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Executive Summary

The core of the DBE Knowledge Representation Framework (DBE KRF) consists of
domain specific ontologies. These ontologies capture community accepted semantics
(concepts and relationships between them) of a particular business domain and they are the
reference point of every specific model or semantic description allowing real knowledge
sharing and semantic interoperability among SMEs. That is, SMEs model and semantically
describe their business and their offerings (services) by re-using community-wide accepted
and understood concepts.

The DBE Ontology Definition Metamodel (ODM) has been developed in order to represent
domain specific ontologies in the adopted framework, which is based on the MOF metadata
architecture. ODM is able to describe new ontologies (that will be developed by regional
catalysts or business experts) and at the same time it is also able to represent existing
ontologies from the semantic web in order to make the Knowledge Representation
Framework of the DBE KB, and thus the DBE itself, an open environment.

The common conceptualisation of a business domain is captured in domain specific
ontologies defined with the Ontology Definition Metamodel. For the modelling and
description of specific businesses and services specific business model and service ontologies
were needed. However, such ontologies must be specific to business and service modelling.
That is, the mechanisms that will be used for their definition needs to enforce the user to
define concepts that have specific semantics under the prism of their purpose. For example,
a business model ontology that defines a business model needs to make use of primitives
that have a clear meaning and interpretation in business modelling and not in generic
knowledge representation. The modelling and representation of such ontologies is made by
using specific modelling languages, which provide the required modelling primitives to the
business experts. The DBE Business Modelling Language (BML) [19] is virtually made of
two languages; the Business Organizational Metamodel (BOM) and the Semantic Service
Language (SSL). The first is related to the business representation from an organisational
point of view, while the second represents the service from an interaction and business
perspective. In addition the Service Description Language (SDL) [20] provides the technical
description of the programmatic interface of a service. ODM supports both a domain
ontology (i.e. the domain vocabulary in pure business terms) for utilizing semantics in the
BML as well as an information system ontology for utilizing the semantic of the services and
data used in the SDL [21].

This document accompanies the software deliverable for the final release of the interactive
visual ontology Creator/Importer/Viewer tool. This tool is being used for manipulating the
ODM ontologies into DBE. The Ontology Editor is needed for giving the ability to domain
experts to conceptualise (define ontologies for) business domains. Also, the Ontology
Browser is needed in order to provide to the business analysts the facility to browse through
the domain ontologies and view the defined concepts and their relationships. Finally,
interoperability with existing ontologies is a valuable function for DBE in order to act as an
open environment. ODM is able to represent (using MOF) existing ontologies described
with the Ontology Web Language (OWL-DL).
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1. Introduction

The Ontology Analysis Tool, one of the core components of the DBE Studio [16], [22],
provides a visual environment based on an UML-like graphical user interface that enables
business analysts to deploy domain-specific ontologies in order to describe the business
requirements of SMEs in the context of the DBE project. The DBE Studio is the DBE
Integrated Development Environment (IDE) and it is implemented upon the Eclipse
platform. In Eclipse, all tools that compose the platform are implemented as plugins and
correspondingly all DBE Studio tools are implemented in the same way. Figure 1 depicts the
logical synergies among the various DBE Studio components. The ontology modelling
activities that are handled by the Ontology analysis tool are taking place at the initial stage of
this logical workflow.

e N
Ontology Analysis Persp.
Ontology Editor Ontology
Business Analysis Persp. f
Semantic Discovery Persp|
BML Editor
Semantic Discovery Tool
SSL2SDL
. Service Development Persp.
. Service Composition Persp. Service Publishing Persp.
. BPEL Editor BML Data Editor
- SDL2Java SM Creator
«  SDL Editor
Service Facto
N /[ Y
b
7 75 ™

Semantic
Registry

Servent

P2P Network (e.g. FADA)

ecution Environme:lt/

Ny
Figure 1: DBE Studio General Workflow (figure obtained by the DBE Deliverable
D20.9: DBE Studio User Interface Evaluation produced by INTEL)
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The ontologies definition is based on the ODM. The ODM (Ontology Definition
Metamodel) is a MOF 1.4 model developed in DBE for ontology representation. It is
compatible with the OWL [1] and it can be represented using XMI 1.2 (XML metadata
interchange) format [17]. The ODM-based ontologies can be stored locally (in the local file
system) or into the DBE Knowledge Base [15] using the JMI 1.0 (Java Metadata Interface)
standard. In order to allow DBE to be able to handle existing ontologies described with
OWL a mapping from ODM to OWL concepts and vice versa has been realized and the
respective mechanisms that support this mapping have been developed.

The rest of chapter 1 provides a comparison analysis between the DBE Ontology Analysis
Tool and a number of available systems and tools that offer similar functionality. Chapter 2
describes the functionality offered by the tool following a use-case based methodology. The
architecture of the tool as well as its communication with other DBE modules/components
is presented in chapter 3. Chapter 4 provides a user guide for navigating within the graphical
user interface and utilizing the offered functionality. Finally, chapter 5 describes the
mechanisms that have been developed in order to support the interoperability of DBE
ontologies with ontologies of the Semantic web represented in the OWL language.

1.1. Related Systems and Development Tools
In the area of semantic web, many applications and tools have been developed for the design
and deployment of domain-specific ontologies. Next we present the most representative
ones:
Protégé (Stanford Medical Informatics, Stanford University) [6] is the most popular
platform for the creation and management of domain-specific ontologies. It provides an
extended environment using plug-ins (OWL, ezOWL etc.) that supports many description
and storage formats (OWL, RDF, XML and HTML), visual components (diagrams, graphs
and tables), multimedia data (audio, images and video), customised forms for data
manipulation etc.
The OWL plug-in [7] enables users to create domain-specific ontologies using a form-based
user interface. Users can also manage and visualize ontology classes, properties and SWRL
(Semantic Web Rule Language) rules, define logical class characteristics as OWL expressions
and edit OWL individuals for semantic web mark-up. The domain ontologies can be
represented using OWL and RDF format. Finally, the OWL plug-in can integrate OWL
reasoners for the validation and testing of the ontology models. The Protégé ezOWL plug-in
[8] provides a visual editor of ontologies using diagrams, graphs and tables.
Construct (Network Inference) [9] is a commercial Microsoft Visio plug-in that supports a
graphical environment for creating, managing and representing semantic models and
ontologies. Ontologies can be presented in an UML-like graphical editor using one or more
diagrams. The plug-in can be integrated with the Cerebra Server™ that provides reasoning,
querying, error validation and consistency checking mechanisms. The users can collaborate
and share their knowledge.
IsaViz (W3C - World Wide Web Consortium) [10] is a graphical environment for creating,
editing and browsing RDF models that can be represented using diagrams. It supports a 2.5d
graph-based workspace using rectangles, eclipses, boxes and arrows for the design and graph
style sheets (GSS) for the visual representation of the models. The IsaViz environment
enables users to import models using RDF/XML, Notation3 and N-triple languages, and
export them to RDF/XML, Notation3, N-Triple, SVG (Scalable Vector Graphics) and PNG
(Portable Network Graphics). The IsaViz does not support the OWL-based models.
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KAON OI-modeler (FZI Research Center & AIFB Institute, University of Karlsruhe) [11]
is an interactive graphical tool for the creation, editing and browsing of ontologies. The main
advantage of KAON is its ability to manage very large ontologies using multi-level
deployment. Ontologies can be stored in an Engineering Server that supports the concurrent
and collaborative processing of ontologies by different users. The description language of
the ontology models is a RDF extension. The tool also supports queries using the KAON
Query language.

MR3 (Shizuoka University & AIST (National Institute of Advanced Industrial Science and
Technology)) [12] is a tool for creating and editing RDF and RDF entities. It consists of a
graphical editor for editing and processing RDF models and entities and supports validation
checking mechanisms between the processing models and their corresponding meta-models.
MR3 does not support OWL.

OntoTrack (University of Ulm Dept. for Artificial Intelligence, Germany) [13] is an
interactive tool for creating, editing and browsing ontologies. It enables users to create
ontologies in a graphical environment using only one diagram per ontology, it can manage
and process very large ontologies and it uses OWL Lite as the models description language.
Finally, OntoTrack can integrate an external reasoner (RACER Pro) in order to provide
consistency and validation checking mechanisms to the ontology models.

RDFAuthor (Damian Steer) [14] is an interactive environment for the creation and editing
of RDF models. It supports a graphical editor that enables users to create RDF models in a
drag-and-drop way using only one diagram per model and a notation quite different from the
UML notation.

1.2. Comparison Analysis
The following table presents the basic characteristics of the tools described above comparing
to the ones provided by the DBE Ontology Analysis Tool.

