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1 Intr oduction

The American Heritage Dictionary of the English Language,Fourth Edition offers the following definitions for
“browse”: to inspectsomethingeisurelyandcasually;to readsomethingsuperficiallyby selectingpassageat ran-
dom;to look throughor over (something)asually

Rogets Interactve Thesauruskirst Edition (v 1.0.0)lists thefollowing synorymsfor the“browse” entry: checkover,
dip into, examine feed,flip through,glanceat, graze jnspectoosely leafthrough,nibble,onceover, peruseread riff
throughriffle through,runthrough,scanskim, skip through,surwey, thumbthrough,wander

Browsing and searchingare the two dominantmodesfor exploration offered by information managemensystems,
correspondingo the two dominantinformationseekingoehaiors of people.Browsingis commonlyofferedthrough
a hierarchyimposedon the documenspacehatthe usernavigatesby following parentandchild links.

Cove andWalsh[CW88] have suggestedhatthereareactuallythreeinformationexplorationbehaiors:

e Searchbrowsing;directedsearchwherethe goalis known
e Generaburposebrowsing;consultingsourceghathave ahigh likelihoodof itemsof interest

e Serendipitoudrowsing;purelyrandom

Fromhereon, we will usethe word searchto meandirectedsearchihe qualificationis usedto differentiateit from
genericinformationsearchwhich we referto asinformationexploration. We do not considerserendipitoudrowsing.
Ourgoalis to designa systemthat offerstightly—coupleddirectedsearchandgeneraburposebrowsing.

We assumehatsomesortof hierarchicalorganizationof documentsn the systemnot necessarilyevenly grainedor
complete,forms a browsing structurethat is accessibléo the user Also we assumehat thereexists metadateor
document®therthanthe hierarchicalbrganization.

1.1 Definitions

Document A complete cohesveintelligible dataobjectthatmaybereador consumedy apersorwithoutnecessary
recoursdo otherobjects. It may containary combinationof text, 2-D image,multidimensionaimage,audio,
video, pathtrajectory or otherdatatype. Sometimeseferredto asa multimediadocumentor aninformation
asset.



Targetdocument(s) Thedocument(sjhatthe userwantsor thatfulfill theusersinformationneeds.
Resultset Thesetof documentseturnedby the systemin responseo a queryor to abrowserequest.
Discriminator A commonattribute of a setof documentshatmaybeusedto classifyor divide them.

BrowseNode A nodein aninformationhierarchythatmay containothernodesor final documentsAlso referredto
asacategory.

1.2 Tightly—coupled searching and browsing

Mostinformationsystenseparatsearchingandbrowsingunnecessarilyidely. For example thereis oftenaseparate
searchpagethattakesonebackto the root nodeevenif onehasalreadyspenttime browsingto find the approximate
targetdocumentocation. Or elsethe mannerin which aresultsetis presentedr thethingsthatcanbe donewith one
aredifferentfrom whattheusermaydowith staticbrowsenodes.Sincemostinformationexplorersuseacombination
of searchandbrowsestepsin non-strictlyalternatingsequenc§CP95 DSGO03, the systemshouldallow whicheveris
the currentinformationseekingoehavior of the userto be performedyregardlesof systemstate.ldeally it shouldalso
allow the samesetof operationdo be performedon a queryresultsetthatcanbe performedon a brovsenode.

Thus,onecanstatethetwo fundamentatesignprinciplesfor unifying brovseandsearchTo tightly couplethesetwo
informationexplorationstratgiesa usermust

1. Beableto performeithera hierarchynavigation (browse)or a querysubmissior(searchperationat ary step
of aninformationexplorationsessiorwithout losing the currentstateandbe presentedvith a new view thatis
consistentvith the currentstate.

2. Be ableto performthe samesetof operationn the currentresultsetregardlesof whetherthatresultsetwas
obtainedthrougha querysubmissioror a hierarchynavigationstep.

Whatever featuresare offered by the systemfor either browsing or searchingmust be accessibleduring ary step
in a sequencef searchand browse steps,regardlessof that sequence.This is what we meanby tightly—coupled
searchingandbrowsing. The exampleofferedearlierof having the searchfunction only availablefrom the root node
of the browsing hierarchyviolatesthe first principle. As anotherexample,the MEERCAT (Multimedia Enhanced
Exploration, Retrieval and Categorization) systemallows nodescorrespondingo assetcollectionsundera browse
nodeto be downloadedto the clientasZip files. To satisfythe seconddesignprinciple, the samefunctionality hasto
beallowedonresultsetsobtainedrom queries possiblywith alimit onthetop N matchingitems.

