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1 Title, short name,investigator

a. Full projecttitle: “Starplaneapplication-speci cnanagemenf opticalnetworks'
b. Projectshortname:StarPlane
c. Principalinvestigator:prof.drir. H.E. Bal

2 Summary, Abstract

2.1 a. Summary

As witnessedy therising popularityof overlaynetworks,applicationsncreasinglydemandnore e xibility from their
networks. In e-Sciencehe needis especiallypressing. As more and more sitescollaboratevia wide areanetworks
(WANS) in e-Scienceexperiments]ateny andbandwidthbecomemajorissues.This makesthe topologyanddimen-
sioningof the network of vital importance(e.g.,becausejueuingin intermediatehopsaddsto thelateng/). Moreover,
it would be desirableto allow for network partitioningto prevent cross-interferencéy applications(e.g., to shield
TCP-friendlyconnectionsrom newly developedaggressie protocolson high-speedVANS). Unfortunatelyin existing
networksthetopologyanddimensioningof networksis x ed,andthenumberof hopsbetweertwo nodess immutable.
Similarly, it is impossiblefor applicationdo requespartitioningof network resources.

Optical networking will changethe way networks are used. New control technologypermitsan application,in
principle, to setup one or moreend-to-end lightpaths', providing it with hundredsof Gbit/s of aggreyatebandwidth
fully dedicatedo theapplication.This movesthe bandwidthbottleneckasthe network outsidethe computetbecomes
muchfasterthanthe connectionsnside. Using lightpaths,applicationamay allocatenetworks muchlik e they allocate
physicalmemory For instance applicationamay con gure anddimensiontheir own network topology which would
then consistof true end-to-endightwave connectionsvithout intermediatequeuing,switchingor cross-interference.
Thisis in contrasto currentwork in overlaynetworks,whereavirtual link oftenconsistof multiple switching/routing
nodesconnectedy differenttypesof links.

Unfortunately while it is technicallyfeasibleto setup lightpaths,thereexist neitherthe managemenplaneto let
individual applicationsexploit this functionality directly, nor the knowledgeof how to integrateoptical networks with
applications.The proposedstarPlangrojectaddressebothof theseconcerns.

2.2 b. Abstract for laymen (in Dutch)

Applicatieshebbeneen groeiendebehoefteaan e xibiliteit in het netwerk (zoals wordt aangetoondioor de popu-
lariteit van “overlay' netwerlen). Topologie en dimensioneringvan eennetwerkzijn bepalendvoor de lateng en
bandbreedtelie de applicatieervaart. Daarmeezijn ze voor veel wetenschappeligcapplicatiesvan essentieebelang
voor de prestatie. Idealiter zou eenapplicatiezelf willen kunnenbepalenhoe zijn netwerker uitziet. Het huidige
netwerkis echterstar:topologieendimensionerindiggengrotendeelvast.

Optischeverbindingenzullen de manierwaaropwe met computernetwerdn omgaaningrijpend veranderen.De
enormebandbreedtganzulke netwerlenbetelentbijvoorbeelddatde verbindingbuitende computersnelleris dandie
binnende computer Daarnaasbestaatr, in potentie demogelijkheidom hetnetwerkin detoekomstveel e xibelerte
gebruilen. Hetis bijvoorbeeldnogelijk om eengedistritueerdeapplicatieeengeheekigennetwerkte gevenbestaande
uit lichtpaden(rechtstreekseptischeverbindingentussende verschillenddocatieswaaropde applicatiedraait). Op
dezelichtpadenvindt geenroutering,switchingof buffering plaats.Voor heteerstis hetmogelijk applicatieseeneigen
netwerkte gevenzondergebruikte makenvandure’leasedines'.

Dit allesheeftgrotegevolgenvoor de manierwaaropapplicatieggeschrgenmoeterworden. Helaaszijn er op dit
momenttweeobstalelsdie verwijderdmoetenwordenom applicatiedn staatte stellenoptimaalgebruikte makenvan
de nieuwemogelijkheden.n de eersteplaatsontbreekthetaande benodigdamanaementinfrastructuur hoewel het
fysiek mogelijk is om lichtpadenaante leggenten beho&e van applicaties,is er nog vrijwel nietsgedaanom deze



capaciteitop eervoudigewijze beschikbaate stellenaande applicatieprogrammeurtn detweedeplaatsontbreekide
kennisover hoeapplicatieggebruikkunnenmakenvan de nieuwemogelijkhederlhoemoetenwe ze aanpassenyat is
voor eenapplicatiehetmeestgeschiktenetwerketc.).

In hetvoorgesteldeStarPlaneprojectwordende methoderontwikkeld om de toegenomersnelheiden potentiele
e xibiliteit in optischenetwerlentoete kunnenpasserin applicatiesHetonderzoelzal detoegenomene xibiliteit van
optischenetwerlen ontsluiten,door applicatiesop eervoudigewijze hun eigennetwerlen-topologieene latencregren
endimensionerenVerderwordt de kennisontwikkelt over hoedit gebruiktkanwordenin echteapplicaties.

