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Abstract

In manyapplicationareasan optimal visualizationof a
comple graph depend=on the speci ¢ taskto be accom-
plishedby the user Therefore a meansof locally customiz-
able layoutsis required to focuson different problemas-
pects.We proposea conceptof userdriven hierarchization
and layout optimizationin the contet of IBM zSeried/O
con gurations.WWe combingheconcept®fglyphslocal 3D
layoutmanagers and partitioning galaxiesto createan op-
timal layoutfor a giventask.Additionally, to simplifyglobal
navigation,structural detailsare abstractedand canbere-

ned uponuserrequest.

Sinceelementontext is crucial for undestandingandcon-
sistentlycon guring an I/O con guration, guidednaviga-
tion alongtheconnectiongn thisdatastructueis essential.
To efciently customizea graph layout, complex selection
medanismsare neededo quickly de ne the areasaffected
by a particular layout. Althoughwe focuson IBM zSeries
I/O con gurations theapptoadh we presenis quitegeneric
andcanbeadoptedfor other elds of application.

1. Intr oduction

Graphsaretypical for mary applicationarease.g. hy-
pertext browsing, state-transitiordiagrams,computernet-
works, le-system structuresetc. Often graphsare quite
comple, i.e. the numberof nodesand edgescan grow
very large. This makesvisualizationandnavigationof such
structuresanextremelydif cult task.Eventhoughthereal-
readyexist anumberof highly optimizedlayoutalgorithms,
thedesignof theoptimalstructureof 3D graphamayrequire
additionalknowledgethatis oftenonly availableto the do-
main expertsaswell astask-speci cinformation.For that
reasona hybrid, e xible mechanisnfor the layout of 3D
graphsis requiredthat providesdomainexpertswith both
powerful automatidayoutalgorithmsandmanualtools for
creatingoptimal 3D visualizations.

This paper covers 3D visualization of IBM eSenrer
zSeriesl/O topologiesand the associatedavigation con-
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cepts Sincewe assumehatthereadersarenotfamiliarwith
thesel/O topologieswe will give a shortintroductioninto
this topic and will outline the propertiesof I/O topology
from aninformationvisualizationpoint of view. After that
we will list requirementgor thevisualization.
Theserequirementdeadto our approackor the visual-
izationandnavigation of complex I/O topologieswhichis
presentedn section5. Afterwards,the strengthof the ap-
proachis demonstratedby evaluatingthe I/O topologyvi-
sualizatiorandnavigationof areal-world enterpriseon g-
uration.Finally, section6 sumsup the paper

2.IBM eSewer zSeries

ThelBM eSenerzSerieds a multiprocessomainframe
classcomputerline. Sucha machinecanbe logically par
titioned (LPAR mode)andcanassuchrun upto 15 totally
separatedperatingsystemsatatime.

A particularstrengthof the IBM eSener zSeriess |/O:
The IBM eSerer zSeriesarchitectureallows for 256 I/O
channelonnectingo I/O hardwarelik e disks,tapes,and
network. To avoid a singlepoint of failure on the pathfrom
a zSeriesmainframeto a device usuallymultiple pathsare
de ned.

In thefollowing paragraphsomeroughzSeriegproper
tiesarede ned. The descriptionis very terseandabstracts
all conceptsvhich do not directly in uence the currentvi-
sualizationprobablysacri cing somecoherence.

2.1 zSeriesl/O Con guration

To relieveusemprogramsandtheoperatingsystenof per
formingl/O, acomponentalledChannelSubsystenfCSS)
is responsiblefor carryingout all 1/O operationsin order
to accomplishthis taskthe CSSneeddetailedinformation
aboutthe attached/O topology(alsoknown aslogical /0
con guration) andits accesgights, which determinecon-
nectionpermissionsThe logical /0O con guration hasto
be speci ed manuallyby the systemprogrammer

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



PROCESSOR: A processocorrespondso exactly one
IBM eSererzSeriegnainframe.

LPAR: An LPAR is alogical partitionrunningon one
processarUp to 15 LPARs aresupportecby onepro-
cessor

CHPID: A channelpathID (CHPID) correspondso
an /O channel.Up to 256 are supportecby one pro-
cessor

CoONTROL UNIT: A controlunit (CU) connectshan-
nels(CHPIDs)to devices.It providescapabilitieslike
protocoltranslationcachingandRAID.

