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Abstract

This paper contains a taxonomy of the uses of ogies$, intended as motivation for the Ontology
Definition Metamodel development effort by the GltjManagement Group. It describes several usage
scenarios for ontologies and proposes example agipins for use in these scenarios. Many of the
scenarios and applications are based on effortemly underway in industry and academia. The
scenarios descriptions are followed by goals fer@mtology Definition Metamodel.

1. Introduction

Ontology is a philosophical concept which was idtroed into computing by the Artificial Intelligence
community to describe data models which were canedly independent of specific applications. Oves t
past decade the term has introduced into sevehak diranches of computing where there is a need to
model data independently of applications. With #aeent of the semantic web movement (Berners-Lee
and Fischetti 1999) and the consequent developwafeahtology modeling languages like OWL by the
W3C, the development of ontologies has become rmaas. Consequently, in 2003 the Object
Management Group issued a Request for Proposahf@ndology Development Metamodel, for a Meta-
Object Facility (MOF-2) metamodel intended to suppor

« development of ontologies using UML modeling tools

* Implementation of ontologies in the W3C Web Ontgitanguage OWL

« forward and reverse engineering for ontologies

The authors of this paper were the original teatabfished by the original submitters to the RFPoahe
working together to develop a draft standard scleetior delivery to the OMG in late 2004.

Early in the process, the team realized that thexenot a comprehensive analysis of what ontologare
and what they were used for. Such an analysissisngial in development of any software, so out ftep
was to develop a usage scenarios and goals doc(toersie OMG terminology).

The usage scenarios presented herein highlighticteaistics of ontologies that represent importigign
considerations for ontology-based applications.eyralso motivate some of the features and functidns
the ODM and provide insight into when users cantlitmé expressivity of their ontologies to a desdip
logics based approach, as well as when additiofakssivity, for example from first order logic, ghit be
needed. This set of examples is not intended texbaustive. Rather, the goal is to provide sigfity
broad coverage of the kinds of applications the OI3BNhtended to support that ODM users can make
informed decisions when choosing what parts of @2M to implement to meet their development
requirements and goals.

8 The work reported in this paper has been fundgrinby the Cooperative Research Centres Program
through the Department of the Prime Minister anti@at of the Commonwealth Government of Australia,
and funded in part through the United States Gawent Defense Advanced Research Program Office's
DAML program.
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This analysis can be compared with a similar amalgerformed by the W3C Web Ontology Working
Group (W3C 2003). We believe that the six use caselseight goals considered in W3C (2003) provide
additional, and in some cases overlapping, examptegie scenarios and goals for the ODM.

1.1. Perspectives

In order to ensure a relatively complete reprediemteof usage scenarios and their associated exampl
applications, we evaluated the coverage by usisgt @f perspectives that characterize the donfaible

1 provides an overview of these perspectives.

Perspective

One Extreme

Other Extreme

Level of Authoritativeness
Source of Structure

Degree of Formality

Least authoritative, dder,
shallowly defined ontologies

Passive (Transcendent) —tsteic
originates outside the system

Informal, or primarily taxonami

Most authoritative, narrower, more|
deeply defined ontologies

Active (Immanent) — structure
emerges from data or application

Formal, having rigorously defined

types, relations, and theories or
axioms

Yiielaontologies are fluid and
changing.

Read-only, resource instances afevolatile, resource instances change

Model Dynamics Read-only, ontologies are static

Instance Dynamics

static continuously
Control / Degree of Externally focused, public (little or | Internally focused, private (full
Manageability no control) control)
Application Changeability Static (with periodic wgids) Dynamic

Loosely-coupled
Information integration
Design Time

Tightly-coupled
Applicatiintegration
Run Time

Coupling
Integration Focus
Lifecycle Usage

Table 1. Perspectives of applications that use albgies that are considered in this analysis.

We found that these perspectives could be dividemltivo general categories, those that are modtice
and those that are application centric. The mod®itric perspectives characterize the ontologies
themselves and are concerned with the structumaaesm and dynamics of the ontologies, they are:

« Level of Authoritativeness — Least authoritativaabogies define a broad set of concepts, but to a
limited level of detail while the most authoritagiwntologies are likely to be the narrowest, dafini
limited numbers of concepts to a greater depthethil More authoritative ontologies will represent
safer long term investments and thus are likelyga@eveloped to a greater depth.

