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ABSTRACT

The automation of software development has long been a goal of software
engineering to increase efficiency of the development effort and improve the software
product. This efficiency (high productivity with less software faults) results from best
practices in building, managing and testing software projects via the use of these
automated tools and processes. However, each software development tool has its own
characterigtics, semantics, objects, and concepts. While there have been significant
results achieved by use of automated software development tools (coming mainly from
the widespread increase of customers adoption of these tools), there remains many
challenging obstacles. lack of communication between the different software
development tools, poor shared understanding; use of different syntax and concepts
between tools, limits in interoperability between tools, absence of a unifying conceptual
models and ideas between tools, and redundant work and cross purposes between tools.

The approach undertaken in this thesis to overcome these obstacles was to
congtruct a “pilot” ontology that is extensible. We applied the Feature-Oriented Domain
Analysis Approach to capture the commonalities between two software development
tools (Rational Software Corporation's RequisitePro, a main-stream, complex,
commercia tool), and a software prototyping tool (the Software Engineering Automation
tool (SEATo0ls), aresearch model with tool support for devel oping executable software
prototypes) and developed an ontology for the software development tools using the
Protégé-2000 system. The ontology, expressed in UML, promotes interoperability and

enhanced communication.
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l. INTRODUCTION

A. MOTIVATION AND PURPOSE OF THE RESEARCH EFFORT

The automation of software development has long been a god of software
engineering to increase efficiency of the development effort and impr ove the software
product. This efficiency (high productivity with less software faults) results from best
practices in building, managing and testing software projects via the use of these
automated tools and processes. However, each software development tool has its own
characteristics, semantics, objects, and concepts. While there have been significant
results achieved by use of automated software development tools (coming mainly from
the widespread increase of customers adoption rate of these tools), there remains many
challenging obstacles:

Lack of communication between the different software development toal,

Poor shared understanding; use of different syntax and concepts between
tool,

Limit of interoperability between tools,
Absence of a unifying conceptual models and ideas between tools,
Redundant work and cross purposes between tools.
These obstacles stem from different contexts, understandings, viewpoints and
assumptions that lead to wasted effort.

One way to overcome some of these obstacles is to establish a unifying contextua
framework for different software engineering tools -- an “ontology” which will unify the
different concepts and ideas in the domain. As such an ontology emerges; people,
organizations, and software systems will communicate with more efficiency. Creating an
ontology actually means determining the set of semantic categories which properly
reflect the particular conceptual organization of the domain of information, on which the
system must operate, thus optimizing the results (quantitatively and quditatively) of the
shared information.

Recently, Young proposed an object-oriented methodology for establishing
interoperability between heterogeneous systems [YOUNO2] that allows interaction

1



between their different objects. This approach is ideal for resolving the differences
existing between different kinds of systems via an establishment of a high level
interoperability model (Federation Interoperability Object Model (FIOM)). The
establishment of such object federation between existing process models together with
the integration of the federation with an extended evolution model, will generate an

availability of inputs and outputs between subordinate models to each other.

The purpose of this research is to begin an investigation to address the problems
mentioned previoudy by identifying and defining the essential characteristics of two
software engineering tools: a Requirement's Engineering Tool (Rational Software
Corporation's Requisite®Pro, a main-stream, complex, commer cial tool), and a software
prototyping tool (the Software Engineering Automation tool (SEATools), a research
model with tool support for developing executable software prototypes). The approach
undertaken was to construct a “pilot” ontology that might be extended in the future to
include other software development tools. The essential idea was to capture the
commonalities between these two tools and express them in such a way that would
promote interoperability and enhanced communication using Young's interoperability
model.

The approach in this portion of the investigation was first to anayze the structure,
inputs, and outputs of the two individual tools, perform a domain analysis (of this subset
of tools) and produce a feature model of that domain. We then used the feature model to
identify the characteristics of each individua software development tool that must be
accounted for within a higher-level ontology. Finally, we sought to build an ontology
capable of providing acommon view of the domain, providing an effective representation
of relations (similarities and differences, interacting via compatible trandation,
transformations) between representations of corresponding concepts in the different
software development tools. This was especially important since the corresponding

concepts of the two tools are not exactly the same, but contain subtle differences.



