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Abstract

Thispaperdescribesthehyperwall,a visualizationclus-
ter that usescoordinatedvisualizationsfor interactiveex-
ploration of multidimensionaldata and simulations. The
systemstrongly leveragesthehumaneye-brain systemwith
a generous7x7arrayof �at panelLCD screenspoweredby
a Beowulfcluster. With each screenbacked by a worksta-
tion classPC, graphicandcomputeintensiveapplications
canbeappliedto a broadrange of data in parallel. Navi-
gational toolsare presentedthat allow for investigationof
high-dimensionaldataspaces.

1 Intr oduction

That data are growing in size and complexity is self
evident, no more so than when it comesto multidimen-
sional/multivariate(MDMV) data.Thescienti�c visualiza-
tion andinformationvisualizationliteraturesare�lled with
researchdelvinginto theissuesassociatedwith thisdataex-
plosion. A commonthemeemerges: sooneror later, ma-
chinesrun out of somecrucial resource,be it CPU,graph-
ics, screenrealestate,memory, or disk bandwidth.Screen
space,for instance,hasbeena limiting factor in MDMV
visualizationsystemsever since the �rst brushedscatter-
plot matrix [1, 2]. Onecandisplayonly somany windows,
canpresentonly somany variablesin a singleview before
reachinga pointof diminishingreturns.

We seekto interactively explore large MDMV datasets
and families of parameterizedsimulations. Towards this
end we have assembleda systemusing a combinationof
commodityhardware and customsoftware known as the
'hyperwall'. Combininga phalanxof pixels and proces-
sors,we seekto overcomesomeof thegraphicsandcom-

putationallimitations found in many MDMV visualization
systems,andto work towardsa trueproblemsolvingenvi-
ronmentwheremany toolscanbebroughtto bearonagiven
problemat once.

There are many approachesto MDMV visualization,
thegoal typically beingto visually summarizeandinteract
with thedatasearchingfor trendsandrelationships.Tools
suchasXGobi [4] andXmdvTool [7], usetechniquessuch
asscatterplots,glyphs,andparallelcoordinatesto display
MDMV datain lower dimensionalprojections.Direct ma-
nipulationtechniquessuchasinteractive brushingareused
to �nd relationshipsbetweenvariables. Thesepackages
draw on the works of authorssuchas Tukey and Cleve-
land, providing a rich setof the classicstatistician's tools.
Otherresearchhasfocusedon multiple, coordinatedviews
or visualizationsof relateddata. North andShneiderman
[3] have provided a useful taxonomyof thesetechniques
that is applicableacrossa broadspectrumof problems.Fi-
nally, a numberof toolshave takena spreadsheetapproach
to MDMV visualization[8, 9, 10], wherethe layoutof the
views hasinherentmeaning,implying locationandallow-
ing navigationin a givenhigh-dimensionalspace.This ap-
proachalsoallows a high degreeof coordinationbetween
views, for instancewhena givenmodi�cation or operation
is appliedto all visualsin acolumnor someothersubsetof
thematrix.

Thehyperwall existsat thecon�uenceof thesestreams,
combiningspreadsheetmetaphors,directmanipulation,and
multiple linkedcoordinatedviews.

2 SystemAr chitecture

Our systemarchitectureis summarizedin �gure 2. The
displaysin thehyperwall are18” Samsung181T�at panel
monitors. EachLCD is framedby a uniform black plas-



tic bezelapproximately3/4” in width. A customdesigned
mountingrack (see�gure 1) allows pitch andyaw adjust-
mentof eachmonitor, aswell as translationaladjustment
betweenrows andcolumns.In addition,eachmonitorcan
bemovedindependentlyup to 14” in “z” - perpendicularto
theframe- to allow nonplanararrangementsof theviewing
surfaces- for examplesphericalor paraboloidsections.We
designedtherackto provideall thesedegreesof freedomin
orderto compensatefor the directionality in the monitors,
andto accomodatedifferentviewing distances.In practice,
the Samsungmonitorsdeliver well on their promised170
degreeomnidirectional�eld of view, soawide rangeof ad-
justmentsis effective.

Eachdisplayis drivendirectly by anNVidia GeForce4
Ti4600 graphicscard, at 1280x1024resolution. The ag-
gregate pixel count for the entire display matrix is thus
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Mpixels,dis-
tributedoversome55squarefeetof screenrealestate.

