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Abstract

Int this paper, we draw attention to common goals
and supporting technologies of several relatively
distinct communities to facilitate closer cooper-
ation and faster progress. The common thread
is the need for sharing the meaning of terms in
a given domain, which is a central role of on-
tologies. The different communities include on-
tology research groups, software developers and
standards organizations. Using a broad definition
of ‘ontology’, we show that much of the work be-
ing done by those communities may be viewed as
practical applications of ontologies.

To achieve this, we present a framework for un-
derstanding and classifying ontology applications.
We identify three main categories of ontology ap-
plications: 1) neutral authoring, 2) common ac-
cess to information, and 3) indexing for search. In
each category, we identify specific ontology ap-
plication scenarios. For each, we indicate their in-
tended purpose, the role of the ontology, the sup-
porting technologies and who the principal actors
are and what they do. We illuminate the similari-
ties and differences between scenarios.
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1 Introduction

Until recently, there had been a dearth of ontology appli-
cations reported by the Al ontology community. This has
begun to change; in the past year or two, there have been
a flurry of papers reporting attempts and some successes at
applying ontologies — especially in the area of search and
retrieval of information repositories, for example, [8]. And
yet, outside the Al ontology community, industry has been
regularly using ontologies successfully (even though they
may not call them ontologies).

There is a common thread that binds these different
communities: the need to overcome barriers created by dis-
parate vocabularies, approaches, representations, and tools
in their respective contexts. There is a need to share mean-
ing of terms in a given domain. Achieving a shared un-
derstanding is accomplished by agreeing on an appropriate
way to conceptualize the domain, and then to make it ex-
plicit in some language. The result, an ontology, can be
applied in a wide variety of contexts for various purposes.

These groups strive to overcome the barriers noted in
the previous paragraph; ironically, the same underlying is-
sues also create barriers to closer cooperation between on-
tology research groups, software developers and standards
organizations who are addressing similar problems. This
paper aims to lower these barriers by identifying and high-
lighting the commonality among these communities, and
pointing out important differences. We do this by provid-

The copyright of this paper belongs to the papers authors. Permission ting a framework for understanding and classifying ontol-
copy without fee all or part of this material is granted provided that the ogy applications. In creating this framework, we propose
copies an.e not made or distributed for direct commercial advantage. a common nomenclature, that we hope will enable work-
grnotg‘lac?dig]sg;?cj ?ri)ltjgrﬁl-sgcz\y;,:rk;r;?ﬁo%g (KRRS) ers in the different communities to overcome terminolog-
9 9 ical confusion. We do not try to reconcile the differences
Stockholm, Sweden, August 2, 1999 e . .
(V.R. Benjamins, B. Chandrasekaran, A. Gomez-Perez, N. Guarino Mbetween the communities; we instead hlgh“ght the com-
Uschold, eds.) ’ ' ' ’ “monality between these groups through the use of a single
framework.

http://sunsite.informatik.rwttazachen.de/Publications/ CEUR-WS/Vol-18/ i ) )
1The order of authors was determined by a coin flip. Another important goal of this work is to lay the foun-
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dation for identifying and expressing guidelines forhowto Each scenario is illustrated with a simple diagram.

use ontologies to achieve specific benefits. Many of the scenarios have important variations, that we
also call attention to. The scenarios and variations are il-
1.1 Terminology & Acronyms lustrated with examples from the diverse communities.

For the purposes of this paper, we take a ‘lowest common To achieve our goal of en'abling.scenarios to' be easi'ly
denominator’ view of the notion of an ontology. We do not €0MmpPared, we present each in a uniform way using consis-

aim to define it, instead we adopt the following characteri-tent terminology. Each scenario is characterized by the fol-
zation, quoted from [15] (our emphasis): lowing, which give rise to the key dimensions of our frame-

work:
“An ontology may take a variety of forms, but 1. intended purpose or benefits
necessarily it will include &ocabulary of terms
and somespecification of their meaning his in- 2. the role of the ontology

cludes definitions and an indication of how con-
cepts are inter-related which collectively impose
a structure on the domain and constrain the pos- 4. supporting technologies
sible interpretations of terms.”