3 Classi cation

Theproposalts in the GLANCE programunderthethemeManagemenandAnalysis.
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Tablel: staf membersnvolvedin theproject

ProfessoBal hasmuchexperiencein parallelprogrammingenvironments,grid computing,andapplications.He
is adjunctdirectorof the Virtual Laboratoriedor e-SciencgVL-e) project,which includesmary researchgroupswith
data-intensie e-Sciencepplications.He alsois the main coordinatorof the DAS-2 and DAS-3 projects.Dr. de Laat
is headof the AdvancednternetResearcfAIR) groupatthe University of Amsterdam(UvA). He hasmuchexpertise
in computemetworks (including ATM andoptical networks)andgrid computing;de Laatis a memberof the steering
committeeof the Global Grid Forum andalso playsa leadingrole in the GigaPort-NGproject, which will build the
next generationoptical) academimetworking infrastructurein the Netherland{SURFnet-6).He alsoparticipatesn
the NSF OptlPuterproject. Dr. Bos' researchnterestsnclude high-speedetworks (including network monitoring),
security (e.g., worm detection),and management.He was part of the switchlets/Empestteamin Cambridgethat
allows operatorgo partition ATM networks sothatmultiple virtual networks canbe active simultaneouslyn thesame
physicalnetwork. He participatesn several large Europearprojects(SCAMPI, LOBSTER,NOAH) and headsthe
NWO/STW DeWbrm project. Prof. Sloot bringsin much expertisein computationalscience,interactve problem
solvingernvironmentsandgrid computing.He will actassupervisoffor therequestedPh.D.student.

5 Reseach school

The proposersarememberf ASCI, the AdvancedSchoolfor Computingandimaging.

6 Description of the proposedreseach

Opticalnetworkingtechnologypromisego changeadicallytheway computescientistsandapplicationresearchergse
networks. Firstly, it will allow anunprecedentehcreasen wide-areanetwork bandwidth,n the orderof tensof Gbit/s
perlightpath(opticallink [30]). As a singledistributedapplicationmay obtainmary lightpathsacrossmary physical
links, aggreyate bandwidthsmay easily reachup to hundredsof gigabits(or even terabits)per second. This alone
completelyreversesthe location of bandwidthbottlenecksn distributed systems:the network outsidethe computer
is rapidly becomingmud fasterthanthe network insidethe computer(i.e., bus andmemoryspeeds) Secondly fully

optical network infrastructuresave the potentialfor applicationgto allocatelinks on demand A lightpathis a direct
physicalpoint-to-pointconnectionnotavirtual connection So,links canbeallocatedvery muchlik e physicalmemory
in a traditional computersystem. It will even be possibleto let applicationsmodify the topolagy and dimensioning
of the network at runtime, dependingon the (changing)applications needs. Whereasmost currentwide-arealinks

arestill static, x edlow-bandwidthconnectionsthe future infrastructureprovidesdynamic, e xible, high-bandwidth



connectionsMany scienti ¢ applicationsxist thatrequirethe bandwidthand e xibility providedby opticalnetworks,
rangingfrom high-enegy physics(e.g., CERN's LHC project)to astronomy(e.qg., VLBI). With the developmentof
computationarids andvirtual laboratoriesgven moreapplicationswill arisethat store,processandvisualizehuge
amountf distributeddata(seeSection6.3).

However, realizingthis enormougpotentialof optical networksis dif cult, andmary problemsneedto be solved
rst. For example,muchresearchs alreadybeingdoneon optimizingprotocolslike TCP/IPfor opticalnetworks[15].
In ourview, themostfundamentabpenproblemnow is how to integrateopticalnetworkswith thescienti ¢ applications
thatneedthem. Thisintegrationis still poorly understoodbecauseurrentapplicationgandoperatingsystemsandgrid
middleware)do not look at networks asresourceshatcanbe allocatedandmanaged Hence ,mechanismsinterfaces,
andpolicieswill be neededhatallow applicationgo manageoptical network links, takinginto accounthatthe entire

opticalinfrastructurewill besharedoy mary applications.

We thereforeproposeo developa managemenplane,called StarPlane thatallows applicationsgo manageoptical
network links. In our proposedoroject,we will both developthe StarPlanemanagemeninfrastructureandstudyhow
applicationscanuseit. Thus,futureapplicationsareableto make optimaluseof opticalnetworks, ratherthancontinue
to usethemasif they weresimply fasterversionsof theexistingin e xible infrastructure.

The projects focusis mostly on e-Scienceapplications,both becauseheseapplicationsare well-positionedto
bene t from theadded e xibility, andbecausehe e-Sciencesites(e.g.,clustersandsupercomputersgrethe rst to be
tted with thenecessargpticalinfrastructure However, we arguethattheresultsfrom this projectwill bebene cial to
otherapplicationdomainsalso. Indeed,it is realisticto expectthatlarger universitiesandorganizationswill have full
accesdgo advancedopticalnetwork technologyin the nearfuture.

6.1 Demandand timeliness

We think this proposalis timely, becausdhe Netherlandswill obtain an optical network infrastructure(SURFnet6)
in 2005andmuchresearctalreadystartedherein 20040n the technicalaspectf optical networksin the “GigaPort
Next Generation’projectandon data-intensie applicationdn the“Virtual Laboratoriedor e-Science’(VL-e) project.
Both projectshave obtainedabout20 million eurofunding from the Dutch governmenffor their researchOur project
aimsto developthenecessarglueto connectheraw resourceprovidedby projectslik e GigaPort-NGwith thevirtual
laboratoriesof projectslike VL-e. It will alsousethe DAS-3 grid infrastructurethathasbeenrequestedn a separate
NWO equipmentproposal(althoughwe do not dependon the acceptancef the DAS-3 proposal). The StarPlane
projectwill thustake optimal advantageof the new infrastructure(SURFnet6and possibly DAS-3) aswell asfrom
ongoingresearctprojectsin theNetherlandgGigaPort-NGandVL-e), especiallyaswe participaten all theseprojects.
We also collaboratewith the NSF OptlPuter[28] project,but our work is differentin thatwe aim at very shorttime
scaleqsubseconddpr allocatingandmodifying links, giving applicationamuchmore e xibility thanwith OptiPuters
long-livedconnections.

