A Tool for Working with Web Ontologies

Aditya Kalyanpur, Bijan Parsia, and James Hendler

University of Maryland, MIND Lab, 8400 Baltimore Ave,
College Park MD 20742, USA
f aditya g@cs.umd.edu
f bparsia g@isr.umd.edu
fhendler g@cs.umd.edu

Abstract.  The task of building an open and scalable ontology browsing
and editing tool based on OWL, the rst standardized Web-ori ented on-
tology language, requires the rethinking of critical User | nterface and on-
tological engineering issues. In this paper, we describe Swop, a browser
and editor speci cally 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, in-
cluding issues related to the display, navigation, editing and collaborative
annotation of OWL ontological data.

1 Introduction

The Web Ontology Language, OWL [1] was approved in February &
2004 as a World Wide Web Consortium (W3C) Recommendation forthe
publication of ontologies on the World Wide Web { creating a standard
language for the publication and exchange of ontological mdels on the
Web. OWL re ects almost ten years of research, experimentaion, and
small scale deployment of Web ontologies and a number of caxin features
in its design were made explicitly to help realize the ideal 6 Web based
ontologies, that is, of integrating knowledge representaibn with the open,
global, and distributed hypermedia system of the Web, compéble with
the principles of Web architecture design. In this paper we dscuss some
insights into supporting the use of Web Ontologies that we hae gained in
building Swoop, an ontology browser and editor, designed sgi cally for
use with OWL and directly supporting the use of Web-based "cutural
metaphors" { that is, based on the way people are used to inteacting
with documents and data in current Web applications.



2 A Web (Ontology) Browser

21 OWL

OWL is a standard for representing knowledge on the Web with afocus
on both making these documents compatible with Web standard and
on being useful for the modeling of knowledge using past reaech on
ontologies and reasoning. OWL comes in three increasinglyxeressive
sublanguages | OWL Lite, DL and Full. The Lite and DL species o f OWL
are based on description logics, i.e., decidable, class apdoperty oriented
subsets of rst order logic. OWL Full follows RDF Schema in having a
higher order syntax (although rst order semantics) | OWL fu Il does not
enforce a strict separation of classes, properties, indiduals, datatypes
or data values. Any entity could be, for example, both a classand an
individual. This design was motivated by the Web architecture dictum
that \everything is a resource", thus an individual, and fro m the general
modeling consideration that the choice between whether toepresent some
aspect of a domain as a class or an individual is not always ce. In
a world where people are trying to reuse vocabulary and map keeen
concepts, it seems quite natural to be able toexpressthe dual view of
certain domain objects as either classes or individuals, ah sometimes
both.

One characteristic of \Webized" languages, especially Seamtic Web
languages, is the systematic prevalence of Universal Resme Indicators®
(URIs) as names for most entities. In OWL, names for classesproper-
ties, individuals, datatypes, etc. are URIs. URIs have a nunber of useful
properties including:

1. For a number of URI schemes, notably http URIs, there is a wé de-
veloped set of mechanisms for avoiding name collisions, miosotably
the domain name system (DNS).

2. These mechanisms, especially the DNS, interact with vadus internet
protocols, notably HTTP, to make it very easy to publish and r etrieve
information associated with a URI.

3. URIs have various degrees of opacity. For example, HTTP irposes
relatively few constraints on the semantics of the scheme sz ¢ part

1 A URI is a generalization of the more common URL, roughly comp osed of a naming
scheme or protocol indicator (http, ftp, mailto, etc.) a uni que indicator (a domain
name 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
called "person" from an ontology on a University server migh t be named by the
URI http://www.thisuniversity.edu/OntologyLib/csontolog y#person.



of http URIs. The hierarchical structure seen in most http UR Is can
map directly into a le system (which is a very useful default be-
havior), but it can also map into queries on a relational datebase, the
object structure of a long running process, or any other Web esource.

4. URIs can work well for end users, who have developed a lot expertise
with using URIs when browsing or authoring.

Web browsers are the ubiquitous way that people use URIs, andeven in
authoring tools, the primary mental model people have of URE is derived
from their use in browsers. In designing Swoop, we took the W browser
as our User Interface (Ul) paradigm, believing that URIs are central to
the understanding and construction of Web Ontologies. We catrast this
to other ontology editors such as Proege [2], OIIED [3], and OntoEdit [4]
which either are, or were in uenced by traditional KR development tools
and applications, and do not re ect this \Webiness" in their Ul design.
In particular, they do not fully support the use of hypertext to drive the
exploration and editing of ontologies.

