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Abstract. Thispaperpresentsiew methodgor structuringandsearchingfor in-
formationstoredonWebFAQs. Thesemethodsare basedontheassumptiorthat
sut pagesare implicitly organizedas a setof question-answepairs (QAPS).
Theultimategoal is to improve the retrieval of answes availablein FAQs for
gueriesthat can be answeed using the information containedin them. More
specifically we proposemaodificationgfor three of the maintasksperformedby
seach engines:crawling, indexingand queryprocessing To evaluateour pro-
posedmethods,we useda large collection of documentdrom a real seach
engine We presentheresultsof this evaluationfor ead of thethreetasks.
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1. Intr oduction

Usersof the World Wide Web, from its very early yearsto the presentdays,have been
building andpublishingsemi-structuredlocumentspecializedn organizingknowledge
from certaindomainsin the form of descriptionsof commoncases. For this purpose,
very informal documenftormatssuchasFAQ, HOWTO, Blog andForum have beenspon-
taneouslydefinedby communitiesof usersandare now widely adoptedby personsand
institutionsof all kinds.

Out of all thesetypesof documentsFAQs are possiblythe bestknowvn example.
FAQ Webpagegyrouptogetheranswersandsolutionsto mostfrequentlyaskedquestions
by usersonagivensubject.PeopleusuallycreateFAQsto helpnew usersof acommunity
find quick solutionsto commonproblemsmembersmight have. This alsofreesmore
experiencednemberdrom having to answerthe samequestionsereraltimes.

Althoughtherearemary FAQson abroadrangeof subjectsavailableonthe Web,
suchinformationis distributedin differentWeb pagesand seemto follow no standard
structure.SinceeachFAQ hasspecificknowledgeabouta specificsubject.the potential
knowledgein thewhole setof FAQs availableonthe Webis tremendousHowever, such
informationis probablyunderusedjiventhatit is spreacbver alargenumberof resources
following nostandardstructure.

Herewe areinterestedn creatinga databaseontainingall theinformationavail-
able on FAQs using an unified structurefor representingsuchinformation and mecha-
nismsfor automaticallyupdatingthe databasevith new records.Suchdatabaseouldbe
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extremelyusefulfor webusers.lt couldbeused for instancefor creatingnew intelligent
systemdor processingknowledgeor asa sourceof information for Questionand An-
swering Systems[Burke etal. 1997, Harabagiwetal. 2000, Katzetal. 2003, Lin 2002,
Lin andKatz 2003].

In this paperwe proposea setof methodsfor automaticallydetectingandstruc-
turing FAQson theWeh All thesemethodsarebasedon the assumptiorthat FAQ Web
pagesareimplicitly organizedassetsof question-answepairs (QAP) Theultimategoal
Is to provide away for crawvling andstructuringFAQsavailableontheWeh We alsoshov
anexampleof how the structureof our FAQ database&anbe usedfor improving there-
trieval of answersMore specifically we proposemodificationgor threeof themaintasks
performedby searchengine crawling, indexing andqueryprocessingadaptingthemfor
the problemof creatingandprocessingnformationavailableon web FAQs.

For the crawling task, we proposeheuristicsto selectamongthe visited pages
thosethatarelik ely to containa FAQ. For indexing andstructuringtheinformationavail-
ableonthesepagesye proposeanalgorithmfor identifying andextractingQAPSs,sothat
they canbe usedin the queryprocessingFinally, an adaptatiorof the traditional vector
spacamodelis alsoproposedor queryprocessing.

To evaluateour proposednethodsye have usedacollectionof documentsrom a
realsearchenginethathasover 12 million WebpagesWe presentheresultsof this eval-
uationfor eachof the threetasks.First, we shav thatour FAQ selectionheuristicswere
ableto find 97%of the pagescontainingFAQsfrom the Web pagealatabaselNext, we re-
port theresultsobtainedusingour algorithmfor extractingQAPsfrom thesepages.This
algorithmwas abléo correctlyextractquestionsandanswersn nearly80% of the cases.
We also presentan exampleof how the structuredinformation obtainedcan be applied
to improve searchresultson a FAQ databaseln experimentswith our proposedjuery
processingtratg)y we achieveda significantimprovementin thefinal rankingquality.

The paperis organizedasfollows: Section2 discusseselatedwork. Section3
presentour heuristicsfor identifying Web pageshat containFAQs. Section4 presents
analgorithmfor extractingQAPsfrom FAQs. Section5 present®ur proposedadaptation
to the vectorspacemodelfor retrieving solutionsfor questiongyivenasqueries.Finally,
Section6 presentsonclusionsandfinal remarks.

2. RelatedWork

Se\eral recentworksin the literaturehave addressedhe problemof extractingvaluable
informationfrom semi-structuredebpages A brief surwey of theseworksis presented
in [Laenderetal. 2002b].

