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Abstract

We proposea new frameavork for intelligentinfor-
mation access. The badkboneof this frameavork
consistsof embeddedjyrammartags (EGT’s) that
captule natural language queries. Theseembed-
ded grammar tags reflectinformation contentin
web pages by anticipating the queriesthat may
be launchedby usess to retrieve a particular con-
tent. Thesegrammas provide a unifying com-
ponentfor speeb recanition engines,semantic
webpage representatiorand speeb outputgener
ation. We demonstatethe new EGTrepresentation
to enablea softwae agentto respondto natural
speebinputfromusesin narrowdomainssud as
weatheystodk marketandnewsqueries.

1 Intr oduction

1.1 Motivation

Theexplosive expansionn web contenthasnot beenaccom-
paniedby correspondinglypowerful searchrandcontentanal-
ysis engines. Searchenginesare hinderedby the fact that
markuplanguagesveredesignedor representatioof infor-
mationfor human-userand thusthis informationlacks se-
manticcontentthatcanbe interpretedntelligently by search
enginessoftwareagentsandrobots.As aresult,extractionof
contetual semantianformationremainsa formidablechal-
lenge. Recentefforts to expandmarkuplanguagesuchas
DAML, RDF OIL andXML aimto enhanceheeffectiveness
of content-recweery from web pagesdy embeddingragsthat
mayguideasearchenginen uncoveringthe“meaning”of in-
formation[Heflin andHendler, 200d[DAML 2000 Brick-
ley andGuha,1999[XML 1994.

Our researcHocusis on speech-baseduery of informa-
tion from the weh Specifically we ervision usersemploy-
ing somevhat constrainedaturallanguagesentence$o ini-
tiate web-queries.This constrainedspeechcanbe captured
by speeclgrammarscommonlyusedto enhancehe perfor
manceof off-the-shelfspeectrecognitionengines.A users
guery generatesa web accessto a pagethat containsthe
wantedinformation. The discovery of relevant contentis
doneby matchingthe users querywith Embeddedsrammar
Tags(EGTs)insteadof “scalar”’tags.Oncethedesirednfor-

mationhasbeendetectedn a web page,a generatre gram-
mar that may also correspondo the users parsedqueryis
usedfor text-to-speeclsynthesis.

This modelof accesgo thewebis completelyhands-free
andour ability to achieve it dependgreatly at this point, on
narronving the domainof accesso that naturallanguagen-
put canbe modeleda priori by grammar The appealof this
modelis that a generatie grammarcanbe employed simul-
taneouslyin threetasks(1) constraininghe speectrecogni-
tion enging(2) recognizinghesemantiénformationin aweb
page(3) determiningthe sentence&ompositionthat the sys-
temprovidesasanoutput.

While recentresearchefforts seekto add markup rele-
vant to the contentof the web page[Heflin and Hendler,
2000d[AbasoloandGomez 2004[Trends200d, we goastep
furtherin embeddinghe generatie grammarsn the markup
documentsWe shaw thatthis contributesto enhanceduto-
matic semantic-baserkcovery of informationcontentwhile
eliminating the increasingreliance on searchenginesthat
characterizethe on-goingefforts for the semantiaveh

1.2 Background

The fact that accurateNatural LanguageProcessing NLP)
[Soderland, 1997[Freitag, 1999 is not yet achievablein
generaldomainshasled to numerousefforts to createstan-
dardizedsemantidanguagegor theweh The semantioveb
aimsto createcontentwhich bothhumansandmachinescan
understandHeflin andHendler 2004. Thisisto beachieved
by explicitly adding markupto describethe contentsof a
web-pageA generabverview of the markuplanguagdayer
modelfor thewebis shovn in Figurel.

The HyperText Markup LanguaggHTML) wastheinitial
languagefor presentatiorof documentson the World Wide
Weh Themaindravbackof HTML is its inability to repre-
sentcontentsemantically This led to the ExtensibleMarkup
Language (XML) [XML 1994, which allows defining
content-specificXML tags. To fully exploit suchdomain
specifictags,thereis a needto createsemanticghat could
be understoody all the searchengines.This mandatedhe
developmeniof the ResourcedescriptionFramevork (RDF)
[Brickley andGuha,1999, astandargproposedy theWorld
Wide Web Consortiumto definethe webusingsuchdomain
specific XML tags. The RDF usesmetadatato explicitly
describedocumentontentonthe Weh Metadatds basically
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datathatis usedto describetheinformationon a web-page.

