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Semantic Web and Information Systems:

An Agenda Based on Discourse
with Community Leaders

MiltiadisD. Lytras, AthensUniversity of Economicsand Business, Greece

ABSTRACT

When last January, AlS approved our
proposal for a new SIG on Semantic Web
and Information Systems (www.sigs
emis.org), | never thought that we could gain
the support of so many renowned academics
and practitioners. Moreover, | couldn’timag-
inethat all these people would be so excited
concerning knowledge sharing and commu-
nity building around the Semantic Web and
its catalytic influence on our traditional per-
ceptions of expressing and exploiting mean-
ing through tools, services, and applications.
Having already interviewed four key people
for the evolution of the Semantic Web, we
decided instead to provide asimple editorial
to sketch the open Semantic Web and infor-
mation systems research agenda.

INTRODUCTION

Semantic Web = Semantics + Web —
asimple equation, yet so many waysto inter-
pretit. | feel blessed that | had the opportu-
nity and the honor to find guidance, vision,
and different views from all the leaders of
the Semantic Web — namely (and in order
of time) Amit Sheth, James Hendler, Chris
Busdler, and Eric Miller. Every timel finished
aninterview, | felt that these people contrib-
uted to all of us by stipulating our energy to

be part of a great and silent revolution, the
one of the Semantic Web (SW). | will try in
the next few pages to put together their
thoughts and ideas with my questioning. My
ultimate objective in the end is to interpret
theinitial equation. Semanticsisthefirst, the
most important part of the Semantic Web.
According to Sheth:

“ Semantics has long been recognized to be very
important in IS, Databases, Al, Linguistics and
many other fields. Fromthe |SDB perspective, |
remember talking about * So Far (Schematically)
yet So Near (Semantically)’ in 1992, but lots of
smarter people have talked about semantics for
some time. More recently however, two things
have happened—one positive, one potentially
not so positive. The positive thing isthat we have
now been able to engineer semantic technology
that supports large-scale semantic applications,
and use large populated ontologies to provide
semantic underpinning. At the same time a
guestionable development is a rather
overwhelming importance attached to ‘formal
semantics.”” (Note: Sheth doesnot argue against
the importance on formal semantics, he merely
guestions sole or overwhelming reliance on it
since, for semantics, one needs to bridge a gap
between humans, real world domain knowledge
and the machines, and the formal representation
works adequately well only for the machines.)

In this inaugural issue, Amit Sheth,
Cartic Ramakrinshan, and Christopher Tho-
mas, all from the University of Georgia, pro-



vide an excellent discussion on “ Semantics
for the Semantic Web: The Implicit, the For-
mal, and the Powerful.” Considering therole
of semantics in a number of research areas
in computer science, they organize seman-
tics in three forms — implicit, formal, and
powerful — and explore their roles in en-
abling some of the key capabilitiesrelated to
the Semantic Web. The central message of
thisarticleisthat building the Semantic Web
purely ondescriptionlogicswill artificidly limit
its potential, and that we will need to both
exploit well-known techniques that support
implicit semantics, and devel op more power-
ful semantic techniques. Thisarticleissurely
an excellent starting point for everyone in-
terested in SW. Please note that since this
first issue consists of invited papers rather
than refereed, | havetaken theliberty of ask-
ing the EIC to contribute.

If you ask a newcomer in SW the first
thing hewould liketo know, likely hisresponse
will address the impact of a Semantic Web
on services and applications. Itisthekey is-
sue for promoting the visibility and the wor-
thiness of SW. The starting point of such
guestioning isalwaysthe same: “What isthe
difference in comparison to the WWW that
we all know?’

Eric Miller set an interesting “frame-
work” for understanding the evol ution of the
Semantic Web in relation to the WWW evo-
[ution:

“1f we think back to the phases associated with
Web deployment: 1. The Web was born at CERN,
2. Wasfirst picked up by high-energy physicists,
3. Then by academia at large, 4. Then by small
businesses and start-ups, 5. Big business came
only later! I’d suggest the Semantic Web is now
at #4, and very quickly moving to #5.”

| believethisisonly the half story. And
of course Miller just pointed out the critical
aspect: the Semantic Web isnot aninitiative
hermetically tight to close academic clubs.

Figure 1. Semantics types

Semantics

“Semantic Web is here to stay,” Sheth says
with emphasis.

So from this perspective | totally agree
with Sheth:

“More exiting and important goals of the next
generation Web research are improving the
human experience and enriching the living, and
| can now see a possibility of a major shift from
focus on computing to improving human
experience — not only with better ability to use
heterogeneous content and apply knowledge,
but also to incor por ate per ception and pervasive
computing.”

This ultimate objective revea sthe key
argumentation for technology adoption. We
need technol ogiesas meansfor improving our
livesand expanding our frontierstowardsthe
common wealth. But his statement hides a
lot of engineering.

ChrisBussler provided avery interest-
inginsight to thisissue:

“When you look behind the scenes, and study
what information systems infrastructure has to
be put in place and maintained in order to
providethat level of services, beit for customers
or businesses, the state of affairs can beimproved
quite a bit from a technological side, especially
the semantics side of it. Too many glitches



happen due to missing semantic under pinning.
Once semantics-based technologies are
available, the situation for customers and
businesses can be advanced a lot beyond the
current state, too, in addition to overcoming
today’s problems.”

The emphasisontoday’s problemsand
on the vision for tomorrow incorporates the
two major pillars of the so-called knowledge
society. Sheth provided one more excellent
insight with aphilosophic flavor:

“ .. Itisfairly certain that nothing we are seeing
is a utopia. We all have [the] tendency to get
unduly excited with every new trend and fad,
and after afield matures, wefind out that instead
of thembeing [a] major life-changing technology
or science, they are a step towards a continuing
evolution.”

Thisis the Semantic Web for me also.
We do not have to underestimate the social
context, not eventhesocietal inquiriesfor new
services.

Danny Ayer contributed in AIS
S GSEMISBUlletinavery interesting article.
| found hispositionsquiteinforming. Hismain
point isthat the current Web has many inef-
ficiencies and characteristics that limit its
value. Ayers excellent description in Figure
2 setsaninteresting context for revealing the
required elements of the Semantic Web. In
the next section we try to outline the key re-

search issues of the Semantic Web research
agenda.

Navigable Web

There is ahuge amount of information
on theWeb, but it isof limited use without it
being possibleto accessthat information with
ease. Compared to traditional systems the
current Web is closer to afile system than a
relational database. We have ameans of stor-
ing and labeling the documents, what we don't
haveisany built-intechniquefor indexing and
searching them. Catal ogue-styled portals do
help, and search engineslike Google are ex-
tremely good at finding a needle in a hay-
stack. The hierarchies of catalogue portals
and Google point to waysin which informa-
tion can be more efficiently retrieved. Many
portalsare built from taxonomic hierarchies,
in effect metadata-based navigation.

DataWeb

Thecurrent Webisprimarily avery large
number of hyperlinked documents. Whether
they’ rewritteninloose HTML or more con-
trolled XHTML format, these documentsare
designed for human reading. The intended
path of use goes directly from the organized
bits of data through a renderer to the end
user. TheWeb is currently closer to amicro-
fiche repository with an optical viewer than

Figure 2. The missing Webs (adopted by Ayer, 2004)
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aknowledge representation system. But much
of the information on the world’s computers
isn'tinthisform; it exists as chunksof infor-
mation relating to real-world or abstract no-
tions and the relationships between these
chunks. Asageneraizationit could becalled
relationa data, andinfact much of itisstored
inquasi-relationa SQL databases. But onthe
current Web, data like this is only usually
available through very narrow, human-ori-
ented interfaces. A lot of data held by com-
panies and other organizations will be com-
mercially or politically sensitive, and would
need to be kept private. But a considerable
proportion of it could be made available more
widely to genera benefit. Given aframework
that supports differing levels of access con-
trol, datacould be published anywherein be-
tween the private/public extremes.

Trusted Web

If information relating to the source of
information can bereliably managed, thenthis
opens up potential in several directions. Be-
ing sure of aspects like ‘who asserted’ and
‘when’ related to facts enables any conclu-
sionsinferred from statements based on those
facts to carry some of that assurance.

DynamicWeb

A visitor from another planet might
be forgiven for thinking that computers
are solely communication devices. Apart
from infrastructure wiring, the Web barely
acknowledges that computers are good
for computing. To take the computing model
beyond the isolated mainframe or desk-
top PC requires integration of software
across organization and even application
boundaries.

Transparent Web

The Web Service approach of passing
messages between systems offers a partial
solution to making the Web more dynamic.
For example, materia contained inrelational
databases can be exposed, so their informa-
tion becomesasavailable asthat of published
documents. But as already noted, the inter-
face tends to be narrow. A database of a
hundred tables, a thousand columns, and a
million rows may appear on the Web as a
single node through which querieshaveto be
tunneled. For efficient interaction between
end usersand servicesand between services,
alevel of transparency is needed in which
parcels don’t have to be opened to discover
their contents.

Ubiquitous, User-Friendly Web

Currently most accessto the Web takes
placethrough PCsor laptops. There hasbeen
some extension into smaller mobile devices,
as well as TV-based systems. Wireless has
also helped to break some physical restric-
tions. But still, these are still relatively spe-
cialized interfaces; accessis far from being
on hand everywhere to everyone. In terms
of user-friendliness, theWeb isgenerally ac-
cessed through [ n] HTM L -oriented browser.
Thisusually meansread-only access, invery
limited single mode of interaction. It lagsfar
behind what is expected of “fat” desktop PC
applications. Ubiquity and user-friendliness
are key to humanity getting the maximum
benefit of the Web, for people to have their
abilitiesaugmented at individual and societal
levels.

Unified Web

The connectivity of the Web occurs at
the level of hyperlinks, in effect the only



Figure 3. Semantic Web key issues

Semantic Web

Key Issues
Expression of Policy Aware Ontological Web of Information Flow
Meaning Infrastructure Evolution Trust and Collaborative Life

shared languages are fairly low-level proto-
cols. For the Web to be really useful, more
sophisticated connectivity is needed. This
requires language to describe the entitiesin-
volved and the relationships between them.
Given the scale and diversity of information
sources, whatever language is used must be
applicable in a very generic way. The only
languages that are likely to fit the bill are
mathematical, and the prime contenders are
understandablein terms of first-order logic.

SEMANTIC WEB KEY
ISSUES

The Semantic Web Activity of theW3C
isthe key driver for promoting the Semantic
Web vision. Inour interview with Eric Miller,
he outlined four interesting areas:

» CreatingaPolicy Awarelnfrastruc-
ture: Thedevel opment of aPolicy Aware
Infrastructurefor theWebisrequired. The
Semantic Web will only achieveits po-
tentid asaninformation spacefor thefree
flow of scientificand culturd information
if itsinfrastructure supportsafull rangeof
fine-grained policy controlsover thein-
formation contained inthe Semantic\Web.
If we are going to entrust more of our
knowledgeto the SemanticWeb, wemust
be assured that the Web will respect many
more of the social agreementsthat we

enforce in the physical world. For the
Semantic Web includes not only freely
availableinformation, but al so persond
information and information availableto
aperson or agent only asaresult of its
membershipingroups. A policy-aware
infrastructure— onethat givesinforma-
tion creatorsand usersthetypesof con-
trol over informationwehaveall become
accustomed tointhephysical world such
astheability to assert and exercise pri-
vacy and intellectual property rights—
will make the Semantic Web into avi-
brant and humane environment for shar-
ing knowledge and collaborating on[a)
widerangeof intellectual enterprises.

Ontological Evolution: Animportant
goal of the Semantic Web isto address
the problem that, in the course of scien-
tific (or any) endeavor, one changesthe
vocabulariesone usesto organize, dis-
cover, and communicate. A given vocabu-
lary may berefined, resultinginaneed
for migration from old to new. Commu-
nication between distinct groupsusing dif-
ferent vocabularies createsthe need to
create common vocabularies, which op-
timally suit all involved. Semantic Web
techniquesshould makethisdifficult pro-
cessof creating new common vocabu-
lariesaseasy aspossible. The Semantic
Web aready removesconfusion by giv-
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ingeachtermaglobdly unique URI. OWL
ontologiesand ruleslanguagesalow re-
|ationships between old and new terms
to beexpressed. Thereis, however, little
experience with the serious management
of such evolution. The Semantic Web
needsto incorporateversoning and prov-
enancewithinitsfoundation. Humanun-
derstanding changes and statementsthat
weoncethought were accurate arelater
described to beinaccurate. However, the
original statement should not be deleted
from our corpus of human knowledge.
The SemanticWeb should not berequired
to forget that a statement was once be-
lievedto beatrue statement. Versioning
issuch acommon approach to represent-
ing discretestatesof understanding that it
warrantsexplicit trestment inthe Seman-
tic Web.

Web of Trust: Trust inthehuman socia
context isbased on constantly evolving
and adapting information. Two parties
may trust each other based on ahistory
of mutual interaction, based onformal
contractsthat inturnrely on other estab-
lishedsystems(e.g., legd andlegidative),
and based onrisk analysisof afailureof
any party to perform asagreed. A trust
language for the Semantic Web that is
capabl e of representing these complex
and evolving relationshipswill becrucia
toour future ability to build softwarethat
behavesmoreinthemanner of anintelli-
gent assistant than arote rulesprocessor.
I nformation Flow and Collabor ative
Life: Many toolsused with collaborating
groupstoday instrument theflow of data,
information, and knowledge. Oneof the
challengeswewill meetistostrikeabal-
ance between requiring authors to do
more at the outset to makeinformation

machineprocessable, ingsting that every-
thing the machine could useto answer a
question berecognized and identified by
the (human) questioner, and leavinglarge
quantitiesof informationinaccessibleto
themachine.

Inthislist of semantic Web key issues,
information systems researchers can find
many interesting research topics to contrib-
ute. In the interviews, we tried to get feed-
back on the open research agenda and the
“hot topics’ that require a multidisciplinary
approach. Hendler and Sheth shared with us
their thoughtsonthisissue. More specifically,
Hendler’s short list includes five significant
areas of research:

1. Onthe Semantic Webtheontologiesare
linked together and can usetermsfrom
other ontologiesand changethem. The
systemisopen and distributed, and there
iIShoway to guarantee consistency. How
dowedo reasoning in thiskind of dis-
tributed and incons stent system?

2. Social networks are becoming very
popular onthe Web, and it isclear that
Semantic Web technol ogieshel p support
large, distributed networksof peoplewho
know other people (likethe Friend of a
Friend, FOAF, work). What new and
exciting thingscan explicit semanticsadd
tothese?

3. How aretraditional technologies(infor-
mationretrievd, artificid intelligence, etc.)
changed by Web semanticsand Seman-
tic Web languages?

4. Oneof the promisesof the Semantic\Web
isthat it will let usbring databasesand
structured information sour ces(like
spreadsheets) to the Web. How will
query and search enginesfor thiskind of
informationwork?



5. How will semanticsfunctionintheemerg-
ingworld of mobileand ubiquitouscom-
puting and other emerging I T trends?

| find Sheth’'s perspective refreshing
because heisamong the very few lucky guys
who had an opportunity to simultaneously
work with the entire span of research,
prototyping, technology transfer, commercial-
ization, and real-world application deployment:

“At LSDIS | can work with colleagues and a
large group of PhD students on long-term and
conceptual research which allows me to
collaborate with industry and provide inputs to
standards activities. We have twice licensed
technology resulting from our research, leading
to start ups, including Semagix (earlier Taalee).
At Semagix, | get to work with smart engineers
—some of whomare LSDISalumni —to develop
aleading product in SW and architect customer
specific solutions. On the same day | can work
on research papers and prototypes, as well as
deal with challenges of a deployment at a
Fortune 500 customer. It has been incredibly
exciting.”

This is not the only reason why | re-
spect hisopinion, but thismix of activitiesis
enough to trust Sheth as aleader. So | asked
him to sketch for me his hot topicsin Next-
Generation Web Research:

“It's hard to pick a few, but here | have a few
favorite ones.

In[the] resear ch arena, theseinclude:

1. increasngautometicextraction/annotation
of newer formsof digitd media, including
streaming media, broadcast TV, and sen-
sor-generated datastreams,

2. complementing semantic or thematic
metadata(and corresponding domain on-
tologies) with spatial and temporal
metadataand ontol ogies, and providing

Vil

comprehendvespatio-tempora thematic
reasoning; and

3. extending semanticsdescription of static
aspects (such asdatainput and output)
of resources or Web servicesto descrip-
tionsrelated to functional and execution
behavior and quality of service, dongwith
increasing semantic support for dynamic
nature of Web processes.

In [the] commercial and application
arena, some of the favoritesinclude:

4. automated literaturesearchand miningfor
pharmaceutica R&D;

5. busnessintedligenceapplicationsof opin-
ion and brand management for market-
ing;and

6. increasing useof semanticsinWeb search
especialy asmore major playerscom-
petewith Google.

THE WAY AHEAD

A lot of questioningisrelated to thetime
required for the realization of the Semantic
Web. Sheth put his vision for the Semantic
Webinaninteresting triangle:

“My view is an amalgamation of what | have
seenon ‘experiential computing’ by Ramesh Jain,
‘computing with words' by Lotfi Zadeh, and
“humanist computing’ by Jonathan Rossiter. For
those focused on semantics and IS, we still need
to addressthe difficult and fundamental problem
of identifying entities (from unstructured text),
semantic disambiguation, and discovering
(potentially fuzzy, inexact, or probabilistic)
relationships. And while formal representation
and techniques certainly have a role, we need to
find [@] much better way for involving humans
— much more than in human interfaces and
visualization issues — in any approach
supporting semantics and knowledge
management.”
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Hendler contributed to thisdebate with
an to-the-point comment:

“| think we are going to see continually evolving
capabilities based on the Semantic Web
infrastructure. | think the first application area
where we see it deployed is in enterprise
application. That will let us see the creation of
‘islands’ of Semantic Web functionality. We will
also see the Semantic Web allowing the creation
of easier-to-build and -run Web portals. These
will also give us areas of content to link together,
and as all these things do link together, the WWeb
of metadata will grow, and we will see the
Semantic Web really emerge.”

Certainly, the Semantic Web cannot be
considered as ageneral milestone or anillu-
sion. A lot of things haveto be done, and this
road ahead seems to require a well-defined
step-by-step approach. Bussler put thingsin
perspective:

“ The Semantic Web isalong-termeffort working
towards a clear goal, not at all changing every
year. Solid progress based on real impact creates
asuccessful area, solid aswell ashealthy growth,
and never abubble. All involved parties—DERI,
research groups, industry, standards
organizations, and customers — are interested
in making the Semantic Web a reality, not a
fashion or a bubble at all. Milestones going
forward will be industry-wide pick-up of
Semantic Web and Semantic Web Services
technology, broad application in all industrial
domains, and an ongoing establishment of
Semantic Web and Semantic Web Services
research groups in universities and research
institutes worldwide.”

So the obvious question is, where are
we now? Miller commented on the success
of the WWW?2004 Web Conference;

“ The WMWW2004 Web Conference had a huge
Semantic Web focus that permeated almost all
aspects of the conference. The energy at the
meeting, the collaboration occurring in the

corners and throughout the night, reminded me
of the second Web conference in Chicago. In
Chicago, it seemsto methiswas a turning point,
as everyone who attended realized the Web was
not a fad, but rather something that was going
to revolutionize how we communicate. The
WWMW2004 Conference had a similar impact on
me with regards to the Semantic Web. The
technologies and toolkits are maturing.
Semantic Web applications are becoming far
more prevalent. Novel ideas for how these
technologies may be used are happening on a
daily basis. It was quite a week!”

THE SEMANTIC WEB
EQUATION IN IS

This article is not a research paper;
rather, itisasynthesisof opinions, ideas, and
thoughts. | decided to draw alineand to sum-
marize my understanding of the Semantic
Web and itsroleininformation systemsfrom
a naive's perspective. In Figure 4, key Se-
mantic Web issues are combined with some
ontological perceptionsfor information sys-
tems. Thisrich picture of Semantic Web and
information systems research agendas can
beauseful guidefor putting ourselveswithin
the new context of Semantic Web-enabled
information systems. In the three cyclical
areas, we can see the basic research streams
and topicsthat currently gain the main inter-
est of researchers. In fact five pairs describe
converging actions of semantic Web and in-
formation systems research:

» Expression of meaning/managing of
knowledge content

» Ontologicd evolution/diversfication-per-
sondization

* Information flow and collaborativelife/
context

 Policy aware infrastructure/
interoperability-standards

» Webof trus/communities—socid dimen-
gon



Figure 4. Semantic Web/information systems landscape
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ALSO IN THIS ISSUE

Inthisfirstissuewetried to haveabal-
anced mix of articles. The second article of
theissue, by Rahul Singh, Lakshmi lyer, and
A.F. Salam, co-organizers of the Semantic
E-Business Track in AMCIS and guest edi-
tors of a specia issue on the same topic in
Communications of the ACM, unfold the
research agenda of “Semantic E-Business.”
They present a holistic view of semantic e-
business that integrates emergent and well-
grounded Semantic Web technologiestoim-
provethe current state of the art in the trans-
parency of e-business processes.

