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Abstract. The creationof parameterstudysuiteshasrecentlybecomea more
challengingproblemastheparameterstudieshave becomemulti-tieredandthe
computationalenvironment hasbecomea supercomputergrid. The parameter
spacesarevast,the individual problemsizesaregettinglarger, andresearchers
areseekingto combineseveralsuccessivestagesof parameterizationandcompu-
tation.Simultaneously, grid-basedcomputingoffers immenseresourceopportu-
nitiesbut at theexpenseof greatdifficulty of use.We presentILab, anadvanced
graphicaluserinterfaceapproachto this problem.Our novel strategy stressesin-
tuitivevisualdesigntoolsfor parameterstudycreationandcomplex processspec-
ification, andalsooffers programming-freeaccessto grid-basedsupercomputer
resourcesandprocessautomation.

1 Moti vation and Background

Only adecadeago,thesolutionof thepartialdifferentialequationsrequiredfor theeval-
uationof aerospacevehicleflow-fields typically involved a singlediscretizationzone
andwasperformedonasingleprocessorof ahigh-speedcomputeenginethatwasusu-
ally situatedlocally. Thesecomputetasksweresocostlyin CPUcyclesthat thenotion
of performingparameterstudieswasusuallyignored.Now, however, the flow-solvers
aretypically parallelcodes.Thecomputeenginesarefrequentlylargeparallelmachines
with multi-gigabytememoriesandterabytedisk farms.Researchershave availablethe
resourcesnot only of their own laboratoriesbut also thoseat othercomputercenters
accessiblevia fast networks. Parameterstudiesarenow quite feasibleandarebeing
performedon a regularbasisby researcherswho requiresolutioninformationthrough-
out a givenaerospacevehicleflight regime.The difficulties,however, have shiftedto
themanualcreationof theseparameterstudiesandto tasksassociatedwith launching
andmanagingthe large numberof jobs requiredby thesestudies.Modernaerospace
flow-solversfrequentlyrequirelargesetsof discretizationgridswhich describethege-
ometryof theaerospacevehicle.They produceasoutputlargecollectionsof datafiles.
Currently, most parameterstudiesareperformedwith two-dimensionalflow solvers,
but three-dimensionalsolversarealsobeginningto beused.

Recentdevelopmentsin grid-based“metacomputing”suchasGlobus [1]. andLe-
gion [2] havecreatedopportunitiesfor runningparameterstudiesonremotenetworked



high-performancecomputeserverswhich constitutea sharedresourcefor participants.
But theseopportunitiescomeataprice:theproliferationof job control language (JCL)
to supportthesecapabilities.This hasplacedan onuson usersof thesemetacomput-
ing grids, who are typically engineersand researchersnot well preparedor enthusi-
astic about learningor creatingthe requisitecontrol languagescripts for managing
distributedparameterstudies.NASA is currently building a nationalmetacomputing
infrastructure,calledthe“InformationPowerGrid” (IPG)[3], intendedto provideubiq-
uitousanduniformaccessto awiderangeof computational,communication,dataanal-
ysis,andstorageresources,many of which arespecializedandcannotbereplicatedat
all usersites.However, theinterfaceto theIPG is still underdevelopment.

We briefly describethe notion of a “parameterstudy” by giving two generalex-
amples.Simulationcodesproducesolutionsto scientificor engineeringproblemsfor
somesetof input values(“parameters”).Varying theseparametersthroughsomepre-
scribedrange(the“parameterspace”)yieldsasetof relatedresults,calleda“parameter
study” (sometimeswritten as“parametricstudy”). As a secondexamplewe point to
MonteCarlosimulations.MonteCarlocodesaretypically run many timesin orderto
to producestatisticallymeaningfulensembleaverages.This toocanbeconsideredapa-
rameterstudy, wheretheparameterto bevariedis merelytheseedfor randomnumber
generation,anddoesnotactuallyhaveany physicalsignificance.