B. STATEMENT OF THE RESEARCH QUESTION
The research question for thisthesisis as follows:

What is an appropriate methodology for developing a Software
Development Tool Ontology for establishing interoperability between
software development tools?

Note that this research question implies that the methodology used to arrive at the
ontology is as important as the ontology itself. While the ontology will determine
whether the interoperability ontology for the two software development tools (Rational
RequisitePro and Software Engineering Automation tools (SEATools)) is appropriate, the
methodology will also ensure that the ontology can be later extended with the inclusion
of additiona tools.

Before building this ontology, our study will focus on investigating the essential
characteristics of these two software development tools, then building a feature model
representing the essential identif ied characteristics (extracted from the user manuals and
the use of the tool itself) for each tool. Finadly, we distinguish the commonalities
between the two tools to build a high level ontology unifying the framework of
interoperability and trandation of the two tools.

Ontology literature is full of examples of the development of ontologiesin severa
different domains. While software development tools is not one of these domains, the
experiences of these previous researchers (and the methodologies they used to develop
their ontologies) provide a starting place for the development of a methodology that we

can use to develop a software development tool ontology.

C. CONTRIBUTIONS

Developing software engineering design environments that maximize
interoperability, communication and efficiency tailored for particular domains is a
common objective for software engineering stakeholders who seek to improve the
outputs by automating engineering practice around a specific domain. The larger
software development community has embraced the concepts of Product Lines and
Generative Programming techniques. The advantage of developing specific ontologies

3



tailored to the domain of the engineering enterprise provides benefits stemming from
representational efficiency. However, there has not been a lot of work in developing
ontologies tailored to the domain of software development itself. One reason for thisis
the amount of effort required to produce such an ontology is substantial. Specific
ontologies such as this ongoing project are, in fact, not easily buildable, which obliges us
to undertake seemingly heavy processes to identify existing features in both software
engineering tools to satisfy the representational needs. Anidea solution will be offered
by the construction of a general ontology for common features management, which might
allow for resource sharing and artifact porting over and across multiple tools in the
software engineering domain, possibly with an easy and fast process of customization
without having to develop new systems from scratch [LENCO1].

The software engineering contributions represented in this thesis are:

Aninitia investigation and analysis of the structure, inputs, and outputs of
the two individual software development tools, and the identification of
essentia characteristics of these tools.

The completion of a domain analysis (of this subset of tools) and
production of afeature model for each tool’ s characteristics.

An identification of the commonalities between the two software to ols
characterigtics that must be accounted for in building a high level ontology
for the domain.

The congtruction of an initial high-level ontology using a knowledge-
based design and knowledge system developed at Stanford University:
“Protégé 2000".

The establishment of a methodology around which future software
development tools can be analyzed and added to this initia software
development tool ontology.

Ontologies can serve many purposes associated with  communication,
interoperability, and systems engineering functions (reusability, specification, etc.)
[USCH96]. The ontology that was generated in this research was influenced by the
future goa and intended use of the ontology. In this case, the intended use was to
establish interoperability between tw o software development tools. These tools were not
chosen arbitrarily. The future purpose of the ontology biases the choice of the particular
set of features that are analyzed. The future purpose biases the organization of the

4



domain of interest by highlighting commonalities and resemblances needed for the given
purpose. For instance, because we started by analyzing the requirement management tool
followed by the computer aided prototyping tool in order to come up with the essential
characteristics that make them interoperate, it is not surprising that the ontology tailored
to this goa appears to be more requirement management oriented than say, “software
testing” oriented. Conversely, the design of ageneral ontology (applicableto all software
engineering tools), while lacking the important guidance represented by application-
driven and tool-driven congtraints, must regard the versdtility of the template or

framework as one of the most important promising achievements [LENCO1].

