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Text andImageMetasearchon theWeb
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Abstract

AstheWebcontinuesto increasein size, therelativecov-
erage of Web search enginesis decreasing, and search
tools that combinethe resultsof multiple search engines
are becomingmore valuable. This paper providesde-
tails of thetext andimagemetasearch functionsof theIn-
quirussearch enginedevelopedat theNECResearch In-
stitute. For text metasearch, wedescribefeaturesinclud-
ing theuseof link informationin metasearch, andprovide
statisticson the usage and performanceof Inquirus and
theWebsearch engines.For image metasearch, Inquirus
queriesmultipleimage search engineson theWeb,down-
loads the actual images, and createsimage thumbnails
for displayto theuser. Inquirushandlesimagesearch en-
ginesthat return direct links to images,andenginesthat
return links to HTML pages. For theenginesthat return
HTML pages,Inquirus analyzesthe text on the pagesin
order to predict which images are most likely to corre-
spondto thequery. Theindividual image search engines
tendto excelat differentclassesof queries,andthecom-
binationof enginesis surprisinglyeffectiveat �nding im-
agescorrespondingto a givenquery. Both the text and
image metasearch functionsof Inquirus are surprisingly
fast,and we describethe parallel architecture of theen-
ginethatprovidesthisef�ciency.

Keywords:text search,imagesearch,metasearch,parallel
Websearch.

1 Intr oduction

Limitations of the searchserviceson the Web have led
to the introduction of metasearchengines[1, 2]. A
metasearchenginesearchestheWeb by makingrequests
to multiple searchenginessuchasAltaVistaor Infoseek.
The resultsfrom the individual searchenginesarecom-
binedinto a singleresultset. Advantagesof metasearch
enginesincludea consistentinterfaceto multiple engines
andimprovedcoverage.

We havepreviouslydevelopedInquirus,a metasearchen-

ginefor theWeb[3]. Inquirushasanumberof differences
from typical metasearchengines.Inquirusis fundamen-
tally architecturedarounddownloadingandanalyzingin-
dividual Web pagesreferencedby thesearchengines,as
opposedto simply retrieving andmerging searchengine
responses.This meansthat Inquirusis alwaysup to date
andworking with the currentcontentsof pages,andal-
lowsextensiveanalysisto bedoneon pagecontents.The
pageanalysisfunctionsperformedby Inquirusincludeex-
tracting query-sensitive summariesthat make relevance
assessmenteasierfor theuser, usingaconsistentrelevance
measureacrossall pages(dif�cult for atypicalmetasearch
engine),�ltering non-relevant documents,improved du-
plicatedetectionbasedonquerytermcontext, queryterm
highlighting andquick jump links whenviewing pages,
queryexpansionusingco-occurringmorphologicalvari-
ants,andclusteringusingtheco-occurrenceof wordsand
phrases.Inquirusreturnsresultsprogressively asthey are
processed,andtheparallelarchitectureof Inquirusallows
it to typically returnthe �rst resultfasterthana standard
searchenginecanrespond.

While the useof multiple searchenginesimprovescov-
erageof theWeb,we notethatmostof theadvantagesof
Inquirusarealsoapplicableevenif onlyonesearchengine
is used.

Thispaperprovidesdetailsof theimagemetasearchfunc-
tionsof Inquirus,aswell asprovidingdetailsandstatistics
for text metasearchnot coveredin previouspapers.

2 ImageMetasearch

There are a number of image databaseson the Web,
e.g. Yahoo Image Surfer ( X3Y,Y�ZB[D\,\:]�^0_3`3acbOd�e@X�f*fgb

h

f0i�\ ) and AltaVista PhotoFinder ( X,Y,Y*ZB[D\*\:]�i;e�j3k)b

e3l@Y�e�m�]*^2Y�e)b

h

f0i�\ ). Many of the large Web search
engines also allow searchingfor images using key-
words,e.g. Lycos( X,Y,Y*ZB[D\*\�n,n,nBbol@d

h

f3^pb

h

f0i;\ ), HotBot
( X3Y,Y�ZB[D\,\�n*n,nBbOX:f@Y�q:f�Y)b

h

fri;\ ), and AltaVista ( X3Y,Y*Zs[D\,\

n,n,nBboe,l@Y�e�m;]�^2Y�e)b

h

f0i;\ ). However, thesedatabasestend
to index many differentimagesandtendto excel at dif-



ferentqueries.Thesameconceptsthathave beenapplied
to text metasearchcanalsobeappliedto images.Thefol-
lowing sectionsdescribethemotivationfor andoperation
of the keyword basedimagemetasearchfunctionsof In-
quirus.