« SNOMED"” is a very large and authoritative ontology. Theigméic table of the elements is very
authoritative, but small. However, it can be safedgd as a component of larger ontologies in physic
or chemistry. Ontologies used for demonstratiopertagogic purposes, like the Wine OntofSggre
not very authoritative. Table 1 can be seen amé&iagy which at present is not very authoritative.

e Source of Structure — The source of an ontologtesctsire can be defined by external sources
(transcendent), or it can be defined by information internal tioe data and using applications
(immanent). SNOMED is a transcendent ontology defined by #agious governing bodies of
medicine. E-commerce exchanges are generally stggpdny transcendent ontologies. The set of
topics used for searching a newsfeed are immasieice they change as the news does.

« Degree of Formality — refers to the level of foripafrom a knowledge representation perspective,
ranging from highly informal or taxonomic in naturehere the ontologies may be tree-like, involving
inheritance relations, to semantic networks, wiay include complex lattice relations but no formal
axiom expressions, to ontologies containing botticka relations and highly formal axioms that

' http://www.snomed.org
18 http://www.w3.0rg/2001/sw/WebOnt/guide-src/winelow
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explicitly define concepts. SNOMED is taxonomic, l@hengineering ontologies like Gruber and
Olsen (1994) are highly formal.

Model Dynamics — Some ontologies tend to be stabldle others are likely to be modified
dynamically by the agents or applications that tihgen. The periodic table of the elements is pretty
stable, but an ontology supporting tax accountmg\ustralia would be pretty volatile at the model
level.

Instance Dynamics—refers to the degree that instamé classes in the information resources or
knowledge bases that use the ontology change esu# of some action the application takes as it is
running. The periodic table of the elements iblstat the instance level (eg particular elemeass)
well as the model level (eg classes like noble gmss rare earths), while an ontology supporting-an
commerce exchange would be volatile at the insténeg but not at the model level.

Application centric perspectives are concerned ity application use and manipulate the ontologies,
they are:

2.

Control / Degree of Manageability — refers to thepscof control of the application using one or more
ontologies, and also of control over changes madké ontologies or knowledge bases. The ontology
evolution control may span organizations or operagide a private firewall or VPN, For public
ontologies there may be little to no control from @ntology evolution perspective. An e-commerce
exchange may have a high degree of control oveptbduct catalogs and terms of trade, but a low
degree of control over value-added tax categondspayment regimes.

Application Changeability — The ontologies may Ippleed statically, as they might be if used for
database schema mapping, with periodic updatespipost evolution in the schemas, or they may be
applied dynamically, as in an application that cosgs web services at run time.

Coupling — refers to the degree that the infornmatisources or applications using the ontologies ar
coupled. In an e-commerce exchange the playertigaitty coupled using the ontology, while different
applications using the engineering mathematicslogyomay have nothing at all in common at run
time.

Integration Focus — refers to the degree that titelagy is focused on the structure of messages
implementing interoperability without regard forntent (for example Electronic Data Interchange or
EDI), application interoperability without regard ttontent (eg a shared database) or both (eg
booksellers using publishers’ product catalogs mt®logies focus on content as well as message
structure).

Lifecycle Usage — refers to the phase of a prdjéetcycle in which the ontologies are used. This
ranges from early design and analysis phases tglai active part of the application at run timee T
engineering mathematics ontology would be used Imainthe design phase, while an e-commerce
exchange may need to validate the extent to whielssages commit to various versions of the
ontology.

Usage Scenarios

As might be expected, some of these perspectivesttecorrelate across different applications, fogn
application areas with similar characteristics. r @oalysis, summarized in Table 2, has identifiacéa
major clusters of application types that share sset®f perspective values:

Business Applications are characterized by haviagscendent source of structure, a high degree of
formality and external control relative to nearliyusers.

Analytic Applications are characterized by highlgaageable and flexible ontologies, using large
collections of mostly read-only instance data.

Engineering Applications are characterized by adeining transcendent source of structure, but as
opposed to business applications their users dahieon primarily internally and they are considered
more authoritative.
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2.1. Business Applications
2.1.1. Run Time Interoperation

Externally focused information interoperability &ipptions are typically characterized by strong de-
coupling of the components realizing the appligaio They are focused specifically on informatiather
than application integration (and here we includene semantic web service applications, which may
involve composition of vocabularies, services armtpsses but not necessarily APIs or database sshem
Because the community using them must agree umoarttologies in advance, their application tendseto
static in nature rather than dynamic.

