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Abstract

In mary applicationfields the simulationprocesdss computationextensve and
fastcomputersge.g. parallelcomputersor workstationclusters,are neededo gain
resultsin reasonabléime. Thesehigh performanceesourcesanonly beaccessed
remotelyvia Intranetor Internet. RunBeasis a simple but effective client sener
applicationwhich simplifies running of remotesimulations. It addressesll the
major problemsrelatedto the datatransfersover slow networks, unified accesdo
differentremotesystemsandadministratioracrosglifferentorganizationatomains.
Thesystemis actively usedat SKF in the context of the BEAST simulationtoolbox.

1 The Simulation Framework

The RunBeasprogramdescribedn this articleis a partof the BEAST (BEAring Sim-
ulation Toolbox) package.The packagds developedby SKF to performdynamicsim-
ulationswith specialfocuson detailedcontactanalysiswhich is requiredin simulation
of bearings,and mary othertypesof machineelements~vherecontactsare important.
BEAST enablesstudiesof internal motionsand forcesin a bearingundergiven load-
ing conditions. The modelis fully three-dimensionalsolving the generaldifferential
equationof motionfor all componentsTypical wall-clock simulationtime rangesrom
severalhourson aworkstationfor smalljobsto afew dayson aparallelcomputerfor the
large ones.More detailsaboutthe capabilitiesof the packagecanbefoundin [3].

The typical working scenariofor the enduserfollows. First the input datafor the
simulationhasto bepreparedisingaprogramcalledBeauty Thisprogramwhichis also
a partof the packageprovidesa GUI to setupvariousmodelparametersandboundary
conditions. Thentheinput datacanbe submittedto the simulationcode. The resultsof
the simulationaresavedin several outputfiles andcanbe analyzedwith two programs:
Beautyand ViewBeast. The Beautyis designedspecificallyfor 3D visualizationand
animationof simulationdata. ViewBeastprovides meansfor detailedanalysisof 2D
plots.

The RunBeastomesinto play whenthe simulationhasto be performedon aremote
sener in orderto getresultsin reasonableéime. RunBeasprovidesa way to sendthe
inputdatato aremotesener, startsimulation,monitorits statusanddownloadthe output
files. In thefollowing sectionsve will discussour systemdesign problemsrelatedto the
work on aremotesener andprovide detailsaboutour solutionsfor theseproblems.



2 Remote Simulation System Requirements

Oursetuplooksasfollows. We have anumberof engineersisingour simulationsoftware
andanumberof high performanceomputingsiteswherethe simulationsareperformed.
Most sitesaregeographicallyseparate@ndthe only possibleconnectionis over the In-
ternetor Intranet. The computingsitesbelongto differentadministrationdomains,run
differentoperatingsystemshave differentperformancecharacteristics Due to the na-
ture of the Internetthe quality of the connectiorbetweena useranda computatiorsite
depend®ntheir physicallocation,overall network load, etc.

Sucha configurationrisesa numberof problems. Theseproblemsare relatedto
remotenetwork accessusability of the softwareandsomeadministratve issues.Some
of themostcrucial problemsarediscussedbelow.

e Remoteaccessssues

Having mary userspotentiallyaccessinghe samesite over the network resultsin
the needto handlemultiple simulationrequestsimultaneouslyThatis we needa
gueuesystemat every simulationsener.

Typical size of a simulationoutputfile is in the orderof hundredsof megabytes
and so transferof large files mustbe guaranteedo work even over low quality
network links. Transferfailuresmustbe handledandautomaticesumeprocedure
supportedlt mustalsobepossibleto startdownloadbeforethesimulationfinishes.

Securityin the systemis guaranteedby thefirewalls setupat all the sites. Thefile
transfersare safethanksto the proprietarycompressiorformats, relatively small
numberof usersand needfor specialtools to interpretthe data. However, the
remotesimulationmanagemust enforceadditionalpassverd protectionof user
dataandpreventusersfrom seeingeachotherwork.