The endproductof creatingand launchingparameterstudiesis typically a large
suiteof resultfiles which mustbepostprocessedand/ormovedto someform of long-
term storage.Furthermore,parameterstudyusersmustbe ableto keeptrack of these
resultsandlog into a scientificdiary suchparticularsasnatureof thesolvedproblem,
location of the result files, history for the individual runs,and any other associated
information.Beingableto easilyrecreateandthenmodify theparameterstudyis also
animportantneedfor many users.

We conducteda literaturesurvey to identify existing parameterstudycapabilities
thatfulfilled theneedof usersatNASA AmesResearchCenter. Theonly toolsdeemed
applicablefor thesetaskswerethe historically relatedClustorandNimrod codes[5].
Both areableto generateandlaunchsimpleparameterstudies.They also implement
aninternal“meta-language”for describingparameterstudycreation.Additionally, they
make it easyto parameterizecommandline arguments.

However, they did not fully meettherequirementsof ourusers.Someof theseareas
follows.Usersmusthave accessto multiple job submissionenvironments.Thesemust
includeany combinationof PBS[6], LSF [7], MPI, Globus,Condor[8], andLegion.
Also, usersrequirethe ability to createwhat we call “multi-stage” parameterstudies
(a detailedexampleappearsin section7). Usersalsoneeda “fire-and-forget” capabil-
ity, i.e., oncethe parameterstudysuiteis created,it shouldbe possibleto initiate job
launchingandthenshutdown theparameterstudytool entirely. Jobsubmissionshould
continueautonomously,andwithoutthecontinuedpresenceof theparameterstudytool.
Usersalsorequireafairly comprehensivelevel of job auditingandscientificdiarycapa-
bility, thesecretarialsideof aproblemsolvingenvironment(PSE).Onthedevelopment
side,we neededto designa parameterstudytool thatcouldbeeasilyextendedusinga
high-level rapid-prototypinglanguage(suchasPerl).This is becauseweenvisionusing
thetool asatestbedfor experimentsin parameterstudycreationmodels,job submission



models,andcomplex processspecificationmodels.We alsoneedto beableto usethe
tool to generateshellscriptsdesignedfor parameterstudyjob submissionandfor com-
plex processjob submission(visual scripting).It is essentialthat thescriptgeneration
processbeveryflexible.

2 Problem Definition

Creatingand launchingparameterstudieswithout the assistanceof automatingtools
is laborious,tedious,anderror-prone.Examiningthe stagesof this taskallows us to
discernthenatureof theinherentproblems.Thefirst stageis to createtheparameterized
input fileswhich incorporatethesetsof valuesrepresentingtheparameterstudy. These
setsarethe Cartesianproductof the individual setsof valuesover which eachof the
parametersof interestvaries.Thetotal numberof combinations(theparameter space)
canquickly getto bevery large,andcreatingthesesetsof input files manuallyis time-
consuminganderror-prone.Eachof theresultantinputfiles representsarunof theuser
program(a job). Launchingjobs involvessettingup partitionedfile spacesin which
they canrun, supplyingeachwith all requiredinput files, submittingthem,and then
monitoring progressand managingoutput.Our first designrequirementwas that all
of thesefunctionsbe automatedandintegratedinto a singleGraphicalUserInterface
(GUI). Thesecondrequirementwasthatof simplicity of use.We believe thatusersare
very sensitive to ease-of-useissues,andthat they will avoid processautomationtools
thataredeemeddifficult ornon-intuitive.Thethird requirementis thataparameterstudy
tool beableto self-documentits actions.If it cannot,userswill quickly bemired in a
morassof hundreds,eventhousands,of old runswhoseorigin andpurposearenolonger
obvious; a completeparameterstudytool mustbe part PSEandpart scientificdiary.
Thefourth requirementis thatof job submissionflexibility in a scientificcomputation
environmentcurrentlyin flux. This is because“Grid-based”computinghasaddednew
complexities andlayersof JCL to the taskof submittingjobs. ILab meetsall of these
four userrequirements.

