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Abstract

In manyapplicationareasan optimalvisualizationof a
complex graph dependson the speci�c task to be accom-
plishedby theuser. Therefore a meansof locally customiz-
able layoutsis required to focuson different problemas-
pects.We proposea conceptof user-drivenhierarchization
and layout optimizationin the context of IBM zSeriesI/O
con�gurations.Wecombinetheconceptsofglyphs,local3D
layoutmanagersandpartitioning galaxiesto createan op-
timal layoutfor a giventask.Additionally, to simplifyglobal
navigation,structural detailsare abstractedandcanbere-
�ned uponuserrequest.
Sinceelementcontext is crucial for understandingandcon-
sistentlycon�guring an I/O con�guration, guidednaviga-
tion alongtheconnectionsin thisdatastructureis essential.
To ef�ciently customizea graph layout, complex selection
mechanismsare neededto quickly de�ne theareasaffected
by a particular layout.Althoughwe focuson IBM zSeries
I/O con�gurations,theapproachwepresentis quitegeneric
andcanbeadoptedfor other�elds of application.

1. Intr oduction

Graphsare typical for many applicationareas,e.g.hy-
pertext browsing, state-transitiondiagrams,computernet-
works, �le-system structuresetc. Often graphsare quite
complex, i.e. the numberof nodesand edgescan grow
very large.Thismakesvisualizationandnavigationof such
structuresanextremelydif�cult task.Eventhoughthereal-
readyexist anumberof highly optimizedlayoutalgorithms,
thedesignof theoptimalstructureof 3D graphsmayrequire
additionalknowledgethat is oftenonly availableto thedo-
main expertsaswell astask-speci�cinformation.For that
reason,a hybrid, �e xible mechanismfor the layout of 3D
graphsis requiredthat providesdomainexpertswith both
powerful automaticlayoutalgorithmsandmanualtools for
creatingoptimal3D visualizations.

This paper covers 3D visualization of IBM eServer
zSeriesI/O topologiesand the associatednavigation con-

cepts.Sinceweassumethatthereadersarenotfamiliarwith
theseI/O topologieswe will give a short introductioninto
this topic and will outline the propertiesof I/O topology
from an informationvisualizationpoint of view. After that
wewill list requirementsfor thevisualization.

Theserequirementsleadto our approachfor thevisual-
izationandnavigationof complex I/O topologies,which is
presentedin section5. Afterwards,the strengthof the ap-
proachis demonstratedby evaluatingthe I/O topologyvi-
sualizationandnavigationof areal-world enterprisecon�g-
uration.Finally, section6 sumsup thepaper.

2. IBM eServer zSeries

TheIBM eServerzSeriesis a multiprocessormainframe
classcomputerline. Sucha machinecanbe logically par-
titioned(LPAR mode)andcanassuchrun up to 15 totally
separatedoperatingsystemsat a time.

A particularstrengthof theIBM eServer zSeriesis I/O:
The IBM eServer zSeriesarchitectureallows for 256 I/O
channelsconnectingto I/O hardwarelike disks,tapes,and
network. To avoid a singlepoint of failureon thepathfrom
a zSeriesmainframeto a device usuallymultiple pathsare
de�ned.

In thefollowing paragraphssomeroughzSeriesproper-
tiesarede�ned. Thedescriptionis very terseandabstracts
all conceptswhich do not directly in�uence thecurrentvi-
sualization,probablysacri�cing somecoherence.

2.1. zSeriesI/O Con�guration

To relieveuserprogramsandtheoperatingsystemof per-
formingI/O, acomponentcalledChannelSubsystem(CSS)
is responsiblefor carryingout all I/O operations.In order
to accomplishthis tasktheCSSneedsdetailedinformation
abouttheattachedI/O topology(alsoknown aslogical I/O
con�guration) andits accessrights, which determinecon-
nectionpermissions.The logical I/O con�guration hasto
bespeci�edmanuallyby thesystemprogrammer.

The logical I/O con�guration consistsof the following
elements:



� PROCESSOR: A processorcorrespondsto exactly one
IBM eServerzSeriesmainframe.