DevIcE: A device is the unit performingl/O andis
connectedo aCU. A device canbeadiskdrive,atape
recorderanetwork 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 canbe connectedo morethanoneCU
directly. A port-to-portconnectiorinsidea switch can
alsobedeterminedstatically

In the ESCONarchitectureat mosttwo switchescan
be locatedon the pathfrom a CHPID to a CU. If two
switchesarelocatedon the pathfrom a CHPID to a
CU, atmostoneof two switchegmayestablisithepath
dynamically Keepingin mind that,usingswitchesup
to 4,048CUsand1,036,288devicescanbe connected
to a singleCHPID, the compleity of anl/O con gu-
rationbecomeglear

In addition to the logical I/O con guration (which is
neededy the mainframeto performl1/O), the zSeriescus-
tomerneedsinformationaboutthe physicall/O con gura-
tion.

The physicall/O con guration re ects which itemsre-
ally arelocatedin the datacenter e.g. cablesconnecting
channetardjacks(CHPIDS)andswitchports.hundredof
cablesusedto connecttheseendswith shortpatchcables.
Nowadaysgdevicesandcontrolunitsarenot physicallysep-
aratedor evendon't exist any more— althoughthe Chan-
nel SubsystenfCSS)still usesthis model. Thephysicall/O
con gurationdescribeshesé storageseners'andhow they
aremappedo thelogical I/O con guration.

2.2 Propertiesof Logical and Physical /0O Con g-
uration

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

switches-onthesamehierarchylevel (Note:With ESCON,
at mosttwo switchesmay be chained).This implicit order
in a con guration enableghe userto differentiatebetween
upstreaman downstreamconnectionsand make someas-
sumptiongor acreatingabetterlayout(e.g.theuserknows
thatbelow controlunitstherecanonly bedevices).

Thingslook differentif accesdists areconsideredWith
accestéists, LPARshave adirectconnectiorto CHPIDsand
devices.

Logicall/O con gurationsof awholedatacentercontain
morethanoneprocessarin thesecon gurations,a control
unit canbe connectedo several CHPIDsbelongingto dif-
ferentprocessors.

All thismeanghatlogical I/O con gurationsarenottree
structuresbut directedgraphs.They are directedbecause
thereis alwaysa pathfrom the processodown to the de-
vices.For thisreasonmostpartsof thelogical /O con gu-
rationcontainsno cycles.Only two switchesmaybe partof
acycle: Considertwo CHPIDsconnectingo two different
switchesandthen,connectheoutputport of eachswitchto
theother

In physicall/O con gurations,the situationis moredif-
cult. Patchcabinetsareusedto connectcablesandthere-
fore canbe situatedarnywherein the hierarchy Any patch
cabinetcan be locatedat multiple levels of the hierarchy
introducingcycles.

2.3 Typical /0 con guration

A typical I/O con guration (eitherlogical or physical)
supportsredundanyg. If a functional unit neededto per
form I/O is only available onceon the pathfrom the pro-
cessorto the device, the whole I/O fails if this functional
unit fails. Sucha single point of failure shouldbe avoided
in productioncon gurations.This meangduplicateproces-
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) — containsmary parallellinks as
well ascrosslinksto avoid singlepointsof failure.

Processol

Switch

Controller

String
Figure 1. general con guration structure (left)
compared to a schematic one (right)



3. Requirements

The personwho dealswith a zSeriesl/O con guration
(called systemprogrammermusthave a tool to visualize
thel/O topologyat his or herhandsThistopologyis either
thelogical or the physicall/O con guration. Thevisualiza-
tion andthe associatecdhavigation hasto be appropriateto
accomplishtypical tasks:

View thelogical andphysicall/O con gurationto de-
terminewherenew |/O hardwarecanbeintegratednto
theexisting topology

Add new objectsto the I/O con gurationandconnect
themto existing objects.

Modify or remove existing objects.

Locatespeci c objectsin thel/O con gurationto per
form problemdeterminationFind outwhich otherob-
jectsthe objectin questionis connectedo andhow.