3 BasicAssumptionsand Requirementsfor Distrib uted Processing

Wehavestartedwith two basicassumptionsaboutNASA’sdistributedcomputingenvi-
ronmentinto which jobswill belaunched.Thefirst is theneedto maintainproduction
level capability. This hassignificantimplications,becauseall compute-intensiveappli-
cationprocessingmustoccurunderthe aegis of a job schedulerandqueuingsystem.
Any othermannerof submittingto sharedcomputationalresourceswouldviolate“good
neighbor”policy. Thesecondassumptionaboutourdistributedcomputingenvironment
is thatit shouldbeableto leveragetheGlobusmetacomputingmiddlewarecurrentlybe-
ing developedat ArgonneNationalLaboratory. It mustalsobepossiblefor parameter
study usersto bypassthe Globus layer and still submit jobs into a distributed envi-
ronment.This hasresultedin a designincorporatingseveral job modelsfor spawning
parameterstudiesin a distributedfashion.



4 ILab: The IPG Virtual Lab

We describeimportantfeaturesof theILab parameterstudytool, in particularparame-
terizationoperationsandaspectsof theinternalcodingdesign.

4.1 Parameterization of Program Input Files

In orderto minimize the difficulty of building a setof parameterizedinput files, ILab
includesanintegrated,special-purposetext editor. Thiseditorhasunusualcapabilities:
it allows theuserto markgraphically theappropriateparameterdatafieldsandto des-
ignatethesetof valuesfor eachselectedfield. This parameterizeris depictedin Fig. 1.
Valuesetscanbespecifiedeitherasa list or by min/max/increment.Theuserfirst se-

Fig.1. ILab parameterizationscreen

lects(highlights)with themousethoseASCII text fieldswithin theinputfile whichwill
be parameterized.In Fig. 1, “beta” and“reynum” (known to ILab asParameter1and
Parameter2)have alreadybeenparameterized;their valuesetsaredisplayedin theleft
window. Currentlytheuseris specifyingthethird parameterin the“Set ParamValues”
dialog. If several fields must be parameterizedin tandem(example:multiple occur-
rencesof “timestep”for eachof severalrelateddiscretizationzoneinputfiles), thatcan
beindicatedat thisstage.After text selectionof theappropriatefields,theuserentersa



list or rangeof valuesfor theselectedfields.Lastly, thesetof parameterizedinputfilesis
generated.ThesefilesconstitutetheCartesianproductof theindividualparametersets.
As anexample,if threeinput valuesareto beparameterized(a 3-dimensionalparame-
terspace),thefirst with thesetof values���������
	��
��� , thesecondwith ��
�������������������������� ,
andthe third with ��	�� �!�"�����$#��&%��!��� '"�(%�� , thena total of �*)+�,)+	.-/�0� parameterized
fileswill beproduced.

Becausethefile parameterizeris integratedwithin theILab GUI andbecauseits use
is intuitive,theprocessof parameterizationof theinputfileshasbeenmadetrivial. Ad-
ditionally, a “most-recently-used”(MRU) capabilitysavesthecurrentparameterization
statefor futurereferenceandfor reuseor modification.

4.2 Job Masking Capability

Oneof thenecessitiesof aparameterstudyprogramis to provide“masking”capability
for a setof parameterizedinput files. Usersrequirethis ability when they know that
certainparametercombinationswill produceanunsuccessfulrun of thescientificpro-
gramunderconsideration.Typically, they want to specifycombinationsof parameter
valuesthatwill beexcludedfrom thesetof input files andtheir associatedscriptfiles.
ILab’s “Edit Parameters”screen- thespecialpurposeeditordescribedin section4.1 -
hasapop-updialogfor thispurpose.Userscanenterany numberof maskingrules,and
eachrule mustspecifytwo or moreparametercomparisons.For example,if theuseris
varyingParameter1from 1 to 10,andParameter2from 55 to 75,andwantsto exclude
thosecombinationswhereParameter1is greaterthan9 andParameter2equals60, the
maskingrule wouldbeenteredas:

Parameter1 > 9 && Parameter2 == 60

This syntax,which is the samein Perl,C, C++, andJava, waschosensinceusersare
likely to befamiliarwith it. ThenamesParameter1andParameter2areassignedin order
by ILab to thevaluesbeingparameterized.(ILab, of course,hasnowayof knowing the
actualnamesof parametersin the user’s input files sincethereis no requirementthat
the input have labeleddata.In theexamplein Fig. 1, it just sohappensthat theuseris
parameterizingaFortran“namelist”file with labeledfields,but ILab itself only requires
that theinput beASCII.) By usingPerl’s “eval” function,we caneasilyinterpretthe
aboverule with minimal parsing,anduseit to deletejob objectsfrom theuser’s list of
experiments.

4.3 Coding Model and LanguageChoice

We have chosento build our ILab GUI usingPerl5andtheTk userinterfaceconstruc-
tion tool kit. In addition,wehaveusedthePerlgenerationcapabilitiesof the“SpecTcl”
Tk GUI generationIDE [9], a free software tool available from Sun Microsystems.
Our choiceof Perl5wasbasedon its strongcharacterstringmanipulationandbuilt-in
regularexpressioncapabilities,stronglist andsortableassociative-hashtabledatatypes,
andits simple-to-useobject-orientedfeatures.Also, Perl is relatively ubiquitousandis
amongstthe fastestinterpreterscommonlyavailabletoday. Altogether, thesefeatures
make Perl an excellentchoicefor true rapid-prototyping.Thoughwe cannotexactly



quantify the savings in the codingeffort, we believe, basedon prior experiences,that
theequivalentfunctionalitywould requiretwo to threetimesasmuchC++ or Java.

4.4 Object-Oriented Data Structur esand Strategies

We usedPerl “packages”(the equivalentof classesin C++ andJava) to hold all ILab
data,bothpersistentandtransient.Fig. 2 depictsthedatastructureshierarchy.

An Experiment package
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Fig.2. ILab datastructures

holdsall persistentdata:thedata
is serialized(written en masse,
retainingdatastructurehierar-
chies)to andfrom diskwith the
useof Perl’s Data::Dumper
module.To reducethe size of
theExperiment package,sev-
eralotherarraysof packagesap-
portiondatathathasto beheld
in listsorarrays:aParamFile
packagefor eachinputfile to be
parameterized,a ParamData
packagefor eachvariablebeing
parameterizedin eachinputfile,
andaJob packageto hold run-
specificdata.ParamFile and

ParamData hold file- andvariable-specificdatawhile the Experimentis beingcre-
atedandedited.To run a user’s parameterstudyExperiment,a list of Job packagesis
created:someParamFile andParamData datais transferredto Jobpackages,and
additionaldatais attached.Theorganizationof datain ParamFile andParamData
is “orthogonal” to the way the samedatais organizedin the arrayof Job packages:
thissimplifiesscriptcreation,submission,andmonitoring.Essentially, datais in arrays
of arraysduring editing/creation,while during submission/monitoringthe samedata
is flattenedout into a one-dimensionalarrayof Job packages.Both setsof dataare
serializedwhenanExperiment packageis serialized.

Eachwindow or dialogboxis alsoapackage,whichholdstransientdata:userinter-
facereferencesanddataasnecessary, andalso“mirror” portionsof thecurrentExper-
iment data.Thisduplicationof datamakesit easierandmorerobustto editpreviously
entereddata,sinceausercanmakechangesandthencancelthechangeswithouthaving
to restorethe original data.Anotherimportantadvantageis gainedfrom the “mirror”
and“orthogonal”approaches:thetrade-off is moredata,lesscode.Problemsin thedata
areeasierto find andfix thanproblemsin thecode.Debuggingis alsofacilitatedby the
following strategies:(1) eachpackagehasa “dump” function to print out all variables
and(2) eachpackageerror-trapsthe settingof any variableinsidetheset portion of
a get/set function. Caveat:dataduplicationis not a goodor dependablestrategy,
unlessit is closely integratedwith codedesign.This integrationmeansconstantlyre-
viewing the datamembersof packages,andmoving datamembersasappropriateto
avoid inconsistenciesandincoherenciesin thepackagedesign.