Each graphics card is housedin a dual-CPU AMD
Athlon MP2000+rackmountedslavenode.Theslavenodes
eachhavea100GBIDE disk,thusprovidingaggregatestor-
ageof 5TB. Theslavesaredrivenby asimilarly con�gured
masternode,andall communicationis via Fast(100BaseT)
Ethernet,coordinatedby a pair of CiscoCatalyst2950G-
48-EIswitches.

3 Coordinated Visualizations

In our system,nodeseitherwork togetherto displayone
scene(like a powerwall), or they eachindividually display
separatebut relatedscenes. Coordinationin the power-
wall senserequiresthatall nodesrenderthesamesceneat
the sametime with an appropriatelyrelatedset of view-
ing transformations. At the other end of the spectrum,
eachnodedisplayspossiblya differentdataset,or thesame
datasetusing a different renderingparameter, or even a
completelydifferentvisualizationtechnique.Coordination
in thesecasesmaymeanthatall thenodesneedto have the
sameviewing transformations,or thatthesamecolormapis
usedacrossthedifferentdatasets,or that itemsselectedin
oneview arehighlightedin otherviews.

In caseswherewe want gangedcontrol, a particularly
useful ploy is to simply replicate mouseand keyboard
eventson themasternodeandbroadcastthemto theslaves.
This strategy allows us to run many standaloneX Window
Systemevent-driven applicationsvirtually unchangedas
hyperwall SPMDapplications.For controllingtrueMPMD
applications,which may featuredistributed control inter-
facesand peer-to-peercommunicationpatterns,we usea
distributedobjectframework with a robustsignal/slotevent
service,the detailsof which areoutsidethe scopeof this
report.

3.1 UsingX to interact with the nodes

Using theX Testextensiondistributedwith X11R6,we
cansendsimulatedmouseandkeyboardeventsto X servers
runningonany of thenodes.Usingcustomsoftware,called
hyperx,ausercansit at themasternodeandinteractsimul-
taneouslywith any numberof nodesin thematrix. This al-
lows oneto changesuchthingsasview perspective, color
mapping,visualizationtype, or any parameterof a visu-
alizationaccessiblevia keyboardinput or a GUI. Imagine
interactively changinga cutting planepositionthrough49
differentdatasetsatonce,andyoubegin to seethepossibil-
tiesof sucha system.Anothernicefeatureis theability to
move themouseandkeyboardfocusfrom screento screen
asif youareinteractingwith onevery largevirtual desktop.

3.2 Issue: Maintaining View Coherence

In powerwall mode, when a group of nodesis coop-
erating to show a single scene,all the nodesmust agree
uponthecurrentsetof viewing transformations.Similarly,
whengroupsof nodesindependentlyrenderrelatedobjects,
we typically want to have thesameviewpoint acrossall of
them. Transformationsor viewpointsareusuallymodi�ed
via themouseor keyboard.Thus,wecanoftenachieveview
coherenceby sendingthe exactsameeventstreamto each
nodethoughthereare againsomesubtletiesthat may re-
quiremodi�cationsto softwarerunningon thenodes.

Whenits view is beingadjustedwith themouse,an X-
basedapplicationwill typically passthroughthemainevent
loop many timesasthe mouseis dragged.Sincewe want
all gangednodesto respondidentically, any sourceof asyn-
chronicity in theeventproductionor consumptionmustbe
hunteddown and removed. Thus for example,all event
compressionmust be turnedoff. Other sourcesof asyn-
chronicityareX workprocs,andcallbacksfrom I/O events
on socketsregistedvia XtAppAddInput. Self-generatedX
eventscanbeanothersourceof disparityin theeventstream
andhenceleadto divergenceof transformationsandview-
points.

Once theseand other sourcesof randomnessin either
theevent streamproductionor consumptionhave beenre-
moved,the remainingissueis thatof graphicsthroughput.
Suppose,asyou aredrawing your sceneacrossfour nodes
gangedin a 2x2 array, onenode's portionof theview frus-
tum happensto containthebulk of thepolygonsin an iso-
surfacebeingrendered.Its frameratedropsto say, 3 fps
while the othernodesgallop merrily alongat 15 fps. The
views will in this casediverge until the userreleasesthe
mouse,whereupontheviews will againconvergewhenall
nodesin theganghavedigestedall theeventsin their identi-
caleventstreams.If needed,a �ner -grainedapproachusing
somesort of distributedsynchronizationmechanismsuch



Figure 1. Custom rack for holding the 7x7 array of monitor s.



