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Abstract. The creationof parameteistudy suiteshasrecentlybecomea more
challengingproblemasthe parametestudieshave becomemulti-tieredandthe
computationalervironment has becomea supercomputegrid. The parameter
spacesarevast, the individual problemsizesare gettinglarger, andresearchers
areseekingo combineseveral successie stagef parameterizatioandcompu-
tation. Simultaneouslygrid-baseccomputingoffersimmenseresourceopportu-
nitiesbut at the expenseof greatdifficulty of use.We presentLab, anadwanced
graphicaluserinterfaceapproacho this problem.Our novel strateyy stressen-
tuitive visualdesigntoolsfor parametestudycreationandcomple processpec-
ification, and also offers programming-freeaccesdo grid-basedsupercomputer
resourcesindprocessautomation.

1 Motivation and Background

Only adecadeago,thesolutionof thepartialdifferentialequationsequiredfor theeval-
uation of aerospaceehicleflow-fields typically involved a single discretizatiorzone
andwasperformedonasingleprocessobof a high-speedomputeenginethatwasusu-
ally situatedocally. Thesecomputetasksweresocostlyin CPU cyclesthatthenotion
of performingparametestudieswasusuallyignored.Now, however, the flow-solvers
aretypically parallelcodesThecomputesnginesarefrequentlylarge parallelmachines
with multi-gigabytememoriesandterabytedisk farms.Researcherkave availablethe
resourcesiot only of their own laboratoriesbut alsothoseat other computercenters
accessiblevia fast networks. Parameterstudiesare now quite feasibleand are being
performedon aregularbasisby researchera/ho requiresolutioninformationthrough-
out a given aerospaceehicleflight regime. The difficulties, however, have shiftedto
the manualcreationof theseparametestudiesandto tasksassociatedvith launching
and managingthe large numberof jobs requiredby thesestudies.Modernaerospace
flow-solversfrequentlyrequirelarge setsof discretizatiorgridswhich describethe ge-
ometryof theaerospacegehicle. They produceasoutputlarge collectionsof datafiles.
Currently most parameterstudiesare performedwith two-dimensionafflow solvers,
but three-dimensionalolversarealsobeginningto beused.

Recentdevelopmentsn grid-based'metacomputing’suchasGlobus[1]. andLe-
gion[2] have createdbpportunitiefor runningparametestudieson remotenetworked



high-performanceomputesenerswhich constitutea shared-esourcdor participants.
But theseopportunitiescomeat a price:the proliferationof job control language (JCL)
to supportthesecapabilities.This hasplacedan onuson usersof thesemetacomput-
ing grids, who are typically engineersand researchersot well preparedor enthusi-
astic aboutlearningor creatingthe requisite control languagescripts for managing
distributed parametestudies.NASA is currently building a nationalmetacomputing
infrastructurecalledthe“Information Power Grid” (IPG)[3], intendedo provide ubig-
uitousanduniformaccesso awide rangeof computationalcommunicationgdataanal-
ysis,andstorageresourcesmary of which arespecializedandcannotbe replicatedat
all usersites.However, theinterfaceto the IPG is still underdevelopment.

We briefly describethe notion of a “parameterstudy” by giving two generalex-
amples.Simulationcodesproducesolutionsto scientificor engineeringoroblemsfor
somesetof input values(“parameters”) Varying theseparametershroughsomepre-
scribedrange(the “parameteispace”)yieldsasetof relatedresults calleda“parameter
study” (sometimesnritten as “parametricstudy”). As a secondexamplewe point to
Monte Carlo simulations.Monte Carlo codesaretypically run mary timesin orderto
to producestatisticallymeaningfulensembleveragesThistoo canbeconsideredpa-
rameterstudy wherethe parameteto be variedis merelythe seedfor randomnumber
generationanddoesnotactuallyhave ary physicalsignificance.

The end productof creatingand launchingparametesstudiesis typically a large
suite of resultfiles which mustbe postprocessednd/ormovedto someform of long-
term storage Furthermoreparametestudy usersmustbe ableto keeptrack of these
resultsandlog into a scientificdiary suchparticularsasnatureof the solved problem,
location of the resultfiles, history for the individual runs, and ary other associated
information.Being ableto easilyrecreateandthenmodify the parametestudyis also
animportantneedfor mary users.

