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Purpose
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Executive Summary

The Ontolog Forum was established as an independent effort in September, 2002, in large part to
focus on ontological issues relating to the development of UBL. In March, 2003, the Ontolog Forum
launched a project to develop formalized ontologies based on UBL.

It is expected that this project will:

* Provide a useful demonstration of ontological engineering.

+ Facilitate the training of interested parties.

*  Provide the basis for meaningful input to the OASIS UBL effort.
+ Enable more advanced software processing of UBL documents.

To date, the UBL Ontology Project Team has:
+ Selected an adapted a methodology.

+ Started the articulation of use cases dealing with
*+ The automated reconciliation of Purchase Orders and Invoices
+ The identification of the proper structure of an address from context
+ The mapping between different standards and representation languages

» Commenced mapping of UBL constructs to the Suggested Upper Merged Ontology (SUMO)
+ Purchase Orders
* Invoices
+  Shipping Documents
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1.0 Background
1.1 What is an Ontology?

[Adapted from Section 1.1 of “Web Ontology Language (OWL) Use Cases and Requirements” see
http://www.w3.0rg/TR/2003/WD-webont-req-20030331/#onto-def |

An ontology defines the terms used to describe and represent an area of knowledge. Ontologies
comprise computer-usable definitions of basic concepts in a domain and the relationships among
those concepts.

Although XML DTDs and XML Schemas are sufficient for exchanging data between parties who have
agreed to the definitions beforehand, their lack of semantics prevent machines from reliably
understanding the meaning of new XML vocabularies and automatically identifying appropriate
processing behaviors.

Ontologies, in contrast, are usually expressed using a logic-based language, so that detailed,
accurate, consistent, sound, and meaningful distinctions can be made among the classes, properties,
and relations. Applications that using ontologies can be considered "intelligent," in the sense that they
can more accurately work at the human conceptual level.

The word ontology has been used to describe artifacts with different degrees of structure. These
range from simple taxonomies (such as the Yahoo hierarchy), to metadata schemes (such as the
Dublin Core), to logical theories. Highly-formalized ontologies specify descriptions for the following
kinds of concepts:

* Classes (general things) in the many domains of interest
+ The relationships that can exist among things
* The properties (or attributes) those things may have

1.2 Origins of the Ontolog Forum

In March and April of 2002, Peter Yim and other members of the OASIS Universal Business
Language (UBL) Committee with backgrounds and interests in ontologies attempted to establish an
ongoing discussion dealing with ontological issues under auspices of UBL Library Content
Subcommittee (http://oasis-open.org/committees/ubl/Icsc/).

Two factors made this approach problematic: 1) Early feedback indicated more interest in learning
about ontologies than applying experience with ontological development 2) Tight timetables,
deadlines, and priorities within the UBL effort made it an inappropriate forum for the conversation.

After discussions with Jon Bosak, the chair of the UBL committee, the conveners of the Ontolog
Forum (Kurt Conrad, Leo Orbst, and Peter Yim) decided to reconstitute the discussion outside of the

UBL effort by establishing as an open forum to:

1) Discuss practical issues and strategies associated with the development of both formal and
informal ontologies used in business.

2) Identify ontological engineering approaches that might be applied to the UBL effort.

Where the discussion raises specific issues or leads to specific proposals or recommendations for the
UBL effort, the Ontolog Forum was asked to separately document and forward their recommendations
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to the UBL Chair for consideration. Further, it was requested that such input be limited to actionable
recommendations, not just general issues that would require further study.

In addition to the primary statements of purpose, the Ontolog Forum was established to:
» Distribute news and information about the Ontology development community.
+ Be pragmatic and not take a purely philosophical or academic approach to the topic.

» Contribute to the development of future standards. The ongoing relationship with the UBL
effort is one example of this.

« Encourage forum members to propose and decide upon their own objectives.
« Eventually host a repository of business ontologies.

A general invitation was sent out in September 2002. The Ontolog Forum currently has 30 active
members and 36 observers. The following UBL members are also subscribed to Ontolog:

Michael Adcock Tim McGrath Dong Soo Kim
Bill Burcham Bill Meadows Sue Probe
Sally Chan Marion Royal Patrick Yee
Kurt Conrad Lisa Seaburg

Eduardo Gutentag Peter Yim

Monica Martin

1.3 Ontolog Forum Logistics

A formal governance policy has not been adopted, but activities follow the OASIS process as closely
as possible. Thus far, we have relied almost exclusively on a consensus model.

The Ontolog Forum uses infrastructure provided by CIM Engineering, Inc. (http://www.cim3.com).

Most of the work is done via the mailing list. Messages can be posted by members to
mailto:ontolog-forum@ ontolog.cim3.net. A number of delivery options are available for those who don’t want
the daily traffic. Archives can be accessed by anybody at http://ontolog.cim3.net/forum/ontolog-forum/.

With the launch of the Ontolog UBL Ontology Project, the infrastructure was augmented in a number
of important ways:

+ Ashared, web-accessible work space was made available at http://ontolog.cim3.net/file/.

* A community Wiki has been established at http://ontolog.cim3.net/wiki/. An increasing amount of
work has started to be done via Wiki pages (taking of meeting minutes, summarizing topic
threads, etc.). A summary of changes to the Wiki space is also being distributed on a weekly
basis.

* A schedule of weekly conference calls have been established, using TightVNC for screen-
sharing support.
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2.0 Ontolog UBL Ontology Project

2.1

2.2

Overview

As of March, 2003, there had been considerable discussion around the idea of creating an ontology
based on the UBL schemas. After discussing this idea with some of the principles of the UBL effort,

the general consensus was that the current specification (http://oasis-open.org/committees/ubl/lcsc/0p70/)
was stable enough to begin engineering an ontology from it.