Given the great interest on ontologies
development and toolsthat facilitate the rel-
evant process, we decided to include in the
inaugural issue two papersthat explain some
ontological engineering considerations. Of
course we must from the beginning distin-
guish the nature of our journal. We are not
seeking to provide to the research commu-

nity asolid technical journa . Instead, wewant
to pay more attention to the business issues
and the drivers of applied technologies, and
from this perspective we emphasize the dis-
cussion of research problems, the business
justification, and the new facts of the Seman-
tic Web towards real-world problems.

In the third article of thisinaugural is-
sue, Aditya Kalyanpur, Bijan Parsia, and
JamesHendler, from the University of Mary-
land, describe“ A Tool for Working with Web
Ontologies.” Beginnersin the SW will find
thisarticlevery interesting sincethey will see
how ontol ogies and the Semantic Web affect
theway we structure and exploit knowledge.
Without emphasis on research findings, this
articleisagood starting point for peoplein-
terested in working with Web ontologies.

Thelast article of thisissue hasasimi-
lar orientation. Artem Chebotko, Yu Deng,
Shiyong Lu, Farshad Fotouhi, and Anthony
Aristar present “An Ontology-Based Multi-
media Annotator for the Semantic Web of
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Figure 5. Semantic Web definition for information systems
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Language Engineering” for multimedia lin-
guistic data. This type of research, | do be-
lieve, in the next year will be amust for SW
evolution. The management of multimedia
content lacks from several perspectives and
ontological insghts, and SW technologies pro-
vide new insightsto the problem.

I concludethiseditoria with afigure of
the knowledge society | would develop in
order to communicate my understanding of
the Semantic Web. In a way thisis for me
thetrandlation of theinitial equation: “What
isthedifferencein comparison to the WWW
that we all know?’

The Semantic Web in the context of
information systems research is “the inte-
gration of semanticsin the context of ‘miss-
ing Webs' towards the alignment and
proposition of new strategies that capital-

ize on semantic Web key issues and pro-
vide value in specific information systems
contexts.”

This general definition is the mission
statement for our journal. Intheforthcoming
issues we plan very interesting things. We
decided tofollow thedifficult journey of plan-
ning and organizing anew journa from scratch
in avery short time. In thisjourney we want
your help; we are looking forward for your
comments, we need your participationinAlS
SIGSEMIS and SIGODIS activities, and
moreover we are open for ideas on collabo-
ration. See you in the next issue.
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Semantics for the Semantic Web:

The Implicit, the Formal and the Power ful

Amit Sheth, University of Georgia, USA
Cartic Ramakrishnan, University of Georgia, USA
Christopher Thomas, University of Georgia, USA

ABSTRACT

Enabling applications that exploit heterogeneous data in the Semantic Web will require us to
harness a broad variety of semantics. Considering therole of semanticsin a number of research
areasin computer science, we organize semanticsin threeforms—implicit, formal, and powerful
—and explore their rolesin enabling some of the key capabilities related to the Semantic Web.
The central message of this article is that building the Semantic Web purely on description
logics will artificially limit its potential, and that we will need to both exploit well-known
techniques that support implicit semantics, and develop more powerful semantic techniques.

Keywords: analytical processing; data exploration; data extraction; document management

and retrieval; fuzzy logic; informal semantics, knowledge discovery; metadata;
relationship discovery; semantic analytics; semantic integration; semantic
matching; semantic search; soft computing; text management

INTRODUCTION

Semantics has been a part of several
scientific disciplines, both in the realm of
Computer Science and outside of it. Re-
search areas such asInformation Retrieval
(IR), Information Extraction (IE), Compu-
tational Linguistics(CL), Knowledge Rep-
resentation (KR) Artificial Intelligence
(Al), and Data(base) Management (DB)
have all addressed issues pertaining to se-
mantics in their own ways. Most of these
areas have very different views of what
“meaning” is, and these viewsare al built

on some meta-theoretical and epistemol ogi-
cal assumptions. These different views
imply very different views of cognition, of
concepts, and of meaning (Hjorland, 1998).
In this article, we organize these different
viewsto threeformsof semantics: implicit,
formal, and powerful (a.k.a. soft). We use
these forms to explore the role of seman-
tics that go beyond the narrower interpre-
tation of the Semantic Web (that involve
adherenceto contemporary Semantic Web
standards) and encompass those required
for abroad variety of semantic applications.
We advocate that for the Semantic Web
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(SW) to be realized, we must harness the
power of abroad variety of semantics en-
compassing all threeforms.

IR, IE, and CL techniques primarily
draw upon analysis of unstructured texts
in addition to document repositories that
have a loosely defined and less formal
structure. In these sorts of data sources,
the semantics are implicit.

Inthefieldsof KR, Al, and DB, how-
ever, the data representation takes a more
formal and/or rigid form. Well-defined syn-
tactic structures are used to represent in-
formation or knowledge where these struc-
tures have definite semantic interpretations
associated with them. There are al so defi-
niterulesof syntax that govern thewaysin
which syntactic structures can be combined
to represent the meaning of complex syn-
tactic structures. In other words, techniques
used in these fields rely on formal seman-
tics.

Usually, efforts related to formal se-
mantics haveinvolved limiting expressive-
nessto allow for acceptable computational
characteristics. Since most KR mecha-
nisms and the Relational Data Model are
based on set theory, the ability to represent
and utilize knowledge that is imprecise,
uncertain, partially true, and approximate
is lacking, at least in the base/standard
models. However, there have been several
efforts to extend the base models (e.g.,
Barbara, Garcia-Moalina, & Porter, 1992).
Representing and utilizing these types of
more powerful knowledgeis, in our opin-
ion, critical to the success of the Semantic
Web. Soft computing has explored these
types of powerful semantics. We deem
these powerful (soft) semantics as distin-
guished, abeit not distinct from or orthogo-
nal to formal and implicit semantics.

More recently, semantics has been
driving the next generation of the Web as
the Semantic Web, where the focus is on

the role of semantics for automated ap-
proachesto exploiting Web resources. This
involvestwo well-recognized, critical en-
abling capabilities— ontology generation
(Maedche & Staab, 2001; Omelayenko,
2001) and automated resource annotation
(Hammond, Sheth, & Kochut, 2002; Dill et
a., 2003; Handschuh, Staab, & Ciravegna,
2002; Patil, Oundhakar, Sheth, & Verma,
2004), which should be complemented by
an appropriate computational approach
such asreasoning or query processing. We
use a couple of such enabling capabilities
to explore the role and importance of all
three forms of semantics.

A majority of the attention in the Se-
mantic Web has been centered on alogic-
based approach, more specifically that of
description logic. However, looking at past
applications of semantics, it isvery likely
that more will be expected from the Se-
mantic Web than what the careful com-
promise of expressiveness and computabil-
ity represented by description logic and the
W3C adopted ontology representation lan-
guage OWL (even its three flavors) can
support. Supporting expressiveness that
meet requirements of practical applications
and the techniques that support their de-
velopment is crucial. It isnot desirable to
limit the Semantic Web to onetype of rep-
resentation where expressiveness has been
compromised at the expense of computa-
tional property such asdecidability.

This article is not the first to make
this above observation. We specifically
identify a few. Uschold (2003) has dis-
cussed asemantic continuum involvingin-
formal toformal andimplicitto explicit, and
Gruber (2003) has talked about informal,
semi-formal, and formal ontologies. The
way we use the term implicit semantics,
however, isdifferent compared to Uschold
(2003) insofar as we see implicit seman-
ticsinall kindsof datasets, not only inlan-
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guage. We assume that machines can ana-
lyzeimplicit semanticswith several, mostly
statistical, techniques. Woods has written
extengvely regarding thelimitationsof first-
order logics (FOLs) — and hence descrip-
tionlogics, or DLs— inthe context of natu-
ral language understanding, although limi-
tations emanating from rigidnessand limi-
tation of expressive power, aswell aslim-
ited value reasoning supported in DLs, can
alsobeidentified:

“Over time, many people have responded to
the need for increased rigor in knowledge
representation by turning to first-order logic
as a semantic criterion. This is distressing,
since it is already clear that first-order logic
is insufficient to deal with many semantic
problems inherent in understanding natural
language aswell asthe semantic requirements
of a reasoning system for an intelligent agent
using knowledge to interact with the world.”
(Woods, 2004)

Wealsorecall Zadeh’slong-standing
work (such as Zadeh, 2002), in which he
extensively discussed the need for what
constitutes a key part of the “ powerful se-
mantics’ here. In essence, we hopeto pro-
videan integrated and complementary view
on the range of options. One may ask what
the uses of each of these types of seman-
ticsarein the context of the Semantic Web.
Hereisaquick take.

e Implicit semantics is either largely
present in most resources on the Web
or can easily (quickly) be extracted.
Hence mining and learning algorithms
applied to these resources can be uti-
lized to extract structured knowledge or
enrich existing structured formal repre-
sentations. Since formal semantics in-
trinsically doesnot exist, implicit seman-
ticsis useful in processing data sets or
corpus to obtain or bootstrap semantics

that can be then represented in formal
languages, potentially with human in-
volvement.

e Formal semantics in the form of on-
tologies is relatively scarce, but repre-
sentation mechanismswith such seman-
tics have definite semantic interpreta-
tions that make them more machine-
processable. Representation mecha-
nisms with formal semantics therefore
afford applications the luxury of auto-
mated reasoning, making the applications
moreintelligent.

e Powerful (soft) semantics in the form
of fuzzy or probabilistic KR mechanisms
attempt to overcome the shortcomings
of therigid set-based interpretations as-
sociated with currently prevalent repre-
sentation mechanisms by allowing for
representation of degree of membership
and degree of certainty. Some of the
domain knowledge human experts pos-
sess is intrinsically complex, and may
requirethese more expressive represen-
tations and associated computational
techniques.

These uses are further exemplified
later on using Semantic Web applications
asdriving examples. In the next sectionwe
define and describe implicit, formal and
powerful (soft) semantics.

TYPES OF SEMANTICS

In this section we give an overview
of the three types of semantics mentioned.
It is rather informal in nature, as we only
give a broad overview without getting in
depth about the variousformalismsor meth-
ods used. We assume that the reader is
somewhat familiar with statistical methods
on the one hand and Description Logics/
OWL on the other. We present a view of
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these methodsin order to lead towards the
necessity of powerful (soft) semantics.

Implicit Semantics

This type of semantics refers to the
kindthat isimplicit fromthe patternsin data
and that isnot represented explicitly inany
strict machine processable syntax. Ex-
amples of this sort of semantics are the
kindimpliedinthefollowing scenarios:

e Co-occurrence of documents or terms
in the same cluster after a clustering
process based on some similarity mea-
sure is compl eted.

e A document linked to another document
via a hyperlink, potentially associating
semantic metadata describing the con-
cepts that relate the two documents.

e The sort of semantics implied by two
documents belonging to categories that
are siblings of each other in a concept
hierarchy.

e Automatic classification of adocument
to broadly indicate what a document is
about with respect to achosen taxonomy.
Further, usetheimplied semanticsto dis-
ambiguate (does the word “palm” in a
document refer to apalm tree, the palm
of your hand, or apalm-top computer?).

* Bioinformaticsapplicationsthat exploit
patterns like sequence alignment, sec-
ondary and tertiary protein structure
analysis, and so forth

One may arguethat although thereis
no strict syntactic and explicit representa-
tion, the knowledge about patternsin data
may yet be machine processable. For in-
stance, it is possibleto get anumeric simi-
larity judgment between documents in a
corpus. Although thisispossible, thisisthe

only sort of processing possible. It is not
possibleto look at documentsand automati-
cally infer the presence of a named rela-
tionship between concepts in the docu-
ments.

Even though the exploitation of im-
plicit semantics draws upon well-known
statistical techniques, the wording isnot a
mere euphemism, but meant to give adif-
ferent perception of the problem.

Many tools and applications for im-
plicit semantics have been developed for
decadesand arereadily available. Basically
al machinelearning exploitsimplicit seman-
tics, namely clustering, concept and rule
learning, Hidden Markov Models, Artificial
Neural Networks, and others. These tech-
nigues supporting implicit semantics are
found in early steps towards the Semantic
Web, such as clustering in the Vivisimo
search engine, aswell asin early Semantic
Web products, such as metadata extrac-
tion on Web Fountain technology (Dill et
a., 2003), automatic classification, and au-
tomatic metadata extraction in Semagix
Freedom (Sheth et al., 2002).

Formal Semantics

Humans communi cate mostly through
language. Natural language, however, is
inherently ambiguous—semantically, but
a so syntactically. Computerslack the abil-
ity to disasmbiguate and understand com-
plex natural language. For thesereasons, it
is infeasible to use natural language as a
means for machines to communicate with
other machines. Asafirst step, statements
or facts need to be expressed in away that
computers can process them. Semantics
that are represented in some well-formed
syntactic form (governed by syntax rules)
is referred to as formal semantics. There
are some necessary and sufficient features
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that make a language formal and by asso-
ciation their semantics formal. These fea-
turesinclude:

* The Notions of Model and Model
Theoretic Semantics. Expressionsin a
formal language areinter preted in mod-
els. The structure common to al mod-
elsin which a given language is inter-
preted (the model structure for the
model-theoretic interpretation of the
given language) reflects certain basic
presuppositions about the “ structure of
the world” that are implicit in the lan-
guage.

e ThePrinciple of Compositionality: The
meaning of an expression is afunction
of the meanings of its parts and of the
way they are syntactically combined. In
other words, the semantics of an expres-
sion iscomputed using the semantics of
its parts, obtained using an interpreta-
tionfunction.

From a less technical perspective,
formal semantics means machine-
processable semantics where the formal
language representing the semantics has
the above-mentioned features. Basically,
the semantics of a statement are unam-
biguously expressed in the syntax of the
statement in the formal language. A very
limited subset of natural language is thus
made available for computer processing.
Examples of such semantics are:

e The semantics of subsumption in De-
scription Logics, reflecting the human
tendency of categorizing by means of
broader or narrower descriptions.

e The semantics of Partonomy, account-
ing for what is part of an object, not
which category the object belongs to.

Description Logics

Recently, description logicshave been
the dominant formalisms for knowledge
representation. Although DLshave gained
substantial popularity, there are some fun-
damental properties of DL sthat can be seen
as drawbacks when viewed in the context
of the Semantic Web and its future. The
formal semantics of DLs is based on set
theory. A concept in description logics is
interpreted asaset of thingsthat share one
required common feature. Relationships
between concepts or roles are interpreted
as a subset of the cross-product of the do-
main of interpretation. Thisleavesno scope
for the representation of degrees of con-
cept membership or uncertainty associated
with concept membership.

DL -based representation and reason-
ing for both schema and instance data is
being applied in Network Inference’'s Ce-
rebra product for such problems as data
integration. This product usesahighly op-
timized tableaux algorithm to speed up
ABox reasoning, which was the bane of
description logics. Although a favorable
trade-of f between computational complex-
ity and expressive power has been achieved,
there is still the fundamental issue of the
inability of DLsto alow for representation
of fuzzy and probabilistic knowledge.

Power ful (Soft) Semantics

Thestatistical analysisof dataallows
the exploration of relationshipsthat are not
explicitly stated. Statistical techniquesgive
usgreat insight into acorpus of documents
or a large collection of data in general,
when a program exists that can actually
“pose the right questions to the data,” that
is, analyze the dataaccording to our needs.
All derived relationships are statistical in
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nature, and we only have anideaor alike-
lihood of their validity.

The above-mentioned formal knowl-
edge representati on techniques give uscer-
tainty that the derived knowledge is cor-
rect, provided the explicitly stated knowl-
edge was correct in the first place. De-
duction is truth preserving. Another posi-
tive aspect of aformal representationisits
universal usability. Every system that ad-
heresto a certain representation of knowl-
edge will understand, and a well-founded
formal semantics guarantees that the ex-
pressed statements are interpreted the
same way on every system. The restric-
tion of expressiveness to a subset of FOL
also alowsthe systemto verify theconsis-
tency of its knowledge.

But here also liesthe crux of thisap-
proach. Eventhoughitisdesirableto have
a consistent knowledge base, it becomes
impractical as the size of the knowledge
base increases or as knowledge from many
sourcesis added. It israre that human ex-
pertsin most scientific domainshave afull
and compl ete agreement. In these cases it
becomes more desirable that the system
can deal with inconsistencies.

Sometimes it is useful to look at a
knowledge base as a map. This map can
be partitioned according to different crite-
ria, for example, the source of the facts or
their domain. While on such a map the
knowledgeisusually locally consistent, itis
almost impossibleand practically infeasible
to maintain a global consistency. Experi-
encein devel oping the Cyc ontology dem-
onstrated this challenge. Hence, a system
must be able to identify sources of incon-
sistency and deal with contradicting state-
ments in such a way that it can still pro-
duce derivationsthat arereliable.

Inthetraditional bivalent-logic-based
formalisms, we — that is, the users or the
systems — have to make adecision. Once

two contradictory statementsareidentified,
one hasto be chosen astheright one. While
thisispossiblein domainsthat are axioma-
tized, fully explored, or in which statements
aretrue by definition, itisnot possible for
most scientific domains. Inthelife sciences,
for instance, hypotheses have to be evalu-
ated, contradicting statements have promot-
ing data, and so forth. Decisions have to
be deferred until enough datais available
that either verifies or falsifies the hypoth-
esis. Nevertheless, itisdesirableto express
these hypotheses formally to have means
to computationally evaluatethem ontheone
hand and to exchange them between dif-
ferent systems on the other.

In order to allow the sort of reason-
ing that would alow this, the expressive-
ness of the formalism needs to be in-
creased. It is known that increasing the
expressive power of aKR language causes
problemsrelating to computability. Thishas
been the main reason for limiting the ex-
pressive power of KR languages. Therea
power behind human reasoning, however,
istheability to do sointheface of impreci-
sion, uncertainty, inconsistencies, partial
truth, and approximation. There have been
attempts made in the past at building KR
languages that allow such expressive
power.

Major approaches to reasoning with
imprecisionare: (1) probabilistic reasoning,
(2) possihilistic reasoning (Dubois, Lang,
& Prade, 1994), and (3) fuzzy reasoning.
Zadeh (2002) proposed a formalism that
combinesfuzzy logicwith probabilistic rea-
soning to exploit the merits of both ap-
proaches. Other formalisms have focused
onresolving local inconsistenciesin knowl-
edge bases, for instancetheworks of Blair,
Kifer, Lukasiewicz, Subrahmanian, and oth-
ers in annotated logic and paraconsistent
logic (see Kifer & Subrahmanian, 1992;
Blair & Subrahmanian, 1989). Lukasiewicz
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(2004) proposesaweak probabilistic logic
and addresses the problem of inheritance.
Cao (2000) proposed an annotated fuzzy
logic approach that isableto handleincon-
sistencies and imprecision; Straccia (e.g.,
1998, 2004) has done extensive work on
fuzzy description logics. With P-CLASSIC,
Koller, Levi, and Peffer (1997) presented
an early approach to probabilistic descrip-
tion logics implemented in Bayesian Net-
works. Other probabilistic description log-
icshave been proposed by Heinsohn (1994)
and Jaeger (1994). Early research on Baye-
sian-style inference on OWL was done by
Ding and Peng (2004). In her formalism,
OWL isaugmented to represent prior prob-
abilities. However, the problem of incon-
sistencies arising through inheritance of
probability values (see L ukasiewicz, 2004)
is not taken into account.