� LPAR: An LPAR is a logical partitionrunningonone
processor. Up to 15 LPARs aresupportedby onepro-
cessor.

� CHPID: A channelpathID (CHPID) correspondsto
an I/O channel.Up to 256 aresupportedby onepro-
cessor.

� CONTROL UNIT: A controlunit (CU) connectschan-
nels(CHPIDs)to devices.It providescapabilitieslike
protocoltranslation,caching,andRAID.

� DEVICE: A device is the unit performingI/O and is
connectedto aCU. A devicecanbeadiskdrive,atape
recorder, a network interface,or evena simulateddisk
drive.

� SWITCH: A switch connectsa CHPID to a CU or to
anotherswitch. A switch dynamically connectsone
switch port with anotheron the sameswitch. In this
way, a CHPID canbeconnectedto morethanoneCU
directly. A port-to-portconnectioninsidea switchcan
alsobedeterminedstatically.

In theESCONarchitecture,at mosttwo switchescan
belocatedon thepathfrom a CHPID to a CU. If two
switchesare locatedon the path from a CHPID to a
CU,atmostoneof two switchesmayestablishthepath
dynamically. Keepingin mind that,usingswitches,up
to 4,048CUsand1,036,288devicescanbeconnected
to a singleCHPID, thecomplexity of an I/O con�gu-
rationbecomesclear.

In addition to the logical I/O con�guration (which is
neededby themainframeto performI/O), thezSeriescus-
tomerneedsinformationaboutthephysicalI/O con�gura-
tion.

The physicalI/O con�guration re�ects which itemsre-
ally are locatedin the datacenter, e.g. cablesconnecting
channelcardjacks(CHPIDS)andswitchports.hundredsof
cablesusedto connecttheseendswith shortpatchcables.
Nowadays,devicesandcontrolunitsarenotphysicallysep-
aratedor even don't exist any more– althoughthe Chan-
nelSubsystem(CSS)still usesthismodel.ThephysicalI/O
con�gurationdescribesthese'storageservers'andhow they
aremappedto thelogical I/O con�guration.

2.2. Propertiesof Logical and Physical I/O Con�g­
uration

Roughly, logical I/O con�gurations form a hierarchy
if the accesslists are not observed: At the top are pro-
cessorswhich containthe CHPIDs.The CHPIDsconnect
to switchesor directly to CUs which, in turn, connect
to devices.Only switchesmay connectto elements– i.e.

switches– onthesamehierarchylevel (Note:With ESCON,
at mosttwo switchesmaybe chained).This implicit order
in a con�guration enablestheuserto differentiatebetween
upstreaman downstreamconnectionsandmake someas-
sumptionsfor acreatingabetterlayout(e.g.theuserknows
thatbelow controlunitstherecanonly bedevices).

Thingslook differentif accesslists areconsidered.With
accesslists,LPARshaveadirectconnectionto CHPIDsand
devices.

LogicalI/O con�gurationsof awholedatacentercontain
morethanoneprocessor. In thesecon�gurations,a control
unit canbeconnectedto severalCHPIDsbelongingto dif-
ferentprocessors.

All thismeansthatlogical I/O con�gurationsarenottree
structuresbut directedgraphs.They are directedbecause
thereis alwaysa pathfrom the processordown to the de-
vices.For this reason,mostpartsof thelogical I/O con�gu-
rationcontainsnocycles.Only two switchesmaybepartof
a cycle: Considertwo CHPIDsconnectingto two different
switchesandthen,connecttheoutputportof eachswitchto
theother.

In physicalI/O con�gurations,thesituationis moredif-
�cult. Patchcabinetsareusedto connectcablesandthere-
fore canbe situatedanywherein the hierarchy. Any patch
cabinetcanbe locatedat multiple levels of the hierarchy,
introducingcycles.