It also appeared that the project would mesh nicely with the goals that motivated many to join the
Ontolog Forum in the first place, most notably to:

* Learn aboutontologies (concepts, language, best practices)

« ldentify a lifecycle process for developing ontology-based systems
* Increase awareness and understanding of ontology tools

«  Work with a group of people on a common ontology

* Apply ontologies to real-world applications, especially eBusiness

To date, 23 members have contributed to the UBL Ontology Project:

Patrick Cassidy Paul Murray Adam Pease
Michael Daconta Farrukh Najmi Lisa Seaburg
Dean Black Bo Newman Norma Slattery
Peter Elkin Duane Nickull Bob Smith

Sam Hunting Leo Obrst Michael Uschold
Shiang-Yu Lee Jack Park Peter Yim

Bill McCarthy Sue Probert John Yunker
Tim McGrath Marion Royal

Expected Relationship to and Impact on UBL Schemas

The UBL schemas represent a starting point for the formalization process. The resulting ontology is
expected to extend and formalize UBL English definitions and formalize relationship semantics (both
hierarchical and non-hierarchical relationships).

Itis hoped that the resulting UBL-based ontology will assist the UBL project in expressing the
semantics inherent in complex business processes and contexts. Specifically, the Ontolog team
hopes to provide “early warnings” and “leading indicators”, as appropriate, to support the formalization
of the UBL Context Methodology.

In the event that the Ontolog team “gets stuck”, it plans to look beyond the UBL schemas, but not
extend the conceptual scope of the project. The reuse of existing upper ontologies, as described later
in this report, is one method for controlling this type of scope creep.

It is possible that a need to look beyond UBL schemas will point to specific UBL modeling issues (e.g.,
gaps or sub-optimazations). In this case, the Ontolog team will work to formulate actionable feedback
and recommendations, as per our charter.

The Ontolog team hopes to develop an ontology that is an accurate modeling of the UBL domain and
results in some level of validation, acceptance, approval, or adoption by the UBL committee, as
appropriate.


Peter P Yim
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2.3 Project Goals

* Leverage the expertise of the UBL community to complete and validate our ontology work.

+ Facilitate cross-pollination between the ontology and XML standards communities. Specifically,
identify methods for bringing increased semantic formalization to markup systems.

+ Bring together the academic and business (implementation) ontology development communities.

+ Provide Ontolog members an opportunity to demonstrate an ontology development process and
the business value of formalized ontologies.

+ Provide Ontolog members an opportunity to learn about building ontologies and other semantic
web concepts.

+ Develop useful models for the management of virtual projects and ontology development efforts.
+ Develop and demonstrate metrics for the creation and use of business ontologies.

2.4 Technical Goals
+ Leverage as much of the UBL committee’s work, as possible (don’t reinvent the wheel).

*» Leverage open source processes, technologies, and philosophy.
+« Map to multiple upper ontologies.
+ Demonstrate multiple tools and methodologies, where there is sufficient interest and resources.

* Implement a real-life, public-domain application in parallel with the development of the ontology.
This should be one which uses the ontology in a non-trivial way to illustrate the reasoning
capability that the ontology is intended to enable.

2.5 Project Management Strategy

The team has gravitated towards an iterative project management model, as opposed to more formal
engineering models. Thus, a number of project activities that might otherwise be handled in series are
being worked in parallel: scoping, process definition, technology selection, and modeling. W hile this
approach brings with it the risk of having to repeat activities based on newly-articulated requirements
and drivers, the team perceives the risk as slight, especially in light of the considerable expertise that
a number of members bring to the team.

The iterative model has allowed consensus on various methodology and technical considerations to
emerge more quickly than might otherwise have been possible with a more formal engineering
approach. Generally, the team is finding that many such issues can be decided by the consensus of a
very small subset of the active participants.

On the other hand, iterative projects typically require a higher level of ongoing effort to monitor and
maintain alignment among project activities. To date, no identifiable alignment issues have surfaced
with regard to the technical aspects of the project.

Consensus around the project goals and drivers has been somewhat slower to emerge, however.
Early discussion around project goals tended to focus, instead, on technology options. The current
task to articulate use cases has served as a lightning rod for issues of project scope and the
relationship of the Ontolog project to the UBL effort. Weekly conference calls have proved invaluable
for driving shared understanding and agreement in this area.
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On balance, the iterative model is proving to be well-suited to the type of demonstration project that
we are currently engaged in. That being said, it is foreseeable that a more formal development model
may be called for at some pointin the future.

As this is considered to be a demonstration project, the project team has put considerable emphasis
on knowledge transfer and sharing among the participants. In addition to knowledge sharing
associated with the technical aspects of the project the team has also provided internal training on
such topics as communications infrastructure (Wikis, purple numbers, VNC) and how to document
use cases.

The focus on training is expected to increase considerable in the very near future. The team has just
started to look at ways of distributing the work to formalize the UBL schemas. This is almost certain to
result in the development of a process for getting non-experts comfortable enough with upper
ontologies, ontology representation languages, and ontology tools to be able to contribute to the
formalization process. As exposure to the practical aspects of ontological engineering was one of the
major drivers for many to join the Ontolog Forum, it is likely that additional individuals will choose to
participate in the UBL Ontology Project as the training becomes available.

2.6 Methodology
A number of alternatives were considered by the team:

* Guarino & Welty’s OntoClean/Methontology methodology
* Noy and McGuinness' Ontology 101
+ Use of a Wiki to support the initial capture of concepts

A modified form of the Ontology 101 guidelines were chosen. The Ontology 101 process is less
complicated than the Methontology/OntoClean methodology, which tries to take a more formal
engineering approach. The team decided to adopt a subset of the methodology and generalize it to
avoid becoming tool specific:

Step 1. Determine the domain and scope of the ontology

Step 2. Consider reusing existing ontologies

Step 3. Enumerate important terms in the ontology

Step 4. Define the classes and the class hierarchy

Step 5. Define the properties of classes

Step 6. Define the additional properties related to or necessary for properties (i.e.,

cardinality, bidirectionality/inverse, etc.)
Step 7. Create instances

Step 8: Create axioms/rules



Ontolog UBL Ontology Project Status Report — 2003-04-28

3.0 Project Status by Activity Area
3.1 Technology Selection (ongoing)
The following technologies have been considered for use in the project:

+ Established Ontologies
« DOLCE (a Descriptive Ontology for Linguistic and Cognitive Engineering)
*  Mikrokosmos
«+ OpenCYC
« SENSUS
«  SUMO (Suggested Upper Merged Ontology)

* Representation Languages
+ Common Logic
« DAML+OIL / DAML-S
*+ ISO-IEC-11179 classification standard

* KIF / SKIF

+ LISP/LOOM

« OWL

+ PAL (Protoge Axiomatic Language)
« RDF/S

« UML

¢« XML DTD and Schema

« Tools
+ Chimaera
« |ODE from OntologyWorks
+ JESS (Java Expert System Shell, based on CLIPS)
*+ MS Enterprise Architect
+ OilEd
+ Ontolingua / OKBC API
* Prolog engines (XSB, Amzi!, binProlog)

+ Protégé
*  Protégé OntoViz plug-in
« SNARK

+ Teknowledge DAML generator
*+ Use ebXML Registry as an ontology/terminology server
+  UML-ORM

SUMO has been selected as the Upper Ontology to be used for the initial work. There are no
significant IP issues to deal with and it has been ported to Protoge. Further, we have the commitment
of Adam Pease to make changes if our UBL formalization work points to problems with SUMO.