The combination of probabilistic and
fuzzy knowledge under one representation
mechanism proposed in Zadeh (2002) ap-
pears to be a very promising approach.
Zadeh argues that fuzzy logics and prob-
ability theory are “complementary rather
than competitive.” Under the assumption
that humans tend to linguistically catego-
rizeacontinuousworldinto discrete classes,
but in fact still perceive it as continuous,
fuzzy set theory classifies objectsinto sets
with fuzzy boundaries and gives objects
degreesof set membershipindifferent sets.
Henceit isaway of dealing with a multi-
tude of setsin acomputationally tractable
way that also follows the human percep-
tion of theworld. Fuzzy logic allows usto
blur artificially imposed boundaries be-
tween different sets. The other powerful
tool in soft computing is probabilistic rea-
soning. Definitely in the absence of com-
plete knowledge of adomain and probably
even in its presence, there is a degree of
uncertainty or randomnessin the wayswe
see real-world entities interact. OWL asa

description languageis meant to explicitly
represent knowledge and to deductively
deriveimplicit knowledge. In order to use
asimilar formalism asabasisfor toolsthat
help in the derivation of new knowledge,
we need to give this formalism the ability
to be used in abductive or inductive rea-
soning. Bayesian-type reasoning is a way
todo abductioninalogically feasible way
by virtue of applying probabilities. In order
to use these mechanisms, the chosen for-
malism needs to express probabilitiesin a
meaningful way, that is, a reasoner must
be ableto meaningfully interpret the proba-
bilistic relationships between classes and
between instances. The same holdsfor the
representation of fuzziness. Theformalism
must giveaway of defining classesby their
membership functions.

A major drawback of logics dealing
with uncertainties is the required assign-
ment of prior probabilities and/or fuzzy
membership functions. Obvioudy, thereare
two ways of doing that — manual assign-
ment by domain experts and automatic as-
signment using techniques such asmachine
learning. Manual assignments require the
domain expert to assign these values to
every class and every relationship. This
assignment will be arbitrary, even if the
expert has profound knowledge of the do-
main. Automatic assignments of prior val-
ues require a large and representative
dataset of annotated instances, and finding
or agreeing on what is arepresentative set
isdifficult or at timesimpossible. Annotat-
ing instancesinstead of categorizing them
inatop-down approach istediousand time
consuming. Often, however, the probabil-
ity valuesfor rel ationships can be obtained
from the dataset using statistical methods,
thus we categorize these relationships as
implicit semantics.

Another mgjor problem here is that
machine learning usually deals with flat
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categories rather than with hierarchical
categorizations. Algorithmsthat take these
hierarchies into account need to be devel-
oped. Such an algorithm needs to change
the prior values of the superclasses accord-
ing to the changesin the subclasses, when
necessary. Most likely, the best way will
be acombination of both, when the domain
expert assigns prior values that have to be
validated and refined using a testing set
from the available data.

In the end, powerful semantics will
combine the benefits of both worlds: hier-
archical composition of knowledge and sta-
tistical analysis; reasoning on availablein-
formation, but with the advantage over sta-
tistical methodsthat it can beformalizedin
acommon language and that general pur-
pose reasoners can utilize it, and with the
advantage over traditional formal DL rep-
resentation that it allows abduction aswell
asinductionin addition to deduction.

It might be argued that more power-
ful formalisms are already under devel op-
ment, such as SWRL (Straccia, 1998),
which works on top of OWL. These lan-
guages extend OWL by a function-free
subset of first-order logics, alowing the
definition of new rulesintheform of Horn
clauses. The paradigm is still that of biva
lent FOLs, and the lack of function sym-
bols makesit impossibleto definefunctions
that can compute probability values. Fur-
thermore, SWRL is undecidable. We be-
lieve that abilities to express probabilities
and fuzzy membership functions, as well
asto copewithinconsistencies, areimpor-
tant. It is desirable (and some would say
necessary) that the inference mechanism
is sound and complete with respect to the
semantics of the formalism and the lan-
guageisdecidable. Straccia (1998) proves
thisfor arestricted fuzzy DL ; Giugno and
Lukasiewicz (2002) prove soundness and

completenessfor the probabilistic descrip-
tion logic formalism P-SHOQ(D).

So far, this powerful semantic and
soft computing research has not been uti-
lized in the context of developing the Se-
mantic Web. In our opinion, for thisvision
to become aredlity, it will be necessary to
go beyond RDFS and OWL, and work to-
wards standardized formalisms that sup-
port powerful semantics.

CORRELATING
SEMANTIC CAPABILITIES
WITH TYPES OF
SEMANTICS

Building practical Semantic Web ap-
plications (e.g., see TopQuadrant, 2004;
Sheth & Ramakrishnan, 2003; Kashyap &
Shklar, 2002) require certain core capabili-
ties. A quick look at these core capabilities
reveals a sequence of stepstowards build-
ing such an application. We group this se-
guence into two categories as shown in
Table 1 and identify the type of semantics
utilized by each.

APPLICATIONS AND
TYPES OF SEMANTICS
THEY EXPLOIT

In this section we describe some re-
search fieldsand some specific applications
in each field. This list is by no means a
comprehensive list, but rather samples of
some research areas that attempt solve
problems that are crucia to realizing the
Semantic Web vision. We cover informa-
tion integration, information extraction/
retrieval, data mining, and analytical
applications. We also discuss entity iden-
tification/disambiguation in some detail.
We associate with each of the techniques
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in these research areas one or more of the
types of semantics weidentified earlier.

Information I ntegration

Thereis, now morethan ever, agrow-
ing need for several information systems
to interoperate in a seamless manner. This
sort of interoperation requiresthat the syn-
tactic, structural, and semantic heteroge-
neities (Hammer & McLeod, 1993;
Kashyap & Sheth, 1996) between suchin-
formation systems be resolved. Resolving
such heterogeneities has been the focus of
alot of work in schemaintegration in the
past. With therecent interest in the Seman-
tic Web, there has been arenewed interest
in resolving such heterogeneities. A survey
of schema matching techniques (Rahm &

Bernstein, 2001) identifies awide variety
of techniques that are deployed to solve
thisproblem.

Schema Integration

A look at the leaf nodes and thelevel
immediately aboveit, in the classification
tree of schema matching techniques in
Rahm and Bernstein (2001), reveals the
combination of the technique used and the
type of information about the schemaused
for matching schemas. Depending on
whether the schema or the instances are
used to determine the match, the type of
information harnessed varies. Our aim is
to associate one or more types of seman-
tics (from our classification) with each of
the bulleted entries at the leaf nodes of the
tree shown. Table 1 does just that.

Table 1. Some key semantic capabilities and the type of semantics exploited

Possible Use of
Capabilities Implicit Semantics Formal Semantics | Powerful (Soft)
Semantics
Analyzing word co- U;gg;ﬂ??; or
Building ontologies either | occurrence patternsin Elu stering to
Bootstrapping automat?cally or semi- text to Ie_am ) learn taxonomic
Phase (buildin automatically taxonomies/ontologies
9 (Kashyap et 4., 2003) structures or
phase) ! ontologies
Analyzing word Using fuzzy or
occurrence patterns or probabilistic
Annotation of hyperlink structuresto clustering to
unstructured content wrt. associate concept names learn taxonomic
these ontologies (resulting | from and ontology with structures or
in semantic metadata) both resources and links ontologies OR
between them (Naing, Using fuzzy
Lim, & Goh, 2002) ontologies
Using clustering .
techniques or support . Using fL.’ZZy AR
vector machines (SVMs) Using an mechanisms to
o . . X ontology for represent
Entity disambiguation fqr entity entity ontologies that
gﬁggﬁlﬁ'_ﬁnﬁm’ disambiguation may be_ qu for
Tsioutsiouliklis, 2004) dsznTigEie
Analyzing the extension icthe&ai—g:sed
Semantic integration of of the ontologies to egr
different schemas and integrate them (Wan techniques
. &g ( 9, (Castano,
ontologies Wen, Lochovsky, & Ma, Ant e|I" 2
2004) ntonetis,
Vimercati, 2001)
Analyzing annotated . .
Semantic metadata resourcesin conjunction 111[:'3 dmggg;mt
enrichment (further with an ontology to mean gﬁnot at%lng
enriching the existing enhance semantic with fuzzy
metadata) metadata (Hammond et ontologies
al., 2002)
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Table 1. Some key semantic capabilities and the type of semantics exploited (cont.)

Possible Use of
Capabilities Implicit Semantics Formal Semantics | Powerful (Soft)
Semantics
Hypothesis
vaidation queries
(Sheth, Thacker,
Complex query & Patel, 2003) or
processing path queries
(Anyanwu &
Sheth, 2002)
Word frequency and B
other CL techniquesto . va_'d' ng
) ) analyze both the Using f(_)rrml _confldence levels
Question answering (QA) . d ontologies for QA | in answers based
systems® IR E S EEET (Atzeni et al., on fuzzy
sources (Ramakrishnan, 2004) concepts or
Chakrabarti, Paranjpe, & el
Bhattacharya, 2004)
Utilization Phase . using
Analyzing occurrence of | hypernymy,
Concept-based search’ Wprds that are alsoci ated | partonomy, and
with a concept, in hyponymy to
resources improve search
(Townley, 2000)
. ] Using ontologies
Analyzing semi-
structured data stores to :g:;r:ct patterns
Connection and pattern extract patters inaful
explorer* (technique in Kuramochi meaningtu
- (Aleman-Meza,
& Karypis, 2004, Halaschek. &
applied to RDF graphs) Sehoo, 2063)
Word frequenc_y and Using formal Using fuzzy KR
Context-awareretriever’ | O CL lechniquesto 1 pyoyoniegyy mechanismsto
analyze resources that -
enhance retrieval represent context
match the search phrase
Using ontologies
to dynamically
Dynamic user interfaces' reconfigure user
interfaces (Quan
& Karger, 2004)
User profile will
Analyzing content to have ontology
Interest-based content identify concept of associated with it
delivery* content so as to match which contains
Utilization Phase with interest profile concepts of
interest
Discovery style
queries (Anyanwu
& Sheth, 2002)
Navigational and research | Navigational searches on semi- Fuzzy matches
(Guha, McCool, & Miller, | will need to analyze structured data for research
2003) search unstructured content whichisa search results
combination of
implicit and
formal semantics

Entity I dentification/Disambiguation
(EI/D)

A much harder, yet fundamental (and
related) problem is that of entity identifi-
cation/disambiguation. This is the prob-
lem of identifying that two entities are in
fact either the same but treated as being

different or that they arein fact two differ-
ent entities that are being treated as one
entity. Techniques used for identification/
disambiguation vary widely depending on
the nature of the data being used in the
process. If the application uses unstruc-
tured text as a data source, then the tech-
nigques used for EI/D will rely on implicit
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Table 2. Techniques used for schema integration and the type of semantics they exploit

Type of Information Used

What Does it Mean?

Types of Semantics
Exploited

Name Similarity

Using canonical name
representations, synonymy,
hypernymy, string edit distance,
pronunciation, and N-gram-like
techniques to match schemas’
attribute and relation names

Implicit Semantics are
exploited by string edit
distance, pronunciation,
and N-gram-like
techniques. Formal
Semantics are exploited
by synonymy, etc.

Processing natural language

Implicit Semantics are

degree; between graphs are used to
match schemas.

Linguistic Description Similarity descriptions associated with exploited by the NLP
Techniques attributes and relations techniques deployed.
. Using relative frequencies of
\liVort_ir:rrs?Summ esof keywords and word combinationsat | Implicit Semantics
& theinstance level
Using information about data types
Type Similarity of attributes as an indicator of a Formal Semantics
match between schemas
. Using foreign keys, part-of .
Key Properties relationships, and other congtraints Formal fics
q Treating the structure of schemas as
Constraint Based . . i .
Techniques Graph Matching graph algorithms to determine match | Combination of Implicit

and Formal Semantics

Value Patterns and
Ranges

Using ranges of attributes and
patternsin the value of attributes as
an indicator of similarity between the
corresponding schemas

Implicit Semantics

semantics. On the other hand, if EI/D is
being attempted on semi-structured data,
theapplication can, for instance, disambigu-
ate entities based on the properties they
have. Thisimpliesharnessing the power of
formal or semi-formal semantics. As
listedin Table 1, the constraint-based tech-
niques are ideally suited for use in EI/D
when semi-structured data is being used.
Dealing with unstructured datawill require
the use of the techniques listed under lin-
guistic techniques.

I nformation Retrieval and
Infor mation Extraction

Let usconsider information retrieval
applications and the types of datathey ex-
ploit. Given arequest for information by

the user, information retrieval applications
have the task of processing unstructured
(text corpus) or loosely connected docu-
ments (hyperlinked Web pages) to answer
the “query.” There are various flavors of
such applications.

Search Engines

Search engines exploit both the con-
tent of Web documents and the structure
implicit from the hyperlinks connecting one
document to the other. Kleinberg (1998)
defines the notions of hubs and authorities
in a hyperlinked environment. These no-
tions are crucial to the structural analysis
and the eventual indexing of the Web. A
modification of this approach aimed at
achieving scalability isused by Google (Brin
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& Page, 1998). Google hasfairly good pre-
cision and recall statistics. However, the
demands that the Semantic Web placeson
search engine technology will mean that
future search engineswill haveto deal with
information requests that are far more de-
manding. Guha et al. (2003) identify two
kinds of searches:

* Navigational Searches: In this class of
searches, the user provides the search
engine with a phrase or combination of
words which s/he expectsto find in the
documents. Thereisno straightforward,
reasonableinterpretation of thesewords
as denoting a concept. In such cases,
the user is using the search engine as a
navigation tool to navigate to a particu-
lar intended document. Using thedomain
knowledge as specified in relevant do-
main ontology can enable an improved
semantic search (Townley, 2000).

* Research Searches: In many other
cases, the user provides the search en-
gine with a phrase that is intended to
denote an object about which theuser is
trying to gather/research information.
Thereisno particular document that the
user knows about that s/he is trying to
get to. Rather, the user is trying to lo-
cate anumber of documents, which to-
gether will give her/him theinformation
s/heistryingto find.

We believe that research searches
will require a combination of implicit se-
mantics, formal semantics, and what we
refer to as powerful semantics.

Question Answering Systems
Question answering systems can be

viewed as more advanced and more “in-
telligent” search engines. Current question-

answering systems (Brin & Page, 1998;
Etzioni et al., 2004; Ramakrishnan et a.,
2004) use Natural Language Processing
(NLP) and pattern matching techniquesto
analyze both the question asked of the sys-
tem and the potential sources of the an-
swers. By comparing the results of these
analyses, such systems attempt to match
portions of the sources of the answer (for
instance, Web pages) with the question,
thereby answering them. Such systems
therefore still usedatalike unstructured text
and attempt to extract information fromiit.
In other words the semantics are implicit
inthetext and are extracted from thistext.
To facilitate question answering, Zadeh
(2003) proposes the use of an epistemic
lexicon of world knowledge, which would
be represented by aweighted graph of ob-
jects with uncertain attributes; in our ter-
minology thisisthe equivalent of an ontol-
ogy using powerful semantics.

DataMining

Thegoal of datamining applications
istofind non-trivial patternsin unstructured
and structured data.

Clustering

Clustering is defined as the process
of grouping similar entities or objects to-
gether in groups based on some notion of
similarity. Clustering is considered aform
of unsupervised learning. The applica-
tions of clustering use a given similarity
metric and, as a result of the grouping of
datapointsinto clusters, attempt to usethis
information (implicit semantics) to learn
something about the interactions between
the clustered entities. The sort of informa-
tion sought from the clustered data points
may rangefrom simplesimilarity judgments
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asin Query-By-Example (QBE) document
retrieval systems or systems aimed at ex-
tracting more formal semantics from the
underlying data, asisthe aim of Semi-Au-
tomatic Taxonomy Generation.

Semi-Automatic Taxonomy
Generation (ATG)

Asdescribedin Kashyap et al. (2003),
the aim of Automated Taxonomy Genera-
tionisto hierarchically cluster adocument
corpus and extract from the resulting hier-
archy of clusters a sequence of clusters
that best capturesall thelevels of specific-
ity/generality in the corpus, where this se-
guenceisordered by the value of the speci-
ficity/generality measure. Thisisthen fol-
lowed by a node label extraction phase,
where each cluster in the sequenceis ana
lyzed to extract from it a set of labels that
best captures the topic its documents rep-
resent. These sets of labelsarethen pruned
to reduce the number of potential labelsfor
nodesin thefinal output hierarchy.

Association Rule Mining

An example of an association ruleis
given in Agrawal, Imielinski, and Swami
(1993) and Agrawal and Srikant (1994) as
follows: 90% of thetransactionsin atrans-
action database that involve the purchase
of bread and butter together also have the
purchase of milk involved. Thisis an ex-
ample of an application where occurrence
patterns of attribute values in a relationa
database (implicit semantics) are converted
in association rules (formal semantics).

Analytical Applications

These come under the purview of
applications that support complex query

processing. It would be reasonable to hy-
pothesi ze that search engines of the future
will berequired to answer analytical or dis-
covery style queries (Guha et al., 2003;
Anyanwu & Sheth, 2002). Thisisin sharp
contrast to thekinds of information requests
today’s search engines have to deal with,
where the focus is on retrieving resources
from the Web that may contain informa-
tion about the desired keyword. In thiscur-
rent scenario the user isleft to sift through
vast collections of documents and further
analyzethereturned results. In addition to
querying datafrom the Web, future search
engines will also have to query vast
metadatarepositories. We discuss one such
techniquein thefollowing section.

Complex Relationship Discovery

Asdescribed in Anyanwu and Sheth
(2002):

“ Semantic Associations capture complex
relationships between entities involving
sequences of predicates, and sets of predicate
sequencesthat interact in complex ways. Since
the predicates are semantic metadata
extracted from heterogeneous multi-source
documents, this is an attempt to discover
complex relationships between objects
described or mentioned in those documents.
Detecting such associations is at the heart of
many research and analytical activities that
arecrucial toapplicationsin national security
and business intelligence.”

The datasets that Semantic Associa
tions operate over are RDF/RDFS graphs.
The semantics of an edge connecting two
nodesinan RDF/RDFS graph areimplicit,
in the sense that there is no explicit inter-
pretation of the semantics of the edge other
thanthefact that itisapredicatein astate-
ment (except for rdfs:subPropertyOf or
edges that represent data type properties

Copyright © 2005, Idea Group Inc. Copying or distributing in print or electronic forms without written

permission of Idea Group Inc. is prohibited.



14 Int'l Journal on Semantic Web & Information Systems, 1(1), 1-18, Jan-March 2005

— for which thereis model-theoretic (for-
mal) semantics). Hence the RDF/RDFS
graphiscomposed of acombination of im-
plicit and formal semantics. The objec-
tive of Semantic Associations is therefore
to find all contextually relevant edge se-
guences that relate two entities. Thisisin
effect an attempt to combine the implicit
and formal semantics of the edges in the
RDF/RDFS graph in conjunction with the
context of the query to determine the mul-
tifaceted (multivalent) semantics of a set
of “connections” between entities. We
view this multivalent semantics as aform
of powerful semantics. In the context of
search, Semantic Associations can be
thought of as a class of research searches
or discovery-style searches.

CONCLUSION

We have identified three types of se-
mantics and in the process assorted key
capabilitiesrequiredto build apractical se-
mantic applicationinvolving Web resources.
We have also qualified each of the listed
capabilities with one or more types of se-
mantics, as in Table 1. This table reveals
some very basic problems that need to be
solved for an application to betermed “ se-
mantic.” It isclear from thistable that en-
tity disambiguation, question answering
capability, context-based retrieval, and
navigational and research (discovery)
style query capability require the use of
all three types of semantics. Therefore by
focusing research effortsin representation
mechanisms for powerful (soft) seman-
ticsin conjunction with fuzzy/probabilistic
computational methods supporting tech-
niquesthat useimplicit and formal seman-
tics, it might be possible to solve some of
thedifficult but practically important prob-
lems. In our opinion the current view taken

by the Semantic Web community isheavily
biased in favor of formal semantics. It is
clear, however, that the focus of effort in
pursuit of the Semantic Web vision needs
to move towards an approach that encom-
passes al three types of semanticsin rep-
resentation, creation methods, and analy-
sis of knowledge. If the capabilities that
we identified do in fact turn out to be fun-
damental capabilities that make an appli-
cation semantic, these capabilities could
serve asalitmustest or astandard against
which other applications may be measured
to determineif they are* semantic applica-
tions.”
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ABSTRACT

We define Semantic eBusiness as “ an approach to managing knowledge for coordination of
eBusiness processes through the systematic application of Semantic Web technologies.”
Advances in Semantic Web-based technologies offer the means to integrate heterogeneous
systems across organizations in a meaningful way by incorporating ontology—a common,
standard, and shareable vocabulary used to represent the meaning of systementities; knowledge
representation, with structured collections of information and sets of inference rules that can
be used to conduct automated reasoning; and intelligent agents that collect content from
diverse sources and exchange semantically enriched information. These primary components
of the Semantic \\eb vision formthe foundation technol ogy for semantic eBusiness. The challenge
for research in information systems and eBusiness is to provide insight into the design of
business models and technical architecture that demonstrate the potential of technical
advancements in the computer and engineering sciences to be beneficial to business and
consumers. Semantic eBusiness seeks to apply fundamental work done in Semantic Web
technologies to support the transparent flow of semantically enriched information and
knowledge—including content and know-how—to enable, enhance, and coordinate
collaborative eBusiness processes within and across organizational boundaries. Semantic
eBusiness processes are characterized by the seamless and transparent flow of semantically
enriched information and knowledge. We present a holistic view of semantic eBusiness that
integrates emergent and well-grounded Semantic Web technologies to improve the current
state of the art in the transparency of eBusiness processes.

