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Abstract

In many applicationfields thesimulationprocessis computationextensive and
fastcomputers,e.g. parallelcomputersor workstationclusters,areneededto gain
resultsin reasonabletime. Thesehigh performanceresourcescanonly beaccessed
remotelyvia Intranetor Internet. RunBeastis a simplebut effective client server
applicationwhich simplifies running of remotesimulations. It addressesall the
major problemsrelatedto the datatransfersover slow networks, unified accessto
differentremotesystemsandadministrationacrossdifferentorganizationaldomains.
Thesystemis actively usedatSKFin thecontext of theBEASTsimulationtoolbox.

1 The Simulation Framework

TheRunBeastprogramdescribedin this article is a partof theBEAST (BEAring Sim-
ulationToolbox)package.Thepackageis developedby SKF to performdynamicsim-
ulationswith specialfocuson detailedcontactanalysiswhich is requiredin simulation
of bearings,andmany other typesof machineelementswherecontactsare important.
BEAST enablesstudiesof internalmotionsand forcesin a bearingundergiven load-
ing conditions. The model is fully three-dimensional,solving the generaldifferential
equationsof motionfor all components.Typical wall-clock simulationtime rangesfrom
severalhoursonaworkstationfor smalljobsto a few daysonaparallelcomputerfor the
largeones.More detailsaboutthecapabilitiesof thepackagecanbefoundin [3].

The typical working scenariofor the enduserfollows. First the input datafor the
simulationhasto bepreparedusingaprogramcalledBeauty. Thisprogram,whichis also
a partof thepackage,providesa GUI to setupvariousmodelparametersandboundary
conditions.Thenthe input datacanbesubmittedto thesimulationcode.Theresultsof
thesimulationaresavedin severaloutputfiles andcanbeanalyzedwith two programs:
Beautyand ViewBeast. The Beautyis designedspecificallyfor 3D visualizationand
animationof simulationdata. ViewBeastprovides meansfor detailedanalysisof 2D
plots.

TheRunBeastcomesinto play whenthesimulationhasto beperformedon a remote
server in orderto get resultsin reasonabletime. RunBeastprovidesa way to sendthe
inputdatato aremoteserver, startsimulation,monitorits statusanddownloadtheoutput
files. In thefollowing sectionswewill discussoursystemdesign,problemsrelatedto the
work on a remoteserverandprovidedetailsaboutour solutionsfor theseproblems.



2 Remote Simulation System Requirements

Oursetuplooksasfollows.Wehaveanumberof engineersusingoursimulationsoftware
andanumberof highperformancecomputingsiteswherethesimulationsareperformed.
Most sitesaregeographicallyseparatedandtheonly possibleconnectionis over theIn-
ternetor Intranet. The computingsitesbelongto differentadministrationdomains,run
differentoperatingsystems,have differentperformancecharacteristics.Due to the na-
tureof the Internetthequality of theconnectionbetweena useranda computationsite
dependson their physicallocation,overall network load,etc.

Sucha configurationrisesa numberof problems. Theseproblemsare relatedto
remotenetwork access,usabilityof thesoftwareandsomeadministrative issues.Some
of themostcrucialproblemsarediscussedbelow.

� Remoteaccessissues

Having many userspotentiallyaccessingthesamesiteover thenetwork resultsin
theneedto handlemultiple simulationrequestssimultaneously. That is we needa
queuesystemat everysimulationserver.

Typical sizeof a simulationoutputfile is in the orderof hundredsof megabytes
andso transferof large files must be guaranteedto work even over low quality
network links. Transferfailuresmustbehandledandautomaticresumeprocedure
supported.It mustalsobepossibleto startdownloadbeforethesimulationfinishes.

Securityin thesystemis guaranteedby thefirewalls setupat all thesites.Thefile
transfersaresafethanksto the proprietarycompressionformats,relatively small
numberof usersand needfor specialtools to interpret the data. However, the
remotesimulationmanagermustenforceadditionalpassword protectionof user
dataandpreventusersfrom seeingeachotherwork.