OpenCYC appears to be the leading upper ontology alternative.

Consensus has not been reached regarding the choice of representation languages and tools.
Consensus seems to be emerging around the use of KIF and Protégé. but there still appears to be
some interest in doing portions of the work using less formal representation schemes. Mike Deconta
is leading deliberations in this area.
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3.2 Determining Domain and Scope (ongoing)

The team has decided to focus, initially, on a small number of UBL doctypes:

+ Purchase Order, led by Bill McCarthy.
. Invoices, led by Adam Pease.
+ Shipping Documents, led by John Yunker.

The team is relying on use cases to define functional and semantic scope. The development of use
cases has been underway for a few weeks and there is considerable work left to do in this area. Three
use cases have been selected for definition:

+ Automated reconciliation of Purchase Orders and Invoices, being worked by Mike Daconta
and Bill McCarthy.

» ldentifying the proper structure of an address from context, being worked by Sue Probert and
Peter Yim. For example, what is needed to present the proper address formats when a
purchase order from a UK buyer is placed with a supplier in Japan?

* Mapping between different standards and representation languages, being worked by Sue
Probert, Peter Yim, and John Yunker. Thus far, the participants noted a functional difference
between mapping UBL to two other standards and using UBL to map different standards.
Both functional models are being considered.

The team is finding that discussion of the use cases is triggering more general discussions of project
scope, which is to be expected of the iterative project management strategy which was chosen. W hile
the decision to limit scope to UBL (as opposed to including all XML-based standards efforts) still
holds, early analysis indicates that the UBL and Core Component data architectures, in reality,
comprise approximately four different ontologies that will need to be formalized. For the sake of
convenience, these potentially multiple ontologies are still being referred to by the singular phrase
“UBL Ontology”.

3.3 Considering the Reuse of Existing Ontologies (complete)
The team has decided to start their work by mapping UBL structures (concepts) to an upper ontology.
Mapping to an upper ontology is seen as a starting point for formalization. It is expected to reduce the
number of concepts which need to be defined and thereby avoid duplication of effort.
As was described in the Technology Selection section, SUMO has been selected as the upper
ontology to be leveraged for this project.

3.4 Enumeration of important terms in the ontology (commencing)
Activities in this area, to date, could best be described as exploratory.
The team commenced analysis of the existing UBL models, aspects of the Core Component
architecture, and Context Drivers. For example, in March, there was considerable discussion around

the modeling of roles in the UBL trading cycle.

An initial mapping between UBL Invoice structures and SUMO has been completed.
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Wi ith regard to Purchase Orders, a preliminary mapping between xCBL and the SUMO Business
Process ontology has been completed. From that exercise, it has been concluded that the relevant

categories of the SUMO ontology are likely to be Financial and E-Commerce.

Adam Pease has articulated a set of proposed guidelines that detail how to map UBL constructs to
SUMO concept classes.

The team has recently started to deal with the appropriateness / need to map elements of the Core
Component architecture to SUMO.

The conversation is starting to shift to mechanisms for engaging others in this task so that the work
can be better distributed.

10
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Abstract
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1 Introduction

The Semantic Web isavision for the future of the Web in which information is given explicit meaning,
making it easier for machines to automatically process and integrate information available on the Web.
The Semantic Web will build on XML's ability to define customized tagging schemes and RDF's flexible
approach to representing data. The next element required for the Semantic Web is a Web ontology
language which can formally describe the semantics of classes and properties used in web documents. In
order for machines to perform useful reasoning tasks on these documents, the language must go beyond
the basic semantics of RDF Schema. This document will enumerate the current requirements of such a
language. It is expected that future languages will extend this one, adding, among other things, greater
logical capabilities and the ability to establish trust on the Semantic Web.

This document motivates the need for a Web ontology language by describing six use cases. Some of

these use cases are based on efforts currently underway in industry and academia, others demonstrate
more long-term possibilities. The use cases are followed by design goals that describe high-level

objectives and guidelines for the devel opment of the language. These design goals will be considered
when evaluating proposed features. The section on Requirements presents a set of features that should be

in the language and gives motivations for those features. The Objectives section describes alist of
features that might be useful for many use cases but may not necessarily be addressed by the working
group.

The Web Ontology Working Group charter tasks the group to produce this more expressive semantics and
to specify mechanisms by which the language can provide "more complex relationships between entities
including: means to limit the properties of classes with respect to number and type, means to infer that
items with various properties are members of a particular class, awell-defined model of property
inheritance, and similar semantic extensions to the base languages.”" The detailed specification of the Web
Ontology language will take into consideration:

« thedesign goals and requirements that are contained in this document

« review comments on this document from public feedback, invited experts and working group
members

« Specifications of or proposals for languages that meet many of these requirements

1.1 What is an ontology?

An ontology defines the terms used to describe and represent an area of knowledge. Ontol ogies are used
by people, databases, and applications that need to share domain information (adomain isjust a specific
subject area or area of knowledge, like medicine, tool manufacturing, real estate, automobile repair,
financial management, etc.). Ontologies include computer-usable definitions of basic conceptsin the
domain and the relationships among them (note that here and throughout this document, definition is not
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used in the technical sense understood by logicians). They encode knowledge in adomain and also
knowledge that spans domains. In this way, they make that knowledge reusable.