For this problem, a variety of techniqueshave beendeployed, suchas machine
learning[Hsu andDung 1998,Kushmerick2000,Musleaet al. 2001],treestructureanaly-
sis [Crescenzetal. 2001, de CastroReisetal. 2004, Liu etal. 2000], databasemodel-
ing [Laenderetal. 2002a]Jandontologies Embley etal. 1999]. In all caseghe ultimate
goal of theseworksis to develop methodsandtoolsto generatevrappersto extractdata
from a setof data-richWeb pages.All of themrely on samplingsor examplesprovided
by usersthataregeneralizedo build extractionpatterns.

In tools suchas DEBYE [Laenderetal. 2002a], WIEN [Kushmerick2000], and
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STALKER [Musleaetal. 2001], examplesmustbe provided of the dataitemsto be ex-

tracted,e.g., dataon booksin an electronicbookstore. Othertools suchas RoadRun-
ner [Crescenzetal. 2001] and Nodes[de CastroReisetal. 2004] required samplesof

the pagescontainingdata ofinterestto be supplied. The Ontostool [Embley etal. 1999]

Is basedon specialist-crafte@ntologies.Oncean ontologyis built for a certaindomain,
e.g.,caradds,t canbeusedfor several Websitesonthatdomain.

In comparisorwith the problemaddressety thesemethodsandtools, the prob-
lem we addressetherehasan importantparticularity: the FAQs from which we extract
QAP are usually handmaddyy humansusingtext or HTML editors. In contrast,those
genericmethodsaretargetedto data-richWeb sitesthataregeneratedrom databasess-
ing templates.Moreover, by basingour methodon specificFAQ featureswe wereable
to devisea singlealgorithmto automaticallyextract QAP from severaldistinctWebsites,
while thosegenericmethodsusuallyrequiresomeform of samplingto take placebefore
processingeachWebsite.

Theidea ofusingthe Web asa sourceof informationfor answeringguestionss
not new. QuestionAnswering(QA) systemshave beendeployedfor finding answerson
theWebto questionposedasqueriegKwok etal. 2001]. Thisusuallyinvolvessearching
onavery largedocumenbaseof ageneradomainapplication.Askkeves andStarf are
two examplesof commercialsearchengineswvhich deploy the techniqueselatedto this
area.

Theapproactusedby early QA systemsombinednformationretrieval (IR) and
naturallanguageprocessindNLP) techniquegHarabagiuet al. 2000]. The mainideais
to presentan answerto a questionbasedon the documentgeturnedby a corventional
searchengine.Thefirst stepinvolvesprocessinghe queryusingNLP techniquesn order
to understandvhat the userwantsto know. After the searchprocessperformedby a
conventionalsearchenginethereturneddocumentsrealsoprocessetty NLP techniques
trying to find evidencesvhich mightindicatethe desiredanswer

An exampleof aQA systenmbaseon FAQsis FAQ Finder[Burke etal. 1997]. This
systemusesNLP techniquedo “understandthe meaningof a queryposedby usersand
try to matchthis queryagainsta setof questiondrom FAQs. Then,the systemproduces
asaresulta setof possibleanswergo the query

In additionto NLP, several otherapproachefave beenproposedor the imple-
mentationof QA systemgKatz etal. 2003,Lin 2002,Lin andKatz 2003]. In all cases,
thesesystemsandapproachesanbenefitfrom thework we presentere,sinceour meth-
odscanbeusedto automaticallybuild andmaintainstructuredFAQ databasewith ques-
tionsandanswersxtractedfrom the Weh

Anotherapproachadoptedor searchinganswergo specificquestionsn domain
specificapplicationds Case-BasedReasoning CBR) [Bartsch-Sgrl etal. 1999]. CBR
techniquedocuson reusingknowledgeacquiredfrom solutionsgivento previous prob-
lems. Problem-solutiorpairsarestoredin a semi-structuredknowledgebasethatcanbe
usedto solve similar problems.

Thttp://www.ask.com
’http://www.ai.mit.edu/projects/infolab/
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Whenthe knowledgebaseis organizedasa non-structuredlocumentcollection,
the problemis usuallynamedtextual CBR [Bartsch-Sgrl etal. 1999,Lenzetal. 1998].
In this casedocumentsreconsideredscasesandqueriesarethe problemsto be solved.

CBR techniguesassumea specificdomain[Bartsch-Sprl etal. 1999], therefore
allowing the reuseof knowledgeobtainedfrom previous solutionsto solve andimprove
solutionsfor new problems. Specifictermsrelatedto the problemdomainareidentified
andtheir occurrencen documentss exploited during the searchingprocess. In order
to determinethe similarity betweencasesit is alsoassumedhat problemswith similar
descriptionshave similar solutions.

The FALLQ project[LenzandBurkhard1997]is a CBR tool for finding docu-
mentsrelatedto a query asanswersin FAQs, in the domainof technicalsupportof a
telecommunicatiocompauy.

Although the ideashere presentedaim at producinggeneralsubjectFAQ data-
basesthey canalsobe appliedto addres=AQs available on specific domainWeb por-
tions. Thus,our methodsarealsoableto produceinputsfor CBR systems.

3. ldentifying FAQs

Thefirst stepto allowing a searchengineto dealwith FAQsis to identify the Web pages
thatcontainthem. Herewe presentwo simpleheuristicsfor this identificationstepthat
can be easily adaptedto a typical searchenginecrawler. We also presentthe results
obtainedwhentestingtheseheuristicover alarge collectionof realWebpages.