Sinceour userswork in differentcountriesit mayhappenthat thereis no a single
serveraccessibleto all theclients.Thatis theclientsareforcedto work ondifferent
servers due to the network limitations. This is why we do not want to have a
centralizedresourcemanagerdistributing jobs to all the clients. Any centralized
locationmeansonegateway thatyouhave to accessbeforestartingyour work and
it mayhappenthatthis particularhostis not reachable.

� Usability issues

Differentsimulationserver sitesoften have differentsetupsandrequireusersto
keepthespecificof eachsite in mind. For instance,sitepolicy oftenresultsin an
automaticallyassignedlogin usernamedifferentfor every site. A procedurefor
submittinga job canalsovary, e.g.dueto thedifferencesin theterminalshells.

Remoteterminalaccessover a badnetwork connectionis oftenvery unstableand
canbeadditionaldiscouragingfactorstoppingusersfrom accessingremoteservers
andeventuallyusingthesimulationpackageat all.

Lack of a graphicaluserinterfaceis alsoa problem,sincemostengineersareac-
customedto work in aWindowsenvironment.



� Administrationissues

Fromtheadministrationpoint of view we arefacingproblemsdueto thedifferent
policies and different systemadministratorsworking at different sites. First of
all creationof a standarduseraccountbecomesa problemsinceevery site hasa
specialapplicationprocedureandit takestime to makeall theapplications.Onthe
otherhandsomeusersneedtheseaccountsjust for a shortperiodof time to run a
smallprojectandtheaccountscanbesafelyremovedafter that. More convenient
situationis to have a singleserviceaccountsetupat everysiteandlet all theusers
to sharethis account.

Setupof all the necessarysoftware shouldbe possiblewith the basicprivileges
givento theserviceaccountuser. Thiseliminatestheneedto contactadministrators
of everysitejust to makeasoftwareupdate.

3 Related Projects

Thetaskaddressedby theRunBeastis very similar to theproblemssolvedby thebatch
queuesystemsandmorerecentlyby theGrid technologies.Beforegoing into detailsof
our systemwe would like to mentiontheseexisting technologiesandexplain why they
arenotsuitablefor us.

3.1 Queue Systems

Theproblemof multiple usersaccessto thesamepowerful computeris not new. Many
highperformancecomputingsiteshave beenusingbatchqueuesystemsfor many years.
A comparisonof differentsystemscanbefoundin [5].

Most of the systemsare designedfor Unix-like operatingsystems. Although the
systemsareportablenotall thefeaturesareavailableondifferentplatforms.For example
forcedcheckpointrestartrequiresspecialsupportfrom theoperatingsystemandis often
not supported.Someof thewell known queuesystemsareLSF (LoadSharingFacility)
oftenusedon SGI Origin systems,NQE (Network QueuingEnvironment)usedon Cray
T3E andPBS (PortableBatch System)portedto many platforms. Thesesystemsare
typically orientedtowardwork onasinglesitewith all computingnodes(CPUsor cluster
machines)connectedto adesignatedfront-endmachine.

The tight couplingbetweenthe queuesystemandthe operatingsystembecomesa
drawbackfor theapplicationservicessuchasours.

First, we normallyhave accessto only oneUnix accountat every site. All theusers
of ourserviceareusingasingleUnix login namebut differenthigherlevel useror project
names.Thesehigherlevel namesareknown to theservicebut theoperatingsystemhas
nonotionof them.It meansthatthequeuesystemrelyingontheUnix usernamescannot
distinguishbetweentwo differentusersof theservice.Evenif thereis anaccountingsys-
temfor differentprojectnamestheselectionof aprojectID by theuseris notprotected.

Secondproblemconcernswith theuseof differentqueuesystemsat differentsites.
Eachsystemhasits own script notationand the userwould needto provide the same
informationin adifferentstyleevery timeheor shedecidesto useadifferentsite.

Next problemis theUnix environmentitself. Many industrialusersareaccustomed
to oneof theMicrosoft Windows operatingsystems.Thenecessityto 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 mentionedearliertheamountof outputdataforcesus to supportdownload
during the simulationandresumeddownload. The standardtools lack the supportfor
thesetasks.