At the sametime, we obsene that from the applicationsidethereis a cleardemandfor morenetwork e xibility,
bothin e-Sciencaandelsavhere. Thisis illustrated,for instanceby the large numberof overlay networks proposedn
recentyears.An overlay network realizesa “virtual topology' on top of the physicalnetwork. It providesapplications
on the overlay with a ratherweakillusion of a private network that is to someextent isolatedfrom the restof the
network. Unfortunately overlaysare a poor matchfor isolation, as the underlyingnetwork provides absolutelyno
resourceguaranteesvoreover, to the applicationoverlaysoftenresultin unpredictabldehaior, becauseéhe physical
resourcesireno longervisible (e.g.,whentwo nodesaredirectly connectedby a virtual link whichin reality consistof
a sequencef congestedouters).An analogyexistsin virtual machinegVMs) wherehigh-level virtualizationoftenis
not sufcient for applicationghatneedexplicit andlow-level control over the host's resourcesleadingto the growing
popularityof low-level approacheike XenandVMware[9, 19]. We areproposinga similar solutionfor the network
resources.

Thedemandor e xibility existsa fortiori in scienti ¢ applicationsvhereadirectlink betweertwo nodesn awide
areanetwork insteadof a multi-hop connectiormakesa hugedifferenceto lateng/-sensitve applicationsandthe need
to shieldTCP-friendlyconnectiongrom moreaggressie TCP-like protocolsis pressing As differentapplicationshave
different(networking) needsandbecausét is impracticalto connectphysicallyevery nodewith every othernode there
is a strongcasefor a managemerinfrastructurethat allows oneto modify the network topologyanddimensioningon
they.

Currently two obstaclesmustbe removed beforethe attractive propertiesof optical network technologycanbe
exploited: (1) the absencef an easy-to-usenanagemeninfrastructureto unlock the functionality and(2) the lack of
knowledgeof how to usethe advancedfunctionality offeredby novel networksin applications.Both areaddresseth
this proposal.



6.2 Scienti c questionand expectedresults

Scienti ¢ applicationsareincreasinglyexecutedon large-scaledistributed resources Examplesof suchresourcesn-
clude the DAS/DAS-2 distributed supercomputein the Netherlandg26], the FrenchGrid'5000, UK Grid, the US
TeraGrid,and others. Sharingresourcegrom multiple sitesto solve complex problemsor performcollaboratve re-
searchalsopresentsmportantproblemsto the applicationprogrammers Often, the infrastructureis complicatedand
heterogeneousTo a large extent, heterogeneitycan be solved by hiding it behindvirtual machines. For instance,
projectslike Legion [16] and Ibis [20] have shovn that virtual machinesn userspaceare well-suitedto implement
grid applicationsgvenfor high-performanceapplications.As mentionedbefore,virtualization canalsobe pushedo
thelower levels, leadingto the hard partitioningof a nodes resourceshat we mentionedearlier This is provided by
VMwareandXen, andalsoby our own OpenKernelEnvironment[12].

Unfortunately until now suchvirtualizationwasnot possiblefor network resourcesFor instance for somegiven
application,a 10 Ghit/sring may be the optimaltopology, while the physicalnetwork may have a completelydifferent
topology(e.g.,a star)andbandwidth. We may virtualize the network at the IP level by mappinga ring on top of the
realtopology but thisis likely to leadto increasedateng, jitter andpossiblypacletloss,dueto theadditionalqueuing,
switching and routing pointsto what ideally would be direct connections.Note that this is alsotrue for QoS-avare
network technologysuchasATM, MPLS, etc. Moreover, in mostexisting networksthereareno resourceguarantees,
soapplicationssuffer from interferenceby otherapplicationsIt would be desirablgo allow for network partitioningto
preventcross-interferencdpr exampleto protectTCP-friendlyconnections Finally, the protocolstackto be usedby
theapplicationis oftendetermineda priori (typically variationsof TCP/IP)eventhoughtheseprotocolsmaynotat all
re ect theapplications needs.

Anotherproblemwith resourcesharingis thatresourcesnay bein useby otherapplications.This problemcanbe
addressebly resourcepartitioningandresenation. Therearemary suchsystemgor computingnodes put for networks
suchsystemsdo notexist atthislevel. Preliminarywork in network partitioningandresenationwasconductedn ATM
networksandinvolvedoneof theresearcherattheVU [10, 11]. Thisshavsthatnetwork resourcesanbepartitionedat
higherlevels,but notwithout extra switching/routingand,hence potentialcongestiorandlateng. Recentlyresearchers
have alsoworked on optical networks, but the timescaleghat areconsiderecaremuchlongerthanwhatis requiredin
our project[30]. Existingapproachesaim for long-lived (semi-permanentyonnectionsandarethereforenot suitable
for the StarPlanavhich targetsconnectionghatcanbe changedn lessthana second.

Moreover, theability to partitionresourcess merelya rst steptowardunlockingthe e xibility providedby optical
networks. The secondstepis to supply applicationswith just the virtual network they need without requiringthem
to supplydetailedresourcedescriptionsn complex resourcespeci cationlanguageg¢RSLs). Thethird stepis the use
of the resourcesSomeapplicationamay be expectedto requestesourcestavery ne level of granularity andonce
grantedkeepall controlin their own hands.However, for mary othersthis is too complex. Rather they would like to
expresgheirneedsn simpleterms,for example“an IP network in aring topologywith high-speedinks”. Thebehaior
of theallocatednfrastructureshouldnot be noticeablydifferentfrom thatof a matchingphysicalnetwork.