Figure 2. Architecture .

asa barriercan remove this remainingissue,andprovide
framefor frameview coherence.This is neededfor things
suchassynchronizedanimation.

3.3 Spreadsheet­BasedVisualization

Sincewe lay our visualizationsout in a matrix, our sys-
tem is relatedto spreadsheet-basedvisualizationsystems
[8, 9, 10] andgainsmany of the inherentbene�ts thereof.
Thepositionof a visualizationin our matrix of screenscan
bedirectlyrelatedto alocationin ahigh-dimensionalspace,
providing theuserwith a necessarycontext for understand-
ing andnavigating MDMV spaces.For instance,�gure 3
shows a parameterstudyof the ReusableLaunchVehicle.
Eachrow displaysa differentangleof attack,eachcolumm
a differentMachnumber. Theuserknows,at a glance,the
parametersassociatedwith thedatasetin eachview.

Like otherspreadsheet-basedsystems,thesimultaneous
displayof relatedvisualizationsfacilitatesa broadrangeof
primarily visualactivities suchascomparingandcontrast-
ing relatedimages,trackingfeaturesbetweentimesteps,and
�nding patternsamidstthecomplexity of afamily of bivari-
atescatterplots.Furthermore,with aggregatevisualizations
(usingpossiblyseveral differentapplications),we canex-
plore visualizationspaceaswell asdataspace,looking at
our data in a numberof ways at once. Our systempro-
videswell for thesevisual tasksby providing high resolu-
tion views of all visualizationsandallowing for a high de-
greeof interactivity with theseviewsby theuser.

3.4 Examples

Hereareexamplesof someof the�rst few SPMDappli-
cationswe have implementedon the hyperwall. They are
essentiallyall preexisting standaloneapplications,slightly
modi�ed, replicated,and running independentlyon each
node. In thesesimpleexamples,eachnoderunsthe same
programusingits own localdata.Theuserinterfacesareall
drivenin parallelby mouseandkeyboardeventsbroadcast
from themasternode(seesection3.1).

Molecular quantum mechanics: A set of related
moleculesis arrangedon the wall as a two-dimensional
“molecularperiodic table”. Eachdisplayshows the same
quantummechanicalobservable (e.g. electrostaticpoten-
tial) for its molecule,usingvolumevisualizationin thecase
of athreedimensionalscalar�eld. Theviewing transforma-
tionsandtransferfunctionsarethesamefor all nodes,and
canbechangedin realtime.

Computationalaerodynamics:Eachdisplayshows sur-
facepressureand streamlinesfor the samevehicle simu-
latedat a differentmachnumberandangleof attack.Mach
numberincreasesfromleft to right,angleof attackincreases
from bottomto top. Thatis, all vehiclesin thesamecolumn
aresimulatedat thesamemachnumber, andall vehiclesin
thesamerow aresimulatedat thesameangleof attack.All
displayssharethesameviewing transformationsandshare
thesamemappingfrom surfacepressureto colors. Again,
all visualizationparameterscan be interactively changed.
See�gure 3.

Weathermodeling: Eachdisplayshows a threedimen-
sionalscalar�eld from a particulartimestepof a weather



Figure 3. Examining an RLV parameter stud y.

simulation. All displaysin the samerow show the same
quantity (at successive timesteps),and all displaysin the
samecolumnshow the sametimestep(but differentphys-
ical quantities,e.g. temperature,pressure,humidity, etc.).
All displaysin a givenrow sharethesamevisualizationpa-
rameters(e.g. thesameisoscalarsurfacevalues),andthese
maybeinteractively manipulatedfor the row together. All
displayssharethe sameviewing transform,which is also
dynamic.

Planetarygeology: Eachrow displaysa differentquan-
tity associatedwith Mars. The �rst row shows visible im-
agery, thesecondshowslaseraltimetry, thethird showsdif-
ferencebetweendaytimeandnighttimetemperatures,etc.
Spatial registration is maintainedbetweenrows, and all
rowsareinteractively zoomedandpannedidentically.

Remotesensing:Eachdisplay ����� shows a satelliteim-
ageof the sameregion of a planet. Displays ���! "� along
themaindiagonalshow theimagein band# , displays���%$&�

show theratio imageof band# to band' , anddisplays�
�%(&�

show anotherbinary functionof thebandwiseimages.All
displaysareinteractively pannedandzoomedtogether. Im-
ageprocessingoperationscanbe appliedto any subsetof
theimages.