Tools/ DBE RDF
Characteristic Ontology Construct Protege IsaViz KAON MR3 OntoTrack
. Author
s Analysis Tool
Description ?El\frflovrvtL KI?I(DDFN , OWIL Lite in
escriptio ¢ import- OWL OWL RDF, GSS .| RDE(S) RDFS RDF
Language export is Extensio .
notation
supported n
Dawbase | XML/Relation | p ional | Relational N Relational | N N N
Support al
URIs (web
N (Reference URI Reference URIs, RDF, URIs links,
Web Support | Ontologies by nam Ontologies XML Y URIs and remote
URI) amespaces by URI namespaces namespaces RDF
query)
RDF, RDFS,
DAML+OIL | RDF/XML RDF/X
Impott / ODM/ODM, , XML, , RDFS, | 0 | RDE/xMI
Export XML, OWL OWL, XML | OWL, Clips, | Notation3, | Protégé Tt ’1 ) Nl ” | RDF, XML
Formats Lite UML, N-Triples, | RDFS P§ és’ -Lrpie
Notation3, | SVG, PNG
N-Triple
Graph View — % Y Y Y % Y Y Y
Editing
Consistency
Check Y Y Y Y Y Y Y Y
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UML Notation Y Y Y N Y Y Y N
License GPL-licensed Commercial | Open Source Open Open Open Open Source Open
Open Source Source Source Source Source
Muldple Y Y N N N Y N N
Diagrams
Eclipse Plug In Y N N N N N N N
Multi User N N N N v N N N
Support

Table 1: Comparison Characteristics between DBE Ontology Analysis Tool and

related systems

The DBE Ontology Analysis Tool (at least by the time it was designed and developed)
appears to be the first one that allows the complete management of ontologies represented
in a MOF model (i.e. metamodel) complying to the requirements of the OMG’s ODM RFP
[23], it acts as an integral component of the DBE environment that follows the MDA
approach and it is implemented as an eclipse plugin. In specific the most important
advantages of the Ontology Analysis Tool regarding to the other systems are the following:

D15.4: Ontology Creator/Importer/Viewer

It has been developed using the Eclipse platform as an Eclipse plug-in, according to
the strict system requirements of the DBE project.

It can be used as an autonomous tool that supports ontology models analysis as well
as a component of the DBE Studio platform in full interoperability and collaboration
with the other DBE components such as the Ontology Viewer, the ServENT, the
Knowledge Base system etc.

It is the only tool that supports the ODM, an Ontology Definition Metamodel. The
ODM is based on the Model Driven Architecture (MDA) and the Meta Object
Facility (MOF 1.4) approach as provided by the OMG group, and it is compatible
with the OWL-DL ontology language.

It can also connect with the DBE Knowledge Base Service, a MOF-based ontology
models central database using the Java Metadata Interface (JMI 1.0), in order to
store, retrieve and update ontology models.
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2. User Requirements Analysis
The Ontology Analysis Tool is a graphical, UML-like editor allowing for managing business
models. It supports the ODM, an Ontology Definition Metamodel compatible with the
OWL-DL [1] for description and representation of the ontology models. The users can
create, edit and manage their ontologies in a fully interactive graphical environment and save
them in the local file system of the application or in the DBE Knowledge Base Service that
provides the ontology models persistency layer.
In this section, the functionality and the user requirements of the Ontology Analysis Tool
will be described using the UML 2.0 Use Cases diagrams. Use Cases is a software
engineering methodology that provides a standard and comprehensive representation of the
functionality of a system from a user’s perspective. Each use case may contain one or more
scenarios that convey how the system should interact with the end user or another system to
achieve a specific business goal.
A UML Use Case diagram that describes a scenario is made up of three elements: Actors,
Use Cases, and Associations between actors and use cases.

e Actors. The actors represent the users of the system and can be humans, other
computers, pieces of hardware, or even other software systems. Each actor can
participate in one or more use cases. The actors may be defined in generalization
hierarchies, in which an abstract actor description is shared and augment by one or
more specific actor descriptions. An actor is shown as a small stick person in a Use
Case diagram

e Use Cases. The use case represents a single task that the system needs to carry out.
Each use case is a coherent unit and expressed by sequences of messages exchanged
by the system and one or more actors of the system. The purpose of a use case is to
define a piece of coherent behaviour without revealing the internal structure of the
system. A use case is shown as an ellipse in a Use Case diagram.

e Use Cases and Actors Associations. The associations are the links drawn between
uses cases or actors and use cases in a use cases scenario. They represent which
actors interact with the system to complete a task represented by a use case as well as
the relationships between the use cases. The associations supported by the UML 2.0
use cases are the following:

o Include relationship: Although each use case instance is independent, the
description of a use case can be factored into other, simpler use cases. The
use case can simply incorporate the behaviour of other use cases as
fragments of its own behaviour. In this case, the new use case is not a special
case of the original case and cannot substituted for it.

o Extend relationship: A use case can be defines as an incremental extension
to a base use case. Each use case may have several extensions that may all be
applied together. The extensions to a base use case add to its semantics: it is
the base use case that is instantiated, not the extension use cases.

o Use Case Generalization: A use case can be specialized into one or more
child use cases. Any child may be used in a situation in which the parent use
case is expected.

o Actors Generalization: The actors may be defined in generalization
hierarchies, in which an abstract actor description is shared and augment by
one or more specific actor descriptions.
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The associations are displayed as arrows between the related use cases or actors.

In the following figures a list of use cases scenarios are presented in order to describe the
Ontology Analysis Tool functionality from the user’s point of view.

The basic functionality of the Ontology Analysis Tool

The basic functionality of the Ontology Analysis tool includes the following use cases: create
a new ontology model, edit the ontology model, save an ontology model, open an existing
ontology model, remove an ontology model and export an ontology model in other formats
as shown in the figure below.

Create a new
ontology model

Edit an ontology
model

Save an ontology
model

Export an ortology
model

Dpen an existing
ontology model

Remove an ontology
moce|

Figure 2: The main functionality of the Ontology Analysis Tool

Create a new ontology model

The “create a new ontology model” use case may be extended to simpler use cases such as
create classes, diagrams, datatype properties, object properties, enumeration types,
comments, individuals etc. as shown in the figures below.
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Create a new
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Figure 3: Create a new ontology model use case
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Create a Union
Class

Figure 4: Create a Class use case
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Specifythe type
ofthe property

Specifythe name
ofthe property

!
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]
P

Add anewDatalype
property

Add an exigting DataType
property

Create a DataType
property

Create a new
ontology model

== extend =>

User & Create a DataType
property Axiom
Figure 5: Create a DataType property use case
Spedfythe range
== indude => .~ i
- - f-
Cresteanew . Create an Objed =<indude => " Specifythe name
ontology model B property = ofthe property
"o =22 indude ==
User e .
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Figure 6: Create an object property use case
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Figure 7: Create a diagram use case
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Figure 8: Create an Enumeration Type use case
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Create a new
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Figure 9: Create an individual use case

Create a new
ortology model

Create a Comm ent

== extend ==

User == gxtend ==

Create a relationship
hetween the Comment
and an QDM element

Figure 10: Create a Comment use case

Edit an ontology model

The editing of a new ontology model use case may be extended to simpler use cases such as
edit ontology metadata, the ontology diagrams and the included ODM graphical objects, the
ODM entities’ properties, browse into the contents of the ontology, search about terms or
element into the ontology etc. as shown in the figures below.
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Edit Ortaology
IMetadata

Edit ortology
diagrams

i e

i e
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]

I

Browse into the
ontology elements
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Figure 11: Edit an ontology model use case
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Figure 12: Edit ontology metadata use case
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Figure 13: Edit ontology diagrams use case
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Figure 14: Edit the ODM graphical objects use case
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Figure 15: Edit the ODM entities’ properties use case
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Figure 16: Search about an ontology element use case

Open an existing ontology model

The “open an existing ontology model” use case can be extended into two simpler use cases:
open an ontology from the local file system or/and open an ontology from the DBE
Knowledge Base, as shown in the figure below.
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Open an ontology model
from the Local File System

Open an existing

Local File System
ontology model

User

Open an ontology model
from the DBEE KB

DEE Knowecdge Basa

Figure 17: Open an existing ontology model use case

Save an ontology model
The “save an ontology model” use case can be extended into two simpler use cases: save the
ontology in the local file system or/and save the ontology in the DBE Knowledge Base, as
shown in the figure below.

Save an ontology model
in the local file sygem

Local File System

Save an ontology
model

(discriminator)

User

Save the ontology model
in the DEE KB

DEE Knowledge Base

Figure 18: Save an ontology model use case

Export an ontology model

The “export an ontology model” use case can be extended into two simpler use cases: export
the ontology in ODM-based XMI file or/and in an OWL-DL based XMI file, as shown in
the figure below.
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Export ontology m ocel
using ODM format

ODM-based XMl fle

Export an ontology
model

User

Export ontoogy moclel
using OWL-DL format

OWL-DL based XM filg

Figure 19: Export an ontology model use case

Remove an ontology model
The “export an ontology model” use case can be extended into two simpler use cases:

remove the ontology from the local file system or/and from the DBE Knowledge Base, as
shown in the figure below.

Remove an ontology
mocel from the Local
File System

Local File System

Remove an ontology
moce|

User

Remove an ontology
model from the DBE
Knowledge Base

DBE Knowledge Base

Figure 20: Remove an ontology model use case

Table 2 presents all the aforementioned use cases including information about their identity,
the level, the primary actor, the goal and a short description of their actions. The template
used is the one defined by Alistair Cockburn in his book titled “Writing Effective Use
Cases” [18]. In short, the basic concepts of this template are the following:

e Scope: It refers to a system or a sub-component of the system where the use case
occurs.

e Goal: It is the main objective of a use case.
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Primary actor: It refers to the user or the system that interacts with the Scope in order
to proceed to the Goal of the use case.

Level: It specifies the level (low or high, abstract or more specific) of the Goal in a use
case.

