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Text andlmageMetasearclon the Web

Abstract

AstheWeb continuedo increasein size therelativecov-

erage of Web seach enginesis deceasing and seach

tools that combinethe resultsof multiple seach engines
are becomingmote valuable This paper providesde-

tails of thetext andimage metaseash functionsof the In-

quirus seach enginedevelopedat the NEC Reseath In-

stitute For text metaseath, we describefeaturesinclud-

ing the useof link informationin metaseath, andprovide

statisticson the usage and performanceof Inquirus and

the Web search engines.For image metaseath, Inquirus

gueriesmultipleimage seach engineson the Web,down-
loads the actual images, and createsimage thumbnails
for displayto theuser Inquirushandlesmage seach en-

ginesthat return directlinks to images,and engineshat

returnlinks to HTML pages. For the enginegthat return

HTML pages, Inquirus analyzeghe text on the pagesin

order to predict which images are mostlikely to corre-

spondto the query Theindividual image seach engines
tendto excelat differentclasseof queries,andthe com-
bination of engineds surprisinglyeffectiveat nding im-

agescorrespondingo a givenquery Both the text and

image metaseath functionsof Inquirus are surprisingly
fast, and we describethe parallel architectuie of the en-

ginethat providesthis ef ciency.

Keywords:text searchimagesearchmetasearctparallel
Websearch.

1 Intr oduction

Limitations of the searchserviceson the Web have led
to the introduction of metasearckengines[1, 2]. A

metasearclenginesearcheshe Web by makingrequests

to multiple searchenginessuchasAltaVistaor Infoseek.
The resultsfrom the individual searchenginesare com-

binedinto a singleresultset. Advantageof metasearch

enginesncludea consistentnterfaceto multiple engines
andimprovedcoverage.

We have previously developedinquirus,a metasearcken-

ginefor theWeb[3]. Inquirushasanumberof differences
from typical metasearclengines.Inquirusis fundamen-
tally architecturecairounddownloadingandanalyzingin-
dividual Web pagesreferencedy the searchenginesas
opposedo simply retrieving and meiging searchengine
responsesThis meanghatInquirusis alwaysup to date
andworking with the currentcontentsof pages,andal-
lows extensive analysisto be doneon pagecontents.The
pageanalysisunctionsperformedy Inquirusincludeex-
tracting query-sensitie summarieshat make relevance
assessmemetasierfor theuser usingaconsistentelevance
measuracrossll pagegdif cult for atypicalmetasearch
engine), ltering non-rele/antdocumentsjmproved du-
plicatedetectiorbasedn querytermcontext, queryterm
highlighting and quick jump links when viewing pages,
guery expansionusing co-occurringmorphologicalvari-
ants,andclusteringusingthe co-occurrencef wordsand
phraseslnquirusreturnsresultsprogressiely asthey are
processedandtheparallelarchitectureof Inquirusallows
it to typically returnthe rst resultfasterthana standard
searctenginecanrespond.

While the use of multiple searchenginesimprovescov-
erageof the Web, we notethatmostof the advantageof
Inquirusarealsoapplicablesvenif only onesearctengine
is used.

This paperprovidesdetailsof theimagemetasearcfunc-
tionsof Inquirus,aswell asproviding detailsandstatistics
for text metasearchot coveredin previouspapers.

2 Image Metasearch

There are a number of image databasesn the Web,
e.g. Yahoo Image Surfer (
) and AltaVista PhotoFinder (

). Marny of the large Web search
engines also allow searchingfor images using key-
words, e.g. Lycos( ), HotBot
( ), and AltaVista (

). However, thesedatabasetend
to index mary differentimagesandtendto excel at dif-



ferentqueries.The sameconceptghathave beenapplied
to text metasearchanalsobeappliedto images.Thefol-
lowing sectiongdescribehe motivationfor andoperation
of the keyword basedmagemetasearcHunctionsof In-
quirus.