2.2 Hypertextual Navigation

In a Web browser, there are two primary modalities for URIs: manifest
and hidden. The address bar is the central mechanism for mafest URIs.
URIs must be typed into the address bar, and are always visil# there.
Browser features such as history drop downs and the use of nancom-
pletion mean that users need not remember or enter entire UR, while
the address bar requires and abets interaction with raw URIs The most
prominent hidden use of URIs is the hyperlink wherein the URIis address
the target of a clickable (in most browsers) region of text (o an image).
There are tight links between hidden and manifest URIs. The WRIs hid-
den \in" hyperlinks appear in the address bar after one has ftlowed a
hyperlink or may be revealed by mousing over a hot region, retieved
by pop up menu commands (i.e., copy hyperlink), or,viewing he actual
HTML source.?

The ecology of Web pages depends on the ease of access to URIsth
hidden (there is no hypertext without hyperlinks!) and manifest. Much
Web browsing starts with URIs discovered in nhon-Web media, fom email
to billboards and buses. Writing Web pages requires, even iWYSIWIG
HTML editors, familiarity with URIs and the ability to secur e the right
ones.

2 Bookmarks are another example of hidden URIs, at least in their most common
form. Browsers typically have many ways to review bookmarke d URIs.



As the natural habitat of Web ontologies is the Web, Swoop albws the
interactions with these using the Ul metaphors prevalent onthe Web. For
loading ontologies, Swoop presents the familiar address Iband the URI
for such an ontology can be secured by whatever means, emagpogle,
or, perhaps one day, a billboard or bus.

2.3 Views

It is worth considering the level of detail that needs to be dsplayed while
rendering Web ontological information. While an OWL entity is repre-
sented by its URI, it is characterized in a speci ¢ context by the axioms
dealing with the entity in that context (the document or onto logy). More-
over, on the Semantic Web, we expect OWL entities to be charaerized
by axioms in remote documents. That is, we expect OWLdocumentsand
OWL ontologies to use Web links. When rendering the related axioms
or de nition of an OWL entity we have take care that the approp riate
information is directly presented in an intelligible manner, and that all

the known information is naturally accessible. We considerarious levels
of detail at which information related to an entity can be displayed:

1. Its de nition and related axioms (within a single ontology)

2. Axioms relating it to imported entities (from an external ontology)
3. Inferred information (not explicitly stated in the ontol ogy but which
is inferred from its de nition using an OWL reasoner or otherwise)

4. Semantic consistency information (whether the conceptd satis able
or not, again using an OWL reasoner)

5. Provenance information (source location of a particularaxiom, its

author, creation date etc)

Entity annotations (human readable comments made on the atity)

Changes (a log of changes made to the entity de nition)

8. Usage of an entity (references in other Semantic Web docuemts)

N o

Thus, there is an array of entity related information that could be
displayed as a single Web document that pertains to any OWL elfity.
Currently, Swoop supports all but the provenance information and usage
(5,8) views listed above, making clear distinctions betwer the various
view types displayed. For instance, inferred axioms are itcized, incon-
sistent classes have red icons, and changes pending are shoim green
(seeFigs. 1 and 2 ). The other two open some complex research issues
that are being explored by our research group and others.

Orthogonal to the above levels of detail is the syntax (formd) used
to render the ontology. Currently on the Semantic Web, a widerange of



Fig.1. Web-browser Ul re ected in Swoop

OWL presentation syntaxes exist - the raw RDF/XML serializa tion, the

more triple-oriented Turtle language[5], and the OWL Abstract Syntax
[6] to name a few. It is important to support as many as possibé of
these di erent syntaxes while designing an open, Semantic \&b ontology
engineering environment. One reason for this is that peopléend to have
strong biases toward di erent notations and simply prefer to work in one
or another. A second is that some other tool might only consurme one
particular syntax (with the RDF/XML syntax being the most ty pical),

but that syntax might not be an easy or natural one for a particular user.
A third is that it is important to support the \view source" e  ect, allowing
cut and paste reuse into di erent tools including text editors, markup
tools, or other semantic web tools. We have observed that theasy, direct
data transformation between any two formats feels very powerful to the

user, especially if they need to use more than one format for particular

task. The challenge here is that the formats should be treatd as similarly
as possible, i.e. any task that can be done in one format shodlbe 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 mechanism for renderers. The aitgltture
supports two types of renderers, a coarse grained type for gwing the
ontology as a whole i.e. class/property tree, graphs, listetc, and a ne
grained type for viewing the description of a single ontologcal entity i.e
an OWL class, property or individual. Other levels of granularity can be
achieved by ltering out information from the above main typ es.