Our strategy for developing the ontology was based on both a top-down and
bottom-up approach. In order to be effective, we sought to make the top-down approach
tackle the core problem of the interoperability between the software development tools
[SOWAQQ]. The bottom-up approach, focused on developing specific tool ontologies
that accurately described the artifacts produced by the tools so that their data processes
could be actually made to interoperate. A software development tool ontology is a
system of features, selected because of their usefulness to capture interesting
commonalities and similarities between tools. The choice of a proper ontology for the
software development tools was a very important factor in accomplishing the task of
interoperability building and struc turing, far beyond the issue of the representation of the

inventory of the software development tools features.

D. INTRODUCTION TO ONTOLOGIES

The history of the word “ontology” first appeared in philosophy referring to the
subject of “existence’”. The same word adso shares some commonalities with the
“epistemology”, which is about knowledge and knowing. These latter commonalities are
particularly obvious in the context of knowledge sharing, where an ontology is a
description (similar to a formal specification of a program) of the concepts and
relationships that can exist for an entity or a group of entities [GRUBO2]. Corazzon in
his article “descriptive and formal ontology” defines an Ontology as a theory of objects
and their relationships [CORAQ2]. The widespread use of ontologies provides a
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meaningful practice for distinguishing various types of objects (concrete and abstract,
existent and non-existent, real and ideal, independent and dependent) and their ties
(relations, dependences and predication).

Modern usage of ontology is influenced by a commingled theory developed from
both philosophers and scientists working in Artificial Intelligence, database theory and
natural language processing. [CORAOQZ2] introduces the possibility of distinguishing
ontology as “conceptual analysis’ from ontology as “technology.” Descriptive and
Formal Ontologies present contemporary developments in ontology in both the
philosophical and the technological contexts. This latter kind of ontology will be the
basis of our approach, especialy in trying to develop an ontology alowing
interoperability and communication between different software development tools.

Lenci defines ontologies as a core ingredient in knowledge management and
content-based systems [LENCO1]. Ontologies tasks start from document search and
categorization to information extraction and text mining. Ontologies also represent an
important bridge between knowledge representation and computational lexical semantics.
Ontologies are widely used as formal devices to represent the lexical content of words,
and appear to have a crucia role in different language engineering (LE) tasks, such as
content-based tagging, word sense disambiguation, multilingua transfer, etc. [LENCO1].

Lenci illustrates the example of a top-down ontology, aiming at a universal
coverage of human categories. For instance, Cyc [LENA9Q] forms a huge knowledge
base containing over 100,000 concept types in the domain of universal coverage of
human categories. The example demonstrates the potential advantage of generd
ontologies in that they can represent a common language for systems dealing with

knowledge representation in different domains [LENCO1].
Sowa [SOWAQQ], as quoted by [LENCO1], defines an ontology as:

a catalogue of the type of things that are assumed to exist in a domain of
interest D, from the perspective of a person who uses alanguage L for the
purpose of talking about D.



Furthermore, Lenci emphases the fact that an ontology must include only
instances that belong to the same domain of interest [LENCO1]:
From a semantic point of view, an ontology determines the domain of
discoursefor alanguage L, i.e. what L talksabout. The ontology onwhich
L is interpreted actually constrains the expressiveness of L itself. For
instance, if the ontology only contains plants and animals, then it will be
impossible to speak about computers, unless they are categorized either as
plants or as animals, thereby losing the possibility to account for crucial

differences among them. To be able to do this, the ontology should be
refined by adding a further category, e.g. the one of artifactual objects.

It can be inferred from the previous quote that “Artifact” is an ambiguous term
that can be confusing because it masks a number of unstated assumptions. “Artifact” can
be used to mean a physical object, a primary record, or a physica object that constitutes a
primary record. From the point of view of a researcher, and for the purposes of
developing an interoperability ontology or any other kind of ontology, an artifact can be
defined as an information resource in which the information is recorded on a physica
medium belonging to a certain domain of interest (such as animals and plants), which
may or may not be unique, and in which the type adheres not only in the domain of
interest, but also in the object itself. In other words, artifacts are things that have intrinsic
value, independent of the informational content [LENCO1].