Perspectives that drive characterization of thesearios include:

* The level of authoritativeness of the ontologied Enformation resources.

*  The amount of control that community members havéhe ontology and knowledge base evolution

* Whether or not there is a design time componenhtology development and usage

« Whether or not the knowledge bases and informatesources that implement the ontologies are
modified at run time (since the source of structmains relatively unchanged in these cases,eor th
ontologies are only changed in a highly controlledited manner).

These applications may require mediation middlevihed leverages the ontologies and knowledge bases
that implement them, potentially on either sidetloé firewall — in next generation web services and
electronic commerce architectures as well as ierathoss-organizational applications, for example:

« For semantically grounded information interopeiifhisupporting highly distributed, intra- and inte
organizational environments with dynamic participatof potential community members, (as when
multiple emergency services organizations comethegeo address a specific crisis), with diversd an
often conflicting organizational goals.

e For semantically grounded discovery and compositidninformation and computing resources,
including Web services (applicable in business @sedntegration and grid computing).

« In electronic commerce exchange applications basedtateful protocols such as EDI or Z239.50,
where there are multiple players taking roles penfog acts by sending and receiving messages
whose content refers to a common world.

In these cases, we envision a number of agent®magplications interoperating with one anothengsi
fully specified ontologies. Support for query ir@peration across multiple, heterogeneous datatiases
considered a part of this scenario.

While the requirements for ontologies to suppo#dsthkinds of applications are extensive, key featur

include:

« the ability to represent situational concepts, sacplayer/actor — role — action — object — state,

« the necessity for multiple representations andi@ws of the same concepts and relations, and

e separation of concerns, such as separating thebutzoc@es and semantics relevant to particular
interfaces, protocols, processes, and services tilherasemantics of the domain.

e Service checking that messages commit to the agyold run time. These communities can have
thousands of autonomous players, so that no plegertrust any other to send messages properly
committed to the ontology.

2.1.2. Application Generation

A common worldview, universe of discourse, or damiai described by a set of ontologies, providing th
context or situational environment required for liyesome set of agents, services, and/or applitatio
These applications might be internally focused eryvlarge organizations, such as within a specific
hospital with multiple, loosely coupled clinics, tbare more likely multi- or cross-organizational
applications. Characteristics include:

« Authoritative environments, with tighter couplingtiveen resources and applications than in cases
that are less authoritative or involve broader dosyahough likely on the “looser side” of the oair
continuum.

« Ontologies shared among organizations are hightyrotbed from a standards perspective, but may be
specialized by the individual organizations that tieem within agreed parameters.
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* The knowledge bases implementing the ontologiedileely to be dynamically modified, augmented
at run time by new metadata, gathered or infersethe applications using them.

* The ontologies themselves are likely to be deeperrarrower, with a high degree of formality in
their definition, focused on the specific domairirgérest or concepts and perspectives relatellotwet
domains.

For example:

« Dynamic regulatory compliance and policy administra applications for security, logistics,
manufacturing, financial services, or other indestr

e Applications that support sharing clinical obseimat test results, medical imagery, prescriptiod an
non-prescription drug information (with resolutiosupport for interaction), relevant insurance
coverage information, and so forth across clineavironments, enabling true continuity of patient
care.

Requirements:

« The ontologies used by the applications may be fslecified where they interoperate with external
organizations and components, but not necessatilydpecified where the interaction is internal.

« Conceptual knowledge representing priorities artg@dence operations, time and temporal relevance,
bulk domains where individuals don't make sensgh manufacturing processes, and other complex
notions may be required, depending on the domairagplication requirements.

2.1.3. Ontology Lifecycle

In this scenario we are concerned with activityjolithas as its principle objectives conceptual Kedge
analysis, capture, representation, and maintenadtmlogy repositories should be able to suppath ri
ontologies suitable for use in knowledge-basediegipbns, intelligent agents, and semantic webisesv
Examples include:

« Maintenance, storage and archiving of ontologieseigal, administrative and historical purposes,

e Test suite generation, and

e Audits and controllability analysis.

