, password and unique 
name of transitioning process already started but not finished. 

Includes --- 
Extends --- 
 
Use case Name Classify legacy data 
Short Description Legacy system expert uses TAO Suite for storing the legacy data in order to 

classify it according to its type, such as, user manual, API documentation, 
source code, WSDL files, etc 

Actor Legacy system expert 
Preconditions ·  The user was authenticated 

·  The legacy data for the transitioning process identified by its unique 
name was not stored 
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Postconditions ·  The legacy data for the transitioning process identified by its unique 
name was stored 

Normal course 1. User stores the legacy data according to its type 
Alternative Courses --- 

Includes --- 
Extends --- 
 
Use case Name Ontology Generation 
Short Description Legacy system expert uses TAO Suite for generating the domain ontology. 

Additionally, the legacy system expert can export the domain ontology and 
import refined domain ontology. 

Actor Legacy system expert 
Preconditions ·  The user was authenticated 

·  The legacy data for the transitioning process identified by its unique 
name was stored 

·  The domain ontology for the transitioning process identified by its 
unique name was not generated 

Postconditions ·  The domain ontology for the transitioning process identified by its 
unique name was generated and stored (but without ontological 
instances) 

Normal course 1. User manages the TAO Suite in order to prepare the Ontology 
Generation by means of installing an adequate LATINO adapter for 
legacy system to be migrated 

2. The domain ontology is generated 
3. The generated domain ontology is stored 

Alternative Courses 2. a). User exports the generated domain ontology in order to refine it 
with external tools. 

3. a) User imports within TAO Suite the refined domain ontology and it 
is stored. 

Includes Export, Import 
Extends --- 
 
Use case Name Content augmentation 
Short Description Legacy system expert uses TAO Suite for semantically annotate the legacy 

data, and populating the domain ontology (e.g. the domain ontology with 
instances) 

Actor Legacy system expert 
Preconditions ·  The user was authenticated 

·  The legacy data for the transitioning process identified by its unique 
name was stored 

·  The domain ontology for the transitioning process identified by its 
unique name was stored 

Postconditions ·  The semantic annotations of legacy data was generated and stored 
·  The populated domain ontology was generated and stored 

Normal course 1. User manages the TAO Suite in order to generate the semantic 
annotations of legacy data and populate the domain ontology 

2. The semantic annotations and populated ontology is generated and 
stored 

Alternative Courses 2. a). User exports the generated semantic annotations and populated 
ontology in order to refine it with external tools. 

3. a) User imports within TAO Suite the refined semantic annotations 
and populated ontologies. 

Includes Export, Import 
Extends --- 
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Use case Name Creation of SWS descr iptions 
Short Description Legacy system expert uses TAO Suite for create the SWS descriptions based 

on SA-WSDL 
Actor Legacy system expert 
Preconditions ·  The user was authenticated 

·  The legacy data for the transitioning process identified by its unique 
name was stored 

·  The domain ontology for the transitioning process identified by its 
unique name was stored 

·  The semantic annotations and populated domain ontology for the 
transitioning process identified by its unique name were stored 

Postconditions ·  The SWS based on SA-WSDL was generated and stored 
Normal course 1. User manages the TAO Suite in order to generate the SWS 

descriptions based on SA-WSDL 
2. The  SWS were generated and stored 

Alternative Courses 2. a). User exports the generated SWS in order to refine them with 
external tools. 

3. a) User imports within TAO Suite the refined SWS 

Includes Export, Import 
Extends --- 
 
Use case Name Expor t 
Short Description Legacy system expert uses TAO Suite for exporting a set of semantic artefacts  
Actor Legacy system expert 
Preconditions ·  The user was authenticated 
Postconditions ·  The requested semantic artefacts were exported from TAO Suite 
Normal course 1. User manages the TAO Suite in order to export some semantic 

artefacts 
Alternative Courses --- 

Includes --- 
Extends --- 
 
Use case Name Import 
Short Description Legacy system expert uses TAO Suite for importing a set of edited semantic 

artefacts within TAO Suite 
Actor Legacy system expert 
Preconditions ·  The user was authenticated 
Postconditions ·  The edited semantic artefacts were imported within TAO Suite 
Normal course 1. User manages the TAO Suite in order to import some edited 

semantic artefacts within TAO Suite 
Alternative Courses --- 

Includes --- 
Extends --- 
 
6.4 Specification of component to be integrated 
 
This template has been extracted from other integration activities developed by ATOS 
in other projects like INFRAWEBS [6] or SECSE [7] 

·  Name: Name of the component 
·  Description: A short functional description of the component. 
·  Inputs: A summarized list of entries that this component accepts to performs 

the operations it provides. 
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·  This list can include: user interactions, incoming messages (commands), 
incoming documents, etc. 