< RDF:RDF>
< RDF:Description>
<DC:Creator>Eric Miller </DC:Creator>
<DC:Subject-Dublin Core elementlescriptior</DC:Subject
<DC:Description>This documents a refeencedescriptionof the
Dublin Core MetadataElementSetdesignedo facilitate resouce
discorery</DC:Description>
<DC:Publishet>Online ComputetLibrary,Inc.</DC:Publishet>
<DC:Format>text/htmk/DC:Format>
<DC:Type>Tednical Repork/DC:Type>
</RDF:Description>
</RDF:RDF>

From the abore sample we see that RDF uses special
tagssuchas<Description>,< Subject>,< Type> to describe
the context of awebdocumentsBasedon the interpretation
of suchtags,the searchenginesareableto make queriesfor
informationmoreefficientandaccurateThe SHOElanguage
[Heflin, HendlerandLuke, 1999[Heflin andHendler, 2004
alsoaddsmarkupto theweb-page®dy choosingthe relevant
ontology’s vocahulary to describethe conceptson the page.
The mostrecentwork in the areaof semantiomarkupis the
Darpa Agent Markup Language(DAML) [DAML 200d.
It is being developedas a comprehensie semanticmarkup
languagestandardo describeweb documents.We wish to
concludethis brief backgroundovervien by providing an
exampleto clearly demonstrat@ur niche areaof semantics
for intelligent web information extraction. Considerthe
following DAML extract generatedfor a particular user
profile (http://wwwcs.umbc.edu/fpericl/dambigfile/).

< Profile rdf:parseype="Resouce” >
< FirstName> Gautham< /FirstName>
< LastName> Thambidoai < /LastName>
< Organization> University of Maryland < /Organization>
< Email > gauthamt@gluemd.edw /Email >
< BioSletch > | ampresentlya Reseath Assistanat
the University of MarylanddoingmyMastes degreein thearea
of ComputerEngineering | ampresentlypursuingmythesis
underProfessorX. My mostprizedpossessiois mybladk Nissan
Senta. < /BioSletch >

The above detailedsemanticamake the documentmore
machineunderstandableHowever, if supposehe software
agentwantsto find an answerto a questionsuchas ‘What
car does Gauthamhave’, we would still have to rely on

NLP techniquesto extract an answer This is where we

proposea semanticlanguage wherewe are ableto embed
‘conversationalgrammar’ as tagsinto the document. The
EGT syntaxis definedboth asHTML [ISO 198d[Ragget,
1995 and XML [XML 1994 extensions.As suchit hasits

own Documen(Type Definitions(DTDs) which specifyvalid

tagsthatcanbeused.A simpleimplementatiorof theabove
techniquewould be asshovn belon. The <ROBOTGRAM-

IN> is our own customdesignedagto embedgrammaurinto

thecontent.

< BioSletch > | ampresentlya Reseach Assistanat the
University of Marylanddoingmy Mastes degreein thearea
of ComputelEngineering | ampresentlypursuingmythesis
underProfessorX. My mostprizedpossessiors myblack <
ROBOTGRAM-IN> What car does Gautham have
</ROBOTGRAM-IN> Nissan
Senta. < /BioSletch >

2 ProposedSemanticsBasedModel

2.1 Framework Characteristics

Ourproposafor intelligentsemantic-welccesganbechar
acterizedy thefollowing:

e Userinputis assumedo be via spolenlanguageo the
software agent. Therefore a level of linguistic compe-
tencemust be achieved using grammarshat constrain
the interpretationof natural speech. Existing speech
recognitionenginesutilize suchgrammarsto improve
performance A moredetaileddescriptionof the gram-
marstructureis givenin alatersection.

¢ Parsingandgeneratiegrammarsreusedn threestages
(1) constrainingthe speechrecognitionengine(2) un-
covering the semanticinformationin a web page,and
(3) determiningthe sentencecompositionthat the sys-
temprovidesasanoutput.