2.1 Previous Work

Several companies[for example, PLS ( n,n,nBbOZ:l�^pb

h

fri ),
Lexis-Nexis ( n,n*nBbDl*k

�

]*^�����k

�

]*^�b

h

f0i ), DIALOG ( n,n*nBb

�

]�e,l*f�jsb

h

f0i ), andVerity ( n,n,nBb m3k�`;]0Y,dcb

h

f0i )] have pro-
ducedsystemsthatintegrateresultsfrom multiplehetero-
geneousdatabases[4]. Many text metasearchservicesex-
ist suchas the popularand useful MetaCrawler service
[1]. MetaSEEk[5] is a metasearchenginefor images.
MetaSEEktargetsqueryby exampleasopposedto key-
word search,which is the focusof the imagemetasearch
functionsof Inquirus.

2.2 Moti vation

The principle motivationsbehindthe imagemetasearch
functionsof Inquirus are similar to the motivationsbe-
hindthecreationof text metasearchengines:thepoorpre-
cision, limited coverage,limited availability, andlimited
userinterfacesof theimagesearchengines.Expandingon
thesepoints:

Poor precision.Automaticallydeterminingtherelevance
of imagesto keywordbasedqueriesis a dif�cult taskand
the variousimagesearchenginestypically usedifferent
meansof assessingrelevance.For a givenquery, it is dif-
�cult to know which imagedatabasewill producethebest
results.

Limitedcoverage. Thesearchenginesthatindex publicly
available imageson the Web (e.g. Lycos) do not index
the Web exhaustively [6]. As with their coverageof the
Web in general,their coverageof imagesis limited. The
differentenginestendto index differentimages,socover-
agecanbeimprovedby combiningtheresultsof multiple
engines.

Limitedavailability. Dueto searchengineand/ornetwork
dif�culties, we have observed that the enginewhich re-
spondsthequickestvariesover time.

Limited user interfaces. Many of the imagesearchen-
ginessupporta differentquerysyntax,e.g. someengines
do not supporttheuseof phrasesin queries.Oneadvan-
tageof metasearchtechniquesis thatqueriescanbemod-
i�ed appropriatelyfor individualengines.

2.3 Ar chitecture

Figure1 shows a simpli�ed control �o w diagramfor the
imagemetasearchalgorithmwe have used. The engine
consistsof two main logical parts: the imagemetasearch
codeanda parallel pageretrieval daemon. Pseudocode
for (asimpli�ed versionof) thesearchcodeis asfollows:
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As indicatedin thepseudocode,for thoseenginesthatre-
turn a list of Webpages,theengineanalyzesthepagesin
orderto predictwhich (if any) of theimageson thepages
correspondto the query. The mechanismfor doing this
is currently relatively simple: the engine�rst looks for
query termsin the �lename of image�les. If noneare
foundthenit locatestheimageclosestto thequeryterms.

2



Figure1. Simpli�ed control�o w for imagemetasearch.Interactionswith thepageretrieval daemonareshown in gray.

Verysmallor very thin imagesare�ltered out– theseim-
agesaretypically iconsor separators.

Note that the enginedisplaysimagesin groupsof � ve,
creatingamontageof the� ve thumbnails.An imagemap
is usedto displaytheappropriatepagewhenthe individ-
ual thumbnailsare clicked on. The montagetechnique
was usedbecausesomebrowser implementationswere
proneto crashwhenpresentedwith a largenumberof the
smallerthumbnailimages.

A few notesaboutthearchitectureof theengine:

1. Theenginedoesnot rely on thevalidity of URLs pro-
vided by the image searchengines– all imagesare
downloadedandprocessed,thereby�ltering out links
whichareno longervalid.

2. Theenginepresentsthumbnailsof all images.Because
of the low precisionof the searchenginesthis helps
usersto determinetherelevanceof animagemoreeas-

ily andmore rapidly, whencomparedto enginesthat
only returnaURL referencinganimageor a pagecon-
taininganimage.

3. Resultsare returnedprogressively as the imagesare
downloadedandanalyzed,ratherthanafterall images
aredownloaded.

4. When clicking on a thumbnail, the full imageis dis-
playedin anotherwindow. For imagescontainedon
Web pages,the pagesareshown with thequeryterms
highlighted.

5. All imagesarecachedlocally, which resultsin a sub-
stantialimprovementin browsing speed,anda reduc-
tion in frustrationwaiting for imagesto load.