The use cases can be classified in three categories depending on their Goal Level:

Primary Task or User-Task Level: The Primary Task Level use case has a separate
Goal and the Primary Actor can interact with the system in order to exclusively succeed
it. It corresponds to elementary business processes in business process engineering.

Summary or Strategic Level: The Summary Level use case comprises multiple primary-
task level use cases in order to succeed a more complicated Goal. The Summary Level is
more abstract than the Primary Task Level; it belongs to the highest level in the Use

Cases Level hierarchy and provides a table of contents for the lower level use cases.
Sub-Function Level: The Goal of a Primary Task Level use case usually comprises many
separate sub-goals. Each sub-goal can be represented using a Sub-Function Level use case.
The Sub-Function Level is more specific than the Primary Task Level and belongs to the
lowest level of the Use Cases Level hierarchy.

Primary
Actor

Goal

The User wants to create an ontology
UC_1 | Summary [ User Create an Ontology based on the ODM model
Uuc_2 Primary User Create a New Ontology The User wants to create a new
Task ontology
uc 3 Primary User Edit Ontology Meta- The User wants to edit the ontology
- Task Data meta-data as defined in the ODM
. . The User wants to create a
Sub- Create a relationship . .
ucC_4 . User . relationship between two or more
function between ontologies .
ontologies
Sub- Add Ontology The User wants to add comments
UC_5 . User
function Comments about the ontology
i Manage Ontology
UC_6 Primary User D rgrn gy T.he User wants to manage the
Task agrams diagrams of the ontology
uc_7 Sub- ' User Create a Diagram the UseF wants to create a new
function diagram in the ontology
uc.8 Sub- . User Rename a Diagram The User wants to rename the name
function of a diagram in the ontology
UC.9 Sub- . User Delete a Diagram The User wants to remove a diagram
function from the ontology
UC_10 Sub- . User Zoom-In/Zoom-Out The User wants to zoom-in and.
function zoom-out in the elements of a diagram
. . . The User wants to align some of the
UC_11 Sub- . User Align Graphical Objects graphical objects in a diagram of the
function
ontology
UC_12 Sub- ' User Retrieve a diagram The User wants to retrieve some of _
function the ontology diagrams and display it in

D15.4: Ontology Creator/Importer/Viewer

24/60




DBE Project (Contract n° 507953)

the working area.

Sub-

The User wants to send for printing a

Ue_13 function User Print a Diagram diagram of the ontology
Sub. Automatic Layout of the | The User wants to apply an automatic
UC_14 . User graphical objects in a layout on the graphical objects of a
function . .
diagram diagram
UC_15 Primary User Search in the Ontology The User wants to search in the
Task contents of an ontology
Sub- Search an element in an The User wants to search about an
UC_16 . User clement that has been defined in the
function Ontology
ontology
Sub. Search the graphical The User wants to search about the
UC_17 . User object of an element in graphical object related to an element
function
an Ontology of the ontology
UC_18 ,lgssrﬁary User Save the Ontology The User wants to save the ontology
Sub- Save the Ontology in the | The User wants to save the ontology
UC_19 . User .
function local file system in the local file system
Uc 20 Sub- User Save the Ontology in the | The User wants to save the ontology
- function ® DBE Knowledge Base in he DBE Knowledge Base
uc_21 Primary User Remove an Ontology The User wants to remove an
Task ontology
Sub- Remove an Ontology The User wants to remove one or
UC_22 . User from the local file more ontologies from the local file
function
system system
Sub. Remove an Ontology The User wants to remove one or
UC_23 function User from the DBE more ontologies from the DBE
Knowledge Base Knowledge Base
UC_24 Primary User Open an Ontology The User wants to retrieve an existing
Task ontology
Sub- Open an Ontology from | The User wants to retrieve an existing
UC_25 . User
function the local file system ontology from the local file system
Sub- Open an Ontology from | The User wants to retrieve an existing
UC_26 . User the DBE Knowledge ontology from the DBE Knowledge
function
Base Base
Primary The User wants to export a newly
ve.27 Task User Export Ontology created ontology in another format
The User wants to export a newly
UC_28 Sub- . User Export the Ontology as created ontology as a file in a valid
function ODM XMI .
standard XMI representation
The User wants to export a newly
Sub- Export the Ontology as . k
UC_29 function User OWI.DL created ontology as a file in a valid

OWL-DL language representation
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The User wants to import an existing

UC_30 ,lzralsrﬁary User Import Ontology ontology represented in another
format
. The User wants to import an ontology
UC_31 Sub- . User Import an Ontology in that exists as a file in a valid standard
function ODM XMI .
XMI representation
. The User wants to import an ontology
UC_32 Sub- . User Import an Ontology in that exists as a file in a valid OWL-DL
function OWL-DL .
language representation
Uuc_33 Primary User Create 2 Class The User wants to create a new ODM
Task Class in the ontology
UC_34 Sub- . User Create a Named Class The User Wants to create a new ODM
function Named Class in the ontology
UC_35 Sub- . User Create a Union Class Th§ User Wants to create a new ODM
function Union Class in the ontology
Sub- Create an Intersection The User wants to create a new ODM
UC_36 . User . .
function Class Intersection Class in the ontology
Sub- Create a Complement The User wants to create a new ODM
UC_37 . User .
function Class Complement Class in the ontology
Sub- Create an Enumeration | The User wants to create a new ODM
UC_38 . User L
function Class Enumeration in the ontology
Uc 39 Sub- User Create a Property The User wants to define a restriction
- function >¢ Restriction on an ODM Class Property
UC_40 Sub- . User Create a Class Axiom The US&? wants to create an ODM
function Class Axiom
uc 41 Primary User Create a Data Type The User wants to add an ODM Data
- Task ® Property Type Property in an ODM Class
UC 42 Sub- User Add a new Data Type The User wants to create a new ODM
- function © Property Data Type Property in an ODM Class
. The User wants to add an existing
UC_43 illl:—ti 0 User ?dd aIr)lrexlsEmg Data ODM Data Type Property in an
cre ype Froperty ODM Class
UC 44 Sub- User Create a Data Type The User wants to create an ODM
- function 5¢ Property Axiom Data Type Property Axiom
UC 45 Primary User Create an Object The. User wants to create an ODM
Task Property Object Property
Sub- . The User wants to add an ODM
UC_46 function User Add an Object Property Object Property in a Class
Uc 47 Sub- User Define Object Property | The User wants to define the type of
- function c Type an ODM Object Property
UC_48 Primary User Create an Enumeration The User Wants to create an ODM
Task Enumeration

D15.4: Ontology Creator/Importer/Viewer

26/60




DBE Project (Contract n° 507953)

Sub- Create an Enumeration | The User wants to create an ODM
UC_49 . User . . .
function Literal Enumeration Literal
. . The User wants to add a Graphical
UC_50 Primary User Create a Graphical Comment about an ODM Object in a
Task Comment .
diagram
Sub- Create an relationship The User wants to create a
UC_51 ﬁlllnction User between a Comment and | relationship between a Comment and
an ODM Object an ODM object
UC_52 Primary User Create an Individual Th§ User wants to create an ODM
Task Individual
uc_s3 | b User Create a Class Individual | 1€ USer wants to create an ODM
function Class Individual
UC 54 Sub- User Create an Data Type The User wants to create an ODM
- function Property Individual Data Type Property Individual
UC 55 Sub- User Create an Object The User wants to create an ODM
- function ® Property Individual Object Property Individual
Primary Remove an element The User wants to remove an element
UC_56 User
Task from an Ontology from the ontology
The system makes validation and
Sub- Validation and consistency checking before any
UC_57 . User . . . L
function Consistency Checking creation or removal action in the
ontology
Sub- Rem 1 element The User wants to remove an element
UC_58 . User CRIOVE an Cieme from a diagram. The deletion can be
function from a diagram .
triggered by the system too.
Primary Add an existing element | The User wants to add an existing
UC_59 User . . . .
Task in the diagram element of the ontology in a diagram
. . . The User wants to edit the properties
UC_60 Primaty User Edit the propertics of an of an element as they defined in the
Task element ODM
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3. The Architecture of the Ontology Analysis Tool
The Ontology Analysis Tool is a graphical UML-like editor that enables business analysts to
create and manage business models using the ODM specification.
The adoption of Eclipse as the main platform for the Service Factory Environment in DBE
posed the technical requirement of developing the Ontology Analysis Tool as an Eclipse
plug-in that will be plugged as all other tools into the same platform (DBE Studio).
As a consequence, the Ontology Analysis Tool is being developed as an Eclipse plug-in
based on Eclipse 3.1 [2], and exploiting of the GEF 3.1 [3] and Draw 2D graphical
frameworks that have been built for this platform.

Model E
Workbench /D_,I—EI

GEF
Editors {k

Froperty Shest

Dntology Model
Manager

KB
Service Proxy
L
D)
L
.
I Eclipse Workspace :
Ontology Project :
" Ortalagy | féyB‘J"i’drEBlB’g}'Sé’rEéw?iE%1 &
i 1
a -t - -
oid . Ortology
] '] o] GEF | Fee] DBE Knowledge
: Diagram | | ! Bese Semvice
(oot — | e

Figure 21: The architecture of the Ontology Analysis Tool

From an architectural point of view, the Ontology Analysis Tool exploits the DBE
Knowledge Base for its persistency requirements. Service-Oriented architecture is followed
for integrating the Ontology Analysis Tool with the DBE Knowledge Base using the DBE
ServENT platform. The Ontology Analysis Tool connects with a DBE ServENT (the KB
Service Proxy) using a specific JMI interface and looks up into the network to find an
appropriate DBE Knowledge Base (KB) Service. The Ontology Analysis Tool enables the
creation of ontologies and using the functionality of the KB-service is able to store, retrieve
and update ontologies in the KB.