3.5 Caveats

Oneway in which we differ from spreadsheet-basedvi-
sualizationsystemsis that,in general,wedonothaveabuilt
in programminglanguage.This would allow one, for in-
stance,to calculatethedifferencebetweenthescalar�elds
on two nodes,anddisplaytheresultson another. However,

thismightrequireahighdegreeof integrationbetweensoft-
wareonthemasternodeandsoftwarerunningonthenodes.
While we have written applicationsthatareastightly cou-
pledasthis,nodeapplicationsoftwarecanoftenberun un-
modi�ed. This loosecouplinggreatlyextendsthe number
of applicationswecanuseontheclusterespeciallythosefor
which we do not have source.Alas, somefeaturesmayre-
quirecodemodi�cation no matterwhat. For example,syn-
chronizedanimationacrossmultiplenodeswill typically in-
volve someexternalsynchronizationmechanismprobably
notanticipatedin a givenapplication.

3.6 Powerwall mode

Sooneror later, everyoneeventuallyasksif wecanshow
oneimageover all thescreens(like a powerwall). Thean-
sweris yes,with somereservations. Unlessyou areusing
Chromium[12] to divide up of the graphicswork, in gen-
eral, nodeapplicationsoftware will needto be modi�ed.
WehaveusedChromiumonourclusterbut at thetimethere
wereperformanceissuesrelatedto usingonly fastethernet
betweennodes,aswell asissueswith displaylists andap-
plicationsusingmultiple windows.

For 2D scenes,suchasrenderingan image,thereis an
impliedXY offsetinto theimagebaseduponits locationin
thewall. Imagerenderingsoftwarewould needto calculate
therelevantsubrectanglefor its portionof theview, possi-
bly affectingI/O, buffering,anddisplayroutines.Display-
ing 3D scenesacrossanarrayof screenscanbeachievedby
dividing uptheview frustumappropriatelyandhaving each
noderendertheentirescene.While thisseemswasteful,the



efforts requiredfor culling the scenevia octrees,or other
suitableschemes,usuallydoesnot becomenecessaryuntil
therenderedscenesbecomecompletelyunwieldy. Modern
graphicscardslike theGeForce4andits contemporariesare
quitecapableof renderingmillions of polygonspersecond.
Of course,onecouldcomeup with a giga-polygonisosur-
faceto foil usherebut in practice,this hasnot beenan is-
sue. View coherenceis an issuehowever asdiscussedin
section3.2.

4 Navigating in Hyperspace

Thecomplexity of MDMV datasetsinspiresusandcries
outfor novel toolsto searcharoundfor new unseenrelation-
ships.Inevitably, thereis thetensionbetweencomplexity of
taskandsimplicity of interface.

For example, navigation is one of the primary chal-
lenges in MDMV visualization. Useful interfaces for
high-dimensionalnavigation needto be intuitive, �e xible,
and provide contextual information. A good exampleof
MDMV navigationis theHyperSlice[6] interface.Theuser
ispresentedwith anarrayof bivariateplots,eachof whichis
centeredon ann-dimensionalpoint )
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This point canbe moved aroundin n-spaceby direct ma-
nipulation. By grabbingin the
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subplot the user
changesthosecoordinatesof ) , leaving all the other di-
mensions

,�8&131!1 ,
5

constant.This interfacegivesimmedi-
ate feedbackto the uservia direct manipulation,provides
contextual informationfor theuserthroughthemeaningful
layout of the subplots,andallows the userto navigatethe
centerpoint ) , anywherein then-dimensionalspace.

We have implementeda high-dimensionalbrowserthat
sharessomefeaturesof the HyperSliceparadigm,aswell
as its recentextensioncalled HyperCell[5]. Our browser
is currently more limited in application than those two
schemes,sinceit is specializedfor six-dimensionalscalar
�elds, but for this classof datawe feel it providesa more
powerful interfacethaneitherHyperSliceor HyperCell.

In our 6D Browser, we select3 dimensionsof thedata,
say

*-,9�4:;�=<>6

, for displayon the masterconsole. In this
scene,we embeda

�?�@�

array of samplingpoints, ar-
rangedin a regularplanararray. The planecanbe scaled,
translated,or rotatedfreely, in order to position the sam-
pling points.Eachof the49 pointscorrespondsto a screen
on the hyperwall, where we display the remaining3 di-
mensionsof the data(call them

*-AB�4CD�4EF6

). Thus each
of the 49 hyperwall screensshows the entire

*-AB�4CD�4EF6

)
�eld, for some �x ed

*-,9�G:?�=<>6

determinedby the lo-
cation of its correspondingpoint on the masterdisplay:

*%,�H IJ�G:KH I���<>H I
��AB�4CD�4EF6

, where # and ' arethe indicesof
the

�L���

arrayof samplingpoints.
We usevolumerenderingto displaythe3D sliceson the

hyperwall screens.Theorderly2D arrayof 3D slicespro-

videsa ratherdirectview of 5 dimensionsof a6D dataset–
but sincethesamplingarrayis not necessarilyaxis-aligned
wearegenerallyseeingvariationacrossall 6 dimensions.