6. Theenginedetectsand�lters outidenticalimagesusing
achecksumon the�les.

Figure 2 shows the responseof Inquirus to the image
query ^0_D�;^@k�Y .
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Home  Options  Help  Feedback  Add URL  Analysis  Papers  About
Find:  

 
Hits: Context: Cluster: Tracking: 

  Searching for: sunset using:  Yahoo  HotBot  AltaVista  Photo Finder.

[... section deleted ...]

Engine Response Total RetrievedProcessedDuplicates

AltaVista Images Yes 834888 50 50 0 

HotBot Images Yes 208660 25 25 0 

Photo Finder Yes 9626 83 40 0 

Yahoo Images Yes 98 60 56 0 

sunset

Web Usenet Web & Usenet News Images All

100 100 No No

Figure2. Sampleresponseof Inquirusfor animagesearchwith thekeyword ����������� .

2.4 Ef�ciency

A �rst impressionof theimagemetasearchtechniquepre-
sentedheremaybethatthetechniquewould betoo slow.
However, it is actuallysurprisinglyfast. The �rst results
from the enginetypically display within a few seconds
andtheremainingimagestypically displayfasterthanthe
userbrowsesthecurrentlydisplayedimages(usinga T1
connection).

Part of theperceivedspeedis dueto theparallelarchitec-
ture of the engine. Figure3 shows the mediantime for
the �rst of 	 enginesto respondwhenqueriesaremade
simultaneouslyto 	 Web searchengines(as happensin
Inquirus). Figure4 shows the mediantime for the �rst
of 	 arbitraryWebpagesto bedownloadedwhenqueries
aremadesimultaneouslyto all 	 pages.We usetheme-
dianbecausethedistribution of responsetimesis signi�-
cantlyskewed,asshown in Figure5, which shows a his-
togramof pageretrieval timesfor arbitraryWebpages.It
canbeseenthatdownloadingpagesin parallelcanresult
in the �rst pagesbeingretrievedsigni�cantly fasterthan
theaveragepageretrieval times,whichhelpsexplainwhy

the imagemetasearchenginecanstartdisplayingresults
quickly.

One potentialdrawback of this imagemetasearchtech-
nique is that it usesa signi�cant amountof bandwidth.
We notesimply thatbandwidthis increasingrapidly and
thatthebandwidthissuemaybecomelessimportantin the
future. Certainly, thebandwidthrequirementsarefar less
thanbruteforcesearchof theWeb.

3 Text Metasearch

Detailsof many of thetext metasearchfeaturesof 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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Figure4. Mediantime (seconds)to downloadthe�rst of � pagesrequestedsimultaneously.

3.1 Using Links to Impr oveMetasearch

Standardsearchenginesare making increasinguse of
the links betweenpages.For example,Google[7] uses
PageRank[8] as part of its methodfor ranking pages.
PageRankconsidersthenumbersof links to pages(pages
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, Inquirusdoesmakeuseof link
information.

Oftena querycanreturnpagesthatlink to a desiredpage
beforereturningthe desiredpage. Thesepagesmay be
found becausethe links can containbetterdescriptions
of pagesthan the pagesthemselves. For example,a re-
searchermight have a homepagethat doesnot contain
theirnamein thetitle, but anotherpagemight link to their
pageand include the researcher's namein the link. As
shown in Figure6, Inquirusdisplayslinks in pagesum-
maries,soit is easyto seeandfollow theselinks.

Inquirusalsoanalyzesthegraphcreatedby links between

pagesin the result set, in order to identify authoritative
pages(thosewith many links to them), and pagesthat
have links to many authorities(“hubs”). The resultsare
similarto thehubsandauthoritiescomputationperformed
by Kleinberg andothers[9, 10], althoughthe algorithm
currentlyusedby Inquirussimply looksat thenumberof
links to and from pageswithin the result set. Figure 7
showsanexample.Thealgorithmsusedby Kleinberg and
othersare typically iterative and augmentthe result set
with neighboringpagesin the link graphof theWeb. In-
quirusdoesnotdo this becauseit wouldaddsubstantially
to the computationalrequirements.We plan to compare
ouralgorithmwith theotherproposedalgorithms.

3.2 Usageand PerformanceStatistics

Inquirusis usedby employeesof theNECResearchInsti-
tute. We analyzedthe last 5000queriessentto Inquirus
in April 1999.Usersperformedanaverageof 7.7queries
each.On average,2.5pagesareviewedperquery. Since
Inquirusshows query-sensitive summaries,this suggests

5
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Home   Options   Help   Feedback   Add URL   Analysis   Papers   About
Find: 

Hits:  Context:  Cluster:  Tracking:  

  Searching for: " david waltz"  using:  HotBot  Google  MSN  Infoseek  AltaVista  Excite  Lycos 
Northern Light  Snap  Fast  Yahoo.