We conducteda literaturesuney to identify existing parameteistudy capabilities
thatfulfilled theneedof usersat NASA AmesResearciCenter Theonly toolsdeemed
applicablefor thesetaskswere the historically relatedClustorand Nimrod codes[5].
Both areableto generateandlaunchsimple parametestudies.They alsoimplement
aninternal“meta-languagefor describingparametestudycreation Additionally, they
make it easyto parameterizeommandine arguments.

However, they did notfully meettherequirementsf ourusersSomeof theseareas
follows. Usersmusthave accesgo multiple job submissiorervironments Thesemust
includearny combinationof PBS[6], LSF [7], MPI, Globus, Condor[8], andLegion.
Also, usersrequirethe ability to createwhat we call “multi-stage” parametestudies
(a detailedexampleappearsn section7). Usersalsoneeda “fire-and-forget” capabil-
ity, i.e., oncethe parametestudysuiteis createdjt shouldbe possibleto initiate job
launchingandthenshutdown the parametestudytool entirely. Jobsubmissiorshould
continueautonomouslyandwithoutthecontinuedpresencef the parametestudytool.
Usersalsorequireafairly comprehensielevel of job auditingandscientificdiary capa-
bility, thesecretariakideof aproblemsolvingenvironment(PSE).Onthedevelopment
side,we neededo designa parametestudytool thatcould be easilyextendedusinga
high-level rapid-prototypindanguagdsuchasPerl). Thisis becauseve ervisionusing
thetool asatestbedor experimentsn parametestudycreationmodels job submission



models,andcomplex processspecificatiormodels.We alsoneedto be ableto usethe
tool to generateshellscriptsdesignedor parametestudyjob submissiorandfor com-
plex procesgob submission(visual scripting).It is essentiathatthe scriptgeneration
procesdeveryflexible.

2 Problem Definition

Creatingand launchingparametesstudieswithout the assistancef automatingtools
is laborious,tedious,and errorprone.Examiningthe stagesof this taskallows us to
discernthenatureof theinherentproblemsThefirst stageis to createthe parameterized
inputfiles whichincorporatehe setsof valuesrepresentinghe parametestudy These
setsarethe Cartesiarproductof the individual setsof valuesover which eachof the
parametersf interestvaries.Thetotal numberof combinationgthe parameter space)
canquickly getto bevery large,andcreatingthesesetsof inputfiles manuallyis time-
consuminganderrorprone.Eachof theresultantnputfiles representarun of the user
program(a job). Launchingjobs involves settingup partitionedfile spacesn which
they canrun, supplyingeachwith all requiredinput files, submittingthem, and then
monitoring progressand managingoutput. Our first designrequirementwas that all
of thesefunctionsbe automatedandintegratedinto a single GraphicalUser Interface
(GUI). The secondequirementvasthatof simplicity of use.We believe thatusersare
very sensitie to ease-of-uséssuesandthat they will avoid processautomationtools
thataredeemedlifficult or non-intuitive. Thethird requirements thataparametestudy
tool be ableto self-documentts actions.If it cannot,userswill quickly be miredin a
morasf hundredseventhousandpf old runswhoseorigin andpurposearenolonger
ohvious; a completeparametesstudy tool mustbe part PSEand part scientific diary.
The fourth requirements thatof job submissiorflexibility in a scientificcomputation
ervironmentcurrentlyin flux. Thisis becauséGrid-based’computinghasaddednew
compleities andlayersof JCL to the taskof submittingjobs. ILab meetsall of these
four userrequirements.

3 BasicAssumptionsand Requirementsfor Distrib uted Processing

We have startedwith two basicassumptiongboutNASA's distributedcomputingervi-
ronmentinto which jobswill belaunchedThefirst is the needto maintainproduction
level capability This hassignificantimplications,becauseall compute-intensie appli-
cationprocessingnustoccurunderthe agis of a job schedulerand queuingsystem.
Any othermanneiof submittingto shareccomputationatesourcesvouldviolate“good
neighbor”policy. The secondassumptioraboutour distributedcomputingervironment
is thatit shouldbeableto leveragethe Globusmetacomputingniddlevarecurrentlybe-
ing developedat ArgonneNationalLaboratory It mustalsobe possiblefor parameter
study usersto bypassthe Globus layer and still submitjobs into a distributed ervi-
ronment.This hasresultedin a designincorporatingseveral job modelsfor spavning
parametestudiesn a distributedfashion.



4 |Lab: TheIPG Virtual Lab

We describeémportantfeaturesof the lLab parametestudytool, in particularparame-
terizationoperationsandaspect®f theinternalcodingdesign.