·  Outputs: A summarized list of outcomes produced by the invocation of the 
operations that the component provides. This list can include: outgoing 
documents, processed data, raw data, etc. 

·  Interfaces exposed: A summarized list of interfaces exposed by the component 
that acts as an entry points. These interfaces include all the operations 
(messages) that the component accepts to be processed. 

·  Interaction with internal components: the list of components of the same 
provider with which interacts 

·  Interaction with external components: a list of component of a distinct 
provider with which interacts. 

 
6.5 Specification of TAO Components 
 
6.5.1 LATINO 
 

·  Name: LATINO – Link analysis and text mining toolbox 
·  Descr iption: software package for automatic ontology generation. It provides 

data pre-processing with dataset, document network and vectors file, machine 
learning, and data visualization capabilities. LATINO services are 
implemented in .NET and are exposed through a Web Service. LATINO client 
side is implemented in JAVA. 

·  Inputs: 
o Data in the form of XML. This input represents the legacy data of the 

transitioned system. 
·  Outputs:  

o OWL ontology. 
·  Inter faces exposed:  

o As LATINO services: Web Services with all operations 
(approximately 30 operations defined in [23]) about intermediate data 
layer management routines, algorithm, dynamic objects and 
input/output management. Not relevant for TAO Suite. 

o As LATINO client-side: LATINO client API in JAVA. 
·  Interaction with internal components:  

o None directly 
o Indirectly through TAO Suite: Ontogen or Pajek by means of files. 

·  Interaction with external components:  
o TAO Suite. 

 
6.5.2 CA MANAGER 
 

·  Name: CA MANAGER 
·  Descr iption: It is the main software for Content Augmentation. Coordinates 

the execution pipeline that organizes the workflow between the three sub-
components (INFORMATION EXTRACTOR, INFORMATION 
CONSOLIDATOR and INFORMATION STORAGE). Both CA MANAGER 
services and client are implemented in JAVA. 

·  Inputs:  
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o Legacy data as documents 
o WSDL files to be annotated. 
o Identifier of the domain ontology (CA MANAGER will directly 

retrieve the domain ontology from HKS using this identifier). 
o Connection parameters for CA MANAGER services 
o Data about process to be performed (like ordering generation of 

annotations or knowledge instances or both) 
o Optional parameters 

·  Outputs: 
o Semantic Annotations 
o Knowledge Instances for ontology population 

·  Inter faces exposed:  
o As CA MANAGER client: CA MANAGER client API in JAVA. 
o As CA MANAGER services: Web Services with more detailed 

operations. Not relevant for TAO Suite. 
·  Interaction with internal components: 

o INFORMATION EXTRACTOR 
o INFORMATION CONSOLIDATOR 
o INFORMATION STORAGE 

·  Interaction with external components: 
o TAO Suite 
o Indirectly with HKS though INFORMATION STORAGE 

 
·  Name: INFORMATION EXTRACTOR (IE) 
·  Descr iption:  it is the first to be executed for content augmentation service 

and is called by CA MANAGER. Not relevant for TAO Suite. 
·  Inputs:  

o Web Service connection parameters 
o Input document 
o IE engine connection parameters 
o optional parameters (encoding, annotation sets, …) 

·  Outputs: 
o The Annotation Schema, a unique exchange format, as the CAS in 

UIMA but RDF-based 
·  Inter faces exposed:  

o IE services. Not relevant for TAO Suite. 
·  Interaction with internal components: 

o CA MANAGER 
·  Interaction with external components: 

o IE engine, such as KCIT Annotator (WP3) 
 

·  Name: INFORMATION CONSOLIDATOR (IC) 
·  Descr iption:  it is the second to execute and is called by CA MANAGER. Not 

relevant for TAO Suite. 
·  Inputs:  

o Web service connection parameters 
o Annotation schema 
o Ontology repository connection parameters 
o Annotation server connection parameters 
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o Consolidation strategy parameters 
o Optional parameters 

·  Outputs: 
o The Annotation schema 

·  Inter faces exposed:  
o IC services. Not relevant for TAO Suite. 

