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Abstract

This paper describethe use of Simple HTML Ontology ExtensiodSHOE) in a realworld internet
application. SHOE allows authors tmld semantic content to web pagasd to relate this content to
common ontologies thairovide contextual information about the domain. Using this informatipeyy
systemscan providemore accurateresponses thaare possible with thesearchengines available on the
Web. We haveapplied thesetechniques tathe domain of Transmissibl&pongiform Encephalopathies
(TSEs), a class ofliseasedhat include “Mad Cow Disease”. We discuss owxperiencesand provides
lessons learned from the process.

1. Introduction

The “Mad Cow Disease” epidemic in Great Britasnd the apparent link to Creutzfeldt-
Jakob disease (CJD) in humans generated an international interest iiseasesBovine
Spongiform Encephalopathy (BSE), tteehnical namédor “Mad Cow Disease’and CJD
are both Transmissible SpongiforncephalopathieéT SES), brain diseaseshat cause
sponge-like abnormalities in braells. Concernabout therisks of BSE to humans
continues to spawn a number of websites on the topic; some of these sites yaioable
information, while others are simply sources of rumdt®e reliablesites range irtontent
from epidemiology othe diseases, tacientific studies on inactivation, to regulations by
various agencies. It @difficult for users tolocate relevaninformation withthe standard
web search enginebecause these toolwatch on individualwords instead of their
meanings. As suchthey cannot take the relationship betweenrds into account, map
between the terminology of differenbmmunities, or use angontextual information to
differentiate between terms with many meanings.

The Joint Institute for Food Safety and Nutriti@ghtFSAN), apartnership between
the Food and Drug Administration (FDA) and theiversity of Maryland, isattempting to
rectify this situation. They wish to provide a clearinghousanfimrmation onTSESs. This
site must beable to serve a diverse group afsers, including the generalpublic,
researchers, risk assessoes)d policy makers. Howeverthe diversity of data, the
constant appearance of new information, and the distribution of ownenship it difficult
to manually maintain an accurabedex. Additionally, the nature of the targaiser
community means the retrieviols must beable torespond togeneral queries and very
specialized queries with the appropriate level of detail to inform the user.

We have built a suite dbols to addrestheseproblems, withthe basis forthese
tools being an internet compatible knowledge representation langaisepgk SimpleHTML
Ontology ExtensionfSHOE). The underlyingphilosophy of SHOE ighat intelligent
agents will be able to better perform tasks on the Internet ihtis useful information on
web pages is provided in a structured manner. Toetinik SHOE extend$iTML with a
set of knowledge oriented tagsat, unlike HTML tags, provide structure for knowledge
acquisition asopposed toinformation presentation. In addition to providirexplicit
knowledge, SHOE sanctiortke discovery ofimplicit knowledge throughhe use of
taxonomies and inference rulesailable inreusable ontologiethat are referenced by
SHOE web pages. This allows information providers tencode onlythe necessary
information on theiweb pagesand to usehe level of detail that isppropriate to the
context. SHOE-enabledieb toolscan thenprocess thisnformation in novelways to
provide more intelligent access to the information on the Internet.

This paper describethe first application of SHOE to a large-scaleal world
domain. In Section 2, we lay out the architectur¢hefsystem andletail theefforts to put



each piece in place. Section 3 discusses what we have learned frprodbss Sections 4
and 5discussrelated and futuravork, respectively. Finally,Section 6 presents our
conclusions.

2. Building the System
This section describes the procedural and technical aspects of the TSE application. We also

explain our design choices basedtba features of the TSE problesomain.The system
architecture can be summarized as follows:

* Asingle, comprehensive ontology is available on the TSE Risk Website.

» Knowledge providers who wish toake material available to tHESE RiskWebsite
use atool called theKnowledgeAnnotator to mark-up theipages withSHOE. The
instances within these pages are described using elements from the TSE Ontology.

* The knowledge providers then place the pages on the Web and notify JIFSAN.

» JIFSAN reviewshe site and if it meets thestandards, adds it the list of sitesthat
Exposé, the SHOE web crawler, is allowed to visit.

* Exposé crawls along the selected sites, searching for more SHOE annotated pages with
relevant TSE information. It will also look for updates to pages.

» SHOE knowledge discovered by Exposé is loaded into a Parka knowledge base.

» Java applets on the TSE Rigkebsite access tHeowledge base to respondusers’
quer}es or update displays. These applets indloelel SEPath Analyzerand theParka
Interface.

