Visual Querying and Exploration of Large Answersin XML Databases with X2
A Demonstration
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Abstract

This paperdescribesX? (eXploring XML data),a sys-
temfor efficiently queryingXML data and visually explor-
ing answersets,with a specialfocuson the novel userin-
terfacefor interaction with the queryresult. The process
of queryingXML documentss performednteractivelyand
in a completelygraphical manner Specialattentionwas
paid to simplicity of the userinterface: In a first stepthe
usersubmitsa queryto the systemand getsthe resultpre-
sentedn theform of a CompleteAnswerAggregate(CAA).
CAAsvisually (re)presentthe answerspacein a compact
form and thus provide a good overviewn over the setof all
answes. They offer a rich variety of presentatiormodes
and exploration techniqueswhich are usedin the second
stepto interactivelyexplore theanswerspace

1 System architecture and query language

The overall architectureof X2 is depictedin Figure 1.
The main componentof X2 are a query engineand the
CAA engine.Thequeryengineevaluatesa querysubmitted
by the userand computeghe resulting CAA. It usesded-
icatedindex structureshat guaranteeefficient evaluation.
After queryevaluationis completedtheresultingCAA can
be exploredby interactionwith the CAA engine.

SinceXML datais tree-structuredata,we useasimple
languagdor queryingtreesthatextendsKilpelainens Tree
Matching model[3]. The userdraws a tree-shapedjuery
(Figure 2) that will be matchedwith the tree-structured
XML data.Theuserhasthepossibilityto specifydirectand
indirectcontainmenbf elementsattribute values text con-
tainment.elementnamesprderanddirectneighborhooaf
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Figure 1. System architecture of X?

elementsandoptionalelementsThequerylanguages de-
scribedin moredetailin [6].

2 Complete Answer Aggregates

A CompleteAnswer Aggregate (CAA), as depictedin
Figure3, is a datastructur¢hat storesfor every querynode
all matchingdatabaselementstogethemith their contain-
mentrelations.Figure3 shovsanexampleCAA for aquery
searchindor citieswith their respectre sightseeingnfor-
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Figure 3. Complete Answer Aggregate

mationandhotelswhosedescriptioncontainthe word “tv”.
Two cities (¢, c2) have beenfound for this query, together
with 2 sightseeingelementsand 10 hotelswith 16 occur
rencef thestring“tv” in total. Thefirst city containstwo
matchinghotelelementsthe seconctity eight.

CompleteAnswerAggregatescanbe computedvery ef-
ficiently dueto their compact(polynomial-sizedyepresen-
tation of an exponentialnumberof answers(cf. [6, 7]).
Queriesareevaluatedpathwisewith the helpof adedicated
pathindex structure[5]. Evaluationis basedon a dynamic
programmingalgorithmthatguaranteethatevery database
nodeis touchedat mosta constannumberof times.

3 Exploring Complete Answer Aggregates

The designof the userinterfaceof X2 was guidedby
the obsenation that the userneedshelp in localizing the
mostuseful piecesof informationin large answersets,es-
peciallyin acomple informationspaceasoftenconstituted
by XML data.We will describethe maincharacteristicef
theuserinterfaceby anexamplethatusesanexisting XML
databasedescribingcitiesin Bavaria. Eachcity, represented
by anXML documenthasarich description:name,sight-
seeingplaces,hotels,conferencesites,restaurantsregular
events, etc. In our scenarioa userwantsto retrieve in-
formationaboutcities (“stadt”) with a historicaltown cen-
ter (“historischealtstadt”),hotelswith atv set,sightseeing

places(“sehenswuerdigit”), and transportatiorfacilities
(“anreise”) from Munich to thesecities. This information
needis representedly the queryin Figure2.

A CAA ispresentedh afirst view only asthequeryitself
whereeachquerynodeis taggedwith thenumberof match-
ing databas@odegascanbeseenn the presentatiomode
of querynode“anreise”in Figure4). This simpleovervien
senesasa startingpoint for further exploration. The user
may now requestto seeall matchingdatabasenodesfor
a query node using a context menu associatedvith that
query node. Every databasenodeis then displayedwith
a short summarygeneratecut of the containedtext (see
guerynode“stadt” in Figure4). The usermay alsoswitch
to a detailedsummary(seequery nodes“hotel” and “se-
henswuerdigkit” in Figure4). Thesesummariesaregen-
eratedaccordingto therespectre elementypes:Hoteland
city elementse.g.,have nameanddescriptionsubelements
which areusedfor generatinghe summary Differentsum-
mary generationalgorithmscan be pluggedinto X2: Re-
turningthefirst character®f the elementcontentis the de-
fault,if noalgorithmis givenfor anelementype. It is also
possibleto view thefull text of adocumentnddisplaydi-
rectly thetextual contentof agivenelement.Thedocument
text is displayedormatted(usingXSLT stylesheetsandthe
searchterms(“tv”, “munchen”/*historischealtstadt”in the
example)of thequeryarehighlighted.

The user may hide databaseand query nodesin or-
der to improve on partial overview. It is also possible
to mark databasenodesandto restrictthe screenpresen-
tation to nodesrelatedto marked databasenodes: The
usermight decidethat one sightseeingplace(element‘se-
henswuerdigkit”) is especiallyinterestingandmarkit. He
mightthendeclarethatonly databas@odeswithin thesame
substructurdi.e. city) shall be displayed. It is now easier
for theuserto explore,for example the hotelsof thecity in
guestionwithout beingdistractedoy hotelsof othercities.

The usermayalsosortdatabas@odesaccordingto var-
ious criteria, for exampleon attribute values. Continuing
the example,the usercannow sortthe hotelswith respect
to their quality attribute value, with the 5 starhotelsbeing
displayedirst. Finally, it is possibleto groupelementswith
respecto thesecriteria,sothatall 5 starhotelsaredisplayed
in onegroup,all 4 starhotelsin the next group,andsoon.

Of, course,all theseexplorationtechniquescanbe ap-
plied in a cumulative way, e.g.groupingthe visible hotels
only afterhiding hotelsof a givencity.

4 Implementation and Related Work

This paperpresentedX ? with a focus on the graphical
userinterfacefor exploring the answersetto a query X2
hasbeenfully implementedn Java and usesthe Postgres
DBMS for storingtheindex. X2 hasbeentestedwith three
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Figure 4. X2 user interface

differentdocumentcollectionsso far, rangingfrom 2MB
to 500MB in size. For thesecollections,queriescan be
evaluatedefficiently (lessthan1 second).We still planto
improve the implementatiorof the graphicalpresentation,
sincethe GUI slows down if the computedCAA contains
too mary databas@odes.

Sofar, therehasbeenlimited researchin graphicalquery
languagedor XML andusersupportin XML dataexplo-
ration. XML-GL [1] is afully graphicalquerylanguageor
retrieval and manipulationof XML data. But, in contrast
to X2, XML-GL doesnot supportinteractive and graphi-
cal explorationof XML data.DataGuideg?2], a userinter-
facefor browsing XML datausedin the Lore system([4],
presentghe usera DataGuideasa compactdescriptionof
(partsof) the XML data.Indeed,CAAs aresomehav sim-
ilar to DataGuidesbut a CAA’s structureis inheritedfrom
boththe userqueryandthe databasewhereadDataGuides
areignorantof querystructureandowetheir structureto the
XML dataonly. BBQ [8] is asystenmwith strongsupportfor
interactve queryformulation,but with no supportfor result
inspection.
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