3. the actors required to implement the scenario

5. the maturity level

_ As noted below, the degree to which meaning is spec- 1,4 aqditional distinctions that play an important role
ified varies greatly. This broad interpretation helps 10ih some scenarios. are:

show how both the goals and the technologies developed

to achieve them are similar across the different commu- ¢ how meaning of terms is represented (e.g., informal or
nities. For example, common goals include reuse and in-  formal)

teroperability. Common technologies include special pur-
pose modeling languages (e.g., Ontolingua [2], EXPRESS
[11, 10] and IDL) and translation tools. Thus, we can eas-
ily view a number of standardization efforts (e.g., STEP, In the remainder of this section, we describe the key di-
OMG?) as practical applications of ontologies. mensions and dinstinctions which form the basis for our

o o framework. In§ 3 we present the ontology application sce-
Application: refers to the application that makes use of orparigs.

benefits from the ontology (possibly indirectly).

e sharing vs exchange (e.g., pass by reference or pass
by value)

oMmG: Object Management Group 2.1 Framework Dimensions

i . 2.1.1 Purpose and Benefits
CORBA: Common Object Request Broker Architecture

Fundamentally, ontologies are used to improve communi-
sTER. STandard for the Exchange of Product model datacation between either humans or computers. Broadly, these
an informal name for the 1SO-10303 family of stan- may be grouped into the following three areas: to assist
dards in communication between human agents, to achieve inter-
operability, or to improve the process and/or quality of en-

EXPRESS an object-flavored language for specifying in- gineering software systems. The following is adapted from

formation models, originally developed as part of the

STEP standard. [15]
_ Communication betweenpeople Here, an unambiguous
2 Overview of the Framework but informal ontology may be sufficient.
The main part of the framework consists of a seonfol-  |nter-Operability amongcomputer systemachieved by
ogy application scenariosBy this we mean, a particular translating between different modeling methods,

situation or context in which an ontology is applied in a paradigms, languages and software tools; here, the on-

particular way to achieve one or more specific benefits. We  tology is used as an interchange format.

identify three main categories of ontology applications: 1) ) ) . ]

neutral authoring, 2) common access to information, ancPystems Engineering Benefitsin particular,

3) indexing for search. For each category, we identify one re_ysapility: the ontology is the basis for a formal en-

or more specific application scenarios. For example, in the coding of the important entities, attributes, processes

neutral authoring category, there are two scenarios, one for 4 their inter-relationships in the domain of interest.

a_luthoring an ontology, and the other for authoring opera-  This formal representation may be (or become so by

tional data. automatic translation) a re-usable and/or shared com-
2See www.omg.org ponent in a software system.
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Search an ontology may be used as meta-data serving as  development process, to write ontologies at level
an index into a repository of information. The information af_,, is used to author information at

Reliability: A formal representation also makes possible
the automation of consistency checking resulting in  Importantly, the same information can play different
more reliable software. roles at different times depending on the context. For ex-
o ] ] ample, a schema in EXPRESS plays the role of an ontol-
Specificationthe ontology can assist the process of iden-gy from the viewpoint of an end-user application. From
tifying requirements and defining a specification for e viewpoint of an application development tool (e.g., an
an IT system (knowledge based, or otherwise). EXPRESS compiler), the same information plays the role

Maintenance use of ontologies in system development, ©f OPerational data. _ L
or as part of an end application, can render mainte- To avoid this kind of potential confusion in this paper,

nance easier in a number of ways. Systems which ari/€ focus on end-user applications where information plays
built using explicit ontologies serve to improve docu- € role of operational datd.(). With this assumption, the
mentation of the software which reduces maintenancéouow'ng are examples of information typical at each level:

costs. Mgintenance is also an impo.rtant benefit if an 1, operational data (e.g., a particular part, a process de-
ontology is used as a neutral authoring language with scription)

multiple target languages - it only has to be maintained
in one place. Ly an ontology (e.g., AP203, PIF)

Knowledge Acquisitionspeed and reliability may be in- L2 an ontology representation language (e.g., EXPRESS,
creased by using an existing ontology as the start-  Ontolingua)
ing point and basis for guiding knowledge acquisition

. To share or exchange informationat requires refer-
when building knowledge-based systems. 0 share or exchange informationj requires refe

ence to a model ak,, ;. For example, sharing Ontolin-
gua ontologies (ak ;) requires development tools that can
parse the syntax of Ontolingua (&t). Another good ex-
Ontology application scenarios vary in how the ontologyample arises in the context of the STEP family of standards.
itself is used. This is further complicated by the fact that inSTEP defines a standard for exchange of schema instances
a given scenario, it is frequently possible to think of morevia clear text encoding (ISO-10303-21, 1994) which is at
than one ontology being involved. For example, when Ondevel Ly,. Exchange at this level requires a schemd at
tolingua is used, (1) the frame ontology is used as a bawritten in EXPRESS [11, 10] which is at lev&l,. Similar
sis for expressing (2) the domain ontology. An ontologyanalogies exist for object sharing and exchange standards
application scenario needs to be clear about which ontolée.g., OMG).
ogy is being used and how. To facilitate this, we introduce Information at the same level can represented using
three roles that information can play in one of our scenarmore than one syntax (e.g., an ontology in Ontolingua ver-
ios. These can also be thought of as information levels. sus Loom). It is also possible that you can use the same
syntax to represent information at different levels. For ex-
Lo: Operational Data a role that information plays ample, a class definition dt; and an instance definition
whereby the information is consumed and producedst 7,) may both be expressed in the syntax of Ontolingua.
by applications during runtime. Information &b is  Thjs is because some primitives of Ontolingua (e.g., define-
written using terms from a vocabulary definedat instance) can be used as part offanianguage.
In addition to the syntax, terms may require map-

information specifies terms and definitions for impor- ping within or bgtvveen I_evels. For example the term
define-class in Ontolingua may be mapped to the

tant concepts in some domain. An ontology typically .
is used in the development processes to create appﬂgzrmdefconcept in Loom.
cations? Information atL; provides a vocabulary for
the language used to author informatior_gt