·  Interaction with internal components: 
o CA MANAGER 

·  Interaction with external components: 
o The ontology repository (HKS, ITM, …) 
o The annotation server (HKS, Annotea, Sesame, …) 

 
·  Name: INFORMATION STORAGE (IS) 
·  Descr iption:  it is third in execution and is called by CA MANAGER. Not 

relevant for TAO Suite 
·  Inputs:  

o Web service connection parameters 
o Annotation schema 
o Ontology repository connection parameters 
o Annotation server connection parameters 
o Optional parameters 

·  Outputs: 
o The Semantic Annotations available in various formats (RDF, OWL, 

other) for storing in the annotation server (such as the HKS, Annotea 
or Sesame) 

o The Knowledge Instances available in various formats (RDF, OWL, 
XTM, other) for storing in the ontology repository (such as HKS or 
ITM)  

·  Inter faces exposed:  
o IS services. Not relevant for TAO Suite. 

·  Interaction with internal components: 
o CA MANAGER 

·  Interaction with external components: 
o The ontology repository (HKS, OWLIM, ITM, …) 
o The annotation server (HKS, Annotea, Sesame …) 

 
6.5.3 HKS 
 

·  Name: HKS - Heterogeneous Knowledge Store 
·  Descr iption: The HKS provides persistent storage for heterogeneous 

knowledge, like unstructured documents, OWL ontologies, semantic 
annotations of document content, semantic annotations of WSDL files. It 
provides a common interface to be used by the TAO Suite components. HKS 
services and client-side library are implemented in JAVA. 

·  Inputs:  
o Legacy Data: Legacy data which comprises the Legacy System to be 

migrated. Example: user manual documentation, source code, API 
documentation, WSDL files, etc. They are serialized to String. 
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o Legacy Data Source Descriptor: identifier of the Legacy Data type. 
Example: “userManual” , “apiDoc” , etc. They are String identifiers. 

o OWL Ontologies: OWL ontologies, serialized as Strings, generated in 
the migration process. 

o Semantic annotations generated by CA Manager and represented in 
RDF following the PROTON schema; 

o SAWSDL descriptions created by CA Manager. 
·  Outputs: 

o Legacy Data: Legacy data was previously stored. Example: user 
manual documentation, source code, API documentation, WSDL files, 
etc. They are serialized to String. 

o OWL Ontologies: OWL ontologies, serialized as Strings, previously 
stored during the migration process. 

o Semantic annotations of legacy data. They are serialized as Strings 
o Semantic annotations of Web Services (WSDL). They are serialized as 

Strings. 
·  Inter faces exposed:  

o HKS services. Web Services with more detailed operations. Not 
relevant for TAO Suite. 

o HKS client side: HKS API in JAVA: 
�  HKS client API for Ontology access 
�  HKS client API for legacy documentation 
�  HKS client API for annotation management 
�  HKS client API for SA-WSDL management 

·  Interaction with internal components: 
o TRREE. Enables reasoning based on RDF rule entailment. Together 

with the ORDI SG middleware forms the semantic repository of the 
HKS. This internal component is not relevant for TAO Suite. 

o ORDI SG. It is a data representation and integration middleware, 
providing an RDF based model for representation of heterogeneous 
knowledge (ontologies, semantic annotations, SWS descriptions) and 
adapters for accessing data (e.g. a SAIL for SESAME, or RDBMS 
adapter). This internal component is not relevant for TAO Suite. 

o Semantic Annotations Repository. This component makes the 
translation between semantic annotations and the ORDI SG data 
model. It will be an internal module of the HKS. This internal 
component is not relevant for TAO Suite. 

o Document Repository. Enables persistent storage of all kinds of legacy 
documents. This internal component is not relevant for TAO Suite. 

o SAWSDL Repository wrapper. This component enables the storage 
and management of SA-WSDL. This internal component is not 
relevant for TAO Suite. 

·  Interaction with external components: 
o TAO Suite 
o CA MANAGER through INFORMATION STORAGE 
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6.6 Specification of integration templates 
 
It consists on a full description of interfaces for those components that are going to be 
integrated in the TAO Suite. Concretely, it consists on the description of all the 
interfaces that expose the business functionality for a component, used by TAO Suite. 
For each operation of the interface it should be fill one record card as shown below. 
 