3.2 Grid Technologies

The scopeof the Grid projectandrelatedresearchproblemsis describedin several ar-
ticles, booksandon many web sites. Seefor example[2, 4]. The ComputingPortals
group[1], which is a memberof the Global Grid Forum (GlobalGF), is aimedat con-
tributing to thecoherenceandinteroperabilityof frameworks,portals,ProblemSolving
Environments,andotherGrid-basedcomputingenvironmentsandGrid services.Some
participantsof thegroupareworkingon theproblemsthataresimilar to our.

Therearehowever someconceptualdifferencesbetweenthe approachtaken in the
Grid communityandour intentions.Oneimportantdistinctionis in therepresentationof
theresourcesto theusers.TheGrid technologysuggeststhat theenduserjust connects
to the Grid without knowing the propertiesof differentsites. We insteadjust want to
provide unifiedaccessto all thesitesbut keepthe informationaboutthecomputational
power of every separatesite open. So, in our systemthe usercanchoosehis preferred
siteandthesystemdoesnot try to alterthisdecision.

Grid technologiesassumecollaborationbetweensitesthatwasnot availablefor our
projectfor theadministrationreasonsmentionearlier. Many of theGrid projectsarestill
underdevelopmentandassuchcanbeproblematicto usein anindustrialsystem.

4 RunBeast System Architecture

RunBeastimplementsaclientserverarchitecturefor theremotecontroloverasimulation
server. It it usedto startandmonitorBEAST simulationson remotemachines.Oneor
many clientscanconnectto oneor many simulationsevers,oneat a time, andsubmit
simulationsinto thesimulationqueue,seeFigure1.
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Figure1: RunBeastclientsconnectto RunBeastserversto submitsimulationjobsto the
simulationqueue.



It addressesall themulti-client multi-serverproblemsmentionedin section2.

� Reliableremoteaccess

� Usability

� Simpleadministration

4.1 Remote Access

4.1.1 Multiple Simulation Requests

Severaluserscanconnectto a server at thesametime. To handlemultiple useraccessa
simplequeuingsystemhasbeenimplementedontheserverside.Eachserverhasexactly
onequeue.Dif ferentqueues(andservers)for differentprioritiescanbesetupfor asingle
cluster. Higher priority queuesare emptiedfirst then lower priority queuesstart their
jobs.

Jobscanberemovedfrom a queueat all times.Currentlyrunningjobswill bekilled
first thenremovedfrom thequeue.Only theauthorizedusersareallowedto remove jobs
from thequeue.Authorizedusersareserver administratorandtheuserwho queuedthe
job.

A client canconnectto oneserver at a time but canswitch to anotherserver at run-
time. Thusseveralsimulationscanbesubmittedto differentsimulationqueuesbut only
onesimulationcanbemonitoredata time. Eachserver is configuredfor acertaincluster
of machinesor multiprocessormachine.Serversmight be installedon themasternode
of a clusteror any othermachinewith connectionto themasternode.Communications
arealwaysinitiatedby theclient with a requestto theserver.

4.1.2 File Transfer

Severalfilesaretransferredbetweenclient andserver. Whenanew job is submittedinto
the serversqueuethe preprocessedinput file is sentfrom the client to the server. To
analyzesimulationdatasimulationfilesarefetchedfrom theserverto theclientmachine.

File transferis implementedvia sockets.Thedatais splittedinto equalsizedblocks.
To assurecorrectnessof thedataachecksumis addedto eachblockby theserverbefore
it is sentto theclientmachine.Theotherpartyis accumulatingtheseblocksandrestores
thedata.

Two techniquesare usedto handlebroken connections.Simulationinput files are
relatively small andare transferredonceagain. Dynamicoutputdatafiles are the big
ones,in therangeof hundredsof megabyteup to two gigabyte.Whena dynamicoutput
file transferhasbeeninterruptedit cansimply beresumedwhentheconnectionis stable
again. Client andserver comparefile sizesandresumetransferafter the last transfered
block.

Thefile resumingtechniqueis usedto implementanothertransfermethod,whichwe
call “fetch-during”. Heretheusercanchooseto fetchsimulationfiles in blockswhile the
simulationis still running.This is doneto avoid largefile transfersafterthesimulationis
finished.A useradjustabletimer is usedon theclientsideto triggerfetch-during’s. Each
timea fetch-duringis triggeredtheclientandserver negotiatelocal andremotefile sizes
andtransferthedatadifference.