To realizethis goal, we do not proposeto (re-)inventresourcedescriptionlanguage®r job-descriptionstandards.
Insteadwe planto build on existing solutionsandemploy a broker serviceto generatehe appropriateesourcespeci -
cationsautomaticallyfrom high-level requestsThebroker maintainsknowledgeabouttheresourcesandusesnference
to determinewhatresourcesre neededgiven a high-level descriptionandlocal policies[18]. As the succes®f the
projectwill bedeterminedo animportantextentby theeaseatwhichit is pickedup by userg(andbearingin mind the
failure of complex resourceesenationschemesn ATM in the past),we considerthis component crucial partof the
StarPlangroject.Similarinference-basedpproachearenow emegingasanimportantnew directionin self-managing
systemsin bothacademia andindustry[13, 21].

Note that the StarPlaneapproachdoesnot precludebuilding networks in which links are sharedin a best-efort
manner Onthecontrary sharedest-efort networks may coexist with specializedledicatechetworksandmay caterto
alargesetof applications.

In summary mary distributed applicationsstandto bene t from a managemenplanethat provides clients with
application-speci csetsof resourcesndprotocols.Theresearctyuestionof the proposals twofold. First, we investi-
gatehow andatwhatgranularityapplicationsanbegivenaccesso thepotential e xibility of opticalnetworks. Second,
we researcthow applicationamay bestexploit the provided e xibility. The expectedresultis theimplementatiorof a
managemerplanethatprovidestherequiredfunctionalityanddemonstrabl&nowledgeof how to integrateit with aset
of realapplications. Themanagemenmtlaneshouldmake it easyto requestmanagendusetheseresourcesandaccess
shouldbeallowedat variouslevelsof granularity As along-termresult,the softwareimplementedn the StarPlanawill

1An existing research-projecat the VU is usingthe approachfor managemenof distributed resourcesincluding a casestudy for automatic
handlingof failuresin the PBSjob submissiorsystem:www.few.vu.nl/"wdb/betagis . It involvesbothresearcherfom the VU.



facilitatethe integrationof theresource®f future networkswith the demandof future applications.

6.3 Reseach approachand methodology

For clarity, we will rst make our goalsexplicit. In the proposedstarPlangroject,we will developsupportfor:

1. fast,application-speci callocationof the network resourcesvith deterministiccharacteristics;
2. application-speci ccompositionof the protocolstackthatis usedto controltheresources;

3. low-level resourcepartitioning(and,hence nhointerference);

4. high-level requestgwherebypoliciesandinferenceareusedto assistheuser).

To achieve andvalidatethesegoalsthe projectwill deliverthefollowing software:

5. theimplementatiorof the StarPlanenanagemenfrastructure;

6. theimplementatiorof anintelligentbroker serviceto handlehigh-level requests;

7. themodi cation of a setof realapplicationgo exploit the functionality of sucha managemernlane;
8. alibrary of “standardcomponentgprotocols middlevare)to supportandbuild new applications.

The StarPlangrojectallows applicationgo allocateon-demandherequiredresourcessuchasnodes/inks, proto-
cols,etc. Themanagementlaneassistdheuserin determiningvhatneeddo beallocatedby employing aknowledge-
baseandinferenceengine. The knowledge-basatoresknowledgenot just aboutthe hardwareandsoftwareresources
availableat differentsites,but alsoaboutapplicationsandevenabstractonceptge.g.,it mayknow whatit meansf an
applicationrequests “ring topology").

By allocatingresourcest the lowestpossiblelevel, the resultingcon guration aimsto beindistinguishabldrom a
physicalallocationof resourcesSpeci cally, we partitiontheresourcegor differentapplicationsandguarante¢hatif
thereexistsadirectlink in avirtual topology it will notincur queuingin ary intermediateéhop,evenif thereis nodirect
connectiorin the physicaltopology StarPlanes approacho realizingthis goalis to connectdirectlightpathsbetween
two nodesof theapplication(seealsoSection6.4.1). Part of theapplications componentsnay be pre-de ned(e.g.,an
existing protocolstack),while anothempart may be controlleddirectly by the application. To our knowledge,no such
managemergystemexiststoday mainly becauséandlingnetwork resourcestthis level is dif cult.

After the resourcedhave beenprovided, they canbe usedby the applicationby meansof control operations.The
StarPlanepproacthallows for differentcontrolarchitectureso be active simultaneouslyFor instancewhile oneappli-
cationusesTCP Reno,anothemay opt for a TCP versionthatis optimizedfor high-speedptical WANs (of course,
differentprotocolsmaybeusedfor differentlinks). In anextremecase controlarchitectureshatareradicallydifferent
canbe usedsimultaneoushby differentapplications(e.g., ATM andIP/POS).Indeed,asthe network resourcesre
completelyunderthe control of the application thisis anideal ervironmentto experimentwith entirelynew protocols,
withoutworrying aboutinterferencewith otherapplications Thedevelopmenif new transportprotocolsis currentlya
very active researcldlomain,especiallysincestandardr CP performssopoorly on fastWANS.

We will alsoadapta setof applicationgo exploit thefeaturesofferedby the managementlane.As it is our goalto
provide genericsupportfor e-Scienceapplicationswe will developa library of componentshatapplicationamay use
to composeheir own preferredcon guration of resourcege.g., protocolstacks authorizationservices)ocal policies,
etc.). Policiesareusedto decidewho is allowedto managevhatresourcesinderwhatconditions.In this way we build
on the well-establisheadonceptof policy-basedmanagemenfsee[18, 23]) andalreadyexisting policy-speci cation
languagege.g.,PonderandPDL).