Interface name Name of the interface to which the operation belongs to 

Operation name Name for identifying the operation 
Component Component name this operation belongs to. 
Operation 
description 

Textual description in natural language of the operation, including a functional 
depiction. 

Operation 
signature 

UML description of the signature of the method, including return type, operation 
name and a list of its formal arguments including the name and type. See below on 
section “Operation signature description”  for more details. 

Pre condition Description of the conditions to be satisfied before the execution of this operation. 

Post condition Description of the effects of the execution of this operation on the environment or 
upon the parameters of the operation after its execution. 

Complex 
types 

Name Textual description of the complex type used in the operation signature. 

Additional info Extra information describing some relevant aspects of the operation not included into 
the above fields. 

 
6.7 Specification of integration templates for  TAO Components 
 
These tables specify the operations of each interface TAO component with which 
TAO Suite will interact. They are based on the templates detailed in appendix 6.6 

 
6.7.1.1 LATINO client API  
 
Interface name LATINO client API 

Operation name gener at ePr oposedOnt ol ogy 

Component LATINO 
Operation 
description 

It automatically generates the OWL ontology from the legacy data. 

Operation 
signature 

owl Ont ol ogy: = 
gener at ePr oposedOnt ol ogy(multipleLegacyData:LegacyData[]): String 

Pre condition There is a LATINO adapter installed in TAO Suite. This LATINO adapter has to 
implement the operation gener at ePr oposedOnt ol ogy for an specific legacy 
system 

Post condition An OWL ontology is generated. 
Complex 
types 

Name LegacyData: 
·  Content of the legacy data (document): String 
·  Type of the legacy data: String (like “useManual” , “sourceCode”, etc 

Additional info  - 

 
6.7.1.2 CA MANAGER client API  
 
Interface name CA MANAGER client API 
Operation name connect  
Component CA MANAGER 
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Operation 
description 

It connects to CA MANAGER service, in order to prepare and initialise the resources 
of CA MANAGER. 

Operation 
signature 

connect i on: = connect y( par amet er s: Par amet er [ ] ) :  
CAI nvoker I f c  

Pre condition None 

Post condition The service is connected and initialized with whatever parameters are provided. 

Complex 
types 

Name parameters:Parameter[]. A list of: 
·  Name of parameter: String 
·  Value of parameter: String 

Additional info - 

 
Interface name CA MANAGER client API 

Operation name per f or mPr ocess 

Component CA MANAGER 

Operation 
description 

Process a document according to the given processName. The ParameterSet is 
optional and can override the default behaviour of the given process. 

Operation 
signature 

document RDF : = per f or mPr ocess( document :  Obj ect ,  
pr ocessName:  St r i ng,  par amet er s:  Par ament er [ ] ) :  
Document RDFMet adat a 

Pre condition A connection with CA MANAGER was initialized. 
Post condition 1. The document is processed and semantically annotated. 

2. The knowledge repository is augmented with entities and/or relations 
extracted from the document: the ontology indicate by its identifier in 
parameters input was populated. 

3. A set of metadata is returned on the document 
Complex 
types 

Name document: Object. The document to be processed (usually text, but could be other 
format) 
 
parameters: Parameter[]. A list of (it should include the ontologyId) 

·  Name of parameter: String 
·  Value of parameter: String 

 
DocumentRDF: DocumentRDFMetadata. The metadata extracted on this document. 
It is comprised of 2 parts : 

1. The RDF metadata conformant to the ontology 
2. The RDF metadata that is NOT conformant in the ontology (in the case of 

TAO this will be always empty since Gate extracts only valid information 
against the ontology) 

Additional info Alternative design : we pass as a parameter an object holding both the document and 
an empty metadata structure, and the empty metadata structure is filled in by the 
process. 

 
6.7.1.3 HKS client API  
 
Interface name HKS client API for Ontology access 

Operation 
name 

addOWLOnt ol ogy 

Component HKS 

Operation 
description 

This operation supports storage of OWL ontologies into the HKS. 

Operation 
signature 

ont ol ogyI D: = addOWLOnt ol ogy( ont ol ogy: St r i ng) :  St r i ng 

Pre condition The ontology, serialized as RDF/XML shall be given as input parameter. 
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Post condition The output is a String containing the identifier assigned to the stored ontology. 
Complex 
types 

Name 

Additional info  

 
Interface name HKS client API for Ontology access 

Operation 
name 

st or eOWLOnt ol ogy 

Component HKS 

Operation 
description 

This operation enables storage of OWL ontologies into the HKS, and allows the user 
to specify the ontology identifier. 