Keywords: electronic marketplace; intelligent agents;, knowledge management; knowledge
services, ontology; Semantic eBusiness; Semantic Web

INTRODUCTION tion and knowledge among collaborating
eBusiness organi zations. Recent advances

The Semantic Web vision (Berners- 1N Semantic \Web-based technol ogies offer

Lee, Hendler, & Lassila, 2001) providesthe  Meansfor organizationsto exchangeknowl-
foundation for semantic architecturetosup-  ©dge in a meaningful way. This requires
port the transparent exchange of informa- ontologies, to provide a standardized and
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shareable vocabulary to represent the
meaning of system entities; knowledge
representation, with structured collections
of information and sets of inference rules
that can be used to conduct automated rea-
soning; and intelligent agents that can
exchange semantically enriched informa-
tion and knowledge, and interpret theknowl-
edge on behalf of the user (Hendler, 2001).
Itisincreasingly clear that semantic tech-
nologies have the potential to enhance
eBusiness processes. The challenge for
research in information systems and
eBusinessisto provideinsight into the de-
sign of business models and technical ar-
chitecture that demonstrate the potential of
technical advancements in the computer
and engineering sciences to be beneficial
to business and consumers.

EBusiness is “an approach to
achieving business goals in which tech-
nology for information exchange en-
ables or facilitates execution of activi-
ties in and across value chains, as well
as supporting decision making that un-
derlies those activities” (Holsapple &
Singh, 2000). Inter-organi zational collabo-
rations are effective means for organiza-
tions to improve the efficacy of their
eBusiness processes and enhance their
valuepropaositions. Inter-organizational col-
laborative business processesrequiretrans-
parent information and knowledge ex-
change across partner firms. Businesses
increasingly operate in adynamic, knowl-
edge-driven economy and function as
knowledge-based organizations. Knowl-
edge is defined as the highest order in the
continuum of dataand information, as hav-
ing utility and specificity in itscontext do-
main. Functionally andin systems, thelines
between useful information and knowledge
are blurred (Grover & Davenport, 2001).
For thisresearch, we define knowledge as
“information, in the context of a specific

problem domain, upon which action can
be advised or taken.” Knowledge man-
agement includesfacilitiesfor thecreation,
exchange, storage, and retrieval of knowl-
edge in an exchangeable and usable for-
mat, in addition to the critical facilitiesto
use of knowledge to support business ac-
tivity (O’ Leary, 1998). It is important for
eBusinessto explicitly recognize knowledge
aong with the processes and technologies
for knowledge management.

We define Semantic eBusinessas*“an
approach to managing knowledge for
coordination of eBusiness processes
through the systematic application of
Semantic Web technologies.” Semantic
eBusiness appliesfundamental work done
in Semantic Web technologies, including
ontologies, knowledge representation, multi-
agent systems, and Web-services, to sup-
port the transparent flow of semantically
enriched information and knowledge, in-
cluding content and know-how, and en-
able collaborative eBusiness processes
within and across organizational bound-
aries. In this article, we present an over-
view of the Semantic eBusinessvision, with
emphasison the conceptua foundationsand
research directionsin Semantic eBusiness.
Inour view, Semantic eBusinessisfounded
upon three primary streams of research lit-
erature: Semantic Web technologies, in-
cluding ontol ogies, knowledge Represen-
tation and intelligent software agents;
knowledge management, including the
creation, storage and retrieval, and the ex-
change of machine interpretable and use-
ful information upon which action can be
taken or advised; and eBusiness pro-
cesses, including process automation, en-
terprise systems integration, and the coor-
dination of workflowsand activitieswithin
and across organizations. We provide a
conceptual schematic of thisgrounding in
Figure 1.
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Figure 1. Semantic eBusiness vision founded upon existing work in Semantic \eb technologies,
knowledge management, and in the e-business processes literature

Semantic Web
Technologies

Ontology, Knowledge
Representation,
Intelligent Agents

eBusiness
Process

Thefollowing sections provide ade-
tailed discussion of these foundations upon
which Semantic eBusiness is envisioned.
We provide somedirections, from our own
research initiatives and that of others, |ead-
ing towards making the Semantic eBusiness
vision a reality. Interest in Semantic
eBusinessin theinformation systems com-
munity is beginning to gather momentum
through the formation of special interest
groupsintheresearch and practitioner com-
munities. We provide adescription of some
of the organizationsthat are playing anim-
portant rolein this. This article concludes
with a summary and directions for future
research in Semantic eBusiness.

FOUNDATIONS

Semantic Web Technologies

The Semantic Web is an extension of
the current Web in which information is

Semantic
eBusiness

Process Automation, Workflows,
Coordination of Inter- and Intra-
Organizational Processes

Knowledge
Management

Knowledge Creation, Storage,
Retrieval and Exchange

given “well-defined meaning” to allow
machines to “process and understand”
theinformation presented to them (Berners-
Leeet al., 2001).

According to Berners-Lee et al.
(2001), the* Semantic Web” comprisesand
requiresthefollowing componentsin order
tofunction:

* Knowledge Representation: Structured
collections of information and sets of
inference rules that can be used to con-
duct automated reasoning. Knowledge
representations must be linked into a
singlesystem.

* Ontologies: Systems must have a way
to discover common meanings for en-
tity representations. In philosophy, on-
tology is a theory about the nature of
existence; in systems, ontology isadocu-
ment that formally describes classes of
objects and defines the relationship
among them. In addition, we need ways
tointerpret ontology.
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Figure 2. Semantic Web architecture
(www.w3.org/Designl ssues/diagrams/sw-
stack-2002.png; Berners Lee et al., 2001)
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Source: http: //imww.w3.org/Designl ssues/diagrams/
sw-stack-2002.png

Signature
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* Agents: Programs that collect content
from diverse sources and exchange the
result with other programs. Agents ex-
change*“ data enriched with semantics.”

Intelligent software agents can reach
ashared understanding by exchanging on-
tologiesthat providethe vocabulary needed
for discussion. Agents can even bootstrap
new reasoning capabilitieswhen they dis-
cover new ontologies. Semantics makesit
easier to take advantage of a service that
only partially matches arequest.

“ Atypical processwill involve the creation of
a ‘value chain’ in which subassemblies of
information are passed from one agent to
another, each one ‘adding value,” to construct
the final product requested by the end user.
Make no mistake: to create complicated value
chains automatically on demand, some agents
will exploit  artificial-intelligence
technol ogiesin addition to the Semantic \\eb.”
(Berners-Lee et al., 2001)

XML-Based Technologiesfor
Knowledge Representation
and Exchange

Technologies for developing mean-
ingful semantic representations of informa-
tion and knowledge exist through XML
(eXtensible Markup Language—
www.xml.org, www.w3.org/XML/), RDF
(Resource Description Framework—
www.w3.org/RDF/), and OWL (Web On-
tology language—www.w3.0rg/TR/owl-
features/). XML and its related standards
make it feasible to store knowledge in a
meaningful way whilesupporting unambigu-
ous content representation and flexible ex-
change over heterogeneous platforms
(Chiu, 2000). XML alowsthe creation of
customized tagsand languagesusing XML
schema, which describe specific elements,
the data types in each element, and their
relationships. With the appropriate schema,
XML documents can be parsed, validated,
and processed by application software us-
ing XML parsers. Built upon accepted
Wa3C standards, this provides the founda-
tion for semantic technology for the cap-
ture, representation, exchange, and storage
of knowledge that can be potentially used
and shared by software agents. XML pro-
vides standardized representations of data
structuresfor processing on heterogeneous
systems without case-by-case program-
ming. The use of XML-based technology,
including ebXML (www.ebxml.org) and
RossettaNet (www.RossettaNet.org), al-
lows for the creation of common vocabu-
lariesfor eBusinessto help automate busi-
ness processes, alowing better collabora
tion and knowledge transfer between part-
nersin semantically integrated systems.

Initiativesto devel op technologiesfor
the Semantic Web make the content of the
Web unambiguousy computer-interpretable
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to make it amenable to agent
interoperability and automated reasoning
techniques (Mcllraith, Son, & Zeng, 2001).
RDF was developed by the W3C as a
metadata standard to provide adatamodel
and syntactical conventions to represent
data semantics in a standardized
interoperable manner (Mcllraith et al.,
2001). The RDF working group also de-
veloped RDF Schema (RDFS), an object-
oriented type system that provides an on-
tology modeling language. Recently, there
have been several effortsto build on RDF
and RDFSwith Al-inspired knowledgerep-
resentation languages such as SHOE,
DAML-ONT, OIL, and DAML+OIL
(Fensel, 2000). The Web Ontology Lan-
guage (OWL) has been standardized by
the W3C as a knowledge representation
language for the Semantic Web. OWL
documentsrepresent domain ontologiesand
rules, and allow knowledge sharing among
agents through the standard Web services
architecture. Web servicestechnology pro-
vides the envelope and transport mecha
nism for information exchange between
software entities. Knowledge exchange
architectures use Simple Object Access
Protocol (SOAP—www.w3.0rg/TR/soap/
) messages to carry relevant semantic in-
formation in the form of OWL documents
between agents. The Web services frame-
work consists of the Web Services Defini-
tion Language (WSDL—www.wsdl.org),
which describesWeb servicesin XML for-
mat and providesthe basisfor toolsto cre-
ate appropriate SOAP messages. These
technologies provide the knowledge rep-
resentation and exchange mechanism
to allow collaborating organizationsto
seamlessly share information and
knowl edge to coordinate eBusinesspro-
Cesses.

Ontologies

Description logics (DLs) form a ba-
sis for developing ontology to further the
sharing and use of acommon understand-
ing of aspecific problem. Description log-
icsmodel thedomain of interest using con-
structs that describe domain-specific ob-
jects and the relationships between them
(Baader et al., 2002). Domain-specific ob-
jects are represented using the concept
construct, which is aunary predicate. Re-
lationships between constructs are repre-
sented using the relations construct, which
may bean n-ary predicate. Descriptionlog-
ics, at the least, can be used to develop a
model of thedomain comprising:

* gpecifications for the creation of com-
plex concept and relation expressions
built upon a set of atomic concepts and
relations,

e the cumulative set of description logics
that forms the basis for a knowledge
base containing the properties of domain-
dependent concepts and rel ations speci-
fied through a set of assertions on the
domain, and

e aset of reasoning procedures that al-
lows suitable inferences from the con-
cepts and the relationships between
them.

Ontologiesprovide ashared and com-
mon understanding of specific domainsthat
can be communicated between disparate
application systems, and therein provide a
means to integrate the knowledge used by
online processes employed by eBusiness
organizations (Klein et a., 2001). Ontol-
ogy describes the semantics of the con-
structs that are common to the online pro-
cesses, including descriptions of the data
semantics that are common descriptors of
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the domain context. Staab et al. (2001)
describe an approach for ontology-based
knowledge management through the con-
cept of knowledge metadata, which con-
tains two distinct forms of ontologies that
describe the structure of the dataitself and
issues related to the content of data. We
refer the reader to Kishore et al. (2004)
for more comprehensive discussion of on-
tologiesand information systems. Ontol ogy
documents can be created using FIPA-com-
pliant content languages like BPEL , RDF,
OWL, and DAML to generate standard-
ized representations of the process knowl-
edge. The structure of ontol ogy documents
will be based on description logics. The
recent adoption of the OWL standards by
the World Wide Web Consortium
(www.w3c.org) includesOWL-DL, which
specifies the representation of DL-based
modelsinto OWL documents.

In the Semantic eBusiness vision,
knowledge exchange and delivery can be
facilitated by the avail ability and exchange
of knowledge represented in OWL docu-
ments among intelligent software agents.
Domain knowledge objects provide an ab-
straction to create, exchange, and use
modular knowledge represented using
OWL documents. This allows for a com-
mon vocabulary used for exchange of in-
formation and knowledge across al sys-
tem participants. There are many benefits
to storing thisknowledgein XML format,
including standardi zation of semantics, vali-
dation ability and ‘well-formedness’, ease
of use, re-use, and storage. In addition, the
ability to exchange complete XML docu-
ments in W3C standards affords integra-
tion on heterogeneous platforms. All ex-
changes between agents take place using
the standard Web services architecture to
alow for platform independence, and fa-
cilitate exchange of information and knowl-

edge in OWL documents. Capturing and
representing modular knowledge in XML
format facilitatestheir storagein aknowl-
edge repository—arepository that enables
storage and retrieval of XML documents
of multiple knowledge modul es depending
upon the problem domain. The benefits of
such knowledge repositories are the his-
torical capture of knowledge modulesthat
areavailableto al agentsin the agent com-
munity. Thisensuresthat anewly instanti-
ated agent has access to knowledge avail-
able to the entire system.

Intelligent Agents

Intelligent agents are action-oriented
abstractions in electronic systems, en-
trusted to carry out various generic and
specific goal-oriented actions on behalf of
users (Papazoglou, 2001). The agent para-
digm can support arange of decision-mak-
ing activity, including informationretrieval,
generation of alternatives, preference or-
der ranking of optionsand alternatives, and
supporting analysis of the alternative-goal
relationships. Anintelligent agentis*acom-
puter system situated in some environ-
ment and that is capable of flexible au-
tonomous action in this environment in
order to meet its design objectives’
(Jennings & Wooldridge, 1998). The spe-
cific autonomous behavior expected of in-
telligent agents depends on the concrete
application domain and the expected role
and impact of intelligent agents on the po-
tential solution for aparticular problem for
which the agents are designed to provide
cognitive support. Criteriafor application
of agent technology require that the appli-
cation domain should show natural dis-
tributivity with autonomous entitiesthat are
geographically distributed and work with
distributed data; require flexible interac-
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tion without apriori assignment of tasksto
actors; and be embedded in a dynamic
environment (Muller, 1997).

Intelligent agentsare ableto organize,
store, retrieve, search, and match informa-
tion and knowledge for effective collabo-
ration among Semantic eBusiness partici-
pants. A fundamental implication is that
knowledge must be availablein formatsthat
allow for processing by software agents.
Intelligent agents can be used for knowl-
edge management to support Semantic
eBusiness activities. The agent abstraction
is created by extending an object with ad-
ditional featuresfor encapsulation and ex-
change of knowledge between agents to
allow agentsto deliver knowledgeto users
and support decision-making activity
(Shoham, 1993). Agentswork on adistrib-
uted platform and enable the transfer of
knowledge by exposing their public meth-
ods as Web services using SOAP and
XML. In this respect, the interactions
among the agents are modeled as collabo-
rativeinteractions, wherethe agentsin the
multi-agent community work together to
provide decision support and knowledge-
based explanations of the decision prob-
lem domain to the user.

Knowledge M anagement

Emerging business models are caus-
ing fundamental changesin organizational
and inter-organizational business processes
by replacing conflict with cooperation asa
meansto be economically efficient (Beam,
1998). Operationally, knowledge manage-
ment (KM) is “a process that helps or-
ganizations find, select, organize, dis-
seminate, and transfer important infor-
mation and expertise necessary for ac-
tivities such as problem solving, dynamic
learning, strategic planning, and deci-

sion making” (Gupta, lyer, & Aronson,
2000). From an organizational perspective,
it is the management of corporate knowl-
edge that can improve a range of organi-
zational performance characteristics by
enabling an enterprise to be more intelli-
gent acting (Wiig, 1993). A system man-
aging available knowledge must comprise
facilities for the creation, exchange, stor-
age, and retrieval of knowledge in an ex-
changeable and usable format, in addition
tofacilitiesto usethe knowledgein abusi-
ness activity (O’ Leary, 1998). Many orga
nizations are developing KM systems de-
signed specifically tofacilitatethe exchange
and integration of knowledge in business
processes for increasing collaboration to
gain acompetitive advantage.

The Semantic eBusinessvisionisbuilt
upon transparent information and knowl-
edge exchange across seamlessly inte-
grated systems over globally available
Internet technologies to enable informa-
tion partnerships among participants
across the entire value chain. Such trans-
parency enhances the utility and extensi-
bility of knowledge management initiatives
of an organization by adding the ability to
exchange specific and transparent knowl-
edge, utilizing unambiguoudy interpretable,
standards-based representation formats
(Singh, lyer, & Salam, 2003). Implement-
ing and managing such high levelsof inte-
gration over distributed and heterogeneous
information platforms such as the Internet
isachallenging task with significant poten-
tial benefits for organizations embracing
such collaboration. Organi zations can gain
significant benefits from these initiatives
including optimized inventory levels, higher
revenues, improved customer satisfaction,
increased productivity, and real-timereso-
lution of problems and discrepancies
throughout the supply chain. Thevisionis
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to achieve dynamic collaboration among
business partners and customers through-
out atrading community through transpar-
ent exchange of semantically enriched in-
formation and knowledge.

EBusiness, EBusiness Processes,
and E-Marketplaces

Electronic data interchange (EDI)
established the preliminary basisfor auto-
mating business-to-business (B2B) e-com-
merce (EC) transactions through facilities
for organizationsto share processinforma-
tion electronically using standardized for-
mats and semantics. Strategies such as
supply chain management (SCM) and en-
terprise resource planning (ERP) go be-
yond process automation by streamlining
and integrating internal and inter-organiza-
tional process for improved information
availability across value-chain partners.
While popular strategies such as SCM and
ERP haveimproved transactional efficien-
cies, the lack of systems and process inte-
gration and theresultant lack of end-to-end
valuechainvisibility continueto hinder col-
laborative and mutually beneficial partner-
ships. EBuUSiness processes require trans-
parent information and knowledge trans-
parency among business partners. The vi-
sion is to achieve dynamic collaboration
among internal personnel, businesspartners,
and customers throughout a trading com-
munity, electronic market, or other form of
exchange characterized by the seamless
and transparent exchange of meaningful
information and knowledge. The resultant
view is similar to the notions of real-time
supply chains and infomediary-based e-
marketplaces, wherethevirtua supply chain
isviewed as an inter-organizational infor-
mation system with seamless and transpar-
ent flows of information enabled through

highly integrated systems (Rabin, 2003).

Thetimely sharing of accurate infor-
mation among collaborating firms and
transparency inthe supply chainiscritical
for efficient workflows that support the
business processes (Davenport & Brooks,
2004). Information technologies can help
streamline business processes across or-
ganizations and improve the performance
of the value chain by enabling better coor-
dination of inter-firm processes through
B2B e-marketplaces (Dai & Kauffman,
2002). Thelack of integration of informa-
tion and knowledge in systems that man-
age business processesisastumbling block
in enterprise innovation (Badii & Sharif,
2003). The consequent lack of transparen-
cies in information flow across the value
chain continue to hinder productive and
collaborative partnerships among firmsin
B2B e-marketplaces. Current e-chains suf-
fer from paucity in information transpar-
ency spanning all participant e-market-
places in the e-supply chain. Integrative
systems that support the transparent ex-
change of information and knowledge can
enhance collaboration across organi zational
value chains by extending support for a
range of eBusiness processes and provide
aggregate or product-specific cumulative
demand or supply conditionsinasingle e-
marketplace and across multiple upstream
or downstream linksin the e-chain (Singh,
Salam, & lyer, forthcoming). Such systems
must provide collaborating va ue chain part-
ners with intelligent knowledge services
capabilities for the seamless and transpar-
ent exchange of volatile and dynamic mar-
ket information, both synchronously and
asynchronoudly.

Reductions in transaction coordina-
tion costs gained through the effective ap-
plication of information technol ogiespartly
explain theincreasing use of markets over
hierarchies by organizationsto coordinate
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economic activities(Malone, Yates, & Ben-
jamin, 1987). E-marketplaces offer value-
added services by leveraging industry-spe-
cific expertise through deci phering complex
information and contribute to transaction
cost reductions. A survey by Davenport,
Brooks, and Cantrell (2001) on B2B e
marketplaces identified lack of trust as a
primary barrier for e-marketplace growth.
Much of the risk associated with lack of
trust can be reduced “as information be-
comes more codified, standardized, ag-
gregated, integrated, distributed, and
shaped for ready use” (Davenport et al.,
2001). They also state that “currently
achieved e-marketplace integration lev-
els fall far below what is necessary.”
Investmentsin the I T infrastructure of the
e-marketplace can further the effective use
of process coordination and communica-
tion between partici pants. While asset-spe-
cific technology investments serve to re-
duce the transaction cost, thisleadsto sig-
nificant increasesin cost of switching part-
ners. However, when such investmentsare
made by the e-marketplace, the transac-
tion cost reductions can benefit e-market-
place participants, while the increase in
switching costs appliesto switching from
an e-marketpl ace participant to a non-par-
ticipant firm.