An importantaspecbf the projectis to usereal applicationgo validateour ideas.Althoughmary applicationsare
saidto be'data-intensie’, it is still an openquestionwhich applicationscanbene cially usebandwidthsof 10-1000
Ghit/s. Still, therearemary importantapplicationghatdo have suchextremelyhigh requirements:

In theVL-e project,the subprograniData intensive science'studiesapplicationdrom earthobsenation, astro-
particlephysics andhigh-enegy physicsthatuseverylargeamountof data.A goodexampleis the CERNLHC
(LargeHadronCollider) project. The datastoragecenterin Amsterdam(at SARA andNIKHEF) is expectedto
dealwith 1 PetaByteof dataperyearfrom this projectby 2007. Othersubprogramén VL-e dealwith medical
imagingdataandbioinformaticsdatabasesyhich alsoarevery large datasetsthatareaccessedemotely



Many distributed scienti ¢ instrumentgproducemassie amountsof dataat differentlocationsthat have to be

processedemotely Dependingontheapplication the datamayhave to be gatheredat a centrallocation(e.g.,to

do correlations)r may have to be scatterede.g.,CERN hasremoteusersin mostcountries).VLBI (verylong

baselinanterferometrydatain astronomys agoodexample.Thebandwidthrequirementsf thesedatatransfers
reachmary hundredsof Gbit/s. In the searchfor Ultra-High Enegy CosmicRaysin the LOFAR astronomy
project,eacheventgenerate4 00 GB of datathatneedgo betransferredo a datacollectionpoint. Perdaythere
maybemary suchevents.Similarly, thedataratefrom a LOFAR stationto a collectoris approximatelyl 0 Gbhit/s,

andtheratebetweerthe centralcoreandcentralprocessomaybe higherthan600 Gbit/s.

Largescalecomputessimulationsoftenalsoproducehugeamountf distributeddatathathaveto beexchangedn
variousways. Suchapplicationsftenusecomplicateccommunicatiorpatternssuchasbroadcastscatter/gather
reduction,and all-to-all exchangesgachof which putsdifferentdemandson the underlyingnetwork topology
[25]. The groupat the VU hasampleexperiencewith distributed supercomputingpplicationsand hasdone
muchresearcton running (non-trivially parallel)applicationson large-scalegeographicallydistributed systems
andgrids (e.g.,GridLabandDAS-2). A goodexampleis heuristicsearchusingtranspositiortables,for which
we developedan asynchronoudhandwidth-intensie algorithmthat canrun ef ciently on a grid with sufcient
bandwidth[6]. We have useda similar lateng/-insensitie algorithmto computationallysolve the gameof Awari
[17]. Thebandwidthrequiremenbf this applicationincreasesvith CPU speedandwill exceeda Gbit/spernode
for modernCPUs. If executedon a large-scalegrid, the applicationwould requireon the orderof 100 Gbit/s
wide-aregbandwidth.

Often, the outputof instrumentor simulationshasto be visualizedremotely alsoresultingin hugebandwidth
requirements.Several demonstrationsf visualizing large remotedatasetshave beengiven over the previous
yearsat conferencedike SupercomputingndiGrid. Optical networks could be a key enablingtechnologyto
make furtherprogressn this area.VL-e alsocontainsa subprogranmhatfocuseson'visualizationon the Grid'.

Work o w applicationsoften needhigh bandwidthandlow latengy andoperateacrossa WAN. Work o ws arean
integral partof the Globus4grid toolkit andarealsostudiedextensiely in VL-e.

Our approachwill be to studysereral of theseapplications,usingour contactswith VL-e andothernationaland
internationalprojects.

6.4 Organization of the reseach project

We organizethe projectin two tracks:(l) the basicStarPlanenanagemennfrastructureand(ll) the applicationsand
their needs.n track(l) we implementthe corecomponentshatareneededo build the StarPlaneAt leastonecontrol
architecturewill bebuilt, but the focusof track(l) is mostly on how to enablethe lower layerinfrastructureto change
thetopology re-establisfconnectionafter a change andreveal the topologyto the higherlayers. As it is not easyto
procesgdataat 10 Gbit/s, we alsostudyhow to make useof the high-speedctonnections.In previous work we have
showvn thata singlenodeis ableto handlehighlink ratesif paclet copiesandcontext switchingareminimized[2].

In track (11), we will useour experiencein the eld of distributedapplicationsto investigateoptimal choicesfor
severalapplications.The controlarchitecturegor theseapplicationswill beimplementedn top of the core StarPlane.
An importantaspecbf theresearctwill be comparingthe performancef application-speci cnetworks with thatof a
x ed,simpletopology In otherwords,we evaluatefor whatapplicationsandunderwhatcircumstancethe additional

e xibility improvestheoverall performanceln thistrack,we will alsodevelopaservicethatusesautomatedeasoning
to provide clientswith the network infrastructurethey need(and help themin managingtheseresources)basedon
simplerequestandaknowledgebase As mentionedoreviously, similar approacheareemeging asanimportantnen
directionin self-managingystemsTrack(ll) senestwo purposesontheonehand,it senesasvalidationfor track(l),
andontheother, asresearchnto aknowledgebasedapproacto managinga complex system.

6.4.1 Track I: the basicStarPlaneinfrastructur e

The ability to allocateandconnectight-wavesend-to-endat shorttime-scalediasonly recentlybecomefeasible. The
key ideais that we exploit the abundanceof dark ber provided by new infrastructureprojects(e.g., the SURFnet6
optical network of the GigaPort-NGproject). Considerfor instanceFigure 1 which shavs the topologyof the DAS-3
distributed clustercomputer(subjectof an existing projectproposal). SURFnethasagreedo dedicatea full bandof
up to eightlambdad betweeneachtwo connectechodesin thering. Thesewill be availablefor directcontrol by the

2A lambdais a lightwave with speci ¢ wavelength.