2.1 Previous Work

Several companiedfor example, PLS ( ),
Lexis-Nexis ( ), DIALOG (
), andVerity ( )] have pro-

ducedsystemshatintegrateresultsfrom multiple hetero-
geneouslatabasepl]. Many text metasearckervicesex-
ist suchas the popularand useful MetaCravler service
[1]. MetaSEEK[5] is a metasearclenginefor images.
MetaSEEktargetsqueryby exampleas opposedo key-
word searchwhich is the focusof theimagemetasearch
functionsof Inquirus.

2.2 Motivation

The principle motivationsbehind the image metasearch
functionsof Inquirus are similar to the motivationsbe-
hindthecreationof text metasearcbnginesthepoorpre-
cision, limited coverage Jlimited availability, andlimited
userinterfacef theimagesearclengines Expandingon
thesepoints:

Poor precision. Automaticallydeterminingthe relevance
of imagesto keyword basedqueriess a dif cult taskand
the variousimage searchenginestypically usedifferent
meanf assessingelevance.For agivenquery it is dif-
cult to know whichimagedatabasavill producethebest
results.

Limited coverage. The searchengineghatindex publicly
availableimageson the Web (e.g. Lycos) do not index
the Web exhaustvely [6]. As with their coverageof the
Webin generaltheir coverageof imagesis limited. The
differentenginedendto index differentimagessocover
agecanbeimprovedby combiningtheresultsof multiple
engines.

Limitedavailability. Dueto searchengineand/ornetwork
dif culties, we have obsenred that the enginewhich re-
spondghe quickestvariesovertime.

Limited userinterfaces. Many of the image searchen-
ginessupporta differentquerysyntax,e.g. someengines
do not supportthe useof phrasesn queries.Oneadwan-
tageof metasearckechniquess thatqueriescanbe mod-
i ed appropriatelyfor individual engines.

2.3 Architecture

Figurel shavs a simpli ed control o w diagramfor the
image metasearchalgorithmwe have used. The engine
consistsof two mainlogical parts: theimagemetasearch
codeand a parallel pageretrieval daemon. Pseudocode
for (asimpli ed versionof) the searcthcodeis asfollows:

As indicatedin the pseudocoddpr thoseengineghatre-
turnalist of Web pagesthe engineanalyzedhe pagesn
orderto predictwhich (if ary) of theimagesonthe pages
correspondo the query The mechanisnfor doing this
is currently relatively simple: the engine rst looks for
guerytermsin the lename of image les. If noneare
foundthenit locategheimageclosesto the queryterms.



Figurel. Simpli ed control o w for imagemetasearchinteractionswith the pageretrieval daemorareshavn in gray

Verysmallor verythinimagesare Itered out—thesem-
agesaretypically iconsor separators.

Note that the enginedisplaysimagesin groupsof ve,

creatinga montageof the vethumbnails. An imagemap
is usedto displaythe appropriatgpagewhenthe individ-

ual thumbnailsare clicked on. The montagetechnique
was usedbecausesomebrowser implementationsvere
proneto crashwhenpresentedvith alarge numberof the

smallerthumbnailimages.

A few notesaboutthearchitectureof theengine:

1.

The enginedoesnot rely on the validity of URLSs pro-
vided by the image searchengines— all imagesare
downloadedand processedthereby ltering out links
which arenolongervalid.

ily and morerapidly, whencomparedo enginesthat
only returna URL referencinganimageor a pagecon-
taininganimage.

. Resultsare returnedprogressiely as the imagesare

downloadedandanalyzedratherthanafterall images
aredownloaded.

. When clicking on a thumbnail, the full imageis dis-

playedin anotherwindow. For imagescontainedon
Web pagesthe pagesareshavn with the queryterms
highlighted.

. All imagesare cachedocally, which resultsin a sub-

stantialimprovementin browsing speedanda reduc-
tion in frustrationwaiting for imagesto load.