First, we investigatethe main characteristicof FAQs andof the Web pagescon-
tainingthem. For this purposewe gathereda smallsampleof 50 FAQs. This samplewas
obtainedwith thefirst 50 FAQsreturnedasaresultof a querysubmittedo areal popular
searclengineusingtheterm“FAQ”. After athoroughanalysisof thereturneddocuments,
thefollowing obsenationscanbe formulatedaboutFAQ Webpages:

1. All documentdave thestring“faq” in the HTML title or in the URL of the page;
2. Over 70% of the pagedescribehe FAQ subjectin the HTML title;
3. Over 95% of the pagespresentspecificHTML formatfeaturesfor the questions
andanswergext;
. All questionorrespondo singleparagraph# the page;
. Around90% of the questionsaaresentencesndingin questionmark;
(a) mary questiondegin with someform of enumerationsuchasl.), A), i-,
etc;
(b) mostquestionendingin questiormarkhave aninterrogative termsuchas
“what”, “when”, “who”, “where”, “how”, etc;
(c) somepagegpresenguestionsvhicharenotrelatedto a FAQ, asfor exam-
ple “forgotyour passverd ?”
6. Around 60% of the pageshave aquestionindex, which includelinks to the an-
swers.
(a) mostlinks areinternal(to the page)andthe questionsareusuallyrepeated
nearthe correspondin@nswers;
(b) in someFAQs,thelinks pointto otherHTML pages;
(c) mary FAQshave bothinternalandexternallinks.

(G20 S8
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Giventhoseobsenations,we formulatedtwo heuristicsto determinevhenapage
canbeconsideredsa FAQ.

Heuristic 1 In order to be consideed as a FAQ, a pag musthavethe string “ fag”
eitherin the contentof thetag TITLE or in its URL.

Heuristic 2 In orderto be consideed asa FAQ, a page musthavea setof oneor more
guestionsn its textual content.

As anexample,Figure 1 presentgwo distinct portionsof a sameWeb pagecon-
taininga FAQ. Thefirst portion (a) correspondso a questionindex which, accordingto
our obsenations,is quite commonin FAQs, andthe secondportion (b) correspondgo
the pageregion containingthe questionsalongwith its answers.This pagesatisfieshe
conditionsstatedn bothHeuristicsl and2. Thestring“ fag” appearsn its URL, circled
in Figure 1. Furthermorethereareseveralquestionsdentifiablein the page”gext.

B Introduction and General Information « Mozilla Firefox g@]@ (a)
File: Edit Wiew Go Bookmarks Tools  Help \ {
= ’ [ ; Y : Gy 7
) '54) lf;] ? http.g’;’wv\h:{aﬂs'.grg,fcontrlb;’limx!LlnLl&-iA_Qﬂptm.html v |C,
Linux Frequently Asked Questions with Answers -
Prew Tlext
1. Introduction and General Information (b)

2 Introduction and General Information - Mozilla Firefox

Q: What Is Linuzz? . .
O What Platforms Dioes Linug Support? | Ble Edt Yew Go  Bookmarks  Tools - Help i

Q: How Do Liner Versions Work? k_@ @ hittp: /e, Fags.arglcontribflinuLinus F &g intra. html e |G.
& How Do 1 Get Started? a2 Mgl el e sl i il B R A L 5] =
Q: How Can I Get a Distribution? Q: What Is Limx?

Q: How Do I Install Tinux?
2 What Seftware does L Support? | A: Linis iz an operating system kernel that behaves and performs similarly to the farmous THTX™ operating
Q: How Do T Find a Particular Applicatiog system from AT&T Bell Labs. It has all of the features of a modem operating systern: tme rmilitasking,

Q: What Hardware Is Supported? threads, wirtual memory, shared Iibranies, demand loading, shared, copy-on-write executables, proper
Q: Ports to Other Processors memory management, loadable device dniver modules, wideo frame buffermg, and TCP/IP networking

The Linug kemel is distnbuted under the GHU General Public License. (" 1#%at [z Linux's Cpen-Source
- o BidiicPoR

R |
W] Licemg=?")
Samnmm== Ld

: What Platforms Dioes Linux Support?

A; Linuz was written origmally for Intel processor based PC's, using the hardware facilities of the 80386
processor and ifs successors to implement itz features. The 80386 family mchudes the 80486, and all of the
Pentum chips. Howewer, there are now marny ports to other hardware platforms ("_Porzs to Other
FProcessors”)

There are also Linux distributions specifically for mobile and handheld platforms: ...
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A; At any given time, there are several "stable” versions of Limuz, and one "development” version. Unlike
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Figure 1. Example of Web page containing a FAQ.

In orderto implementHeuristicl, findingtheword “faq” in thetitle orin theURL
of aHTML pageinvolvesa simplestring searchoperation.However, theimplementation
of Heuristic2 consistsn finding questionsn apage.Thisis amorecomplicatecbperation
becausdt requiresdelimiting paragraphsvhich end with a questionmark within the
HTML page.