2.3. Typical I/O con�guration

A typical I/O con�guration (either logical or physical)
supportsredundancy. If a functional unit neededto per-
form I/O is only availableonceon the path from the pro-
cessorto the device, the whole I/O fails if this functional
unit fails. Sucha singlepoint of failure shouldbe avoided
in productioncon�gurations.This meansduplicateproces-
sors,CHPIDS,switches,CUs,anddevicesto have dataal-
ways available.This meansthat the basicgraphstructure
resultingfrom sucha con�guration – which could ideally
be a tree (see�gure 1) – containsmany parallel links as
well ascrosslinksto avoid singlepointsof failure.
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Figure 1. general con�guration structure (left)
compared to a schematic one (right)



3. Requirements

The personwho dealswith a zSeriesI/O con�guration
(calledsystemprogrammer)musthave a tool to visualize
theI/O topologyat hisor herhands.This topologyis either
thelogical or thephysicalI/O con�guration.Thevisualiza-
tion andthe associatednavigationhasto be appropriateto
accomplishtypical tasks:

� View thelogical andphysicalI/O con�guration to de-
terminewherenew I/O hardwarecanbeintegratedinto
theexisting topology.

� Add new objectsto theI/O con�gurationandconnect
themto existingobjects.

� Modify or removeexistingobjects.

� Locatespeci�c objectsin theI/O con�gurationto per-
form problemdetermination.Findoutwhichotherob-
jectstheobjectin questionis connectedto andhow.

Dependingon the task to be performed,different as-
pectsof theI/O topologyareof interestfor thesystempro-
grammer. For sometasks,it might be helpful to seewhich
devicesare reachablefrom a speci�c processor. For other
tasks,it might behelpful to seewhichprocessorscanreach
aspeci�c processor. (In general,reachabilityinformationis
very helpful for thesystemprogrammers.)For this reason,
theappropriatevisualizationdependson the taskto be ac-
complishedby the systemprogrammer. Therewon't be a
singlegenericlayoutwhichsatis�esall needs.

4. RelatedWork

Many highly optimizedalgorithmsfor automaticgraph
layout have beendevelopedin the past years.The clas-
sical conetree[10] approachhasbeenenhancedinto Re-
con�gurableDiscTrees[2], reducingocclusionandenhanc-
ing �e xibility . Another solution useshemispheresinstead
of discsfor denserelementdistribution andlays themout
in hyperbolicspace[8]. Sincedistancesin hyperbolicspace
are non-linear, elementswhich are fartheraway from the
cameraare subpixel-sized.Suchan approachis therefore
dif�cult to usefor a generaloverview of a wholegraph.A
3D springmodelingalgorithm,aspresentedin [4], couldbe
usedfor a purelyconnection-basedlayout.

For our problemit would be best,however, if the user
couldlocallychangelayoutstrategiestobettersuithisneeds
for that context. A good start hasbeenpresentedin [5].
This article introducesa hierarchicallynestedgraphstruc-
turewhichallows layoutcustomizationoneachlevel of the
hierarchy. For zSeriesI/O con�gurationsit doesnot make
sense,however, to enforceahierarchy(e.g.by useof aspan-
ning tree),sincewe do not want to obfuscatethe fact that
somegraphelementshave multiple parents(that informa-
tion is vital for redundancy comprehension)andwe do not

want to imply an orderamongelementsof the sametype.
In the sameway we do not want a thoroughlyhierarchy-
defeatinglayoutlike a springembedder, for example,since
theusermaywanttheretainahierarchicaldisplayfor some
regionsof thegraph,likecontrollersandtheirconnectedde-
vices.Thereforewe needanapproachwhich is �e xible for
everyelementto maximizelayoutoptimizationpossibilities
for theuser.

Figure 2. Prototype GUI

5. Visualization and Navigation of I/O Topolo-
gies

Theprototypeimplementedto demonstratetheconcepts
presentedin thispaperhasasimpleGUI (see�gure 2). The
mainpart is occupiedby a 3D view of thezSeriesI/O con-
�guration, on top thereis a toolbarfor roughcon�guration
partitioning,andon theright sidethereis apanelwherethe
usercanchangethe layout and edit the propertiesof any
selectedcon�guration elementon the �y (calledattribute
pane). Thevisualizationandinteractionwith theprototype
will bepresentedin thefollowing sections.