Sinceour userswork in differentcountriesit may happerthatthereis no a single
seneraccessibl¢o all theclients. Thatis theclientsareforcedto work ondifferent
seners due to the network limitations. This is why we do not wantto have a
centralizedresourcemanagedistributing jobs to all the clients. Any centralized
locationmeansonegatavay thatyou have to accesdeforestartingyour work and
it mayhapperthatthis particularhostis notreachable.

e Usabilityissues

Differentsimulationsener sitesoften have differentsetupsand requireusersto
keepthe specificof eachsite in mind. For instance site policy oftenresultsin an
automaticallyassignedogin usernamedifferentfor every site. A proceduregor
submittinga job canalsovary, e.g.dueto the differencesn theterminalshells.

Remoteterminalaccessver a badnetwork connections oftenvery unstableand
canbeadditionaldiscouragingactorstoppingusersrom accessingemoteseners
andeventuallyusingthe simulationpackageatall.

Lack of a graphicaluserinterfaceis alsoa problem,sincemostengineersreac-
customedo work in aWindows ervironment.



e Administrationissues

Fromthe administratiorpoint of view we arefacingproblemsdueto the different
policies and different systemadministratorswvorking at different sites. First of

all creationof a standarduseraccountoecomesa problemsinceevery site hasa
specialapplicationprocedureandit takestime to make all theapplicationsOnthe
otherhandsomeusersneedtheseaccountgust for a shortperiodof time to runa

small projectandthe accountanbe safelyremovedafterthat. More corvenient
situationis to have a singleserviceaccountsetupat every site andlet all theusers
to sharethis account.

Setupof all the necessargoftware shouldbe possiblewith the basicprivileges
givento theserviceaccounuser Thiseliminatesheneedto contactadministrators
of every sitejustto make a softwareupdate.

3 Related Projects

Thetaskaddressetby the RunBeasts very similar to the problemssolved by the batch
queuesystemsandmorerecentlyby the Grid technologiesBeforegoinginto detailsof
our systemwe would like to mentiontheseexisting technologiesand explain why they
arenot suitablefor us.

3.1 Queue Systems

The problemof multiple usersaccesgo the samepowerful computeris not nenv. Many
high performanceomputingsiteshave beenusingbatchqueuesystemdor mary years.
A comparisorof differentsystemsanbefoundin [5].

Most of the systemsare designedfor Unix-like operatingsystems. Although the
systemsareportablenotall thefeaturesareavailableon differentplatforms.For example
forcedcheckpointestartrequiresspecialsupportfrom the operatingsystemandis often
not supported.Someof the well known queuesystemsare LSF (Load SharingFacility)
oftenusedon SGI Origin systemsNQE (Network QueuingEnvironment)usedon Cray
T3E and PBS (PortableBatch System)portedto mary platforms. Thesesystemsare
typically orientedtowardwork onasinglesitewith all computingnodeg CPUsor cluster
machinesronnectedo a designatedront-endmachine.

The tight coupling betweenthe queuesystemand the operatingsystembecomesa
dravbackfor the applicationservicessuchasours.

First, we normally have accesgo only oneUnix accountat every site. All theusers
of our serviceareusingasingleUnix login namebut differenthigherlevel useror project
names.Thesehigherlevel namesareknown to the servicebut the operatingsystemhas
no notionof them.It meanghatthequeuesystenrelying onthe Unix usernamescannot
distinguishbetweertwo differentusersof theservice.Evenif thereis anaccountingsys-
temfor differentprojectnameghe selectionof a projectID by the useris not protected.

Secondproblemconcernswith the useof differentqueuesystemsat differentsites.
Eachsystemhasits own script notationand the userwould needto provide the same
informationin adifferentstyle every time he or shedecidedo usea differentsite.

Next problemis the Unix ervironmentitself. Many industrialusersareaccustomed
to oneof the Microsoft Windows operatingsystems.The necessityto write a scriptand



usecommandline to perform a simulationcreatesan extra barrier for the useof the
simulations.

The last problemthat we would like to outline is the outputfiles copying process.
As we have mentionedearlierthe amountof outputdataforcesusto supportdownload
during the simulationand resumeddownload. The standardools lack the supportfor
thesetasks.