StarPlaneesearchersAs aresult,we will allow network usersto requestirectpoint-to-pointlightpathsto their peers.
Theseconnectionareverybasic10 Gbit/slinks, usuallywith Etherneframing. The Etherneframesareputdirectly on
their own lambdaon the nation-wide ber infrastructureanddo not enterthroughcongestiorproneswitchesor routers.
The connectionghereforehave deterministicandknown performanceharacteristics.

Using the StarPlaneapplicationsare able to interact
with the switchinginfrastructureto connectfor instance,
the nodesin Figure 1 in star ring, and othertopologies.
Applicationsarelimited only by the (growing) numberof
lambdasand lambdaconsumptiorby other applications.
Thusthe network becomesan allocatabledevice for the
computer hardly differentfrom memoryand otherlocal
resourcesTheStarPlanavill providethisabstractiontak-
inginto consideratiomccesgontrolandauthorizatiorpoli-
cies.

The StarPlangrojectwill work closelywith the DAS-
3projectandSURFnetoimplementhevisionof aDWDM
(densevavelengthdivision multiplexing) backplandor grid
clusters. If the DAS-3 proposalis not funded we will
still be ableto researchihe main conceptooutlinedin this
proposal,althoughwith a morelimited testbed(seeSec-
tion 6.4.3).

Figurel: ProposedAS-3 con guration

Lightpath establishment. We intendto investigateandpilot two complementaryvaysof lightpathconstructionOne
way is to interactwith the SURFnetNetwork OperationgCenter(NOC) by meansof requestdhat useweb services
technologyfor accessinglynamicelementsn NetherLightandthe CommonPhotonicLayer (CPL) elementsn the
nationwidenetwork [31]. Thisallows for switching10 Gbit/sconnectionsn the network betweerthe sitesandthrough
NetherLightandthe GlobalLambdalntegratedrFacility [29] to internationadestinationsThis approactbuilds onwork
donein deLaat's AIR (AdvancednternetResearchyroupatthe UvA.

The otherway is to add optical switchingequipment Client | SURFnet
at the client sites. A Micro Electro MechanicalSwitch !
(MEMS) costsaboutone/tenttperportcomparedo alayer MEMS L x
2 Ethernetswitch. Theseclient side switchesneedto be |CPUs Switch :
grid-enabledy virtualizing themusingwebservicesThe | N\
computenodesandothergrid resourcesanthenbeequipped !

with 10 Gbit/s Ethernetcardswhich will all be connected
to the optical switch (Figure 2). The individual DWDM
lightpathsfrom SURFnetBvould alsobeconnectedo that
switch. The switch canconnectindividual nodesto the lightpathsundercontrol of the applicationmiddlevare. The
combinationof thetwo will give avery powerful dynamicallyswitchednetwork.

The management/contrgllaneis key to therealizationof the goalslisted earlier World wide thereis a handfulof
projectsworking in this domain,from differentanglesWe will discussotherprojectsin Section6.6.

Figure2: Con gurationattheclient

6.4.2 Track Il: Interaction with applications

In track Il we investigatethe higherlevels of the problemspacewhich involve the interactionwith real applications.
This includesboth adaptingexisting applicationsto exploit the increasede xibility of the network, and makingthe
low-level featuresof track| availablein aneasy-to-usenanner

To adaptexisting scienti ¢ applicationsve needto identify theidealtopologyanddimensioningof the network for
theapplicationsandalsodeterminghe appropriatgrotocolsto beused.As currentnetworksarea given,thereis little
knowledgein this area.

After the mostappropriateenvironmentshave beenidenti ed we needto build the control architecturedor using
andcontrollingthem.The StarPlangrojectaimsto deliverthemeango composdhe mostappropriateernvironmentfor
new applicationdyy reusingsmallandbasiccomponentsTherefore researclis needednto thegranularity boundaries
andinterfacesof thesecomponents.While lightpathsare obvious candidatesthe scopeof the projectalsoincludes
links, protocols,controlandmanagementiNote thatpromisingresultsin this areahave beenachievedin related albeit



more restricteddomains,in projectslike STREAMS (AT&T), x-kernel (University of Arizona), and x-bind/Genesis
(ColumbiaUniversity). Similarly, therehasbeenwork in grid computingto collectresourcest multiple siteson behalf
of anapplication.However, noneof theseprojectshave addressetbw-level partitioningandreplumbingasrequiredfor
StarPlane.

We will alsodevelop libraries of componentghat can be usedto constructthe appropriateervironmentfor an
application. A network with an appropriatecontrol architecturecanbe constructedusing theselibraries. As will be
explainedbelow, however, we will alsoencodexplicit knowledgeabouthow to usethe componentssoasto automate
mostof this work.

Of crucialimportances theinteractionbetweerapplicationsand StarPlane On the one hand,we wantto provide
maximum e xibility. On the other hand,the averageprogrammershouldnot be requiredto useelaborateresource
speci cationlanguagegRSLs)just to obtainthe necessaryesourceslt is importantto lower the thresholdfor using
theadvancedeaturesf a system otherwiseuserswill getlostin thecompleity of resourcespeci cationprocedures.
The proposersxperiencedhis problemat rst handbothin grid computing(complex RSLs)andATM (which failed
partly becausef the compleity [24]).