¢ While thetagscurrentlyemployedin markuplanguages
suchasRDF and XML describeattributesof the infor-
mationbeingtaggedthe proposecembeddedrammars
describequeriesto which the attachednformationcan
be useddirectly asan answer This a fundamentate-
parturefrom existing approachesinceit requiresthe
builder of awebpageto makeit explicit why aparticular
informationitem is includedon a web page.For exam-
ple, in the caseof a weathemage,while a tag suchas
“temperature’describeghe attribute of “47 F” the de-
signerof a webpagehasto committo a classof queries
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thatseekto know about‘what thetemperaturés”. This

aspecbf our modelis mostreadily suitableto domain-
specificweb pagesbut may becomemore challenging
as web pagesbecomeless structuredand more multi-

dimensionaln content.

e Themediatingrole of awebsearchenginefor interpret-
ing the embeddedemantianformationis significantly
reduced.Sincetheembeddedrammarsalreadyencode
the meaningof the userquery and the web pagewas
designedwith anticipationfor an answersearch,it is
straightforvardfor the searctengine(actuallymoreap-
propriately the agent)to recover the desiredcontent.
This contrastswith existing approacheghat increas-
ingly demandmoresophisticategherformancdrom the
search-enginén matchingthe users queryto the em-
beddedtagsin a semanticallyaccurateprocess. It is
truethatit is not possibleto embedall possiblewaysin
which a particularinformationcanbe queried.But even
in thecaseof acomplicatedjuery we canrestructurehe
gueryusingexistentNLP techniqguesndthensearchor
amatchinggrammar This paradigmshift in thedomain
for applyingNLP is a significantcontribution, sinceap-
plying NLP techniqueso thequeryis muchsimplerthan
to thecontentontheweh

¢ Anothersignificantfeatureof the EGT representatiois
thatit is naturallyextensible A web-pagesreatorcanin-
dependentlcreatenew embeddedrammarto describe
unigueinformationthat would be impossibleto design
aspartof a‘closedmarkup’languageFor example,one
canembeda grammarthat describesa particularnovel
object, andall thatis neededs to anticipatethe way
usersarelikely enquireaboutit.

2.2 Framework Description

In thissectionwe presenagenerablescriptiorof theworking
of our proposedsystem.A generabverview of our systemis
shavnin Figure2.

¢ Voice Recognition System: The voicerecognitionsys-
tem recognizeghe querythat the userinitiatesby em-
ploying pre-definedgrammarsThesystemthensendsa

requesto the web sener to getthe relevantweb-pages
to searchfor matchingeGT's. We usethe Via-Voiceen-
ginefor speechrecognitionalongwith the Java Speech
API (JSAPI).

¢ Semantic Analysis and Information Extraction:

Basedon the requestfrom the agent,the Sener sends
back the correspondinglocumentwhich hasbeenan-
notatedwith our <ROBOTGRAM-IN> tags. It then
parseghefile to find amatchfor thequerythathasbeen
requestedlf it findsamatch,it extractsthe correspond-
ing information,andsendst to thespeeclsynthesisys-
tem.

¢ Voice SynthesisSystem: The voice synthesissystem
employs a text-to-speectgeneratothat speaksout the
informationextractedfrom the web-pageusinga gram-
marthatis dependenvntheinputqueryandtheembed-
dedgrammar

2.3 Grammar Format

Our proposedramanvork involvestheadditionof ‘Embedded
GrammaiTags’explicitly into theweb-contenin asgenerah

structureaspossible.Suchanannotatiorenablesaan Agentto

utilize theknowledgeonthewebin a corversationamanner
Thegrammarframeavork thatwe employ is derivedfrom the

rule-basedgrammarusedby the speechrecognitionengine.
We usethe generalstructureusedin the BNF syntax. This

is a plain text representationvhich is similar to traditional
BNF grammar[W3C Working Draft2001 usedin speech
recognition/ike the Java SpeeciGrammarormat(JSGF).