4.1 Parameterization of Program Input Files

In orderto minimize the difficulty of building a setof parameterizeihput files, ILab
includesanintegrated special-purposeext editor. This editorhasunusualcapabilities:
it allows the userto mark graphically the appropriatgparametedatafields andto des-
ignatethe setof valuesfor eachselectedield. This parameterizeis depictedn Fig. 1.
Value setscanbe specifiedeitherasalist or by min/max/incrementThe userfirst se-

Fig. 1. ILab parameterizatioscreen

lects(highlights)with the mousethoseASCII text fieldswithin theinputfile which will

be parameterizedn Fig. 1, “beta” and“reynum” (known to ILab as Parameterland
Parameter2jhave alreadybeenparameterizedheir valuesetsaredisplayedin theleft
window. Currentlythe useris specifyingthe third parametem the“Set ParamValues”
dialog. If several fields mustbe parameterizedn tandem(example: multiple occur
rencesf “timestep”for eachof severalrelateddiscretizatiorzoneinputfiles), thatcan
beindicatedat this stage After text selectionof theappropriatdields,theuserentersa



list or rangeof valuesfor theselectedields.Lastly, thesetof parameterizethputfilesis
generatedT hesefiles constitutethe Cartesiarproductof theindividual parametesets.
As anexample,if threeinput valuesareto be parameterizeda 3-dimensionaparame-
terspace)thefirst with the setof values , thesecondwith ,
andthe third with , thenatotal of parameterized
fileswill beproduced.

Becausehefile parameterizeis integratedwithin thelLab GUI andbecausds use
is intuitive, the procesf parameterizatioof theinputfiles hasbeenmadetrivial. Ad-
ditionally, a“most-recently-used{MRU) capabilitysavesthe currentparameterization
statefor futurereferenceandfor reuseor modification.

4.2 Job Masking Capability

Oneof the necessitiesf a parametestudyprogramis to provide “masking” capability
for a setof parameterizedhput files. Usersrequirethis ability whenthey know that
certainparametecombinationswill producean unsuccessfulun of the scientificpro-
gramunderconsiderationTypically, they wantto specify combinationsof parameter
valuesthatwill be excludedfrom the setof input files andtheir associatedcriptfiles.
ILab’s “Edit Parameters’screen the specialpurposeeditor describedn section4.1 -
hasa pop-updialogfor this purposelUserscanenterany numberof maskingrules,and
eachrule mustspecifytwo or moreparametecomparisonskor example,if the useris
varying Parameterfrom 1 to 10, and ParameterZrom 55 to 75, andwantsto exclude
thosecombinationsvhereParameteris greaterthan9 and Parameter2quals60, the
maskingrule would be enteredas:

Paraneterl > 9 && Paraneter2 == 60

This syntax,which is the samein Perl,C, C++, andJava, was chosensinceusersare
likely to befamiliarwith it. ThenamedParameterlandParameterareassignedn order
by ILab to thevaluesbeingparameterizedlLab, of course hasnoway of knowing the
actualnamesof parametersn the users input files sincethereis no requirementhat
theinput have labeleddata.In the examplein Fig. 1, it just so happenghatthe useris

parameterizing Fortran“namelist”file with labeledfields,but ILab itself only requires
thattheinput be ASCII.) By usingPerl's“eval ” function,we caneasilyinterpretthe

above rule with minimal parsing,anduseit to deletejob objectsfrom the users list of

experiments.

4.3 Coding Model and LanguageChoice

We have choserto build our ILab GUI usingPerl5andthe Tk userinterfaceconstruc-
tion tool kit. In addition,we have usedthe Perlgeneratiorcapabilitiesof the“SpecTcl”
Tk GUI generationlDE [9], a free software tool available from Sun Microsystems.
Our choiceof Perls5wasbasedon its strongcharacteistring manipulationandbuilt-in
regularexpressiorcapabilities stronglist andsortableassociatie-hashtablelatatypes,
andits simple-to-usebject-orientedeaturesAlso, Perlis relatively ubiquitousandis
amongstthe fastestinterpreterscommonlyavailable today Altogether thesefeatures
make Perl an excellentchoicefor true rapid-prototyping.Thoughwe cannotexactly



quantify the savings in the codingeffort, we believe, basedon prior experiencesthat
the equivalentfunctionalitywould requiretwo to threetimesasmuchC++ or Java.