The word ontology has been used to describe artifacts with different degrees of structure. These range
from simple taxonomies (such as the Y ahoo hierarchy), to metadata schemes (such as the Dublin Core), to
logical theories. The Semantic Web needs ontologies with a significant degree of structure. These need to
specify descriptions for the following kinds of concepts:

o Classes (general things) in the many domains of interest
« The relationships that can exist among things
« The properties (or attributes) those things may have

Ontologies are usually expressed in alogic-based language, so that detailed, accurate, consistent, sound,
and meaningful distinctions can be made among the classes, properties, and relations. Some ontol ogy
tools can perform automated reasoning using the ontologies, and thus provide advanced servicesto
intelligent applications such as: conceptual/semantic search and retrieval, software agents, decision
support, speech and natural language understanding, knowledge management, intelligent databases, and
electronic commerce.

Ontologies figure prominently in the emerging Semantic Web as away of representing the semantics of
documents and enabling the semantics to be used by web applications and intelligent agents. Ontologies
can prove very useful for acommunity as away of structuring and defining the meaning of the metadata
terms that are currently being collected and standardized. Using ontologies, tomorrow's applications can
be "intelligent," in the sense that they can more accurately work at the human conceptual level.

Ontologies are critical for applications that want to search across or merge information from diverse
communities. Although XML DTDs and XML Schemas are sufficient for exchanging data between
parties who have agreed to definitions beforehand, their lack of semantics prevent machines from reliably
performing thistask given new XML vocabularies. The same term may be used with (sometimes subtle)
different meaning in different contexts, and different terms may be used for items that have the same
meaning. RDF and RDF Schema begin to approach this problem by allowing simple semantics to be
associated with identifiers. With RDF Schema, one can define classes that may have multiple subclasses
and super classes, and can define properties, which may have sub properties, domains, and ranges. In this
sense, RDF Schemais a simple ontology language. However, in order to achieve interoperation between
numerous, autonomously devel oped and managed schemas, richer semantics are needed. For example,
RDF Schema cannot specify that the Person and Car classes are digoint, or that a string quartet has
exactly four musicians as members.

One of the goals of this document is to specify what is needed in a Web Ontology language. These
requirements will be motivated by potential use cases and general design objectives that take into account
the difficulties in applying the standard notion of ontologies to the unique environment of the Web.

2 Use cases

Ontologies can be used to improve existing Web-based applications and may enable new uses of the Web.
In this section we describe six representative use cases of Web ontologies. Note that thisis not an
exhaustive list, but instead a cross-section of interesting use cases.
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2.1 Web portals

A Web portal is aweb site that provides information content on a common topic, for example a specific
city or domain of interest. A web portal allows individuals that are interested in the topic to receive news,
find and talk to one another, build a community, and find links to other web resources of common
interest.

In order for a portal to be successful, it must be a starting place for locating interesting content. Typically
this content is submitted by members of the community, who often index it under some subtopic. Another
means of collecting content relies on the content providers tagging the content with information that can
be used in syndicating it. Typically, thistakes the form of simple metatags that identify the topic of the
content, etc.

However, a simple index of subject areas may not provide the community with sufficient ability to search
for the content that its members require. In order to allow more intelligent syndication, web portals can
define an ontology for the community. This ontology can provide aterminology for describing content
and axioms that define terms using other terms from the ontology. For example, an ontology might
include terminology such as "journal paper,” "publication,” "person," and "author.” This ontology could
include definitions that state things such as "al journal papers are publications" or “the authors of all
publications are people." When combined with facts, these definitions allow other facts that are
necessarily true to be inferred. These inferences can, in turn, allow users to obtain search results from the
portal that are impossible to obtain from conventional retrieval systems. Of course, such atechnique relies
on content providers annotating their pages with the web ontology language, but if we assume that these
ownerswill try to distribute their content as widely as possible, then we can expect that they would be
willing to do this.

One example of an ontology based portal is OntoWeb. This portal serves the academic and industry
community that isinterested in ontology research. Another example of a portal that uses Semantic Web
technologies and could benefit from an ontology language is The Open Directory Project; alarge,
comprehensive human-edited directory of the Web. It is constructed and maintained by a vast, global
community of volunteer editors. RDF dumps of the Open Directory database are available for download.

2.2 Multimedia collections

Ontologies can be used to provide semantic annotations for collections of images, audio, or other
non-textual objects. It is even more difficult for machines to extract meaningful semantics from
multimedia than it isto extract semantics from natural language text. Thus, these types of resources are
typically indexed by captions or metatags. However, since different people can describe these non-textual
objectsin different ways, it is important that the search facilities go beyond simple keyword matching.
|deally, the ontologies would capture additional knowledge about the domain that can be used to improve
retrieval of images.

Multimedia ontol ogies can be of two types. media-specific and content-specific. Media specific
ontologies could have taxonomies of different mediatypes and describe properties of different media. For
example, video may include properties to identify length of the clip and scene breaks. Content-specific
ontologies could describe the subject of the resource, such as the setting or participants. Since such
ontologies are not specific to the media, they could be reused by other documents that deal with the same

http://www.w3.0rg/TR/2003/WD-webont-req-20030331/ (5 of 19) [5/15/2003 6:02:20 AM]


http://www.ontoweb.org/
http://dmoz.org/

Web Ontology Language (OWL) Use Cases and Requirements

domain. Such reuse would enhance search that was simply looking for information on a particular subject,
regardless of the format of the resource. Searches where media type was important could combine the
media-specific and content-specific ontologies.

As an example of a multimedia collection, consider an archive of images of antique furniture. An
ontology of antique furniture would be of great use in searching such an archive. A taxonomy can be used
to classify the different types of furniture. It would also be useful if the ontology could express
definitional knowledge. For example, if an indexer selects the value "Late Georgian” for the style/period
of (say) an antique chest of drawers, it should be possible to infer that the data element "date.created"
should have a value between 1760 and 1811 A.D. and that the "culture” is British. Availability of thistype
of background knowledge significantly increases the support that can be given for indexing as well as for
search. Another feature that could be useful is support for the representation of default knowledge. An
example of such knowledge would be that a"Late Georgian chest of drawers' istypically made of
mahogany. This knowledge is crucial for real semantic queries, e.g. a user query for "antique mahogany
storage furniture” could match with images of Late Georgian chests of drawers, even if nothing is said
about wood type in the image annotation.