3.2 Grid Technologies

The scopeof the Grid projectandrelatedresearchproblemsis describedn sereral ar

ticles, booksand on mary web sites. Seefor example[2, 4]. The ComputingPortals
group[1], which is a memberof the Global Grid Forum (Global GF), is aimedat con-
tributing to the coherenceandinteroperabilityof frameworks, portals,ProblemSolving
Environments,andother Grid-basedcomputingervironmentsand Grid services.Some
participantof the groupareworking on the problemsthataresimilar to our.

Thereare however someconceptualifferencesbetweenthe approachtakenin the
Grid communityandour intentions.Oneimportantdistinctionis in the representationf
theresourceso the users.The Grid technologysuggestshatthe enduserjust connects
to the Grid without knowing the propertiesof differentsites. We insteadjust want to
provide unified accesgo all the sitesbut keepthe informationaboutthe computational
power of every separatesite open. So, in our systemthe usercanchoosehis preferred
siteandthe systemdoesnot try to alterthis decision.

Grid technologiesassumecollaborationbetweersitesthat wasnot availablefor our
projectfor theadministratiorreasonsnentionearlier Many of the Grid projectsarestill
underdevelopmentandassuchcanbe problematido usein anindustrialsystem.

4 RunBeast System Architecture

RunBeasimplementsa clientsenerarchitecturdor theremotecontroloverasimulation
sener. It it usedto startandmonitor BEAST simulationson remotemachines.Oneor
mary clients canconnectto oneor mary simulationsevers,oneat a time, and submit
simulationgnto the simulationqueue seeFigurel.

RunBeast Clients RunBeast Servers Simulation Queues

Cient Server

Figurel: RunBeastlientsconnecto RunBeaskenersto submitsimulationjobsto the
simulationqueue.



It addresseall the multi-client multi-sener problemsmentionedn section2.
¢ Reliableremoteaccess
e Usability

e Simpleadministration

4.1 Remote Access
4.1.1 Multiple Simulation Requests

Severaluserscanconnectio a serer at the sametime. To handlemultiple useraccessa
simplequeuingsystemhasbeenimplementednthesener side. Eachsener hasexactly
onequeue Differentqueuegandseners)for differentprioritiescanbe setupfor asingle
cluster Higher priority queuesare emptiedfirst thenlower priority queuesstarttheir
jobs.

Jobscanberemovedfrom a queueat all times. Currentlyrunningjobswill bekilled
firstthenremovedfrom the queue.Only theauthorizedusersareallowedto remove jobs
from the queue.Authorizedusersaresener administratorandthe userwho queuedhe
job.

A client canconnectto onesener at a time but canswitch to anothersener at run-
time. Thusseveral simulationscanbe submittedto differentsimulationqueuedut only
onesimulationcanbemonitoredatatime. Eachseneris configuredor a certaincluster
of machinesor multiprocessomachine. Senersmight be installedon the mastemode
of a clusteror any othermachinewith connectiorto the mastemode. Communications
arealwaysinitiated by the clientwith arequesto thesener.

41.2 FileTransfer

Severalfiles aretransferreetweerclientandsener. Whenanew job is submittednto
the seners queuethe preprocessethput file is sentfrom the client to the sener. To
analyzesimulationdatasimulationfiles arefetchedfrom the senerto theclientmachine.

File transferis implementedria soclets. The datais splittedinto equalsizedblocks.
To assurecorrectnessf the dataa checksums addedo eachblock by the sener before
it is sentto theclientmachine.The otherpartyis accumulatingheseblocksandrestores
thedata.

Two techniquesare usedto handlebroken connections. Simulationinput files are
relatively small and are transferredonceagain. Dynamic output datafiles are the big
ones,in the rangeof hundredf megabyteup to two gigabyte.Whena dynamicoutput
file transferhasbeeninterruptedt cansimply beresumedvhenthe connections stable
again. Client andsener comparefile sizesandresumetransferafterthe lasttransfered
block.

Thefile resumingtechniquds usedto implementanothertransfermethod which we
call “fetch-during”. Heretheusercanchoosedo fetchsimulationfiles in blockswhile the
simulationis still running. Thisis doneto avoid largefile transfersafterthe simulationis
finished.A useradjustabldimeris usedontheclientsideto triggerfetch-durings. Each
time afetch-duringis triggeredthe clientandsener negotiatelocal andremotefile sizes
andtransferthe datadifference.