As HTML pagesaredesignedo facilitateits visualization,it is commonto find
HTML tagswithin thetext. In somesituationsthesetagsare usedto emphasizea word
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or part of atext (e.g. tagsB and I). Thus, by simply removing thesetagswe could
reconstitutehe paragraphsvith plain text. However, othertagschangethe positionof a
text to otherlocationsin a page. For instancethe tagH is usedto formatthe headerof
HTML pagesandtheheadetext usuallydoesnothave ary punctuatiorsign. If thissortof
tagsareremoved,the headetext would bewrongly concatenatetb the bodytext. Given
thatthe headerdoesnot have arny punctuatiorthe wholetext would be considerecasone
singleparagraphFor thatreasonve have deviseda stratagy for identifying paragraphn
HTML pages.

Our stratgy for separatinga pagetext in distinct paragraphgonsidersa subset
of the W3C® standardHTML tag setof paragraphseparators This subsetwas defined
after inspectingthe pagesin our sample. Thesetags, which in someway modify the
text positioningon the pagepresentedy a browser we call structural tags They are
presentedn Tablel.

TagType Tag list

Basic HTML, BODY,P, BR, HR

Heading| H1, H2, H3, H4, H5, H6

Table TABLE, THEAD, TBODY, TFOOT, TR, TD, TH
List UL, OL, LI, DL, DT, DD

Other CAPTION, DIR, MENU, CENTER

Table 1. HTML tags we consider as structural.

In orderto avoid collectingpartsof text from scripts, framesandHTML forms(we
considerthattheseelementsarevery likely not to be part of a FAQ), all theseelements
areremovedbeforeextractingtheparagraphsParagraphsomposeaf symbolsor spaces
only (includingtabs,CR, LF, etc)arealsoremoved. After separatinghe paragraphef a
page we simply selectthoseendingwith a questionmark. If a numberk of questiongs
found,we saythatthe conditionin Heuristic2 is met.

Evaluation of the Heuristics

In orderto evaluateour heuristicsfor identifying Web pagescontainingFAQs we useda
largedocumendatabasérom areal searchenginecomposedy morethan12 million of
pages.Theresultsarepresentedn Tables2, 3 and4.

In Table2 we shav that 0.08%of the pagesin the documentdatabasevere se-
lectedascontaininga FAQ basedon our two heuristics.Notice that 6.90%of the docu-
mentsin thedatabasarenotHTML pagesandwerediscarded.

Table 3 shaws that our simple heuristicsachieved a very good precisionresult,
since97,57%of the pagesselectedvereconfirmedascontaininga FAQ. This evaluation
wasmadeby manuallyinspectingeachpageselectedy the heuristics.

To estimatetherecallachiezedby our heuristicsve randomlyselected,890Web
pagedrom our documentlatabasandinspectedeachof themmanually Then,we apply
ourheuristicsoverthissubset.Theresultsin Table4 shav thatthetwo evaluationsagreed,
which leadedo anestimatedecall of 100%.

Shttp://www.w3.org/TR/REC-html40/
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Total Docs 12,029,981 PagesSelected 9,306
PagesSelected 9,306(0.08%) PageFAQ confirmed 9,080
Non-HTML Docs | 829,260(6.90%) EstimatedPrecision | 97.57%
Table 2. FAQ identification re- Table 3. Estimated precision in
sults FAQ identification

Total Pages 5,890

PagesSelected 7 (0.12%)
PageFAQ found | 7(0.12%)
EstimatedRecall 100%

Table 4. Estimated recall in FAQ
identification

In the next sectionwe discusshow to extractquestion-answepairspresenin the
pagesselectedaccordingto our heuristics.

4. Extracting Question-AnsweringPairs

In this sectionwe detailour methodfor extractingquestion-answearairs(QAPs)from the
WebpagesselectedascontainingFAQsby our two heuristicsor FAQ identification.This
methodis basedon otherheuristicswe formulatedbasedon obsenationswe madeatfter
analyzingthe setof FAQ samplesiescribedn Section3. Theseheuristicsfor the basisof

a QAP extractionalgorithmwe proposeandpresentierealongwith experimentakesults
thatevaluateits effectiveness At the endof this sectionwe discussa simplestrateyy for

extracting the subjectof the FAQs. Determiningthe subjectof FAQs is useful for the
searchmethoddiscussedn Section4.

4.1. Common Featuresin QAP

In almostall of the sampleFAQs, we found that question-answepairs (QAP) form a
sequencén which questionsandanswersccurinterleared. Also, questionsareusually
consistentlyformattedwith somepresentatiorfeatureshat make themeasyfor usersto
identify, suchasdistinctfont type,color or size.

Basedon this, we concludedhatto extract QAPswe canbegin by locatingques-
tionsin the page,sothata text region denselypopulatedwith questionsvould indicate
whereQAPsare.Furthermorepncewe identify eachquestionall theanswersgxceptfor
thelastone,are placedbetweentwo questions.Thus,answerscanbetrivially extracted
oncequestiondhave beenlocated.