Dependingon the task to be performed,different as-
pectsof the l/O topologyareof interestfor the systempro-
grammer For sometasks,it might be helpful to seewhich
devicesarereachabldrom a speci ¢ processarFor other
tasks,it might be helpful to seewhich processorsanreach
aspeci c processar(In generalyeachabilityinformationis
very helpful for the systemprogrammers.Jor this reason,
the appropriatevisualizationdependsn the taskto be ac-
complishedby the systemprogrammerTherewon't be a
singlegenericlayoutwhich satis esall needs.

4. Related Work

Many highly optimizedalgorithmsfor automaticgraph
layout have beendevelopedin the pastyears.The clas-
sical conetree[1Q approachhasbeenenhancednto Re-
con gurableDisc Trees[2, reducingocclusionandenhanc-
ing e xibility. Another solution useshemispheresgnstead
of discsfor denserelementdistribution andlays them out
in hyperbolicspacq8]. Sincedistancesn hyperbolicspace
are non-linear elementswhich are fartheraway from the
cameraare subpixel-sized.Suchan approachis therefore
dif cult to usefor a generaloverview of awhole graph.A
3D springmodelingalgorithm,aspresentedh [4], couldbe
usedfor a purely connection-baseldyout.

For our problemit would be best,however, if the user
couldlocally changdayoutstrateyiesto bettersuithisneeds
for that context. A good start has beenpresentedn [5].
This article introducesa hierarchicallynestedgraphstruc-
turewhich allows layoutcustomizatioron eachlevel of the
hierarchy For zSeriesl/O con gurationsit doesnot make
sensehowever, to enforceahierarchy(e.g.by useof aspan-
ning tree),sincewe do not wantto obfuscatethe fact that
somegraphelementshave multiple parents(thatinforma-
tion is vital for redundang comprehensionandwe do not

wantto imply an orderamongelementsof the sametype.
In the sameway we do not want a thoroughly hierarchy-
defeatingayoutlik e a springembedderfor example,since
theusermaywanttheretaina hierarchicadisplayfor some
regionsof thegraph lik e controllersandtheirconnectedie-
vices.Thereforewe needan approactwhichis e xible for
every elemento maximizelayoutoptimizationpossibilities
for theuser
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Figure 2. Prototype GUI

5. Visualization and Navigation of /O Topolo-
gies

The prototypeimplementedo demonstratéhe concepts
presentedh this paperhasasimpleGUI (seegure 2). The
mainpartis occupiedby a 3D view of the zSeried/O con-
guration, on top thereis a toolbarfor roughcon guration
partitioning,andontheright sidethereis a panelwherethe
usercan changethe layout and edit the propertiesof ary
selectedcon guration elementon the y (called attribute
pand. The visualizationandinteractionwith the prototype
will bepresentedh thefollowing sections.

A 3D View of thel/O con gurationgraphhasbeencho-
senin orderto improvetheusersgraspof connectvity. [11]
demonstratethatfor arbitrarygraphs,andassuchfor our
overlappingreesa 3D view with manipulableview pointis
preferableover a 2D layout. A simpli ed approachs used
employing a mouseinsteadof trackingmechanismssince
we wantedthe programto run on ary commonPC without
specialperipherals.

5.1 Element Grouping

A severe visualization problem s representedy the
connectvity of zSeriescon guration graphs.Redundang
andbandwithnecessitiemake for multiple connectiondbe-
tweendifferentportsof the samephysicalcon gurationel-



ements.To avoid visual clutter, we addressthis problem
by displayingonly abstractonnectionsvhich represenain
arbitrary numberof connectiondbetweentwo physicalel-
ements.This could be referredto as an extremely simple
structuralclustering[7]. This way, 100.000logical connec-
tionsin anexisting con guration have beenreducedo less
than 700. The usercanstill accesghe actualconnections
by displayingan abstracttonnections detail view (seebe-
low). A similar reductionis possiblefor the con guration
elementsif only physicalelementsaredisplayedthegraph
of theaforementionedon guration consistsof 27.000ele-
ments.By only displayingphysicallydiscernibleelements
like Processorand Controllers,we reducethe numberof
elementgo about500.