2.3 Corporate web site management

Large corporations typically have numerous web pages concerning things like press rel eases, product
offerings and case studies, corporate procedures, internal product briefings and comparisons, white
papers, and process descriptions. Ontologies can be used to index these documents and provide better
means of retrieval. Although many large organizations have ataxonomy for organizing their information,
thisis often insufficient. A single taxonomy is often limiting because many things can fall under multiple
categories. Furthermore, the ability to search on values for different parametersis often more useful than
a keyword search with taxonomies.

An ontology-enabled web site may be used by:
« A salesperson looking for sales collateral relevant to a sales pursuit.
« A technical person looking for pockets of specific technical expertise and detailed past experience.

« A project leader looking for past experience and templates to support a complex, multi-phase
project, both during the proposal phase and during execution.

A typical problem for each of these types of usersisthat they may not share terminology with the authors
of the desired content. The salesperson may not know the technical name for a desired feature or technical
people in different fields might use different terms for the same concept. For such problems, it would be
useful for each class of user to have different ontologies of terms, but have each ontology interrelated so
translations can be performed automatically.

Another problem is framing queries at the right level of abstraction. A project leader looking for someone
with expertise in operating systems should be able to locate an employee who is an expert with both Unix
and Windows.

One aspect of alarge service organization isthat it may have avery broad set of capabilities. But when
pursuing large contracts these capabilities sometimes need to be assembled in new ways. There will often
be no previous single matching project. A challengeis to reason about how past templates and documents
can be reassembled in new configurations, while satisfying a diverse set of preconditions.
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2.4 Design documentation

Thisuse caseisfor alarge body of engineering documentation, such as that used by the aerospace
industry. This documentation can be of several different types, including design documentation,
manufacturing documentation, and testing documentation. These document sets each have a hierarchical
structure, but the structures differ between the sets. Thereis also a set of implied axes which cross-link
the documentation sets: for example, in aerospace design documents, an item such as awing spar might
appear in each.

Ontologies can be used to build an information model which allows the exploration of the information
space in terms of the items which are represented, the associations between the items, the properties of the
items, and the links to documentation which describes and defines them (i.e., the external justification for
the existence of the item in the model). That isto say that the ontology and taxonomy are not independent
of the physical items they represent, but may be devel oped/explored in tandem.

A concrete example of this use case is design documentation for the aerospace domain, where typical
usersinclude:

« Maintenance engineer looking for all information relating to a particular part (e.g., "wing-spar").
« Design engineer looking at constraints on re-use of a particular sub-assembly.

To support this kind of usage, it isimportant that constraints can be defined. These constraints may be
used to enhance search or check consistency. An example of a constraint might be:

bi pl ane(X) => CardinalityOf(wng(X)) = 2
wi ngspar (X) AND wi ng(Y) AND i sConmponentOF(X,Y) => length(X) < I ength(Y)

Another common use of this kind of ontology is to support the visualization and editing of charts which
show snapshots of the information space centered on a particular concept (e.g., aclass or instance). These
are typically activity/rule diagrams or entity-relationship diagrams.

2.5 Agents and services

The Semantic Web can provide agents with the capability to understand and integrate diverse information
resources. A specific exampleisthat of asocia activities planner, which can take the preferences of a
user (such aswhat kinds of filmsthey like, what kind of food they like to eat, etc.) and use this
information to plan the user's activities for an evening. The task of planning these activities will depend
upon the richness of the service environment being offered and the needs of the user. During the service
determination / matching process, ratings and review services may also be consulted to find closer
matches to user preferences (for example, consulting reviews and rating of films and restaurants to find
the "best").

Thistype of agent requires domain ontologies that represent the terms for restaurants, hotels, etc. and
service ontol ogies to represent the terms used in the actual services. When building the actual services,
the information may come from a number of sources, such as portals, service-specific sites, reservation
sites and the general Web.

Agentcities is an example of an initiative that is exploring the use of agentsin a distributed service
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environment across the Internet. Thiswill involve building a network of agent platforms that represent
real or virtua cities, such as San Francisco or the Bay Area, and populating them with the services of
those cities. Initially, these services will be oriented towards business to consumer services, such as
hotels, restaurants, entertainment, etc., but eventually, they will be expanded to include business to
business services, such as payroll, and business to enterprise services.

Thiswill require a number of different domain and service ontologies. Key issues include:
« Use and integration of multiple separate ontol ogies across different domains and services
« Distributed location of ontologies across the Internet
« Potentially different ontologies for each domain or service (ontology translation/cross-referencing)
« Simple ontology representation to make the task of defining and using ontologies easier

2.6 Ubiquitous computing

Ubiquitous computing is an emerging paradigm of personal computing, characterized by the shift from
dedicated computing machinery to pervasive computing capabilities embedded in our everyday
environments. Characteristic to ubiquitous computing are small, handheld, wireless computing devices.
The pervasiveness and the wireless nature of devices require network architectures to support automatic,
ad hoc configuration. An additional reason for development of automatic configuration is that this
technology isaimed at ordinary consumers.

A key technology of true ad hoc networks is service discovery, functionality by which "services' (i.e.,
functions offered by various devices such as cell phones, printers, sensors, etc.) can be described,
advertised, and discovered by others. All of the current service discovery and capability description
mechanisms (e.g., Sun's JINI, Microsoft's UPnP) are based on ad hoc representation schemes and rely
heavily on standardization (i.e., on apriori identification of all those things one would want to
communicate or discuss).

The key issue (and goal) of ubiquitous computing is"serendipitous interoperability,” interoperability
under "unchoreographed" conditions, i.e., devices which weren't necessarily designed to work together
(such as ones built for different purposes, by different manufacturers, at a different time, etc.) should be
able to discover each others functionality and be able to take advantage of it. Being able to "understand”
other devices, and reason about their services/functionality is necessary, since full-blown ubiquitous
computing scenarios will involve dozens if not hundreds of devices, and a priori standardizing the usage
scenarios is an unmanageabl e task.

The interoperation scenarios are dynamic in nature (i.e., devices appear and disappear at any moment as
their owners carry them from one room or building to another) and do not involve humansin the loop as
far as (re-)configuration is concerned.