Ontological information will be included in a stard repository for management, storage and ardiivin
This may be to satisfy legal or operations requéets to maintain version histories.

These types of applications require that Knowle&iggineers interact with Subject Matter Experts to
collect knowledge to be captured. UML models prevavisual representation of ontologies facilitgtin
interaction. The existence of meta-data standatdd) as XMI and ODM, will support the developmeht o
tools specifically for Quality Assurance Engineamsl Repository Librarians.

Requirements include:

« Full life-cycle support will be needed to provideamaged and controlled progression from analysis,
through design, implementation, test and deploymemiitinuing on through the supported systems
maintenance period.

« Part of the lifecycle of ontologies must includdli@iooration with development teams and their tools,
specifically in this case configuration and reqoiemts management tools. Ideally, any ontology
management tool will also be ontology aware.

« It will provide an inherent quality assurance caligbby providing consistency checking and
validation.

« It will also provide mappings and similarity anak/support to integrate multiple internal and exaéér
ontologies into a federated web.

2.2. Analytic Applications
2.2.1. Emergent Property Discovery

By this we mean applications that analyze, obsdean from and evolve as a result of, or managerot
applications and environments. The ontologies ireduto support such applications include ontolegie
that express properties of these external apmicator the resources they use. The environmengsoma
may not be authoritative; the ontologies they usg tme specific to the application or may be stashaar
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utility ontologies used by a broader community. eTHmowledge bases that implement the ontologies are

likely to be dynamically augmented with metadatéhgeed as a part of the work performed by these

applications. External information resources gmgliaations are accessed in a read-only mode.

« Semantically grounded knowledge discovery and aiglg.g., financial, market research, intelligence
operations)

« Semantics assisted search of data stored in dambagontent stored on the Welg(, using domain
ontologies to assist database search, using litigoistologies to assist Web content search)

» Semantically assisted systems, network, and / plicgtions management.

e Conflict discovery and prediction in informationsoairces for self-service and manned support
operations€.g., technology call center operations, clinical resgmoenters, drug interaction)

What these have in common is that the ontologypgcally not directly expressed in the data of ias,

but represents theories about the processes gegethe data or emergent properties of the data.
Requirements include representation of the objectee ontology as rules, predicates, queries tep®s

in the underlying primary data.

2.2.2. Exchange of Complex Data Sets

Applications in this class are primarily interestied the exchange of complex (multi-media) data in
scientific, engineering or other cooperative worke ontologies are typically used to describe tfieno
complex multimedia containers for data, but tydicabt the contents or interpretation of the dathich is
often either at issue or proprietary to participéayers. (The OMG standards development proceas is
example of this kind of application.)

Here the ontology functions more like a rich tygstem. It would often be combined with ontologids o
other kinds (for example an ontology of radiologitaages might be linked to SNOMED for medical
records and insurance reimbursement purposes).

Requirements include

* Representation of complex objects (aggregatiommadf)

e Multiple inheritance where each semantic dimensiofacet can have complex structure.
* Tools to assemble and disassemble complex setsenttific and multi-media data.

2.3. Engineering Applications

The requirements for ontology development enviromsi@eed to consider both externally and internally
focused applications, as externally focused buhaitative environments may require collaborative
ontology development.

2.3.1. Information Systems Development

The kinds of applications considered here are tlibatuse ontologies and knowledge bases to support

enterprise systems design and interoperation. weyinclude:

« methodology and tooling, where an application dbtumposes various components and/or creates
software to implement a world that is describedbg or more component ontologies.

e Semantic integration of heterogeneous data soumtésapplications (involving diverse types of data
schema formats and structures, applicable in inddion integration, data warehousing and enterprise
application integration).

* Application development for knowledge based systémgeneral.

In the case of model-based applications, extentriive predicates are needed to provide enougia-me
information to exercise design options in the gatext softwaregg., describing class size, probability of
realization of optional classes). An example pagadmight reflect how an SQL query optimizer uses
system catalog information to generate a query fdasatisfy the specification provided by an SQleigu
Similar sorts of predicates are needed to repregaatity-type meta-attributes in semantic web type
applications (comprehensiveness, authoritativereessency).
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2.3.2. Ontology Engineering

Applications in this class are intended for useahyinformation systems development team, for atilan

in the development and exploitation of ontologibattmake implicit design artifacts explicit, such a
ontologies representing process or service vocabalaelevant to some set of components. Examples
include:

* Tools for ontology analysis, visualization, ancerfidce generation.