In the following sectionswe presentsometechniquego achieve a tightly—coupledunified searchingand browsing
framework.

2 Search after Browse: Hierar chy—constrainedsearching

Very often the useris ableto narrav the desiredsetof documentsvery well using the static navigation hierarchy
providedby the designerIn this case they navigatedown to the nodewherethe systemorganizationdoesnot match
their desireddiscriminatorcharacteristicand then use search. Most good information hierarchies,suchas Yahoo
(http://www.yahoo.com)pr the OpenDirectory project(http://dmoz.og), allow this. Figurel illustratesthe process.
The userimplicitly selectsthe subsebf the documentspacespannedy the subtreeunderthe currentbrowsenode.
This documenspacesubseis thenfilteredthroughthe queryto presentheresultset.ldeally the systemshouldmake

useof theusersavigationto optimizethe queryexecutionprocesstself, notjustto remose documentgrom theresult
setthatarenotin the browsingsubtree.



Figure 2 shaws the resultsof a global and hierarchy—constrainedearchin the MEERCAT system. The query
“meta=cravd” (searchingor imagescontainingcrowds of humanfaces)yields a 38—itemresultsetwith targetdoc-
umentsfrom stock photo collectionswhen executedon the entire documentspace(first screenshot)anda smaller
27-itemresultsetwhenexecutedon the“User Collections”subtree.

Browsing hierarchy

\
ZANEN

Browsi’hg subtree

/

Result set

- J

Document space

Figurel: Searchingafterbrowsing: hierarchy—constraineskarch.

3 Browseafter search: Dynamic browse—trees

A resultsetis essentiallya re-orderingof the entire documentspacewith a dynamicallyspecifiedorderingcriterion
(similarity to thequery). If thedocumenspacehasstructureto begin with, theresultsetneednot be a serialordering
of matchingdocumentswith possiblerelevancerankingsandsummariesinsteadan organizationcanbeimposedon
it. Thisorganizationcanbe achievzedin thefollowing ways.

3.1 Separatingdocumentfrom categorymatches

Yahooand otherinformation directoriescommonlyreturn category matchedn additionto individual item matches.
Theseare categorieswhich directly matchthe queryterms,not just categorieswhich containsomematchingdocu-
ments.Figure3 shavs catgyory matchesn MEERCAT. Searclresultsetsareinstantiatedas(special)browsingnodes
andmatchingcateyoriesarerepresente@slinks. The query“any=food” resultsin two cateyory matchesaswell as
individualimagematches.
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Figure3: Screenshotef searctresultsetin the MEERCAT systemshaving separateatgyory anddocumenmatches.

3.2 Dynamic clustering of the result set

Otherresearchertave demonstratedhe utility of clusteringsearchresultsin real-time[CKPT92 CGNS99. The
NorthernLight (http://www.northernlight.comsearchengines distinguishingfeatureduring its heyday wassorting
gueryresultsinto “Custom SearchFolders(TM)” presentedn a left panel. Four typesof attributeswere usedfor
clustering eithersubjectopic,documentype(e.g.recipesyresumespresselease)sourcege.g. websites magazines)
or languagde.g. English,French)of documentChoosinga folder causedts contentgo berecursvely clustered.

The MEERCAT systemallows a photograptalbum'’s contentdo bedynamicallyclusterednto time clustersusingthe
timestampmetadatasdescribedn an HPL TechnicalReport[Gar03. Figure4 shavs the contentf analbum with
thedynamicallygeneratedime clusters.

3.3 Dynamic browse-trees

Another alternatve is to usethe existing hierarchy(possiblyin additionto, or in placeof the resultsof dynamic
clustering)to organizethe searchresults. After all, the static hierarchywas presumablycreatedwith somecare,
probablyby hand,andhenceis likely to be of high quality andvaluablein organizingthe resultset. Notethatthisis
differentfrom merelylisting matchingcategories.