In somecasesjarger FAQ pagespresenta questionindex, which is a list where
the questionof the FAQ appearcontiguouslyand,in mostcaseseachof thesequestions
have links to the actualquestionandits answerin the FAQ. Questionindexesoccurin
the beginning of the FAQ page. This situationis illustratedin the Web pagepresented
in Figure 1. Notice thatfor the sale of QAP extraction,we are primarily interestedn
locatingthe questionsappearingn Figurel(b).

For applyingthe extractionheuristics we first considera Web pageasa sequence
of paragraphs”? = (pi,ps,...,pn). If the web pagecontainsa FAQ, thenthereis a
subsequencé C P suchthatL = (qi,a1,q,as,...,qk, ax), Whereeachpair (g;, a;)
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correspondso aquestionandits answefrespectrely. Thus,ourinitial goalis to find the
set® = {q1, ¢, - .., qx} in thepageandthenextracttheset{ay, as, . . ., a; } of answers.

Our stratgy for locating questionsconsistsin initially taking the paragraphsn
the page”gext thatwereidentifiedasbeingquestiondecausehey endedwith aquestion
mark. Thisstepcorrespond$o ourfirst heuristic.However, sinceit is toorough,we apply
otherheuristicsto refinethe extraction. Theseheuristicsareusedin the QAP extraction
algorithmwe discusdn thefollowing.

4.2. QAP Extraction Algorithm

Our QAP extractionalgorithmis presentedh Figure3. It takes asnputaWeb pagéV/, in
whichwe assumehatthereis a FAQ, andoutputsasetof question-answepairs.In Line 3
of this algorithmwe breakthe pageP into paragraphsassuminghe sameprocedureve
usein Section3. Then,following the stratey outlinedabove, in Line 4, we build a first
approximationof the setof questions) by selectingall paragraphsn p that end with
a questionsmark. In Line 5 we remove all sequencesf k£ > 2 consecutie questions
in P. This accountsfor the occurrenceof questionsndex beforethe actualquestions
andanswersappeailin the FAQ. To exemplify this, Line 5 would filter out the questions
appearingn Figurel(a).

Up to this point, ) storesall paragraph# thetargetpagethatendwith aquestion
mark,exceptfor thosethatcouldhave appearedh anindex. Noticethatnotall paragraphs
in Q arequestionsandtherecouldbequestionsn the FAQ thatdo notendwith aquestion
markand,thus,maynotbein (). To dealwith that,we resortto a simpleheuristicbased
onthecommonpresentatiorieaturesof the questions.

First, we considerthat all questiondn a FAQ sharesimilar formatting features.
Thus,we try to determinewhatthesefeaturesarein orderto (1) filter out all paragraphs
in @ thatdo not displaythesefeaturesand(2) includein @@ paragraph$rom P thathave
thesamefeatures For instanceall threequestionsn Figurel(b) sharesimilar formatting
featureshowever, asthethird onedoesnotendwith aquestionmark,it wasnotincluded
in Q. Ontheotherhand theparagraptendedoy “What s Linux’sOpen-Sourcé&icense?”
waswrongly includedin Q.

To determinethe formatting featurescommonto the questionsin the FAQ, in
Line 6 we take the underlyingDOM tree H of the target pagelV. As we know that
the text in arny questiong in @ is spannednto oneor more leafs, we considerthat the
formattingfeaturesof ¢ aredeterminedy theformatingtagsthatencompasthesenodes
in H. We call thisthe context of ¢ in H. In Table5 we presenthe subsebf the HTML
settagswe considerasformatingtags.This notionis morepreciselystatedasfollows

Let p be a paragraphextractedfrom a Web pageP whoseDOM treeis given
by H. Let n(p) = {n1,...,n,} (m > 1) be a setof leaf nodesin H suchthat
T(ny) e ... e T(n,) =p, whereT'(n;) is the text containedin the leaf n; ande de-
notesthe string concatenatiomperation.Also, let 7(p) be the deepestommonancestor
of all nodesin 7(p) andlet (p) the setof nodesin the pathfrom 7(p) to theroot of H.
We definethe contextof p, I1(p), asthe setof formatingtagsfoundin the nodesof 7 (p).

Figure?2 illustratesthe concepwof contet. In thisfigure,we have 2 paragraphor
questions)sayq; andg,, placedrespectiely in nodeslabeleda andb, i.e.,n(¢;) = {a}
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andn(qs) = {b}. Also, a third paragraph/questionsay g3, spansthroughoutnodes
labelede;, ¢o andes. Thus,n(gs) = {c1, 2, c3}. This occurredbecausehe authorof the
FAQ chooseto formatthe word “new” in boldface,henceit is enclosedn a BF tag. In
this casethedeepestommonancestoof nodes:;,c, andes is thenodecorrespondingo
the tagrONT. Thus,the context of thethreeparagraphs/questiomsthe setof formating
tagsfound in the path, from nodesrFONT to the root HTML, that is, T1(¢;) = II(¢g2) =
II(¢3) ={FONT,DIV,DIV,...}.

