
ONTOLOGY
APPLICATIONS and DESIGN

YEARS AGO, MOST ACADEMICS
would have said ontology refers to an
esoteric field in philosophy that studies
being—what there is in the world.
Today, a Web search engine will
return over 64,000 pages given
"ontology" as the keyword.
Among the sites appearing on
the first few pages are phrases
such as "enabling virtual busi-
ness," "gene ontology consor-
tium," and "enterprise
ontology," sounding more
practical than philosophical. In
fact, Tim BernerS'Lee—the creator
of the Web—now considers ontologies
to be a critical part of his latest work on
a semantic Web, which he envisions will

not only allow our software agents to
communicate among themselves for our
errands, but also enable our phones to
tell the TV and stereo to quiet down
when they ring [1].

So what is an ontology and why
this attention, not only from acad-

emic disciplines such as com-
puter science, information
science, and business schools,
but also from industries as
diverse as the high-tech, finan-

cial, medical, educational, and
agricultural sectors?
As with most fashionable con-

cepts, many definitions of ontology
have been offered. A most commonly
cited definition is one offered by Gru-
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ber: "An ontology is a formal explicit specification of
a shared conceptualization" [3]. A conceptualization,
in this context, refers to an abstract model of how
people think about things in the world, usually
restricted to a particular subject area. An explicit
specification means the concepts and relationships of
the abstract model are given explicit terms and defi-
nitions.

It is not our intention in this special section to
offer a universal definition for ontologies (even if
such a consensus were possible); rather, we wish ro
focus on the uses of ontologies (see the table) and the

Uses of Ontology (customized from the uses
of ontology identified at the KRSL kickoff meeting 1994).

For communication

between implemented computational systems.
between humans.
between humans and implemented computational systems.

For computational inference

for internally representing and manipulating plans and planning information.

for analyzing the internal structures, algorithms, inputs and outputs of
implemented systems in theoretical and conceptual terms.

For reuse (and organization) of knowiedge

for structuring or organizing libraries or repositories of plans and planning
and domain information.

emerging discipline of ontological engineering,
which considers the entire ontology life cycle—-the
design, evaluation, validation, revision, and deploy-
ment of ontologies within intelligent systems.

Ontological Engineering
Ontological engineering has as its goal effective sup-
port of ontology development and use throughout
its life cycle—design, evaluation, validation, mainte-
nance, deployment, mapping, integration, sharing
and reuse. The articles in this special section high-
light several key challenges that motivate current
research in this emerging discipline. For a more
comprehensive discussion of the issues it needs to
address, we refer to [2].

Building ontologies is difficult, time-consuming,
and expensive, particularly if the goal is the design of
an ontology that is formal enough to support auto-
mated inference. One reason for this is that ontolo-
gies require consensus across a community whose
members may have radically different visions of the
domain under consideration. In practice, the quest

for consensus is dealt with in a variety of ways. At
one extreme, small lightweight ontologies are devel-
oped by large numbers of people and then merged.
At the other extreme, rigorous formal ontologies are
developed by consortia and standards organizations.
In the former case, there will be a greater need for
ontolog)' mappmg and merging, while the latter case
will require better support for collaborative design
and analysis. Kim's article addresses this issue in the
context of developing and deploying ontologies on a
semantic Web. Holsapple and Joshis article consid-
ers the challenge of collaborative ontology design.

Although ontologies were
originally motivated by the need
for sharable and reusable knowl-
edge bases, the reuse and sharing
of ontologies themselves is still
limited because the ontology
users (and other designers) do
not always share the same
assumptions as the original
designers. It is difficult for users
to identify what the implicit
assumptions were and to under-
stand the key distinctions within
the ontology. Some disagree-
ments among people are superfi-
cial. For instance, one ontology
may represent the color red as a
relation while another represents
it as a value. It is difficult to
determine which disagreements

reflect fundamentally different oncological commit-
ments.

The article by Welty and Guarino provides guide-
lines on how to identify the hidden assumptions
held by ontology designers and potential ontology
users, and hence prevent the confusion that arises
from inappropriate modeling choices.