Theprocesss illustratedin Figure5. Thedocumentspacds searcheavith the usersqueryandthe setof documents
thatdo not matchthe users queryis (conceptuallyyemovedfrom the sub-treaunderthe nodebeingsearchedin this
casetheroot node). If eachdocumenthasmetadataaboutcateyoriesit is a memberof, thena dynamicbrowse-tree
may be generatedby retrieving this valuefor eachmemberof a searchresultsetandgeneratinga minimumspanning
treefrom the resultingsetof browsenodes. Empty nodesmay be pruned,skinrny paths(a skinry pathis a chainof
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browsenodeswith only onechild each)collapsedandthe resultinghierarchypresentedo the userto browse. The
item relevanceis retainedby assigningaweightto eachremainingpathto leaf nodes.Therelevancefor anodeis the
maximumrelevanceof any nodeor item underit (alternatvessuchasaveragearepossible).

This techniqueis more applicablewhenquerytermsare hard, allowing documentgo be definitively removed from
consideration.lt canbe thoughtof asa document-tree-kel versionof query-sensitie summariegwherethe query
termsareshown in the context of a hit document).

Document space /\

4 )

Resu}lt set

Browsing hierarchy}

AN

Figure5: Browsingsearchresultsusingdynamicbronvse—trees.

4 Search by Hierar chy Location

Hierar chy distanceasa distancemeasure

The hierarchyorganizinganinformationcollectionis global metadatahat canbe usedto search.Givenan existing
hierarchy a documents positionin this hierarchyrelative to anotherconstituteghe hierarchydesigners measureof
similarity. Oneshouldthereforebe ableto find browsenodesthatare similar to the currentbronvsenodein termsof
whatwe call hierarchydistance The distancebetweertwo browsenodesB1 and B2 (andimplicitly their constituent
documentsinay be measuredby



e Minimum numberof stepsto reachB2 from B1 moving alongthetree.

e Differencen hierarchylevel (stepsfrom root or stepsabove closesteaf) betweenB2 from B1

Hierarchydistancecanbe combinedwith othertechniquesFor example,searchingor nodesthatarecontent-similar
to B1 basedon its metadataand that are also hierarchy-similarto it will likely yield nodesat the samelevel of
informationgranularity

Onecanthink of this ascreatinga site mapfor a websitecustomizedrom the point of view of the currentbrowsing
nodeor document.

Lateral Browsing

Therearesometimeselationshipdetweerdocument®r documengroups(nodes)therthancanbewell represented
in a hierarchy evenusingmultiple virtual categories(Section7). Thisis oftenimplementedisinga “also see”link.
This allows a shortcutbetweendistantregionsof theinformationhierarchy Thesekinds of link metadatahouldalso
be searchablandbrowsable.

5 Browsewith PersistentSearch: Filter ed browsing

In somesituationsthe userdoesnot have a clearquerytermin their mind but insteada setof termswhich mightapply:
They may not alsoknow which top-level category their target documentsnight lie in. In addition,the queryterms
may be commonenoughthattheresultsetfrom searchingattheroot nodeis very large (this is almostalwaystrue for
awebsearch).

In afilteredbrowsingsessionthesystenmpresentathree-paneinterfacewith separatareador enteringsearchterms,
for thebrowsinghierarchyandfor theresultset. Theuseruseshebrowsepanelto navigateasusual.At ary time they
may enteror altertheir currentsearchterms. Theresultsetpanelpresentslocumentghat matchboth the searchand
the browse constraints.Any subsequentavigation presentonly documentsnatchingtheseterms. Thefilter terms
canbedynamicallymodified.

This is similar to the dynamicbrowse—treesnethodbut is moreusefulin casesvherethe useris unsureof theterms
to useandmakesfrequentquerymodificationshasedn theresultsetthey see.The navigationhierarchyis notpruned
but left as-issothe usercanseethe (lack of) resultsof the currentquery Thedocumentesultsetis alsoimmediately
viewableto give theuserfeedbackatherthanhaving to navigateto aleaf browsingnode.Every navigationstepin the

displayedbrowsinghierarchyis implicitly a hierarchy—constraineskarchontheselectedrowsingnode(asdescribed
in Section2). Thus,the systempresentsategoriesfrom the browsing hierarchybut documentdrom the continuous
qgueryresultset. As the usernavigatesthe browsing hierarchy the searchresultsetis alteredto only containtarget

documentsinderthe currentbrowsingnode.In this way, the useris guideddown the hierarchywith the currentsearch
resultsetactingasbothaninformationscenfPC99]marker andthe endresult. This kind of informationexploration

is very muchthe kind of tightly—coupledsearch/brarsethatwe advocate.