All of these formats use URIs (and various URI abbreviationg through-
out. Swoop renders those URIs as hyperlinks allowing for esstially the
same hypertext based navigation no matter what format is beng used.
Also, the layout of the ontology and entity renderers resemltes a famil-
iar frame-based website viewed through a Web browser (agajmseeFig.
1). As shown in the gure, a navigation sidebar on the left contains the
multiple ontology list, and class/property hierarchies for each ontology,
and the center pane contains the various ontology/entity renderers for
displaying the core content.

Currently, Swoop bundles in six renderers; two Ontology Rewulerers
|-Information and Species Validation; and four Entity Rend erers |
Concise Format, OWL Abstract Syntax, Turtle and RDF/XML. Be sides
these, there exists a class/property hierarchy renderer foeach ontology,
along with an alphabetical list of entities present in the onology. Here
we discuss only the Concise Format renderer, since its motation, design
and subsequent functionality is unique to Swoop.

The Concise Format entity renderer is a non-standard presetation
syntax in Swoop (seeFig. 2 ). The idea here is to generate a \Web doc-
ument" that displays all information related to a particula r OWL entity
concisely in a single pane. Iltems are divided into logical grups and ren-
dered in a linear fashion. So taking an OWL Class for exampleits OWL
enumerations if any i.e. intersectionOf, unionOf and oneOfare listed in
one group, while the OWL properties related to it (through domain or
range) are listed in another group. Standard Description Lajic (DL) op-
erators are used whenever they occur in class expressions toake the
representation more concise. Here again, all entity refereces are made
hyperlinks using their URIs as the identi ers. Thus, clicking on an OWL
entity link in a particular document causes the view to shift directly to
the linked entity's document. This is in keeping with the look and feel of
traditional Web-like viewing and navigation of documents.

2.4 Editing

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



Fig.2. Editing OWL entities in Swoop (Concise Format View)

1. The scope of a change (should editing be restricted to theokal on-
tology alone or can the imported ontology be (directly or indirectly)
altered as well)

2. The types of changes allowed (i.e. atomic vs. composite ange strate-
gies as discussed in [7])

3. The level at which changes are made (in the abstract represtations
or directly in the source code)

4. How to display the e ects of changes before they are commied (direct
vs. inferred e ects on related entity de nitions)

5. The degree of rollback possible (for how long changes carBiundo'ne).

Issues 1 and 2 are dealt with in detail in subsequent sectionswe
consider the remaining here. All ontology editing in Swoop $ done inline
with the renderer pane. This way context is maintained while editing a
particular entity. Also, e ects of change on any of the related entities
can be easily observed (a single click away) by switching b&cand forth
between the current entity and the related ones by followinghyperlinks
and use of the history buttons.

Swoop allows ontology editing either at the concise represgation
level or directly in the code (currently only RDF/XML code ed iting is



supported). There are some fundamental di erences betweemrditing in
these two modes. For instance, in the concise format, all irdrmation
related to an entity is displayed in a single pane. As noted edier, this in-
formation is further subdivided into various logical groups, each of which
can be edited separately. The changes enacted in this mode aidenti -
able, and hence can be recorded, and undone. Also, the axiommelated
to a particular 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
example) might be cumbersome. Moreover, given the arbitray 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 g can be
faster and certain changes can be made easily, for examplenaming all
references of a single class in the entire ontology can be derusing the
nd/replace functionality of an editor. Given the need for b oth types of
changes, Swoop supports both forms of editing.