Each of the disciplines within computer science
considers a variety of theoretical and empirical tech-
niques to evaluate potential solutions to research
problems. However, there are currently few widely
used techniques to evaluate and compare different
ontologies. Within systems engineering, benchmark
problems are used to compare hardware systems
(VLSI chips) and software systems (protocols for
load balancing networks); there is no such notion of
benchmarks within ontological engineering. Within
complexity theory, decision problems are classified
into P and NP; algorithms are characterized by the
order of their complexity. Within ontological engi-
neering, there is no classification of problem
domains and no characterization of ontologies to
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Although ontologies were originally
motivated by the need for sharable
and reusable knowledge bases, the
reuse and sharing of ontologies
themselves is still limited because
the ontology users (and other
designers) do not always share the
same assumptions as the original
designers.

evaluate and compare their adequacy or perfor-
mance.

Theoretical analysis of ontologies is possible.
Given the specification of an ontology as a set of
axioms in a logical language, we can characterize the
models of the ontologys axioms and compare them
to the intended models of the designer or user. In
Welty and Guarinos article, we see the application of
philosophical andysis to the evaluation of ontolo-
gies; they provide additional criteria to evaluate the
commitments made by an ontology and to make the
consequences of these commitments more explicit.

On the other hand, thete arc some issues that can
only be resolved empirically. An ontology may have
wonderful formal properties, but if it does not cap-
ture the intended semantics of the users terminol-
ogy, then the ontology has little practical utility. The
article by Everett et al. considers this problem in the
context of knowledge management. The ontology
they develop must be adequate to correctly identify
conceptually similar documents within a technical
knowledge sharing system.

There are also needs for empirical research
addressing the application of techniques to indus-
trial problems. Do current design methodologies
and techniques scale up for realistic problems? What
is the tradeoff between generic ontologies and
domain-specific ontologies that may be more imme-
diately applicable to industrial problems, but may
consequently be less reusable? Unfortunately, there is
no notion of experiment or testing within ontologi-
cal engineering. We would like to be able to use
applications of ontologies as experimental test beds
to compare and evaluate ontologies, and to serve as
guides to frame the critical questions that must be
posed. Ideally, an ontolog)- test bed would include
applications that require large-scale ontologies
assembled ftom smaller, independently designed
ontologies; new frontiers in ontology applications,

such as knowledge management (see Holsapple and
Joshi, Everett et al.), and the semantic Web (see
Kim) would be excellent candidates.

The articles in this special section illustrate the
interdisciplinary approaches within the ontology
research community. Everett et al.s study uses lin-
guistic techniques to address the problems of knowl-
edge management. Welty and Guarinos study uses
the concepts and analytic methods from philosophy
to evaluate an ontology, in the manner that normal-
ization principles ensure the modularity of the data-
base. Holsapple and Joshis study illustrates the
applicability of the management technique in
addressing the challenge of consensus in ontology
design. Kim's study uses history to draw predictions
for the applicable areas of formal ontologies. This
diversity and the academic tradition of the disci-
plines from which ontological engineering draws
seem to testify to the conceptual complexity of
ontology design. Q

REFERENCES
1. Herners'Lce. T., Hendler, J., and Lassila. O. The semantic Web. Sciea-

lijir Amtrican 2M. •> (2001), 34-43.
2. Fernandez, M,, Gomcit-Pcrev., A., and Juristo, N. Mcthontology: From

ontological art loward ontological engineering. In Spring Symposium
Series, Stanford University. Stanford, CA., 1997.

3- Gruber. T. A translation approach to portable oniologics. Knowleei^ 7.

M I C H A E L G R U N I N G E R (grunmg@cme.mst.gov) is a research

scientist in the Insiiturc for Systems Research at the University of
Maryland. College Park.
J I N T A E LEE (jintacfS^coIorado.edu) is an associate prott'ssor in the Sys-
[fms Division of the l̂ ceds School of Business at the Universiry of Col-
orado, Boulder,

Permission no make di^ical arhiirdco[!<irsofiitl or pan nf this work for personal orcliuu-
nxiin use is ^rantnl wkhoui Ici: providtMJ chu.r copici urr mil muit: (ir ciiMribuTcd bit
pnifit i)r commercial atUaniagc uiiii iliat mpii's Licar ihis tioiicc unil tlir tiill ticution on
the first yiA^e. To copy ocherwisf. iti fepublish, co post on servers or to redistribuw to
lists, rrqiiiirs prior speritk ]iermission and/or n tee.

© 2002 ACM 0002-07S2/02/0200 J5.00

COMMUNICATIONS OF THE ACM Fcbtuar)- 2002/Vol 45, No 2 4r