2.1.2 Role of the Ontology

Ly: Ontologya role that information plays, whereby the

2.1.3 Actors

) . Each scenario involves a set of actors. Each actor repre-
Ly: Ontology Representation Languageole that infor-  sents a role that a person or application may play. A person
mation plays whereby the information is used by on-gr application may play more than one role in a scenario.
tology authors or application developers, during theactors may play either a primary or a secondary role in a
3Some applications may actually “discover” information at this level scenario. The follow list describes the actors:

during operation of the application. This requires some intelligence on the
part of the application to “learn” the ontology prior to actual interpretation ONtology Author (OA) the role of the author of an ontol-

of the information at.; . ogy. This role is usually played by a person.
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(Operational) Data Authar(DA) the role of the author of  ontology itself) is directly related to restricting the possi-
operational data in the language which uses and/or ible interpretations which serves the primary purpose of re-
defined in terms of the vocabulary of the ontology.  ducing ambiguity. The greater the amount of meaning, the

more fewer the possible interpretations and the less the am-

Application Developer(AD) the role of the developer of  piguity. Formality (an attributed of the ontology represen-

the Application. tation language) can vary from natural language to formal
N . logic. We identify four notional points along a continuum
Application User (AU) the role of the user of the Appli- ofgformality' b P g

cation.
highly informal: expressed loosely in natural language
Knowledge Worker (KW) the role of the person who e.g.,many glossaries fit into this category;

makes use of the knowledge. ] ) ]
structured-informal:expressed in a restricted and struc-

tured form of natural language, greatly increasing
clarity by reducing ambiguity,

A great variety of technologies exist that can support ontol- e.g.,the text version of the ‘Enterprise Ontology’ [14]
ogy applications. These include, but are not limited to: and the glossary of workflow terms produced by the
Workflow Management Coalition [9];

2.1.4 Supporting Technologies

e Ontology representation languages-(e.g., UML, Ex- ) ) e )
press, Ontolingua, XML) semi-formal: expressed in an artificial formally defined

languagee.g.,the Ontolingua version of the Enter-
¢ Knowledge interchange languages: (e.g., KIF, PIF[7], prise Ontolog;

CDIF) rigorously formal meticulously defined terms with for-
« Translation tools: (e.g., Ontolingua translators, CDIF- ~ Mal semantics, theorems and proofs of such properties
tools, StepTools, ... (lots!) as soundness and completeness.

e.g.,TOVE [4].

o Distributed Objects: (€.g., CORBA, COM) Using a formal language may reduce ambiguity, but

, only if there are sufficient axioms — otherwise it may be
2.1.5 Maturity Level as or more ambiguous than a detailed carefully crafted set
We indicate the degree to which applications and the supef definitions in natural language.
porting technologies using a given scenario are mature. At FOr human communication purposes, informal specifi-
one extreme a scenario may be an untested idea, a specifi¢tion of meaning may be preferred. Low ambiguity is also
tion for a class of potential applications. Systems that arémportant for humans using ontologies to aid in the devel-
already implemented very from tiny scale demonstration®Pment of systems. So formal definitions may be helpful
of feasibility in a research environment to fielded applica-along with informal ones as accompanying documentation.

tions in a commercial environment. If the ontology is intended to be automatically processed,
then ontologies rich in meaning (hi-fat ontologies) present
2.2 Other Important Distinctions a more challenging task but promise greater rewards. In
the short term, lower-fat ontologies (less rich in meaning)
2.2.1 Representation of Meaning are easier to apply in working systems. An excellent ex-

How meaning in an ontology is represented varies greathy2MPI€ Of this is the multiplicity of uses of ontologies as an
and turns out to be an important factor in the success of ag'dex into an information repository, both in industry (e.g.,
plying ontologies. The simplest ontologies, in this r(_:,g(,ﬂd'Yahoo!) and research. This contrasts with the very chal-

consist of a simple taxonomy of terms. The only meaning is€n9INg task taken on by the PIF project, which is much

supplied by a single relation which defines the taxonomy!Urther from maturing into commercial tools.

