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ABSTRACT

A wealthof informationis availableon theWeh But often,such
dataarehiddenbehindform interfaceswvhichallow only arestric-
tive setof queriesover the underlyingdatabasegreatlyhinder
ing dataexploration. The ability to materializethesedatabases
hasendlessapplicationsfrom allowing the datato be effectively
minedto providing betterrespons¢imesin Webinformationin-
tegrationsystemsHowever, reconstructinghesedatabasethrough
restrictednterfacescanbea dauntingtask,andsometimesnfea-
sibledueto network traffic andhigh latenciedrom Webseners.
In this paperwe introducethe problemof generatingefficient
guerycovers,i.e., givenarestrictedqueryinterface,how to effi-
ciently reconstruce completdmageof the underlyingdatabase.
We proposeasolutionto theproblemof finding coversfor spatial
queriesover databaseaccessibléhroughnearest-neighbanter
faces.Our algorithmguaranteesompletecoverageandleadsto
speedup®f over 50 whencomparedagainstthe naive solution.
We useour case-studyo illustrateusefulguidelinego attackthe
generalcoverageproblem,andwe also discusspracticalissues
relatedto materializingWeb databasessuch as automationof
dataretrieval andtechniquesvhich male it possibleto circum-
ventunfriendly sites,while keepingthe anorymity of the person
performingthequeries.
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1. INTRODUCTION

The hiddenWeb hashad an explosive growth asan increasing
numberof databasedrom productcatalogsand censusdatato

celebrities’burial sites,go online. This informationis oftenhid-

den in thesensehatit is placedoehindform interfacesandpub-

lishedon demandn responseo users’requests.t is estimated
that80% of all thedatain theWebcanonly beaccessedia form

interfaceq3].

Therearemary reasongor providing suchinterfacesontheWeh
Transferringa big file with all theinformationin a databasean
unnecessarilypverload Web seners (especiallyif usersarein-
terestedn a small subsetof the data). Furthermoreaccessing
a particularrecordwithin a big file canbe rathercumbersome.
The alternatve of giving directaccesdo the databaseshrough
expressie querylanguagesuchasSQL [4] or XML-QL [2] is
not practical,asthesdanguagesretoo comple for casuaWeb
users.Form interfacesarethusa goodchoiceasthey provide a
very simpleway to query(andfilter) data.

Simplicity however, comesat a price. Form interfacescanbe
quite restrictive, disallaving interesting queriesand hindering
dataexploration.In somecasestherestrictionsareintentionally
imposedby contentprovidersto protecttheir data(e.g., thebook
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databasendusercommentsareimportantIP for anazon. com
they arekey to thebusiness— andit is to Amazons benefitthat
othersare not able to replicatetheir data). In otherinstances,
therestrictionsarejust anannganceandoftenthe resultof bad
design. Take for examplethe U.S. CensusBureauTract Street
Locator, ! which requiresa zip codeandthefirst 4 lettersof the
streehame notallowing usergo getinformationaboutall streets
in agivenzip code. As aresult,thereis a greatwealthof infor-
mationburiedandappaentlyinaccessiblén theseWebsites.

For answeringgueriesthat are not allowed througha given in-
terface,or simply to get betterperformancemary applications
canbenefitfrom materializinga view of this hiddendata. This
approachss currentlyusedby a numberof servicessuchasfor
instance comparisorshoppingenginesandjob searchsites. In
generaltheseservicesactin cooperationwith Web sites,which
may give thema lessrestrictve back-doorinterfaceto the data.
However, whenWeb sitesdo not cooperatean interestingprob-
lemis how reconstructheir databaseasingtherestrictedquery
interfacesreadilyavailableon the Weh

The problemof queryingWeb sitesthroughrestrictve queryin-

terfaceshasbeenstudiedin the context of informationmediation
systemgseee.g., [6]). However, to thebestof ourknowledge the
problemof generatingefficient query coversthat retrieve com-
pleteimagesof the databasethroughrestrictedqueryinterfaces
hasnot beenconsideredefore.

In this paperwe defineand studythe problemof generatingef-
ficient query coversfor non-cooperatie Web sites: given a re-
strictedqueryinterface how to efficiently reconstrucacomplete
image of the underlying database.We focus on an important
subsef this problem,namely finding efficient coversfor spa-
tial queriesover databaseshat are accessiblehroughnearest-
neighborinterfaces,and proposean algorithm that guarantees
completecoverageandleadsto speedupsf over 50 whencom-
paredagainsthe naive solution. We alsodiscussssuesnvolved
in buildingthesedatabaseénagesandproposegenerabuidelines.

2. SPATIAL _COVERS THROUGH
NEAREST-NEIGHBOR INTERFACES

Considerthefollowing scenario A largeretail businesss work-
ing on expansionplans,and needsto figure out whereto place
10 new stores.A goodstratgy would beto discorer wheretheir
competitorsare located,and/orhow their competitorshave ex-
pandedover time. Nowadays,thesedataare often available on
Web sitesof the businesseshemseles, as mostretailersoffer
storelocatorswhich allow a potentialcustomerto identify a lo-
cationnearthem. Onefeatureof mary suchlocatorsis thatthey
returnonly theclosestk resultsto thequerypoint,andin practice
k rangesetweerb and10. Usingthis restrictive form interface,

1 http://tier2.census.gfctsl/ctsl.htm
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Figure 1: The top figure shavsthe location of storesfrom one
U.S.retailer. The bottom figure shons sometypical coverages
queries,and the partial coverageswhile completingthe cover
for the region.

it canbetricky (andcostly)to find the locationof all the stores
of aparticularretailerin theU.S.. A naturalsolutionwould beto

getalist of all thezip codesin theU.S.,submitoneby one,and
megetheresults.However, giventhehighlatencieof mostWeb
sites,executingup to 10,000queries(1 perzip code)maytake a

long time; andthis problemis compoundedf thesequerieshave

to be executedperiodically(for example,to track your competi-
tor's expansiorstrategy).