Given that device functionality can be modeled as web services, the needs for this use case are somewhat
similar to the needs for DAML-S (particularly the issues surrounding the expressiveness of the language).

The tasksinvolved in the utilization of servicesinvolve discovery, contracting, and composition. The
contracting of services may involve representing information about security, privacy and trust, aswell as
about compensation-related details (the provider of a service may have to be compensated for services
rendered). In particular, it isagoal that corporate or organizational security policies be expressed in
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application-neutral form, thus enabling constraint representation across the diversity of enforcement
mechanisms (e.g., firewalls, filters/scanners, traffic monitors, application-level routers and
load-balancers).

Given that RDF-based schemes for representing information about device characteristics have started to
be adopted (namely, W3C's Composite Capability/Preference Profile (CC/PP) and WAP Forum's User

Agent Profile or UAProf), an additional need is compatibility with RDF at some level.

3 Design goals

Design goals describe general motivations for the language that do not necessarily result from any single
use case. In this section, we describe eight design goals for the Web ontology language. For each goal, we
describe the tasks it supports and explain the rationale for the goal. We a so describe the degree to which
RDF and RDF Schema supports the goal.

3.1 Shared ontologies

Ontologies should be publicly available and different data sources should be able to commit to the same
ontology for shared meaning. Also, ontologies should be able to extend other ontologiesin order to
provide additional definitions.

Supported Tasks:
Any use case in which distributed data sources use shared terminol ogy.

Justification:

Interoperability requires agreements on the definitions of identifiers. Ontologies can provide standard sets
of identifiers and formal descriptions of those identifiers. Data sources that commit to the same ontol ogy
explicitly agree to use the same identifiers with the same meanings.

Often, shared ontologies are not sufficient. An organization may find that an existing ontology provides
90% of what it needs, but the remaining 10% is critical. In such cases, the organization should not have to
create a new ontology from scratch, but instead be able to create an ontology which extends an existing
ontology and adds any desired identifiers and definitions.

RDF(S) Support:

In RDF, each schema has its own namespace identified by a URI. Each resource in the schemahas an ID,
and a globally unique identifier can be created by combining the ID with the URI of the namespace. Any
resource that uses this URI references the term as defined in that schema. However, RDF is unclear on the
definition of aterm that has partial definitions in multiple schemas. The specification appears to assume
that the definition is the union of all descriptions that use the same identifier, regardless of source.
However, this may lead to problems in adistributed environment, where some schemas may contain
incorrect or false definitions. There is no way in RDF for aresource to indicate which set of definitionsit
agrees to.
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3.2 Ontology evolution

An ontology may change during itslifetime. A data source should specify the version of an ontology to
which it commits.

An important issue is whether or not documents that commit to one version of an ontology are compatible
with those that commit to another. Both compatible and incompatible revisions should be allowed, but it
should be possible to distinguish between the two. Note that since formal descriptions only provide
approximations for the meanings of most identifiers, it is possible for arevision to change the intended
meaning of an identifier without changing its formal description. Thus determining semantic
backwards-compatibility requires more than a simple comparison of term descriptions. As such, the
ontology author needs to be able to indicate such changes explicitly.

Supported Tasks:
Any use case in which the ontology could potentially change, and in particular those in which the owner
of the ontology is different from the data providers.

Justification:

Since the web is constantly growing and changing, we must expect ontologies to change as well.
Ontologies may need to change because there were errorsin prior versions, because a new way of
modeling the domain is preferred, or because new terminology has been created (e.g., asthe result of the
invention of new technology). A web ontology language must be able to accommodate ontology revision.
Note that ontology evolution is different from ontology extension, which does not change the original
ontology.

RDF(S) Support:

The RDF Schema Specification recommends that each version of a schema should be a separate resource
with its own URI. The rdfs:subClassOf and rdfs:subPropertyOf properties can be used to relate new
versions of classes and properties to older versions. However, this has the drawback that incorrect
definitions cannot be retracted. For example, assume that in schemavl, v1:Dolphin is ardfs:subClassOf
v1:Fish. When this mistake is noticed, the new version of the schema, v2, saysthat v2:Dolphinisa
rdfs:subClassOf v2:Mammal. However, if we make v2:Dolphin ardfs:subClassOf v1:Dolphin, then we
also say that v2:Dolphinis an rdfs:subClassOf v1:Fish which perpetuates the error.

3.3 Ontology interoperability

Different ontologies may model the same concepts in different ways. The language should provide
primitives for relating different representations, thus allowing data to be converted to different ontologies
and enabling a"web of ontologies."

Supported Tasks:
Any use case in which data from different providers with different terminologies must be integrated.

Justification:

Although shared ontol ogies and ontology extension allow a certain degree of interoperability between
different organizations and domains, there are often cases where there are multiple ways to model the
same information. This may be due to differences in the perspectives of different organizations, different
professions, different nationalities, etc. In order for machines to be able to integrate information that
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commits to heterogeneous ontologies, there need to be primitives that alow ontol ogies to map concepts to
their equivalentsin other ontologies.

RDF(S) Support:
RDF provides minimal support for interoperability by means of the rdfs:subClassOf and
rdfs:subPropertyOf properties.

3.4 Inconsistency detection

Different ontologies or data sources may be contradictory. It should be possible to detect these
inconsistencies.

Supported Tasks:

Any use cases in which decentralization of data and lack of controlling authority can lead to conflictsin
the data. Any ontology extension task that may result in incoherent descriptions (possibly by extending an
ontology in away that generated an over constrained concept).

Justification:

The Web is decentralized, allowing anyone to say anything. As aresult, different viewpoints may be
contradictory, or even false information may be provided. In order to prevent agents from combining
incompatible data or from taking consistent data and evolving it into an inconsistent state, it isimportant
that inconsistencies can be detected automatically.

RDF(S) Support:
RDF and RDFS do not allow inconsistencies to be expressed.

3.5 Balance of expressivity and scalability

The language should be able to express a wide variety of knowledge, but should also provide for efficient
means to reason with it. Since these two requirements are typically at odds, the goal of the web ontology
language is to find a balance that supports the ability to express the most important kinds of knowledge.

Supported Tasks:
Any use case that uses large ontologies or large data sets and requires the representation of diverse
knowledge.