Figure 3. Processor detail view with selected
partition

5.2 Dynamic Details

Sincetheelementf anl/O con gurationhave aninter-
nal structureand wrap a numberof subelementsa mech-
anismfor displayingthemis needed A possiblesolution
would be a distortionviewing techniqueasin [1, 3]. This
approachis mostadwantageoud the magni ed data ts in
arelatively small areaof the screenasto allow displaying
of thecontext of themagni ed region.In ourcasehowever,
the detail informationis so complec thatit may even need
morethanawhole screeno be presentedln our approach
theusercanhavetheview zoomin ontheelementhiewants
to seethestructureof while thatelemenis replacedy a3D
detailview of itself andits subelementBecausef perfor
mancessuesthe contet of thatelemenis hiddenfor now.
For processorshis approachs very compactandintuitive
to use:The processois displayedasa stackof transparent
partitions sotheusercangrasptheoverall partition-CHPID
accespermissiondy usingatop view. If theuserwantsto
view andeditaparticularpartition,hesimply selectst (see

gure 3). The prototypethenpulls out that partition like a
drawverandplacesa grid onit to helpthe userwith CHPID

selectionCon gurationis performedvia the attribute pane
and the context menu. The desktopmetaphorbehindthis
view makesthe concepteasyto graspevenfor lessexperi-
encedusers.

This solutionworks sincewe know that the userwants
to seethewholeinternalstructure sowe canjustzoomthat
areagevenexpendingthewholedisplayareauntil theitems
canbe corvenientlyinspectedand editedand thus saving
the userary manualzoom operation.This mechanismis
alsowell-suitedto collapsepartsof the graphinto single
elementsandto diveinto thosecollapsedyraphs.

5.3 Display Modes

To enablethe userto view the physical con guration
with its cablesas well asthe accesgights of the logical
con guration,thedisplaycanbetoggledbetweerthesetwo
modes Sincethelogical connectiongendto form thetran-
sitive hull of the physicalconnectionsthe display clarity
is heavily compromisedTo addresghis issue,we give the
userthe possibility to only displaythe connectiongeach-
ablefrom thecurrentselection.

5.4. ElementVisualization

To visualize whole ESCON con gurations, different
metaphorareusedfor eachlevel of the datastructure The
elementsare shavn as glyphs [9], with the elementtype
encodedby geometryand color. Abstractgeometriesvere
chosento maximize differentiationbetweenthe few ele-
menttypes.Processorsire shovn asblue boxes, switches
asyellow spherescontrollersasgray conesandstringsas
greencylinders.Uponuserrequesit is possibleto colorin
redall elementsvhich aretransitively connectedo thecur-
rently selectecelement(visible in gure 2). By this means
elementganberelatedto their context: the usercanassess
the repercussionsf con guration changedo the currently
selectedelementso he knows which elementshe needsto
updatenext.

For this kind of reachability highlighting the geome-
try codingmaintainselementtype discernibility Whenthe
reachability display is deactvated, the color coding en-
suresthatthe typesof elementobsenedat greatdistances
arestill distinguishableso this is usefulfor con guration
overviews. User control on elementsvisualizationis cur
rently limited to visibility modi cation, i.e. the usercan
hidethe currentselectionof elements.

On the elementgroup level we use layout managers.
This concepthasbeenadoptedrom 2D GUI toolkits, like
Java's Swing or gtk/Qt. Unlike [5], which proposesnde-
pendentayoutalgorithmsfor the differenthierarchylevels
of agraph,we do not premisea hierarchyin the graph,but
allow theuserto changehelayoutstrateyy for every single
elementof thel/O con guration. In our casea layoutman-



ageris an objectwhich distributesits managedelements
(calledchildrenfrom now on) in anarbitraryway (depend-
ing onwhich layoutalgorithmwe wantto use).Eachlayout
managercan provide a panelwhich will be displayedfor
the userto edit parameterdor layout ne-tuning. Layout
managerganonly beinstantiatedy a getinstance()
method.Thatway the programmeicanensurethereareno
two layout managersvho do the samework if onewould
sufce.

The next level in the datastructureis formed by ele-
mentsandtheirlayoutmanagergroupedogetherasgalax-
ies. Suchgalaxiesprovide supportfor partitioninga graph
at a high level, so the usercan divide a con guration by
locations for example,andthenlocally assignayoutman-
agersto the containedelementsSincegalaxieshave a de-

ned centerwhich canbearbitrarily positionedby theuser
the galaxy-locallayout managersan distribute their chil-
drenin relationto thatcenter

The highestlevel of metaphorsonsistsof userde ned
views. A view storesvisibility, layoutandgalaxypartition-
inginformationfor all I/O con gurationelementsThiscon-
ceptenablegheuserto focuson differentaspect®f anl/O
con gurationby de ning views thathighlightthe particular
informationhe needdor thetaskat hand.

