Visualizing RDF(S)-basedinformation
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Abstract

AsRDFreadesmaturity, thereis anincreasingneedfor
toolsthat supportit. A commorandnatural representation
for RDF datais a directedlabeledgraph. Althoughthere
aretoolsto editand/orbrowseRDF graphrepresentations,
we foundtheir architecture rigid and not easilyamenable
to producingeffectivevisual representationsespeciallyfor
large RDF graphs. We presenthere G\Mz, a geneal pur-
posegraph visualizationtool, which allows one to easily
build andfine-tunevariousvisualexploratory scenariogor
RDF data. GMz's extendedability of customizingthe vi-
sualizations iconsshowedto be very usefulin the context
of visualizingRDF graph structuies. Amongthe presented
applications,we mentioncustomizableselectionsschema-
instancecomparison,instancescomparison,and schemas
comparison(schemaevolution). GMz provedto beablenot
onlyto visualizelarge RDF datamodelsbut alsoto bevery
flexiblein designingscenario-specifiqueriesto supportthe
exploration process.

1. Intr oduction

RDFis thewebmetadatdanguagelt is usedto describe
informationaboutwebresourcesThesemanticassociated
with this information enablesweb applicationsinteroper
ability. An RDFmodelthatdescribesomewebresourcess
alsocalledanRDF instance An RDFSschemacanbeused
to defineapplicationspecificvocaklularies.This schemaan
beassociateavith anRDF instancen orderto validatethe
instance.Both RDF instanceand RDFS schemaare RDF
models.

As RDF reachesnaturity, thereis anincreasingneedof
toolsthatallow usersto understandi.e. browvseandmod-
ify, RDF data. Two suchtool typesexist: textual and vi-
sual. Examplesof textual RDF browsingtoolsare Protege-
2000[4], OntoEdit,and OntoMat. However versatile,ex-
perienceprovedthatanalysisof moderatelywoluminousre-
lational (graph)datais not effective in text basedenviron-

ments[1]. Therefore,in this paperwe shall mainly focus
on visual browsing tools. Examplesof suchtools special-
ized for RDF browsing arelsaViz [5], FRODO RDFS\z,
and OntoMz (visualizationplug-in for Protege-2000). In
thefollowing, we will discusstwo of the abore mentioned
toolstools: Protege 2000andlsa\z.

Protege-2000[4] is a textual browsing/editortool for
knowledgemodels.It enablesnodelingat conceptualevel
suchthat the userdoesnt needto botheraboutthe syntax
of the final output. One knowledgerepresentatioiormat
supportedby Protege-2000is RDF(S). Protege 2000 uses
the RDF API from SimpleRDF ParserandCompiler(SiR-
PAC) for readingRDF models. For comparisorpurposes,
we choseto representhe samenewspapeexample thede-
fault Protege-2000project,in several browsingtools. Fig-
urel depictsthe newspapeiRDFSscheman Protege-2000
(without the visualizationplug-in). It is obviousthat such
text-basedrepresentationgail in corveying structuralin-
sight in anything but relatively small and simple RDF(S)
datasetsA solutionto this problemis the usageof a plug-
in (i.e. OntoMz) thataddsvisualizationcapabilitiesto the
tool.
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Figure 1. Newspaper schemain Protege



IsaMz [5] is a visual browsing tool for RDF models.
IsaMiz usesthe RDF API of Jenafor readingRDF mod-
elsand AT&T’'s GraphMz package[3] for the graphlay-
out. Someof thefeatureghatlsa\iz supportaretext-based
searchgopy andpaste modelediting, editing of thevisual
shapesusedfor nodesand arcs, textual property browset
and graph/radawiews (radarviews opena nenv window
a graphoverview depictingthe currentselectionregion).
IsaMiz is a stateof the art tool for browsing RDF models.

Figure 2. Newspaper schema in IsaViz

Neverthelessit hasarigid architecturevhich makesit dif-
ficult to add applicationand/orscenariodependentbpera-
tions, i.e. otheroperationghanthe default onessupported
by thetool. Figure?2 depictsthe nenspapeiRDFSschema
in IsaMiz.

2.GViz

GViz [6] is a generalpurposevisual ervironmentfor
browsing and editing graph-basedlata. SinceRDF is es-
sentially an attributed graph, one can use GViz to visu-
alize RDF models. GViz's chief advantagecomparedto
mostothergraphvisualizationtoolsis thatit is easilycus-
tomizable. In the past,GViz wascustomizedwith specific
gueryandvisualizationoperationgor reverseengineering
datavisualization[6]. Ourexperiencewasthatthis extensi-
bility propertywith application-dependemfperationss es-
sentialfor producingeffective datavisualizations.Figure3
presentghe nevspapelRDFSscheman GViz. Compared
with Figure?2, the Isa\iz representationf the samemodel,
thedatastructures now easieito grasp.For theexplanation
of theusedcolors,seeSec.2.3.