Another view of ontologies [USCH96] defines “Ontology” as a term used to refer
to the shared understanding of some domain of interest. This domain of interest may be
used for the purpose of unifying certain frameworks to solve particular problems in the
same domain. Regardless of the domain of exploration, an ontology should necessarily
include some sort of world view conceived as a set of concepts (such as entities,
relations, and attributes from one side and their definitions and inter -relationships from
another side) with respect to a given domain. Moreover, because people, organizations,
and software systems need to communicate between and among themselves for more
efficiency, there are often difficulties/inaccuracies in communications generated from
differing contexts, understandings, viewpoints and assumptions. One way to solve this
troublesome behavior is by building ontologies that help by:



Improving poor communication,
Establishing a unified environment for conceptual models and ideas,
Preventing redundant work and cross purposes,
Increasing productivity via the ease of understandability,
Providing a widespread use of the domain of interest.
Ontologies are an efficient way to reduce or eliminate conceptual and semantic
confusion. They establish a shared understanding and unifying framework. These latter
have as a main objective the improvements of:

Communication between people with different backgrounds, needs and
viewpoints arising from different contexts. Examples may include:

Normative Models: that establishes the semantics of the system
and potentia extensions,

Networks of Reationships. which explore the relationships
between different entities,

Consistency and Ambiguity: by providing unambiguous and clear
definitions,

Integration of different User Perspectives. by establishing a
groundwork for development of standards within the community.

Interoperability among systems achieved by trandating between different
modeling methods, paradigms, languages, and software tools. Examples
may include:

Integrating environments for tools,

Inter-lingua Trandators. assures a meaningful understanding of a
domain given in different languages,

Internal Interoperability: integration of different systems,

External Interoperability: assures an openness of organizations to
the outside world,

Integrating Ontologies: integrates Domains and Tools.

System engineering ontologies (such as reliability engineering, reuse
engineering) may improve:

Specification: shared understanding assists in establishing the
specifications of systems,

Reliability: can form the basis for manual checking. Forma
ontologies can be used to make assumptions explicit to users.
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Reusahility: allows modules to be imported and exported between
systems.

Gruber states that the basis of representing knowledge formally accounts in great
part on conceptualization (an abstract, simplified view of the domain of interest to be
represented): the objects, concepts, and other entities that are assumed to exist in a
domain of interest as well as the relationships that exist anong them [GRUBO02]. Every
knowledge base, whether it is a knowledge-based system or knowledge-level agent, is
committed to some explicit or implicit conceptualization. This approach is important in
our case of developing an ontology for software development tools, where we simplify
the view of software development tools represented as well as depict the eventual

relationships that exist among them.

The development of ontologiesis not a new concept. Various work on ontologies
has emerged in different domains of interest. We have introduced about fiv e different
views of what ontologies are depending on the domain of interest. However, their
common denominator is mainly characterized by defining the vocabulary with which
queries and assertions are exchanged among entities. These describe ontological
commitments (Ontological commitments are agreements to use the shared vocabulary in
a coherent and consistent manner) that enable different entities operating on different
theories to communicate about a domain of interest. All of this provides a foundati on for
our work. Our objective was to develop an ontology characterized by a certain kind of
formalism, alowing interoperability between different tools within the same domain of
interest, and capable of increasing the degree to which different software development

tools communicate with each other.

The entities sharing a vocabulary do not necessarily have the same knowledge
base; we may consider an entity that knows things and other entity that does not. An
entity that commits to an ontology is not required to answer al queries that can be
formulated in the shared vocabulary. In short, a commitment to a common ontology isa
guarantee of consistency, but not completeness, with respect to queries and assertions

using the vocabulary defined in the ontology



E SUMMARY

The objective for building this ontology is to offer a powerful and verstile tool
for the representation of the commonalities between essential features of two software
engineering tools (Rationale RequisitePro and the Software Engineering A utomation
Tools (SEAToals)). This represents several challenges for the ontology design, since it
requires tackling the difficult issue of providing an explicit and adequate technical
behavior of each feature, a crucia condition for them to be properly usable as the main
backbone in the interoperability between different tools [LENCO1].