The Ontology Analysis Tool architecture comprises the following components:

e The Eclipse Platform

e The Eclipse Workbench

e The Eclipse Workspace and the Ontology Files Model

e The Ontology Model Manager

e The DBE ServENT (DBE ProXY Service)

e The DBE Knowledge Base Service
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3.1. The Eclipse Platform

It is the core component of the architecture and provides the development and the run-time
environment of the Ontology Analysis Tool. The Development Environment provides the
general working environment (workbench), the workspace area, the capability to manage
graphical objects using the GEF plug-in, a basic menu, help wizards etc. On the other hand,
the Eclipse Run-Time Environment is responsible to detect the Ontology Analysis Tool
Plug In, to interpret its file manifest and register the Ontology Analysis Tool as a new Plug-
In in the Eclipse platform.

3.2. The Eclipse Workbench

This component provides the graphical user interface (GUI) of the Eclipse Platform. The

graphical environment of the Ontology Analysis Tool is based on the Eclipse Workbench

and consists of its own Eclipse Perspective. The Perspective contains a set of special views,
editors, menus and toolbars located in specific positions of the graphical environment. The
uppermost sub-components of the graphical environment are the following:

e The Model Explorer: This component is responsible for the presentation of the
ontology semantics as defined by the user. It also provides a searching and browsing
mechanism in the content of the ontology. The ontology elements are displayed in a
tree-view hierarchy using the JFace toolkit. They are located as nodes in the first level as
well as the element properties and relationships in the second level of the tree hierarchy.

e The Graphical Diagrams Editors: The ontologies semantics can be presented as
graphical objects in graphical diagrams using a UML-like user interface. Every diagram is
a separate GEF editor that contains a group of graphical objects; it is responsible for the
management and editing of these objects and acts independently from the other editors.
The Ontology Analysis Tool manages the separate diagrams as a whole and provides a
synchronization mechanism between the GEF diagram editors and the Model Explorer.

e The Properties Sheet: This component is responsible for the presentation and editing
of the properties’ values of the ontology elements. The properties are explicitly defined
in the ODM model for each ontology element. The synchronization mechanism keeps
the Properties Sheet up-to-date in any changes happened in the Model Explorer or the
Graphical Diagrams Editors.

The above sub-components have been implemented using the GEF plug-in, the Standard

Widget Toolkit and the JFace Toolkit.

3.3. The Eclipse Workspace and the Ontology Files Model
The Eclipse Workspace is the local file area where the Eclipse platform stores the projects
and the files created during the usage of the Eclipse platform. In case of the Ontology
Analysis Tool, each new ontology corresponds to a new Eclipse project.
Each project creates its own folder inside the default workspace of the Eclipse Platform.
The folder name is the same as the ontology name, which specified by the user. In the
project’s folder the following files are created:
e An initial “.project” file in XML format that contains information about the project and
the platform.
e A “MainMemory.memory” file in binary format that contains information about the
ontology semantics.
e A list of “%DiagramName%.diagram” files in binary format that contain information
about the ontology layout and the graphical objects for each ontology diagram.
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3.4. The Ontology Model Manager

It is the most important component of the system because it is responsible for the
management of the whole ontology processing. Each action related to the processing of the
active ontology and any interaction between the various components of the system is
explicitly managed by the Ontology Model Manager. The component also provides all the
appropriate data structures in order to manage the ontology semantics as they are displayed
in the Model Explorer.

3.5. The DBE ServENT (DBE ProXY Service)
This service provides a ProXY mechanism that enables the Ontology Analysis Tool to look
up into the network in order to find an appropriate DBE Knowledge Base (KB) Service and
obtain access to the functionality it provides.

3.6. The DBE Knowledge Base Service

This service provides an API based on the JMI standard that enables Ontology Analysis
Tool to access all the functionality of the DBE Knowledge Base as described below:

e Save an ontology in the DBE Knowledge Base
e Browse and retrieve the ontologies saved in the DBE Knowledge Base
e Export ontology in a XMI file using the ODM specification.

3.7. The Architecture Components Interaction
This section contains a comprehensive description of the interactions between the key
components of the Ontology Analysis Tool.
The Ontology Model Manager is the core component of the architecture because it manages
any interaction occurs between the various components of the system. It provides a
synchronization mechanism between the diagrams (GEF Editors) of the ontology, the
Ontology Model Explorer (the JFace tree-viewer that displays all the ontology semantics and
elements in a tree hierarchy mode) and the Properties Sheet. Any change happens in one of
the three components is captured by the Ontology Model Manager and is automatically
propagated to the other two synchronized components.
For example, each time a user selects a graphical object in a diagram of the ontology, the
GEF editor communicates with the Ontology Model Manager in order to update the
Ontology Model Explorer and highlight the element of the ontology in the JFace tree-viewer
that is represented by the selecting graphical object.
In case a user changes any property’s value of a graphical object via direct editing, the GEF
editor communicates with the Ontology Model Manager, which updates the Ontology
Model Explorer in order to refresh the value of the selected property in the Properties Sheet.
The same procedure happens when a new element (a class, an object property, a data type
property, an individual etc.) is added in a diagram or an exiting element is selected for
editing.
In case a user selects an ontology element in the JFace tree-view, the Ontology Model
Explorer communicates with the Ontology Model Manager, which searches the diagrams
list; it displays the first of the ontology diagrams that contain the element in a GEF editor
and highlights the corresponding graphical object. The Ontology Model Explorer also
opens a Properties Sheet with the properties’ values of the selected element.
In a similar way, when a user changes the value of an element’s property from the Properties
Sheet, the Ontology Model Manager takes over to update the JFace tree-view of the
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Ontology Model Explorer with the new value as well as the graphical objects in all diagrams
(opened or not) of the ontology that represent the selected element.

During opening any ontology from the local file system, the Ontology Model Manager
retrieves the content of the ontology from the ontology model files and forwards it to the
JFace tree-viewer of the Ontology Model Explorer for editing.

Finally, when the Ontology Analysis Tool tries to save or open any ontology from the DBE
Knowledge Base, the Ontology Model Manager sends a request to the DBE ServENT
ProXY Service, which establishes a communication with the DBE Knowledge Base Service.
This service takes over to save the ontology in the Knowledge Base or retrieve the ontology
from the Knowledge Base and send it back to the Ontology Model Manager
correspondingly.
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4. The User Interface of the Ontology Analysis Tool

The Ontology Analysis Tool has been developed as an Eclipse plug-in into the DBE Studio
environment. The users can activate the Ontology Analysis Tool by selecting the DBE
Ontology Analysis perspective, from the Eclipse main menu, Window->Open
Perspective->Other-> DBE Ontology Analysis.

By default, the Ontology Analysis Tool Perspective creates, edit and save ontologies in the
local file system or attempts to connect to the address http://localhost:2728 assuming that
there is a running instance of the DBE ServENT, in order to connect to the appropriate
DBE Knowledge Base Service and retrieve the list of ontologies that have been created for a
specific SME. The area of the local file system used by the Ontology Analysis Tool is
identical to the Eclipse workspace.

Alternatively, users can specify explicitly the URI of the DBE ServENT service as well as the
SME id, a unique identifier for an SME, by selecting Window->Preferences->DBE
Ontology Analysis from the Eclipse menu, as shown in the figure below.

- & Preferences |Zl@®

type filter bext = DBE Ontology Analysis (=l

+- General

Ant QDM Preference Page

DBE Cntalogy Analysis SME 1D | hiktp: f sy e SME  com
Help

InstallfUpdate

Jawva

Plug-in Development
FunyDebug

Team

+

DBE KE Service Address: | http: filocalhosk: 2728

- [ - [ -

Restore Defaults | Apply ‘

kK | Cancel |

Figure 22: The Ontology Analysis Tool Preference page

4.1. The Ontology Analysis Tool Perspective

The Ontology Analysis Tool Perspective is activated by selecting Window->Open

Perspective->Other->DBE Ontology Analysis perspective from the Eclipse menu. The

perspective comprises the following components as shown in Figure 23:

e The Model Tree View Explorer: The model tree view explorer is located in the
Outline View, in the left side of the user interface and represents the active ontology
model in a tree hierarchy manner. Users can navigate inside the tree hierarchy and select
any of the ODM elements of the active ontology. By clicking in an ontology element, the
properties’ values of the element are displayed in the Property Sheet of the Ontology
Analysis Tool, and the graphical representation of the ODM element is highlighted in
the ontology diagram that includes it. The Outline View also contains a toolbar and a
menu bar with the basic functionality of the Ontology Analysis Tool. It enables users to
create new ontologies and diagrams, open, save and delete ontologies in the local file
system or in the DBE knowledge base and export ontologies in text files using ODM or
OWL-DL specification.
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Figure 23: The Ontology Analysis Tool Perspective

e The diagrams editor (GEF Editor): The diagrams editor is the main working area
located in the centre of the User Interface and it is responsible for the manipulation of
the diagrams of the active ontology. It provides a graphical Ul environment and a tools
palette with all the ODM model elements. Users can select an element from the editor’s
palette in order to add it in the active ontology’s diagrams or “drag-and—drop” an
existing ontology element from the tree-view into the graphical editor. The
synchronization mechanism of the Ontology Analysis Tool enables it to propagate any
changes occurred in the graphical editor to the contents of the Model Tree View
Explorer and the Properties Sheet.