Another important consideration in Swoop is the manner in which
changes are e ected. Swoop provides two options for this: ther a change
can be applied immediately (upon enacting it), or a set of pr@osed
changes can be set aside and collectively committed at a latestage.
While the former approach gives immediate results, the later has numer-
ous advantages. It speeds up alteration of large ontologieshere enforcing
multiple changes one at a time would take considerably moreitne. Addi-
tionally, it provides a composite change record which is espcially useful
for ontology versioning. Finally, it gives a basis for implenenting Issue 4
noted above i.e. displaying change e ects before they are comitted. 3

2.5 Searching, comparing, reusing

In a distributed Web ontology setting, numerous engineerirg tasks such
as comparing entities with a view to understanding semanticdi erences,
mapping entities to ensure semantic interoperability or smply reusing
entities to prevent reinventing the wheel requires a searcibrowse process
involving disparately located entities. The ontology enghneering client can
play a big role in making this process e cient.

We take inspiration from the hyperlink based search and cros-referencing
utility present in a programming IDE such as Eclipse (http:/ /www.eclipse.org/).

All named entities in the code are identied and one can easy obtain
(and jump directly to) useful related information such as all its references

3 Note: We plan to extend our ontology evolution/versioning f ramework based on
related work such as [8]



in a speci ¢ project or working set. This practice is highly bene cial in
understanding and debugging code.

During an extended search and browsing routine, the user of Boop
may come across numerous interesting results (OWL entitiesthat may
need to be set aside and revisited. In Swoop we have a provisido store
and compare OWL entities via a resource holder panel. Items an be
added to this placeholder at any time and they remain static there until
the user decides to remove or replace them at a later stage. Wm adding
an entity, a time-stamped snapshot of it is saved (with hypetinks and
all), thus providing a reference point for future engineerng tasks. These
include, but are not limited to, tracking changes made to a paticular en-
tity; storing entities for reusing in another ontology; comparing di erences
in de nitions of a set of entities; and determining semantic mappings be-
tween a speci ¢ pair of entities. (We are working to further improve the
resource holder by adding automatic dynamic tracking for séected enti-
ties, color codingdi s between di erent entity de nitions, and providing
support for the editing of mapping terms, such as "owl.equialentTo"
between terms in di erent resource panes.)

2.6  Why not a website?

In principle, the entire Swoop interface and functionality could have been
provided as a Website, or on top of a more full edged Web browsr
such as Mozilla. Indeed, a very common rst question we get wbhn we
show people Swoop is, \Why not do it as a website?" There are se
eral examples of current website-based ontology tools(e.gOntosaurus
[9], WebODE [10]), and new ones are being developed (e.g. pOW-

http://powl.sourceforge.net). However, we have found that using a stan-
dard web-based server-client architecture for ontology egineering su ers
from being slow (esp. for large ontologies, and depending ametwork traf-

¢), and cumbersome for maintaining consistency while editng (eg. trap-
ping input errors, changing/deleting objects but reloading from browser
cache etc). In addition, such tools can be di cult to extend t o new func-
tionalities via plug-in architectures (such as the one usedn Swoop). In
addition, most website based ontology editors use distinctHTML pages
(perhaps dynamically generated) not just for each entity, kut for each
view of those entities. This indirection puts an uncomfortable distance
between the user and the ontology itself. For these reason§woop is de-
veloped as a separate Java application that attempts to provde the look
and feel of a browser-based application, but with its speciized archi-



tecture designed to optimize OWL browsing and to be extensile via a
plug-in architecture.

3 Multiple Ontologies: From Many, Many

OWL's web-based features open up the Web ontology engineargy envi-
ronment to multiple ontologies which can, and often do, refe to each
other in a number of ways or share terms. This has rami catiors for a
number of aspects of ontology-editing that have been larggl ignored in
many earlier Al-based ontology tools. Swoop assumes the us# multiple
ontologies and supports this use in a number of ways.

3.1 Display and Navigation

Being an open multiple ontology engineering environment, $/0op has a
no-holds-barred approach for pulling in di erent Web ontologies into its
model. Depending on the nature and context of the task being prformed,
ontologies are brought into Swoop seamlessly i.e no additial user inter-
vention is required and the Ul treats all ontologies similady. For example,
consider the scenario in which the user is browsing a partidar 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 is not de ned in the sane ontology,
instead it has a separate physical Web location and has a nundy of URIs
that share no common pre x with rest of A's URIs. Clicking on t he class
B hyperlink causes Swoop to directly load the external ontobgy refer-
enced and select class B in it. Thus, no distinction is made irierms of Ul
between navigation across entities in a single ontology orhose present in
multiple ontologies. Also, the back and next buttons can be sed to jump
between OWL entities in di erent ontologies on a single click ensuring
the familiar Web browser experience.