Fortunately, we ended up by overcoming these challenges and developed an
ontology that can be used for interoperabity between two software development tools and
serving asapilot that can be extended to include more software devel opment tools. More
importantly, we developed a methodology, which can be used to add and analyze
additional tools to this ontology framework.
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[I.  FOUNDATION AND RELATED WORK

A. INTRODUCTION

Several other researchers’ works form the foundation to this research and others
are related or (competing) work. The foundation work is full of examples dealing with
interoperability and communication of heterogeneous systems. While software
development tools is not one of these domains, the experiences of these previous
researchers provide a starting place for the development of a methodology that we can

use to develop a software devel opment tool ontology.

B. FOUNDATION WORK

There are several works that dea in some way with the interoperability and
communication of heterogeneous systems that provide a motivation and foundation for
our research. These works preceded ours and congtitute the basis for our software
development tools' ontology. Among these works we select the following according to
the degree to which they together with ours compliment each other and contribute to the
enrichment of software engineering.

1. Software Tool Interoperability [PUET02, 03]
a. Summary

Puett proposed an initid investigation into the development of a Holigtic
Framework for Software Engineering (HFSE) [PUET02, 03]. This Holistic Framework
establishes mechanisms by which existing software development tools and models
interoperate. He presents the holistic framework as an efficient way to provide seamless
interoperability between software tools and models with improvement to both process
and product. The HFSE captures and uses dependency relationships among
heterogeneous software development artifacts, the results of w hich are used by software
engineers to improve software processes and product integrity. This kind of framework
triggers the research for discovering dependencies among different aspects of the
software engineering process. In the meantime, an implementation of processes

enhancing the software integrity is likely to be achieved. This latter is one of the many
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improvements expected from establishing an HFSE. A second advantage would be to
automate the software devel opment process as long as models or tool s, inputs and outputs
can be supplied through the holistic model. Different tools will be able to interact
automatically, with less involvement of the software engineer. Because all artifacts
within the holistic model are tracked together as a large dependency graph, it is possible
to extract select “dlices’ of the dependency graph for particular purposes, allowing more
“focused” development. For example, since the holistic model interacts with existing
process models such as sof tware risk, reuse, and testing; it will then be possible to extract
a“dlice” of the entire dependency graph (a dlice that repr esents the greatest risk) so that
prototyping and analysis effort is not wasted on developing artifacts that are already well
defined, understood, and/or successfully implemented in previous versions.

b. Concepts Useful tothe Thesis

One of the mechanismsthat is required by the HFSE is the development of
an ontology via which existing software development tools will interoperate.
Characterizing different software development tools, and capturing the different
commonalities between them to be later assembled in a kind of dictionary will be the
crucia part of this approach. This contribution will improve the communication between
the different parts of the software development process and the software development
tools themselves. The ontology for software development tools constitutes the first step
allowing the HFSE to capture and use dependency relationships among heterogeneous
software development atifacts. This ontology will be used as unifying framework for
improving communication and trandating between the software development tools. The
ontology will form the basis for the establishment of Component and Federation
representations of the artif acts and activities of software development processes.

2. Softwar e Evolution [HARN99C]

a. Summary

Harn, in his PhD dissertation [HARN99c], describes software evolution in
terms of a Relational Hypergraph moddl (RH model). His work extends the work of
severa others [LUQI90] [BADR93] [IBRA96] who established the use of directed
graphs and hypergraphs for managing the complexities of software evolution. Harn's

model establishes dependencies and links between key activities and artifacts of a
12



particular software development model and also between sequentia iterations of cycles
within that model. Furthermore, the model plays a significant role in allowing the
management of both the activities in a software development project and the artifacts
produced by tese activities using automated tools devoted to this purpose. As an
illustration of such atool, the Computer Aided Software Evolution System (CASES) was
developed at the Naval Postgraduate School in support of Harn's work .