For thisreasonyve planto build a high-level broker servicethatemploys explicit knowledgeandinferenceto trans-
late high-level requestgo low-level resourcesWe will clarify theideawith anoversimpli ed exampleof awork ow
application. Supposea userwantsto run an e-ScienceapplicationA and have its outputrenderedby atool T. The
broker hasknowledgeaboutA andT. T mayexist only on a speci ¢ clusterandrequireinputin format f;. A maybe
asingle-clusteapplicationthatis availableat a numberof sitesandproducesigh-bandwidttdatain outputformat f,.
With thisknowledgethebroker mayinfer anappropriatéopologyanddimensioningf theapplication-speci metwork
(alsotakinginto accountsecurityand usagepolicies). It may eveninfer thatif f; 6 f, corversionis needed.If the
corverteris only availableon a third cluster it will includeconnectiongo andfrom this cluster Furthermoreijt may
chooseanappropriateprotocolstackto instantiatethe application.

Most of thejob of resourcenanagemeris takenout of the handsof the programmervho mayfocuson application
writing (although,if desired,low-level directaccesawill still be possible).It is importantto notethatthe StarPlane,
wherepossible will employ existing tools and protocolsfor resourcemanagementncluding schedulersresenation
schemesndsignallingprotocolssuchasRSVR

6.4.3 Dependencies

A potentialdependencbetweertrack| andtrackll is thatthe StarPlanesoreshouldbe nished beforetheapplications
canbe modi ed soasto useit. However, aswe treatlightpathsassimplebitpipes,we will remove the dependencby
initially usinganoverlayandsimple TCP/IPpipes. The only dependences thatthe interfacesto the StarPlaneshould
bedetermineckarly. In Section7 we show thatour planningre ects this.

Anotherdependengis thatwe needa managemerihfrastructurefor our experiments Ourideal scenarichereis to
usethe DAS-3 system If the DAS-3 proposals acceptedwe will have anoutstandingestbedconsistingof ve cluster
computersonnectedy SURFnet-6 asdescribedabore. This testbedwould be availableearly 2006. In this case we
will usethe StarPlanénardwarebudgetto extendthe switchingequipmentttheVU ( nanced by the DAS-3 proposal),
to allow alarge setof nodesof the DAS-3 clusterdirectconnectvity to the StarPlanemanagemerinfrastructure.

If the DAS-3 proposaldoesnot getfunded,we will setup a smallerscaleexperimentatiorernvironmentasfollows.
We will usethe StarPlaneéhardware budgetto install an optical switch at the VU anduseit in combinationwith the
alreadyavailableopticalswitchingequipmenttthe UvA. As computenodeswe will useanOpteronclusteratthe UvA
andanexisting clusteratthe VU. Theseclusterswill belogically partitionedto emulatemultiple 'sites', andthesesites
will beconnectediia lightpaths.Thelightpathscango throughremotelocations,allowing usto emulatelong-distance
connectionsven betweemodeswithin the samecluster In this way, we areableto implementary testbedwe want,
eventhoughthe actualpartitionsmay be smallerandlocatedat closeproximity of eachother Therefore we canstill
follow the StarPlaneapproachhatis proposedn this project,albeitin asmallerscalethanwith DAS-3.

6.5 Scienti c importance of the proposedreseach

Importance for e-Science The Netherlandswill be spendingabout80 million euroresearchfundingin total over
the next 4-5 yearsto setup an optical network infrastructureandto develop virtual laboratoriedor e-Science How-

ever, bridging the gapbetweensuchan advancedinfrastructureon the one handandthe complex applicationson the
otherhandis challenging.Essentially fundamentatesearchs requiredto answemmary dif cult openquestiongsee
Section6.3). Thereforejf ourprojectis successfulit mayhave ahugeimpact.



Bene ts to other reseach domains Obsere thatthe ability to constructuseanddeletefully controlled,resource-
safevirtual networks providesbene ts to domainsotherthanscienti c computingaswell. For instance,in network
researcht may be usedto experimentwith disasterscenariosuchasthe outbreakof wormsandviruses.Becauseghe
resourcesre partitioned,the effectswill never propagatdo sitesbeyond the limits of the applicationresources.In
addition,programmersnay usethe partitioningto separatelifferenttypesof traf ¢, for researchn QoSprovisioning,
security routing, andsignalling. Theseareall of majorinterestto network operatorghatmay sharea single physical
infrastructure while providing their QoSrelatedservicelevel agreementsThe sameneedfor full isolationexists for
speci c target groups(e.g., nancial corporationsandthe military). While noneof theseareasare addressedh this
project,they will all bene t directly from theresults.

6.6 Relationshipwith reseach doneelsewhee

Someof theissuesaddressedth this proposahave beenstudiedearlierwith limited succesén the context of ATM and
SONETnetworks, but with opticalnetworksreal connectionglightpaths)ratherthanvirtual connectionsremanaged,
makingthe problemquite different(e.g.,queuingandswitching/routingcanbe eliminatedcompletely).

An early attemptin ATM at providing similar functionality as provided in the StarPlanes known asthe Tem-
pest/switchletsvork at the University of Cambridgeand involved one of the researcherat the VU (Bos) [10, 11].
The network controlwasdevolvedfrom the switchesandvirtual networks wereconstructedy partitioningthe switch
resourcesUnfortunately someresourcege.g.,switch buffers) could not befully partitionedandtherewasno access
to the hardware's admissioncontrol procedure In addition,the natureof ATM doesnot allow for direct(unswitched)
connectiondetweenary two pointsin the physicalnetwork, asintermediateswitchesalwaysprocesgshe ATM cells.