A 3D View of theI/O con�gurationgraphhasbeencho-
senin orderto improvetheuser'sgraspof connectivity. [11]
demonstratesthat for arbitrarygraphs,andassuchfor our
overlappingtrees,a3D view with manipulableview point is
preferableover a 2D layout.A simpli�ed approachis used
employing a mouseinsteadof trackingmechanisms,since
we wantedtheprogramto run on any commonPCwithout
specialperipherals.

5.1. ElementGrouping

A severe visualizationproblem is representedby the
connectivity of zSeriescon�guration graphs.Redundancy
andbandwithnecessitiesmakefor multipleconnectionsbe-
tweendifferentportsof thesamephysicalcon�gurationel-



ements.To avoid visual clutter, we addressthis problem
by displayingonly abstractconnectionswhich representan
arbitrarynumberof connectionsbetweentwo physicalel-
ements.This could be referredto as an extremelysimple
structuralclustering[7]. This way, 100.000logical connec-
tionsin anexistingcon�gurationhave beenreducedto less
than700. The usercanstill accessthe actualconnections
by displayinganabstractconnection's detail view (seebe-
low). A similar reductionis possiblefor the con�guration
elements:if only physicalelementsaredisplayed,thegraph
of theaforementionedcon�gurationconsistsof 27.000ele-
ments.By only displayingphysicallydiscernibleelements
like ProcessorsandControllers,we reducethe numberof
elementsto about500.

Figure 3. Processor detail view with selected
par tition

5.2. Dynamic Details

Sincetheelementsof anI/O con�gurationhaveaninter-
nal structureandwrap a numberof subelements,a mech-
anismfor displayingthem is needed.A possiblesolution
would be a distortionviewing techniqueasin [1, 3]. This
approachis mostadvantageousif themagni�ed data�ts in
a relatively small areaof the screenasto allow displaying
of thecontext of themagni�ed region.In ourcase,however,
thedetail informationis socomplex that it mayevenneed
morethana wholescreento bepresented.In our approach
theusercanhavetheview zoomin ontheelementshewants
to seethestructureof while thatelementis replacedby a3D
detailview of itself andits subelements.Becauseof perfor-
manceissues,thecontext of thatelementis hiddenfor now.
For processorsthis approachis very compactandintuitive
to use:Theprocessoris displayedasa stackof transparent
partitions,sotheusercangrasptheoverallpartition-CHPID
accesspermissionsby usinga topview. If theuserwantsto
view andeditaparticularpartition,hesimplyselectsit (see
�gure 3). The prototypethenpulls out thatpartition like a
drawerandplacesa grid on it to helptheuserwith CHPID

selection.Con�guration is performedvia theattributepane
and the context menu.The desktopmetaphorbehindthis
view makestheconcepteasyto graspevenfor lessexperi-
encedusers.

This solutionworks sincewe know that the userwants
to seethewholeinternalstructure,sowecanjustzoomthat
area,evenexpendingthewholedisplayarea,until theitems
canbe conveniently inspectedandeditedand thussaving
the userany manualzoom operation.This mechanismis
also well-suitedto collapsepartsof the graphinto single
elementsandto dive into thosecollapsedgraphs.

5.3. Display Modes

To enablethe user to view the physical con�guration
with its cablesas well as the accessrights of the logical
con�guration,thedisplaycanbetoggledbetweenthesetwo
modes.Sincethelogical connectionstendto form thetran-
sitive hull of the physicalconnections,the displayclarity
is heavily compromised.To addressthis issue,we give the
userthe possibility to only displaythe connectionsreach-
ablefrom thecurrentselection.