Givena queryinterfacefor nearest-neighbagueriesof the type
“find thek closesstorego aparticularocation”,andaregion R,

our goalis to minimize the numberof queriesnecessaryo find

all the storesin R. While in principle our coveragealgorithm
worksfor ary numberof dimensionsyve focusour discussioron

thetwo-dimensionatase.A naive techniquefor finding a cover

of aregion R is to simply breakthe region into small pieces,
thenperformone queryfor eachpiece(say performthe query
for the centroidof theregion). Thistechniqués quitepopularon

theWeh For instancepftento find all the storesof a particular
chain,oneperformsonequeryperzip code.While this doesnot
guaranteeoveragesinceit mighthapperthatmorethank stores
belongto a singlezip code,in practice,this often producessat-
isfactoryresults.Giventhatthereareseveralthousandzip codes
in the United Statesthis techniquds likely to be very time con-
suming. Also, this techniquedoesnot explore the data-sensitie

natureof the k-NN queriesbeingperformedpecausét doesnot
take into accountthe radiug returnedby the query As canbe
clearly seenin Figure 1, the radiusreturnedby a given query
canvary substantiallyOur techniquesxploressuchvariationsto

achieve an efficient solution. Our algorithmis quite simple,and
is composedf two parts:

(1) We usea spatialdatastructureto keeptrack of which partsof
R have alreadybeencoveredby previousqueries.

(2) At ary given pointin time, we usethe coverageinformation
obtainedthusfar to determinewhereto performthe next query
asto minimizeoverlaps.

We usea simplegreedyschemdor maximizingprofit of queries.
We assumehe bestplaceto performaqueryis thelargestempty

2In practice,somesitesdo not returnthe radiusdirectly, but given an
addresqlocation), it is possibleto find the latitude and longitude,and
computetheradiusby performingextraqueriegpossiblyin differentWeb
sites).

circlein theuncoveredregion. In practice we usea quadtred5]
to mark which regions of R have beencovered(the unmarled
regionsaretheregionsof spacevhichhave notbeenseenandfor
which no informationis available). Givena querypointp € R,
theoutputof thequeryis alist of neighborsy, ... ,ni of p. We
simply markonthequadtreghenodesnsideaball centeredatp,
andof radiusr = max ||n; — p||. SeeFigurel for anexample.
In effect, we find the largestuncoreredquadtreenode,and use
its centerasthe next querypoint. Note thatwe usethe quadtree
for two purposesto determinecoveragesanddecidewhenwe
canstop;andto determinghenext query A nicefeatureof using
recursve datastructuresuchasthe quadtreas thatthey male it
easierto extendthetechniqueto higherdimensiongbs].

Queryingfor theU.S.locationsof oneretailerthathasabout750
storesusingthezip codequery(whichreturns10 storesandcan
beperformedn 1.2secondgor eachquery)requiresover 10,000
queriegcorrespondingp thedifferentzip codes)tatotal costof
12,000secondsor overthree-and-a-hatiours.Usingour simple
schemewe needonly 191 queriesat atotal costof 229seconds.
This is over 52 timesfaster(see[1] for more completeexperi-
mentalresults).

3. ACQUIRING WEB DATA

A critical requiremento reconstructlatabasémagesis to min-
imize the numberof queriesrequiredto retrieve the data. In
general,goodstratgy is to posequeriesasgeneralaspossible,
andsomestraightforvard quidelinescanbe followed: leave op-
tional attributesunspecified;for requiredattributes choosethe
mostgeneraloptions; and given a choice betweenrequiredat-
tributes, the attribute with smallestdomainshouldbe selected.
However, for queryinterfacesthatlimit the numberof returned
answersthis stratgy is not effective as one cannot guarantee
that all answersareretrieved. In the previous sectionwe dis-
cussechow to addresghis problemby using spatialconstraints
to guaranteeompletecoverage.

Therearea numberpracticalissuednvolvedin the Web dataac-
quisition process:in orderto build a warehousef hiddenWeb
data,several queriesto oneor moreWeb sitesmay be required.
As aresult,thesequeriesmustbe automatedtheir executionop-
timized, and possiblyanorymized; and sincethe degreeof dif-

ficulty of coveragequeriesis directly relatedto how datais ac-
cessedandrepresentedfinding alternatve meansto accesshe
data,or differentrepresentationsnay simplify the problem.We
referthereadetrto [1] for moredetailson thesessues.

It isworthpointingoutthattheproblemof reconstructinglatabase
imageghroughrestrictednterfacess very hard,andin thispaper
we proposea solutionto asmallbut importantsubsebf theprob-
lem. We arecurrentlyinvestigatinga comprehense framevork
to addresshe problem.
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