In thefollowing, a shortdescriptionof GViz is given.

2.1 Data model

The datamodel we useis the RDF graphrepresenta-
tion. Nodesare RDF resources/literalandedgesare RDF
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Figure 3. Newspaper schema in GViz

properties.Thet ype attribute associatedo a nodespeci-
fiesif anodeis an AResour ce (anorymousresource)an
NResour ce (anamedesourcas resourcevith aURI), or
aliteral . Bothnodesandedgeshaveaval ue property
that givesthe associatedRDF label. Note thattheval ue
for namedresourcesnd propertiesis a URI. Theval ue
of an anorymousresourcehasno relatedsemantics. The
val ue of literalsis given by their associatedtring. As
GViz'sdatamodelis anarbitraryattributedgraph theabove
dataaredirectly accommodatetly thetool.

2.2 Operation model

GViz's operationalmodel comprisesthreemain opera-
tions: selectionoperations,graph editing operations,and
mappingoperations. Selectionoperationsspecify a set of
nodesandedgedrom theoriginal graph.Queriesandfilters
arethusnaturallyimplementedasselections Editing oper
ationsmodify the graphdata (structureand/orattributes).
Node/edgedeletionor construction,graphmetric compu-
tations,andgraphlayoutsare thusimplementedas editing
operationghatmodify variouspartsof thedatamodel. Us-
ing theobsener pattern all systemcomponentshatdepend
on the changeddataare automaticallyupdated. The map-
ping operationsmap graphdatato visual objects. Imple-
mentingdifferentmappingoperationscorrespond$o cus-
tomizing the way the graphsare dravn. GViz’'s architec-
ture focuseson allowing userseasily definetheir specific
operations.Onesuchoperationis the graphcomparisona
usefulfeatureif we considere.g. analyzingthe differences
betweertwo (RDF-basedimobilephoneprofilesor theevo-
lution of the profile schema.



2.3. Visualization

In contrastto most graph visualizationtools we are
aware of, GViz decouplesthe mapping from the graph
layout operation. Graph layouts are attribute-editingop-
erationsthat compute2D or 3D positional attributes for
nodes/edgesGViz useddifferentlayoutsamongwhich we
mention: springembedderdirected(tree),3D stacled lay-
out, andthe nestedayout. More informationaboutthe last
two layoutscanbefoundin [6]. Furthermorethevisualap-
pearancef nodesandedgesn GViz is entirely customiz-
able.Userscaneasilydefinetheshapecolor, size,andother
graphicalattributesof thenodeandedge'icons’ asfunction
of their attributes. GViz's approachto customizations to
allow usersto provide callbads written in the Tcl script-
ing languagefor mostof its internal operationsmapping
included.In all ourscenariosgustomizinghenodeor edge
drawing amountedo writing an 8 to 20 lines Tcl callback
that usedthe node and/oredgeattributesto customizeits
drawing.

In the restof this paper all exampleswill be basedon
User Agent Profile (UAProf) [7], a CC/PP[2] vocahulary
for describingmobile phonecapabilities. CC/PPvocalular-
iesareRDFSrepresentationfor modelingdevice capabili-
tiesanduserpreferences.

Figure 4 presentghe GViz graphrepresentatiomf the
UAProf schema. Graphnodesare depictedby rectangles
andRDF graphedgesarerepresentethy fadinglines. The
linesarefadingto theorigin (subjectinodesothattheedge
directioneffect is created. We found that representingli-
rectionalinformationin this way is moreeffective thanthe
classicalrron-drawing, asthelatterproducesoo muchvi-
sualclutter for highly connectedgraphs. The nodeicons’
colorscorvey thenodes'types:yellow for literalsandgreen
for resourcesThreeseparateolorsareusedor edgesblue
for edgeswith valuer df : t ype, redfor edgeswith value
rdf s: subd assOf , andwhite for edgeswith different
valuethanr df : t ype andr df s: subCl assOF . Note
that, due to their loose coupling with other nodes, liter-
als are positionedat the drawing’s periphery The spring
embedderayout naturally positionsthe most referenced
nodesatthecenter:r df s: Cl ass andr df : Property.
As thesenodeswere selectedwith the mouseby the user
they are displayedin red by GViz insteadof green. We
alsochoseto represenhodesthat have an edgewith value
rdf : Property with orangeinsteadof green. As a
consequencéhe only nodesthat remainedgreenare the
Conponent node,its subclassefdescribingthe hardware
andsoftwareplatforms,thewap, push,andnetwork charac-
teristics,andthe browseruseragent),andr df : Bag. Pro-
ducingthe above visualizationtook about20 minutesand
amountedo writing threeTcl callbackof lessthan40lines
in total.