Integrative technol ogiesthat support
the transparent exchange of information
and knowledge make it easier for the de-
velopment of inter-organizational relation-
ships through enhanced adaptability and
standardization of content representation.
Thisisincreasingly prevalent through ef-
forts such as ebXML (www.ebXML.org),
Web services, and systems architecture
standards, which allow standardization of
content representation, withimplicationsfor
technology adaptation and enterprise ap-
plicationsintegration (Davenport & Brooks,
2004). By defining the standards for adapt-

ability and standardization, e-marketplaces
can help define theinformation technology
standards that are in use by all participant
organizations, allowing for easy
interoperability and integration of key sys-
tems of participant organizations. In this
regard, e-marketplaces are viewed as in-
ter-organizational information systemsthat
alow participant firmstointegratetheir in-
formation technologies in a Semantic
eBusiness architecture that facilitates
transparent information exchange
(Choudhury, 1997).

SEMANTIC
EBUSINESS VISION
AND APPLICATIONS

Semantic eBusiness applies funda-
mental work done in semantic Web tech-
nol ogies, knowledge management, intelli-
gent agent systems, and Web services to
support thetransparent flow of knowledge,
content, and know-how, and enable se-
mantically enriched collaborativeeBusiness
processes. Institutional trust among the
collaborative partners engaged in Seman-
tic eBusiness processes, as well as infor-
mation assurance of al flows between in-
tegrated systemsin the Semantic eBusiness
network, isessential to the adoption of the
vision. Semantic eBusiness requires a
trusted and secure environment. Organi-
zations devel op descriptions of their busi-
ness processes and business rules using
semantic knowledge representation lan-
guages, such as OWL, in aformat that al-
lows for reasoning by intelligent software
agents. Business processes consist of
workflow descriptions that describe indi-
vidual tasksat an atomic transactional level.
At this transactional level, the individual
services offered by organizations can be
described using semantic languages. In
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Figure 3. Semantic eBusiness utilizes Semantic Web technologies and existing information
technology infrastructure for transparent information and knowledge flows in a secure and

trusted environment
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addition, product ontologies and meta-on-
tol ogies describe the rel ationshi ps between
the various resources utilized, required, or
created by an organization in the Semantic
eBusiness network. The Semantic
eBusiness framework (Figure 3) utilizes
(exigting) information technology infrastruc-
ture, including Web services architecture
to provide the transport infrastructure for
messages containing semantic content.
The application of Semantic Web
technol ogiesto enable Semantic eBusiness
provides the organizations the means to
design collaborative and integrative, inter-
and intra-organizational business processes
and systems founded upon the seamless

!
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Technology
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exchange of knowledge. Semantic
eBusiness architectures can enable trans-
parent information and knowledge ex-
change, and intelligent decision support to
enhance online eBusiness processes. It can
a so help organizationsfill the chasm that
existsin the adaptation of emerging tech-
nologies to enable and enhance business
processesthrough the use of distributed het-
erogeneous knowledge resources. The con-
cept of Semantic eBusiness is potentially
applicableto industrieswith an online pres-
ence. Candidates for applications in busi-
nessinclude supply chain management and
e-marketplaces. In addition, multiple not-
for-profit and government processes are
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also potential application areas, including
the health care industry for improving the
management of medical recordsand e-gov-
ernment applicationsfor improving services
offered online to citizens. The following
scenarios present some areas where we
believe Semantic eBusiness can enhance
information and knowledge exchange and
improve the efficacy of eBusiness pro-
Cesses.

Potential Semantic
EBusinessApplications

Supply Chain Management

Supply chain management (SCM) is
acommon strategy employed by businesses
toimprove organizational processesto op-
timize the transfer of goods, information,
and services between buyers and suppli-
ers in the value chain (Poirier & Bauer,
2000). A fundamental ongoing endeavor of
SCM is to foster information transpar-
ency (availability of information in an un-
ambiguously interpretable format) that al-
lows organizations to coordinate supply
chain interactions efficiently in dynamic
market conditions. A standard ontology for
all trading partnersis necessary for seam-
less transformation of information and
knowledge essential for supply chain col-
laboration (Singh et al., forthcoming). In-
creasing complexity in supply chainsmake
the timely sharing of accurate information
among collaborating partnersacritical ele-
ment in the efficiency of workflows and
eBusiness processes. Information and
knowledge exchangefacilitated through se-
mantic Web technologies enable the cre-
ation of global information partnerships
across the entire supply chain. Organiza-
tions embracing such paradigms can sus-
tain their competitive advantages by hav-

ing an effective and efficient e-supply chain
and realize benefits such as reduced cycle
times, lower product costs, reduced inven-
tory, better quality decision making, and
improved customer service.

E-Marketplaces

Infomediaries perform acritical role
in bringing together buyersand suppliersin
the e-marketplace and facilitating transac-
tions between them. A detail ed description
of the value-added activities provided by
infomediaries in e-marketplaces can be
found in Grover and Teng (2001). The
infomediary adds value through itsrole as
an enterprise system hub responsible for
the critical integration of the information
flows across participant firms (Davenport
& Brooks, 2004). Infomediaries become
vital repositories of knowledge about buy-
ers, suppliers, and the nature of exchanges
among them including the past experiences
of other buyers' reiability and trustworthi-
ness of the supplier. They provideindepen-
dent and observed post-transaction assess-
ment of the commitments of theindividual
buyersand sellersto facilitate the devel op-
ment of coordination structures, leading to
collaborative relationships in e-supply
chains. Theintegration of intelligence and
knowledge within and across e-market-
places can enhance the coordination of
activitiesamong collaborating firms across
e-marketplaces (Singh et al., 2003). Col-
laborations createinformation partnerships
between organizationsto enablethe deliv-
ery of products and services to the cus-
tomer in an efficient manner. Such infor-
mation partnerships are founded upon the
transparent exchange of information and
knowledge between collaborating organi-
zations in a dynamic manner across par-
ticipantsin thevalue chain.
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Healthcare

Healthcare delivery isvery complex
and knowledge dependent. Information
systems employed for healthcare storein-
formation in very disparate and heteroge-
neous clinical information system datare-
positories. Pollard (2004) statesthat knowl-
edge management activities in healthcare
center on acquiring and storage of infor-
mation, and lacks the ability to share and
transfer knowledge across systems and
organizationsto support individual user pro-
ductivity. In addition the dataacquired and
stored in islands clinical information sys-
temsarein multipleformats. Common vo-
cabulary to represent dataand information
isneeded for efficient knowledge manage-
ment (Desouza, 2002). Thefocus has been
on building independent applications to
make these systemstalk to each other. The
need isfor modelsto integrate the dataand
knowledge in these disparate systems for
effective knowledge sharing and use (Sittig
et al., 2002). To serve the needs, relevant
patient-centered knowledge must be acces-
sibletotheperson supplying careinatimely
manner in the workflow. Interoperability
standards of emerging Semantic Web tech-
nologies can enable health information in-
tegration, providing the transparency for
healthcare-related processes involving all
entities within and between hospitals, as
well as stakeholders such as pharmacies,
insurance providers, healthcare providers,
and clinical laboratories. Further research
on using Semantic Web technologies is
needed to deliver knowledge services
proactively for improved decision making.
Such innovations can lead to enhanced
caregiver effectiveness, work satisfaction,
patient satisfaction, and overall care qual-
ity in healthcare (Eysenbach, 2003).

E-Government

E-government refers to the use of
Internet technologies for the delivery of
government services to citizens and busi-
nesses (www.\Webster-dictionary.org/defi-
nition/EGovernment). The aim of E-gov-
ernment is to streamline processes and
improveinteractionswith businessand in-
dustry, empower citizenswith theright in-
formation, and improve the efficiency of
government management. Given that e-
government services extend across differ-
ent organizational boundariesand infrastruc-
tures, thereisacritical need to managethe
knowledge and information resources
stored in these disparate systems
(Teswanich, Anutariya, & Wuwongse,
2002). Emerging Semantic Web technol o-
gies have the ability to enable transparent
information and knowledge exchange to
enhance e-government processes.
Klischewski and Jeenicke (2004) examine
the use of ontology-driven e-government
applications based on Semantic Web tech-
nol ogiesto support knowledge management
related to e-government services. Further
research to investigate requirements, de-
sign and develop systems, and examine
success factors for systems development
employing Semantic Web technol ogiesfor
effective knowledge management within e-
government services is needed.

ORGANIZATIONS AND
RESEARCH GROUPS
FOSTERING A SEMANTIC
EBUSINESS VISION

As research in the foundation tech-
nologies for the Semantic Web devel ops,
the application of thesetechnol ogiesto en-
able Semantic eBusiness is of increasing
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importance to the professional and aca-
demic communities. In this section we
would liketo inform the readers of several
organizationsthat are involved in further-
ing research related to Semantic eBusiness.

Association for Information Systems
(A1S) (www.aisnet.or Q)

A professional organization, the As-
sociation for Information Systems (AlS)
was founded in 1994 to serve as the pre-
mier global organi zation for academics spe-
cidizingininformation systems. Thisorga-
nization has formed several special inter-
est groups (SIGs) to provide substantial
benefits to IS students, academics, and
practitioners by helping membersexchange
ideas and keep up to date on common re-
search interests. The following SIGs con-
tribute significantly to advacing Semantic
eBusiness research:

* Special Interest Group on Semantic
Web and Information Systems—S G-
SEMIS (www.sigsemis.org): SIG-
SEMIS' god isto cultivate the Seman-
tic Web visionin IS. The main areas of
emphasisinthis SIG are: Semantic Web,
Knowledge Management, Information
Systems, E-Learning, Business Intelli-
gence, Organizational Learning, and
Emerging Technologies. The SIG aims
to “create knowledge capable of sup-
porting high-quality knowledge and
learning experience concerning the in-
tegration” of theabovemain areas. This
integration will providethe participants
of the SIG an opportunity to create and
diffuse knowledge concerning theissues
of Semantic Web in the | Sresearch com-
munity.

e Special Interest Group on Agent-
Based Information Systems—SI G-

ABIS (www.agentbasedis.org): SIG-
ABIS aims to advance knowledge “in
the use of agent-based information sys-
tems, which includes complex adaptive
systems and simul ation experiments, to
improve organizational performance.
SIG-ABISpromisestofill anexisting gap
in the field, and therefore is more fo-
cused on the strategic and business is-
sues with agent technology and less on
theartifact itself, such as computational
agorithms, which arewell investigated
by computer science related research
groups.”

Special Interest Group on Ontology
Driven Information System—SI G-
ODIS (aps.cabit.wpcarey.asu.edu/
sigodis/): The objective of SIG-ODIS
is to provide “a unifying international
forum for the exchange of ideas about
the field of ontology asit relates to de-
sign, evaluation, implementation, and
study of ontology driveninformation sys-
tems.” In helping develop awareness
and foster research about the role and
impact of computational ontologies on
the design, development, and manage-
ment of business information systems,
SIG-ODIS aso strivesto build bridges
between the IS discipline and other re-
lated disciplines, such as computer sci-
ence, information science, philosophy, lin-
guistics, and so forth, that pursue re-
search in the broad area of computa-
tional ontologies.

Soecial Interest Group on Process Au-
tomation and Management—SI G-
PAM (www.sigpam.org): SIG-PAM’s
objective is to address the “need of IS
researchers and practitioners for infor-
mation and knowledge sharing in the
areas of processdesign, automation, and
management in both organizational and
inter-organizational contexts.” The SIG
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collaborateswith other not-for-profit or-
ganizations that have related focus on
process theories and applications, such
asthe Workflow Management Coalition
(WfMC), the Workflow and
Reengineering International Association
(WARIA), and the Computer Supported
Collaborative Work (CSCW) Confer-
ence.

Hewlett-Packard (HP) Labs
Semantic Web Research
(www.hpl.hp.com/semWeb/)

The HP L abs Semantic Web research
group recognizes that Semantic Web tech-
nol ogies can enable new and moreflexible
approaches to data integration, Web ser-
vices, and knowledge discovery. The HP
Labs’ investment in the Semantic Web con-
sists of the development of Semantic Web
tools (such as Jena, a Java framework for
writing Semantic Web applications) and
associated technology, complemented by
basic research and application-driven re-
search. HP is also part of several collabo-
rative ventures, including involvement in
Wa3C initiatives (RDF and Web ontologies
working groups) and European projects
(Semantic Web Advanced Devel opment
Europe—SWAD-E and Semantic Web-
enabled Web Services—SWWS).

World WideWeb Consortium’s
SemanticWeb I nitiative
(Wwww.w3.0r g/2001/sw/)

Themain goal of the W3C Semantic
Web initiativeis to create a universal me-
diumfor the exchange of data. “ It isenvis-
aged to smoothly interconnect personal in-
formation management, enterprise applica-
tion integration, and the global sharing of
commercial, scientific, and cultural data.

TheW3C Semantic Web activity has been
established to servealeadership rolein both
the design of specifications and the open,
collaborative devel opment of enabling tech-
nology.”

In addition to these organizations, the
formation of this new journal, Interna-
tional Journal on Semantic Web and In-
formation Systems, provides an opportu-
nity for the publication and exchange of
research discussions of the Semantic Web
in the context of information systems.

SUMMARY AND
RESEARCH DIRECTIONS

Theredlization of representing know!-
edge-rich processesis possible through the
broad developments in the Semantic Web
initiative of the World Wide Web Consor-
tium. We defined Semantic eBusiness as
“an approach to managing knowledge
for coordination of eBusiness processes
through the systematic application of
Semantic Web technologies.” Advances
in Semantic Web technol ogies—including
ontologies, knowledge representation, multi-
agent systems, and the Web services ar-
chitecture—provide a strong theoretical
foundation to devel op system architecture
that enables semantically enriched collabo-
rative eBusiness process. Semantic
eBusiness architecture enables transpar-
ent information and knowledge exchange
and intelligent decision support to enhance
online eBusiness processes.

Developments in the availability of
content and business logic on-demand,
through technol ogies such as\Web services,
offer the potential to allow organizationsto
create content-based and logic-driven in-
formation value chains, enabling the needed
information transparencies for Semantic
eBusiness processes. Research is needed
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to understand how conceptualizations that
comprise business processes can be cap-
tured, represented, shared, and processed
by both human and intelligent agent-based
information systemsto createtransparency
in eBusiness processes. Further work on
these dimensionsiscritical to the design of
knowledge-based and intelligence-driven
eBusinessprocessesinthedigital economy.

Research isalso needed in the devel-
opment of business models that can take
advantage of emergent technologiesto sup-
port collaborative, knowledge-rich pro-
cesses characteristic of Semantic
eBusiness. Equally important is the adap-
tation and assimilation of emergent tech-
nologiesto enable Semantic eBusiness pro-
cesses, and the contribution to organiza-
tions' value propositions. Topicsof research
directions include the development of in-
novative, knowledge-rich businessmodels
that enhance collaborations in eBusiness
processes, and innovative technical models
that enablethevision of SemanticeBusiness.

Oneof our current research initiatives
involves developing models for the repre-
sentation of knowledge, using ontologies
and intelligent agentsfor semantic process-
ing of cross-enterprise business processes
over heterogeneous systems. For the Se-
mantic Web to be a vibrant and humane
environment for sharing knowledge and
collaborating on awide range of intellec-
tual enterprises, the W3C must include in
its Semantic Web initiatives research
agendathe creation of policy-awareinfra-
structure, along with a trust language for
the Semantic Web that can represent com-
plex and evolving relationships.
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A Tool for Working with
Web Ontologies
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ABSTRACT

The task of building an open and scalable ontology browsing and editing tool based on OWL,
the first standardized Web-oriented ontology language, requires the rethinking of critical user
interface and ontological engineering issues. In this article, we describe Svoop, a browser and
editor specifically tailored to OWL ontologies. Taking a* Web view” of things has proven quite
instructive, and we discuss some insights into Web ontologies that we gained through our
experience with Swoop, including issues related to the display, navigation, editing, and
collaborative annotation of OWL ontological data.

Keywords: computer systems; Semantic Web; Web technologies

INTRODUCTION

The Web ontology language, OWL
(Dean & Schreiber, 2004), was approved
in February 2004 as a World Wide Web
Consortium (W3C) Recommendation for
the publication of ontologies on the World
Wide Web—creating a standard language
for the publication and exchange of onto-
logical models on the Web. OWL reflects
almost 10 years of research, experimenta-
tion, and small-scale deployment of Web
ontologies; anumber of certain featuresin
its design were made explicitly to help re-
alizetheideal of Web-based ontologies, that

is, of integrating knowledge representation
with the open, global, and distributed
hypermedia system of the Web, compat-
ible with the principles of Web architec-
turedesign. Inthisarticle wediscuss some
insightsinto supporting the use of Web on-
tologies that we have gained in building
Swoop?, an ontology browser and editor,
designed specifically for usewith OWL and
directly supporting the use of Web-based
“cultural metaphors’—that is, based on the
way people are used to interacting with
documents and datain current Web appli-
cations.

Copyright © 2005, Idea Group Inc. Copying or distributing in print or electronic forms without written

permission of Idea Group Inc. is prohibited.



Int’l Journal on Semantic Web & Information Systems, 1(1), 36-49, Jan-March 2005 37

A WEB (ONTOLOGY)
BROWSER—OWL

OWL is a standard for representing
knowledge on the Web, with a focus on
both making these documents compatible
with Web standards and on being useful
for the modeling of knowledge using past
research on ontologies and reasoning.
OWL comesin threeincreasingly expres-
sive sublanguages—OWL Lite, DL, and
Full. TheLiteand DL speciesof OWL are
based on description logics, that is, decid-
able, class- and property- oriented subsets
of first-order logic. OWL Full followsRDF
schema in having a higher-order syntax
(although first-order semantics)—OWL
Full does not enforce a strict separation of
classes, properties, individual s, datatypes,
or data values. Any entity could be, for
example, bothaclassand anindividud. This
design was motivated by the Web archi-
tecture dictum that “everything is a re-
source,” thus an individual, and from the
general modeling consideration that the
choice between whether to represent some
aspect of a domain as a class or an indi-
vidual isnot alwaysclear. Inaworld where
people are trying to reuse vocabulary and
map between concepts, it seems quite natu-
ral to be able to express the dual view of
certain domain objects as either classes or
individuals, and sometimes both.

One characteristic of “Webized” lan-
guages, especially Semantic Web lan-
guages, is the systematic prevalence of
Universal Resource Indicators (URIS)? as
names for most entities. In OWL, names
for classes, properties, individuals,
datatypes, and soforthare URIs. URIshave
anumber of useful properties, including:

1. For anumber of URI schemes, notably
http URIs, thereisawell-devel oped set

of mechanismsfor avoiding name colli-
sions, most notably the domain name
system (DNS).

2. These mechanisms, especially the DNS,
interact with various Internet protocols,
notably HTTP, to make it very easy to
publish and retrieveinformation associ-
ated with a URI.

3. URIs have various degrees of opacity.
For example, HTTP imposes rel atively
few constraints on the semantics of the
scheme specific part 1. A URI isagen-
eraization of the more common URL,
roughly composed of a naming scheme
or protocol indicator (http, ftp, mailto,
etc.), auniqueindicator (adomain name
space name for http, a mail address for
mailto), and a“fragmentid,” whichisa
hash mark followed by a set of charac-
ters—thus, for example, an OWL class
called “person” from an ontology on a
university server might be named by the
URI: http:/www.thisuniversity.edu/
OntologyL ib/csontology#person. The
hierarchical structure seen in most http
URIs can map directly into afile sys-
tem (which is avery useful default be-
havior), but it can also map into queries
onarelationa database, the object struc-
ture of along-running process, or any
other Web resource.

4. URIs can work well for end users, who
have developed a lot of expertise with
using URIswhen browsing or authoring.
Web browsers are the ubiquitous way
that people use URIs, and even in
authoring tools, the primary mental model
people have of URIs is derived from
their use in browsers. In designing
Swoop, we took the Web browser as
our user interface (Ul) paradigm, be-
lieving that URIs are central to the un-
derstanding and construction of Web
ontologies. We contrast thisto other on-
tology editors such as Protégé (Noy et
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al., 2001), GilED (Bechhofer, Horrocks,
Gable, & Stevens, 2001), and OntoEdit
(Sure et a., 2002), which either are or
were influenced by traditional KR de-
velopment toolsand applications, and do
not reflect this “Webiness’ in their Ul
design. In particular, they do not fully
support the use of hypertext to drivethe
exploration and editing of ontologies.