5.4. ElementVisualization

To visualize whole ESCON con�gurations, different
metaphorsareusedfor eachlevel of thedatastructure.The
elementsare shown as glyphs [9], with the elementtype
encodedby geometryandcolor. Abstractgeometrieswere
chosento maximize differentiationbetweenthe few ele-
ment types.Processorsareshown asblue boxes,switches
asyellow spheres,controllersasgray conesandstringsas
greencylinders.Uponuserrequestit is possibleto color in
redall elementswhicharetransitively connectedto thecur-
rently selectedelement(visible in �gure 2). By this means
elementscanberelatedto their context: theusercanassess
therepercussionsof con�guration changesto thecurrently
selectedelementso he knows which elementshe needsto
updatenext.

For this kind of reachabilityhighlighting the geome-
try codingmaintainselementtypediscernibility. Whenthe
reachability display is deactivated, the color coding en-
suresthatthetypesof elementsobservedat greatdistances
arestill distinguishable,so this is useful for con�guration
overviews. User control on elementsvisualizationis cur-
rently limited to visibility modi�cation, i.e. the usercan
hidethecurrentselectionof elements.

On the elementgroup level we use layout managers.
This concepthasbeenadoptedfrom 2D GUI toolkits, like
Java's Swing or gtk/Qt. Unlike [5], which proposesinde-
pendentlayoutalgorithmsfor thedifferenthierarchylevels
of a graph,we do not premisea hierarchyin thegraph,but
allow theuserto changethelayoutstrategy for everysingle
elementof theI/O con�guration.In our casea layoutman-



ager is an object which distributes its managedelements
(calledchildrenfrom now on) in anarbitraryway (depend-
ing onwhich layoutalgorithmwewantto use).Eachlayout
managercanprovide a panelwhich will be displayedfor
the userto edit parametersfor layout �ne-tuning. Layout
managerscanonly beinstantiatedby a getInstance()
method.Thatway theprogrammercanensurethereareno
two layout managerswho do the samework if onewould
suf�ce.

The next level in the datastructureis formed by ele-
mentsandtheir layoutmanagersgroupedtogetherasgalax-
ies.Suchgalaxiesprovide supportfor partitioninga graph
at a high level, so the usercan divide a con�guration by
locations,for example,andthenlocally assignlayoutman-
agersto thecontainedelements.Sincegalaxieshave a de-
�ned center, whichcanbearbitrarilypositionedby theuser,
the galaxy-locallayout managerscandistribute their chil-
drenin relationto thatcenter.

The highestlevel of metaphorsconsistsof user-de�ned
views.A view storesvisibility, layoutandgalaxypartition-
ing informationfor all I/O con�gurationelements.Thiscon-
ceptenablestheuserto focusondifferentaspectsof anI/O
con�gurationby de�ning viewsthathighlight theparticular
informationheneedsfor thetaskathand.

5.5. General Layout Algorithm

The layout mechanismof our prototypeworks by �ag-
ging the validity of the layout by element.Whenthe user
changesa layout parameter, the layout is invalidatedfor
eachelement.Then all the layout managerspresentin a
con�guration are gatheredin a queue.This queueis then
iterated,removing every layoutmanagerif it reportsa suc-
cessfullayout,until it is empty.

The problemin this phaseis the fact that many layout
managersusea pivot element,which, in turn, is laid out
by anotherlayout manager. So a layout managercanonly
completeits work whenthelayoutmanagerresponsiblefor
thepivot hassuccessfullycompletedthepivot's layout.Par-
tially successfullayoutscan be detectedat elementlevel,
alleviating the problemsomewhat. An order in which the
inter-dependinglayout managershave to recalculatetheir
children'spositionsis toocostlyto becalculatedadhoc,so
all the layout managerswith at leastoneinvalidatedchild
are just called on eachiterationuntil all the prerequisites
aremet.

Caveats
A carelesslyprogrammedlayout managercould introduce
circulardependenciesbetweenlayout managersaswell as
theusercould.Theformerproblemis adressedby limiting
themaximumnumberof iterationsthequeuecanundergo,
the latter canbe solvedby checkingtheuser's input when
layoutmanagersareassigned.