HTML

¥ hEaD ©

TD

DIV
FONT

Figure 2. lllustration of three paragraph/questions common conte xt

In Line 7 of the algorithm we usethe function I1(p) that gives the contet of
paragraphp to identify the largestset R of paragraphsn @ thathave asamecontet or,
in otherwords,the sameformatingfeatures.R correspondso the setof questionsn the
FAQ. Thus,we replacethe paragraphsn ¢ by thosein R in Line 8. This removesall
paragraphsn @ thatdo not sharea samecontext with the majority of otherquestionsn
Q. Next, in Line 9, we look for otherparagraphsn P that have this samecontet and
includethemin Q. Finally, theloopin Lines10—12builds the setof QAPs.

TagType Taglist
Font FONT (SIZE, COLOR, FACE, WEIGHT), BASEFONT
Style B, I, U, S, STRIKE, SUB, SUP, TT, PRE, BLINK

PredefineStyle | BLOCKQUOTE, Q, EM, STRONG, CITE, CODE
SAMP, KBD, VAR, BIG, SMALL, ADDRESS
Other A, H,DIV, SPAN

Table 5. List of HTML tags we consider as formating tags.

4.3. Experimental Resultswith QAP Extraction

We now presentexperimentalresultswith the QAP extractionalgorithm. For the exper
imentswe have usedthe 9,306 Web pagescontainingFAQs that were selectedrom our
Webpage.A total of 96,651QAP wereextractedfrom thesepages.Thereforejn average
we foundmorethanten QAP per FAQ.

To evaluatethe quality of the extraction,we manuallyextracted731 QAP from
80 FAQ randomly picked out of the 9,306 FAQs. The manualextractionresultswere
comparedwith the extractionresultsobtainedwith the QAP extractionalgorithm. The
evaluationof this comparisons presentedn Tables6 and 7, wherethe standardpreci-
sion, recallandF measuresreused. In eachof thesetables,we presentthe averageof
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1 Algorithm:QAP Extraction
Input: A Web page W containinga FAQ
Output: A set QA = {{(q1,a1), (g2, a2), - . ., {Gn, a,)} Of QAP

2 begin
3 let P = {p1,...,p.} bealist of paragraphextractedfrom W

[*First approximation:All paragraphgndingwith a*“?” */
4 Q — {p € P | pendswitha“?” }

[*Filters outthe questionsn theindex */
5 if thereis I = (p;, pit1, ..., pitk) C P Wheep,; andk > 2 € () then

Q—Q—1I
6 let H betheDOM treeof pagelV/

I* R is subsebf questionswith the mostfrequentcontext */
7 let R = {ry,...,r,} bethelargestsubsebf () where

(ry) = ... =1(ry,)

[*Considersonly the questionsvith a samemostfrequentcontext */
8 Q—R

/*Adds otherparagraph$aving the samecontect asquestions */
s | Q—QU{peP—Q|Ip) =1(r)}

/*Builds thesetof QAPs */
10 foreach p; € PU @ do
11 ‘ QA — QAU {(pi,pit1)}
12 end
13 end

Figure3: QAP ExtractionAlgorithm

thesemeasuresonsideringhe QAP in eachFAQ individually, which correspondso the
row labeled“each FAQ”, and consideringthe whole setof QAP from all FAQ, which
correspondso therow labeled‘all FAQ”.

Table 6 presentghe resultsconsideringthe QAP presenin eachpage,thatis, it
compareshe QAP manuallyfoundin eachpagewith the QAP extractedby thealgorithm.
Table7 shavs amoredetailedresult. For eachQAP extracted,t present@anevaluationof
how correctlythe questionandanswersvereextractedwith respecto thetermsfoundin
thetext of thesequestionandanswersin this table,the F measuravascalculatedusing
theaverageof the precisionandrecallfrom questionsandanswers.

Averagefor | Precision | Recall F
eachFAQ 88.02% | 84.23% | 86.08%
all FAQ 89.57% | 70.26% | 78.75%

Table 6. QAP extraction evaluation

Questions Answers E
Precision | Recall | Precision | Recall

eachFAQ 86.90% | 88.02% | 82.96% | 73.32% | 82.65%

all FAQ 88.95% | 89.57% | 84.42% | 83.13% | 86.51%

Averagefor

Table 7. Questions and Answer extraction evaluation
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Fromthefiguresin Tables6 and7 we obsenre thatthe extractionasperformedby
the QAP extractionalgorithmachiezesgoodquality level. Notice, however, thatthereis
acleardifferencebetweerF measurevaluesobtainedn Tables6 and7 consideringeach
FAQ (86.08%)andfor all FAQ (78.75%).This canbeexplainedby thefactthatthereare
afew FAQswith veryfew questiongsay 3 or less)in our FAQ collection.In thiscasethe
heuristicfor determininga commoncontext behaespoorly. Still, the differencebetween
thetwo valuesis under9 points.

As afinal remark,it is worth noticingthattheresultsin Tables6 and7 aresimilar
to thoseobtainedwith sitespecificWebdataextractionmethodgLaenderetal. 2002b]in
termsof quality.