e The Ontology Analysis toolbar: The Ontology Analysis Tool adds a new toolbar in the
Eclipse environment in order to provide some actions that applied to the content of the
graphical editor environment, such as zoom in-out, alighment, automatic layout,
activation, selection actions etc.

e A Properties Sheet: The Properties Sheet is located in the bottom side of the user
interface and presents the properties’ values of the ontology elements. There is a
synchronization mechanism between the graphical editor and the Properties Sheet. So
any changes in the graphical editor update the contents of the Properties sheet and vice
versa.

e A Search Utility: The Search Utility enables users to search about terms and entities that
have been defined in the active ontology. The results of the searching are filtered and
displayed into the Model Explorer tree view.

e The Outline Diagrams View: It is a region in the left-bottom corner of the user
interface that represents the diagrams of the active ontology in a small scale. In this way,
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the users can easily navigate into large-side diagrams by scrolling up and down in the
minimized diagram using a "thumbnail".
e A Status Bar: In the status bar of the Ontology Analysis Tool some important

information and error messages are displayed during the usage of the Ontology Analysis
Tool.

4.2. The Outline View and the Model Tree View Explorer

The Outline View is located in left side of the user intetface and contains a toolbar and a
menu bar that supports the following functionalities:

[ outline Yiew

S EMEXE T

=l

Mew [
W % Open Ontalagy From the Local System

| Classintalogy

ClassHierarchy

CustamTypes mees & @ Open Onkalagy From the DBE Knowledge Base
FirstDiagram save X
Individuals Escpart +

+ Department

+ @ Person

+-{C) Postgraduate
+-{C) Professor
+-{C) Student
+-{C) Thing

+-{C) Undergraduate

+ (B academicyear
¥ gECED

+ MNekkarios

*

Search For Class

Search M
Figure 24: The Ontology Analysis Tool menu

e Create a new ontology. Users can create a new ontology by selecting New -> New
Ontology from the Outline View menu and specifying the ontology name as shown in
Figure 25. The Ontology Analysis Tool deploys a new Eclipse project for the ontology
into the Eclipse workspace and it creates a directory with the same name as the ontology
name. The ontology model can be saved locally as a binary file with name

“MainMemory.memory” into the directory.
£ New Ontology Name E|

Mew Ontalogy Name:

O | Cancel ‘

Figure 25: Create a new ontology

e Create a new diagram in the active ontology. Users can add a new diagram in the
active ontology by selecting New -> New Diagram from the Outline View menu and
specifying the diagram name as shown in the figure below. The Ontology Analysis Tool
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can save locally the ontology diagrams as binary files with name

“%DiagramName%o.diagram” into the ontology directory.
& Mew Diagram Name le

Mew Diagram Mame:

Ok | Cancel

Figure 26: Create a new diagram

e Open ontology from the local file system and/or the DBE Knowledge base. The
Ontology Analysis Tool manages ODM-based ontology models that have been saved in
the local file system as well as in the DBE knowledge base. Users can open an ontology
from the local file system by selecting Open -> Open Ontology from the local system
from the Outline View menu and specifying the ontology name as shown in the figure

below.

Choose An Ontology
Choose One OfF The Available Ontologies

Choose An Cnkology j
ClassOntalogy A
ClassOntalagy2
UniversityDepartment
enum_onto
my_onkolog b

| Cancel |

Figure 27: Open an ontology from the local file system

Alternatively users can select to open an ontology from the DBE Knowledge Base by
selecting Open -> Open Ontology from the DBE Knowledge Base and specifying
the ontology name as shown in the figure below.
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Open An Ontology
Choose One OF The Available Ontalogies

Available Ontologies

[t [N A
fa} Pavment

ol nemein2

fat nemein3

fal nemeird

fal nemeins

fat Competency

fab Contractonkalogy

fat enum_onto
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Figure 28: Open an ontology from the DBE Knowledge Base

e Save a diagram or all diagrams of an ontology locally. Users can save the active
ontology model and its diagrams locally, according to Ontology Files Model in a binary
file format, by selecting Save -> Save Diagram in the local system or Save -> Save
all diagrams in the local system from the Outline View menu correspondently.

e Save ontology in the DBE Knowledge base. Users can also save the active ontology
and all its diagrams in the DBE knowledge base as specified by the Preferences, by
selecting Save-> Save Ontology in the DBE Knowledge Base from the Outline View
menu. Diagrams are saved in the KB in a binary format and the ontology model in an
ODM-based XMI 1.2 format.

e Export the ontology in ODM-based XMI 1.2 format. Users can export the active
ontology model in a local XMI file using the ODM specification, by selecting Export-
>Export the ontology in ODM format from the Outline View menu and specifying
the filename and the path of the XMI file in the local file system as shown in the figure
below.
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Figure 29: Export the ontology in ODM-based XMI format

e Export the ontology in OWL-DL format'. Users can also export the active ontology
model into a local file using the OWL-DL specification, by selecting Export->Export
the ontology in OWL-DL format from the Outline View menu and specifying the
filename and the path of the XMI file in the local file system as shown in the figure

below.

! The reverse functionality for this operation (i.e. importing an ontology that exists as a file in an OWL-DL
language format) is supported from the Ontology Viewer that is a stand-alone plugin for browsing
ontologies and therefore the respective user interface screenshots are presented in deliverable D15.5 “BML
Editor Final Release”. The mechanisms that have been developed in order to support this functionality are
presented in chapter 5 of this report.
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Figure 30: Export the ontology in OWL-DL format

¢ Delete ontology from the local file system. Users can delete the ontology models that
have been saved locally by selecting Delete-> Delete Ontology from the local file
system and specifying the ontologies from a list of all the available ontologies as shown
in the figure below.

Delete Ontologies
Choose The Ontologies To Be Deleted

Available Ontalogies

i} ClassOntology2

fal UniversityDepartment

fal enum_onto

it my_onkology

it mvtest_pkonta

i} pkonka_with_individuals
fal phkonka_with_individuals_2

Finish | Cancel |

Figure 31: Delete ontology from the local file system

e Delete ontology from the DBE Knowledge base. Users can delete the ontology
models that have been saved in the DBE Knowledge Base by selecting Delete-> Delete
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Ontology from the DBE Knowledge Base and specifying the ontologies from a list of

all the available ontoloi'es of the Knowledie Base as shown in the figure below.

Delete An Ontology
Choose One OF The Available Ontologies To Be Deleted

Available Ontologies

fat
b Payment

il nemeinZ

i} nemein3

fat memeind

it nemeins

i} Competency

fal ContrackOnkology
#t enum onto

| | Finish | Cancel ‘

Figure 32: Delete ontology from the DBE Knowledge base

The Model Tree View Explorer

The model tree view explorer is located in the Outline View and represents the active
ontology model in a tree hierarchy manner. Users can navigate inside the tree hierarchy and
select any of the ODM elements of the ontology. By clicking in an ontology element, the
properties values of the element are displayed in the Property Sheet of the Ontology
Analysis Tool, and the graphical representation of the ODM element is highlighted in the
ontology diagram that includes it.

In order to add an existing ODM element in a diagram, users can select the element from
the Model TreeView Explorer and “drag-and-drop” it into the diagrams editor. In this way
an ODM element can participate in more than one ontology diagrams. For example, for an
ODM class, users can define its class hierarchy (sub-classes and super-classes) in one
diagram and its ObjectProperties in another diagram.

Note: The drag-and-drop utility does not enable users to add an existing ODM element into
an ontology diagram twice.

4.3. The Diagrams Editor (GEF Editor)

The diagrams editor is the main working area that is located in the centre of the Ontology
Analysis Tool Ul, is responsible for manipulating the diagrams of the active ontology. It
provides a graphical environment and a tools palette that contains a list with all the ODM
model elements. Using the tools palette users can deploy the ontology models that meet the
business requirements of the SMEs in the context of the DBE project.

For more convenience, an ODM Ontology model can be represented in more than one
diagrams as shown in the figure below.

