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Abstract

In 3D particlesimulationsthegenerate®D phasespace
datacanbeverylargedueto theneedfor accuratestatistics,
sufcient noiseattenuatiorin the eld solver andtracking
of mary turnsin ring machinesor accelerators.Thereis
a needfor distributed applicationsthat allow usersto pe-
rusetheseextremely large remotelylocateddatasetswith
the sameeaseaslocally downloadeddata. This paperwill
shav conceptsanda prototypetool to extractusefulphys-
ical informationout of 6D raw phasespacedata.PartView
allows the userto project6D datainto 3D spaceby select-
ing which dimensionsarerepresentedpatiallyandwhich
dimensionsare representeds particle attributes, and the
constructiorof comple transferfunctionsfor representing
the particleattributes. It alsoallows managemenof time-
seriedata.An HDF5-basegbarallel-I/Olibrary, with C++,
C andFortranbindingssimpli es theinterfacewith a vari-
ety of codes.A numberof hooksin PartView will allow it
to connectwith a parallelback-endhatis ableto provide
remotele accessprogressiestreamingandevenparallel
renderingof particlesetsin excessof 1Billion particles.

MOTIVATION FOR 3D VISUALIZA TION
METHODS FOR UNDERSTANDING
LARGE DATASETS

With particleacceleratosimulationamoving from qual-
itative to quantitative predictions,the dimensionalityof
the modelssuddenlychangego threespacialdimensions.
For particlesimulationghis impliesa 6 dimensionaphase
spacean thecontinuumanddependingnthemodelatleast
a 3 dimensionaldiscretespaceto solwe, for example, a
Poissonproblemin the courseof spacechage dominated
beamsimulationg1].

On the otherhandnext generatiorlight sourcesuchas
X-ray FreeElectronLaser(XFEL), will requirestartto end
simulationsincluding several challengingproblemssuch
as:effectsof coherensynchrotrorradiation,detailedmod-
eling of variousmisalignmenteffectsanddetailedandac-
curatepredictionsof emittancegrowth. In thesetype of
problemsa large numberof macro particlesis required,
large scaleshave to be resohed and the ability to scana
hugeparametespacdeadsto largerdatasets.
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3D VISUALIZA TION WITH AVS/EXPRESS

The mostcommonmethodusedto inspectthe simula-
tion datais to createscatterplotof a subsetof the 6 di-
mensiong(eg. plot one of the phasecomponentsagainst
the z-coordinatefor eachparticlein the simulation). The
visualizationin 3D requiresthe useof specializedvisual-
ization software and the developmentof domainspeci c
applications. Among the commercialvisualizationpack-
agesAVS/Express[P [3] providesa goodernvironmentto
quickly develop customapplicationsandto explore differ-
entvisualizationtechniques.lts modulardesignmakesit
easyto addcustomlibrary modulesto the alreadygoodli-
brary providedwith the application.lts 64-bitversionsup-
portsfairly big datasetsith reasonablénteractivity. We
developeda customreaderthat supportsthe HDF5 data
modeldescribedn [4] andapplicationsto investigatethe
time varying 6 dimensionablatasets.The numberof parti-
clesfor theseapplicationsarearound100,000.

As particle beamsare accelerateéind focusedthey in-
teractwith their ervironment. Theseinteractionscanpro-
ducebeamhalos,beamquality degradationand canresult
in beaminstabilities. To provide insightinto the behaviour
of the particlesalongtheir trajectoriesve developeda par
ticle trackingmodulethat allows the userto interactvely
selectparticlesin a region of interestandfollow themin
time. Oncetheparticlesin theregionareidenti ed theuser
canrestricttheir selectionevenmoreto avoid clutteringof
the resultingtrajectories. The particlesandtheir trajecto-
ries are coloredby the magnitudeof the momentum.Fig-
ure 1 shows a groupof particlesselectedn the halo area
in the nal distribution of the simulationandtheir position
in theinitial step.Anotherapplicationallowsthevisualiza-
tion of thetime seriesselectingwhich of the 6 dimensions
areconsideredscoordinatesindwhich onesasnodedata.
Figure2 shavsatypicalview of thez-pzplanefor thesame
datasedf Figurel.