. Theenginedetectsand lters outidenticalimagesusing

achecksunonthe les.

. Theenginepresentshumbnailsof all images Because Figure 2 shawvs the responseof Inquirus to the image

of the low precisionof the searchenginesthis helps query

usergto determingherelevanceof animagemoreeas-
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Figure2. Samplerespons®f Inquirusfor animagesearchwith the keyword

2.4 Efciency

A rst impressiorof theimagemetasearctechniquepre-

sentecheremay bethatthe techniquewvould be too slow.

However, it is actuallysurprisinglyfast. The rst results
from the enginetypically display within a few seconds
andtheremainingimagesypically displayfasterthanthe

userbrowsesthe currently displayedimages(usinga T1

connection).

Part of the percevedspeeds dueto the parallelarchitec-
ture of the engine. Figure 3 shavs the mediantime for
the rst of enginesto respondwhenqueriesare made
simultaneoushto  Web searchengines(as happensn
Inquirus). Figure 4 shows the mediantime for the rst
of arbitraryWeb pagego be downloadedwhenqueries
aremadesimultaneouslyto all pages.We usethe me-
dianbecausehe distribution of responsegimesis signi -
cantly skewed, asshavn in Figure5, which shaws a his-
togramof pageretrieval timesfor arbitraryWeb pages It
canbe seenthatdownloadingpagesn parallelcanresult
in the rst pagesbeingretrievedsigni cantly fasterthan
theaveragepageretrieval times,which helpsexplainwhy

theimagemetasearclenginecan startdisplayingresults
quickly.

One potentialdravback of this image metasearchech-
nigueis that it usesa signi cant amountof bandwidth.
We notesimply that bandwidthis increasingrapidly and
thatthebandwidthissuemaybecomdessimportantin the
future. Certainly the bandwidthrequirementsrefar less
thanbruteforce searchof the Weh

3 Text Metasearch

Detailsof mary of thetext metasearcfeaturef Inquirus
have beenprovidedbefore[3]. This sectionprovidesde-
tails of the useof links by Inquirus,andstatisticson the
usageof the serviceand the performanceof searchen-
gines.
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3.1 UsingLinks to Impr ove Metaseaich

Standardsearchenginesare making increasinguse of

the links betweenpages. For example, Google[7] uses
PageRank[8] as part of its methodfor ranking pages.
PageRanlconsiderghe numbersof links to pagegpages
that are linked to more often or by more highly linked
pagesget ranked higher). Inquirus doesnot know the

numberof links to all pagesandhencedoesnot usethe

sametechnique However, Inquirusdoesmake useof link

information.

Oftenaquerycanreturnpageghatlink to adesiredpage
beforereturningthe desiredpage. Thesepagesmay be

found becausehe links can contain better descriptions
of pagesthanthe pagesthemseles. For example,a re-

searchemight have a homepagehat doesnot contain
theirnamein thetitle, but anothempagemightlink to their

pageand include the researches namein the link. As

shawvn in Figure 6, Inquirusdisplayslinks in pagesum-

maries soit is easyto seeandfollow thesdlinks.

Inquirusalsoanalyzeghegraphcreatedy links between

pagesequestedgimultaneously

pagesin the resultset, in orderto identify authoritatve
pages(thosewith mary links to them), and pagesthat
have links to mary authorities(*hubs”). The resultsare
similarto thehubsandauthoritiescomputatiorperformed
by Kleinberg and others[9, 10], althoughthe algorithm
currentlyusedby Inquirussimply looks at the numberof

links to and from pageswithin the resultset. Figure7

shavsanexample.Thealgorithmsusedby Kleinberg and
othersare typically iterative and augmentthe result set
with neighboringpagesn thelink graphof the Weh In-

quirusdoesnot do this becausé would addsubstantially
to the computationarequirements.We planto compare
our algorithmwith the otherproposedlgorithms.