The following subsections descrill®ow we createdour ontology, how SHOE tagsere
added tonveb pages, how neBHOE information isdiscovered, andhow usersaccess
information that is relevant to them.

2.1 Ontology Design
The fundamental component of SHORhs ontology. In SHOE, awontology can extend
one or more existing ontologies by addingatsn category hierarchiegelations, and
inferencerules. The excerptérom the TSEontology shown in Figure Djive a sample of
the SHOE syntax. Acompletedescription of thesyntax can befound in the SHOE
Specification (Luke and Heflin 1997).

An important problem when designing an ontology is setting an appropciape.
We asked the following questions to set an initial scope for the TSE ontology:
What kinds of pages will be annotated?
What sorts of queries can the pages be used to answer?
Who will be the users of the pages?
What kinds of objects are of interest to these users?
What are the interesting relationships between these objects?

Note that the motivatiorfor web ontologies is slightlylifferent fromthat of traditional
ontologies. Peoplearely querythe web searching fombstract concepts or similarities
between very disparate concepts, and as such, complex upper ontologienacessary.
Since most pages with SHOE annotations will tend to have ttajscategorize the
concepts, there is no nett complex inferenceules to performautomaticclassification.
In manycases, rulethat identify thesymmetric, inverseand transitive relationships will
provide sufficient inference.

The initial TSE ontologywas fleshedout in a series of meetingbat included
members of th&DA and the Maryland/eterinarianSchool. Since one of the kegoals
was tohelp risk assessorgather informationthe ontology focused orthe threemain
concerns for TSE Risks: souraeaterial, processing,and end-productuse. Source
materials are describedsing the concepts ofAnimal Tissue and DiseaseAgent
Processing focused dhetypes ofProcessesand relations to describeputs, outputs,
duration, etc. Finally, end-product use categorized the tygesodtictsanddealtwith the



<BODY>
<ONTOLOGY ID="TSE Ontology" VERSION="1.0">
<USE-ONTOLOGY ID="Base Ontology" VERSION="1.0" PREFIX="base">

<DEF-CATEGORY NAME="Disease_Agent" ISA="base.SHOEEntity">
<DEF-CATEGORY NAME="BSE" ISA="Disease_Agent">
<DEF-CATEGORY NAME="CJD" ISA="Disease_Agent">
<DEF-CATEGORY NAME="NV-CJD" ISA="Disease_Agent">

<RELATION NAME="hasInput">
<ARG POS=1 TYPE="Process">
<ARG POS=2 TYPE="Material">

</RELATION>

<RELATION NAME="hasOutput">
<ARG POS=1 TYPE="Process">
<ARG POS=2 TYPE="Material">

</RELATION>

</ONTOLOGY>
</BODY>

Figure 1. Excerpts from the TSE Ontology

RouteOfExposureWe also defined number of general concepish asPeople
OrganizationsEvents andLocations

Currently, the ontology has 73 categories and 88 relations. It is storefileasraa
web server with arHTML section thatpresents ahuman-readable description and a
machine-readable section with SHOE syntax. In this wayfjlthean servethe purpose of
educating users in addition to being understandable to machines.

2.2 Annotation

Annotation is the process of adding SHOE semantic markupviebgpage. A SHOE web

page describes one or more instances, each representing an entity or concept. An instance is
uniquely identified by a key, which is usually formed frtime URL of the web page. The
description of an instance consists of ontologies that it references, categories that classify it,
and relations that describe it. A sample instance is shown in Figure 2.

Determiningwhat concepts in a page to annotzd@ be complicated=irst, if the
document represents or describeaea world object,then an instancevhosekey is the
document’s URL should be created. Second, hypertingsoftensignsthat there issome
relation between the object in the document and another object represented by the
hyperlinked URL. If a hyperlinked document does not have SHOE annotatiores; ilso
be useful to make claims about its object. Third, one can create an instance for every proper
noun, although in large documents thigay beexcessive. Ifthese concepts have a web
presence, then that URL should be usethakey, otherwiseunique keysan be created
by appending a “#” and a unique string to the end of the document’s URL.