D15.4: Ontology Creator/Importer/Viewer 39/60



DBE Project (Contract n° 507953)

& DBE Ontology Analysis - FirstDiagram. diagram - Eclipse SDK r’?"EJE
fle Edt Mavigate Segrch Broject Run Window Help
@ Q- e | D6 e | aT %% CIEC T
I Qutline view _. ClassHierarchry disgram 1 Indrvidusts disgram T CustomTypes. dagram
s mEXE " Palette
[ Sedect P - -
[ Classtrkclogy ], Marauee . o) Dapamil_
£ '::g‘ E‘““““‘”“ 21| class [D]utle:ztring |
4 (C) Person . - =
©) Postraduate T sublass Association s
Professor B} Enumeration \
Student D Individusl i
3 3 0] studiesTo [@] TeachesTo
C) Thing £ Object Property Siot o 3
+ 2 Undergraduate [0 cbiject P t
+ @Mamﬂear (obi - ym
¥ <I> ECED 22" ""n e
+ <I» Nektarios L TR PR LT ) _ _ =
. E‘ stavros B Comement @Shdqm </ Professar
(0] StudesTo (Y 4 w1 A3 (D] field: string
(O] TeathesTe ~ Comment Association D studentid:int
I In Greece the Techrical ™
>
Search For Class.
Saarch &%

Figure 33: The Diagrams Editor

The tools palette supports the following operations:

e Select an ODM element: Using the Select tool users can select an ODM element by
clicking in the graphical representation of it inside the diagrams editor. Alternatively,
using the Marquee tool users can drag a rectangle and select all the ODM elements
inside the rectangle simultaneously.

e Create an ODM class and a hierarchy of ODM classes: Users can create a new
ODM class in an ontology diagram using the Class tool and specify sub-class
associations between them using the SubClass Association tool as shown in the figure

below.
[ FirstDiagram.diagram [ Individuals. diagram ( era ple.diagram X =]
4 Palette
Q Select
I Marquee
(€) Class (T Persan
Lr SubClass Association
) Enumeration /7 \
@ Individual :
Student
& Chject Property Slot <) (c) Praffesor
(O] object Property [D] name:string [D] name:string
£ Domain Association
& Range Association
B Comment
™ | Comment Asscciation () Postyraduate [C) Undergraduate
IE master_thesis_titla:string IE diplama_thesis_title: skring

Figure 34: An ODM class hierarchy example

e Create an ODM ObjectProperty and associations between ODM classes and
ODM ObjectProperty: Users can create an Object Property in the ontology diagram
using the Object Property tool. Also, they can specify the Domain and Range
relationships between ODM Class elements and ObjectProperties elements using the
Domain Association and the Range Association tools as shown in the figure below.
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Figure 35: An ODM ObjectProperty Example

e Create an ODM Enumeration: Using the Enumeration tool the users define an
ODM Enumeration element in the ontology diagram as shown in the figure below.

[ FirstDiagram. diagram [ Individuals.diagram [ ClassHierarchySample. diagram =

e.diagram X

4 Palette
h Seleck
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(€ lass (Bl Academicyears
£|> SubClass Association -
® T £ Firstear @ Postoraduate
@ Individual € Secondvear @ master_thesis_title:string
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Figure 36: An ODM Enumeration Example

e Create ODM Individuals and Property Slots between them: Users can insert an
ODM Individual element in the active ontology using the Individual tool and specifying
the name and the individual type as shown in the figure below.

Class Thing's Data
Specify Class Thing's Data

Class Thing's Marme : [l

Choose A Class As Type

PrstrrariiAbe =

Einish | Cancel |
Figure 37: Add an individual
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Also, using the Object Property Slot, users create instances of an ODM Object Property
(ObjectPropertyThing) in order to specify the relationships between the ODM

Individuals.
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Figure 38: An ODM Individuals Example

e Create ODM Comments and Associate them with an ODM element: Users can
insert an ODM Comment element using the Comment tool, and associate it with
another ODM element using the Comment Association tool as shown in the figure
below.
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Figure 39: An ODM Comment Example

The Ontology Analysis Tool provides a context menu that is displayed when users click
with the right button of the mouse on a graphical element of a diagram. The menu items of
the context menu are customized and fully dependent on the graphical object where users
click on. In the figure shown below, the context menu of the ODM Class element is

presented.
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Figure 40: A Content Menu Example

The context menu provides the following functionality:

e Addanew ODM DataTypeProperty in an ODM class

e Add an existing ODM DataTypeProperty in an ODM class

¢ Addanew ODM DataType Property Slot in an ODM Individual

e Add an ODM Literal in an ODM Enumeration

e Delete an ODM element (Class, DataTypeProperty, ObjectProperty, Enumeration,
Literal) from the diagram

e Delete an ODM element (Class, DataTypeProperty, ObjectProperty, Enumeration,
Literal) from the Ontology

e Declete an association between an ODM class and an ODM ObjectProperty from
diagram

e Delete an association between an ODM class and an ODM ObjectProperty from the
Ontology

e Delete an ODM DataType Property Slot from the Ontology, etc.

Direct Edit and Validation

The direct edit utility, as provided by the GEF diagrams editors, enables users to edit the

properties of the ODM elements not only from the Property Sheet but also from the

corresponding graphical objects that represent the ODM elements in the diagrams editor.

1 Enumerationsample.diagram W FirstCiagram.diagram X [ Individuals, diagram [ ClassHierarchySample diagram =
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Figure 41: The Direct Edit Utility

D15.4: Ontology Creator/Importer/Viewer 43/60



DBE Project (Contract n° 507953)

For example, with a left button click on the name of the graphical object that represents the
ODM class “Student”, users can edit and change the name of the class.

In the same way, the direct edit utility can be applied to the following ODM elements: Class,
Enumeration, DataTypeProperty, ObjectProperty, Individuals, Comment, and Plain Literal.
During applying the direct edit utility, a validation mechanism is active, in order to check and
validate the values inserted by the users. For example, the validation mechanism prohibits
the null values, the space “ “ character, the existence of two different ODM elements with
the same name etc. and displays appropriate warning messages in the Status Bar.

4.4. The Ontology Analysis Tool Toolbar
The Ontology Analysis Tool adds a new toolbar in the Eclipse user interface environment
that provides some functionality related to the graphical diagrams editor as shown in the
figure below:

& DBE Ontology Analysis - Individuals. diagram - Eclipse SDK

File Edit Mavigate Search Project Run Window  Help

® |O® ¢ |® &Juoow || By o of | b o
Figure 42: The graphical editor’s toolbar

e Automatic Layout: The users of the graphical editor have the ability to place the
ontology element anywhere in the diagram. With this operation, the graphical objects of
the active diagram can be placed automatically with the most optimal way. Users do not
have the possibility of intervention in the provision (arrangement) the graphic elements
of diagram. After applying the automatic layout, users cannot manually arrange the
graphical elements until they disable the automatic layout.

e Add a new DataType Property: Users can add a new DataTypeProperty element in a
selected ODM Class element that belongs to the active diagram.

¢ Add a new DataType Property Slot: Users can add a new DataTypeProperty slot in a
selected ODM Individual element that belongs to the active diagram.

e Add a Literal: Users can add a new Plain Literal property in a selected ODM
Enumeration element that belongs to the active diagram.

e Zoom In - Out: The Ontology Analysis Tool enables users to determine the focus and
the scale of the ontology diagrams in the graphical editor by zoom-in and out and the
diminution of the diagrams. Users can also determine a custom scale value between the
25% and 2000% of the width or the length of the diagram.

e Graphical Elements Alignment: A set of six buttons enables users to proceed to
horizontal and vertical alignment on a group of selected graphical objects of a diagram.

4.5. The Properties Sheet
The Properties Sheet is located in the bottom side of the Ontology Analysis Tool user
interface and provides a customized environment that presents the properties and values of
the ODM elements. It is very important for those properties that cannot be represented via a
diagram. Users can select any ODM element in the Model Tree View or in a diagram and
view and edit its properties and their values. There is also a synchronization mechanism
between the Properties Sheet, the Diagrams Editor and the Model Tree View Explorer. So,
any changes in the properties sheet update the contents of the model tree view explorer and
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the diagrams and vice versa. In the rest of the section some screenshots with special ODM
element properties will be presented.

Ontology Properties

There is not any special graphical element that presents a whole ontology in the Ontology
Analysis Tool user interface. The users can specify some special properties about the active
ontology by clicking with the left mouse button in the empty area of a diagram. In this way,
the properties of the active ontology are presented in the Properties Sheet as shown in the
figure below.

Properties ]Annotations | Distinct ndividuals |
Ontology Data -~

Ontalagy Mame |CIassOnt0Iogy Ontalogy 1D |http:,l',l'www.mySME.com_CIassOntology

Ontology Properties

Property Mame Range COntologies

Figure 43: The Ontology Properties

Using the Properties Sheet users can view some basic properties of the active ontology such
as Ontology Name and ID, add new properties, and specify range ontologies. From the
Annotations tab, users can add annotations and comments about the active ontology by
clicking in the corresponding areas with the right mouse button. Finally, using the Distinct
Individuals tab users can specify lists of Individuals of the same Class element that can be
related with the AllDifferent property.

Class Properties

The ODM Class properties are presented in the Properties Sheet if the users select an ODM
class from the model tree view explorer or a diagram as shown in the three figures below.

In these figures, the properties of an ODM class are presented: Class Name, Class 1D, the
DataType and ObjectProperties, Inherited DataType and ObjectProperties , SubClasses or
SuperClasses in the Ontology Class hierarchy, Enumerated, UnionOf, IntersectionOf or
ComplementOf classes.

Properties IRestr\ctions ] Annotations I

Class Definitions Class Axioms
Class Mame | Student Class 10 | 1125545836234 SubClasses ‘ SupetClasses ‘ Equivalent .., ‘ Disjointed Cla... ‘
EnumeratedClass::Onedf ‘ UnionOf Classes IntersectionOf Clas... | Undergraduads Persan
Graduade
Complement Of: = |I" Complete [ Deprecated
Owined And Inherited DataType And Object Properties
owned DataType Properties | Inherited DataType Properties Object Properties Inherited Object Properties
professor_id : string Age : decimal Department_Lessons TeachesTo
Mame : string BelongsTo

Figure 44: The ODM Class Properties

According to the ODM, Property Restrictions can be applied in a DataType or
ObjectProperty of an ODM class.
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Figure 45: ODM Property Restrictions

Finally, many Annotation Properties can be related with an ODM class such as Label,
Versionlnfo, Comment, isDefinedBy etc.