Figures6 through8 shows threescreenshotsf the MEERCAT implementatiorof filtered browsing. In thefirst, the
userhasentereda query(“any=building” meaningfind anything relatedto theterm“building”) attherootnodeof the
statichierarchy The navigation hierarchylabeled“child albums”is shovn in the middle panelandthe searchresult
setis shavn in the bottompanel.Eachchild nodelink actuallypointsto a queryURL thatis executedwvhenthe child
nodeis clicked on. The secondscreenshoshaws the resultof the userclicking on the “Art Images”browsingnode.
The hierarchyis expandeddownward but the searchresultsetis emptybecauseao target documentdor the current
queryexist underthis browsingnode.Thethird screenshathowvs the stateafterthe userhasbackedup to therootand
thenselectedhe“Misc HP Images”child node.Theresultsethereis non-empty



Notethatif theusermodifiesthequery; it is executedonly for the currentbrowsingnode.If theuserthennavigatesup
towarda parentor highernode,the queryis automaticallyexecutedon thelargerdomain.

Search this album |any=bui|ding Max Hits |5EI | [ Submit ] Heln

child albums

art Images [ subcategories]

Stock Photo Collections [ Subcategories)
Hurnan Face Images [4 Subcategorie5]
Misc HP Images [0 subcategories]

user collections [ 14 subcategories]
meeting Root |1 subcategories]

Photos [1 to 20 of 5 Mext Sorthy |insertion-date v|| Descending Vl sor

Links:
Cutgoing Related Category: HP Shower
Cutgoing Related Category: HP Shower

Figure6: Screenshoof filtered browsingin the MEERCAT system.At atop-level node,the userhasentereda query Thesystem
presentshe navigationhierarchyaswell asthe searchresultset.

6 Browsing Search Result Sets

This sectiondiscussetechniquego allow theuserto performbrowse-typeoperation®nanevolving searctresultset.



Back to album: Art Images
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child albums

Louyre Museurn [61 SUbCGtEgOFiES]
National Gallery [ 24 subcategories]
web Museurn |5 SuUbcategories]
cermr [1 subcategories]

Figure7: Screenshoof filtered browsingin the MEERCAT systemtheuserhasnavigatedthe hierarchywith anactive query The
resultingfiltered browsingnodeyields anemptyresultset.

6.1 MergeSearch

It is awell known defectof a statichierarchythatthe needto hard-cutthe setof documentst eachnodecanresultin
two very closelyrelateddocumentdying alongvery differentpathsfrom theroot.

In addition, documentghat are closelyrelatedin someway unknown or unaccountedor by the systemdesigner
but presentin the usersmind, will endup in very distantnodes.The ability to performhierarchyconstrainedsearch
(Section2) only undera singlenodeis compromisedy thesefacts. Ideally the usershouldbe ableto createa result
setnodewheretheitemsfrom thesedistantregionsof the hierarchyareaccumulatedor efficientbrowsing,download
or otheroperations.

To achievethis, thesystemallows afeaturewe call Merge Search. After theuserhasperformecdasearchunderanode,
they may click the Mergebuttonwhichindicateso the systenthatthe userwishesto keepthe currentresultsetactive
for furtheraccumulation Subsequerdearche$NOT browses)addto the currentresultary new resultingdocuments.
As a hypotheticalexample the usermay searchunderArt, Commercial Advertising,PostersRetail. They maythen
turn Merge Searchon, navigateto Computers,Printing,Services,Postared perform a searchthere. The resultset
presenteds the combinedresultof both searchesThe mergedresultsetmay be sortedby absoluterelevang to the
appropriatequeryor dynamicbrowse—treegsanbe usedto keepthetwo resultsetsdistinct.

MergesearclHfulfills onerequirementf Bates
mulated.

berry-picking” model[Bat89 by allowing partial resultsto be accu-
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Figure8: Screenshobf filtered browsingin the MEERCAT system:the userhasre-navigatedthe hierarchywith anactive query
Thisfiltered browvsing nodehasa non-emptyresultset.
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6.2 Making search result setsequal citizens
Sorting ResultSets

The samesortingattributesareavailablefor sortingresultsetsasfor brovsenodedocumentists. For example,in the
MEERCAT system,browsenodesof imagecollectionsmay be sortedby any EXIF digital imageheaderattributed.
Searclresultsetsmayalsobe sortedby theseattributes.