Justification:

There are over one billion pages on the Web, and the potential application of the Semantic Web to
embedded devices and agents poses even larger amounts of information that must be handled. The web
ontology language should support reasoning systems that scale well. However, the language should also
be as expressive as possible, so that users can state the kinds of knowledge that isimportant to their
applications.

Expressivity determines what can be said in the language, and thus determines its inferential power and
what reasoning capabilities should be expected in systems that fully implement it. An expressive language
contains arich set of primitives that allow awide variety of knowledge to be formalized. A language with
too little expressivity will provide too few reasoning opportunities to be of much use and may not provide
any contribution over existing languages.
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RDF(S) Support:
RDF isvery scalable (with the exception of the XML syntax being extremely verbose) but is not very
expressive.

3.6 Ease of use

The language should provide alow learning barrier and have clear concepts and meaning. The concepts
should be independent from syntax.

Supported Tasks:
Markup and querying of semantic web documents by users, either directly or indirectly.

Justification:

Although ideally most users will be isolated from the language by front end tools, the basic philosophy of
the language must be natural and easy to learn. Furthermore, early adopters, tool developers, and power
users may work directly with the syntax, meaning human readable (and writable) syntax is desirable.

RDF(S) Support:
RDF isfairly easy to use, but RDF Schemais more complex. The syntax appears to be amajor barrier for
many.

3.7 Compatibility with other standards

The language should be compatible with other commonly used Web and industry standards. In particular,
thisincludes XML and related standards (such as XML Schema and RDF), and possibly other modeling
standards such as UML.

Supported Tasks:
Exchange of ontologies and data in a standard format.

Justification:
Compatibility with other standards eases tool development and deployment of the language.

RDF(S) Support:
RDF has an XML serialization syntax.

3.8 Internationalization

The language should support the development of multilingual ontologies, and potentially provide different
views of ontologies that are appropriate for different cultures.

Supported Tasks:
Tasks where the same ontology is used by multiple countries or cultures.

Justification:

The Web is an international tool. The Semantic Web should aid in the exchange of ideas and information
between different cultures, and should thus make it easy for members of different nations to use the same
ontologies.
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RDF(S) Support:
To the extent that XML supports internationalization, so does RDF.

4 Requirements

The use cases and design goals motivate a number of requirements for a Web Ontology language. The
Working Group currently feels that the requirements described below are essential to the language. Each
requirement includes a short description and is motivated by one or more design goals from the previous
section.

R1. Ontologies as distinct resour ces
Ontologies must be resources that have their own unique identifiers, such as a URI reference.

M otivation: Shared ontologies

R2. Unambiguous concept referencing with URI's

Two conceptsin different ontologies must have distinct absolute identifiers (although they may
have identical relative identifiers). It must be possible to uniquely identify a concept in an ontology
using a URI reference.

Motivation: Shared ontologies, Ontoloqy interoperability

R3. Explicit ontology extension

Ontologies must be able to explicitly extend other ontologies in order to reuse concepts while
adding new classes and properties. Ontology extension must be atransitive relation; if ontology A
extends ontology B, and ontology B extends ontology C, then ontology A implicitly extends
ontology C aswell.

Motivation: Shared ontologies

R4. Commitment to ontologies

Resources must be able to explicitly commit to specific ontologies, indicating precisely which set
of definitions and assumptions are made.

M otivation: Shared ontologies

R5. Ontology metadata

It must be possible to provide meta-data for each ontology, such as author, publish-date, etc. These
properties may or may not be borrowed from the Dublin Core element set.

M otivation: Shared ontologies

R6. Versioning infor mation

The language must provide features for comparing and relating different versions of the same
ontology. This should include features for relating revisionsto prior versions, explicit statements of
backwards-compatibility, and the ability to deprecate identifiers (i.e., to state they are available for
backwards-compatibility only, and should not be used in new applications/documents.)
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M otivation: Ontoloqgy evolution

R7. Class definition primitives

The language must be able to express complex definitions of classes. Thisincludes, but is not
limited to, sub classing and Boolean combinations of class expressions (i.e., intersection, union, and
complement).

Motivation: Balance of expressivity and scalability, Ontology interoperability, |ncons stency
detection

R8. Property definition primitives

The language must be able to express the definitions of properties. This includes, but is not limited
to, sub properties, domain and range constraints, transitivity, and inverse properties.

Motivation: Balance of expressivity and scalability, Ontology interoperability, |ncons stency
detection

R9. Data types

The language must provide a set of standard data types. These data types may be based on XML
Schema data types.

Motivation: Compatibility with other standards, Ease of use

R10. Class and property equivalence
The language must include features for stating that two classes or properties are equivalent.

M otivation: Ontoloqy interoperability

R11. Individual equivalence

The language must include features for stating that pairs of identifiers represent the same individual
(note that consistent with the terminology used in other OWL documents, an individual here is any
instance of an OWL class, and does not necessarily mean a person). Due to the distributed nature of
the Web, it islikely that different identifiers will be assigned to the same individual. The use of a
standard URL does not solve this problem, because some individuals may have multiple URLS,
such as a person who has home and work web pages or e-mail addresses.

M otivation: Ontoloqy interoperability

R12. Attaching information to statements

The language must provide away to allow statements to be "tagged" with additional information
such as source, timestamp, confidence level, etc. The language need not provide a standard set of
properties that can be used in this way, but should instead provide a general mechanism for users to
attach such information. RDF reification may be one possible way to accommodate the
requirement, although reification is a somewhat controversial feature.

Motivation: Shared ontologies, Ontology interoperability
R13. Classes asinstances
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The language must support the ability to treat classes as instances. Thisis because the same concept
can often be seen as aclass or an individual, depending on the perspective of the user. For example,
in abiological ontology, the class Orangutan may have individual animals as its instances.
However, the class Orangutan may itself be an instance of the class Species. Note, that Orangutan
Is not a subclass of Species, because then that would say that each instance of Orangutan (an
animal) is an instance of Species.

M otivation: Ontoloqy interoperability

R14. Cardinality constraints

The language must support the specification of cardinality restrictions on properties. These
restrictions set minimum and maximum numbers of individuals that any single individual can be
related to viathe specified property.