Since manually annotating a page cartib® consuming and prone tror, we
have developed th&nowledge Annotator, d&ool that makes iteasy to add SHOE
knowledge to web pages lmaking selections and filling iforms. Ascan beseen in
Figure 3,the toolhas aninterface thatdisplays instances, ontologies, and claitdsers
can add, edit or removeany of theseobjects. When creating anew object, users are
prompted for the necessary information. In the case of claims, a user can tblecmsece
ontology from a list, and then choose categories or relations from a corresponding list. The
available relations will automatically filter based upon whether the instances entefféid can
the argumenpositions. Avariety of methods can based to viewthe knowledge in the
document. These include a viewtbé source HTML, dogical notationview, and a view



<HTML>
<BODY>

<INSTANCE KEY="http://www.cs.umd.edu/projects/plus/SHOE/tse/rendering.html|">
<USE-ONTOLOGY ID="TSE-Ontology" VERSION="1.0" PREFIX="tse"
URL="http://www.cs.umd.edu/projects/plus/SHOE/tse/tseont.htm|">

<CATEGORY NAME="tse.Process">
<RELATION NAME="tse.name">

<ARG POS="TO" VALUE="Rendering">
</RELATION>
<RELATION NAME="tse.hasInput">

<ARG POS="TO" VALUE="http://www.cs.umd.edu/projects/plus/SHOE/tse/offal.html">
</RELATION>
<RELATION NAME="tse.hasInput">

<ARG POS="TO" VALUE="http://www.cs.umd.edu/projects/plus/SHOE/tse/bones.html|">
</RELATION>
<RELATION NAME="tse.hasOutput">

<ARG POS="TO" VALUE="http://www.cs.umd.edu/projects/plus/SHOE/tse/mbm.htmI">
</RELATION>
<RELATION NAME="tse.hasOutput">

<ARG POS="TO" VALUE="http://www.cs.umd.edu/projects/plus/SHOE/tse/tallow.html">
</RELATION>
<RELATION NAME="tse.hasOutput">

<ARG POS="TO" VALUE="http://www.cs.umd.edu/projects/plus/SHOE/tse/gellatin.htm|">
</RELATION>
</INSTANCE>
</BODY>
</HTML>

Figure 2. Sample Instance

that organizes claims by subject addscribegshem using simple English. Inaddition to

prompting the user for inputthe toolperforms errochecking to ensure correctnessd

convertsthe inputs intolegal SHOE syntax. Forthesereasons,only a rudimentary
understanding of SHOE is necessary to markup web pages.

We selecteghages tannotate wititwo goals inmind: provide information on the
processing ofinimal-basegbroducts and provide access to existing documetdsed to
TSEs. We werainable to locateveb pageselevant to thdirst goal,and therefore had to
create a set gbages describing many importaturce materials, processes @ndducts.
To achieve thesecond goal wselected relevarpages from sites provided lilge FDA,
United StatesDepartment of AgriculturdUSDA), the World Health Organization and
others. Forthe pagesthat wecreated, we addetthe SHOE tags inline. Since we did not
have the authority to modify the othpages, wecreatedsummary pageshat basically
consisted of the SHOE information and pointers to the originals.

2.3 Information Gathering

The vastness othe Internet andandwidthlimitations make it difficultfor a system to
perform direct queries on it efficientlfHowever, ifthe relevant data is alreadyored in a
knowledge base, then it is possible to respond to queries very quickly. For this reason, we
have designedExposé, a softbothat searches for web pages with SHOE markup and
interns theknowledge. Howeversince a web-crawlecan only processnformation so
quickly, there is a tradeoff between coverage of the Webfrastiness othe data: if the
system revisits pages frequentligen there isesstime for discovering newages.Since

we are only concerned with information on TSEs for this project, we chose to limit the sites
Exposé may visit, so that it does not waste time exploring pages thieezes no relevant
information.

In order to use Exposé, we had to choose a knowledge base system for storing the
information. The selection afuch a system depends on a number of criteniat, many
knowledge base systems cannot handle the volume of data that would be discovered by the
web-crawler. Second, the knowledge base system must sulpg&mds of inferencethat
will be needed by the applicatiomhird, since SHOE allowdor n-ary relations, it is
useful, thoughnot absolutelynecessary, to choose a knowledge bés¢ cansupport

! Here correctness is in respect to SHOE's syntax and semantics. The Knowledge Annotator cannot verify if
the user's inputs properly describe the page.
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Figure 3. The Knowledge Annotator

thenf. We chose Parka (Evett, Andersen, and Hendler 19@3fel, Taylor,and Hendler
1997) as our knowledge base because evaluationsshawn it to bevery scalablethere
is an n-ary versionand parallelprocessingcan beused toimprove query execution time.
Since we were not interested in performing complex inferences aathet théime, the
fact that Parka's only inference mechanism is inheritance was of no consequence.