Bookmarking search resultsets

It is commonplacdor usersof searchengineso usea queryresultfrom the engineasa staticbookmark.Onemight
say“searchfor termX andit’s somavhereon thefirst page”for example, andexpectthelistenerto beableto find the
referredto documentsasif the searchengineprovideda staticinformationcollection.

This propensityof usersto usesearchqueriesasshorthandor a pathto a setof documentsanbe madeexplicit by

makingeachquerya permanennodein the system. The usercanthenactuallybookmarkthe nodeby addingit to

a lightbox for example. In the MEERCAT systems query resultsare retainedas browsing nodeswith uniquelDs

and canhencebe referredto by the user The users history of pastinformation explorationsessionganbe made
explicitly availableto them. Suchmeta-informatiorexplorationcanbe self-revealingto users. The Googletoolbar
availablefrom http://www.google.conoffersa primitive versionof this featureby makingpastqueriesviewablevia a
dropdown menu.

Downloading search resultsets

Sincesearchresultsetsareconsidereadhe equalof browseresultsets(browsenodes),all operationgossibleon the
lattershouldbe possibleon theformer. Thisincludesbookmarkingasmentionecdabove. It alsoincludesdownloading
searctresultsets. The documentshouldretaintheir browsing metadataso ideally a dynamicbrowse-treeshouldbe
generatedIn addition,any query-sensitie summariesisedin the searchresult-setshouldbe retainedso that offline
local browsingof thedownloadeddatais exactly equivalentto online browsing of the searchresultsetnode.

Searching within search resultsets

Many systemsallow searcheso be refinedby searchingwithin results. This is naturalin a tightly-coupledbrows-
ing andsearchingervironmentwheresearchingwithin searchresultsis just like a hierarchy-constrainegearchat a
browsingnode.

6.3 Browsingsearch resultsetsacrosssessions

Anotherenhancemenis to allow usersto browse searchsessions.Conceptually all searchresultsetsbehae like
browsenodesin the tree of queries. Clusteringresultsetsmay be achiesed by clusteringthe queriesthatgenerated
them(queriesareclusterecanorymouslyacrosausersandsessions)At querysubmissiortime, aqueryis matchedo
the nearestluster Thereforeevery searchresultpagehasa “memberof categories”or “also see”link field thatcan
be usedfor lateralbrowsingto the clusterof queriesor querysessionshatcontainst. This canhelpa userwho does
notknow whatquerytermsareavailableto use.

7 Flexible Organization with Multiple Category Views

Thereis noreasorto imposea single-inheritancéierarchyon aninformationcollection[Fil03]. It is possibleto allow
morethanone hierarchicalorganizationof the samecollection. We refer to this asflexible organization.A non-IR
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exampleof wherethiswould beusefulis in capturingthe multiple waysthatpeoplein a businesorganizatioractually
relate. Thereis the official organizationchartandtherearemultiple overlappingorganizationsub-chartsepresenting
peoples contactscollaborationspasthistory, unofficial relationshipsetc. Our conceptof flexible organizationis not
thata completelynew hierarchyis built. Insteadthe setof links thata nodein a graphhasareclustereddifferently.
Eachsuchclusteringis referredto asaview or virtual cateyory. MEERCAT implementsdflexible organizatiorthrough
statefulbrowsing of multi-viewed hierarchies.Multiple virtual catgyoriescan be definedduring the dataingestion
phaseby specifyingan XML file detailingadditionalviews for ary nodesthat needthem,in additionto the default
filesystemdirectoryhierarchy

Any time ausernavigatesthe hierarchyatany nodewherethereis morethanclusteringof thechild nodesthey getto
pick theview or oneis choserasthe default. Furthernavigationdown thatsub-treenasthe view atthatnodesavedin
the sessiorinformation. Theremaybe a cascad®f views, onefor eachnodenavigated. Whena userbacksup from a
nodeto its parenttheview historyis unrolledandthe sameclusteringis presented.