* Reverse engineering and design recovery application

The ontologies are used throughout the enterpyistem development life cycle process to augment and
enhance the target system as well as to suppddatiah and maintenance. Such ontologies should be
complementary to and augment other UML modelindaats developed as part of the enterprise software
development process. Knowledge engineering reapgings may include some ontology development for
traditional domain, process, or service ontolodbes,may also include:

« Generation of standard ontology descriptiomg.{ OWL) from UML models.

e Generation of UML models from standard ontologyadiggions (e.g., OWL).

* Integration of standard ontology descriptions (e0yV/L) with UML models.

Key requirements for ontology development environtaeupporting such activities include:

e Collaborative development

e Concurrent access and ontology sharing capabijlitietuding configuration management and version
control of ontologies in conjunction with other sedire models and artifacts at the atomic level with
a given ontology, including deprecated and delet#dlogy elements

 Forward and reverse engineering of ontologies tinout all phases of the software development
lifecycle

« Ease of use, with as much transparency with respdtte knowledge engineering details as possible
from the user perspective

« Interoperation with other tools in the software eélepment environment; integrated development
environments

* Localization support

e Cross-language support (ontology languages as edptms natural or software languages, such as
generation of ontologies in the XML/RDF(S)/OWL fdynbf description logics languages, or in the
Knowledge Interchange Format (KIF) where first gghter order logics are required)

e Support for ontology analysis, including deductolesure; ontology comparison, merging, alignment
and transformation

e Support for import/reverse engineering of RDBMSesnhs, XML schemas and other semi-structured
resources as a basis for ontology development

3. Goals for generic ontologies and tools

The diversity of the usage scenarios illustratesviide applicability of ontologies within many doims
Table 3 brings these requirements together. Toeaddall of these requirements would be an enormous
task, beyond the capacity of the ODM developmeatnteThe team is therefore concentrating on the most
widely applicable and most readily achievable go@le resulting ODM will be not a final solution tioe
problem, but will be intended as a solid start whidgll be refined as experience accumulates.

The table classifies the requirements into
» structural features — knowledge representatiorratissyntax
e generic content — aspects of the world common toyragplications
e run-time tools — use of the ontology during inteagiion
e design-time tools — needed for the design of ogie®

Associated with each requirement is the usage sosinam which it arises.

Table 3 — Summary of Requirements

Requirement Section
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Structural
Support ontologies expressed in existing descrigtigic, (e.9g. OWL/DL) and higher| 2.1.2
order I_ogic languages (e.g. OWL Full and KIF), adlvas emerging and new 201
formalisms.
2.3.2
Represent complex objects as aggregations of parts 2.2.2
Multiple inheritance of complex types 2.2.2
Separation of concerns 21.1
Full or partial specification 2.1.2
Model-based architectures require extent-descepiredicates to provide a 23.1
description of a resource in an ontology, then getirgy a specific instantiation of that
resource.
_Efficient mechanisms will be needed to represegelmumbers of similar classes or| 2.1.1
instances.
Generic concepts
Support physical world concepts, including timeasp bulk or mass nouns like 2.1.2
‘water’, and things that do not have identifiabistances.
Support object concepts that have multiple facktegresentations, e.g., conceptual| 2.1.1
versus representational classes.
Provide a basis for describing stateful represemtat such as finite state automaton|t@.1.1
support an autonomous agent’s world representation.
Provide a basis for information systems processrg#®ns to support 211
interoperability, including such concepts as playele, action, and object.
Other generic concepts supporting particular kimfddomains 2.1.2
Run-time tools
Tools to assemble and disassemble complex setsenitific and multi-media data. 2.2.2
Service to check message commitment to ontology 121
Design-time tools
Full life-cycle support 2.1.3
2.3.2
Support for collaborative teams 2.1.3
2.3.2
Ease of use, transparency with respect to details 2.3.2
Support for modules and version control. 2.1.3
Consistency checking and validation, deductivelies 2.13
2.3.2
Mappings and similarity analysis 213
2.3.2
Interoperation with other tools, forward and reeeesgineering 2.3.2
Localization support 2.3.2
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