Hypertextual Navigation

In a Web browser, there are two pri-
mary modalities for URIs: manifest and
hidden. The address bar is the central
mechanism for manifest URIs. URIs must
be typed into the address bar and are al-
ways visible there. Browser features such
ashistory drop-downs and the use of name
completion mean that users need not re-
member or enter entire URIs, while the
address bar requires and abets interaction
with raw URIs. The most prominent hid-
den use of URIs s the hyperlink wherein
the URI addressisthetarget of aclickable
(in most browsers) region of text (or an
image).

There aretight links between hidden
and manifest URIs. The URIs hidden “in”
hyperlinks appear in the address bar after
one has followed a hyperlink or may be
revealed by mousing over ahot region, re-
trieved by pop-up menu commands (i.e.,
copy hyperlink) or by viewing the actual
HTML source.®

The ecology of Web pages depends
on the ease of accessto URIs, both hidden
(thereisno hypertext without hyperlinks!)
and manifest. Much Web browsing starts
with URIs discovered in non-Web media,
from e-mail to billboards and buses. Writ-
ing Web pagesrequires, evenin WY SIWIG
HTML editors, familiarity with URIs and
the ability to secure the right ones.

Bookmarks are another example of
hidden URIs, at least in their most com-
mon form. Browsers typically have many
ways to review bookmarked URIs. Asthe
natural habitat of Web ontologies is the
Web, Swoop allows the interactions with
these, using the Ul metaphors prevalent on
the Web. For loading ontologies, Swoop
presents the familiar address bar, and the
URI for such an ontology can be secured
by whatever means—e-mail, Google, or
perhaps one day, abillboard or bus.

Views

It is worth considering the level of
detail that needsto be displayed whileren-
dering Web ontol ogical information. While
an OWL entity isrepresented by itsURI, it
ischaracterized in aspecific context by the
axioms dealing with the entity in that con-
text (the document or ontology). M oreover,
on the Semantic Web, we expect OWL
entities to be characterized by axioms in
remote documents. That is, we expect
OWL documents and OWL ontologies to
use Web links. When rendering therelated
axioms or definition of an OWL entity, we
have taken care that the appropriate infor-
mationisdirectly presentedinanintelligible
manner, and that all the known information
is naturally accessible. We consider vari-
ous levels of detail at which information
related to an entity can be displayed:

1. itsdefinition and related axioms (within
asingleontology);

2. axioms relating it to imported entities
(from an external ontology);

3.inferredinformation (not explicitly stated
intheontology, but whichisinferred from
itsdefinition using an OWL reasoner or
otherwise);
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4. semantic consistency information
(whether the concept issatisfiableor not,
again using an OWL reasoner);

5. provenanceinformation (sourcelocation
of aparticular axiom, itsauthor, creation
date, etc.);

6. entity annotations (human-readable com-
ments made on the entity);

7. changes (alog of changes made to the
entity definition); and

8. usage of an entity (references in other
Semantic Web documents).

Thus, there is an array of entity-re-
lated information that could be displayed
as a single Web document that pertains to
any OWL entity. Currently, Swoop supports
all but the provenance information and us-
age views (#5,#8) listed above, making
clear distinctions between thevariousview
typesdisplayed. For instance, inferred axi-
omsareitalicized, incons stent classeshave
red icons, and changes pending are shown
in green (see Figures 1 and 2). The other
two open some complex research issues

Figure 1. Web-browser Ul reflected in Swoop
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that are being explored by our research
group and others.

Orthogonal to the abovelevelsof de-
tail is the syntax (format) used to render
the ontology. Currently on the Semantic
Web, a wide range of OWL presentation
syntaxes exist—the raw RDF/ XML seri-
dlization, themoretriple-oriented Turtlelan-
guage (Beckett, 2004), and the OWL Ab-
stract Syntax (Patel-Schneider, Hayes, &
Horrocks, 2004), to name afew. It isim-
portant to support as many as possible of
these different syntaxeswhiledesigning an
open, Semantic Web ontology engineering
environment. One reason for this is that
people tend to have strong biases toward
different notations and simply prefer to
work in one or another. A second is that
some other tool might only consume one
particular syntax (withthe RDF/ XML syn-
tax being the most typical), but that syntax
might not be an easy or natural one for a
particular user.

A third isthat it isimportant to sup-
port the“view source” effect, allowing cut-
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and-pastereuseinto different tools, includ-
ing text editors, markup tools, or other se-
mantic Web tools. We have observed that
the easy, direct data transformation be-
tween any two formats feels very power-
ful to the user, especialy if they need to
use more than one format for a particular
task. The challenge here is that the for-
mats should be treated as similarly as pos-
sible—that is, any task that can be donein
one format should be allowed in any other
so that people can stick with the syntax
they prefer for both browsing and editing.

Swoop uses a plug-in-based mecha
nism for renderers. The architecture sup-
ports two types of renderers, a coarse-
grained type for viewing the ontology asa
whole(i.e. class/property tree, graphs, lists
etc.) and a fine-grained type for viewing
the description of asingle ontological en-
tity (i.e., an OWL class, property, or indi-
vidual). Other levels of granularity can be
achieved by filtering out information from
the above main types. All of these formats
use URIs(and various URI abbreviations)
throughout. Swoop renders those URIs as
hyperlinks, dlowing for essentially thesame
hypertext-based navigation, no matter what
format is being used.

Also, the layout of the ontology and
entity renderersresemblesafamiliar frame-
based Web site viewed through a Web
browser. As shown in Figure 1, a naviga-
tion sidebar on the left contains the mul-
tiple ontology list and class/property hier-
archies for each ontology, and the center
pane contains the various ontol ogy/entity
renderers for displaying the core content.

Currently, Swoop bundlesin six ren-
derers; two Ontology Renderers—Infor-
mation and Species Validation; and four
Entity Renderers—Concise Format, OWL
Abstract Syntax, Turtle, and RDF/XML.
Besides these, there exists a class/prop-

erty hierarchy renderer for each ontology,
aong with an alphabetical list of entities
present in the ontology. Here we discuss
only the Concise Format renderer, sinceits
motivation, design, and subsequent func-
tionality isuniqueto Swoop.

The Concise Format entity renderer
is a non-standard presentation syntax in
Swoop (see Figure 2). Theideahereisto
generate a “Web document” that displays
al information related to aparticular OWL
entity concisely inasingle pane. ltemsare
dividedintological groupsand renderedin
alinear fashion. So taking an OWL Class
for example, its OWL enumerationsif any,
i.e., intersectionOf, unionOf, and oneOf—
arelisted in onegroup, whilethe OWL prop-
ertiesrelated toit (through domain or range)
are listed in another group. Standard de-
scription logic (DL) operators are used
whenever they occur in class expressions
to make the representation more concise.
Here again, all entity references are made
hyperlinksusing their URIsastheidentifi-
ers. Thus, clicking on an OWL entity link
in a particular document causes the view
to shift directly to thelinked entity’s docu-
ment. Thisisin keeping with the look and
feel of traditional Web-like viewing and
navigation of documents.

Editing

Editing OWL entities in a multiple
ontology engineering environment can be
challenging. Some of the issues that arise
include:

1. The scope of a change (should editing
berestricted to thelocal ontology aone
or cantheimported ontology be (directly
or indirectly) altered as well?).

2. The types of changes allowed (i.e.,
atomic vs. composite change strategies
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Figure 2. Editing OWL entities in Swoop (concise format view)
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asdiscussed in Bechhofer, Lord, & Volz,
2003).

3. The level a which changes are made
(in the abstract representations or di-
rectly in the source code).

4. How to display the effects of changes
before they are committed (direct vs.
inferred effects on related entity defini-
tions).

5. Thedegree of rollback possible (for how
long changes can be “undo” ne).

Issues 1 and 2 are dealt with in detail
in subsequent sections; we consider the
remaining here. All ontology editing in
Swoop is done in line with the renderer
pane. Thisway, context ismaintained while
editing a particular entity. Also, effects of
change on any of the related entities can
beeasily observed (asingle click away) by
switching back and forth between the cur-
rent entity and the related ones by follow-
ing hyperlinks and use of the history but-
tons.

Swoop alowsontology editing either
at the concise representation level or di-
rectly inthecode (currently only RDF/ XML
codeediting is supported). There are some
fundamental differences between editing
in these two modes. For instance, in the
concise format, all information related to
an entity isdisplayed in asingle pane. As
noted earlier, thisinformation isfurther sub-
divided into variouslogical groups, each of
which can be edited separately. The
changes enacted in this mode are identifi-
able, and hence can be recorded and un-
done. Also, the axiomsrelated to a particu-
lar entity may not be located in a single
region of the code.

Thus, directly editing all references
of a single entity in RDF/XML (for ex-
ample) might be cumbersome. Moreover,
given the arbitrary manner in which the
RDF/XML code can be edited, it is not
easy to capture and record changes easily.
On the other hand, direct code editing can
be faster and certain changes can be made
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easily, for examplerenaming al references
of asingle classin the entire ontology can
be done using the find/replace functional -
ity of an editor. Given the need for both
types of changes, Swoop supports both
forms of editing.

Another important consideration in
Swoop isthe manner in which changesare
effected. Swoop provides two options for
this: either achange can be applied imme-
diately (upon enacting it), or a set of pro-
posed changes can be set aside and col-
lectively committed at alater stage. While
the former approach gives immediate re-
sults, the latter has numerous advantages.
It speeds up alteration of large ontol ogies,
where enforcing multiple changesoneat a
time would take considerably more time.
Additionally, it providesacomposite change
record that is especially useful for ontol-
ogy versioning. Finally, it givesabasisfor
implementing Issue 4 noted above—dis-
playing change effects before they are
committed.*

Sear ching, Comparing, Reusing

In adistributed Web ontol ogy setting,
numerous engineering tasks—such ascom-
paring entities with a view to understand-
ing semantic differences, mapping entities
to ensure semantic interoperability, or sim-
ply reusing entities to prevent reinventing
the wheel—requires a search/browse pro-
cessinvolving disparately located entities.
The ontology engineering client can play
a large role in making this process effi-
cient.

We take inspiration from the
hyperlink-based search and cross-referenc-
ing utility present in a programming IDE
such as Eclipse (www.eclipse.org). All
named entities in the code are identified,
and onecan easily obtain (and jump directly

to) useful related information such asal its
references.

During an extended search and
browsing routine, the user of Swoop may
come across numerous interesting results
(OWL entities) that may needto be set aside
and revisited. In Swoop we have a provi-
sion to store and compare OWL entities
via a resource holder panel. Items can be
added to this placeholder at any time and
they remain static there until the user de-
cides to remove or replace them at a later
stage. Upon adding an entity, a time-
stamped snapshot of it is saved (with
hyperlinksand all), thus providing arefer-
ence point for future engineering tasks.
Theseinclude, but are not limited to, track-
ing changes made to a particular entity;
storing entities for reuse in another ontol-
ogy; comparing differences in definitions
of aset of entities; and determining seman-
tic mappings between a specific pair of
entities. We areworking to further improve
the resource holder by adding automatic
dynamictracking for selected entities, color
coding diffs between different entity defi-
nitions, and providing support for the edit-
ing of mapping terms, such as
“owl:equivalentTo” between termsin dif-
ferent resource panes.

Why Not aWeb Site?

In principle, the entire Swoop inter-
faceand functionality could have been pro-
vided as a Web site, or on top of a more
full fledged Web browser such asMozilla.
Indeed, a very common first question we
get when we show people Swoopis, “Why
not do it asaWeb site?’ There are several
examples of current Web site-based ontol-
ogy tools such as Ontosaurus (Farquhar,
Fickas, & Rice, 1996) and WebODE
(Arpirez, Corcho, Fernandez-L6pez, &
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GOmez-Pérez, 2001), and new ones are
being developed such as pOWL
(powl.sourceforge.net). However, we have
found that using a standard Web-based
server-client architecture for ontology en-
gineering suffers from being slow (espe-
cially for large ontologies, and depending
on network traffic), and cumbersome for
maintai ning consistency while editing (e.g.,
trapping input errors, changing/del eting ob-
jects but reloading from browser cache,
etc.). In addition, such tools can be diffi-
cult to extend to new functionalities via
plug-in architectures (such asthe one used
in Swoop). Finaly, most Web site-based on-
tology editors use distinct HTML pages
(perhaps dynamically generated) not just
for each entity, but for each view of those
entities. Thisindirection putsan uncomfort-
able distance between the user and the
ontology itself. For these reasons, Swoop
is developed as a separate Java applica-
tion that attempts to provide the look and
feel of a browser-based application, but
with its specialized architecture designed
to optimize OWL browsing and to be ex-
tensibleviaaplug-in architecture.

MULTIPLE ONTOLOGIES:
FROM MANY, MANY

OWL's Web-based features open up
theWeb ontol ogy engineering environment
to multiple ontol ogieswhich can, and often
do, refer to each other in anumber of ways
or share terms. This has ramifications for
anumber of aspectsof ontology-editing that
have been largely ignored in many earlier
Al-based ontology tools. Swoop assumes
the use of multiple ontol ogies and supports
this use in a number of ways.

Display and Navigation

Being an open multiple ontology en-
gineering environment, Swoop has a no-
holds-barred approach for pulling different
Web ontologiesinto itsmodel. Depending
on the nature and context of the task being
performed, ontologies are brought into
Swoop seamlesdly, that is, no additional user
intervention is required and the Ul treats
al ontologiessimilarly. For example, con-
sider the scenario in which the user is
browsing aparticular OWL class, say A, in
a Web ontology that has an OWL class B
related to it by an axiom (say
rdfs:subClassOf). Also, B isnot definedin
the same ontology; instead it has a sepa-
rate physical Web location and has anum-
ber of URIs that share no common prefix
with the rest of A’s URIs. Clicking on the
class B hyperlink causes Swoop to directly
load the external ontology referenced and
select class B init. Thus, no distinction is
made in terms of Ul between navigation
acrossentitiesin asingle ontology or those
present in multiple ontologies. Also, the
back and next buttons can be used to jump
between OWL entitiesin different ontolo-
giesonasingleclick, ensuring the familiar
Web browser experience.

Besidesthe af orementioned scenario,
there are various other situations that can
drive Swoop to load more than one ontol-
ogy. For example, multiple ontologies can
beloaded at any point by entering their Web
location URLS in the address bar. Alter-
nately, the bookmarks feature can be used
to store, categorize, and reload ontologies
directly. Finaly, if aparticular OWL ontol-
ogy hasimported ontol ogies (defined using
owl:imports), loading it causes all itsim-
ports under transitive closure to be loaded
into Swoop directly.
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Livingwith Imports

The use of owl:imports reveals nu-
merous open issuesin Web ontology engi-
neering. Two interrelated issues are con-
sidered here—UI issues in distinguishing
between the definitions and semantics of
imported OWL axioms, and editing support
for axioms defined in the importing ontol-
ogy. Consider the casewhen an OWL class
A is related by an axiom (say
owl:disjointWith) to another class B. Sup-
pose A and B have been defined in differ-
ent ontologies, OA and OB respectively,
and moreover, OA imports OB. (In OWL,
an entity reference is defined in an ontol-
ogy using rdf:1D, and it can be further ref-
erenced in the same or any other ontol ogy
using rdf:about—thus allowing cross-ref-
erencing of terms between ontologies.)

Now, the owl:digointWith axiom can
be defined in either ontology OA or ontol-
ogy OB (or both!). Either way, the seman-
tics of owl:imports, and the fact that OA
imports OB, ensures the axiom is present
inontology OA. Yet, itisimportant to dis-
play to the user the exact source of axiom
definition. Thisisespecially important when
the user wishesto delete thisaxiom. Obvi-
ously, the axiom cannot be deleted in the
importing ontology; instead, the user must
delete the axiom at thelocation at which it
isoriginaly defined (i.e., imported ontol-
ogy). Hence, in our case, if the axiom is
defined in OB, even though it isdisplayed
in OA aswell, it canonly bedeletedin OB.
Swoop needs to make these distinctions
since it does viewing and editing axioms
inline. Currently, this is accomplished by
italicizing all imported axioms (but if an
axiomisalsolocal, that overrides).

Also, given that we use the URI of a
classasitsidentifierinahyperlink, thereis
an ambiguity of a URI when the class is

referenced in different ontologiesin terms
of what class definition needs to be dis-
played when the hyperlink is clicked. So
consider the above case involving classes
A and B, but herethe owl:digointWith axiom
is present in OA and not OB. Now, if the
user isviewing the axiomatic definitions of
class A and clicks on the hyperlink corre-
sponding to class B, there are two possi-
bilities

1. Swoop jumpsto theclassdefinition B in
ontology OB (imported ontology), and
here the digointWith axiom is neither
defined nor displayed.

2. Swoop jumpsto the classdefinition B in
ontology OA itself (importing ontology),
and here all imported axioms from OB
are displayed along with the
owl:digointWithaxiom.

Note how the two views hold differ-
ent semanticsand rightly so, reiterating the
point that the meaning of an OWL entity is
defined in aspecific context (ontology). To
solve the URI ambiguity problem, Swoop
provides|abelsnext to the hyperlinksasan
indicator to thejump location.

Beyond Imports?

Current research makes it clear that
owl:importsisnot thelast word in combin-
ing (or referencing) Web-based ontologies;
infact, problemswith the use of thismecha
nism were pointed out as part of the OWL
documents as an important area for future
standardization. Recent work, for example,
has been looking at using concepts from
foreign ontol ogies without resorting to the
al or nothing approach that owl:imports
demands (Borgida& Serafini, 2003; Kutz,
Lutz, Wolter, & Zakharyaschev, 2003;
Cuenca-Grau, Parsia, & Sirin, 2004). We

Copyright © 2005, Idea Group Inc. Copying or distributing in print or electronic forms without written

permission of Idea Group Inc. is prohibited.



Int’l Journal on Semantic Web & Information Systems, 1(1), 36-49, Jan-March 2005 45

have discovered in Swoop that the prob-
lem of “whereto go” whenfollowingaURI
in an OWL document is not unique to
owl:imports and arises in many different
contextsduring the editing of multiple, linked
ontologies. Different collections of axioms
seem to define (or characterize) different
concepts. The RDF(S)/OWL Full view of
concepts (or properties) as entities which
may have varying definitions (and exten-
sions) associated with them in different
contexts—even in situations where there
isno disagreement, but merenormal use—
is helpful, especially when coupled with
someexplicit identification mechanism for
various definitions. In our work we have
observed that the OWL Full view is more
helpful at theWeb infrastructurelevel than,
as far aswe can currently see, at the logic
level. Classes as instances can be a USE-
FUL Ontological moddingtool (Noy, 2004),
but it might be that in the Semantic Web
context, much of their valueliesoutsidetheir
use in characterizing a domain. For this
reason, Swoop supports OWL Full, and the
concise view displays both the class and
instance propertiesof an entity inthe same
panel. However, these are separated visu-
ally to allow the user to more easily iden-
tify cases where this occurs.

ANNOTATIONS

When browsing or building ontologies
that live on the Web, it isalmost asimpor-
tant to have information about the ontolo-
gies as it is to have the ontologies them-
selves. OWL allowsfor the associating of
varioudly structured information with its
core entities (e.g., classes and properties).

Swoop supports the editing and dis-
play of textual or HTML-formatted com-
ments, and of photos and other multimedia
(bothviaHTML andindependently) as part

of ontologies (see Figure 3). Since OWL
ontol ogies can reference and import other
ontologies, one can separate annotations
about ontologies from the core ontologies
themselves. The Annotea framework
(Kahan, Koivunen, Prud’Hommeaux, &
Swick, 2001) takes this idea and provides
both a specific RDF-based, extensible an-
notation vocabulary, and a protocol for
publishing and finding out-of-band annota-
tions. Swoop usesthe Annoteaframework
as the basis of collaborative ontology de-
velopment.

Annoteasupport in Swoopisprovided
viaasimpleplug-inwhoseimplementation
is based on the standard W3C Annotea
protocols (Swick, Prud’ Hommeaux,
Koivunen, & Kahan, 2001) and uses the
default Annotea RDF schema to specify
annotations. Any public Annoteaserver can
then be used to publish and distribute the
annotations created in Swoop. The default
annotation types (comment, advice, ex-
ample, etc.) seem an adequate base for
human-oriented ontol ogy annotations. One
extension we have begun experimenting
withis“Prototypical lllustration,” thatis, a
photo or drawing that represents atypical
or canonical instance of the class.