4.4 Object-Oriented Data Structur esand Strategies

We usedPerl “packages’(the equivalentof classesn C++ andJava) to hold all ILab
data,bothpersistenaindtransientFig. 2 depictsthe datastructuresierarchy

An Experi nent package
holdsall persistentlataithedata
is serialized(written en masse,
! retaining data structurehierar
1 1 chies)to andfrom diskwith the
E E useof Perl's Dat a: : Dunper

eralotherarraysof packagesp-
portion datathat hasto be held
in listsorarraysaPar anFi | e
packagédor eachinputfile to be
‘ E E parameterizeda Par anDat a
\—>|:]—>{ )E—>{ )E—> packagdor eachvariablebeing
| ! parameterizedh eachinputfile,
andaJob packagedo holdrun-
Fig. 2. ILab datastructures specificdata.Par ani | e and
Par anmDat a hold file- andvariable-specifidatawhile the Experimentis being cre-
atedandedited.To run a users parametestudy Experimenta list of Job packagess
createdsomePar anFi | e andPar anDat a datais transferredo Jobpackagesand
additionaldatais attachedThe organizationof datain Par anti | e andPar anDat a
is “orthogonal” to the way the samedatais organizedin the array of Job packages:
this simplifiesscriptcreation,submissionandmonitoring.Essentiallydatais in arrays
of arraysduring editing/creationwhile during submission/monitoringhe samedata
is flattenedout into a one-dimensionahrray of Job packagesBoth setsof dataare
serializedwhenanExper i ment packagas serialized.
Eachwindow or dialogboxis alsoapackagewhichholdstransientata:userinter
facereferencesinddataasnecessaryandalso“mirror” portionsof thecurrentExper -
i ment data.Thisduplicationof datamakesit easiemndmorerobustto edit previously
entereddata,sincea usercanmake changesndthencancelthechangesvithouthaving
to restorethe original data. Anotherimportantadvantages gainedfrom the “mirror”
and“orthogonal’approacheghetrade-of is moredata,lesscode.Problemsn thedata
areeasierto find andfix thanproblemsin the code.Deluggingis alsofacilitatedby the
following stratgies: (1) eachpackagehasa “dump” functionto print outall variables
and (2) eachpackageerrortrapsthe settingof any variableinsidethe set portion of
aget/set function. Caveat: dataduplicationis not a good or dependablestrateayy,
unlessit is closelyintegratedwith codedesign.This integrationmeansconstantlyre-
viewing the datamembersof packagesand moving datamembersas appropriateto
avoid inconsistencieandincoherencie@ the packagedesign.

;E_>¢ ;E_> module. To reducethe size of
theExper i nent packageser-

= = =




To keepthe codestructuresimpleandintelligible we avoidedasmuchaspossible
the useof inheritance.Someof ILab’s dialog packagesre derived from existing Tk
packagesbut this derivation is only onelevel deep,andfairly transparentThe only
datastructurethat requiring inheritanceis our JobModel packagepecausgl) we
have several “job models”already andthey have enoughsimilaritiesand differences
to justify the existenceof a baseclassand (2) more derived job modelswill needto
be addedin the future, asILab is expandedto accommodatenore meta-computing
ervironmentsThevariousjob modelsaredescribedn section5.

Perlis a highly flexible language We were ableto further simplify our packages
by giving thepackagemembersandtheget / set functionsthesamenamessincethe
Perlinterpreterdistinguisheghe variablefrom the function syntactically;the variable
is $r ef er ence- >{ nane} , andthefunction$r ef er ence- >nane. NotethatPerl
alreadymalesit easyto collapseget andset functionsinto onefunction,sothatonly
onefunctionaccompaniesachdatamember

Hereis an exampleof this approachn our Job packageshowving the new (con-
structor)function,two datamembers(Jobl DandSt at us) andthe St at us (get /
set ) functionassociatedvith the St at us datamember:

package Job;

sub new {
ny $class = shift;
ny $self = {};
$sel f->{Jobl D} = undef;
$sel f->{Status} = 'NotStarted ;
bl ess $sel f, $cl ass;
return $sel f;

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

{
if ( $tenp eq 'NotStarted || $tenp eq ' Queued’
$temp eq ' Running’ || $tenp eq ' Stopped
$tenmp eq 'Failed || $tenp eq ’Done’ )
{ $self->{Status} = $tenp; }
else { print "illegal job status = $temp\n"; }
}

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

}

In alarge programthis “same-name’modelreduceshe numberof occurrencesvhere
the programmerhasto referenceanotherpart of the codeto ensurethat namesare
correct.For thosepackageshat needto be madeinto basepackagegfor derivation of
mostly similar but slightly differentpackages)e extendthe object-orientecapproach
by puttingthe packagevariablesinto a “closure”, therebymakingthesedatamembers
lessaccessibleo programmingusersof thebaseclass.