An important aspect of the Internet is thet distributed nature meartbat all
information discovered must leeated as claims rather thiacts. Parka, awell as most
other knowledge bassystems, doesot provide a mechanisfior attachingsources to
assertions orfacilities for treating theseassertions as claims. To represent such
information, one mustreate an extra layer structure usinghe existingrepresentation.
Parka uses categoridastances and n-ary predicates to repretiamtworld. A natural
representation of SHOE information would bereat each declaration ofSHOE relation
as an assertion where the relation name is the predicate, and each category declaration as an
assertion whermstanceofs the predicate. To represent the sourcthefnformation, we
could add an extrégerm to eactpredicate.Thus, ann-ary predicatewould become an
(n+1)-ary predicateHowever,the structuralinks (i.e., isa andinstanceof) are default
binary predicates iParka. Thusthis approach could not hesed without changing the
internalworkings ofthe knowledge base. Weptedfor a simpler approach, andnstead
madetwo assertions foeachclaim. Thefirst assertion ignorethe claimant, and can be
used normally in Parka. The second assertion uséairas predicate to link thesource to

2 A binary knowledge base can represéiné samedata as am-ary knowledgebase, butrequires an
intermediate processing step to convert an n-ary relation into a set of binary relations. This is inefficient in
terms of storage and execution time.
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Figure 4. The Parka Interface for Queries (PIQ)

the first assertion. When the source of information is importacanitbe retrievethrough
the claims predicate. Although this results twice as manyssertions beinghade to the
knowledge base, it preserves classifcation while keeping queries straightforward.

As designedthe agent willonly visit websiteshat have registeredith JIFSAN.
This allows JIFSAN to review the sites so that Exposé will onlditected to search sites
that meet a certain level glality. Notethatthis does notestrict the ability ofapproved
sites toget current informatiomndexed.Once asite isregistered, it is considered trusted
and Exposé will revisit it periodically.

2.4 User Interfaces

The most important aspect of the system is the ability to praxsdes withthe information
they need. Since we are dealing with an internet environmenimpatant thatusers can
access this information throudheir web browsers. Fothis reasonthe tools we have
created ardava appletthat are availablérom the TSEwebsite. Wecurrently provide a
general purpose query tool and a custom tool built to meet the needs of TSE community.

The Java Parka Interfader Queries(PIQ), as shown in Figure 4, isgaaphical
tool that can be used to query any Parka knowlédge.This interfacegives users a new
way to browse the web by allowirigem tosubmit complex queries and open documents
by clicking on theURLs intheresults. A user inputs a query by drawingmes and the
relations betweethem. This specifies eonjunctive query in whickhe frames areither
constants or variables arle relations can be string matching function, anumerical
comparison or a relation defined in an ontology. The answehe tpueryare displayed as
a table of theossiblevariablebindings. If the user double-clicks on a bindirtpat is a
URL, then the corresponding web page will be opened in a new windtwe aser's web
browser.

It is widely believedhat theoutbreak of BSE irGreat Britainwas the result of
changes in rendering practices. Since processingead to the inactivation spread of a
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Figure 5. The Path Analyzer

disease, JIFSAN expressediasire to beble to visualizeand understanthe processing
of animal material§rom source to end-product. Taccommodatehis, we built the TSE
Path Analyzer, a graphical tool which allows theer topick asource, procesand/or end
product and viewall possible pathwaythat match theiqueries.The input choices are
derived from the taxonomies of tleatology, allowing theuser to specifhe query at the
level of generality that theyish. This display, whiclcan beseen in Figure 5, isreated
dynamicallybased orthe semantic information in thH@HOE webpages. As such, it is

automatically updated as new information becomes available, including information that has

been made available elsewhere on the web.

Since both these interfacas appletsthey are executed on the machineeath
user who opens it. Thidient application communicategth the centraParka knowledge
base through a Parka server that is located odIE®AN website When auser starts one
of these applets on their machirtbe appletsends a message tioe Parka server. The
server responds hyreating anew process and establishing a socketctanmunication
with the applet.

3. Lessons Learned

This research has given us mangightsinto theuse of ontologies in providing access to
internetinformation. The first insight isthat it is worthwhile to spendime getting the
ontology “right”. By “right”, we mean that it must cover the concepts intypes of pages
that are to beised andhe ways in whichthese pages will baccessed. Weften had to
extendour ontology toaccommodate concepts pragesthat wewere annotating, and this
slowed the annotation process.