CASES is a software tool that performs the following functions during
software evolution: control, management, formation, refinement, traceability, and
assignment. It manages and controls al the activities that affect a software system and
the relationships among these activities by changing them. CASES is based on the
relationships of the Software Evolution Process Model as shown in detail in Figure 1.
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Integraton Implermentan oy
Step Step

Figure1l. Software Evolution Processes with CASES [HARN99¢].

In the relationa hypergraph, software evolution objects are activities and
artifacts affected by the software evolution process. They consist of “Steps’ and
“Components.” The relationa hypergraph links these objects and establish dependencies
between the objects via the use of a hierarchical refinement. Harn's work forms the basis
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for establishing a Software Evolution Model which forms as the core for the Holistic
Framework for Software Engineering.
b. Concepts Useful to the Thesis
By adding extensions, the Relational Hypergraph becomes a very useful
mathematical construct for establishing dependencies between evolution artifacts and
forms a foundation for establishing interoperability and dependency tracking between
such artifacts. However, before such constructs can be developed, the artifacts and
activities (and their associated properties) must be identified and defined. An appropriate
means of capturing these artifacts and activities is through the use of an ontology.
Constructs within CASES can then be developed that alow the software designer to
“build” the objects, components, steps, and attributes that the designer uses. The
development of an ontology that unifies al the terms and improves the communicational
environment of software development must also be extensible to account for unforeseen
constructs.
3. Object-Oriented Model for Interoperability (OOMI)[YOUNO2]
a. Summary
Y oung's Object-Oriented Model for Interoperability [YOUNOZ2] relies on
Object-Oriented Anaysis and Design (OOAD) to establish a federation of objects for
interoperability between heter ogeneous systems. Young points out that consistent
representation of the same real world entity in various legacy software products is a
continual problem for system interoperability. To address this problem, he presents an
Object-Oriented Mode for Interoperability (OOMI). Thismode is used to solve the data
and operation consistency problems in legacy systems. The mode calls for the
establishment of a Federation Interoperability Object Model (FIOM) that is specified for
a specific group of systems (termed a“federation”) designated for interoperation. Y oung
states[Y OUNGO1]:
The FIOM consists of a number of Federation Entities (FEs) that contain
the data and operations to be shared between systems. The FIOM also

captures the trandations required to resolve differences in representation
of this data and operations.
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An example UML representation of an FIOM is shown in Figure 2 below:
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Figure 2. Federation Interoperability Object Model [Y OUNO2].

At runtime, the OOMI uses a middleware-based trandator to processthe
information contained in the FIOM. The trandator automatically converts instances of
real-world entity attributes and operations to the proper representation to enable
interoperation between systems (see Figure 3 below):
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Figure 3. Middleware Trandator Implementation [Y OUNOZ].

In addition to defining the constructs of the OOMI, Young provides a

speciaized toolset used to create the FIOM prior to run-time. Thistool set is called the
Object Oriented Modéel for Interoperability Integrated Development Environment (OOMI
IDE) and is used to:

Discover the information and operations shared between federation
components,

Provide assistance in identifying the different representations used for
such information and operations by component systems,

Define the transformations required to trandate between different
representations, and

Generate system-specific information used to resolve representational
differences between component systems.

b. Concepts Useful to the Thesis
Y oung's OOMI provides a mechanism for establishing the interoperability

of various software development tools and models. The only requirement for these tools
and modelsis that they be definable within an object paradigm [PUET02]:
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Y oung identifies two concepts that will be directly applicable to mapping
multiple software engineering tools to each other within the HFSE:

heterogeneity of scope and heterogeneity of representation. Heterogeneity
of scope refers to the fact that differing amounts and types of information
can be specified by dif ferent systems to represent the state and behavior of
the same entity. Heterogeneity of representation refers to the fact that
different systems, when referring to the same entity, often have differences
in: terminology used, format, accuracy, range of values dlowed, and
structural representation of the included state and behavioral information.

Severa of the chalenges facing the HFSE will be how to resolve different
levels of abstraction for information provided in different tools and
models. The Federation Entity View (FEV) in Young's OOMI may
provide the ability to resolve these differences [Y oung02]:

The FEV contains the trandations required to convert between each
component system representation and the 'standard' representation of that
view. These trandations are used to resolve differences in physicd
representation, accuracy tolerances, range of values alowed, and
terminology used in representing a federation entity view. These
trandations are defined by the interoperability engineer and stored in the
FEV for subsequent use.

