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Abstract

Thispaperdescribes��� (eXploring XML data),a sys-
temfor efficientlyqueryingXML dataandvisually explor-
ing answersets,with a specialfocuson the novel userin-
terfacefor interaction with the query result. Theprocess
of queryingXML documentsis performedinteractivelyand
in a completelygraphical manner. Specialattentionwas
paid to simplicity of the user interface: In a first stepthe
usersubmitsa queryto thesystemandgetsthe resultpre-
sentedin theform of a CompleteAnswerAggregate(CAA).
CAAsvisually (re)presentthe answerspacein a compact
form and thusprovide a goodoverview over the setof all
answers. They offer a rich variety of presentationmodes
and exploration techniqueswhich are usedin the second
stepto interactivelyexplore theanswerspace.

1 System architecture and query language

The overall architectureof � � is depictedin Figure1.
The main componentsof ��� are a query engineand the
CAA engine.Thequeryengineevaluatesaquerysubmitted
by the userandcomputesthe resultingCAA. It usesded-
icatedindex structuresthat guaranteeefficient evaluation.
After queryevaluationis completed,theresultingCAA can
beexploredby interactionwith theCAA engine.

SinceXML datais tree-structureddata,we usea simple
languagefor queryingtreesthatextendsKilpeläinen’sTree
Matchingmodel [3]. The userdraws a tree-shapedquery
(Figure 2) that will be matchedwith the tree-structured
XML data.Theuserhasthepossibilityto specifydirectand
indirectcontainmentof elements,attributevalues,text con-
tainment,elementnames,orderanddirectneighborhoodof

User

Index and DatabaseXML

Query Engine CAA Engine

Request

Import

Data

CAA

Query

Manipulation

CAA

Request

Data

Figure 1. System architecture of � �

elements,andoptionalelements.Thequerylanguageis de-
scribedin moredetail in [6].

2 Complete Answer Aggregates

A CompleteAnswer Aggregate(CAA), as depictedin
Figure3, is a datastructurethatstoresfor every querynode
all matchingdatabaseelements,togetherwith theircontain-
mentrelations.Figure3 showsanexampleCAA for aquery
searchingfor cities with their respective sightseeinginfor-
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Figure 2. ��� query
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Figure 3. Complete Answer Aggregate

mationandhotelswhosedescriptioncontaintheword “tv”.
Two cities( ���
	�� � ) have beenfoundfor this query, together
with 2 sightseeingelements,and10 hotelswith 16 occur-
rencesof thestring“tv” in total. Thefirst city containstwo
matchinghotelelements,thesecondcity eight.

CompleteAnswerAggregatescanbecomputedvery ef-
ficiently dueto their compact(polynomial-sized)represen-
tation of an exponentialnumberof answers(cf. [6, 7]).
Queriesareevaluatedpathwisewith thehelpof adedicated
pathindex structure[5]. Evaluationis basedon a dynamic
programmingalgorithmthatguaranteesthateverydatabase
nodeis touchedat mosta constantnumberof times.

3 Exploring Complete Answer Aggregates

The designof the userinterfaceof ��� was guidedby
the observation that the userneedshelp in localizing the
mostusefulpiecesof informationin largeanswersets,es-
peciallyin acomplex informationspaceasoftenconstituted
by XML data.We will describethemaincharacteristicsof
theuserinterfaceby anexamplethatusesanexistingXML
databasedescribingcitiesin Bavaria.Eachcity, represented
by anXML document,hasa rich description:name,sight-
seeingplaces,hotels,conferencesites,restaurants,regular
events, etc. In our scenarioa user wants to retrieve in-
formationaboutcities (“stadt”) with a historicaltown cen-
ter (“historischealtstadt”),hotelswith a tv set,sightseeing

places(“sehenswuerdigkeit”), and transportationfacilities
(“anreise”) from Munich to thesecities. This information
needis representedby thequeryin Figure2.

A CAA ispresentedin afirst view only asthequeryitself
whereeachquerynodeis taggedwith thenumberof match-
ing databasenodes(ascanbeseenin thepresentationmode
of querynode“anreise”in Figure4). This simpleoverview
servesasa startingpoint for further exploration. The user
may now requestto seeall matchingdatabasenodesfor
a query node using a context menu associatedwith that
query node. Every databasenodeis then displayedwith
a short summarygeneratedout of the containedtext (see
querynode“stadt” in Figure4). Theusermayalsoswitch
to a detailedsummary(seequery nodes“hotel” and “se-
henswuerdigkeit” in Figure4). Thesesummariesaregen-
eratedaccordingto therespectiveelementtypes:Hotel and
city elements,e.g.,havenameanddescriptionsubelements
which areusedfor generatingthesummary. Differentsum-
mary generationalgorithmscanbe pluggedinto ��� : Re-
turningthefirst charactersof theelementcontentis thede-
fault, if no algorithmis givenfor anelementtype. It is also
possibleto view thefull text of a documentanddisplaydi-
rectly thetextualcontentof agivenelement.Thedocument
text is displayedformatted(usingXSLT stylesheets)andthe
searchterms(“tv”, “münchen”,“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 databasenodesand to restrict the screenpresen-
tation to nodesrelated to marked databasenodes: The
usermight decidethatonesightseeingplace(element“se-
henswuerdigkeit”) is especiallyinterestingandmarkit. He
mightthendeclarethatonly databasenodeswithin thesame
substructure(i.e. city) shall be displayed. It is now easier
for theuserto explore,for example,thehotelsof thecity in
questionwithoutbeingdistractedby hotelsof othercities.

Theusermayalsosortdatabasenodesaccordingto var-
ious criteria, for exampleon attribute values. Continuing
the example,the usercannow sort the hotelswith respect
to their quality attribute value,with the5 starhotelsbeing
displayedfirst. Finally, it is possibleto groupelementswith
respectto thesecriteria,sothatall 5 starhotelsaredisplayed
in onegroup,all 4 starhotelsin thenext group,andsoon.

Of, course,all theseexploration techniquescanbe ap-
plied in a cumulative way, e.g.groupingthe visible hotels
only afterhidinghotelsof a givencity.

4 Implementation and Related Work

This paperpresented��� with a focuson the graphical
userinterfacefor exploring the answersetto a query. ���
hasbeenfully implementedin Java andusesthe Postgres
DBMS for storingtheindex. ��� hasbeentestedwith three
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Figure 4. � � user interface

different documentcollectionsso far, rangingfrom 2MB
to 500MB in size. For thesecollections,queriescan be
evaluatedefficiently (lessthan1 second).We still plan to
improve the implementationof the graphicalpresentation,
sincethe GUI slows down if the computedCAA contains
toomany databasenodes.

Sofar, therehasbeenlimited researchin graphicalquery
languagesfor XML andusersupportin XML dataexplo-
ration.XML-GL [1] is a fully graphicalquerylanguagefor
retrieval andmanipulationof XML data. But, in contrast
to ��� , XML-GL doesnot supportinteractive andgraphi-
cal explorationof XML data.DataGuides[2], a userinter-
facefor browsing XML datausedin the Lore system[4],
presentsthe usera DataGuideasa compactdescriptionof
(partsof) theXML data.Indeed,CAAs aresomehow sim-
ilar to DataGuides,but a CAA’s structureis inheritedfrom
both the userqueryandthedatabase,whereasDataGuides
areignorantof querystructureandowetheirstructureto the
XML dataonly. BBQ [8] is asystemwith strongsupportfor
interactivequeryformulation,but with nosupportfor result
inspection.
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