The relation is usually the specialization relationship, but2 52 Sharing vs Exchange
often it is a conglomeration of various relationships such™ " INg Vs X 9
as part-of, or similar-subject-matter. Close inspection ofDepending on the purpose of the ontology, and the specific
the implicit taxonoomy of Yahoo! reveals that there is noneeds of the application, different architectures will be ap-
consistent specific meaning of the relationship. At the othepropriate for accessing information resources. We distin-

extreme, are rigorously formal and carefully axiomatizedguish between exchange and sharing using examples from

ontologies such as TOVE [4] and PIF [7]. the STEP collection of standards (ISO-10303, 1994). Sim-
The meaning captured in an ontology varies both in thélar distinctions can be made in other environments.
amounteing represented and the degrefafality of the 4 pvailable from "http:/Awww.aiai.ed.ac.uk/ ent-

representation. The amount of meaning (an attribute of therise/enterprise/ontology.html”
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Sharing: multiple agents (computer or human) referencea different form to be used in multiple target systems. The
a common piece of information. The information typ- benefits of this approach include decreased cost of reuse
ically resides outside any of the applications sharingand portability of knowledge across applications, improved
the information. Less common is sharing of a singleapplication maintainability and long term knowledge reten-
application’s internal data via references that externation (e.g., via reduced disruption from changes in vendor
applications can use. e.g., STEP’s Standard Data Acformats).
cess Interface (SDAI) (1ISO-10303-22, 1997) The scenarios in this category differ from each other in

. ) L ) a number of ways. First, the authored artifact may be an
Exchange: multiple applications exchange by passing the,q10qy. or operational data. Second, the process of con-

data by value (i.e., copying the data) between themyq ing'the artifact to a different form varies. It may be
E.g., STEP's clear text encoding standard (ISO'direCt language to language translation, manual or auto-

10303-21, 1994). mated, in which case the translation process may exploit
L . both the syntax and/or semantics of represented concepts.
3 Ontology Application Scenarios Alternatively, the conversion may best be viewed as design,

This section describes scenarios for applying ontologies t¥/hereby the ontology is used by the developer as a require-
achieve one or more purposes. These scenarios are ahents specification for the target applications. This does
stractions of specific applications of ontologies taken fromnot result in a different explicit representation of the on-
industry or research. These scenarios are analogous 809y, but rather the ontology is implicit in the applica-
Ivor Jacobson’s use cases [5]. Each scenario includes d#on. In this case, there is no direct language to language
overview, which identifies the intended purpose of the oniranslation. An example of this is the use of the ontolo-
tology, the role of the ontology, who the important actorsgies in the KADS methodology for developing knowledge
are, and the supporting technologies. Each is illustrate@ased systems. Another example is software developed by
with a diagram, and includes a concrete example, whictsPecware[17, 18].

typifies technologies or standards that people might use in

the scenario. Where appropriate, we identify a number oft.1 Authoring Ontologies

alternate variations of the main scenario. Finally, we assess
the maturity level of each scenario.

We categorize the scenarios into the following three ar- comvert 3 comvert
v N

eas: N
AU // Na

Neutral Authoring: an information artifact is authored in # Aoptgaton Aomtpen

a single language, and is converted into a different

form for use in multiple target systems. Benefits

of this approach include knowledge reuse, improved
maintainability and long term knowledge retention.

OA

Figure 1: Authoring Ontologies

Common Access to Information: information is re- 4.1.1 Overview

quwed by_one Oor more persons or _cpmputer apphca-.l.he motivation behind authoring neutral ontologies is de-
tions, but is expressed using unfamiliar vocabulary, or

. . ) creased cost of reuse and increased maintainability of
n an macceg&blg forf“f"“- The ontoI_ogy helps renderknowledge. To accomplish this, the actors develop an on-
the mformapon intelligible by prowdmg' a shared tology, which they can convert into multiple operational
understanding of the tgrms, or by mapping b.etweer}arget systems. Supporting technologies include unidirec-
;ets of te”’??- Benefits of th|§ approach InCIUdegional ontology translators and software development pro-
inter-operability, and more effective use and reuse Olcesses (e.g., KADS). The principle actors are the ontology
knowledge resources. author and application user.

Indexing: an ontology is used as a mechanism for index- !N this scenario, the ontology author creates an ontology,
ing information artifacts. The chief benefit of this ap- Which they convert into an operational target system (e.qg.,
proach is faster access to important information re-2 knowledge base). Application users then interact with an
sources, which leads to more effective use and reus@Perational system to perform their desired tasks.
of knowledge resources.