A dart towards tackling these challenges is via the use of an ontology
capable of capturing the commonalities between different software development tools.
This ontology will be used as a unifying framework for improving communication and
trandating between software development tools. The ontology will form the basis for the
establishment of Component and Federation Representations of the artifacts and activities
of software development processes.

4, Ontologies: Principles, Methods and Applications [USCH96]

a. Summary

Uschold and Grainger define “Ontology” as a term used to refer to the
shared understanding of some domain of interest [USCH96]. This domain of interest
may be used to solve particular problems in that domain. An ontology should necessarily
include some sort of world view conceived as a set of concepts. One powerful way to
solve the troublesome behavior of communication difficulties/inaccuracies is by building
ontologies that would:

Establish a unified environment for conceptual models and ideas,

Prevent redundant work and cross purposes,
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Provide a widespread use of the domain of interest.

Ontologies are an efficient way to reduce or eliminate conceptual and
terminology confusion. They establish a shared understanding and unifying framework.
They improve:

Communication between people with different backgrounds, needs and
viewpoints arising from different contexts,

Interoperability among systems achieved by trandating between different
modeling methods, paradigms, languages, and software tools.

As an example of an ontology, the Enterprise Ontology [USCH98] was
developed within the Enterprise Project, a collaborative effort (by the Artificia
Intelligence Applications Ingtitute at the University of Edinburgh with its partners: IBM,
Lloyd's Register, Logica UK Limited, and Unilever) to provide a framework for
enterprise business modeling. The ontology was built to serve as a basis for this
framework, which includes methods and a computer tool set for enterprise modeling.
This ontology is presented as a collection of terms and definitions relevant to business
enterprises. The authors present natural language definitions for al the terms, starting
with the foundational concepts used to define the main body of terms such as entity,
relationship, and actor. As an example of an ontology, Table 1 is a complete list of the
terms defined in the Enterprise Ontology. The table shows a collection of terms and
definitions relevant to business enterprises. This collection is presented in natural
language and classifies the terms by categories, starting from activities and process all the
way through time.
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Major Category

Ontology Terms

Activity

Activity  Specification, Execute, Executed Activity
Specificaion, T-Begin, T-End, Pre Conditions, Effect, Doer,
Sub-Activity, Authority, Activity Owner, Event, Plan, Sub-
Plan, Planning, Process Specification, Capability, Skill,
Resource, Resource Allocation, Resource Substitute.

Organization

Person, Machine, Corporation, Partnership, Partner, Lega
Entity, Organizational Unit, Manage, Delegate, Management
Link, Legal Ownership, Non-Lega Ownership, Ownership,
Owner, Asset, Stakeholder, Employment Contract, Share,
Share Holder.

Strategy

Purpose, Hold Purpose, Intended Purpose, Strategic Purpose,
Objective, vison, Misson, Goal, Help Achieve, Strategy,
Strategic Planning, Strategic Action, Decision, Assumption,
Critica Assumption, Non-Criticdl Assumption, Influence
Factor, Critica Influence Factor, Non-Critical Influence
Factor, Critical Success Factor, Risk.

Marketing

Sale, Potential Sale, For Sde, Sale Offer, Vendor, Actud
Customer, Potential Customer, Customer, Resdller, Product,
Asking Price, Sdle Price, Market, Segmentation Variable,
Market Segment, Market Research, Brand Image, Feature,
Need, Market Need, Promotion, Competitor.

Time

Time Line, Time Interval, Time Point.

Tablel. Lig of the Terms Defined in the Enterprise Ontology [ENTROZ2].

The idea of the Enterprise Ontology was extended by The Enterprise Tool

Set (consisting of various components each serving one or more main purposes) designed

to facilitate the integration of multiple independently devel oped software tools in asingle

package (Figure 4). To an end user running an application, there is no visi ble distinction
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between a function being achieved by a module in the Tool Set itself or by an outside
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Figure4. Tool Set Architecture [USCH98].