4.4. Extraction of FAQ Subject

To complementhe information extractedfrom questionsandanswersn the FAQ, it is
oftenusefulto addcontetualinformationprovidedby the FAQ subject.For instancethe
searchmethodwe discussin Section5 takes adwantageof suchinformation, whenit is
available. For extractingthis subjectwe simply take the text presenin the TITLE of the
page.Examiningthe randomsampleof 80 FAQs we useto evaluatethe QAP extraction
algorithm,we verified thatin approximately50% of them, the subjectwasexpressedn
thetitle of the page. Although this could be muchimproved usinga more sophisticated
method,we did not do additionalinvestigation on this matter since,aswe shaw in the
next section,this extractionrate wasgoodenoughfor the requirement®f the searching
method.

5. Searching on FAQ Databases

In this sectionwe discusshow to take advantagefrom the structurednformationobtained
by the QAP extractionover pagescontainingFAQ whendeveloping searchsystems.In
this sectionwe assumehat, after performingFAQ extraction,we obtaina setof tuplesof
theform (s, ¢, a), wheres is the subjectof a FAQ), ¢ is aquestionanda is ananswetrto q.
This tuplesarecalled SQAtuplesor simply SQAandthe setof all SQA extractedfrom a
setof FAQ Webpagess calleda FAQ Database

Contraryto documentdatabasesf ordinaryWebsearchengineswhoseelements
aremonolithicpagestheelementsn FAQ databaseare SQA, which exhibits anexplicit
structuralinformation. We claim that this information can be usedto derive asearch
systemspecificfor retrieving information from FAQ databaseslIn this searchsystem,
SQA arethebasicunitsto beretrievedandwill alsobe namedhereasdocuments.

Onthe Information Retrieval field, one of the mostpopularmodelsdo represent
documentandqueriesis the Vector SpaceModel [Baeza-¥atesandRibeiro-Neto1999].
In this model,queriesanddocumentsarerepresente@svectorsin a spacewith dimen-
sion determinedoy the numberof distinctterms(words) of the collectionof documents
searchedThe coordinateof eachdocumenin this modelaredeterminedoy computing
theweightof eachtermin thedocument.Theweightformulais usuallygivenby:

Wy = tfd,t X det (1)

wheret f;, is a function of the numberof occurrencesf term¢ in documentd andidf,
accountghe importanceof term ¢ for the whole collection. A typical way to compute
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t fa. i1s simply countingthe occurrencesf ¢ in d, while the:df for atermis givenby the
formulaidf; = log % wheref; is thenumberof documentsvhereterm¢ occursand N is
thenumberof documentsn the collection.

Given a query (), the Vector SpaceModel obtainsthe ranking of documentsy
computingthesimilarity of eachdocument! with respecto (), andsortingthedocuments
in decreasingrderof similarity. The similarity formulaadopteds usuallythe cosineof
theanglebetweernhevectorsof d and@:

__a.d

Q- ]d]

TheVectorSpaceModel considerghatthereis no structurewithin thedocuments,

consideringthemjust assetsof words. However, in our FAQ databaseeachdocument
is representeddy a SQA tuple (s, ¢,a). Thus,a direct applicationof the vector space
modelwould notconsiderthestructureof casesandwould consideithemasunstructured
documentsHowever, giventhatwe know eachelemenif a casehasadifferentmeaning
to theuserswe decidedio computefrequencie®f termsin eachelementseparatelyWe
thenexperimentedwith differentcombinationsof thesevaluesto checkhow goodeach
field in a SQA tuple is asa sourceof evidenceto determinethe importanceof a SQA
to a given query To performtheseexperimentswe adoptedthe following formula for
computingt f:

sim(Q, d) (2

tfag=aXtfa .+ 08X tfa+vxtfa. (3)

wheret f4, , is the frequeng of ¢ in the subjectof d, ¢f;, , is the frequeny of ¢ in the
questionof d andt f,, ; is thefrequeny of ¢ in the answerof d. The values o, 3 and~y
arecoeficientsthatrepresenthe usefulnes®f eachfield andshouldbe adjustedhrough
experiments.

Sincethesubjectof aFAQ (field s) determineshecontext whereeachdocuments
embeddedhisfield will mostlikely play animportantrole in theretrieval processWhen
consideringhe question(field ¢) andanswergfield a), it is expectedthatthe termsof ¢
will bemoresimilar to a userquerywhenadocuments relevantto thatquery while the
answermmay not have acontentsimilar to the userquery evenwhenit is the bestanswer
for suchquery Thereforethefield g is expectedo beimportantto determineheranking
andfield a is not expectedto be souseful.

We performedexperimentdo evaluateresultsachievedwith thenew weightscheme
of Equation3 andto selectthe bestcoeficientsfor eachfield in our SQAtuples.The ex-
perimentswere conducedwith the sameFAQ collectionwe usefor the experimentsin
Sectiond. We definedl15 questionqueriesrelatedto topicscoveredin the FAQ database,
andsubmittedthesequeriesto our systemvaryingthevaluesof «, 5 and~, from 0 to 10.