4.1.2 Examples

4 Scenarios: Neutral Authoring 1. An ontology author creates an ontology (e.g., for tita-
The basic idea of these scenarios is to author an artifact inium alloys) in an ontology authoring language (e.g., On-
a single language, and to have that artifact converted inttolingua). An application developer translates the ontology
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into Loom syntax (possibly assisted by automatic transla-
tion tools). An application developer directly imports this uses /$
\@uthors

translated ontology into Loom and it becomes part of the
end application, which may contain additional information Operational
in its knowledge base. An application user interacts with ranslate ransiate
the final system to answer questions about titanium alloys. » 7 h
. . . . AU
This ontology can be reused if another application devel-
oper wishes to make use of it in another language, e.g., t
Prolog. In that case, they will have to translate the ontology
into Prolog and proceed as per the Loom example. Note Figure 2: Authoring Operational Data
that in this authoring scenario, only one-way translation is
required. This contrasts with the case described in the nexthe main differences are the role the ontology plays in the
section, where two way translation is required when an onscenario, and who the primary actors are.
tology is used as an interchange format.
This exgmple illustrates how to achieve knowle('jge4.2_1 Overview
reuse by virtue of the fact that an ontology authored in a
single language can be used in multiple applications. The motivation behind authoring neutral operational data
2. An ontology author creates an ontology using theis improved maintainability and transportability of opera-
conceptual modeling language (CML) from the KADS tional data. To accomplish this, an ontology author (sec-
methodology. The application developer uses this ontologpndary actor) develops an ontology which defines the neu-
as part of the requirements specification when developingral format used by the primary actor to author the opera-
the target KBS (e.g., for diagnosing faults). An applicationtional data. Tools can then translate this into operational
user then interacts with the KBS to solve their tasks. data used by an application. Supporting technologies in-
In this example, maintainability is improved becauseclude unidirectional translators.
there is an explicit representation of the ontology that the In this scenario, a data author creates operational data
software is based on. Reuse is achieved if the ontology ibased on a pre-existing ontology, tools translate these oper-
used for different applications in the same domain. ational data into an operational target system using a unidi-
3. Automated software synthesis into multiple targetrectional translator. Application users then interact with the
languages (e.g., using Specware [17, 18]) is a generaliz&ystem to perform analysis or query the operational data.
tion of the neutral authoring language scenario. Applica- The ontology is originally constructed from careful
tion developers play a key role in both development of theanalysis of the domain of the intended class of target sys-
ontology and problem statement specification. Typicallytems, e.g., by identifying and integrating the implicit on-
the developers semi-automatically refine the specificatiomologies for the applications.
and ontology into an operational target application.

A

Application Application
1 sea N

4.2.2 Examples
4.1.3 Variations i
An operational data author uses an ontology (e.g., for work-

A variation on example 2 above, is when the original intentfiow systems) to describe a workflow model. Tools trans-

is to build only one application. late the description into operation data of various target
systems. Application users perform analysis (e.g., critical
4.1.4 Maturity path) using the translated operational data.

Totally automated translation of ontologies into operational As another example, the Frame Ontology plays the role
of ontology for a class of object-oriented representation

targets has been difficult and typically relies on translation L Cl Th h

of idiomatic expressions [2]. For case studies and analys,|§y3temS (. oom, Classic, etc.). he engl_neerlng math on-

of some of these problems see [1, 13, 16]. This requiresth logy [3] is a set of sentences written using that ontology.
. nce converted to the appropriate format, this set of sen-

the ontology author apply the idioms for automatic trans- .
lation. Semi-automated software synthesis shows som@rlces plays the role of operational data for the target ap-
lications (e.g., Loom). Note that in this example, we are

promise, but it has not been a primary focus of the ontolog)p
viewing Loom as a system development tool, not an end

community.
user application.

This example illustrates the importance of distinguish-
ing the different roles of the information used in these sce-
Neutral authoring of operational data is similar in struc-narios, and how the same information artifact may play
ture to neutral ontology authoring. The focus is on authormore than one role. It enables us to show the commonality
ing and translating operational data rather than an ontologyf apparently very different scenarios.

4.2 Authoring Operational Data
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4.2.3 \Variations ontology. In the former case, the information is made in-

— . telligible via translators, and in the latter case, via ontology
It may be that only one application and one translator will X . . .
mapping rules. Finally, access to the information may be

be used at a time. This arises if the motivation is to reduce, -
. . : . via sharing or exchange.

risk from changing vendor offerings. If a company main-

tains their models (i.e. operational data) in a single repre-

sentation, then when a new vendor format is introduced, i6.1 Human Communication
may be easier and more reliable to develop a new translator

to convert the neutrally authored artifact to the new format gvAv,

KW
(which might be thousands of lines of code), than to con- -— ontol
vert the artifact itself directly, (which may be hundreds of ntology )«— —»
-

thousands of lines). An example of a commercial applica- KW,
. ) : ; i i ~
tion using this approach is described in [12]. Oﬁ/ -

In the case where point-to-point translators are built, in-
stead of going through an interchange format, the ontology
may play an important role in specifying the translator that
is created manually. If the ontologies are formal with rich Figure 3: Human Communication
axiomitizations, then there scope for partially automating
the construction of the translators and/or in maintaining
them when there are changes in eithre language. This | .
analogous to the use of ontologies in the KADS methodolig'l'1 Overview

ogy, where it plays the role of specifying requirements forA major benefit of ontology development is to promote

software. common understanding among knowledge workers. To ac-
_ complish this, the authors develop a common shared on-
4.2.4 Maturity tology, which other knowledge workers reference in their