Figure 4 illustrates the flexible agent-based architecture of the enterprise
tool set used to achieve tool integration.

b. Concepts Useful to the Thesis

[USCH96] is useful because it defines what an ontology is, the usage of
domain of interest and the possibility of using it for the purpose of unifying certain
frameworks to solve particular problems in the same domain. The authors discuss the
uses of ontologies, and present an initid methodology to build an ontology - a
methodology that we adopted and modified to suit our purposes. This article served as
guidance in including the concepts collected or identified from the analysis of some
software development tools in our ontology. This necessity was fulfilled by including
concepts such as. entities, relations, and attributes and their definitions and inter -
relationships. Furthermore, the use of the Enterprise Ontology is an example for the
representation of the software development tool ontology. The conceptual anaysis for
this ontology is applicable for reuse with software development tools, avoiding the need
to start from scratch and build yet another special purpose process-modeling language.
Thisresultsin:
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Savings due to reuse,
Savingsininitia coding time,

More responsive to change due to the increased modularity of the Tool Set
software.

Note that these three savings will be barely felt in the case of our software
development tools ontology (the first pilot work), but would be achievable in case of
extending it, building other ontologies, or reusing this one.

5. UML as an Ontology Description Language [CRANO1]

a. Summary

Cranefield, et. al. presents the Unified Modeling Language as a possible
language for defining and describing domain ontologies [CRANO1]. They also view
ontologies as having an important role in defining the terminology that agents use in the
exchange of know ledge-level messages. As object-oriented modeling, and the Unified
Modeing Language (UML) in particular, have built up a huge following in the field of
software engineering and are widely supported by robust commercial tools, the use of
UML for ontology representation in agent systems would help to hasten the uptake of
agent-based systems concepts into industry. The use of UML is amost generaized in
industry, therefore it provides an effective and scalable approach to conceptua modeling,
and thus it should be seriously considered as an ontology modeling language. The paper
also examines the potential for UML to be used for ontology modeling, compares it to
traditional description logic formalisms and discusses some further possibilities for
applying UML-based technologies to agent communication systems. The authors added
that according to their point of view, UML could be regarded as a suitable candidate for
knowledge representation.

b. Concepts Useful tothe Thesis

Since our ontology is mainly developed to catch the commonalities
between the different artifacts associated with different software development tools,
serving as a dictionary alowing communication and interoperability between these tools,
we choose the usage of a widespread adopted language: the Unified Modeling Language
(UML). The use of UML for our ontology representation helps to show the inter -
relationships between classes using relationships between classes and inheritance.
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Moreover, the second reason behind our choice of using UML in depicting the inter-
relationships between the different artifacts present in our software development tool

ontology, resulted from the use of the Protégé software ontology capture tool. Protégé
also uses relationships and inheritances in showing inter -relationshi ps between classes of
the software development tools parts of the ontology. Thus, it is convenient for us to
show the rel ationship between classes of different ontologiesusing UML. Previously, we
presented Object-Oriented Model for Interoperability (OOMI) [YOUNO2]. OOMI

methodology uses a UML type structure to express the inter -relationships between
objects in different ontologies — we want to mirror that implementation. Our work

together with Object-Oriented Model for Interoperability (OOMI) are related to each
other and complement each other; this fact was also taken into account when choosing to
use UML.

6. Overview of Protégé [PROTO02]
a. Summary

Protégé-2000 is a knowledge-based design and knowledge-acquisition
system developed over more than a decade at Stanford University as a software
engineering methodology [MUSES54]. It is available free under the open-source Mozilla
Public License and is compatible with a wide range of knowledge representation
languages [PROTO02]. The tool alows the designer to create custom knowledge-based
tools for whatever application is needed. Protégé assists software developers in creating
and maintaining explicit domain models, and in incorporating those models directly into
program code. Protégé allows system builders to construct software systems from
modular components, including:

Reusable frameworks for assembling domain models,

Reusable domain-independent problem-methods that implement
procedural strategies for solv