5 Job Models

We describethe variousjob modelsthatILab currentlysupportsn orderof increasing
compleity. Thesimplestrepresentanentirelylocal capability i.e., all jobsmakingup
the parametestudyare submittedfor executionon the local machine.Therunsoccur
without the assistancef a schedulerbut may include a parallel job launchersuch
as“mpirun”. ILab generategor eachrun in the parametestudy a single shell script,
which constructsa main directory for the whole study (if one doesnt alreadyexist),
andthenbuilds its own subdirectoryuniquelynamedwith anautomaticallygenerated
parameterizatioidentifier. Filesrequiredfor input by the users executablearecopied
into therespectie subdirectoriesThe executabléas thenstarted Becausao scheduler
is assumedjobs are run sequentiallyto avoid oversubscribinghe local system.This
is accomplishedby chainingthe shell scripts:the first script doesits work andthen
submitsthe next scriptin thechain,etc. This chainingproceed®venif somecommand
within a scriptfails (e.g.,the users primary computeexecutable).

Thesecondob modellaunchegobsontoa clusterof machinegwhich mayinclude
the originatingmachine),on which the userhasaccountsandan appropriatée'.rhosts”
file. Eachjob is implementedwith a pair of shellscripts.Thefirst remote-copiegUnix
“rcp”) thesecondscriptto theremotemachineandthenexecuteqUnix “rsh”) it there.
It is the secondshell script that createsand organizesdirectory layout on the remote
host,andwhich startsthe chainof computationThis job modelcurrentlymakesno use
of schedulersWe have not built in any mechanisnfor limiting the numberof concur
rentlyrunningjobsonary individualresourceThisimpliesthattheindividual compute
resourcesnay becomeoversubscribedWe areplanningto adda non-schedulebased
job “limiter” into thisjob model.

Thethird job modelis similar to the secondexceptthatthe presencef a scheduler
is assumedwWhenthe scheduleis PBS,thefirst shell scriptsubmitsto the schedulea
scriptcontainingPBSdirectivesfollowedby shellcommands.

Thefourth job modelassumeshatthe Globus metacomputingniddlevareis used
for remotejob submissiorandfile manipulationandthata schedule(PBS)is usedfor
gueuingandstartingjobs. The remotescriptis similar to thatof thethird job model.

Noneof the above shell scriptsneedto be providedby the user;they areautomati-
cally generatedby ILab. In eachof theabove casesaparalleljob loader(currentlyMPI
is supportedmay be specified.

Currentlyfiles arenot cachedn the remotesystemsat the time of job submission.
We assumea productionlevel ervironmentrequiringrouting througha job scheduler
Thisimpliesthatthethird andfourthjob modelswill bethemostheavily used.Thetyp-
ical usagescenarids thata suiteof jobsis submittedthrougha schedulerandthatthe
computeresourcas sharedwith otherusers.Thetime for the parametestudyto com-
pletewill oftenbenumberedn days,nothoursor minutes.Thisis basedn experience
at NASA researclcentersand on knowledgeof the typesof parametesstudiesusers
are contemplating Such computationdrequently utilize volatile scratchfile systems
whenuserallocationsof permanenfile-systemspaceareinsufficient to accommodate
theinput andoutputfiles of substantiabarametestudies Advancecopying of files is
thereforerisky, sincecachednput mayhave beenpurgedby afile scrubbeby thetime
anindividual job is startedby the schedulerHowever, we have deviseda methodfor



just-in-time caching.It guaranteeshat (1) only one processcopiesan input file to a
cachewhichavoidsclobbering(involveslock file), and(2) thatfiles previously cached,
but subsequentlygeletedby a scrubberarere-cachedn demandoy the client job. We
will addthesecapabilitiesto thethird andfourth job models.