<queny> = [please] tell me who [is] the Presidentof USA
[is]
<query> = * [is] theauthorof the (booKnovelbest-seller)Melissa

[is]

In the above specification, words enclosedin square
bracletsareoptionalin the queryframeawork, while thosein
roundbracesmply that oneof the choicesmustbe spolen.
A characteimpliesthatit canbereplacedy any word or
combinationof words. Thusin the first example,questions
suchas’Pleasetell mewhois the Presidenbf USA or 'Tell
me who the Presidenbf USA is’ areboth consideredastag
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matches. Similarly queriessuchas’'Who is the author of

Melissa’ or 'Can you pleasetell me who the authorof the

best-selleMelissais’, arebothEGT matchedor the second
example. The above format, though generalto a certain
extent, constrainghe grammarthat the querylanguagecan
contain.This canbe extendedoy providing a morehierarchi-
cal architectureo the grammarstructureassuggestedh the

W3C voicegrammaispecificationln theabove example the

[please]rule, forcesthe query parserto recognizeonly one
formatof a query This canbe augmentedy introducinga

packagethat containsa list of rules, containingthe various
generaformatsof requestsThe[please}ule canbereplaced
by suchparseablestatementsto make it encompass wide

rangeof typical userrequests. An examplefor the above

implementations givenbelow.

<GRAM-RJLE> REQUEST = [please | Can you please tell
me| | requesyou| | seekyourhelp......] </GRAM-RJLE>
<query> = “"REQUEST" tell mewho[is] thePresidenof USA[is]

2.4 Adding EGT to Web Pages

Theinformationthatwe actuallyrequireis only avery small
portion of the web-page. Considerthe caseof a web-page
that tells us the weatherof a particularplace. In the case
of interactionwith an agent, the only useful information
that is requiredis the temperatureof that particular place
and the forecast. All the unnecessaryrills that usually

accompaw the html pagefor graphicsandadwertisementan
be ignored. The challengeactually lies in identifying and
extractingthis portion. Consideithefollowing extractfrom a
html pagetelling usabouttheweathemtaparticulariocation.

<td valign="bottom”> <span class="redtemps’> mostly
sunny/sparn> </td>

<span class="FSnPSmDk%> Temp:
class="FSnBSmDk12% 32F

<Ispan> <span

Supposethe agent has to reply to a question such as
'What is the weatherat City X'. The agentwill thensend
the Get commandto the sener along with the particular
city nameX andthengetthe correspondinditml page. We
are at presentdesigninga crawler that would parsethrough
web-pagedooking for EGT’s and storingit alongwith the
url link in the form of a local database. In this way the
EGT searchenginecan refer this table to find the link to
the correspondingesponséntml| page. From the html page
the software hasto extract portionssuchas ‘mostly sunry’

and’'32F’, constructthe sentenceandthenrespondbackto
the query For this purposewe add explicit annotationgo
the html pagesto indicate which portion of the html page
to extractfor a particulartype of question. Whenthe agent
getstheresponséntml pagebasedon its queryto the sener,

it tries to match the questionto the best extent possible,



with the grammarthat is embeddedn the html page. We
have incorporatedan EGT called <ROBOTGRAM-IN> to
annotatehe pagewith suchqueriesjn the generalgrammar
formatdescribedefore.

We presenta simple exampleof an annotationusing our
<ROBOTGRAM-IN> tagbelow:

<td valign="bottom” >< spanclass="redtemps:
<ROBOTGRAM-IN>“* [is] theweatherdis] at*”
< /ROBOTGRAM-IN>mostlysunny

3 Experimental Section

In this sectionwe illustratethe useof Embeddedsrammar
Tagsto identify and extract responseso queriesin natural
languagefrom theworld wide weh Theclientendagenthas
speeclhrecognition,semanticanalysisand speectsynthesis
softwaremoduledntegratedn it. An EGT searcttool written
in Java, is launchedo parsethe incomingweb-pageandex-
tracttherequiredresponseA screershotof the EGT search
toolis shawvn in Figure3.