Besides the aforementioned scenario, there are various ath situations
which can drive Swoop to load more than one ontology. For examle, mul-
tiple ontologies can be loaded at any point by entering theirWeb location
URLs in the address bar. Alternately, the bookmarks featurecan be used
to store, categorize and reload ontologies directly. Findy, if a particu-
lar OWL ontology has imported ontologies (de ned using owlimports),
loading it causes all its imports under transitive closure © be loaded into
Swoop directly.



3.2 Living with Imports

The use of owliimports reveals numerous open issues in Web twfogy
engineering. Two interrelated issues are considered here |Ul issues in
distinguishing between the de nitions and semantics of impprted OWL
axioms; and editing support for axioms de ned in the importing ontology.

Consider the case when an OWL class A is related by an axiom (ga
owl:disjointWith) to another class B. Suppose A and B have b&n de ned
in di erent ontologies, OA and OB respectively, and moreove, OA im-
ports OB. (In OWL, an entity reference is de ned in an ontology using
rdf:ID and it can be further referenced in the same or any othe ontol-
ogy using rdf:about - thus allowing cross referencing of tans between
ontologies.)

Now, the owl:disjointWith axiom can be de ned in either onto logy OA
or ontology OB (or both!). Either way, the semantics of owl:imports, and
the fact that OA imports OB, ensures the axiom is present in ortology
OA. Yet, it is important to display to the user the exact sourc e of axiom
de nition. This is especially important when the user wishes to delete
this axiom. Obviously, the axiom cannot be deleted in the importing
ontology, instead, the user must delete the axiom at the loction at which
it is originally de ned i.e. imported ontology. Hence, in our case, if the
axiom is de ned in OB, even though it is displayed in OA as well, it can
only be deleted in OB. Swoop needs to make these distinctionsince it
does viewing and editing axioms inline. Currently, this is acomplished
by italicizing all imported axioms (but if an axiom is also local, that
overrides).

Also, given that we use the URI of a class as its identi er in a y-
perlink, there is an ambiguity of a URI when the class is refeenced in
di erent ontologies in terms of what class de nition needs to be displayed
when the hyperlink is clicked. So consider the above case iolving classes
A and B but here the owl:disjointWith axiom is present in OA an d not
OB. Now, if the user is viewing the axiomatic de nitions of class A and
clicks on the hyperlink corresponding to class B, there arewo possibili-
ties:

1. Swoop jumps to the class de nition B in ontology OB (import ed ontol-
ogy) and here the disjointWith axiom is neither de ned nor di splayed

2. Swoop jumps to the class de nition B in ontology OA itself (importing
ontology) and here all imported axioms from OB are displayedalong
with the owl:disjointWith axiom



Note how the two views hold di erent semantics and rightly so, reiterating
the point that the meaning of an OWL entity is de ned in a speci ¢
context (ontology). To solve the URI ambiguity problem, Swoop provides
labels next to the hyperlinks as an indicator to the jump locaion.

3.3 Beyond Imports?

Current research makes it clear that owl:imports is not the last word in
combining (or referencing) Web based ontologies (and, in f&t, problems
with the use of this mechanism were pointed out as part of the @QVL doc-
uments as an important area for future standardization). Recent work,
for example, has been looking at using concepts from foreigantologies
without resorting to the all or nothing approach that owl:im ports de-
mands ([11], [12], [13]). We have discovered in Swoop that & problem of
\where to go" when following a URI in an OWL document is not uni que
to owl:imports and arises in many di erent contexts during t he editing
of multiple, linked ontologies. Di erent collections of axioms seem to de-
ne (or characterize) di erent concepts. The RDF(S)/OWL Fu |l view of
concepts (or properties) asentities which may have varying de nitions
(and extensions) associated with them in di erent contexts | even in
situations where there is nodisagreementbut mere normal use | is help-
ful, especially when coupled with some explicit identi cation mechanism
for various de nitions. In our work we have observed that the OWL Full
view is more helpful at the Web infrastructure level than, as far as we
can currently see, at the logic level. Classes as instancesrt be a useful
Ontological modeling tool [14], but it might be that in the Semantic Web
context, much of their value lies outside their use incharacterizing a do-
main. For this reason, Swoop supports OWL Full, and the concse view
displays both the class and instance properties of an entityin the same
panel. However, these are separated visually to allow the @ to more
easily identify cases where this occurs.