Prnperties} Restrictions  Annokations 1
Annokations

Annotation Property This is a Label Test Annotation
Labe|

Figure 46: Class Annotation Properties

Enumeration Properties

The ODM Enumeration properties are presented in the Properties Sheet if the users select
an ODM Enumeration element from the model tree view explorer or a diagram as shown in
the figure below: the Enumeration id, the name and the literals of the Enumeration.

Properties I
Enumeration Menbers
Enurmeration Name ‘ Enumeration_1 Enumeration Members
literal_3 : plain literal
Enumeration I | 1119092971050 lteral_L : plain iceral

likeral_2 : plain literal

Figure 47: ODM Enumeration Properties
Users can select an Enumeration and Add Literals using the Context Menu that is displayed

when they click on an Enumeration graphical object with the right mouse key. The Literal
Properties are shown in the following figure.
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Figure 48: ODM Literal Properties

ObjectProperty Properties

The ODM ObjectProperty creates relationships between ODM classes or Enumerations in
ontology. The ObjectProperty properties are presented in the Properties Sheet if the users
select an ODM ObjectProperty from the model tree view explorer or a diagram. In the
following figure the properties of an ODM ObjectProperty are presented: Property Name,
Id, Domain and Range Classes, Super Properties in an ObjectProperty hierarchy, Equivalent
Properties, InverseOf, Property Axioms etc.

Froperties IAnnotations }

Object Property's Data Property Axioms ~
Praperty Name | hasFlavor Domain Classes Range Classes SUper Properties Equivalent Properties " Transitive  InverseFunctional
Wine WineFlavar hasWineDescriptar ® Smie (@ Bmesied

Property ID 1117630216274
InverseOf hd

{* Functional

Figure 49: ODM ObjectProperty Properties

DataTypeProperty Properties
Users can select an ODM class and add a DataTypeProperty using the Context Menu that is
displayed when they click on an ODM class graphical object with the right mouse key. Then,
the DataTypeProperty Properties will be displayed in the Properties Sheet as shown in the
following figure: Property Name, Id, Data Range, Domain Classes, Super Properties,
Equivalent Properties, InverseOf, Property Axioms, Annotations etc.

—_

Froperties IAnnDtations }

DataType Property's Data

Property Mame | yearvalue Super Properties Equivalent Properties
Property Data Range |poswtivalntegar j

Property ID | 1117639916002

Daomain Classes | DataType Property's Axioms

inkageYear " Functional

(" Deprecated
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Figure 50: ODM DataTypeProperty Properties

Individual Properties
The ODM Individual properties are presented in the Properties Sheet when the users select
an ODM Individual from the model tree view explorer or the graphical editor.

Propetties | annatations |

Individuals's Data 4
Mame | Fotis DataType Property Slaks Has Type Classes DifferentFrom Sameds

Futis Kazasis Postgraduate
o} 1148735631578 Digital Business Ecosyste...

Figure 51: ODM Individual Properties

The figure above represents the properties of an ODM Individual: the Individual Name and
ID, the DataType Property Slots, the HasType Classes that the selected Individual element
related to, the list of other Individuals that are DifferentFrom or SameAs with the selected
Individual element.

Comment Properties

The ODM Comment Properties are displayed in the Properties Sheet when the users select a
Comment graphical object from the graphical editor as shown in the following figure.

1
Properties I

Comment's Data

Annotation Property Type ‘ Comment

Camment 1D ‘ 1117640621737

Comment Text ‘ Made WineDescriptor unionType of tastes and color

Figure 52: ODM Comment Properties

4.6. The Search Utility
The Search Ultility enables users to search about terms and elements that have been defined
in the active ontology and it is located in the bottom side of the Outline View as shown in
the following figure.
The search utility includes terms from the following ODM elements: Classes, Enumerations,
ObjectProperties, Individuals and Comments. The results of the searching process are
filtered and displayed into the Model Explorer tree view.
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Figure 53: The Search Utility

4.7. The Outline Diagrams View

It is a region in the left-bottom corner of the user interface where the diagrams of the active

ontology can be represented in scale.

Figure 54: The Outline Diagrams View

In this way, users can easily navigate into large-side diagrams by scrolling up and down using

a "thumbnail".
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5. ODM and OWL mapping mechanisms

In this chapter we describe the mapping from ODM to OWL concepts and vice versa.
These mappings have been applied in order to allow the interoperability of the DBE with
the Semantic Web as far as the ontology framework is concerned. In particular, appropriate
mechanisms have been developed in order to support the re-usage of ontologies defined in
the OWL-DL language within the DBE semantic framework as well as the exporting of the
domain-specific ontologies created within the DBE in a well accepted format like OWL. In
order to handle in an efficient manner the desired interoperability, ODM has been designed
as a MOF model (i.e. a metamodel) that is compatible with the OWL Language.

5 RDF Metadata
> Meta -Metamodel ____________Liy_er__
; (MOF) e — Schema
= Layer
h;{ Ontology Definition L .
o Metamodel Compatibility OWL Logical
o ODM [ Layer
S (oDM)
g
S Ontologies Ontologies
=
% Data
-
S

MOF Metadata Architecture Semantic Web Architecture

Figure 55: Metamodeling approach to ODM

Figure 55 shows the ODM in the context of the MOF metadata architecture and where it
stands with respect to the Semantic Web’s metamodeling architecture. The Ontology
Definition Metamodel is presented as an M2 layer Model in the MOF metadata architecture
and it has been appropriately defined in order to be compatible with OWL. Instances of this
metamodel (M1 Layer Models) are the ontologies that the DBE experts and/or users define.
Importing and exporting ontologies from ODM to OWL and vice versa is therefore
supported in the M1 Layer utilizing the elements of the M2 Layer Model.

ODM is not a one-to-one representation of the OWL data model in MOF. The effort was to
be as close as possible; however, due to the formalization required in MOF, and with respect
to the OWL/RDF model some extra constructs were requited for ensuring MOF
compliance. These constructs are indicated in the ODM to OWL-DL mapping (see Table 3)
as not available (N/A). On the other hand, OWL has pre-defined instances of some of its
classes (e.g. the predefined ontology properties), something that is not allowed in MOF since
it is not possible to define at M2 level both classes and their instances. The respective cases
are indicated in the OWL-DL to ODM mapping (see Table 4) again as N/A.
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The following tables show the mappings a) from ODM to OWL and b) from OWL to

ODM:
ODM Class or Association OWL Concept
Ontology owl:Ontology
OntologyProperty owl: OntologyProperty
AnnotationProperty owl: AnnotationProperty
AnnotationObject N/A
Class owl:Class

complementOf_As

owl:complementOf

intersectionOf_As

owl:intersectionOf

unionOf_As

owl:unionOf

oneOf_As

owl:oneOf

disjointWith_As

owl:disjointWith

equivalentClass_As

owl:equivalentClass

subClassOf _As

rdfs:subClassOf

DeprecatedClass

owl:DeprecatedClass

Restriction

owl:Restriction

allValuesFrom_As

owl:allValuesFrom

someValuesFrom_As

owl:someValuesFrom

hasValue_As

owl:hasValue

onProperty_As

owl:onProperty

maxCardinality_As

owl:maxCardinality

minCardinality_As

owl:minCardinality

cardinality_As

owl:cardinality

Value N/A

ValueRange N/A

Thing owl:Thing
AllDifferent owl:allDifferent
distinctMembers_As owl:distinctMembers
sameAs_As owl:same_As
hasType_As owl:type
differentFrom_As owl:differentFrom
Property N/A
DatatypeProperty owl:DatatypeProperty
ObjectProperty owl:ObjectProperty
hasDomain_As rdfs:domain
hasDataRange_As rdfs:range
hasRange_As rdfs:range

inverseOf As

owl:inverseOf

subPropertyOf_As

owl:subPropertyOf

equivalentProperty

owl:equivalentProperty

SymmetricProperty

owl: SymmetricProperty
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TransitiveProperty

owl: TransitiveProperty

InverseFunctionalProperty

owl: InverseFunctionalProperty

FunctionalObjectProperty

owl: FunctionalProperty

FunctionalDatatypeProperty

owl:FunctionalProperty

DeprecatedDatatypeProperty

owl:DeprecatedProperty

DeprecatedObjectProperty

owl:DeprecatedProperty

PrimitiveType N/A
DeprecatedDatatype owl:DeprecatedClass
Datatype rdfs:Datatype
DataRange rdfs:DataRange
Enumeration rdf:List
Literal owl:Literal
PlainLiteral N/A
TypedLiteral N/A
URIreference N/A
DefinitionURI_As N/A
Datatype_As N/A
NonNegativelnteger N/A