Operation 
signature 

st or eOWLOnt ol ogy( ont ol ogy: St r i ng,  ont ol ogyI D: St r i ng) :  voi d 

Pre condition ont ol ogy  String contains an RDF/XML serialization of the OWL ontology, while 
ont ol ogyI D specifies with which identifier it must be stored in the HKS. 

Post condition  
Complex 
types 

Name 

Additional info If an ontology with this identifier already exists in the HKS, the input ontology 
definition will be added to the repository, so that the two ontology definitions are 
merged 

 
Interface name HKS client API for Ontology access 

Operation 
name 

r et r i eveOWLOnt ol ogy 

Component HKS 

Operation 
description 

This operation retrieves previously stored OWL ontology from the HKS. 

Operation 
signature 

ont ol ogy: = r et r i eveOWLOnt ol ogy( ont ol ogyI D: St r i ng) :  St r i ng 

Pre condition ont ol ogyI D  specifies the ontology identifier 
Post condition Result String contains the RDF/XML serialization of the ontology. 
Complex 
types 

Name 

Additional info  

 
Interface name HKS client API for Ontology access 

Operation 
name 

l i st Ont ol ogi es 

Component HKS 

Operation 
description 

This operation gets the list of all OWL ontologies currently stored in the HKS. 

Operation 
signature 

ont ol ogi esI Ds: = l i s t Ont ol ogi es( ) : St r i ng[ ]   

Pre condition  
Post condition The result String array contains the identifiers of all ontologies from the HKS. 
Complex 
types 

Name 

Additional info If you need to get access to an ontology from the list, use the 
r et r i eveOWLOnt ol ogy method and pass it the chosen ontology identifier. 
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Interface name HKS client API for Ontology access 

Operation 
name 

del et eOWLOnt ol ogy 

Component HKS 

Operation 
description 

This operation enables deletion of a given OWL ontology. 

Operation 
signature 

del et eOWLOnt ol ogy( ont ol ogyI D: St r i ng) :  voi d 

Pre condition ont ol ogyI D specifies the identifier of the ontology to be deleted 
Post condition  
Complex 
types 

Name 

Additional info  

 
Interface name HKS client API for legacy documentation 

Operation 
name 

st or eDocument  

Component HKS 

Operation 
description 

This operation enables storage of existing documents with textual content into the 
repository. 

Operation 
signature 

docI D: = st or eDocument ( cont ent : St r i ng,  docType: St r i ng) :  
St r i ng 
 

Pre condition Document content is serialized in the cont ent  paramenter, while docType 
specifies the type of the legacy document, this type is assigned by the TAO Suite 

Post condition Document identifier is assigned by the semantic repository and is returned as String 
Complex 
types 

Name 

Additional info  

 
Interface name HKS client API for legacy documentation 

Operation 
name 

st or eDocument ByURL 

Component HKS 

Operation 
description 

This operation stores a document whose location is specified as a URL, document type 
shall also be specified by the caller (TAO Suite) 

Operation 
signature 

docI D : = st or eDocument ByURL ( URLl ocat i on: St r i ng,  
docType: St r i ng) : St r i ng 

Pre condition The URLl ocat i on parameter shall contain a URL, serialized as string, giving a 
location from which the document shall be read; docType parameter shall contain a 
String with the specific type of document to be stored 

Post condition The result is the document identifier, serialized to String, assigned by the HKS 
repository 

Complex 
types 

Name 

Additional info  
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Interface name HKS client API for legacy documentation 

Operation 
name 

r et r i eveDocument  

Component HKS 

Operation 
description 

This operation retrieves a document stored in the HKS repository by document 
identifier 

Operation 
signature 

doc: = r et r i eveDocument ( docI D: St r i ng) :  St r i ng  
 

Pre condition The docI D parameter shall contain a String with the document identifier that was 
assigned to this document when it was stored in the HKS repository. 

Post condition The output String is a serialization of the document content. 
Complex 
types 

Name 

Additional info  

 
Interface name HKS client API for legacy documentation 

Operation 
name 

r et r i eveDocument s 

Component HKS 

Operation 
description 

This operation can be used to get a list of all document of a given type that are 
currently stored in the HKS repository. 