4  Annotations

When browsing or building ontologies that live on the Web, it is almost
as important to have information about the ontologies as it is to have
the ontologies themselves. OWL allows for the associating fovariously
structured information with its core entities, e.g., classes and properties.
Swoop supports the editing and display of textual or HTML formatted
comments, and of photos and other multimedia (both via HTML and in-
dependently) as part of ontologies (seéig. 3 ). Since OWL ontologies can



reference and import other ontologies, one can separate aotations about
ontologies from the core ontologies themselves. The Annogeframework
[15] takes this idea and provides both a specic RDF based, eensible
annotation vocabulary, and a protocol for publishing and nding out-of-
band annotations. Swoop uses the Annotea framework as the Is& of
collaborative ontology development.

Fig. 3. Annotating OWL Entities - \Prototypical lllustration" of C lasses

Annotea support in Swoop is provided via a simple plug in whos
implementation is based on the standard W3C Annotea protocts [16]
and uses the default Annotea RDF schema to specify annotatias. Any
public Annotea Server can then be used to publish and distrilte the
annotations created in Swoop. The default annotation types(comment,
advice, example, etc) seem an adequate base for human oriewt ontology
annotations. One extension we have begun experimenting wlitis "Proto-
typicallllustration”, that is, a photo or drawing that repr esents a typical
or canonical instance of the class.



4.1 Change Annotations

We have extended the Annotea Schema with the addition of an OWL
ontology for a new class of annotations | ontology changes (dmilar to
[17]). The \Change" annotation de ned by the Annotea projected was
designed to indicate a proposed change to the annotated doawent, with
the proposal described in HTML-marked-up natural language In our
extended ontology, change individuals correspond to spedi, undoable
changes made in Swoop during editing.

Swoop uses the OWL API [7] to model ontologies and their assaated
entities, bene ting from its extensive and clean support fa changes. The
OWL API separates the representation of changes from the aplication
of changes. Each possible change type has a correspondingvdeclass in
the API, which are subsequently applied to the ontology (esentially, the
Command design pattern). These classes allow for the rich presentation
changes, including metadata about the changes.

The Swoop change annotations can be published and retrievetly
Annotea servers, or any other annotation distribution mechanism. The
retrieved annotations can then be browsed, ltered, endored, recom-
mended, and selectively accepted. It is thus possible to dae \virtual
versions" of an ontology, by specifying a base ontology and set of changes
to apply to it. This is a fairly new addition to Swoop, and we are just
beginning to explore the implications of change tracking caple with an-
notations for the development of large, curated ontologiesy collaborative
groups of scientists or other ontology de ners.

5 Conclusion

We have built a Web (Ontology) browser and editor - Swoop, whth takes
the standard Web browser as the Ul paradigm, believing that LRIs are
central to the understanding and construction of Semantic Web Ontolo-

gies. The familiar look and feel of a browser emphasized by #haddress
bar and history buttons, navigation side bar, bookmarks, hypertextual

navigation etc are all supported for web ontologies, corrgsonding with

the mental model people have of URI-based web tools based orheir

current Web browsers.

All design decisions are in keeping with the OWL nature and sgci -
cations. Thus, multiple ontologies are supported easily, arious OWL pre-
sentation syntaxes are used to render ontologies, and an OWkeasoner
can be integrated for consistency checking. A key point in ouwork is that



the hypermedia basis of the Ul is exposed in virtually every apect of on-
tology engineering | easy navigation of OWL entities, comparing and
editing related entities, search and cross referencing, nitimedia support
for annotation, etc. | thus allowing the Swoop user to take ad vantage of
the Web-based features of OWL signi cantly more easily thanthe user
of other ontology-editing tools.