This visualizationallows one to easily distinguishthe
Conponent nodeandits subclassedprming a “star with
redrays”,andther df : Pr opert y andits instancesform-
ing a “star with blue rays”. As a RDFS schemabasically
definesa setof propertiesto be usedin the instance a big
cloud of orangenodes(property nodes)is presentin the
Figure. Figure4 enablecthe usersof our tool seethatthe
depictedUAProf schema(from 10th of July 2002) usesa
wrongr df s prefixin r df s: Pr operty insteadof r df ,
a fact which was not discoveredbefore this visualization
wasdone.

Figure 4. UAProf schema visualization

3. Applications

We considemow four typesof RDF-relatechpplications:
e customizableselections

e schema-instanceomparison

e instancesomparison

e schemagomparison

Thelastthreeapplicationsarerelatedto graphcomparison.
For graph (node value) comparisonwe identify the spe-
cific nodes(nodesonly presentin one of the models)and
the commonnodes(nodespresentn all models).In com-
paringgraphsit is importantto distinguishbetweemamed
resourcesand anorymousresourcesecausehe value of
anorymousnodeshasno semanticandshouldthusnot be
usedin comparison.



3.1 Customizableselection

Figure 5 depicts the node representing the
Har dwar ePl at f orm component, which was se-
lectedwith the mouseby the user The selectionprocesss
usercustomizedn the sensehatthe original edgeshatdo

nothavetheHar dwar ePl at f or mnodeassubject/object

in Figure4 aresuppressedThis selectionis similar to the
radarview of IsaMiz with the differencethat it presents
only the interestingedges(with respectto the selected
node) insteadof all edgesfrom the original graph. As
explainedin Sec.2.3, the customizatioris doneby letting
the userspecifythe actionGViz performs(in this case the
selection)by meansof a Tcl script. Writing the script for
our customselection(of 18 lines of code)took lessthan5
minutes.
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Figure 5. Selection in UAProf schema

3.2 Schema-instance&comparison

A schema-instanceomparisoranswersquestiondik e:
how much of the schemais instantiatedin an instance?,
whatsubparif the schemas usedby theinstance®tc. To
distinguishtheresourceypes,we choseto represenhamed
resourcedy triangleicons, literals by circles,and anory-
mousresourceqthe resourcestandard)by rectangles. In
contrastto the visualizationdescribedn Sec.3.1, we now
usecolor for comparisompurposesasdescribechext.

Figure6 shavsthe UAProfinstanceof aNokia8310mo-
bile phone.We usethe grey color for anorymousnodesto
stresghatthey arenotto be compared.The nodesspecific
to theinstanceareyellow, the nodesspecificto the UAProf
schemaare green,andthe commonnodes(i.e. presentin
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Figure 6. UAProf instance for Nokia 8310

bothschemandinstancejgrered. In Fig. 6, we noticethat
mostinstance-specifiaodesarethe literals that character
izethisparticularNokiaphone suchase.g.Noki a 8310,
the phonename. Specificresourcedor the instanceare
r df : Bag andthenodeghatdescribaifferentcomponents
(the hardware and software platforms,the wap, push,and
network characteristicsandthe browseruseragent). The
commonnodes(depictedin red) arethe typesof the com-
ponentssincetheseappeaiin bothinstanceandschema.
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Figure 7. UAProf schema

Figure7 describeshe UAProf schemaelatedto a Nokia



8310phoneinstance As shown alsoin Fig. 6, thecommon
nodeg(redtriangles)areresourcesepresentinghe compo-
nenttypes. RDF is a semistructuredanguage. An RDF
instancedoesnt needto instantiateall propertiesof an as-
sociatedschema.As a consequenceye seethe big cloud
of greennodeswhich areschemaspecificnodegnodeghat
arenotappearingn theinstance).

Finally, Figure 8 presentdoth the UAProf schemaand
the Nokia 8310instancecombinedin onegraph. This fig-
ureis a memge betweenthe previous two pictures. We no-
tice that only a small part of the schemas instantiatecby
the instance(the commonred part) andthat this part con-
sistsof componentypes. Again, this type of insightin the
RDF datawasnot attainableby the otherRDF databrows-
ing toolswe used.
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Figure 8. UAProf schema and instance for
Nokia 8310

3.3 Instancecomparison

Comparing several instancesthat validate the same
schemaanswerguestiondik e: what propertiesare specific
in eachinstance?what are the commonpropertiesof the
instancestc. Notethat, by propertieswe meanthe value
associatedio a property

Figure9 compareshe UAProf instancedor four mobile
phones:the (previous) Nokia 8310, EricssonT68, Erics-
sonT39, andMitsubishi Trium. For this visualization,we
designedhe following coloring scheme:instance-specific
nodesaregrey, thenodessharedy thetwo Ericssorphones

aregreen andthenodescommonto all four phonesarered.
Looking at the four pictureswe noticethat their structure
is roughly identical. This complieswith the fact that they
all instantiatethe sameschemau.lt is interestingto obsene
thatall instance®f acertainschemanavethesamestructure
whichdifferentiateshemfrom otherinstancesA usefulap-
plicationhereofis the visualidentificationof instanceghat
have the same(unknown) schemdrom aninstancereposi-
tory basedn their structure.