The dynamicclusteringof imagesbasedon capturetime metadatgossiblein MEERCAT shown in Figure4 is also
presentechsa virtual category view. As anotherexample, MEERCAT wasusedto createanindex to a commercial
imagelibrary (the hpimages.conaollection). During theingestionphase productimageswereclassifiednot justinto
type catgyories(the availableorganization)ut alsointo market segmentcategories.

Browsingof searctresultsets(Section6) canbecombinedwith virtual categoryviewsto createanevenmorepowerful
mechanisnior exploring a hierarchy In sucha scenaricdheuserpicksaview, gathergdargetdocumentsswitchesto a
differentorganizatiorof the samedocumensub-treeandappendsnoretargetdocumentgo their resultset.

Automatic discriminator selection

At ary nodein thetree,therecanbe a numberof attributesthat may be usedasdiscriminatorsfor a category view.

Pickingoneattributeresultsin onesetof clustershatis orthogonako the otherpossiblegroupings.Traditionally, only
onegroupingis possiblein information hierarchiesusually fixed by the systemdesigner Yeeet al [YSLHO3] use
multi-facetedmetadatdo referto a nodehaving a setof orthogonahttributes(facets) eachof which canbe usedasa
discriminator In their userinterface thedifferentpossibleindependengroupingsat anodeor searchresultareshovn
in aleft panelin additionto individual resultdocuments.Our systemachiezessomethingin betweenthesetwo by
displayingonly onegroupingatatime, but allowing the userto pick from alist of discriminatorso usedynamically

A hand-craftedstatic hierarchycanbe very usefulasa default. But ideally the usershouldbe ableto navigatethe

information using ary combinationof attributes specifiedat runtime. This is usually doneby providing a search
feature.However, the resultsof the searchareagainusuallya flat listing, throwing away the benefitsof a hierarchy
Themethodgroposeckarlierimprove uponthis, but they arestill constrainedby the original browsinghierarchy One
way to remove this limitation is to let the systemautomaticallychoosehe dimension(feature attribute)to useto split

up (organize)the membersf a node.For example the mostdiscriminatingfeaturecanbe determinecy runningary

of severalstandardpatternrecognitionmethodqe.g. Fisherdiscriminantanalysis PCA analysis).

Onecangeneralizehis to morethanone dimensionby generatinga two- or three-dimensionalisualizationwhere
eachaxis of the displayrepresentgithera fixed attribute or somediscriminatorysubspacexis. Figure9 shows an
exampleof sucha scheme.Here low-level imagefeaturessuchas color andtexture are extractedoffline for each
image. Whenbrowsing a particularsub-collectionof images the high-dimensionafeaturesof thatsubsebf images
arereducedto two dimensionsusing an approximatealgorithm that maintainsdissimilarities[FL95]. The images
arethenlaid out to correspondo thesedimensionsresultingin similar imageslying nearbyanddissimilarimages
beingfurtherapart. Thus,the dimensiongattributes,features)o usein orderto bestseparatghe currentresultset
are dynamicallyand automaticallydetermined.The first screenshoshaws the initial resultsetof 1101imagesand
theusers selectionof a subsebf 78 imagesvia arectangularegion selectiortool (thisimplementatiorusedJava for

theinterfaceandC for the dimensionalityreductionandwasviewed remotelyusingVNC [RSFWH98]). The second
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screenshashowvs the subsetlynamicallyclusteredandlaid out.

Level: 0 Number of images: 1101

Level: 1 Number of images: 78

(@ (b)

Figure9: Screenshotsf (a) startingresultsetand(b) dynamicclusteringn two dimensionsisingautomatiaiscriminatorselection.

8 RelatedWork

Cox [Cox92 proposeda systemfor informationaccesdy browsingalone. Accordingto him, the querymodelhas
dominatednformationretrieval becausef the belief thatbrowsing requiresexaminationof too mary documentsbut
searchindhasits own problemsnamely:

¢ Userdifficultiesin queryformulation

Null returnsandtoo mary matches

Variationin importanceof querycomponentgndtermdependencies

Adaptationto differentforms of objectssuchaspicturesandsounds

Findinggoodsurrogataepresentationfor objects.