To visualize 3D electroncloud instabilities we added
more than one speciesof particlesto the applicationand
renderedhemasindependentelds. Theinteractie selec-
tion of electronsandthe visualizationof their trajectories
allows usto seetheir complex 3 dimensionabehaior. See
Figure3 for anexampleof electrontrajectories.

PARTVIEW

AVS/Expressoffers considerable e xibility for con-
structingsophisticatedsisualizations but often users nd



Figurel: color: Trackingof protontrajectoriesasthe sim-
ulationprogresses.

the userinterfacedaunting. The PartView tool is designed
to provide a straightforvard interfacethat coversthe sim-
pler 80% of the kinds of 3D analysisandinspectionthat
the acceleratomodelingresearcherseedin orderto un-
derstandtheir dataset. It is consistenwith recommenda-
tions from our userswho indicateda preferenceor tools
thathadauserinterfacethatwassimplerandcustomizedo
their problemover powerful/complex general-purposeser
interfaces.

In addition, the particle simulationsare scalingup very
rapidly andmay soonexceedthe ability of serialtoolslike
Expressto managethe resultingdatasets.Thereis a need

Figure?2: color: AVS/Expressnterface.

for lightweight front-endapplicationghat cantapinto re-

motel/O andrenderingserviceghatarelocatedat the site
wherethe datasetsre produced.This very samearchitec-
turecanalsobe usedto connecto runningapplicationsor

visualinspectionof simulationsthatarein progress.This

kind of distributed applicationapproachcan offer the in-

teractvity of a desktoptool, but allow usersto peruseex-

tremelylargeremotelylocateddatasetsvith the sameease
aslocally downloadeddata.

To addressthese concerns, we created PartView.
PartView wasconstructedisingFLTK[5], OpenGL[§, and
HDF5[7] sothatit caneasilybe compiledon a numberof
platforms.Thetool allowstheuserto project6 dimensional
datainto a 3 dimensionabkpaceby selectingwhich dimen-
sionsare representedpatially and which dimensionsare
representeds particle attributes (color and transpareng
currently),andthe constructionof comple transferfunc-
tionsfor representinghe particleattributes. It alsoallows
managemendf time-seriedataandtwo different le for-
mats for storing the particle acceleratordata. Figure 4
shaws PartView's GUI with the colormapeditors(gaussian
andsolid).

An HDF5-basedarallel-1/Olibrary waswritten in con-
junction with this applicationthat allows more than one
groupto usethis sametool to understandheir data. The
HDF5 le formatwill enablethe simulationsto handlethe
I/O requirement®f simulationsthat arean orderof mag-
nitudelargerthanis currentlyreasonabl@ndalsosupport
someinteroperabilitybetweengroupswith similar needs.
The API for the le formathasC++, C andFortranbind-
ingsin orderto interfacewith a variety of differentcodes
employedin this area.See[4] for moredetails.

PartView hasanumberof hooksthatwill allow it to con-
nectwith aparallelback-endhatis ableto provide remote

le accessprogressie streamingof the largestdatasets,



Figure3: color: Electroncloudvisualization:electrontra-
jectoriesasthe simulationprogresses.

and even parallel renderingof particle setsin excessof
1Billion particles.This capabilityis still in development.

CONCLUSIONS

As high performanceomputingbecomesndispensable
for the designandtestof particleacceleratorshe high di-
mensionalityof the problemsandthe size of the simula-
tions requiresthe designof clever visualizationsthat can
helpunderstandheunderlyingphysicalnatureof theprob-
lem. As oneexample thetrackingof particlesthatarelost
in theacceleratocanhelpoptimizethe startingconditions

Figure4: color: PartView's GUI with the colormapeditor.

of the particledistributions.

Over the courseof the next year, our primaryfocuswill
be on increasingthe capability and capacityof PartView
which is beingtargetedat simulationsthat generatel bil-
lion particlesor more.

We will continueto use AVS/Expressto producethe
more so sticated visualizations, high resolutionimages
and animations. For the biggerdatasetswe will needto

nd anacceptablsubsamplingnechanism.
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