M otivation: Balance of expressivity and scalability goal,, Inconsistency detection

R15. XML syntax

The language should have an XML seridization syntax. XML has become widely accepted by
industry and numerous tools for processing XML have been developed. If the web ontology
language has an XML syntax, then these tools can be extended and reused.

Motivation: Compatibility with other standards

R16. User-displayable labels

The language should support the specification of multiple aternative user-displayable labels for the
resources specified by an ontology. This can be used, for example, to view the ontology in different
natural languages.

Motivation: Internationalization, Ease of use

R17. Supporting a character model
The language should support the use of multilingual character sets.

Motivation: Internationalization, Compatibility with other standards

R18. Supporting a uniqueness of Unicode strings

In some character encodings, e.g. Unicode based encodings, there are some cases where two
different character sequences look the same and are expected, by most users, to compare equal. An
exampleis one using a pre-composed form (just one c-cedilla character) and another using a
decomposed form (a'c' character followed by a cedilla accent character). Given that the W3C 18N
WG has decided that early uniform normalization (to Unicode Normal Form C) as the usual
approach to solving this problem, any other solution needs to be justified.

Motivation: Internationalization, Compatibility with other standards

http://www.w3.0rg/TR/2003/WD-webont-req-20030331/ (15 of 19) [5/15/2003 6:02:20 AM]



Web Ontology Language (OWL) Use Cases and Requirements

5 Objectives

In addition to the set of features that should be in the language (as defined in the previous section), there
are other features that would be useful for many use cases. These features will be addressed by the
working group if possible, but the group may decide that there are good reasons for excluding them from
the language or for leaving them to be implemented by alater working group. Some of these objectives
are not fully defined, and as such need further clarification if they are to be addressed by the language.
Note that the order of the objectives below does not imply relative priority or degree of consensus.

O1. Layering of language features
The language may support different levels of complexity for defining ontologies. Applications can
conform to a particular layer without supporting the entire language. A guideline for identifying

layers may be based on functionality found in different types of database and knowledge base
systems.

M otivation: Balance of expressivity and scalability

O2. Default property values

The language should support the specification of default values for properties. Such values are
useful in making inferences about typical members of classes. However, true default values are
nonmonotonic, which can be problematic on the Web where new information is constantly being
discovered or added. Furthermore, there is no commonly accepted method for dealing with

defaults. An aternativeis for the language specification to recommend to users how they can create
their own default mechanisms.

M otivation: Balance of expressivity and scalability
O3. Ability to state closed worlds

Due to the size and rate of change on the Web, the closed-world assumption (which states that
anything that cannot not be inferred is assumed to be false) is inappropriate. However, there are
many situations where closed-world information would be useful. Therefore, the language must be
able to state that a given ontology can be regarded as complete. This would then sanction additional
inferences to be drawn from that ontology. The precise semantics of such a statement (and the
corresponding set of inferences) remains to be defined, but examples might include assuming
compl ete property information about individual's, assuming completeness of class-membership, and
assuming exhaustiveness of subclasses.

Motivation: Shared ontologies, Inconsistency detection

O4. Range constraints on data types

The language should support the ability to specify ranges of values for properties. This mechanism
may borrow from XML Schema data types.

Motivation: Inconsistency detection

O5. Chained properties

The language may support the composition of propertiesin statements about classes and properties.
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An example of the use of property composition would be the assertion that a property called
uncleOf is the same as the composition of the father Of and brother Of properties.

M otivation: Balance of expressivity and scalability

O6. Effective decision procedure
The language should be decidable.

Motivation: Balance of expressivity and scalability

O7. Commitment to portions of ontologies

The language should support the ability to commit to portions of an ontology, aswell as
committing to an entire ontology. However, it is unclear what granularity should be used here.
Possible choices are to choose a subset of concepts with their entire definitions, or to choose
individual pieces of definitions. Note that borrowing partial definitions of concepts must address
the potential interoperability problems that can arise since different applications will be using the
same identifier to mean different things.

Motivation: Shared ontologies

08. View mechanism

The language should support the ability to create ontology views, in which subsets of an ontology
can be specified or concepts can be assigned alternate names. Thisis particularly useful in
developing multicultural versions of an ontology. Note that this requirement may be satisfied by
having multiple ontologies and using an ontology mapping mechanism.

Motivation: |nternationalization, Ontoloqy interoperability

O9. Integration of digital signatures

The W3C XML Digital Signature specification is an important building block for communication
among untrusted properties, which isimportant for many ontology applications. The web ontology
language should be designed in away that makes it straightforward to use XML Signatures.
Motivation: Compatibility with other standards

O10. Arithmetic primitives

The language should support the use of arithmetic functions. These can be used in translating
between different units of measure.

M otivation: Ontoloqy interoperability

O11. String manipulation

The language should support string concatenation and simple pattern matching. These features can
be used to establish interoperability between ontologies that treat complex information as a
formatted string and those that have separate properties for each component. For example, one
ontology may represent a person’'s name as a single string "lastname, firstname,” while another may
have a property for each.
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M otivation: Ontology interoperability

012. Aggregation and grouping

The language should support the ability to aggregate information in away similar to SQL's
GROUPBY clause. It should allow counts, sums, and other operations to be computed for each
group. Thiswould allow interoperability between ontologies that represented information at
different levels of granularity, and could relate things such as budget category totals to budget line
item amounts, or the number of personnel to individual data on employees.

Motivation: Ontology interoperability
0O13. Procedur al attachment

The language should support the use of executable code to evaluate complex criteria. Procedural
attachments greatly extend the expressivity of the language, but are not well-suited to formal
semantics. A procedural attachment mechanism for web ontologies should specify how to locate
and execute the procedure. One potential candidate language would be Java, which is aready
well-suited to intra-platform sharing on the Web.

M otivation: Ontoloqy interoperability

O14. L ocal unique names assumptions

In general, the language will not make a unique names assumption. That is, distinct identifiers are
not assumed to refer to different individuals (see Requirement R11). However, there are many
applications where the unigue names assumption would be useful. Users should have the option of
specifying that all of the names in a particular namespace or document refer to distinct individuals.

Motivation: Inconsistency detection

015. Complex data types

The language must support the definition and use of complex/ structured data types. These may be
used to specify dates, coordinate pairs, addresses, €tc.

Motivation: Compatibility with other standards, Ease of use
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