Simulationoutputfiles arewritten in blocksby the simulationprogram. If a block
write is completedtheblock is markedasvalid. RunBeastensuresthatonly valid blocks
aretransferredto the client. Even the fetch-duringmethodtransfersvalid blocksonly.
This way theusercanstartanalyzingdatabeforethesimulationis actuallyfinishedand
kill it if theresultsarenotsatisfying.

4.1.3 User Access

Eachuserhasits own simulationdirectoryon theserver andcanseeandwork with this
directoryonly. This preventsusersfrom seeingeachotherswork. Subdirectoriesmight
becreatedby theuserto keepsimulationsordered.If simulationfiles aredownloadeda
copy will bekepton theserver. Simulationfiles stayon theserver until theuserdecides
to deletethem.

Runningjobscanbemonitoredby users.Theownerof thecurrentsimulationwill get
detailedjob information. This includesprogressof the simulation,solver information,
and somestatisticsaboutparallelization. Other usersonly get information about job
owner, andsimulationprogress.

4.1.4 Resource Management

RunBeastusesadecentralizedresourcemanagementsystemto assureserveravailability.
Centralizedmanagementsystemsoftenusea singlegateway for several servers,thusit
is often transparentto theuserwhich resourceis actuallyused.If this gateway is down
no resourcesareavailableany longer. To avoid this RunBeastimplementsonegateway
for eachserver. Theuserdecideswhich server to usefor thesimulation.If a servergoes
down only asinglegateway is unavailableandall othersarestill open.

4.2 Usability

Usability is grantedin two ways. First, useraccountingandsimulationstartupis han-
dledby theRunBeastserver. Thustheuserdoesnotcareon whichmachinetheserver is
running.It might beaLinux clusteror a multiprocessorAlphamachine,this is transpar-
ent to theuser. Second,usersareprovidedwith a Java baseduserinterfacewhich looks
thesameon all machines.SincestandardJava is usedfor theuserinterfaceno platform
specificdevelopmentis necessary.

No matterif the useris sitting on a Microsoft Windows driven machineor a SUN
workstationsubmittingjobs to a simulationserver is alwaysthesame.Thususersneed
to betrainedonly onceandwill beableto run theapplicationon differentplatformsand
startsimulationson differentservers.

4.3 Administration

A singleserviceaccountsystemis usedby RunBeast.OneRunBeastserver accountis
neededpersimulationserver machine.Theserversimplementa higherlevel accounting
systemfor RunBeastusers.Thususersdo notneeda specialaccountoneachsimulation
server machinebut usethesameusernameandpassword for all RunBeastservers.New



userscanbe addedto all RunBeastserversby the RunBeastadministratorwithout the
needto notify thesystemadministatorsof thesimulationmachines.

Eachserver keepsan useraccountfile which containsusername,e-mail, andpass-
word. Eachclient requestto the server, e.g. gettingstatusinformationor submittinga
job, is initiated with a login procedure.This is transparentto the usersincethe client
storesusernameandpassword. The useris asked for the usernameandpassword only
once,whenconnectingto anew server.

5 Conclusion and Future Work

TheRunBeastsystemhasbeenin usefor threeyearsnow andhasprovedto beefficient
anduseful.Fromtheuserpoint of view it hasallowedtheaccessto a numberof remote
serversvia thesameintuitive GUI. Fromthedeveloperpoint it hassimplifiedthe intro-
ductionof new simulationserversto theuserssinceno extra tutoring is requiredthanks
to thesingleclient interface.

The futuredevelopmentof theRunBeastsystemwill bedirectedtoward integration
with thestandardtoolsdescribedin section3. Weareexploringtheopportunitiesto build
thespecializedsimulationserver queueon top of thegeneralqueuesystemsof thedif-
ferentsites.Rapiddevelopmentof theGrid-relatedprojectscanmakeanimplementation
basedon thesetechnologiesfeasiblein thefuture.

We believe that the setupdescribedabove is quite generaland that it will be used
moreandmorein theindustryasthesituationwhenmany serversareproviding thesame
serviceover theInternetto many usersbecomemorepopular.
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