Table 3: ODM to OWL-DL mapping
OWL ODM Class or Association
owl:allDifferent allDifferent
owl:allValuesFrom allValuesFrom_As
owl:AnnotationProperty AnnotationProperty
owl: backwardCompatibleWith N/A
owl:cardinality cardinality_As
owl:Class Class
owl:complementOf complementOf_As
owl:DatatypeProperty DatatypeProperty
owl:DeprecatedClass DeprecatedClass

owl:DeprecatedProperty

DeprecatedDatatypeProperty
DeprecatedObjectProperty

owl:DataRange

DataRange

owl:differentFrom

differentFrom_As

owl:disjointWith

disjointWith_As

owl:distinctMembers

distinctMembers_As

owl:equivalentClass

equivalentClass_As

owl:equivalentProperty

equivalentProperty

owl:FunctionalProperty

FunctionalObjectProperty
FunctionalDatatypeProperty

owl:hasValue hasValues_As
owl:imports N/A
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owl: incompatibleWith N/A
owl:intersectionOf intersectionOf_As
owl:inverseFunctionalProperty inverseFunctionalProperty
owl:inverseOf inverseOf As
owl:maxCardinality maxCardinality_As
owl:minCardinality minCardinality_As
owl:Nothing N/A
owl:ObjectProperty ObjectProperty
owl:oneOf oneOf As
owl:onProperty onProperty_As
owl:Ontology Ontology
owl:OntologyProperty OntologyProperty
owl: priorVersion N/A
owl:Restriction Restriction
owl:sameAs sameAs_As
owl:someValuesFrom someValuesFrom_As
owl:SymmetricProperty SymmetricProperty
owl:Thing Thing
owl: TransitiveProperty TransitiveProperty
owl:unionOf unionOf_As
owl: versioninfo N/A
rdf:type HasType_As
rdfs:Datatype Datatype
rdfs:domain hasDomain_As
rdfs:Literal Literal
rdfs:range hasDataRange_As
hasRange_As
rdfs:subClassOf subClassOf_As
rdfs:subPropertyOf subPropertyOf_As

Table 4: OWL-DL to ODM Mapping
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Next we will describe more details regarding the import module; the mechanism that has
been developed in order to support the importing of OWL-DL ontologies into the DBE
environment and their representation and manipulation as ODM ontologies. A similar
approach has also been followed with respect to the export module, i.e. the mechanism for
exporting ODM ontologies as ontologies expressed in the OWL-DL language.

The next figure depicts the architecture of the importer module.

OWL Importer

;

JMI API
KB API

KB Proxy

OWL
Ontology

(. KB Service )}

KB Peer

Figure 56: The architecture of the importer module

The OWL Importer reads a file containing a valid OWL-DL Ontology. The Importer
connects to the KB Proxy using the JMI API and through it to the KB Service. In general,
the tool stands between the OWL ontologies and the Knowledge Base stored ODM
ontologies. The OWL Importer source code is divided into seven (7) packages (see also
Figure 57):

Connectors: The java classes that handle the connection with the KB Proxy.
Factories: The classes that handle the creation of new class, property and restriction objects.

Modifiers: The classes that handle the completion of the objects (classes, properties,
restrictions) and take care of all the possibilities (supet/sub classing, enumerations etc.)

Parsers: The classes that parse the OWL ontology file

Util: Utility classes used for various jobs within the Importer module.
Writers: On-screen and file writers for the XMI file.
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1 ] 1

Connectorsg Factories model

[ 1 [ ] [ 1

Modifiers Parsers util

—

Writers

Figure 57: The organization of the Importer module into packages

The next two figures present in the form of UML activity diagrams some of the mechanisms

that have been adopted in order to support the OWL-DL to ODM mapping.

OWL Class is

.

Greaﬁe Intersection Cfﬂﬂ Greate Complement Clasa Handle Class |

isClass isRestriction

Class Created

Figure 58: Parsing an OWL Class

When we parse an OWL class, we determine whether it is an Intersection, Complement or
other type of class. If it doesn’t fit in the first two categories, then it must be a “simple”
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class, or a Restriction. In all cases, the appropriate objects are created and the process

finished.

is

Import Froparty |

isDatatype Prope ___isOhjectProperty

_______

Create ObjpcProperty

e ¥ :
Greate Datatg.rpeProper@ ___::-=’

aaaa
aaaa

hidie [atatypeFroperty |

Figure 59: Parsing an OWL Property

When we parse a Property, we first check whether it is a Datatype Property or an Object

Property. Based on the property kind we then create the appropriate objects:

e Datatype Property: We check to see whether the Datatype Property is Transitive,

Symmetric, Functional or just “simple” Datatype Property and modify the object accordingly

to match that.

e Object Property: We check whether the property is Symmetric, Functional or “simple”

Object Property and then modify the object accordingly.

For both cases, we set the correct domain; ranges and datatypes (for datatype properties) and

then we have the final Property.
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6. Installation Instructions

In order to use the Ontology Analysis Tool, users have to install the Eclipse 3.1 platform as
well as GEF 3.1. Ontology Analysis Tool is an eclipse plug-in that is dependent on some
additional plug-ins. All the required feature set can be downloaded from SourceForge
(https:/ /sourceforge.net/projects/dbestudio). For detailed description of the installation
process you can visit http://dbestudio.sourceforge.net/.

The Ontology Analysis Tool can also be installed independently of the DBE Studio. This
can be done downloading from TUC/MUSIC site at
http://www.music.tuc.gr/DBE/soft/ontology_editor/ the following plugins:

= org.dbe.studio.core.perspectives_0.2.2.zip
* org.dbe.studio.core.preferences_0.2.1.zip
* org.dbe.studio.tools.kbtoolkit_0.2.1.zip

» org.dbe.studio.editors.odm_0.2.1.zip

After that, unzip the above files in the <ECLIPSE_HOME>/plugins folder and restart
Eclipse.
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7. Glossary

Term

Description

API

Application Programming Interface: Is a technology that
facilitates exchanging messages or data between two or more
different software applications

BML

Business Modelling Language

CIM

Computational Independent Model: The most abstract layer in
the MDA architecture. Models of this layer describe a modelled
system from the business point of view (i.e. requirements,
abstract functions, etc.) without any assumption on the
implementation (software or not) details.

DBE KRF

DBE Knowledge Representation Framework: The Framework
of the interconnected DBE Knowledge Representation Models
and/or Languages that capture the knowledge of the ecosystem.

KB

Knowledge Base: Is the part of the DBE system where the
DBE knowledge is stored and managed. Such knowledge refers
to ontologies, business and service descriptions, etc.

MDA

Model Driven Architecture: An approach (proposed by OMG)
to I'T system specification that separates the specification of
system functionality for the specification of the implementation
of that functionality on a specific technology.

MOF

Meta Object Facility: A generalized facility and for specifying
abstract information about very concrete object systems.

MOF Repository

A Repository for storing, managing and retrieving meta-data
(models) and meta-meta-data (metamodels) that have been
described with MOF.

ODM

Ontology Definition Metamodel: A MOF model (metamodel)
developed in DBE for ontology representation.

OMG

Object Management Group: International standardization body

OWL

Ontology Web Language: The OWL Web Ontology Language
is designed for use by applications that need to process the
content of information instead of just presenting information to
humans. OWL facilitates greater machine interpretability of
Web content than that supported by XML, RDF, and RDF
Schema (RDF-S) by providing additional vocabulary along with
a formal semantics. OWL has three increasingly expressive
sublanguages: OWL Lite, OWL DL, and OWL Full.

PIM

Platform Independent Model of a modelled system

PSM

Platform Specific Model of a modelled system

RDF

Resource Description Framework. RDF is a general framework
for how to describe any Internet resource such as a Web site
and its content. It provides interoperability between applications
that exchange machine-understandable information on the Web.
RDF descriptions atre often referred to as metadata, or "data
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about data". These can include the authors of the resource, date
of creation or updating, the organization of the pages on a site.
L.e. the sitemap, information that describes content in terms of
audience or content rating, key words for search engine data
collection, subject categories, etc.

SCM Service Composition Metamodel: The DBE metamodel used to
model the internal workflow and communication logic of
composite services. At the moment BPEL4AWS is used for this
purpose

SDL Service Description Language: A MOF model (metamodel) that

provides technical description of the programmatic interface of
a service

Semantic Registry (SR)

It is the component of the DBE Knowledge Base that hosts the
service descriptions published in the DBE environment (in the
form of Service Manifest Documents) and available for
discovery and consumption.

Service Manifest (SM)

The Service Manifest is a two-fold formal description of a
specific DBE Service, and contains both the models and data
(comprising both business and technological information) of a
single specific real word service owned by a specific SME.

SME Small and Medium Enterprise: Independent enterprise with less
than 250 dependent.

SSL Semantic Service Language: A MOF-based language for
semantically describing SME services in DBE.

UML Unified Modeling Language: A method for specifying,

visualizing, and documenting the artefacts of an object-oriented
system under development; as well as for business modelling.

User Profiling Mechanism

A DBE mechanism used to trace uset’s actions (and
transactions) in order to inspect his preferences on desirable
services, and partners.

W3C

World Wide Web Consortium: International Standardization

body that has defined and is maintaining many IT related
standards like HTML, XML, XML-Schema, OWL, etc.

XMI

XML Metadata Interchange: An SMIF (see SMIF description)
standard specification based on XML.

XML

eXtensible Mark-up Language. XML is a flexible way to create
common information formats and share both the format and
the data on the World Wide Web, intranets, and elsewhere.

XML —Schema

An XML schema is a description of the type of an XML
document, typically expressed in terms of constraints on the
structure and content of documents of that type, above and
beyond the basic syntax constraints imposed by XML itself. An
XML schema provides a view of the document type at a
relatively high level of abstraction.
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