Same remarks apply here as for previous section. combork. Non-computational skills such as library classifica-
mon practice in industry is to build point-to-point transla- tion are valuable in building such ontologies, which com-

tors when the need arises. This may turn out to be morg._gnonly take the form of glossaries. Supporting technologies

cost effective, depending on the environment. include ontology editors and browsers. The principle actors
are the ontology authors and knowledge workers. The in-
4.2.5 Closing Remarks formation being shared is an ontology.

, In this scenario, the ontology authors create an ontology
Insofar as a single ontology may be converted and use{;!/hich knowledge workers reference in their work.
in many different applications, this is one important way
to achieve knowledge reuse. If various systems are based
on the same ontology, then this facilitates inter-operatiorp.1.2 Examples
between the systems, should that be required. However,

it does not involve sharing or exchange of knowledge befA‘ glossary of terms to enable different working groups,

tween systems. This brings us to the next category. who may have different jargon, to undgrstand each
other— (e.g., the workflow management coalition reference

. document[9]). Producing glossaries, and providing com-

5 Scenarios: Common Access to Informa- mon access for humans to important knowledge assets is a

tion key focus of the Knowledge Management community. Fi-

The basic idea of this approach is to use ontologies to erdally, although not in the form of an explicit glossary, the
able multiple target applications (or humans) to have acceséamework in this paper embodies an informal ontology for
to heterogeneous sources of information which is otherontology applications which serves the purpose of enhanc-
wise unintelligible. Benefits of this approach include inter-ing communication between humans who use different ter-
operability, and knowledge reuse. minology.

The scenarios in this category differ in a number of
ways. First, the direct consumers of the informati(_)n Mays 1 3 \ariations
be humans or computer applications. Second, the informa-
tion artifact may play the role of an ontology, or operationallt may be that the ontology is not the main item of interest,
data; the latter may be non-computational (e.g., produchut it enables knowledge workers to better understand doc-
data) or computational (e.g., services). Another importantiments written using unfamiliar terminology. For example,
distinction is whether the target applications agree on thehis paper can also be used to make it easier to understand
same shared ontology or whether each has its own locadapers from the different communities being discussed.
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5.1.4 Maturity 5.2.2 Examples

Informal methods exist for creating informal ontologies. A téam of ontology authors created the Process Interchange
Library classification skills, which have a long history are Format (PIF). The idea is to make a library of process mod-

very appropriate. There may be various tools which offer€ls that are expressed in various application-specific for-

automated assistence in creating these ontologies, howev&81ats available to each of the applications. Currently, they
we are not aware of them. are working on two formats, (IDEF3 and ILOG). This is

ongoing research.
EcoCyc [6]is a commercial product that uses a shared

5.2 Data Access via Shared Ontology ontology to make possible access to various heterogeneous
databases in the field of molecular biology. The ontology is
0A a conceptual schema that is an integration of the conceptual
t onology ) schemas for each of the separate databases.

o 7 o
specifies ,/ ~_ specifies
% N

/~ conforms to

Application 1 - : Applicati OA
pplication pplication n
™ Ontology
generated
AD generated N
t ************************* from from

5.2.3 Variations

builds 7 conforms to AN N

translators /
» reader 1 writer Application
Application 2 Application 1 -  » N
writer reader
This scenario indicates how an ontology can be used as an In this variation translation between formats is achieved by
interchange format, to enable common access to operational readers and writers which reside in the applications and may
data. be automatically generated
Figure 4: Data Access via Shared Ontology Figure 5: Data Access via Shared Ontology: variation

Figure 4 depicts the natural way to view the situation
when there is an explicit linear format that the application
5.2.1 Overview uses for saving and loading operational data. The trans-
lators are logically separate from the applications and can
The motivation behind data access via a shared ontology iSperate independently. A variation of this is the case where
reducing the cost of multiple applications having commonthere isno such format; instead the internal data structures
access to data. This may in turn, facilitate inter-operability.of the application are used directly by readers and writers
This is accomplished through developers agreeing on tternal to the application. So there is no explicit language
shared ontology, which defines a common language for exo language translation per se, but the readers and writers
changing or sharing operational data. Supporting technoloprovide the analogue of two-way translation to/from the
gies include translators, parser generators and printers. Thautral format (see figure 5).
principle actors are ontology authors and application devel- For example, an ontology author creates a shared on-
opers. tology for (e.g., for geometric data) in an ontology repre-
In this scenario, an ontology author creates an ontologysentation language (e.g., EXPRESS). Application develop-
which different application developers agree to use. Thigrs use parser and printer generators to generate code in
defines an interchange format for which two-way trans-the language du jour (e.g., using the commercial product,
lation is required between it and the application formats.StepTools). This provides applications with an API that can
Each pair of translators, for a given application, in effect,be used to read and write data that applications exchange.
defines an application interface that can be used to read aridowever, there are no guarantees that the data conforms to
write data. Often the translators are manually created, ill the axioms in the Express schema. Maintaining such
other cases, explicit readers and writers can be automatsonsistency is left to the application developers and users.
cally created using parser generators and printers (see vari- Another variation data access via a shared ontology is
ation below). Inter-operation between the multiple applica-exemplified by the EcoCyc example above. Instead of
tions is made possible by allowing them to access the sammany applications using their own formats, and translating
information. from one to the other using the ontology as an interchange
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format, there is just one application (i.e. database) which OA OA
uses a single format as specified by the ontology. In this S P -
case, there is a one-off translation of the operational data o