Operation 
signature 

docsI Ds: =r et r i eveDocument s( docType: St r i ng) :  St r i ng[ ]  

Pre condition docType String must specify the type of documents that need to be retrieved 
Post condition The result String array contains a set of identifiers of all documents stored in the HKS. 
Complex 
types 

Name 

Additional info In order to get the actual document content, for each or for specific identifier, the 
r et r i eveDocument ( docI D: St r i ng) :  St r i ng method shall be used. 

 
Interface name HKS client API for legacy documentation 

Operation 
name 

del et eDocument  

Component HKS 

Operation 
description 

This operation enables removal of a document from the HKS repository. 

Operation 
signature 

del et eDocument ( docI D:  St r i ng) : voi d 
 

Pre condition docI D String contains the identifier of the document that needs to be removed from 
the repository. This identifier was assigned to the document when originally stored in 
the HKS. 

Post condition  
Complex 
types 

Name 

Additional info  

 
Interface name HKS client API for annotation management 

Operation 
name 

addAnnot at i ons 
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Component HKS 

Operation 
description 

This operation enables storing of Annotations created for a given document and 
represented in RDF into the HKS repository. 

Operation 
signature 

addAnnot at i ons( r df : St r i ng,  docI D: St r i ng) :  voi d 
 

Pre condition The r df  parameter shall contain and RDF/XML serialization of semantic annotations 
following the PROTON KM schema (the Mention element). The second parameter, 
docI D, specifies the identifier of the document to which these annotations shall be 
associated. 

Post condition  
Complex 
types 

Name 

Additional info  

 
Interface name HKS client API for annotation management 

Operation 
name 

st or eAnnot at i ons 

Component HKS 

Operation 
description 

This operation will store semantic annotations represented in RDF in the HKS 
repository, and associate them with a given document (by its identifier). Any 
previously existing annotations for this document will be first deleted. 

Operation 
signature 

st or eAnnot at i ons( r df : St r i ng,  docI D: St r i ng) : voi d  

Pre condition The r df  parameter shall contain and RDF/XML serialization of semantic annotations 
following the PROTON KM schema (the Mention element). The second parameter, 
docI D, specifies the identifier of the document to which these annotations shall be 
associated. 

Post condition  
Complex 
types 

Name 

Additional info  

 
Interface name HKS client API for annotation management 

Operation 
name 

r et r i eveAnnot at i ons 

Component HKS 

Operation 
description 

This operation enables retrieval of all semantic annotations associated with a specified 
document. Semantic annotations are serialized into a String containing RDF/XML 
representation of annotations using the Mention element of the PROTON KM schema. 

Operation 
signature 

r df St r i ng: = r et r i eveAnnot at i ons( docI D: St r i ng) :  St r i ng   

Pre condition docI D String specifies the identifier of the document to which these annotations shall 
be associated. 

Post condition The result String contains RDF/XML serialization of semantic annotations following 
the PROTON KM schema. 

Complex 
types 

Name 

Additional info  

 
Interface name HKS client API for annotation management 
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Operation 
name 

del et eAnnot at i ons 

Component HKS 

Operation 
description 

This operation enables deletion of all semantic annotations, previously stored in the 
HKS, which are associated with a given document. 

Operation 
signature 

del et eAnnot at i ons( docI D: St r i ng) : voi d  

Pre condition docI D String specifies the identifier of the document to which these annotations shall 
be associated 

Post condition  
Complex 
types 

Name 

Additional info  

 
Interface name HKS client API for annotation management 

Operation 
name 

st or e 

Component HKS 

Operation 
description 

This operation is specifically provided for storing documents produced by KCIT. 
Additional parameters can be specified, such as document metadata for example. 

Operation 
signature 

st or e( doc: Document ,  par amet er s: Map) : voi d  

Pre condition doc is instance of the KCIT Document (GATE Document class), par amet er s is a 
property-value map containing additional information, such as metadata, about the 
stored document. 

Post condition  
Complex 
types 

Name 

Additional info All the information contained in the KCIT Document (GATEDocument object) is used 
- annotation sets, their annotations and document content are all stored in the HKS as 
an effect of this method.  

 
Interface name HKS client API for annotation management 

Operation 
name 

St or e 

Component HKS 

Operation 
description 

This operation enables direct storage of KCIT annotations into the HKS. It shall be 
used when individual annotations are created and need to be stored, e.g. in the case of 
manual annotation or annotation verification. 