Simulationoutputfiles arewritten in blocks by the simulationprogram. If a block
write is completedheblockis markedasvalid. RunBeastnsureghatonly valid blocks
aretransferredo the client. Eventhe fetch-duringmethodtransfersvalid blocksonly.
This way the usercanstartanalyzingdatabeforethe simulationis actuallyfinishedand
kill it if theresultsarenot satisfying.

4.1.3 User Access

Eachuserhasits own simulationdirectoryon the sener andcanseeandwork with this
directoryonly. This preventsusersfrom seeingeachotherswork. Subdirectoriesnight
be createdby the userto keepsimulationsordered.If simulationfiles aredownloadeda
copy will bekeptonthesener. Simulationfiles stayon the sener until the userdecides
to deletethem.

Runningjobscanbemonitoredby users.Theownerof thecurrentsimulationwill get
detailedjob information. This includesprogressof the simulation,solver information,
and somestatisticsabout parallelization. Other usersonly get information aboutjob
owner, andsimulationprogress.

4.1.4 Resource Management

RunBeastisesa decentralizedesourcenanagemergystemnto assuresener availability.

Centralizednanagemengystemsften usea singlegatevay for several seners, thusit

is oftentransparento the userwhich resourcds actuallyused.If this gatevay is down

no resourcesmreavailableary longer To avoid this RunBeasimplementsonegatavay
for eachsener. Theuserdecidesvhich senerto usefor thesimulation.If asenergoes
down only a singlegatevay is unavailableandall othersarestill open.

4.2 Usability

Usability is grantedin two ways. First, useraccountingand simulationstartupis han-
dledby the RunBeassener. Thustheuserdoesnot careon which machinetheseneris
running. It mightbeaLinux clusteror a multiprocessoAlpha machinethisis transpar
entto theuser Secondusersareprovidedwith a Java baseduserinterfacewhich looks
the sameon all machines. Sincestandardlasa is usedfor the userinterfaceno platform
specificdevelopmenis necessary

No matterif the useris sitting on a Microsoft Windows driven machineor a SUN
workstationsubmittingjobsto a simulationsener is alwaysthe same.Thususersneed
to betrainedonly onceandwill beableto runtheapplicationon differentplatformsand
startsimulationson differentseners.

4.3 Administration

A singleserviceaccountsystemis usedby RunBeast.One RunBeassener accountis
neededpersimulationsener machine.The senersimplementa higherlevel accounting
systemfor RunBeastisers.Thususersdo not needa specialaccounton eachsimulation
sener machinebut usethe sameusernamendpassverd for all RunBeasseners. New



userscanbe addedto all RunBeassenersby the RunBeastadministratomwithout the
needto notify the systemadministator®f the simulationmachines.

Eachsener keepsan useraccountfile which containsusernameg-mail, and pass-
word. Eachclient requesto the sener, e.g. getting statusinformationor submittinga
job, is initiated with a login procedure.This is transparento the usersincethe client
storesusernameand passverd. The useris asked for the usernameand passverd only
once,whenconnectingo anew sener.

5 Conclusion and Future Wor k

The RunBeassystemhasbeenin usefor threeyearsnow andhasprovedto be efficient
anduseful. Fromthe userpoint of view it hasallowedthe accesso a numberof remote
senersvia the sameintuitive GUI. Fromthe developerpoint it hassimplifiedtheintro-
ductionof new simulationsenersto the userssinceno extra tutoringis requiredthanks
to thesingleclientinterface.

The future developmentof the RunBeassystemwill be directedtoward integration
with thestandardoolsdescribedn section3. We areexploring the opportunitiego build
the specializedsimulationsener queueon top of the generalqueuesystemsof the dif-
ferentsites.Rapiddevelopmenbf the Grid-relatedorojectscanmake animplementation
basednthesetechnologiedeasiblein the future.

We believe that the setupdescribedabove is quite generalandthatit will be used
moreandmorein theindustryasthesituationwhenmary senersareproviding the same
serviceover thelnternetto mary usersbecomemorepopular
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