We alsonoticedthatthereis only onecommonresource
r df : Bag, which immediatelybringsthe question‘where
arethecomponents?We discoveredthatthereasorfor not
having the componentsn the setof commonnodesis that
the Ericssonsandthe Mitsubishi usea previous versionof
the UAProf schemawhich usesa differentnamingprefix
thanthe one usedin the Nokia 8310. Again, this factwas
discoveredonly after the visualizationtook place. Finally,
the specific nodesare mostly representedy literals that
characterizeachmobile. Notethat,beingproducedy the
samecompaly in thespecificfamily of “T” mobilephones,
the profilesof the two Ericssonsarevery similar (large set
of greennodes).

Ericsson T68

Figure 9. UAProf instances for four phones

3.4. Schemacomparison

Comparing different versions of the same schema
(schemaevolution) enablesone to bettertrack the differ-
encesamongthem. A visual representatiorof thesedif-
ferencesanswersquestiondike: which schemasare very
similar to eachother?which schemaepresenta majorar-
chitecturalbreakcomparedvith the previousones?etc.



Let usconsiderthreeUAProf schemagrom 2000,2001,
and2002(thelastonewasalreadyusedin theprevioussub-
sections).Now we designthe following coloring scheme:
schema-specifinodesare grey; nodesin 2000 and 2001
but not 2002 are green; nodesin 2001 and 2002 but not
2000areyellow; nodespresentn all threeschemasrered.

Figure 10 comparesa UAProf versionfrom 2000 with
the UAProf versionfrom 2001. The large numberof green
nodesshav thatthe 2000and 2001 schemashave a lot in
common,i.e. thatthe UAProf specificationis only mildly
updatedrom 2000to 2001.

Figure 10. UAProf comparison: 2000 and 2001

Figure11l compareshe UAProf versionfrom 2001with
the UAProf versionfrom 2002.Nodespresenbnly in 2001
and2002 (but notin 2000)shouldappeaiin yellow. How-
ever, a surprisingdiscovery wasthattherewereno yellow
nodes.However, 2002shows alot of grey nodes(elements
not presentin 2001, e.g. the pushcharacteristicckompo-
nent,the Bluetoothprofile). This meanghatthe year2002
breakshe schemaontinuity presenin 2000and2001,i.e.
it introducesmary new elements.However, thereare still
overall similarities for the threeyears(the red nodes). A
possiblereasonings e.g. that 2002is the begin of a new
productfamily.
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Figure 11. UAProf comparison: 2001 and 2002

4. Conclusions

In this paper we discussedhe usageof GViz, ageneral
purposegraph visualizationplatform, for the RDF graph
visual exploration. Comparedto other RDF data brows-
ing tools, we were able to producevisualizationthat an-
sweredmorecomplex questionsboutthe dataat handand
give amoreeffective insightin the datastructure.The pro-
ducedvisualizationgasilyansweredjueriessuchas:which
schemapartsare presentin an instance,which properties
arespecificto a giveninstancein aninstanceset,andhow
do schemasvolve in time. An interestingresultwasthe
discovery of (unexpected)factsaboutthe examineddata,
whichweresimply notapparentiuringbrowsingwith other
RDFtools.

From an applicationdesignpoint of view, our experi-
encewith GViz wasvery positive. The tool’'s mechanism
of providing customizationof its selection,visualization,
and query operationsby userwritten Tcl callbackscripts
provedhighly versatileandallowedusto programandfine-
tune new visualizationscenariogn minutes. This factis
worth mentioning,asfew tools (for graphvisualizationin
generalandfor RDF datain particular)provide suchflexi-
bility, whichwe deemto be essentiafor adaptingageneral-
purposetool to a specificscenario.This lack of flexibility
may be one of the main (thoughnot often discussedjea-
sonsfor which we seemuch lessreuseof relationaldata
visualizationtools ascomparedo e.g. the more classical
scientificdatavisualizationtools.

We next planto look at more RDF dataexplorationap-
plications,suchasRDF graphediting operationdGViz of-
fers supportfor graphediting). We alsoplanto investigate
usefulmetricsandfilters to be appliedfor an RDF graph.
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