5.5. General Layout Algorithm

The layout mechanisnof our prototypeworks by ag-
ging the validity of the layout by elementWhenthe user
changesa layout parameterthe layout is invalidatedfor
eachelement.Then all the layout managergresentin a
con guration are gatheredn a queue.This queueis then
iterated,removing every layoutmanageif it reportsa suc-
cessfullayout,until it is empty

The problemin this phaseis the fact that mary layout
manageraise a pivot element,which, in turn, is laid out
by anotherlayout managerSo a layout managercanonly
completdts work whenthe layoutmanageresponsibldor
thepivot hassuccessfullcompletedhepivot's layout. Par-
tially successfulayoutscan be detectedat elementlevel,
alleviating the problemsomavhat. An orderin which the
inter-dependingayout managershave to recalculatetheir
children's positionsis too costlyto be calculatedadhoc,so
all the layout managersith at leastoneinvalidatedchild
arejust called on eachiteration until all the prerequisites
aremet.

Caveats

A carelesslyprogrammedayout managercould introduce
circular dependenciebetweenayout manageraswell as
the usercould. Theformer problemis adressedy limiting
the maximumnumberof iterationsthe queuecanundego,
the latter canbe solved by checkingthe users input when
layoutmanagersreassigned.

The currentlayout mechanismsuffers from collisions,
too. For now, layout managerdave no possibility to nd
out if the spacethey wantto distribute their childrenin is
alreadyoccupiedby anothedayoutmanagersoif theuser
manipulateghe layout to make several elementsoverlap,
thelayoutenginecannotcorrectthis problemasof yet.

To investigatethe proposedconceptssomesimple lay-
out managershave beenimplementedin the prototype.
Theselayoutmanagerganbedividedinto two groups:ac-
tive layoutmanagersndpassivdayoutmanagersThefor-
mer distribute their childrenon a de ned shapeor surface
relatively to oneotherelementwhich senesaspivot). The
latter calculatethe layout dependingon the elementscon-
nectedo eachof their children.

Active Layoutmanagers

LM3DAbsolute

This layout manageillows the userto input numeric
coordinatesor clone coordinatesfrom anotherele-
ment.It is bestusedfor xating positions.

LM3DCircle

This layoutmanagedistributesits childrenonacircle

aroundade nable centeri.e. ary displayableelement
of thecon guration(pivotelemen), notnecessarilyhe

endpoint of all upstreanconnectionf the children.

The usercanalsosetthe axisaroundwhich the circle

is wrapped.This layoutworks bestfor smallnumbers
of elements.

Figure 4. LM3DRods cluster s

LM3DRods

This layoutmanagemakesuseof clusteringto divide
its childreninto groupsbasedon their upstreancon-
nections.Eachof theseclustersformsarod by stack-
ing the containecelementsTheserodsaredistributed
on a circle of userde nable radiusarounda pivot el-
ement.The usercancustomizethe axis aroundwhich
thatcircle is wrappedaswell asthe maximumnum-
berof clusterghatarecreatedandthe minimumnum-
ber of elementghat mustbe containedinside a clus-



ter. The strengthof this layoutis the bundling of up-

streamconnectionsywhich makesa global view more
concise Anotheradvantagds thestructureof the clus-
tersin combinationwith 3D viewing: the usercanob-

sene the elementsalong the axis aroundwhich they

aredistributedto gure outthe overall clusterconnec-
tivity beforetilting the view to studythe propertiesof

singleelements.

LM3DHemisphere

This layout manageris basedon the algorithm de-
scribedin [8]. It clustersits childrenin the sameway
asLM3DRods,but laysout eachclusteronthesurface
of ahemisphereThis layoutis very compactput does
not give theincomingandoutgoingconnections par
ticular structure.

Passie Layoutmanagers

LM3DAveragePosition

This layout manageipositionsits childrenby averag-
ing the positionsof connectecklementsThe usercan
adjustif the algorithm considersupstreamor down-
streamconnectiongor both). Layoutof anelements
de ned assuccessfuif auserde nablefractionof the
connectectlementshave a valid position (defaultsto
0.7). This stepis taken to avoid problemswhen el-

ementsusingthis layout managerare interconnected.