ChangeAnnotations

We have extended the Annotea
Schema with the addition of an OWL on-
tology for anew class of annotations—on-
tology changes (similar to Klein & Noy,
2003). The “Change” annotation defined
by the Annotea projected was designed to
indicate a proposed change to the anno-
tated document, with the proposal described
in HTML-marked-up natural language. In
our extended ontol ogy, changeindividuals
correspond to specific, undoable changes
made in Swoop during editing.
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Figure 3. Annotating OWL entities—* Prototypical Illustration” of classes
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Swoop uses the OWL API
(Bechhofer et al., 2003) to model ontolo-
gies and their associated entities, benefit-
ing from its extensive and clean support
for changes. The OWL API separates the
representation of changes from the appli-
cation of changes. Each possible change
type has a corresponding Java classin the
API which is subsequently applied to the
ontology (essentially, the Command design
pattern). These classes allow for the rich
representation changes, including metadata
about the changes.

The Swoop change annotations can
be published and retrieved by Annotea
serversor any other annotation distribution
mechanism. Theretrieved annotations can
then be browsed, filtered, endorsed, rec-
ommended, and selectively accepted. Itis
thus possibleto define“virtual versions’ of
an ontology, by specifying abase ontology
and aset of changesto apply toit. Thisisa
fairly new addition to Swoop, and we are

just beginning to explore the implications
of change tracking, coupled with annota-
tionsfor the development of large, curated
ontologies by collaborative groups of sci-
entistsor other ontology definers.

CONCLUSION

We have built a Web (ontology)
browser and editor, Swoop, which takesthe
standard Web browser asthe Ul paradigm,
believing that URIs are central to the un-
derstanding and construction of Semantic
Web ontologies. Thefamiliar look and feel
of a browser emphasized by the address
bar and history buttons, navigation side bar,
bookmarks, hypertextual navigation, and so
forth areall supported for Web ontologies,
corresponding with themental model people
have of URI-based Web tools based on
their current Web browsers.

All design decisions are in keeping
with the OWL nature and specifications.
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Thus, multiple ontologies are supported
easily, various OWL presentation syntaxes
are used to render ontologies, and an OWL
reasoner can beintegrated for consistency
checking. A key point in our work is that
the hypermedia basis of the Ul is exposed
invirtually every aspect of ontology engi-
neering—easy navigation of OWL entities,
comparing and editing related entities,
search and cross-referencing, multimedia
support for annotation, and so forth—thus
allowing the Swoop user to take advantage
of the Web-based features of OWL sig-
nificantly moreeasily than the user of other
ontology-editing tools.

Inthisarticle, we discuss someof the
key issuesthat our work in Swoop hasiden-
tified as being important in Web ontology
tools. Topics we are currently exploring,
not yet implemented in Swoop, aredealing
with the ad hoc modification of ontologies
by one or more usersworking on the ontol-
ogy over time. These are issues exploring
the editing of imported ontology data, and
the use of annotated ontology change sets
for ontology versioning asdescribed above.
Currently, we have preliminary solutionsfor
theseissuesimplemented in Swoop, but we
areinvestigating alternate approachesthat
may be more powerful and better integrated
with emerging Web standards. For example,
one such approachisthe use of the X Pointer
framework (DeRose, Maler, & Daniel,
2002) to enable efficient syntactic filtering
of ontological code, in order to reduce on-
tology modification timeand effort.
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ENDNOTES

1 Visit the SWOOP Web site at http://
www.mindswap.org/2004/SWOOP to
obtain thelatest information on thetool,
to download a free copy of the source
code or binary release, and/or to try out
theonline demo.

2 A URI is ageneralization of the more
common URL, roughly composed of a
naming scheme or protocol indicator
(http, ftp, mailto, etc.) auniqueindicator
(a domain space name for http, a mail
address for mailto) and a“ fragment id”
which is a hash mark followed by a set
of characters—thus, for example, an owl
class caled “person” from an ontology
on aUniversity server might be named
by the URI http://www.thisuniversity.
edu/Ontol ogyL.ib/csontol ogy#per son.

3 Bookmarksare another example of hid-
den URIs, at least in their most com-
mon form. Browserstypicaly have many
ways to review bookmarked URIs.

4 We plan to extend our ontology evolu-
tion/versioning framework based on re-
lated work such as Stojanovic, Maedche,
Motik, and Stojanovic (2002) in a spe-
cific project or working set. This prac-
ticeishighly beneficial in understanding
and debugging code.
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ABSTRACT

The devel opment of the Semanti c WWeb, the next-generation Web, greatly relies onthe availability
of ontologies and powerful annotation tools. However, there is a lack of ontology-based
annotation tools for linguistic multimedia data. Existing tools either lack ontology support or
provide limited support for multimedia. To fill the gap, we present an ontology-based linguistic
multimedia annotation tool, OntoELAN, which features. (1) the support for OWL ontologies;
(2) the management of language profiles, which allow the user to choose a subset of ontological
terms for annotation; (3) the management of ontological tiers, which can be annotated with
language profile terms and, therefore, corresponding ontological terms; and (4) storing
OntoELAN annotation documentsin XML format based on multimedia and domain ontologies.
To our best knowledge, OntoELAN is the first audio/video annotation tool in the linguistic
domain that provides support for ontology-based annotation. It is expected that the availability
of such atool will greatly facilitate the creation of linguistic multimedia repositories asislands
of the Semantic Web of language engineering.

Keywords: annotation; general multimedia ontology; GOLD; multimedia; ontology; OWL;
Semantic Web

INTRODUCTION Semantic Web is not areplacement, but an
extension of the current Web, and its de-

The Semantic Web (Lu, Dong, & Velopmentgreatly reliesontheavailability
Fotouhi, 2002: Berners-Lee, Hendler, & ©f ontologiesand powerful annotationtools.
Lassila, 2001) isthe next-generation Web, Ontology development and annotation
inwhichinformationisstructuredwithwell- - Management are two challenges of the

defined semantics, enabling better coopera-  development of the Semantic \Web, as we
tion of machine and human effort. The discussed in Chebotko, Lu, and Fotouhi
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(2004). Inthisarticle, although we use our
devel oped General MultimediaOntology as
the framework and the GOLD ontology
developed at the University of Arizona as
an ontology example for ontology-based
annotation of linguistic multimediadata, our
focuswill be on addressing the second chal-
lenge—the development of an ontology-
based multimediaannotator OntoELAN for
the Semantic Web of language engineering.

Recently, thereisan increasing inter-
est and effort for preserving and document-
ing endangered languages (Lu et ., 2004;
The National Science Foundation, 2004).
Many languages are in serious danger of
being lost, andif nothing isdoneto prevent
it, half of the world’'s approximately 6,500
languages will disappear in the next 100
years. The death of alanguage entails the
loss of a community’s traditional culture,
for the language is aunique vehiclefor its
traditionsand culture.

In the linguistic domain, many lan-
guage dataare collected asaudio and video
recordings, which impose a challenge to
document indexing and retrieval. Annota-
tion of multimediadata provides an oppor-
tunity for making the semanticsexplicit and
facilitatesthe searching of multimediadocu-
ments. However, different annotators might
usedifferent vocabulary to annotate multi-
media, which causes |ow recall and preci-
sionin search and retrieval. Inthisarticle,
we propose an ontol ogy-based annotation
approach, inwhich alinguistic ontology is
used so that the terms and their relation-
shipsareformally defined. Inthisway, an-
notators will use the same vocabulary to
annotate multimedia, so that ontol ogy-driven
search engineswill retrieve multimediadata
with greater recall and precision. We be-
lieve that even though in a particular do-
main, it can be very difficult to enforce a
uniform ontology that is agreed on by the

whole community, ontology-driven annota-
tionwill benefit the community once ontol-
ogy-aware federated retrieval systems are
developed based on ontology techniques
such as ontol ogy mapping, alignment, and
merging (Klein, 2001).
In this article, we present an ontology-
based linguistic multimediaannotation tool,
OntoELAN—asuccessor of EUDICO Lin-
guistic Annotator (ELAN) (Hellwig &
Uytvanck, 2004), developed at the Max
Planck Institute for Psycholinguistics,
Nijmegen, The Netherlands, with the aim
to provide a sound technological basisfor
the annotation and exploitation of multime-
diarecordings. Although ELAN isdesigned
specificaly for linguistic domain (analysis
of language, signlanguage, and gesture), it
can be used for annotation, analysis, and
documentation purposesin other multime-
dia domains. We briefly describe the fea-
tures of ELAN in the section, “An Over-
view of OntoELAN,” and refer the reader
to Hellwig and Uytvanck (2004) for de-
tails. OntoELAN inherits all ELAN's fea-
tures and extends the tool with an ontol-
ogy-based annotation approach. In particu-
lar, our main contributionsare:

e OntoELAN can open and display ontolo-
gies, specified in OWL Web Ontology
Language (Bechhofer et al., 2004).

e OntoELAN allowsthe creation of alan-
guage profile, which enables a user to
choose asubset of termsfrom alinguis-
tic ontology and conveniently rename
them if needed.

e OntoELAN allowsthe creation of onto-
logical tiers, which can be annotated
with profile terms and, therefore, their
corresponding ontological terms.

* OntoELAN saves annotations in XML
(Bray, Paoli, Sperberg-McQueen, Maler,
& Yergeau, 2004) format as class in-
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stances of the General Multimedia On-
tology, which is designed based on the
XML Schema(Fallside, 2001) for ELAN
annotation files.

* OntoELAN, while annotating ontol ogi-
cal tiers, creates class instances of cor-
responding ontol ogieslinked to annota-
tion tiers and relates them to instances
of the General Multimedia Ontology
classes.

This paper extends the presentation
of OntoELAN in Chebotko et al. (in press),
with more detailson ontological and archi-
tectural aspects of OntoELAN and with a
premier on OWL. Since OntoELAN is de-
veloped to fulfill annotation requirements
for the linguistic domain, it is natural that,
inthisarticle, we uselinguistic annotation
examplesand link the General Ontology for
Linguistic Description (GOLD) (Farrar &
Langendoen, 2003) to an ontological tier.
To our best knowledge, OntoELAN is the
first audio/video annotation tool in thelin-
guistic domain that provides support for
ontology-based annotation. It is expected
that theavailability of such atool will greatly
facilitatethe creation of linguistic multime-
diarepositories asislands of the Semantic
Web of language engineering.

RELATED WORK

Inthefollowing, first weidentify the
requirementsfor linguistic multimediaan-
notation, then we review existing annota-
tion tools with respect to these require-
ments. We conclude that these toolsdo not
fully satisfy our requirements, and thismo-
tivates our development of OntoELAN.

Linguistic domain places some mini-
mum requirements on multimedia annota-
tion tools. While semantics-based contents
such as speeches, gestures, signs, and

scenes are important, color and shape are
not of interest. To annotate semantics-based
content, atool should provide atime axis
and the capability of itssubdivisionintotime
slots/segments, multipletiersfor different
semantic content. Obviously, there should
be some multimedia resource metadata
such astitle, authors, date, and time. Addi-
tiondly, atool should provide ontol ogy-based
annotation features to enable the same an-
notation vocabulary for aparticular domain.

As related work, we give a brief de-
scription of the following tools: Protégé
(Stanford University, 2004), IBM MPEG-
7 Annotation Tool (International Business
Machines Corporation, 2004), and ELAN
(Hellwig & Uytvanck, 2004).

Protégé is a popular ontology con-
struction and annotation tool developed at
Stanford University. Protégé supports the
Web Ontology L anguage through the OWL
plug-in, which allows a user to load OWL
ontologies, annotate data, and save anno-
tation markup. Unfortunately, Protégé pro-
vides only simple multimedia support
through the MediaSlot Widget. The Media
Slot Widget alows the inclusion and dis-
play of video and audio files in Protégé,
which may be enough for general descrip-
tion of multimediafiles like metadata en-
tries, but not sufficient for annotation of a
speech, where the multimedia time axis
and its subdivision into segments are cru-
cia.

The IBM MPEG-7 Annotation Tool
was developed by IBM to assist annotat-
ing video sequences with MPEG-7
(Martinez, 2003) metadata based on the
shots of the video. It does not support any
ontology language and usesan editablelexi-
con from which a user can choose key-
words to annotate shots. A shot is defined
asatime periodinvideoinwhichtheframes
have similar scenes. Annotations are saved
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based on MPEG-7 XML Schema
(Martinez, 2003). Although the IBM
MPEG-7 Annotation Tool was specially
designed to annotate video, shot and lexi-
con-based annotation does not provide
enough flexibility for linguistic multimedia
annotation. In particular, the shot approach
isgood for the annotation of content-based
features like color and texture, but not for
time alignment and time segmentation re-
quired for semantics-based content anno-
tation.

ELAN (EUDICO Linguistic Annota-
tor), developed at the Max Planck I nstitute
for Psycholinguistics, Nijmegen, The Neth-
erlands, isdesigned specifically for linguis-
tic domain (analysisof language, sign lan-
guage, and gesture) to provide a sound
technological basisfor the annotation and
exploitation of multimedia recordings.
ELAN provides many important features
for linguistic data annotation such astime
segmentation and multiple annotation lay-
ers, but not the support of an ontology.
Annotation filesare savedinthe XML for-
mat based on ELAN XML Schema.

As a summary, existing annotation
tools such as Protégé and the IBM MPEG-
7 Annotation Tool are not suitable for our
purpose since they do not support many
multimedia annotation operations such as
multipletiers, timetranscription, and trans-
lation of linguistic audio and video data.
ELAN isthe best candidate for becoming a
widely accepted linguistic multimedia an-
notator, and it is already used by linguists
throughout theworld. ELAN provides most
of therequired featuresfor linguistic multi-
mediaannotation, which motivatesusto use
it as the basis for the development of
OntoELAN to add ontol ogy-based annota-
tion features such as the support of an on-
tology and alanguage profile.

AN OVERVIEW OF
ONTOELAN

OntoELAN is an ontology-based lin-
guistic multimediaannotator, devel oped on
thetop of ELAN annotator. It was partially
sponsored and devel oped as apart of Elec-
tronic Metastructure for Endangered Lan-
guages Data(E-MELD) project. Currently,
OntoELAN source code contains more
than 60,000 lines of Javacode and has sev-
eral years of development history started
by the Max Planck Institute for
Psycholinguistics team and continued by
the Wayne State University team. Both
devel opment teamswill continuetheir col-
laboration on ELAN and OntoELAN.

OntoELAN hasalong list of detailed
descriptionsof al itstechnical features, in-
cluding the following features that arein-
herited from ELAN:

 display a speech and/or video signals,
together with their annotations;

e time linking of annotations to media
streams,

 linking of annotations to other annota-
tions;

e unlimited number of annotationtiersas
defined by a user;

o different character sets; and

* basic search facilities.

OntoELAN implements the following ad-
ditional features:

* |oading of OWL ontologies,

* language profilecreation;

 ontology-based annotation; and

e gtoring annotations in the XML format
based on the General Multimedia On-
tology and domain ontologies.
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Figure 1. A snapshot of the OntoELAN main window
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The main window of OntoELAN is
shownin Figure 1. OntoELAN hasthevideo
viewer, the annotation density viewer, the
waveform viewer, the grid viewer, the sub-
title viewer, the text viewer, the timeline
viewer, the interlinear viewer, and associ-
ated with them controls and menus. All
viewersare synchronized so that whenever
a user accesses a point in time in one
viewer, al the other viewers move to the
corresponding point intime automatically.
Thevideo viewer displaysvideoin “mpg”
and “mov” formats, and can be resized or
detached to play video in a separate win-
dow. The annotation density viewer isuse-
ful for navigation through the mediafileand
analysisof annotations concentration. The
waveform viewer displays the waveform
of the audio file in “wav” format; in case
of video files, there should be an additional
“wav” file present to display waveform.
The grid viewer displays annotations and
associated time segments for a selected

annotation tier. The subtitle viewer displays
annotations on selected annotation tiers at
the current point in time. The text viewer
displays annotations of a selected annota-
tion tier asacontinuoustext. Thetimeline
viewer and the interlinear viewer are in-
terchangeable, and both display al tiersand
al their annotations; only one viewer can
be used at a time. In this article, we will
mostly work with the timeline viewer (see
Figure 1), which allows auser to perform
of operationsontiersand annotations. Be-
cause a significant part of the OntoELAN
interface is inherited from ELAN, the
reader can refer to Hellwig and Uytvanck
(2004) for detailed description.
OntoELAN uses and manages several data
sources:

* General Multimedia Ontology (OWL):
ontological termsfor multimedia anno-
tations.
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Figure 2. OntoELAN data flow diagram
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ontological termsfor linguistic annota-
tions.

* Language profiles (XML): a selected
subset of domain ontology termsfor lin-
guistic annotations.

* OntoELAN annotation documents
(XML): storage for linguistic multime-
diaannotations.

A dataflow diagram for OntoELAN
is shown in Figure 2. We do not specify
names of most data flows, as they are too
general to giveany additional information.
Two data flows from a user are user-de-
fined terms for language profiles and lin-
guistic multimediaannotations.

Inthefollowing sections, wewill give
more details on OntoELAN data sources
and data flows. We focus more on the de-
scription of featuresthat make OntoELAN
an ontology-based multimedia annotator,
like OWL support, linguistic domain ontol-
ogy and the General MultimediaOntology,
alanguage profile, ontological annotation
tiers, and so forth.
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SUPPORT OF OWL

OWL Web Ontology Language
(Bechhofer et al., 2004) isrecently recom-
mended as the semantic markup language
for publishing and sharing ontologieson the
World WideWeb. It isdeveloped asarevi-
sion of DAML+OIL language and hasmore
expressive power than XML, RDF, and
RDF Schema (RDF-S). OWL provides
constructs to define ontologies, classes,
properties, individuals, datatypes, and their
relationships. In thefollowing, we present
a brief overview of the major constructs
and refer the reader to Bechhofer et al.
(2004) for more details.

Classes

A classdefinesagroup of individuals
that share some properties. A classis de-
fined by owl:Class, and different classes
can be related by rdfs:subClassOf into a
class hierarchy. Other relationships be-
tween classes can be specified by
owl:equivalentClass, owl:disjoint\With,
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and so forth. The extension of a class can
be specified by owl:oneOf with a list of
class members or by owl:intersectionOf,
owl: unionOf and owl: complementOf with
alist of other classes.

Properties

A property states relationships be-
tweenindividuasor fromindividualsto data
values. The former is called
ObjectProperty and specified by
owl: ObjectProperty. The latter is called
DatatypeProperty and specified by
owl:DatatypeProperty. Similarly to
classes, different properties can be related
by rdfs:subPropertyOf into a property hi-
erarchy. The domain and range of a prop-
erty are specified by rdfs:domain and
rdfs:range, respectively. Two properties
might be asserted to be equivalent by
owl:equivalentProperty. In addition, dif-
ferent characteristics of a property can be
specified by owl:Functional Property,
owl:InverseFunctional Property,
owl: TransitiveProperty, and owl:
SymmetricProperty.

Property Restrictions

A property restrictionisaspecia kind
of aclassdescription. It defines an anony-
mous class, namely the set of individuals
that satisfy the restriction. There are two
kinds of property restrictions. value con-
straints and cardinality constraints. Value
constraints restrict the values that a prop-
erty can take within a particular class, and
they are specified by owl:allValuesFrom,
owl: someValuesFrom, and owl: hasvalue.
Cardinality constraintsrestrict the number
of valuesthat a property can take withina
particular class, and they are specified by

owl:minCardinality, owl:maxCardinality,
owl:cardinality, and so forth.

OWL issubdividedinto three species
(in increasingly-expressive order): OWL
Lite, OWL DL, and OWL Full. OWL Lite
places some limitations on the usage of
constructsand is primarily suitablefor ex-
pressing taxonomies. For example,
owl:unionOf and owl:complementOf are
not part of OWL Lite, and cardinality con-
straintsmay only haveaO or 1 value. OWL
DL provides more expressivity and still
guarantees computational completeness
and decidability. In particular, OWL DL
supports all OWL constructs, but places
some restrictions (e.g., class cannot be
treated asanindividual). Finally, OWL Full
gives maximum expressiveness, but not
computational guarantee.

OntoELAN usesthe Jena 2 (Hewl ett-
Packard Labs, 2004) Java framework for
writing Semantic Web applicationsto pro-
vide OWL DL support. On the language
profile creation stage, OntoELAN basically
uses class hierarchy information based on
rdfs:subClassOf construct. However,
while annotating datawith ontological terms
(by means of a language profile),
OntoEL AN generatesdynamicinterfacefor
creating instances, assigning property val-
ues, and so forth.