To keepthecodestructuresimpleandintelligible we avoidedasmuchaspossible
the useof inheritance.Someof ILab’s dialog packagesarederived from existing Tk
packages,but this derivation is only onelevel deep,and fairly transparent.The only
datastructurethat requiring inheritanceis our JobModel package,because(1) we
have several “job models”already, andthey have enoughsimilaritiesanddifferences
to justify the existenceof a baseclassand(2) morederived job modelswill needto
be addedin the future, as ILab is expandedto accommodatemore meta-computing
environments.Thevariousjob modelsaredescribedin section5.

Perl is a highly flexible language.We wereableto further simplify our packages
by giving thepackagemembersandtheget/set functionsthesamenames,sincethe
Perl interpreterdistinguishesthe variablefrom the functionsyntactically;the variable
is $reference->{name}, andthefunction$reference->name. NotethatPerl
alreadymakesit easyto collapseget andset functionsinto onefunction,sothatonly
onefunctionaccompanieseachdatamember.

Hereis an exampleof this approachin our Job package,showing thenew (con-
structor)function,two datamembers,(JobID andStatus) andtheStatus (get/
set) functionassociatedwith theStatus datamember:

package Job;

sub new {
my $class = shift;
my $self = {};
$self->{JobID} = undef;
$self->{Status} = ’NotStarted’;
bless $self, $class;
return $self;

}

sub Status { # Only allow one of six strings for this field
my $self = shift;
my $temp = $_[0] if @_;
if ( defined( $temp ) ) # set variable if argument passed in

{
if ( $temp eq ’NotStarted’ || $temp eq ’Queued’ ||

$temp eq ’Running’ || $temp eq ’Stopped’ ||
$temp eq ’Failed’ || $temp eq ’Done’ )
{ $self->{Status} = $temp; }

else { print "illegal job status = $temp\n"; }
}

return $self->{Status}; # get func. always returns variable
}

In a largeprogramthis “same-name”modelreducesthenumberof occurrenceswhere
the programmerhasto referenceanotherpart of the codeto ensurethat namesare
correct.For thosepackagesthatneedto bemadeinto basepackages(for derivationof
mostlysimilar but slightly differentpackages),we extendtheobject-orientedapproach
by putting thepackagevariablesinto a “closure”, therebymakingthesedatamembers
lessaccessibleto programmingusersof thebaseclass.



5 Job Models

We describethevariousjob modelsthat ILab currentlysupportsin orderof increasing
complexity. Thesimplestrepresentsanentirelylocalcapability, i.e.,all jobsmakingup
theparameterstudyaresubmittedfor executionon the local machine.Therunsoccur
without the assistanceof a scheduler, but may include a parallel job launchersuch
as“mpirun”. ILab generatesfor eachrun in the parameterstudya singleshell script,
which constructsa main directory for the whole study(if onedoesn’t alreadyexist),
andthenbuilds its own subdirectory, uniquelynamedwith anautomaticallygenerated
parameterizationidentifier. Filesrequiredfor input by theuser’s executablearecopied
into therespectivesubdirectories.Theexecutableis thenstarted.Becauseno scheduler
is assumed,jobs arerun sequentiallyto avoid oversubscribingthe local system.This
is accomplishedby chainingthe shell scripts:the first script doesits work and then
submitsthenext scriptin thechain,etc.Thischainingproceedsevenif somecommand
within a scriptfails (e.g.,theuser’sprimarycomputeexecutable).