For ourpurposes,wehaveseveraldatasetsrequiringnav-
igation in a 6D space. One example is the visualization
of correlationholes in the electronpair density function.
Givena molecule,we �x thepositionof anelectron.Then,
for a givenpositionof the referenceelectron,we consider
the spatialdensityof the remainingelectrons.Sinceboth
thepositionof thereferenceelectronandthespatialdensity
�eld of theremainingelectronshave threedegreesof free-
dom,thecorrelationholesarestructuresin six dimensions.
See�gures 4 and5.

5 Interacti ve ParameterizedSimulations

With the advent of workstationclassPCs, signi�cant
computationalpower is availible to throw at a problem.
When combinedwith an array of graphicsdisplays, we
achieve an environmentwherewe can exercisecomputa-
tional steering[11] of familiesof relatedsimulations.

Our systemallows us to run parameterizedfamiliesof
simulationsin parallel. However, computationalsteering
environmentsoftenrequirethatone'instrument' thesimu-
lation codein orderto give theuserfeedback(monitoring)
and allow interactive control (steering). For monitoring,
the simulationcodeis often modi�ed to allow display of
thestateof thesimulation.Additional modi�cations allow
accessto the simulation's runtimeparametersfor steering.
Both of thesemodi�cations aredelicateandobviously re-
quirein-depthanalysisof any simulationcode.

As an example, a molecularsimulationcode employ-
ing the reactive bondorderBrennerpotentialhasbeenin-
strumentedby NASA researchersChris HenzeandBryan
Green.Every time themoleculardynamicscodecompletes
a timestep,it sendstheupdatedatompositionsto a viewer.
Within the viewer, the usercan interactwith the simula-
tion by selectingindividualatomsandmoving themaround.
Furthermore,usingan interfaceon themasternode,forces
suchascompression,extension,rotation,andshearcanbe
applied.

Within thehyperwall environment,dozensof thesesim-
ulationscanberun in parallel.Figure6 displaysthumbnail
snapshotsfrom a setof carbonnanotubesimulationseach
of whichhasbeensubjectedto anextensionalforceinterac-
tively suppliedby theuser. Again, layout in thematrix im-
pliespositionin this parameterspaceof nanotubes.Along
thediagonal,from topto bottom,thenanotubesgrow larger.
Greaterdistancesaboveandbelow thediagonalcorrespond
to moretwist in a clockwiseor counterclockwisedirection.
We canseethat,in general,thesmallertubestendto break
apartwith thelevel of forceappliedby theuser.



Figure 4. Six­D browser interface here sho wn with a schematic water molecule . This interface allo ws
the user to coor dinate the sim ulations seen in �gure 5.

Figure 5. The Six­D browser allo ws interactive exploration of the electr on pair density function around
a water molecule .



Figure 6. Realtime interaction with a famil y of nanotube sim ulations.

6 Human Factors

We havesizedthehyperwall asa
�L�B�

arrayfor several
reasons.Someare pedestrian:the total system�t within
our budgetand the displayarray �ts within our lab. The

�M���

arrayof 18 inchLCD monitorsis acomfortablesize-
aboutthesizeof anof�ce wall. Fromthemiddleof our lab
(a standardsizeof�ce) a usercaneasily�xate on any hy-
perwall monitor with little or no headmovement. When
viewed from this natural distance,the hyperwall display
subtendsabout80 degrees,andeachpixel subtendsabout
0.01degree.This nicelymatchesboththe�eld of view and
resolutionof thehumaneye.

However, a somewhat more rigorous justi�cation for
thehyperwall display's dimensions(sevenscreenshigh by
sevenscreenswide) is found in Miller' s classicpaper[13]
that �rst marriedexperimentalpsychologywith informa-
tion theory. In [13], Miller persuasively arguesthat seven
is aboutthe numberof classesavailablefor absoluteuni-
variatediscrimination, or thenumberof objectsin thespan
of attention,or the sizeof a “chunk” in humanshort term
memory, or thedepthof ourstack.