Thislayoutmanageranbeusedonly for avery small
numberof elementssince the probability of success
decreased mary elementsdependon a completed
layout of others.However, this layout manageiis pri-
marily intendedfor Switch layoutwhich arethe most
unfrequenklementsn anl/O con guration.

LM3DRays

This layout manageiplacesits children on an exten-
sionof thelayoutradiusof theirupstreanparentsThis
layoutworksbeston strings,if thecorrespondingon-
trollersarelaid out aroundsomecenter andallows to
clearly displayelementsvith multiple parentsFigure
5 shavs controllerswith the correspondingtringslaid
out with LM3DRays.On the left side, the controllers
arelaid out by usingLM3DHemispherewhile on the
right LM3DRodsis used.

The default layout provided by the prototypeconsistsof a
mixture of theabove (see gure 2).

Theselayout managersare just provided as examples:
further layout managersill beintegrated,like a classical
conetreeandaspringembeddeior simplerdatastructures
thesecouldyield resultsthatneedonly be adjustedn very
few regions. It would also be possibleto integratelayout
managerspecializedor speci ¢ con gurationsor applica-
tion domains sothatthesecould provide 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 bearingsthe focus
of theview is alwaysconstrainedo anelementof the con-
guration. The cameracanonly be orbitedaroundanddol-
lied relative to this element By this meanghe usercannot
look into empty portionsof 3D spacelf the userwantsto
changefocus, he cansimply [Alt]-Click onto anotherele-
mentto make it the camerapivot. The transitionfrom one
pivot to anotheris animatedso the usercanreconstructhe
displaychangeanddoesnot loseorientation(see[6]). The
navigation is denotedas guidedsince the usermustonly
specifydestinationsanddoesnot needto move thecamera
himself.

Selection

Selectionhas beenmadeas comfortableas possible.Af-
ter examiningsomeof the possibilities[12], we decidedto
implementseveral ways for the userto selecta particular
element:Simpleclicking in the 3D view selectshe nearest
elementunderthe cursor Sincethis methodcanbe tedious
to the averageuserbecauseof occlusionand perspectie,
an assisted’interactive selection”is possibleby middle-
clicking. This popsup a dialog which shavs all elements
which have beenintersectedy the selectionray sortedby
type. We can make the usersave time that way whenele-
mentsaretightly packed or small. Anotheroptionis drag-
ging a box aroundthe wantedelements.More advanced
methodsare selectionby contet, wherethe usercan se-
lect the up-/dowvnstream-reachabkelementdrom the con-
text menuof analreadyselectecelementor selectiorfrom
the searchdialog.

The searchdialog lets the userchoosethe elementtype he
wantsto searchfor andthenshaws him a table containing



all of the correspondingelementsalongsidetheir alphanu-
mericalattributes.Theusercanthenspecifya substringl-
ter for eachcolumn/attritute 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 elementsnsteadof replacingthe
selection.Any selectioncan be further modi ed from the
menu,wheretheusercan Iter ary elementype or restrict
theselectionto a singletypeof choice.

Figure 6. Search Dialog

Element Manipulation

The GUI hasbeendesignedo allow fastandsimpleinter-
action.Takingadwantageof detailviews, ausercanquickly
accessll subelementsf a given physicalelement.Since
the attribute paneis alwaysavailable,the usercanedit lay-
out andelementattributeswithout accessinduther dialogs
or menus.To reconstrucbr backtrackchangesthe element
attribute panelsare collectedin a tabbedpaneasa history
of thelast 10 editedelementsThesetabscanalsobe used
to reselecbr setthefocusontherespectie elements.

Context Navigation

The usercanlet the programguide him throughthe con-
guration. The context menu of ary selection contains
commandsto changethe view focus to a particular up-
/downstreanreachableelementThis focustransitionis an-
imatedin the sameway asthetransitiontriggeredby [Alt]-
Clicking into the 3D view to ensurethe userkeepstrack of
theview changes.

If desiredby the user the coloringof reachablelements
affectsonly the mostrecentlyselectedelementinsteadof
thewholeselectionTheusercanthencycle thereachability
display throughall selectedelementsusing a hotkey (the
focusis cycledaccordingly).