LINGUISTIC DOMAIN
ONTOLOGY

As alinguistic domain ontology ex-
ample, we use the General Ontology for
Linguistic Description (GOLD) (Farrar &
Langendoen, 2003). To make things clear
from the beginning, OntoELAN does not
have GOLD as a component; both are in-
dependent. The user can load any other
linguistic domain ontology, therefore
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OntoELAN can be used as a multimedia
annotator in other domainsthat require simi-
lar features. Moreover, the user can load
several different ontologiesfor distinct an-
notation tiersto provide multi-ontological
or even multi-domain annotation ap-
proaches. For exampl e, agesture ontol ogy
can be used for linguistic multimediaanno-
tation, as a speaker’s gestures help the
audience understand the meaning of a
speech better. Therefore, linguists can use
GOLD in onetier and the gesture ontol-
ogy in another tier to capture more se-
mantics.

The General Ontology for Linguistic
Description is an ongoing research effort
led by the University of Arizonato define
linguistic domain-specific terms using
OWL. GOLD isconstantly under revision,
and the ontology changeswith introduction
of new classes, properties, and relations;
its structure also changes. Current infor-
mation about GOLD is available at
www.emeld.org, and the ontology is also
downloadable from www.u.arizona.edu/
~farrar/gold.owl. We briefly describe
GOLD content in the next few paragraphs
and refer the reader to Farrar and
Langendoen (2003) and also to Farrar
(2004) for more details.

GOLD provides a semantic frame-
work for the representation of linguistic
knowledge and organizes knowledge into
four major categories:

e Expressions. Physically accessible as-
pects of alanguage. Linguistic expres-
sions include the actual printed words
or sounds produced when someone
speaks. For example, Orthographic
Expression, Utterance, Signed Ex-
pression, Word, WordPart, Prefix.

e Grammar: The abstract properties and
relations of a language. For example,

Tense, Number, Agreement, PartOf
Speech.

e Data Sructures: Constructs that are
used by linguists to analyze language
data. A linguistic data structure can be
viewed as a structuring mechanism for
linguistic data content. For example, a
lexical entry is a data structure used to
organizelexical content. Other examples
areaphonemetable and asyntactic tree.

* Metaconcepts: The most basic concepts
of linguistic analysis. The example of a
metaconcept is alanguage itself.

Throughthearticlewewill useonly smple
GOLD concepts like Noun, Verb, Parti-
ciple, Preverb. They are subclasses of
PartOfSpeech, and their meaning is easy
to understand without special training. Ad-
ditionaly, wewill usethe concepts Animate
(living things, including humans, animals,
spirits, trees, and most plants) and Inani-
mate (non-living things, such as objects of
manufacture and natural “non-living”
things), which are two grammatical gen-
ders or classes of nouns.

GENERAL MULTIMEDIA
ONTOLOGY

Although OntoELAN isan ontology-
based annotator, a user may not use onto-
logical termsfor annotation. Infact, for lin-
guistic multimediaannotation there should
usually be several annotation tiers whose
annotationisnot based on ontological terms.
For example, a speech transcription and a
speech tranglation into another language do
not use an ontology. Consequently,
OntoEL AN needsto savenot only instances
of classes created for ontology-based an-
notations, but also other text data created
without ontologies. One solution isto use
XML Schemadefinitionsto save an anno-
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tation fileinthe XML format—thisiswhat
ELAN does. Being consistent in using an
ontological approach and, therefore, build-
ing the Semantic Web, we provide another
solution—the multimediaontol ogy.

We have developed the multimedia
ontology that we called General Multime-
diaOntology and that servesasasemantic
framework for multimedia annotation. In
contrast to domain ontol ogies, the General
Multimedia Ontology is a crucial compo-
nent of the system. OntoELAN saves its
annotationsinthe XML format asclassin-
stances of the General Multimedia Ontol-
ogy and classinstancesof linguisticdomain
ontologiesthat are used in ontological tiers.

The General MultimediaOntology is
expressed in Web Ontology Language and
is designed based on ELAN XML Schema
for annotation. The General Multimedia
Ontology containsthefollowing classes:

e AnnotationDocument, which repre-
sents the whol e annotation document.

* Tier, which represents a single annota-
tion tier/layer. There are severa types
of tiers that a user can choose.

* TimeSot, which represents a concept
of atime segment that may subdivide
tiers.

e Annotation, which can be either
AlignableAnnotation or Referring
Annotation.

* AlignableAnnotation, which links di-
rectly to atime slot.

* ReferringAnnotation, which can ref-
erence an existing Alignable Annota-
tion.

¢ AnnotationValue, which has two sub-
classes SringAnnotation and Ontol-
ogy Annotation that represent two dif-
ferent ways of annotating.

* MediaDescriptor, TimeUnit and others.

Relationshi ps among someimportant Gen-
eral Multimedia Ontology classes are pre-
sented in Figure 3. In general,
AnnotationDocument may have zero or
many Tiers, which, in turn, may have zero
or many Annotations. Annotation can be
either  AlignableAnnotation or
ReferringAnnotation, where Alignable
Annotation can be divided by TimeSots,
and ReferringAnnotation can refer to
another annotation. ReferringAnnotation
may refer to AlignableAnnotation, aswell
as to ReferringAnnotation, but the root
of the referenced annotations must be an
AlignableAnnotation. Each Annotation
has one AnnotationValue, which can be
either a StringAnnotation or an
OntologyAnnotation. StringAnnotation
represents any string that a user can input
as an annotation value, but values, repre-
sented by OntologyAnnotation, come
from alanguage profile and, consequently,
from an ontology. Note that the General
Multimedia Ontology allows Ontology
Annotation to be used only with
ReferringAnnotation. In other words, tiers
with AlignableAnnotations do not support
an ontology-based approach. This limita-
tion is due to software development is-
sues—OntoELAN does not support anno-
tation with ontological termsin alignable
tiers. Weintentionally emphasize this con-
straint in the ontol ogy, although conceptu-
ally it should not be the case.
Among our contributions is the introduc-
tion of the OWL class Ontology Annota-
tion, which serves as an annotation unit
for an ontology-based annotation.
OntologyAnnotation has restrictions on
thefollowing properties:

e hasOntAnnotationld: The ID of the
annotation. The property cardinality
equals one (owl:cardinality = 1).

Copyright © 2005, Idea Group Inc. Copying or distributing in print or electronic forms without written

permission of Idea Group Inc. is prohibited.



Int’l Journal on Semantic Web & Information Systems, 1(1), 50-67, Jan-March 2005 59

Figure 3. Relationships among some General Multimedia Ontology classes (UML classdiagram)
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¢ hasUserDefinedTerm, which relates
OntologyAnnotation to aterm in alan-
guage profile (described in the next sec-
tion). Theproperty cardinality equalsone
(owl:cardinality = 1).

* haslnstances, which relates Ontology
Annotation to a term (represented as
an instance) in an ontology used for an-
notation. The property cardinality is
greater than zero (owl:minCardinality
=1).

» hasOntAnnotationDescription: De-
scriptions/comments on the annotation.
The property cardinality isnot restricted.

The General MultimediaOntology isavail-
able at database.cs.wayne.edu/proj/
OntoEL AN/multimedia.owl. We will add
new concepts to the ontology in case if

‘ StringAnnotation

OntoELAN needs them for annotation. We
have developed the General Multimedia
Ontology especially for OntoELAN and
have not included most concepts in multi-
mediadomain. In particular, wedid not in-
clude multimedia concepts such as those
related to shapes, colors, motions, audio
spectrum, and so forth. Our small ontology
focuses on high-level multimedia annota-
tion features and can be used for similar
annotation tasks.

LANGUAGE PROFILE

A language profileis a subset of on-
tological terms, possibly renamed, that are
used in the annotation of aparticular multi-
media resource. The idea of a language
profile comesfrom thefollowing practical
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issues related to an ontol ogy-based anno-
tation.

A domain ontology definesall terms
related to aparticular domain, and the num-
ber of termsisusually considerably large.
However, to annotate a concrete data re-
source, an annotator usually does not need
al terms from an ontology. Moreover, an
experienced annotator can identify a sub-
set of ontological termsthat will be useful
for agiven resource. Speaking in terms of
alinguistic domain, an annotator will only
use a subset of GOLD to annotate a par-
ticular language and may need a different
subset for another language.

Linguists have been annotating mul-
timedia data for years without standard-
ized terms from an ontology. They have
their individual sets of terms that they are
accustomed to using for annotation. It will
be difficult to come to a consensus about
class names in GOLD so that every lin-
guist is satisfied with it. Additionally, lin-
guistswidely use abbreviationslike“n” for
“noun” which is concise and convenient.
Finally, linguistswhose native languageis,
for example, Ukrainian may prefer to use
annotation terms in Ukrainian rather than
inEnglish.

More formally, alanguage profileis
defined as aquadruple: ontological terms;
user-defined terms; a mapping between
ontological terms and user-defined terms;
and areferenceto an ontology, which con-

tainsthe structural information about terms
(like subclassrelationship). In summary, a
language profile in OntoELAN provides
convenience and flexibility for auser to:

* select asubset of ontological terms use-
ful for aparticular resource annotation;

* renameontological terms, for example,
use another language, give an abbrevia-
tion or asynonym;

e combine the meaning of two or many
ontological terms in one user-defined
term (e.g., ontological terms*Inanimate”
and “Noun” may be conveniently re-
named as “NI").

OntoELAN allows ontology-based
annotation by meansof alanguage profile.
A user opens an ontology, creates a pro-
file, and linksit to an ontological tier. Anno-
tation valuesfor an ontological tier can only
be selected from a language profile.
A language profilein OntoELAN is repre-
sented as a simple XML document (see
Figure 4) with a specified schema, which
basically maps ontological terms to user-
defined terms, and hasalink to the original
ontology and some metadata. A user can
easily create, open, edit, and save profiles
with OntoELAN.

Figure 4 presents an example lan-
guage profile, created by the author Artem
and linked to GOLD ontology at URI
www.u.arizona.edu/~farrar/gold.owl. In

Figure 4. An example of the language profile XML document

</USER_DEFINED_ TERM>
</PROFILE>

<?xml version="1.0" encoding="UTF-8"7?>
<PROFILE AUTHOR="Artem" DESCRIPTION=""
SOURCE= "http://www.u.arizona.edu/~farrar/gold.owl"s>
<USER_DEFINED TERM DESCRIPTION=""
<ONTOLOGY_TERM NAME="Noun"/>
<ONTOLOGY_TERM NAME="Inanimate"/>

VERSION="1.0"

NAME="NI">
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thisexample, thereisonly one user-defined
term “NI” that maps to ontological terms
“Noun” and “Inanimate.” Thisisaone-to-
many mapping, but amapping can be many-
to-many aswell. For example, we can add
another user-defined term “IN” that maps
to the same ontol ogical terms*“Noun” and
“Inanimate.” In general, amapping can be
one-to-one, one-to-many, many-to-one, or
many-to-many.

ANNOTATION TIERS AND
LINGUISTIC TYPES

OntoELAN allows a user to create
an unlimited number of annotation tiers.
Multiple-tier featureisamust for linguistic
multimediaannotation. For example, while
annotating an audio monolog, alinguist may
choose separate tiers to write a monolog
transcription, atrandation, apart of speech
annotation, aphonetic transcription, and so
forth.

An annotation tier can be either
alignable or referring. Alignable tiers are
directly linked to thetime axis of an audio/
video clip and can bedivided into segments
(timedlots); referring tiers contain annota-
tions that are linked to annotation on an-
other tier, whichisalso called a parent tier
and can bealignableor referring. Thus, tiers
form a hierarchy, where its root must be
an alignable tier. Following the previous
exampl e, the speech transcription could be
an independent time-alignable tier that is
divided into time slots of the speaker’s ut-
terances. On the other hand, the tranda
tion-referring tier could refer to the tran-
scriptiontier, sothat thetrandationtier in-
heritsitstimealignment from thetranscrip-
tiontier.

After atier hierarchy is established,
changes in one tier may influence other

tiers. Deletion of a parent tier is cascaded:
al itschild tiersare automatically deleted.
Similarly, thisistrue about annotationson a
tier: deletion of an annotation on a parent
tier causes the deletion of al correspond-
ing annotationsonitschildtiers. Alteration
of the time slot on a parent tier influences
al childtiersaswell.

Each annotation tier has associated
with it linguistic type. There are five pre-
defined linguigtic typesin OntoELAN which
put some constraints on tiers assigned to
them. Thefirst four of them are described
in Hellwig and Uytvanck (2004), and we
aso givetheir definitionshere:

e None: The annotation on the tier is
linked directly to the time axis. Thisis
theonly typethat dignabletierscan have.

e Time Subdivision: Theannotation onthe
parent tier can be subdivided into smaller
units, which, inturn, can belinked totime
dlots. They differ from annotations on
aignabletiersin that they are assigned
to adlot that is contained within the slot
of their parent annotation.

e Symbolic Subdivision: Similar to the
previoustype, but the smaller unitscan-
not be linked to thetime slots.

e Symbolic Association: The annotation
on the parent tier cannot be subdivided
further, so there is a one-to-one corre-
spondence between the parent annota-
tion and itsreferring annotation.

e Ontological Type: The annotation on
such atier is linked to a language pro-
file. Thisis not an independent type, as
it can be used only in combination with
referring tier types such as Time Subdi-
vision, Symbolic Subdivision, or Sym-
bolic Association. To emphasize that a
referring tier allows ontol ogy-based an-
notation, wecall it an ontological tier.
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Figure 5. A snapshot of creating a language profile
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Only ontological tiers allow annota-
tion based on language profileterms; other
types of tiers allow annotation with any
string value.

LINGUISTIC MULTIMEDIA
ANNOTATION WITH
ONTOELAN

In this section, we describe an anno-
tation process in OntoELAN using a lin-
guistic multimediaresource annotation ex-
ample. Ingeneral, an annotation processin
OntoELAN consists of three mgjor steps:
(2) language profile creation, (2) creation
of tiers, and (3) creation of annotations. The
first stepisunnecessary if ontological tiers
will not be defined. The second step can
be completed partially for non-ontological
tiersbefore the creation of alanguage pro-

file. Itisalso possibleto have multiple pro-
filesfor multipleontological tiers, but there
is always one-to-one correspondence be-
tween aprofile and an ontological tier.

As an example, we annotate the au-
dio file, which contains a sentence in
Potawatomi, one of the North American
native languages.

We first load GOLD ontology and
create the Potawatomi language profile.
Figure 5 presents a snapshot of the profile
creation window. The tabs “Index” and
“Ontology Tree” on the left provide two
viewsof an ontology: alist view, which dis-
plays al the terms of an ontology alpha-
betically asalist, and a hierarchical view,
which displaysall thetermsof an ontology
in a hierarchical fashion to illustrate par-
ent-child rel ationships between terms. From
any of these two views, a user can select
required terms and add them to the “ Onto-
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Figure 6. A snapshot of annotation tiers in the OntoELAN main window
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logical Terms” list, and rename ontological
terms as shown in the “User-Defined
Terms’ list. In Figure 5, we selected the
ontological terms*Inanimate”’ and “ Noun”
and combine them under one user-defined
term “NI.”

After the language profile is ready,
we define six tiersin the OntoELAN main
window (see Figure 6):

e Orthographic of type “None” (linked
to thetime axis)

* Trangdation of type* Symbolic Associa-
tion” (referring to Orthographic)

* \Words of type “Symbolic Subdivision”
(referring to Orthographic)

* Parse of type “Symbolic Subdivision”
(referring to Words)

* Gloss of type “Symbolic Association”
(referring to Parse)

e Ontology of type “Symbolic Associa-
tion” and “ Ontological Type” (referring
to Gloss)

The created tier hierarchy is shown
inFigure7?.
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E-yayajmowat Eyayengajmowat
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Finally, we specify annotation values
on all six tiers(see Figure 6). We annotate
the Orthographic tier first, because it is
the root of the tier hierarchy, and its time
alignment isinherited by other tiers. Wedo
not divide the Orthographic tier into time
dots, and its time axis contains the whole
sentence in Potawatomi. The Translation
tier inheritstime alignment from its parent
and cannot subdivide it any further (type
“Symbolic Association”). The Words tier
a so inherits Orthographic time alignment,
but in this case we subdivide it into seg-
mentsthat correspond to wordsin the sen-
tence. Similarly, we subdivide the Parse
tier alignment inherited from Words. The
Gloss tier inherits alignment from Parse,
and the Ontology tier inherits alignment
from Gloss; both Gloss and Ontology do

Figure 7. A snapshot of the tier hierarchy

& Tiern... TR
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Figure 8. An example of the XML markup for the OntoELAN annotation

<media:Tier rdf:ID="Ontology">

<media:hasLinguisticType>

</media:LinguisticType>
</media:hasLinguisticType>

</media:Tier>

<media:RefAnnotation rdf:ID="a42">
<media:hasAnnotationvalue>

<media:hasInstances

</media:OntologyAnnotations
</media:hasAnnotationValue>
</media:RefAnnotations>

<media:hasTierID>Ontology</media:hasTierID>
<media:hasParent rdf:resource="file:///C:/wabozo4.eaf#Gloss"/>
<media:hasProfile>C:\wabozo.prf</media:hasProfiles>

<media:LinguisticType rdf:ID="ontology">
<media:hasTimeAlignable>false</media:hasTimeAlignable>
<media:hasLinguisticTypeID>ontology</media:hasLinguisticTypeID>
<media:hasConstraint rdf:resource="file:///C:/wabozo4.eaf#Symbolic_Association"/>
<media:hasGraphicRef>false</media:hasGraphicRef>

<media:hasAnnotationID>a42</media:hasAnnotationID>
<media:hasAnnotationRef rdf:resource="file:///C:/wabozo4.eaf#a3l"/>

<media:OntologyAnnotation rdf:ID="a42Value">
<media:hasUserDefinedTerm>PV</media:hasUserDefinedTerm>

rdf :resource="http://www.u.arizona.edu/~farrar/gold.owl#Preverb"/>
<media:hasOntAnnotationDescription>comments</media:hasOntAnnotationDescriptions>
<media:hasOntAnnotationIdse</media:hasOntAnnotationIds>

not allow further subdivision. Correct align-
ment inheritanceisimportant, becausethere
isasemantic correspondence between seg-
ments of different tiers. For example, if we
look at a Potawatomi word “neko” in the
Words tier, we can find its gloss “ used to”
in the Gloss tier and part of speech “PC”
(mapsto GOLD Participle concept) inthe
Ontology tier.

Except for the annotations on the
Ontology tier, which isdefined as an onto-
logical tier, al the annotations are annotated
by a string value. Unlike the text annota-
tion, the user annotatesthe ontological tier
by selecting a user-defined term from the
profile. Oncethe term is selected, the next
step is creating individuals of the corre-
sponding ontological term(s). The user
needsto do nothing if the ontological term
isdefined asan instancein the ontology, to
input an instance name if the ontological
term is defined as a class with no restric-

tions, or to provideall information based on
thedefinition of theontological class, prop-
erties, and so forth.

The annotation is saved in the XML
format as instances of the General Multi-
media Ontology and, in our case, GOLD.
The example of the XML markup for the
Ontology tier instance and referring an-
notation instancewith ID “a42” onthat tier
isshownin Figure8. For the Ontology tier,
several properties are defined such as ID,
parent tier, profile, linguistic type, and so
forth. For the referring annotation,
OntoELAN has defined ID, reference to
another annotation, and annotation value
that includes an Ontol ogyAnnotation class
instance with 1D, user-defined term “PV,”
and reference to GOLD concept Preverb,
which is defined as an instance. The
markup in Figure 8 isbased on the General
MultimediaOntol ogy, except thereference
to a GOLD instance mentioned above.
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CONCLUSIONS AND
FUTURE WORK

In this article, we address the chal-
lenge of annotation management for the
Semantic Web of language engineering.
Our contribution is the development of
OntoELAN, alinguistic multimedia anno-
tation tool that features an ontol ogy-based
annotation approach. OntoELAN isthefirst
attempt at annotating linguistic multimedia
datawith alinguistic ontology. Meanwhile,
the ontol ogical annotations share the data
onthelinguigtic ontologies. Futurework will
improvethe system and provide more chan-
nels for sharing data on the Web, such as
the multimedia descriptions, the language
words, and so forth. Also, afuture version
will improvethe current searching system,
which supportstext searching and retrieval
in one annotation document, to search, re-
trieve, and comparethelinguistic multime-
dia annotation data on the Web. Addition-
aly, we plan to integrate a text document
annotation into OntoELAN and include
semi-automatic annotation support, similar
to Shoebox (SIL International, 2000).
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