Utilizing shellscriptshasseveraladvantagesUnix shelllanguagesirethe“lingua-
franca” of Unix JCL. Our choiceis the Korn shell [10], a highly expressie language
for constructingsequencesf commandsandfor errortrappingthem.In theKornshell,
backgroungrocesseand“co-processes(backgroungrocessethatcancommunicate
with the parentprocess)are easily created Processesnay also be easily monitored,
andkilled if necessaryAnotheradwantageof usingshell scriptsis that they may be
invoked independentlyof the GUI. Thereis no requirementhat only the ILab GUI
startuserprocessesUsersmay modify the shell scriptsfor their own purposesthey
are“regclable’ The commandsn the scriptsare interleared with output statements,
whichleave arecordof their workingswhich actsasalog.

ILab may, in part,be describedasa GUI that collectsinformationon thelocations
of the users executableand input files, and assembleshell scriptsfor running this
executablelt is fairly easyto changeexisting job modelsor add nen ones,which is
accomplishedgimply by modifying the scriptgeneratingcodewithin ILab. In orderto
simplify the additionof future job modelsto ILab, we usedthe objectinheritanceca-
pabilities of Perlto createa baseJobMbdel packageand several derived packages
(Local JobMbdel , d obusJobModel , etc.).New derivedjob models,e.g.for the
metacomputingnvironmentsCondorandLegion, canbe easilyinsertednto the exist-
ing framawork.

It is possibleandeasyto usellLab to launchsinglejobs (i.e. a singletonparameter
study)into a local or remotecomputeervironmentthat may requireary of Globus,
PBS, and/orMPI. Thus, ILab may be usedsimply as a corvenientUnix JCL script
generatofor launchingsinglejobs. Thisis especiallybeneficiawhenajob will berun
on aremotesystemandrequiresthe migrationof inputfiles andexecutable.

6 Parameter Study Example - a CaseStudy

Until recently parametestudiesof aerospaceehicleflow characteristicatilized mostly
two-dimensionatomputationafluid dynamicgCFD) solvers.Thiswaspartly dictated
by limitations in the available computeresourcegCPU time and memorysize). Re-
cently, however, becausef theincreasedvailability of multi-processomachineavith

largememoriesparametestudiebasednthree-dimensionalFD codeshave become
feasible.Neverthelessthe overheador suchlarge studiesremainshigh. As an exam-
ple, we chosethe Overflow three-dimensionaNavier-Stokesflow solver [11], which

employs the oversetgrid method(overlappingcurvilineargrids exchangenterpolated
boundaryinformationat eachtime-step) The MPI parallelversionof Overflow groups
neighboringgrids for solutiononto individual processorsWe usedOverflow to com-

pute the flow field of the X38 Cren ReturnVehicle (CRV), a NASA spacevehicle.
Fig. 3 depictsthe X38 CRV and several of the body-fitted curvilinear grids defining
its surface.The completeconfigurationconsistsof 13 curvilinearbody-fittedgrids and
115rectilinearoff-body grids, totalingapproximatel\2.5million points.Overflow uses



some40 double-precisiorwords of memoryper grid point, which resultsin a total
memoryrequiremendf approximately800MB perrun.

We choseto createa 16 12 parametestudy for two significantflow variables
in a portion of the glide regime of the X38: Mach number(normalizedvehicleveloc-
ity) andAlpha (“angle-of-attack”).This resultsin a two-dimensionaparametricstudy
consistingof 192runs.Eachrunfor the X38 vehiclerequiresfour processors.

Using ILab involvesthe following steps.First, the usersuppliesa nameand di-
rectoryfor the “experiment”,which is wherethe recordsfor this studywill be kept.
Then,the local andremotemachineson which the runswill occurareselectedNext,
aninputfile directory andtheinputfile(s) to be parameterizedrespecified Inputfiles
aredisplayedn thespecial-purposgraphicaleditor, andparameterizedsdescribedn
section4.1, producing192 parameterizedhput files. Next, the useridentifiesthe ex-
ecutablenameandlocation and also a directorywherethe run subdirectoriewill be
rootedon eachof the executinghosts.Optionsfor specifyingMPI, Globus,andPBS,
andnumberof processorgfour perrun,in this case)areset.At this point, theappropri-
ateshell scriptsaregeneratedndtheninitiated. This entireentry processakesunder
five minutes If startingfrom apreviousexperimentanMRU file maybeselectedper
mitting the userto make appropriatemodificationsthroughthe samewidgetsusedto
createa new experiment.For casedik e that describedabove, it usuallytakesundera
minuteto createandstartanentireparametestudy

Two machinesvereselectedor runningthejobs,eachsupportingMPI, Globus,and
PBS.Thescriptsgeneratedby ILab conformedo our fourth job model.ILab submitted
all jobsto PBSqueueontheselectednachinesandwithin approximately\24 hoursall
jobscompletedFromtheresultingsolutionswe constructed plot of the coeficient of
lift overdrag(Cl/Cd)for the X38 CRV. SeeFig. 4. Every pointin thelatticerepresents
acompleteflow solution.