In this paper, we discuss some of the key issues that our workni
Swoop has identi ed as being important in Web Ontology tools. Topics
we are currently exploring, not yet implemented in Swoop, ae dealing
with the ad hoc modi cation of ontologies by one or more usersworking
on the ontology over time. These are issues exploring the etilng of im-
ported ontology data, and the use of annotated ontology chage sets for
ontology versioning as described above. Currently, we hav@reliminary
solutions for these issues implemented in Swoop, but we arevestigating
alternate approaches that may be more powerful and better itegrated
with emerging Web standards. For example, one such approaclis the
use of the XPointer framework [18] to enable e cient syntactic Itering
of ontological code, in order to reduce ontology modi catin time and
e ort.

References

1. Dean, M., Schreiber, G.: OWL Web Ontology Language Reference W3C Recom-
mendation. http://www.w3.org/tr/owl-ref/. (2004)

2. Noy, N., Sintek, M., Decker, S., Crubezy, M., Fergerson, R ., Musen, M.: Creating
semantic web contents with Proeg-2000. IEEE Intellige nt Systems (2001)

3. Bechhofer, S., Horrocks, 1., Goble, C., Stevens, R.: OIlEd: a reason-able ontology
editor for the Semantic Web. Proceedings of KI2001, Joint German/Austrian
conference on Atrti cial Intelligence (2001)

4. Sure, Y., Erdmann, M., Angele, J., Sta, S., Studer, R., We nke, D.: OntoEdit:
Collaborative ontology development for the Semantic Web. P roceedings of the
International Semantic Web Conference (ISWC) (2002)

5. Beckett, D.: Turtle | Terse RDF Triple Language.
http://www.ilrt.bris.ac.uk/discovery/2004/01/turtle /. (2004)
6. Patel-Schneider, P., Hayes, P., Horrocks, I.: OWL Web Ont ology

Language Semantics and Abstract Syntax W3C Recommendation.
http://www.w3.0rg/tr/2004/rec-owl-semantics-2004021  0/. (2004)

7. Bechhofer, S., Lord, P., Volz, R.: Cooking the semantic web with the owl api.
Proceedings of the International Semantic Web Conference (2003)

8. Stojanovic, L., Maedche, A., Motik, B., Stojanovic, N.: U ser-driven ontology evo-
lution management. Proceedings of the 13th International C onference on Knowl-
edge Engineering and Knowledge Management. Ontologies andthe Semantic Web
(2002)

9. Farquhar, A., Fickas, R., Rice, J.: The Ontolingua server : A tool for collaborative
ontology construction. Proceedings of the 10th Ban Knowle dge Acquisition for
Knowledge Based System Workshop (KAW95) (1996)



10.

11.

12.

13.

14.

15.

16.

17.

18.

Arprez, J., Corcho, O., Ferrandez-lopez, M., @me z-Rerez, A.: WebODE: a scal-
able ontological engineering workbench. First Internatio nal Conference on Knowl-
edge Capture (K-CAP) (2001)

Borgida, A., Serani, L.: Distributed description logi cs: Assimilating information
from peer sources. Journal of Data Semantics (2003)

Kutz, O., Lutz, C., Wolter, F., Zakharyaschev, M.: E-con nections of description
logics. Proceedings of the 2003 International Workshop on Description Logics
(2003)

Cuenca-Grau, B., Parsia, B., Sirin, E.. Working with mul tiple ontologies on the
semantic web. To appear in Proceedings of the Third Internat onal Semantic Web
Conference (ISWC) (2004)

Noy, N.: Representing Classes As Property Values on the $mantic Web,
W3C Working Draft. http://www.w3.org/tr/2004/wd-swbp-c lasses-as-values-
20040721/. (2004)

Kahan, J., Koivunen, M.R., Prud'Hommeaux, E., Swick, R. : Annotea: An open
RDF infrastructure for shared web annotations. Proc. of the WWW10 Interna-
tional Conference (2001)

Swick, R., Prud'Hommeaux, E., Koivunen, M.R., Kahan, J. : Annotea protocols.
http://www.w3.0rg/2001/Annotea/User/Protocol.html (2 001)

Klein, M., Noy, N.: A component-based framework for onto logy evolution. Work-
shop on Ontologies and Distributed Systems at IJCAI (2003)

DeRose, S., Maler, E., Daniel Jr, R.: XPointer xpointer( ) Scheme. W3CWorking
Draft . http://www.w3.org/tr/xptr-xpointer/. (2002)