~ —
(in this case databases) from the pre-existing formats to the iy Ontology 1
new format. In both this example and the PIF example,

~

there is a very similar process in creating the ontology in f
the first place. The [possibly implicit] ontologies of several fri’rf’a’ed | generates gi’r;f’awd \
languages used to express information in the same domain \ v \
are combined into a single neutral format. o — *
There are still other variations. Typically, applications | Aepiicaton 2 mediator _ Application 1
writer | reader

make use of the ontology during the development process
by incorporating code generated from the ontology in the
application. One variation is to have the application make
use of the ontology at runtime (sometimes known as lat
binding) rather than developmenttime (i.e., early binding)

Another variation involves applications interchanging

Figure 6: Data Access via Mapped Ontologies

%hared ontology; instead, mapping rules are used to define
‘what a term in one ontology means in another ontology.
A mediator uses these rules at runtime so that applications
. S ) A(Ean access each other's data. This approach has the ad-
m_terfgce. A related var|at|pn is to only have a single ap- antage of not requiring the application developers to ex-
pllcqtlon that reads and wntgs to data store for purpose o licitly agree on a shared ontology. Supporting technolo-
persistence and ease of maintenance. gies include parser generators, printers, and mediators. The
52.4 Maturity g:)iztr:;ple actors are ontology authors and application devel-
In some contexts, (e.g., product data using EXPRESS) ap- In this scenario, each application wishing to exchange
proaches to data access via a shared ontology are relativedjata has it's own local ontology. Application developers
mature. Commercial success exists where application dexooperate to create a shared mapping that relates terms in
velopers can agree on shared ontologies. Achieving agreetifferent ontologies. This mapping is used to generate a
ment across a wide variety of applications or industries hamediator, which maps operational data expressed in the ter-
been difficult. However, in other contexts, (e.g., PIF) theminology of one ontology into operational data expressed
technology is a long way from being mature. the other ontology.

A number of factors may influence the apparent gulf
in maturity between the STEP community and the ex-5.3.2 Example
plicit language to language translation approach (e.g., P.IF)A developer of an application (e.g., electrical power sup-
Some of the apparent success may be due to shear differs. . S
ences in the amount of effort applied. Each vendorsupport[-)“ers) wants to share data with another application (e.qg.,

ing STEP formats devotes a significant amount of effort toSChemat'C viewer). Each application has its own ontology

obtain compliance. Furthermore, the effort is spread Ovecreated in EXPRESS. The developers agree on a mapping

each of the vendors. This means dozens or hundreds ?g represented in EXPRESS-X), which relates terms in

erson-vears of effort. as compared to iust a few persort e power supply application with electrical schematics.
P y ' P 0 P "he mapping is used to generate a mediator that maps those
years devoted to the PIF research project.

It must also be pointed out that compliance with theportions of the electrical power supply data into schematic

STEP standard does not imply complete and error-free
movement pf data. between vendor applications. Manys_g_3 Variations
problems still remain.

The representations being used by the PIF communityariations for data exchange via a mapped ontology are the
contain are further from the implementation, and thereforesame as for a shared ontology. Another use of mapped on-
require more manual effort to implement. In contrast, EX-tologies is to define views. One ontology represents a view
PRESS is closer to the implementation and therefore, muchf data that can be mapped to a larger ontology. This is
of the manual effort is reduced at the expense of flexibilityanalogous to use of database views.

in implementation.
5.4 Shared Services

5.3 Data Access via Mapped Ontologies 541 Overview

53.1 Overview The motivation behind shared services is neutrality (i.e.,

The motivation behind this scenario is the same as the lasanguage, machine, operating system, location). Develop-
one. The key difference is that here, there is no expliciters achieve this by agreeing on a shared ontology, which