Thesecondjob modellaunchesjobsontoaclusterof machines(whichmayinclude
theoriginatingmachine),on which theuserhasaccountsandanappropriate“.rhosts”
file. Eachjob is implementedwith a pair of shellscripts.Thefirst remote-copies(Unix
“rcp”) thesecondscriptto theremotemachineandthenexecutes(Unix “rsh”) it there.
It is the secondshell script that createsandorganizesdirectory layout on the remote
host,andwhichstartsthechainof computation.This job modelcurrentlymakesnouse
of schedulers.We have not built in any mechanismfor limiting thenumberof concur-
rentlyrunningjobsonany individualresource.Thisimpliesthattheindividualcompute
resourcesmaybecomeoversubscribed.We areplanningto adda non-scheduler-based
job “limiter” into this job model.

Thethird job modelis similar to thesecond,exceptthatthepresenceof ascheduler
is assumed.Whenthescheduleris PBS,thefirst shellscriptsubmitsto theschedulera
scriptcontainingPBSdirectivesfollowedby shellcommands.

Thefourth job modelassumesthat theGlobusmetacomputingmiddlewareis used
for remotejob submissionandfile manipulationandthata scheduler(PBS)is usedfor
queuingandstartingjobs.Theremotescriptis similar to thatof thethird job model.

Noneof theabove shellscriptsneedto beprovidedby theuser;they areautomati-
cally generatedby ILab. In eachof theabovecases,aparalleljob loader(currentlyMPI
is supported)maybespecified.

Currentlyfiles arenot cachedon theremotesystemsat thetime of job submission.
We assumea productionlevel environmentrequiringrouting througha job scheduler.
This impliesthatthethird andfourth job modelswill bethemostheavily used.Thetyp-
ical usagescenariois thata suiteof jobsis submittedthrougha scheduler, andthatthe
computeresourceis sharedwith otherusers.Thetime for theparameterstudyto com-
pletewill oftenbenumberedin days,nothoursor minutes.This is basedonexperience
at NASA researchcentersandon knowledgeof the typesof parameterstudiesusers
are contemplating.Suchcomputationsfrequentlyutilize volatile scratchfile systems
whenuserallocationsof permanentfile-systemspaceareinsufficient to accommodate
the input andoutputfiles of substantialparameterstudies.Advancecopying of files is
thereforerisky, sincecachedinputmayhavebeenpurgedby afile scrubberby thetime
an individual job is startedby the scheduler. However, we have deviseda methodfor



just-in-timecaching.It guaranteesthat (1) only oneprocesscopiesan input file to a
cache,whichavoidsclobbering(involveslock file), and(2) thatfilespreviouslycached,
but subsequentlydeletedby a scrubber, arere-cachedon demandby theclient job. We
will addthesecapabilitiesto thethird andfourth job models.

Utilizing shellscriptshasseveraladvantages.Unix shell languagesarethe“lingua-
franca” of Unix JCL. Our choiceis the Korn shell [10], a highly expressive language
for constructingsequencesof commands,andfor error-trappingthem.In theKornshell,
backgroundprocessesand“co-processes”(backgroundprocessesthatcancommunicate
with the parentprocess)areeasily created.Processesmay also be easily monitored,
andkilled if necessary. Anotheradvantageof usingshell scriptsis that they may be
invoked independentlyof the GUI. Thereis no requirementthat only the ILab GUI
startuserprocesses.Usersmay modify the shell scriptsfor their own purposes;they
are“recyclable.” The commandsin the scriptsare interleaved with outputstatements,
which leavearecordof theirworkingswhich actsasa log.

ILab may, in part,bedescribedasa GUI thatcollectsinformationon thelocations
of the user’s executableand input files, and assemblesshell scripts for running this
executable.It is fairly easyto changeexisting job modelsor addnew ones,which is
accomplishedsimply by modifying thescriptgeneratingcodewithin ILab. In orderto
simplify the additionof future job modelsto ILab, we usedtheobjectinheritanceca-
pabilitiesof Perl to createa baseJobModel packageandseveral derived packages
(LocalJobModel, GlobusJobModel, etc.).New derivedjob models,e.g.for the
metacomputingenvironmentsCondorandLegion,canbeeasilyinsertedinto theexist-
ing framework.