Given eachcombinationof coeficients, for eachquery submittedwe manually
searchedor thefirst resultthatgave anappropriateanswerto the query(thefirst relevant
answer). We then computedthe meanreciprocalranking (MRR) for eachresult. The
MRR is a measuravhich computeshow nearis thefirst relevantanswerfrom the top of
theranking,varyingfrom 0 to 1, wherel meanghattheanswelis in thetopandO means
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thattheanswertis far from thetop. MRR is usuallydeployedfor evaluatinglR systemsn
which the numberof relevantanswerss expectedto be small. In scenariosuchasthis,
whichis our case pthermeasuresuchasprecisionarenot suitable.

For the sale of simplicity, Table8 present®nly the bestcombinationsanda com-
binationwith values(1,1,1),whichis similar to theoriginal vectorspacemodel.As it can
be obsened, usingour proposedveightschemave wereableto improve the MRR from
0.60up to 0.76,which meanghe systemwith separateveightsfor eachfield presented
relevantanswerscloserto thetop whencomparedo the original VectorSpaceModel.

Thebestcombinationof valuesfor the coeficientswerea =4, 3 =4 andy =1,
(4,4, 1), which indicatesthat the subjectandthe questionfields areindeedmore useful
thanthe answerfield. However, noticethatfor combinationa = 4, 5 = 4 andy = 0,
(4,4,0), the resultswere slightly worse,which meansthe answerfield still have some
positive contribution to the ranking. This conclusioncan also be obtainedwhenlook-
ing at (8,8, 1), whereagain theresultswereworsethan (4, 4, 1), meaningthatthe ideal
combinationin our experimentsalsotook theanswerasmuchlessusefulinformation.

The overall gain in MRR when comparingthe systemwith the non-structured
searchwasroughly 25%,whichis a significantimprovement.A final comments thatthe
high MRR valuesachieredin all casess dueto the high quality collectionextractedand
the separatiorof casegrovided by the previous methodsof our proposal.

Weights(a,3,7) | (1,1,1)] (4,4,1)] (4,4,0)] (8,8,1)
MRR 060 | 0.76 | 0.64 | 0.70

Table 8. MRR values achieved with diff erent weight schema.

This sectionpresentedn exampleof how the structurednformationachievedin
the FAQ extraction processmay be exploited to improve the searchprocess. This first
exampleshows thepotentialbenefitof extractingcasegrom FAQsto thesearchprocess.
Otheralternatve ideasandmodelscould be derived from the structure.

6. Conclusions

In this paperwe have presentednethodgor automaticallydetectingandstructuringweb
FAQs. The ultimategoalwasto createa structureddatabasé¢o storeall the information
availableon FAQs createdby usersonthe Weh We arguethat FAQs arerich sourcesof
very specializedknowledge,but currentsearchsystemdail in properly exploiting their
potential sincethey considerthem as ordinary Web pagesand sincetheir information
seemgo beunstructuredThroughouthe paper we have seenthatFAQsin factexhibit a
very consistenstructure thatalthoughimplicit andsimple,canbe exploitedto improved
theway informationin it is processed.

Basednthisassumptionwe have proposedaspecificsearclenginefor creatinga
FAQ databasenodifying threeof the maintasksperformedby searchenginesccravling,
indexing andqueryprocessing.

For the crawling task,we proposecdheuristicsto selectamongthe pagescrawled
thosethat are likely to containa FAQ. Our experimentsshav that theseheuristics,al-
thoughvery simple,arevery effective, beingableto correctly selectWeb FAQsin more
then97%of thecases.
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We also shawv that insteadof indexing Web FAQs as monolithic pages,we can
make their inner structureexplicit by extractingquestion-answepairs (QAP). This way,
insteadof processingvhole pagesQAP will betheinformationunit to be processedwe
have presentechn algorithm for QAP extraction that correctly extractedquestionsand
their answersn nearly80% of the cases.

Furthermorewe have presentecain exampleof how the QAP structurecould be
usedfor improving effectivenesof a searclsystembasedn thevectorspacemodeland
developedfor searclonthe FAQ databasef-or processingjuerieoverthe QAP extracted,
we have proposeda schemehatassigndistinct weightsto questionsandanswerdo be
usedwith the vectorspacemodel. This schemealsoincorporateghe subjectof the FAQ
whenit is available, also assigningto it a specificweight. After experimentingwith
severalweightvalues,we reacheda particularconfigurationthat gave an overall gain of
25%in comparisorwith thetraditionalweightschemausedwith the vectorspacenodel,
achieving 0.77in theMRR measure.

As future directionsfor the work herepresentedyve intendto studyhow to de-
velop domain focusedautomaticdetectionand extraction of information available on
FAQs. For this, we foreseethe needingof improving our strategy for identifying the
subjectof the FAQs, sinceour currentstrateyy for thisis too shallow.

Thelessondearnedwith the developmentof the methodspresentedereleadus
to the conclusionthat by exploiting theinner featuresof specifictypesof documenton
the Web it is possibleto improve the way they are currently processedand assistWeb
usersin usingsuchtypesof documentsnore effectively. This seemsa promisingpath
for the future of researclon Webinformationsystemsin particular asblogsarerapidly
growing asa popularway of publishinginformationon the Web, we feel that someof
the ideasheredevelopedcould be usedfor dealingwith suchtype of documentanore
effectively.
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