Operation 
signature 

st or e( annot at i on: Annot at i on,  docI d: St r i ng,  set Name: St r i ng,  
par ams: Map) : voi d  

Pre condition annot at i on is instance of the KCIT Annotation (GATEAnnotation class), par ams 
is a feature map containing additional information about this annotation. docI d 
specifies the identifier of the document to which this annotation shall be associated, 
while set Name is the name of the annotation set to which the annotation belongs (if 
any). 

Post condition  
Complex 
types 

Name 

Additional info   
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Interface name HKS client API for annotation management 

Operation 
name 

l oad 

Component HKS 

Operation 
description 

This operation loads a KCIT document that was previously stored in the HKS 
repository. 

Operation 
signature 

doc: =l oad( docI d: St r i ng,  par ams: Map) : Document   

Pre condition docI d specifies the identifier of the document that shall be loaded, while par ams is 
a feature map containing additional information  

Post condition An object of type KCIT Document (GATEDocument object) is returned. All its 
annotation sets, annotations and features are loaded. 

Complex 
types 

Name 

Additional info   

 
Interface name HKS client API for annotation management 

Operation 
name 

del et e 

Component HKS 

Operation 
description 

This operation removes a KCIT document from the HKS repository. 

Operation 
signature 

del et e( docI d: St r i ng) : voi d 

Pre condition docI d specifies the identifier of the document that shall be deleted  
Post condition  
Complex 
types 

Name 

Additional info  As an effect all annotation sets, annotations and features associated with this 
document are also deleted from the repository. 

 
Interface name HKS client API for SA-WSDL management 

Operation 
name 

addSAWSDL 

Component HKS 

Operation 
description 

This operation supports storage of SAWSDL descriptions in the HKS. 

Operation 
signature 

sawsdl I D: = addSAWSDL( sawsdl : St r i ng) : St r i ng 

Pre condition sawsdl  contains the serialized SAWSDL 
Post condition The identifier assigned to the stored SAWSDL is returned as String 
Complex 
types 

Name 

Additional info  

 
Interface name HKS client API for SA-WSDL management 

Operation 
name 

st or eSAWSDL 

Component HKS 
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Operation 
description 

This operation supports storage of SAWSDL descriptions in the HKS, and allows the 
user to specify the SAWSDL identifier Any previously existing SAWSDL description 
for this identifier will be first deleted. 

Operation 
signature 

st or eSAWSDL( sawsdl : St r i ng,  sawsdl I D: St r i ng) : voi d 

Pre condition sawsdl  contains the serialized SAWSDL 
Post condition  
Complex 
types 

Name 

Additional info  

 
Interface name HKS client API for SA-WSDL management 

Operation 
name 

r et r i eveSAWSDL 

Component HKS 

Operation 
description 

This operation enables retrieval of SAWSDL descriptions previously stored in the 
HKS. The description is returned as String. 

Operation 
signature 

sawsdl : = r et r i eveSAWSDL( sawsdl I D: St r i ng) :  St r i ng 
 

Pre condition sawsdl I D specifies the SAWSDL description identifier, assigned when this 
description was stored in the HKS. 

Post condition Result is a String containing the SAWSDL description. 
Complex 
types 

Name 

Additional info  

 
Interface name HKS client API for SA-WSDL management 

Operation 
name 

del et eSAWSDL 

Component HKS 

Operation 
description 

This operation enables removal of a specific SAWSDL description from the HKS. 

Operation 
signature 

del et eSAWSDL( sawsdl I D: St r i ng) :  voi d 
 

Pre condition The input parameter sawsdl I D specifies the identifier of the SAWSDL description 
that shall be removed. This identifier has been assigned when this description was 
stored in the HKS. 

Post condition  
Complex 
types 

Name 

Additional info  

 
Interface name HKS client API for SA-WSDL management 

Operation 
name 

l i st SAWSDLDescr i pt i ons 

Component HKS 

Operation 
description 

This operation provides a list of all SAWSDL descriptions currently stored in the 
HKS. 
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Operation 
signature 

sawsdl sI Ds: = l i s t SAWSDLDescr i pt i ons( ) :  St r i ng[ ]  
 
 

Pre condition  
Post condition The result String array contains the identifiers of all SAWSDL descriptions currently 

stored into the HKS. 
Complex 
types 

Name 

Additional info  
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