Fig. 3. X38 Crew ReturnVehiclewith several Fig. 4. Coeficientof lift overdragfor theX38
of its computationabodygrids CRv



7 CAD Tool ProcessSpecification

Currently all information describingthe users processis collectedthrougha series
of previous-and-ngt-wizards,guiding the userthroughthe processspecificationpro-
cedure.Thoughthis modelis acceptabldor single stageparameterizationst quickly
becomesnadequatdor specifyingcomplec userprocessesThesemayincludeseveral
stagesof parameterizatiorpre- and post-processingf data,archiving of data,resub-
missionand restartingof userprogramsfeedbackioopsto accommodatenultidisci-
plinary optimization,etc. Currently we are building a visual capability for complex
processspecificationproviding an alternatve to the wizard mechanismit consistsof
a CAD tool for constructinga data-flav diagramdescribingthe users setof processes.
Theusercreatesa diagramby choosingndividual proces®lementiconsfrom a palette
andplacingthemin thediagramby mouseoperationsEachiconrepresents basicpro-
cesshuilding block, suchasinputfile parameterizationnoving, copying, or renaming
files,runninganexecutablegetc.At eachnodeof thediagrama context-sensitve pop-up
dialogqueriesthe userfor the necessargetails.Internally, a directedgraphrepresent-
ing the entire set of processedn the Experimentis createdge.g.,a parameterization,
followed by the executionof a simulationprogram followed by the executionof post-
processingprogram(s)andarchving. This graphis interpreted andthe requiredindi-
vidual shellscriptsareconstructedrom the informationstoredat eachnode.The con-
structionprocessconsistsof assemblinghe requiredshell scriptsfrom macros,small
groupsof ILab-providedshellcommandshatperformtherequesteaperation.
N . Fig. 5 depictsanexampleof a
Replicate  each flow inpur multi-stageparameterizatiopro-

flow input file four-fold

file three-fold 1 e cess.In the first stage,input to
— agrid generatiorprogram(Grid-
der)is parameterizedgsultingin
- threeinputfiles. After runningthe
Parameterize . grid generatarthreegrid systems
Hreaia ™ * e havebeercreatedThesegridsys-
. sesof  temswill be part of the input to
E} - § - zmnons a flow solver (Solver), aswill a
— —- flow variablesinputfile. It is this
Grid input fie . flow inputfile whichis subjected
, to thesecondstageof parameter
p— - ization. In the figure, a four-way
=AY [sower | / - parameterizatiohasbeenapplied.
El e n‘i:\ Eachof thesefour flow inputfiles
o - mustbe replicatedthreetimesto
bepairedwith thethreegrid files,
Fig. 5. Multi-stageparameterizatioprocess andeachof thegrid files mustbe

replicatedfour timesfor pairing
with the flow input. The resultis essentiallya two-dimensionaparametestudy (3
4), but it hasresultedfrom two independenstagesof parameterizationThis addsa
higherdegreeof compleity to theusers processandconsequentlyto themechanisms
requiredfor assemblingand running thesejobs. It is, in part, for this reasonthat we



areconstructinga morepowerful userinterfacemechanisnfor specifyingandcreating
parameterizatioprocesses.

Summary

The needsof our usercommunity have triggeredthe developmentof ILab, a flexi-
ble parameteistudy creationand job submissiontool. This modernGUI implements
a modularexperimentalworkbenchfor programmingresearctinto local and remote
job submissiormethodscomplex userprocesspecificatiortechnologyandfor exper
imentationwith IPG middleware.Our choiceof Perl/Tkasa rapid-prototypingdevel-
opmentlanguagestronglyfacilitatesexperimentatiorandanticipatedurtherexpansion
of the core userGUI capabilities.We have proven our ILab productwith significant
parametestudy computationsn a distributedervironment.We are currentlyworking
closelywith userswhoseparametestudyrequirementaredemandingWe areadding
thesenew capabilitiego ILab usinganadwancedCAD-basediserinterfacetechnology
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