M.F. Uschold, R.J. Jasper 11-9



6.1.1 Overview
AD OAt AD

The motivation behind concept-based search is location of
generated generated artifacts (e.g., documents) in some repository. Knowledge
from _ -~ ~ fiom workers accomplish this by using an ontology that a search

engine applies as an index into the repository. Support-

client | API »l APl | server ing technologies include ontology browsers and search en-
gines. The principle actors are ontology authors and knowl-

edge workers.
Figure 7: Shared Services In this scenario, an ontology author creates an ontology
that different knowledge workers use to identify concepts
defines interfaces in multiple target languages. This is veryy which they are interested. The search engine uses these

similar to data access via shared ontologies, except for theoncepts to locate desired artifacts from a repostory.
focus of what is being shared. Supporting technologies in-

clgdg interface generators and marshaling rou.tine_s. Thg 1 2 Example
principle actors are ontology authors and application de-
velopers. An ontology author creates an ontology (typically a sim-

In this scenario, an ontology author creates an ontologyP!€ taxonomy with relations between terms). A knowledge
which different application developers agree to use. Parsetorker selects terms from the ontology based on concepts
generators and printers are used to generate application ifl€y are searching for in the ontology. A specialized search
terface definitions that each application uses to read an@ngine uses these terms to locate relevant documents in a
write data. repository.

5.4.2 Example 6.1.3 \Variations

Variations mainly deal with whether artifacts in the repos-
An ontology author uses a language such as IDL or UML. L
. . : : itory are tagged and the semantic richness of the ontology.

to create an ontology for objects in a domain of discourse, . o
. A richer ontology can be used to make minor inferences to

(e.g., product data management). The ontology is used tgQ -
: : Improve search capability.

generate interface code for the client and server (e.g., us-

ing CORBA). Client applications can then interface with

services on the server regardless of location, operating sy§:1-4 Maturity

tem, or location. Many commercial Internet portals are beginning to explore
use of concepts described in this scenario. Several research

5.4.3 Maturity projects, more closely aligned to this idea, are being ex-
plored.

The standards and machinery supporting this approach are

relatively mature._ Success depends_ pr_lmarlly on agrgemerqit Discussion and Future Work

on an ontology with enough semantic richness to satisfy the

requirements of the client and server. We have presented a framework for understanding ontol-
ogy applications, and used it to highlight the many similar-

ities between work being done in different areas. We in-

6 Scenarios: Indexmg tend to disseminate this framework to the STEP, OMG and

6.1 Concept Based Search information integration communities. We hope to increase
the repertoire of tools and methods to the wider community
for achieving their goals. It is important to emphasize that

an application may integrate more than one of the scenar-
ios presented. We hope that by bringing these all together
in one place, workers may be inspired to creatively com-
bine them to make more useful applications.
This is on going work and there is much more to be
t KW / done. This includes:
<«— »| Search ' '
Engine 5We have chosen to draw the figure from the KW’s perspective, for

whom the fact that the search engine is an ontology based application is
irrelevant. It is equally valid to introduce an application developer actor
who uses the ontology and to view the knowledge worker as an application
user.

Figure 8: Concept-Based Search
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7.1 More Details 7.5 Recommend Future Research

Many interesting variations exist for each of the above SCein performing this ana|ysis, we hope to provide a thorough
narios, which we have not mentioned. In addition, some ofeview of the state of the art of ontology application. With
the ones that we have mentioned are important enough t§ populated framework, and a better understanding of the
warrant their separate diagrams, examples, and discussiomaturity of various approaches, and the various tradeoffs,
There is much more to be said about the maturity of eaclive hope that this will naturally suggest fruitful areas for

of these approaches. further research.
We are particularly interested in illuminating why some

of the same approaches seem to have great limitations in
: : Ar:knowledgements
some contexts, and yet are seeing commercial success i

other contexts. For example, PIF versus EXPRESS as afpeter Clark, Florence Tissot, Deborah McGuinness,

plic_ations of the Data Access via Shared Ontology scerichard Fikes, Doug Lenat, and Fritz Lehman provided

nario. helpful feedback during discussions on earlier versions of
. this paper.
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For example, the use of ontologies as interchange formats  the Eleventh Workshop on Knowledge Acquisi-

is an unproven technology for sharing complex operational tion, Modeling and Management. Track: Shareable

data. The alternative is to build point to point translators. and reusable components for knowledge systems
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Eventually, this can then be turned into guidelines for ksi.cpsc.ucalgary.ca/KAW/KAW98/KAW9I8Proc.
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ogy specificationgKnowledge Acquisitiorb(2):199—

7.3 More areas 220, 1993.
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ing mathematics. IiProc. of the Fourth International
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tion and ReasoningMorgan Kauffman, 1994. Also

e Ontologies used for indexing, is becoming a field of its
own with major commercial use (e.g., Yahoo!) as well

as a plethora of research papers published recently. It
would probably be useful to have a separate frame-
work for this area alone.
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man and Hall, 1995.
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