3.2 Usageand Performance Statistics

Inquirusis usedby employeesof the NEC Researchnsti-
tute. We analyzedthe last 5000 queriessentto Inquirus
in April 1999.Usersperformedanaverageof 7.7 queries
each.On average 2.5 pagesareviewed perquery Since
Inquirus shawvs query-sensitie summariesthis suggests
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Figure6. Sampleresponsef Inquiruswith the query

. Althoughthe rst resultis not David Waltz's homepagethe

query-sensitie summarycontainsalink to hishomepageAlthoughthelink is notunderlinedlinks areshavn in a differentcolor),

thelink canbedirectly followed.

that usersare nding valuabledocuments. There was
an averageof 2.9 wordsusedper query which is higher
than typically reportedvaluesfor Web searchengines
[11]. 51% of queriesusedphrasesyhich is muchhigher
thantypically reportedfor Web searchengineq11]. The
highernumberof wordsperqueryandtheincreasediseof
phrasesnay be dueto the userpopulation(primarily sci-
entists)and/orthe querysuggestionshat Inquirusmakes
[3]. For example whenatwo termquerywithout phrases
returnsmary pageghatcontainthetermsasaphrase|n-
quirussuggestshe useof phrases.Many usersmay fol-
low the suggestionaindusephrasesn the future if they
obtain improved results. Few usersread help informa-
tion in ourexperienceandwe believe thatquery-sensitie
suggestionsanbe agoodway to teachusersaboutquery
syntax,queryformulation,andfeaturesof the searclser
vice.

Figure8 shavs the medianresponsédime of variousWeb
searchenginesasa function of time. The medianis used
becausehe distribution of responseimesis signi cantly
skewed. We canseethattheresponseime variessigni -
cantlyacrosenginesandacrosgime.

4 Summary

We have discussedhe text andimage metasearckiunc-
tions of the Inquirussearchservice. Inquirus providesa
numberof advantagedor text metasearcloy analyzing
the currentcontentsof pages.Inquirusdemonstratethat
real-timetext andimagemetasearchncludingdownload-
ing andanalysisof thematchingpagesandimagesijs fea-
sible. For image metasearchinquirus queriesmultiple
image searchengineson the Web, downloadsthe actual



Hubs and authorities

Authorities

10: CNNfn - the financial network

7: Barron's (http://www.barrons.com/)

6: Wall Street Journal (http://www.wsj.com/)
5: www.quote.com (http://www.gquote.com)

5: Bloomberg Personal (http://www.bloomberg.com/)

5: PC Quotes (http://www.pcquote.com/)
4: NYSE (http://www.nyse.com/)

4: The Economist (http://www.econ...

Hubs

303:News and Financial Information

134:Yahoo! Finance (http://quote.yahoo.com)
126:The Computerplaza-Finance Links
117:NetGuide: Money guide, Financial News section

115:NetGuide: Money guide, Financial News section
106:The Search Beat's Business News Cube

81: Financial News Online, Financial Links for Investo...

81: Financial News Online, Financial Links for Investo...

4: Data Broadcasting Corporation (http://www.dbc.com®: Active Lynx Showcase: Investing: Financial News - ...
75:AsianNet-Finance Forum

4: Briefing.com (http://www.briefing.com/)

Figure7. Sampleof hubsandauthoritiescomputatiorfor thequery
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Figure8. Themediantime for searctenginesto respond.

imagesandcreateshumbnaildor displayto theuser For
imagesearchengineghatreturna list of pages)nquirus
analyzesthe text on the pagein orderto predictwhich
imageis mostlikely to correspondo the query Thein-
dividual imagesearchenginestend to excel at different
classe®f queriesandthe combinationof engineds sur
prisingly effective at nding imagescorrespondingo a
givenquery Implementatiorof Inquirusshows thatit is
surprisinglyfast,giventhatit downloadsandprocesseall
of theimages.
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