Thekey to enabldightpathsetupis the control planeimplementatiorfor the networksinvolved. World wide there
arearound veinitiativesto tacklethiscomplex problemfrom differentangles.Oneapproachs to virtualizeall elements
in anopticalnetwork andpublishall componentsisinga packagsnamedJCLP (UserControlledLightpath)developed
by Canadiarnresearcher§30]. In this approachusersare empaveredto collect, organize,subdiide and exchange
componentsn the architecturewith peersandthusconstructnetworks. Anotherapproachis called PhotonicDomain
ControllerandPhotoniclnterdomainNegotiator, developedby EVL in the OptlPuterproject. This approactbuilds on
GMPLS/ASONwhich is augmentedvith topology routing andnegotiationfunctionsto make it work acrossdomains
by usingRSVP-like protocols. The Justin Time (JIT) approachdevelopedby MCNC aimsat settingup the path by
hardwareassisatthemomenthedatastartsto o w. The AIR groupattheUVA is tacklingthe problemof authorization
of theusageof resourcesn differentdomainsandapproachethe control planefrom thatangle.A completesolutionis
mostprobablya combinationof several of the abose mentionedapproacheasno methodcurrentlycoversall aspects
of thecontrolplaneneededor clientinitiated lightpathsetupthroughdifferentdomainson very shorttime scales.

TheNSFfundedOptIPuter{28] project,in whichthe UVA participatesaimsatthere-optimizationof theentiregrid
stackof softwareabstractiondearninghow to "waste’bandwidthandstoragean orderto consere "scarce”computing
in this new world of invertedvalues.The StarPlangrojecttakesthis vision onestepfurtherby integratingthe national
multi-color optical networking capabilitiesbetweerthe participantsn the DAS-3 projectin the pool of allocatableand
modi able resourcesn very shorttime scales(subseconds).This differs signi cantly from the CANET4 [30] and
OptlPuterprojectsasthey build on fairly long lived optical connections.Therefore the StarPlangrojectwill bethe

rst to aim at couplinga nationwideoptical network with thework o w managemenmiddlevareof a grid application
atshorttime-scales.

6.7 Embeddingin our currentreseach projects

The proposedrojectwill be embeddedn the GigaPortresearctprojectsat the AdvancedinternetResearclgroupat
theUVA. Currentresearchn the groupincludesweb-servicesechniguedo virtualize componentsn opticalnetworks,
transportmechanisméor high speedoulk data,andmulti-domainauthorizatiorarchitecturesandimplementationgor
the usageof multiple resourcesn differentadministratve domains. StarPlanewill complementhe ongoingresearch
in this groupby concentratingon very fastDWDM-basedightpathprovisioning. The projectwill alsobeembeddedh
thehigh-performanceistributedcomputinggroupatthe VU (Bal, Bos),which currentlystudiegprogrammingerviron-
ments,applicationsandnetworking issuedor large-scalegrids, aswell aspaclet handlingat multi-gigabitrates(e.g.,
in theEU SCAMPlandLOBSTERprojects).

The proposergarticipatein two large BSIK projects:the Virtual Laboratoryfor e-Scienceandthe GigaPortRe-
searchon Networks project. The StarPlaneprojectaimsto developthe necessaryglue betweenthesetwo projectsby
bridgingthegapbetweertheapplicationgin VL-e) andthenetworkinginfrastructurdin GigaPort-NG) StarPlanevill
be embeddedn the ASCI researchschoolusingthe DAS-3 infrastructure. It will alsousethe internationaloptical



infrastructureGLIF. Obviously StarPlanewill closelycollaboratewith OptlPuter in which the UvA hasparticipated
sincethe beginning.

7 Work program

Year Track Milestone
1 I (i) analysisof availablelightpathequipmentandsolutions
The proposedtimeline for the project (i) preliminarydesignof the StarPlande.g.,interface
includinganindicativesetof milestones, | de nmclm)_  reau of .S icati
is shawn in Figure3. Track | will be (i) analysisof requirement®f e-Scienceapplications

ii) initial designof intelligentbroker (e.g.,interfa
doneby a Ph.D. student(4 years)and gg :i]tlié;) esignofintelligentbroler (e.g. interface

trackll by apostdoq3years).ThePh.D. 2 | implementatiorof StarPlanendprototypecontrolarchitecture
studentwill becomea memberof ASCI I implementation/modi catiorof a setof applicationgo
andwill follow theeducationaprogram usethe StarPlane/bradr functionality (overlay networksare

of ASCI. Theprogrammewill beshared useduntil the StarPlaneprototypeis available)

by both tracks. Initially the program- 3 I evaluationof the prototypeandre nementof thearchitecture
merwill assisin implementinghecore Il (i) developmentof controlarchitecturesor applications
codeof the StarPlane.In a later stage (i) development/ealuationof componentibrariesfor future
the programmemwill be instrumentain applications

integratingthetwo tracks. 4 ' PhDthesis

Figure3: Proposedimelinein years

8 Expecteduseof instrumentation

We expectto usethe SURFnet-hardwareinfrastructureand(if acceptedjhe DAS-3 system.Theonly new equipment
we needto buy for this projectis anoptical switch (or anextensionof the DAS-3 switch)for the VU. SeeSection6.4.3
for moredetail.

Euros

Postdocv/U (3 years) 166.407

9 Reguestedbudget Ph.D.studentUvA (4 years) 160.029
Scienti c programme(2 years) | 117.644

The requestedudgetis shovn on the right. The equipment Benchfegpostdoc 5.000
budgetis to eitherbuy anopticalswitchor to extendthe DAS- BenchfeePh.D.student 5.000
3 optical switch. The programmemill be sharedby the UVA EquipmentvU 50.000
andVu. total 504.080
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