Browsing,onthe otherhand hasthe advantage®f usinghumansspatialability to navigate,In his proposal searching
is entirely eliminatedanda systembasedn Bates'berry picking” model[Bat89 (very briefly: theusersinformation
needs(natureof the query) evolve during a sessionand their needis not satisfiedby a final result setbut instead
by informationberriesthey pick over the whole sessionjs presentedA rich setof interconnectecdhearest-neighbor
networksprovidesa browsingstructure Both objectsandsetsof objectscanhave multiple similar-neighbometworks.
There are multiple parallel networks consistingof nearestneighborlinks between(setsof) objectsand thereare
interconnection®etweerthe networksthemseles.

We maymentionherethatsomeof theproblemswith searchinghatCox summarizesbove maybeamelioratedy the
useof thetightly—coupledbrowse/searclechniquegpresentedn this paper For example,“null returnsandtoo mary
matches’canbe solved by usingdynamicbrowse—tree¢Section3) andhierarchy—constraineskarching Section2)
respectiely. “Variationin importanceof querycomponentandterm dependenciesiill be helpedby usingfiltered
browsing (Section5), possiblyin conjunctionwith multiple category views (Section?).
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The etymologicalhistory of theword “browse” is broughtto thefore againin Pirolli andCard’s work on Information
Foragingtheory[PC99. In thatwork, they cite Dennetts characterizationf humansasinformavoresandsuggesthat
peopleadapttheir stratgiesandtheinformationervironmentto maximizetheir rateof gainingvaluableinformation.
Theiranalysisdevelopsthethemeof InformationScentthe (imperfect)perceptiorof thevalue,costor accespathof
aninformationsourceobtainedirom proximal cues suchasbibliographiccitations,links, icons,or summaries.

Bateg[Bat9( analyzesnformationretrieval systemsn termsof 1) the degreeof userinvolvementvs. systemautoma-
tion and?2) the size,or chunking,of actiities thatthe usercandirectthe systemto do at onceanddiscussesgertain
usefulconfigurationof thesetwo dimensions.

The Microsoft MSDN website(http://www.msdn.comhasan interestingfeaturethat displaysa resultsetdocument
within its context in theMSDN documenhierarchy A queryresultsin astandardist of matchingdocumentitleswith
summariesWhenoneis selectedthis displaysthefull documentvith aleft panelwith theexpandechierarchypathto
thatdocumentFigure10 shavstheinitial resultsetformedby the query“datawarehouselesign”onthe MSDN site.
Clicking onthetop hit presentshetargetdocumentwith its context ontheleft. Thistechniquds somevhatsimilarto
the dynamicbrowse—treamethoddescribedn Section3.

The work on facetedmetadatdor flexible organization[YSLHO3] by Marti Hearsts groupat UC Berkeley is also
interestingin thatit explicitly allows a userto choosethe organizationof informationat a browsingnodeor a search
resultset. The Cha-Chasearchengine[CHHL99] provides context for hits by organizingintranetsearchresults
dynamicallyinto a hierarchicalbutline basedon offline computatiorof the shortespathsfrom theroot nodeto target
documentsThisis similarto the ideaof dynamicbrowsetreespresentedn Section3.

The WebGlimpseprototype[MGS9q allowed “any web site to offer a combinationof browsing and searchingoy
automaticallyanalyzingthe site, computingneighborhoodsand attachingsearchinterfacesto existing pages. The
searchwas efficient both in termsof time (neighborhoodsre explored only at indexing time) and space(only one
smallindex persite)”.

TheScentTailssystenfOCO03 alsoattemptgo integratebrowsingandsearching Searchheginswith keyword match-
ing. Hyperlinksin aweb pagethat pointto documentswith high relevang to the queryarehighlightedin someway
(increasedont size). Therearetwo problemswith this approachfirst, ary algorithmto estimateinformationscent
could possiblybe foldedinto the original searchmatchingalgorithmto begin with; secondwhy usean algorithmic
methodto estimatedocumentrelevanceto a query (scent)whena query-sensitie summary(e.g.,implementedasa
tooltip overthe hyperlink)would let the userdecidedocumentelevancewithout clicking through?