The current layout mechanismsuffers from collisions,
too. For now, layout managershave no possibility to �nd
out if the spacethey want to distribute their childrenin is
alreadyoccupiedby anotherlayoutmanager, so if theuser
manipulatesthe layout to make several elementsoverlap,
thelayoutenginecannotcorrectthisproblemasof yet.

To investigatethe proposedconcepts,somesimplelay-
out managershave been implementedin the prototype.
Theselayoutmanagerscanbedividedinto two groups:ac-
tive layoutmanagersandpassivelayoutmanagers.Thefor-
mer distribute their childrenon a de�ned shapeor surface
relatively to oneotherelement(whichservesaspivot). The
latter calculatethe layout dependingon the elementscon-
nectedto eachof their children.

ActiveLayoutmanagers

� LM3DAbsolute
This layoutmanagerallows theuserto input numeric
coordinatesor clone coordinatesfrom anotherele-
ment.It is bestusedfor �xating positions.

� LM3DCircle
This layoutmanagerdistributesits childrenonacircle
arounda de�nablecenter, i.e. any displayableelement
of thecon�guration(pivotelement), notnecessarilythe
endpoint of all upstreamconnectionsof thechildren.
Theusercanalsosettheaxisaroundwhich thecircle
is wrapped.This layoutworksbestfor smallnumbers
of elements.

Figure 4. LM3DRods cluster s

� LM3DRods
This layoutmanagermakesuseof clusteringto divide
its childreninto groupsbasedon their upstreamcon-
nections.Eachof theseclustersformsa rod by stack-
ing thecontainedelements.Theserodsaredistributed
on a circle of user-de�nable radiusarounda pivot el-
ement.Theusercancustomizetheaxisaroundwhich
that circle is wrappedaswell as the maximumnum-
berof clustersthatarecreatedandtheminimumnum-
ber of elementsthat mustbe containedinsidea clus-



ter. The strengthof this layout is the bundling of up-
streamconnections,which makesa globalview more
concise.Anotheradvantageis thestructureof theclus-
tersin combinationwith 3D viewing: theusercanob-
serve the elementsalong the axis aroundwhich they
aredistributedto �gure out theoverall clusterconnec-
tivity beforetilting theview to studythepropertiesof
singleelements.

� LM3DHemisphere
This layout manageris basedon the algorithm de-
scribedin [8]. It clustersits childrenin thesameway
asLM3DRods,but laysouteachclusteron thesurface
of ahemisphere.This layoutis verycompact,but does
notgive theincomingandoutgoingconnectionsapar-
ticular structure.

PassiveLayoutmanagers

� LM3DAveragePosition
This layout managerpositionsits childrenby averag-
ing thepositionsof connectedelements.Theusercan
adjust if the algorithm considersupstreamor down-
streamconnections(or both).Layoutof anelementis
de�ned assuccessfulif auser-de�nablefractionof the
connectedelementshave a valid position(defaultsto
0.7). This step is taken to avoid problemswhen el-
ementsusingthis layout managerare interconnected.
This layoutmanagercanbeusedonly for averysmall
numberof elementssince the probability of success
decreasesif many elementsdependon a completed
layoutof others.However, this layoutmanageris pri-
marily intendedfor Switch layoutwhich arethemost
unfrequentelementsin anI/O con�guration.

� LM3DRays
This layout managerplacesits childrenon an exten-
sionof thelayoutradiusof theirupstreamparents.This
layoutworksbestonstrings,if thecorrespondingcon-
trollersarelaid out aroundsomecenter, andallows to
clearlydisplayelementswith multiple parents.Figure
5 showscontrollerswith thecorrespondingstringslaid
out with LM3DRays.On the left side,the controllers
arelaid out by usingLM3DHemisphere,while on the
right LM3DRodsis used.

The default layout providedby the prototypeconsistsof a
mixtureof theabove(see�gure 2).

Theselayout managersare just provided as examples:
further layout managerswill be integrated,like a classical
conetreeandaspringembedder. For simplerdatastructures
thesecouldyield resultsthatneedonly beadjustedin very
few regions. It would also be possibleto integratelayout
managersspecializedfor speci�c con�gurationsor applica-
tion domains,sothatthesecouldprovide a suitabledefault
layout.