Second real world web page®ften refer to sharedntitiessuch as BSE or the
North Americancontinent. Such concepisay be described in manyeb pagesnone of
which shouldhave the authority tassign a key to them. In suclses, waevise the
appropriate ontologies to include a constant for the shared object. Howevarayhissult
in frequent updates if the ontology is used extensively.

Third, ordinary web-users dwot have théime ordesire to learn taise complex
tools. Although the PIQ is easy to use once one has gailitée experience witht, it can
be intimidating to the occasionaser. Ornthe otherhand, userdiked the Path Analyzer,
even though it can only be used to answer a restricted set of queries, because it presents the
results in a wayhat makes ieasy to explor¢he problem. It seems web usesse often
willing to sacrifice power for simplicity.

Finally, the knowledge base mustdiae toperform certain complexoperations as
a single unit. For examplethe Path Analyzer needs to displaycertain descendant
hierarchies. Althouglsuch listscan be built by recursivelmsking for the immediate
children of the categories retrieved in the last step, this requires many sgparas. In a
client-server situation this Bxpensivesince eaclguery requires it®wn communication
overhead and internet transmission delays can be significant. To improve performance, we
implemented a special server request tbairnsthe completeset of parent-child pairthat
form a hierarchy. Although this requires the same amouptaafessing byhe knowledge
base, it results in a significant speedup of the client application.

4. Related Work

The World-Wide WelConsortium (W3C) has propos#ite Extensible Markup Language
(XML) (Bray, Paoli,and Sperberg-McQueet998) as a standarthat is a simplified
version of SGML (ISO 1986) intended for the Internét¥IlL allows web authors toreate
customizedsets of tags fotheir documentsStyle sheetgan then beaised to display this
information in whatever format is appropriate. SHOE isatural fit with XML: XML
allows SHOE to be added web pages withoutreating an HTMLvariant, while SHOE
adds toXML a standard way of expressingemantics within a specified context. The
Resource Descriptiofrramework (RDF) (Lassila and Swick 1998) asotherwork in
progress bythe W3C. RDF usesXML to specify semantimetworks ofinformation on
web pages, but has no inferential capabilities and is limited to binary relations.

There are many other projectat areusing ontologies witlthe Web. The World
Wide Knowledge Base (WebKBproject (Craven eal. 1998) is using ontologies and
machine learning to attempt automatic classificatioweld pagesThe OntobrokefFensel
et al. 1998) project has resulted itaaguagewhich, like SHOE, isembedded irHTML.
Although thesyntax of this language is more compact, it is not as easy to understand as
SHOE. Also, Ontobroker does nisive a mechanisior pages to useultiple ontologies
and those who are not members of the community have no way of discovering the ontology
information.

5. Future Work

The JIFSAN TSE Website is a work pmogress.and we will continue to annotagages,
refine theontology, andmprove the tooket. When we have accumulated a significantly
large and diverse set of annotated pages, we will systematically evaluate the performance of
SHOE relative to othemethods. We alsplan to develop a set of reusable ontologies for
conceptghat appear commonly on thgeb, sothat future ontologies may be constructed
more quickly and will have a commonalitiyat allows for queries acrossubject areas
when appropriate.

To gain acceptance by thleeb community, a nevanguage must havituitive
tools. Weplan to create anontology design todlhat simplifies theontology development
process. Walso plan to improvehe Knowledge Annotator so that morpagescan be
annotated morejuickly. We are particularly interested in including lightweight natural
languageprocessing techniquethat suggest annotations the users. Finally, we are
investigating other query tools withe goal of reducing the learning curve whdll
providing the full capabilities of the underlying knowledge base.



6. Conclusion

The TSE Risk Website ihe first step in developing a clearinghousefoad safetyrisks
that serves boththe general public and individualgho assess riskSHOE allows this
information to be accessed and processed in poweryk without constraining the
distributed nature of theources.Since SHOEJoes not depend on keyword matching, it
prevents the false hits that occur with ordinary search engines anafiredsmatcheghat
they cannot.Additionally, the structure 08HOE allowsintelligent agents to process the
information from many sources and combine or present it in novel ways.

We have demonstrated th&HOE can beused inlarge domains withoutlear
boundaries. The methodology and tools we have described in thisgaspke applied to
other subject areas with little or no modifications. We have deterrthaethehardest part
of using SHOE in new domains is creating the ontology, buaneeconvinced that dsgh
guality ontology componentire made availablehis processwill be simplified. We are
encouraged by the interest that our initial efforts have generated in the TSE community, and
believe that improvements in our tools and the availability of basic ontologies will lead to an
internet where the right data is always available at the right time.
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