Speechrecognitionand synthesisare implementedusing
the Via Voice enginealong with the Java SpeechAPI (JS-
API). The requestby the userin the form of corversational
grammayis the queryfor which the EGT searchtool triesto
find a match,by parsingthe annotatedveb-pageln orderto
provide aworking demonstratiof the model,we download
therequiredveb-pagefrom thecorrespondingveb-sitesan-
notatethemwith theEGTsandsimulatethe systenonalocal
sener.

3.1 Annotation with EGT

The annotationof contentwith EGT is illustratedin the do-

main of weatherand stock market pages. The three steps
involved in annotatinga particularweb-pagewith EGT are
outlinedbelow.

¢ |dentifying the contentthat a personis likely to query
from theweb-page.

¢ Analyzingthevariousformatsin which a particularuser
canquerythisinformationusingnaturallanguagegram-
mar.

o Embeddinggrammartagsmodelingthis queryin asgen-
eralastructureaspossible.

Examplel: Weather

In this example,we considerthe web-pagesiovnload
from the weathersite at wwwecnn.com We carry out
the stepsenumeratedbove. A carefulanalysis,shovs
that the information of interestin the web-pageare 1)
Temperature2) Humidity 3) Wind Speed4) Sunrise
time 5) Sunsetime. The next stepinvolvescontriving
the numerousvayspossiblefor a userto querythis in-
formation. The final stepinvolvesembeddinggrammar
formatsrepresentinghesequeries.EGT’s representing
theabove mentionednformationareillustratedbelow.

<span class="FSnPSmDk%>Tempx</span> <span
class="FSnBSmDk12%<ROBOTGRAM-IN> * [is] the

tempeature [is] at College Park</ROBOTGRAM-IN>45F

<td valign="bottom” ><span
class="redtemps’><ROBOTGRAM-IN> * [is] the
weather [is] at College Park</ROBOTGRAM-IN>mostly
clear</span></td>

<span class="FSnPSmDk* Rel. Humidity:</spar>
<span class="FSnBSmDk12% <ROBOTGRAM-IN>* [is]
thehumidity[is] at College Park</ROBOTGRAM-IN>61

<span class="FSnPSmDKk% Sunrisex/span>  <span
class="FSnBSmDk12% <ROBOTGRAM-IN>* [time]
[doeddid] [is] the sun [will |would] (rise|risegrose) * at
College Park</ROBOTGRAM-IN>>06:19am

<span class="FSnPSmDKk% Sunrisex/span>  <span
class="FSnBSmDk12% <ROBOTGRAM-IN>* [time]
[doeddid] [is] the sun [will jwould] (sefsets)* at College
Park * </ROBOTGRAM-IN>>06:19am

<span class="FSnPSmDk:>Wnd: </span> <span
class="FSnBSmDk12% <ROBOTGRAM-IN>*  [is]  the
[wind] (speegielocity) [of the] [wind] [is] at College Park
[is] </ROBOTGRAM-IN>3 mph

Example 2 : Stock Mark et Queries

Again in this example,we follow the stepspreviously
outlinedfor annotatiorwith EGT’s. The contentthata

useris likely to queryin this caseis morelimited than
in theweathempage- 1) Currentstockquote2) Change
in the stockquote. EGT annotatedsamplesare shovn

below.

<td  align="RIGHT” bgcolor="#DDDDDD" > <font
face="arial,helvetica,sans-serif” size="2"

class="mkadarttxt” ><ROBOTGRAM-IN>* [is] [Nasdaq
*] [the] (valudquotdprice) [of Nasdag]* </ROBOTGRAM-
IN>22.42 [font></td>

<td  align="RIGHT” bgcolor="#DDDDDD" > <font
face="arial,helvetica,sans-serif” size="2"
class="mkadarttxt” ><ROBOTGRAM-IN> * [Nasdaq
*] (changg|droplrise|differencediffer) * [valuelquotdprice] [
of Nasdag]* </ROBOTGRAM-IN>-0.92< /ffont> < /td>