It is possible,andeasy, to useILab to launchsinglejobs(i.e. a singletonparameter
study) into a local or remotecomputeenvironmentthat may requireany of Globus,
PBS,and/orMPI. Thus, ILab may be usedsimply as a convenientUnix JCL script
generatorfor launchingsinglejobs.This is especiallybeneficialwhena job will berun
on aremotesystemandrequiresthemigrationof inputfilesandexecutable.

6 Parameter Study Example - a CaseStudy

Until recently,parameterstudiesof aerospacevehicleflow characteristicsutilizedmostly
two-dimensionalcomputationalfluid dynamics(CFD)solvers.Thiswaspartlydictated
by limitations in the availablecomputeresources(CPU time andmemorysize).Re-
cently, however, becauseof theincreasedavailability of multi-processormachineswith
largememories,parameterstudiesbasedonthree-dimensionalCFDcodeshavebecome
feasible.Nevertheless,the overheadfor suchlargestudiesremainshigh. As an exam-
ple, we chosethe Overflow three-dimensionalNavier-Stokesflow solver [11], which
employs the oversetgrid method(overlappingcurvilineargridsexchangeinterpolated
boundaryinformationat eachtime-step).TheMPI parallelversionof Overflow groups
neighboringgrids for solutiononto individual processors.We usedOverflow to com-
pute the flow field of the X38 Crew ReturnVehicle (CRV), a NASA spacevehicle.
Fig. 3 depictsthe X38 CRV andseveral of the body-fittedcurvilineargrids defining
its surface.Thecompleteconfigurationconsistsof 13 curvilinearbody-fittedgridsand
115rectilinearoff-bodygrids,totalingapproximately2.5million points.Overflow uses



some40 double-precisionwords of memoryper grid point, which resultsin a total
memoryrequirementof approximately800MB perrun.

We choseto createa 16 ) 12 parameterstudy for two significantflow variables
in a portionof the glide regimeof the X38: Machnumber(normalizedvehicleveloc-
ity) andAlpha (“angle-of-attack”).This resultsin a two-dimensionalparametricstudy
consistingof 192runs.Eachrun for theX38 vehiclerequiresfour processors.

Using ILab involves the following steps.First, the usersuppliesa nameand di-
rectory for the “experiment”,which is wherethe recordsfor this studywill be kept.
Then,the local andremotemachineson which the runswill occurareselected.Next,
aninputfile directory, andtheinputfile(s) to beparameterized,arespecified.Inputfiles
aredisplayedin thespecial-purposegraphicaleditor, andparameterizedasdescribedin
section4.1, producing192 parameterizedinput files. Next, the useridentifiesthe ex-
ecutablenameandlocationandalsoa directorywherethe run subdirectorieswill be
rootedon eachof the executinghosts.Optionsfor specifyingMPI, Globus,andPBS,
andnumberof processors(four perrun, in thiscase)areset.At thispoint, theappropri-
ateshell scriptsaregeneratedandtheninitiated.This entireentryprocesstakesunder
fiveminutes.If startingfrom apreviousexperiment,anMRU file maybeselected,per-
mitting the userto make appropriatemodificationsthroughthe samewidgetsusedto
createa new experiment.For caseslike that describedabove, it usuallytakesundera
minuteto createandstartanentireparameterstudy.

Two machineswereselectedfor runningthejobs,eachsupportingMPI, Globus,and
PBS.Thescriptsgeneratedby ILab conformedto our fourth job model.ILab submitted
all jobsto PBSqueueson theselectedmachines,andwithin approximately24hoursall
jobscompleted.Fromtheresultingsolutionswe constructeda plot of thecoefficientof
lift overdrag(Cl/Cd) for theX38 CRV. SeeFig. 4. Everypoint in thelatticerepresents
a completeflow solution.