Assumethateachdisplay �
��� onthehyperwall showsits

own visualization N
�O�

�

N�P-Q
�

�GR

�
S . Q and
R

areeachpa-
rametersthatchangediscretelyin sevenstepsaswegofrom
left to right, or top to bottom,respectively, acrossthewall-
sizeddisplayarray. The“magic” size,accordingto Miller,
of a two dimensional(bivariate)chunk in humanpercep-

tion is 7x7. On the hyperwall we have two dimensionsto
work with simultaneously, andthusour systemis sizedto
“impedancematch” this naturalperceptualchunkingin an
obviousway.

Questionsaboutpossiblearrayscontainingfar moreor
far fewer displaysoften comeup during demonstrations.
Upon re�ection (and after our experienceswith earlier,
smaller, prototypes)it seemsMiller' sguidancetowards7 T

2 is correct.If thearrayof imagesis muchlargerthanseven
in eitherdimension,thenwe areunableto form a gestaltof
theentireinformation�eld – we forgetwhatwe werelook-
ing atontheleft aswescanacrossto theright. If thearrayis
muchsmallerthanseven in eitherdimension,thesystem's
displaycapabilityfallsbelow our maximumperceptualand
shorttermmemorycapacities.Neithera

�
�U���
�

hyperwall
or a V

�

V hyperwall would bea goodimpedancematchto
anindividualor a smallgroup.

Thereisalsotheobviousissueof themullions,or frames,
aroundtheLCD displays,andthegapsthey introduce.We
have found that theseare not a problem. Remember–
thehyperwall is primarily usedto displayarraysof related
imagesrather than to display a single large image. But
even when displaying a single large high-resolutionim-
age,thehyperwall'sframesarenomoredistractingthanthe
“seams”whichalwaysreartheiruglyheadsin eventhemost
carefullycalibratedandaligned“seamless”multi-projector
powerwall displays.

Viewing a single large high-resolutionimagewith the



hyperwall is ratherlike viewing theoutsideworld thougha
large,multi-panedwindow. And certainly, viewing multiple
relatedimagesis mostnaturalwhenthe individual images
areframed.Theseissuesareaddressedthoughtfully in the
context of architectureby Alexanderet al.[14], in a book
which interestinglyhashad profoundimpact on software
engineering:

Whenplateglasswindowsbecamepossible,peo-
ple thoughtthat they would put us moredirectly
in touchwith nature. In fact, they do the oppo-
site. They alienateusfrom theview. Thesmaller
the windows are,and the smallerthe panesare,
themoreintenselywindowshelpconnectuswith
whatis on theotherside.

This is an important paradox. The clear plate
window seemsasthoughit oughtto bring nature
closerto us,just becauseit seemsto bemorelike
an opening,more like the air. But, in fact, our
contactwith theview, our contactwith thethings
we seethroughwindows is affectedby the way
the window framesthem. When we considera
window asan eye throughwhich to seea view,
we must recognizethat it is the extent to which
the window framesthe view, that increasesthe
view, increasesits intensity, increasesits variety,
even increasesthe numberof views we seemto
see- andit is becauseof this thatwindowswhich
are broken into smallerwindows, and windows
which are �lled with tiny panes,put us so inti-
matelyin touchwith what is on theotherside. It
is becausethey createfar moreframes:andit is
themultitudeof frameswhichmakestheview.

Therefore:

Divide eachwindow into small panes. These
panescanbeverysmallindeed,andshouldhardly
everbemorethana foot square.[14]

7 Conclusion

We have describedthe hyperwall, a systemsupporting
interactiveexplorationof MDMV dataandsimulations.Be-
causewe have a full blown Beowulf cluster, eachnodeof
whichis armedwith its own graphicscard,wecanruncom-
puteandgraphicsintensiveapplications,bringinga power-
ful arrayof tools to bearon many problems. This allows
usto computewholearraysof visualizationsor simulations
in parallel,displayedathigh-resolution,in ahighly interac-
tive fashion.Thesheervisualnatureof thedisplaysystem
encouragespeopleto scanthe displayslooking for trends,
relationships,andanomalies.We�nd thatscientistswantto
walk right up to thewall of screens,look closer, andpoint

out observational curiositiesto co-investigators. The hy-
perwall is becomingauseful,high-bandwidthcollaboration
environmentfor avarietyof scienti�c teams.
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