Figure 5. Strings positioned relative to Con­
troller s with LM3DRays

5.6. Navigation and Interaction

The 3D view of the con�guration cannot be altered
freely. To avoid that the userloseshis bearings,the focus
of theview is alwaysconstrainedto anelementof thecon-
�guration. Thecameracanonly beorbitedaroundanddol-
lied relative to this element.By this meanstheusercannot
look into emptyportionsof 3D space.If theuserwantsto
changefocus,he cansimply [Alt]-Click onto anotherele-
mentto make it thecamerapivot. The transitionfrom one
pivot to anotheris animatedsotheusercanreconstructthe
displaychangeanddoesnot loseorientation(see[6]). The
navigation is denotedas guidedsincethe usermust only
specifydestinations,anddoesnotneedto movethecamera
himself.

Selection
Selectionhasbeenmadeas comfortableas possible.Af-
ter examiningsomeof thepossibilities[12], we decidedto
implementseveral ways for the userto selecta particular
element:Simpleclicking in the3D view selectsthenearest
elementunderthecursor. Sincethis methodcanbetedious
to the averageuserbecauseof occlusionandperspective,
an assisted”interactive selection” is possibleby middle-
clicking. This popsup a dialog which shows all elements
which have beenintersectedby theselectionray sortedby
type.We canmake the usersave time that way whenele-
mentsaretightly packedor small.Anotheroption is drag-
ging a box aroundthe wantedelements.More advanced
methodsare selectionby context, wherethe usercan se-
lect the up-/downstream-reachableelementsfrom the con-
text menuof analreadyselectedelement,or selectionfrom
thesearchdialog.
Thesearchdialog lets theuserchoosetheelementtypehe
wantsto searchfor andthenshows him a tablecontaining



all of the correspondingelementsalongsidetheir alphanu-
mericalattributes.Theusercanthenspecifya substring�l-
ter for eachcolumn/attribute in a secondtablelocatedbe-
low until the selectionis accuratelyspeci�ed and �nally
add selectedtable elementsto the current selection(see
6). All selectionoperationscanbe performedwhile hold-
ing [Shift], toggling the elementsinsteadof replacingthe
selection.Any selectioncanbe further modi�ed from the
menu,wheretheusercan�lter any elementtypeor restrict
theselectionto a singletypeof choice.

Figure 6. Search Dialog

ElementManipulation
TheGUI hasbeendesignedto allow fastandsimpleinter-
action.Takingadvantageof detailviews,ausercanquickly
accessall subelementsof a given physicalelement.Since
theattributepaneis alwaysavailable,theusercanedit lay-
out andelementattributeswithout accessingfutherdialogs
or menus.To reconstructor backtrackchanges,theelement
attributepanelsarecollectedin a tabbedpaneasa history
of the last10 editedelements.Thesetabscanalsobeused
to reselector setthefocuson therespectiveelements.

Context Navigation
The usercan let the programguidehim throughthe con-
�guration. The context menu of any selection contains
commandsto changethe view focus to a particular up-
/downstreamreachableelement.This focustransitionis an-
imatedin thesameway asthetransitiontriggeredby [Alt]-
Clicking into the3D view to ensuretheuserkeepstrackof
theview changes.

If desiredby theuser, thecoloringof reachableelements
affectsonly the most recentlyselectedelementinsteadof
thewholeselection.Theusercanthencyclethereachability
display throughall selectedelementsusing a hotkey (the
focusis cycledaccordingly).

GalaxiesOperations
Thetoolbarcontainsbuttonswhich allow theuserto parti-
tion the graphinto large functional/geographicalunits, for
example.The'split' operationcreatesanew galaxyfrom the
currentselectionandcreatescopiesfor any layoutmanagers
(thosewhich areconstrainedto the old galaxycenter(ori-
gin) areconstrainedto the new origin). Theseorigins can
thenbe positionedby the userby accessingtheir attribute

pane.Othergalaxiesoperationsare'merge', which causes
all galaxiesin thecurrentselectionto bemergedinsidethe
galaxyof the �rst selectedelement,and 'reparent',which
insertstheselectioninto thegalaxywhomthe�rst element
of theselectionbelongsto.