Fig.3. X38 Crew ReturnVehiclewith several
of its computationalbodygrids
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7 CAD Tool ProcessSpecification

Currently, all information describingthe user’s processis collectedthrougha series
of previous-and-next-wizards,guiding the userthroughthe processspecificationpro-
cedure.Thoughthis modelis acceptablefor singlestageparameterizations,it quickly
becomesinadequatefor specifyingcomplex userprocesses.Thesemayincludeseveral
stagesof parameterization,pre- andpost-processingof data,archiving of data,resub-
missionandrestartingof userprograms,feedbackloopsto accommodatemultidisci-
plinary optimization,etc. Currently, we are building a visual capability for complex
processspecification,providing analternative to thewizardmechanism.It consistsof
a CAD tool for constructinga data-flow diagramdescribingtheuser’s setof processes.
Theusercreatesadiagramby choosingindividualprocesselementiconsfrom apalette
andplacingthemin thediagramby mouseoperations.Eachiconrepresentsabasicpro-
cessbuilding block,suchasinput file parameterization,moving, copying, or renaming
files,runninganexecutable,etc.At eachnodeof thediagramacontext-sensitivepop-up
dialogqueriestheuserfor thenecessarydetails.Internally, a directedgraphrepresent-
ing the entiresetof processesin the Experimentis created,e.g.,a parameterization,
followedby theexecutionof a simulationprogram,followedby theexecutionof post-
processingprogram(s)andarchiving. This graphis interpreted,andthe requiredindi-
vidual shellscriptsareconstructedfrom theinformationstoredat eachnode.Thecon-
structionprocessconsistsof assemblingthe requiredshell scriptsfrom macros,small
groupsof ILab-providedshellcommandsthatperformtherequestedoperation.

Fig.5 depictsanexampleof a

file three-fold

each flow input

Gridder

Grid input file

three-fold

Parameterize
grid input file

Gridder

Gridder

Solver

Solver

Parameterize

file four-fold
Replicate
flow input

each grid
file four-fold

Replicate

Solver

sets of

flow

solutions

Twelve

Solver

Solver

Fig.5. Multi-stageparameterizationprocess

multi-stageparameterizationpro-
cess.In the first stage,input to
a grid generationprogram(Grid-
der)is parameterized,resultingin
threeinputfiles.After runningthe
grid generator, threegrid systems
havebeencreated.Thesegrid sys-
temswill be part of the input to
a flow solver (Solver), as will a
flow variablesinput file. It is this
flow input file which is subjected
to thesecondstageof parameter-
ization. In the figure,a four-way
parameterizationhasbeenapplied.
Eachof thesefour flow inputfiles
mustbe replicatedthreetimesto
bepairedwith thethreegrid files,
andeachof thegrid files mustbe
replicatedfour times for pairing

with the flow input. The result is essentiallya two-dimensionalparameterstudy(3 )
4), but it hasresultedfrom two independentstagesof parameterization.This addsa
higherdegreeof complexity to theuser’sprocess,andconsequently, to themechanisms
requiredfor assemblingandrunning thesejobs. It is, in part, for this reasonthat we



areconstructinga morepowerful userinterfacemechanismfor specifyingandcreating
parameterizationprocesses.

Summary

The needsof our usercommunityhave triggeredthe developmentof ILab, a flexi-
ble parameterstudycreationand job submissiontool. This modernGUI implements
a modularexperimentalworkbenchfor programmingresearchinto local and remote
job submissionmethods,complex userprocessspecificationtechnology, andfor exper-
imentationwith IPG middleware.Our choiceof Perl/Tkasa rapid-prototypingdevel-
opmentlanguagestronglyfacilitatesexperimentationandanticipatedfurtherexpansion
of the coreuserGUI capabilities.We have proven our ILab productwith significant
parameterstudycomputationsin a distributedenvironment.We arecurrentlyworking
closelywith userswhoseparameterstudyrequirementsaredemanding.We areadding
thesenew capabilitiesto ILab usinganadvancedCAD-baseduser-interfacetechnology.
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