  Tip:  You can search for links to a page by simply entering the URL.

JAIR Masthead  A 3m 10k www.jair.org/masthead99.html
meta: Adobe PageMill 3.0 Mac Editors and Staff, 1999 Executive Editor Michael Wellman Associate
Editors Craig Boutilier Bernhard .../... 59-Toby Walsh Usama Fayyad Sridhar Mahadevan David Waltz
Stephanie Forrest Maja Mataric Brian ... 

[... section deleted ...]

david waltz

Web Usenet Web & Usenet News Images All

50 100 No No

View:                
   

Main Vote Ranked Hubs & Authorities Duplicates Sites Partial

Suggestions Summary

Figure6. Sampleresponseof Inquiruswith thequery
�������������
	

�
� . Althoughthe�rst resultis not David Waltz's homepage,the
query-sensitive summarycontainsa link to hishomepage.Althoughthelink is notunderlined(links areshown in adifferentcolor),
thelink canbedirectly followed.

that usersare �nding valuabledocuments. There was
an averageof 2.9 wordsusedper query, which is higher
than typically reportedvalues for Web searchengines
[11]. 51%of queriesusedphrases,which is muchhigher
thantypically reportedfor Websearchengines[11]. The
highernumberof wordsperqueryandtheincreaseduseof
phrasesmaybedueto theuserpopulation(primarily sci-
entists)and/orthequerysuggestionsthat Inquirusmakes
[3]. For example,whena two termquerywithout phrases
returnsmany pagesthatcontainthetermsasa phrase,In-
quirussuggeststheuseof phrases.Many usersmay fol-
low thesuggestionsandusephrasesin the future if they
obtain improved results. Few usersreadhelp informa-
tion in ourexperience,andwebelievethatquery-sensitive
suggestionscanbeagoodwayto teachusersaboutquery
syntax,queryformulation,andfeaturesof thesearchser-
vice.

Figure8 shows themedianresponsetime of variousWeb
searchenginesasa functionof time. Themedianis used
becausethedistribution of responsetimesis signi�cantly
skewed. We canseethattheresponsetime variessigni�-
cantlyacrossenginesandacrosstime.

4 Summary

We have discussedthe text and imagemetasearchfunc-
tions of the Inquirussearchservice. Inquirusprovidesa
numberof advantagesfor text metasearchby analyzing
thecurrentcontentsof pages.Inquirusdemonstratesthat
real-timetext andimagemetasearch,includingdownload-
ing andanalysisof thematchingpagesandimages,is fea-
sible. For imagemetasearch,Inquirus queriesmultiple
imagesearchengineson the Web, downloadsthe actual
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  Hubs and authorities

Authorities Hubs

10: CNNfn - the financial network 303: News and Financial Information

7: Barron's (http://www.barrons.com/) 134: Yahoo! Finance (http://quote.yahoo.com)

6: Wall Street Journal (http://www.wsj.com/) 126: The Computerplaza-Finance Links 

5: www.quote.com (http://www.quote.com) 117: NetGuide: Money guide, Financial News section

5: Bloomberg Personal (http://www.bloomberg.com/) 115: NetGuide: Money guide, Financial News section

5: PC Quotes (http://www.pcquote.com/) 106: The Search Beat's Business News Cube

4: NYSE (http://www.nyse.com/) 81: Financial News Online, Financial Links for Investo...

4: The Economist (http://www.econ... 81: Financial News Online, Financial Links for Investo...

4: Data Broadcasting Corporation (http://www.dbc.com)78: Active Lynx Showcase: Investing: Financial News - ...

4: Briefing.com (http://www.briefing.com/) 75: A s i a n N e t - Finance Forum 

Figure7. Sampleof hubsandauthoritiescomputationfor thequery
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Figure8. Themediantime for searchenginesto respond.

images,andcreatesthumbnailsfor displayto theuser. For
imagesearchenginesthat returna list of pages,Inquirus
analyzesthe text on the pagein order to predict which
imageis mostlikely to correspondto thequery. The in-
dividual imagesearchenginestend to excel at different
classesof queries,andthecombinationof enginesis sur-
prisingly effective at �nding imagescorrespondingto a
givenquery. Implementationof Inquirusshows that it is
surprisinglyfast,giventhatit downloadsandprocessesall
of theimages.
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