9 Conclusion

Browsingandsearchingarethetwo dominantmodesfor informationexplorationofferedby informationretrieval and
exploration systems. However thesetwo modesare usually offered separatelyin termsof both the interfacesand
implementation®f mostinformationaccessystemsWe arguethatthis dichotomyis unnaturabndsometimegorces
usersto take multiple stepsto achieve what could be donein onestepin a betterdesignedsystem. This paperhas
suggestedechniquego tightly couplethe browsingandsearchingnformationaccessnethodswithout removing the
distinctionbetweerthetwo. Specificallywe have suggestedthe following techniquesinderthis frameawork:

1. Hierarchyconstrainedearchingusethe navigationhierarchyto constrainsearch.
2. Dynamicbrowsetrees:anew methodto organizesearchresultsetsusingthe navigationhierarchy
3. Filteredbrowsing: continuousqueryingduring browsing navigation.

4. Mergesearchmerging searchresultsetsacrosson-contiguoudrowsingnodes.
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Search Results from MSDN Library

for all the words: data warehouse design; category: Technical Resources

% Change your Advanced Search

Technical Resources

SDks, resource kits, reference libraries, script centers, white papers, technical articles, product docurnentation..,

Results 1 - 20

Data Warehouse Design Considerations {Microsoft SOL Server 2000 Technical Articles)

Data warehousing is one of the more powerful tools available to support a business enterprise. Learn how to design and implement a data
warehouse database with Microsoft SQL Server 2000,
http://msdn.microsoft.com/library/en-us/dnsglzk/htmlisql_dwdesign.asp

Using Partitions in a Microsoft SQL Server 2000 Data Warehouse {Microsoft SQL Server 2000 Technical Articles})

Use partitions to improve the manageability, query performance, and load speed of data warehouses in QL Server 2000 Enterprise Edition, (27

printed pages)

http://msdn.microsoft.com/library/en-us/dnsql2k/htrl/partitionsindw. asp

Maintaining OLAP Data (Analysis Services (SQL Server})

The purpose of Microsoft® SQL Server™ 2000 Analysis Services is to provide rapid analytical access to data warehouse data,
http://msdn.microsoft.com/library/en-us/olapdmad/agmaintaining_4dpd.asp

Optimizing the Data Warehouse Database for Analysis Services Performance {Analysis Services {SOL Server))

The design and performance of the data warehouse database significantly affect the performance of Microsoft® SQL Server™ 2000 Analysis

Services,

http://msdn.microsoft.com/library/en-us/olapdmad/agoptimizing_3gyt.asp

Designing a Data Warehouse (Creating and Using Data Warehouses {(SQL Server))

Designing a data warehouse is very different from designing an online transaction processing {OLTP) systern.
http:/fmsdn.microsoft.com/library/en-us/createdw/createdw 6r39.asp
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Creating Merge Replication ¢
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MSDN Horne > MSDNM Library > Microsoft S0L Server >

Data Warehouse Design Considerations

Dave Browning and Joy Mundy
Microsoft Corporation

Decernber 2001

Applies ta:
Microsoft® SQL Server™ 2000

Summary: Data warehousing is one of the more powerful tools available to support a business enterprise,
Learn how to design and implement a data warehouse database with Microsoft SQL Server 2000, {25 printed
pages)

Contents

Introduction
Data Warehouses, OLTP, OLAP, and Data Mining
& Diata Warehouse Supports OLTE
OLAP is & Data Warehouse Tool
Diata Mining is a Data Warehouse Tool
Designing a Data Warehouse: Prerequisites
Diata warehouse Architecture Goals
Data warehouse Users
How Users Query the Data Warehouse
Ceveloping a Data Warehouse: Details

[ Database Architecture: The
[1 Deployment Considerations
[ Developing Effective Decisio

[] Diagnosing and Troubleshoo

Identify and Gather Reguirements

Design the Dimensional Model

Develop the Architecture

Design the Relational Database and OLAP Cubes
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Figure10: Screenshotsf (a) initial resultsetlisting and(b) targetdocumenpresentationn context onthe MSDN websitefor the
query“datawarehouselesign”.
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5. Making searchresultsetsequalcitizens:allowing browsingnodeoperationsn searctresultsetnodes.

6. Flexible organizationwith multiple cateyory views: allowing a browsing nodes contentsto be organizedin
multiple complementaryvays,eitherstaticallyor dynamically

Thesetechniquesredesignedo allow the userto usethe appropriatenethodat every stepof aninformationexplo-
ration sessiorwithout losing any work alreadydone. Use of thesetechniquediy designersof informationretrieval
systemawill helpcreatea quickerandmorenaturalinformationexplorationexperiencefor theuser
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