View Interaction
The user can simply name a view at some point.
This will create a new view with the current lay-
out/visibility/partitioning state.Any further layout modi-
�cations will be stored only in the new view, allowing
the user to switch back and forth betweendifferent task-
orientedviews.

6. Resultsand Conclusions

The Systemwe have implementedis programmedin
Java3D making use of the Java3D Scenegraph API. We
have beenableto achieve interactive framerateson a mid-
rangePC(800Mhz CPU,256MB RAM andGeForce2MX
graphics).This demonstratesthatJava3Dcandeliver a fast
enoughsolutioneven with high polygoncountswhile of-
fering a powerful scenegraphwhich savestheprogrammer
work whentransparency andinteractionis required,for ex-
ample.
Figure7 shows an existing con�guration after somerough
partitioning and few layout changes.The bene�ts of ab-
stract,bundeledconnectionscanclearlybeseenin thecen-
tral galaxy. The position of switchesis not constrained
into the hierarchysince they would belongto more than
one of the overlappingtrees this con�guration contains,
so their position is determinedby their context using
LM3DAverage.The graph has been partitioned into six
galaxiesusingreachabilityinformation;in factinter-galaxy
connectionsarerelatively sparse.

Thebene�tsof theapproachpresentedin this papercan
besummedupasfollows:Onthevisualizationside,theuser
hascompletecontrolover the layoutof all elementsof the
I/O con�guration, beingthereforeableto task-speci�cally
highlightall theinformationheneedsin suchagraph.Since
the customizablelayout is user/domainexpert-driven,any
applicationareacanbene�t from theconceptsafterimport-
ing the data.Visual clutter hasalso beensigni�cantly re-
ducedby only displayingabstractconnectionsandphysi-
cal elementsof the I/O con�guration.Thearchitecturehas
also beendevelopedto be easily extensible;any previous
andfuturework couldbeimplementedasa separatelayout
manager. Sucha layoutmanagercanbeintegratedinto the
prototypeby writing 4 lines of code.The navigation con-
ceptsprevent that the userloseshis bearingsby attaching
thefocusto con�gurationelements.By animatingany focus
transitions,theuseris supportedin keepingtrackof his lo-
cationrelative to thewholecon�guration.Furthermorethe



Figure 7. Example con�guration overview

useris guidedthrougha con�guration following theexist-
ing connectionsbetweenelements,allowing him to explore
thecontext of aselectedelement.

To furtherevaluatethepresentedconcepts,usabilitytest-
ing with domainexperts(i.e. datacentersystemprogram-
mers)shouldbeperformed.

This articlefocuseson thezSeries�eld of applicationto
point out thata globally uniform layout is not suf�cient to
highlight any task-speci�cpropertiesof a graph.The con-
ceptspresentedcouldalsobeappliedto websitestructures,
corporatenetworksor call graphsusedfor codereverseen-
gineering.To enhancethegraphstructure,a domainexpert
shouldbe able to customizethe layout himself on a per-
elementbasis,if necessary, to complywith therequirements
of thecurrenttask.

Currently, theprototypeis beingportedto C++/OpenGL
for performanceimprovement.Additionally, it is being �t
with a secondlayout passfor collision detectionandsim-
ple repulsionto avoid elementoverlapping.The new im-
plementationwill readgenericgraph�les in GXL1 format
with arbitraryattributesto be suitablee.g. for testingwith
realworld call graphdatafor softwarereverseengineering.
Anotherobjectiveis to visualizeAnnotationGraphsfor lin-
guisticanalysisof languagecorpora,whichalsodonothave
tree-like structureand can bene�t from locally optimized
layoutandpartitioning.

1GrapheXchange Language, seehttp://www.gupro.de/GXL/
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