3.2 SemanticAnalysisusingEGT

Semanticanalysisinvolves parsingthe annotatedveb-
pagesto find a matchfor the query andextractingthe
relevant response. This responsés fed to the speech
recognitionsystemwhich readst outusinga TTS (Text
to Speech)engine. The generalgrammarformat is
aimedat encompassing wide variety of the querylan-
guagestructureusedby humans,in normal corversa-
tional mode. In the caseof a queryon the weatherat



aparticularplace theusercanaskquestionsik e “What
is theweatherat .place”, “Can youpleasetell mehow
the weatheris at .place” or say“Tell methe weather
at College Park” andthe parsemwould beableto find a
matchingEGT andextracttheresponsevith perfectac-
curag. Similarly, in our stockvalue examplethe user
would be able issuequeriesin formatssuchas “How
is Nasdags price today”;What is the value of Nasdaq
today”,'Tell methequoteof Nasdagoday”. It isimpos-
sibleto beableto includeall possiblequeryformatsthat
couldbeused.Whenwe arenotableto find a matching
EGT, we performlimited NLP onthequery Theparser
enginethengenerateslifferentpossiblequerystructures
with the samemeaning,and tries to find a matching
EGT. Thusevenin the worst caseof a highly compli-
catedquery we have transferredhe techniqueof NLP
to the query content,ratherthanto the informationon
the web-page. Successfubexperimentson the basisof
a large numberpeoplewho conversedwith our system,
revealedthatalmostall theusersqueriedtherequiredn-
formationin speectormatsthatwe hadincluded.Even
in thecaseof thefew uncorventionalqueryformats,our
enginesuccessfullyextractedthe responseby restruc-
turing thequeryandthenfindinganEGT match.

4  Future Work

Our currentresearchs focusedon creating,evaluating
andexpandingthe utility of EGTsfor the semantiaveh
Specifically we areexploring

— ExpandablegGrammarWe arelooking into making
the grammarusedto modelqueryformatsdynam-
ically expandableand capableof learningfrom a
wide variety of userqueries. This would alsoen-
able authorsof web-pagego extend from univer-
sally availablequerypackages.

— Automaticgenertion of EGTs We aredeveloping
automaticmethodsfor creationof EGT annotated
web-pages.This is animportantstepof reducing
theeffort thatis, sofar, expectedrom the designer
of thewebpageto exertin spelling-outandexpress-
ing the EGTsthatareappropriatdor thewebpage
content.

— Different metricsfor recagnition of EGTs We are
evaluatingthe useof differentdistancemetricsto
determinghe degreeof matchingbetweenra given
queryand EGT. Anticipating usersto employ un-
accountedor queryformats,it becomesecessary
to find the bestmatchfor the query Classictools
currentlyemployedin NLP suchasHiddenMarkov
ModelsandBayesianstatisticalanalysisare being
considered.

— Searhing for EGT enabledpagesWe are design-
ing a crawler that will parsethroughweb-pages
andstorea databasef EGT queriesalongwith the
correspondingdinks. This would assistthe devel-
opmentof a more powerful searchenginefor user
gueries.

— Publicuse We arebuilding a public tool thatwill
provide usersthe opportunityto employ the EGT
technologyfor speech-basethformationretrieval
from web-sites. This will allow a broadtestingof
thepower of theEGT representatioanddetermine
thedirectionsin whichit needgo beimproved.

5 Conclusion

In this paperanen semantidaggingrepresentatiofi.e.,

EGT) was proposedand developed. The tagging ap-
proachis adeparturdrom existing definitionanduseof

tagsin XML, RDF andDAML. Employing BNF gram-
marto representhe querieswhich usersmayemploy to

recoverinformationchangeshe currentview of seman-
tic contentof webpagessincewe reachbeyondmeaning
into anticipationof querysyntaxandsemantics.There
arefar reachingimpactsto this proposal.First, the de-

signerof the web is given the role of anticipatingthe
querieghatarematchedo particularcontentitems.Sec-
ond, the web-searctrengineis relieved from the load

of performingNLP sincethe mappingbetweenqueries
andcontenthasbeenalreadyprogrammednto thepage.
Third, userscancreatively expandthe semantiadeachof

the contentof web-pagedy simply creatingnew EGTs
thatreflectpotentialqueries.

We providedanimplementatiorof our EGTsin the do-
main of weatherand stock market search.We are cur-
rently expandingthe power of EGTs and refining the
meanf matchingquerieso EGTSs.
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