GalaxiesOperations

Thetoolbarcontainsbuttonswhich allow the userto parti-
tion the graphinto large functional/geographicalnits, for
example.The'split' operatiorcreatesnew galaxyfromthe
currentselectiorandcreatesopiesfor any layoutmanagers
(thosewhich are constrainedo the old galaxy center(ori-
gin) are constrainedo the new origin). Theseorigins can
thenbe positionedby the userby accessingheir attribute

pane.Othergalaxiesoperationsare'merge’, which causes
all galaxiesin the currentselectionto be memgedinsidethe
galaxyof the rst selectecelement,and'reparent’,which
insertsthe selectioninto the galaxywhomthe rst element
of the selectiorbelonggo.

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 storedonly in the new view, allowing
the userto switch back and forth betweendifferent task-
orientedviews.

6. Resultsand Conclusions

The Systemwe have implementedis programmedin
Java3D making use of the Java3D Scengraph API. We
have beenableto achieve interactive framerateson a mid-
rangePC (800Mhz CPU,256MB RAM andGeForce2MX
graphics).This demonstratethat Jasza3D candeliver a fast
enoughsolution even with high polygon countswhile of-
fering a powerful scengraphwhich savesthe programmer
work whentransparengandinteractionis required for ex-
ample.

Figure7 shavs an existing con guration after somerough

partitioning and few layout changesThe bene ts of ab-

stract,bundeledconnectionganclearlybe seenin thecen-

tral galaxy The position of switchesis not constrained
into the hierarchysince they would belongto more than

one of the overlappingtreesthis con guration contains,
so their position is determinedby their context using

LM3DAverage.The graph has been partitionedinto six

galaxiesusingreachabilityinformation;in factinter-galaxy
connectionsrerelatively sparse.

The bene ts of the approactpresentedn this papercan
besummedipasfollows: Onthevisualizationside theuser
hascompletecontrol over the layout of all elementsf the
I/O con guration, beingthereforeableto task-speci cally
highlightall theinformationheneedsn suchagraph.Since
the customizabldayout is user/domairexpert-driven, ary
applicationareacanbene t from the conceptsafterimport-
ing the data.Visual clutter hasalso beensigni cantly re-
ducedby only displayingabstractconnectionsand physi-
cal elementsof the I/O con guration. The architectureéhas
also beendevelopedto be easily extensible;ary previous
andfuturework could beimplementedasa separatéayout
managerSucha layoutmanageicanbe integratedinto the
prototypeby writing 4 lines of code.The navigation con-
ceptspreventthat the userloseshis bearingsby attaching
thefocusto con gurationelementsBy animatingary focus
transitions the useris supportedn keepingtrackof his lo-
cationrelative to the whole con guration. Furthermorehe



Figure 7. Example con guration

useris guidedthrougha con guration following the exist-
ing connectionbetweerelementsallowing him to explore
the context of aselectecelement.

To furtherevaluatethepresentedonceptsysabilitytest-
ing with domainexperts(i.e. datacentersystemprogram-
mers)shouldbe performed.

This articlefocusesonthezSerieseld of applicationto
point out thata globally uniform layoutis not sufcient to
highlight ary task-speci cpropertiesof a graph.The con-
ceptspresentedouldalsobe appliedto website structures,
corporatenetworksor call graphsusedfor codereverseen-
gineering.To enhancehe graphstructure,a domainexpert
shouldbe able to customizethe layout himself on a per
elemenbasisjf necessaryo complywith therequirements
of thecurrenttask.

Currently the prototypeis beingportedto C++/OpenGL
for performancamprovement.Additionally, it is being t
with a secondayout passfor collision detectionand sim-
ple repulsionto avoid elementoverlapping.The new im-
plementatiorwill readgenericgraph les in GXL! format
with arbitraryattributesto be suitablee.g.for testingwith
realworld call graphdatafor softwarereverseengineering.
Anotherobjectieis to visualizeAnnotationGraphdor lin-
guisticanalysisof languagesorporawhichalsodo nothave
tree-like structureand can bene t from locally optimized
layoutandpartitioning.

1GrapheXdang Languaye, seehttp://wwwgupro.de/GXL/

overview
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