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1 Title, short name,investigator

a. Full projecttitle: `Starplane:application-speci�cmanagementof opticalnetworks'

b. Projectshortname:StarPlane

c. Principalinvestigator:prof.dr.ir. H.E.Bal

2 Summary, Abstract

2.1 a. Summary

As witnessedby therisingpopularityof overlaynetworks,applicationsincreasinglydemandmore�e xibility from their
networks. In e-Sciencethe needis especiallypressing.As moreandmoresitescollaboratevia wide areanetworks
(WANs) in e-Scienceexperiments,latency andbandwidthbecomemajor issues.This makesthe topologyanddimen-
sioningof thenetwork of vital importance(e.g.,becausequeuingin intermediatehopsaddsto thelatency). Moreover,
it would be desirableto allow for network partitioning to prevent cross-interferenceby applications(e.g., to shield
TCP-friendlyconnectionsfrom newly developedaggressiveprotocolsonhigh-speedWANs). Unfortunately, in existing
networksthetopologyanddimensioningof networksis �x ed,andthenumberof hopsbetweentwo nodesis immutable.
Similarly, it is impossiblefor applicationsto requestpartitioningof network resources.

Optical networking will changethe way networks are used. New control technologypermitsan application,in
principle, to setup oneor moreend-to-end̀ lightpaths',providing it with hundredsof Gbit/s of aggregatebandwidth
fully dedicatedto theapplication.This movesthebandwidthbottleneck,asthenetwork outsidethecomputerbecomes
muchfasterthantheconnectionsinside. Usinglightpaths,applicationsmayallocatenetworksmuchlike they allocate
physicalmemory. For instance,applicationsmaycon�gure anddimensiontheir own network topology, which would
thenconsistof true end-to-endlightwave connectionswithout intermediatequeuing,switchingor cross-interference.
This is in contrastto currentwork in overlaynetworks,whereavirtual link oftenconsistsof multipleswitching/routing
nodesconnectedby differenttypesof links.

Unfortunately, while it is technicallyfeasibleto setup lightpaths,thereexist neitherthe managementplaneto let
individual applicationsexploit this functionalitydirectly, nor theknowledgeof how to integrateopticalnetworkswith
applications.TheproposedStarPlaneprojectaddressesbothof theseconcerns.

2.2 b. Abstract for laymen(in Dutch)

Applicatieshebbeneengroeiendebehoefteaan �e xibiliteit in het netwerk(zoalswordt aangetoonddoor de popu-
lariteit van `overlay' netwerken). Topologieen dimensioneringvan eennetwerkzijn bepalendvoor de latency en
bandbreedtedie de applicatieervaart. Daarmeezijn ze voor veelwetenschappelijke applicatiesvan essentieelbelang
voor de prestatie. Idealiter zou eenapplicatiezelf willen kunnenbepalenhoezijn netwerker uitziet. Het huidige
netwerkis echterstar:topologieendimensioneringliggengrotendeelsvast.

Optischeverbindingenzullen de manierwaaropwe met computernetwerken omgaaningrijpendveranderen.De
enormebandbreedtevanzulkenetwerkenbetekentbijvoorbeelddatdeverbindingbuitendecomputersnelleris dandie
binnendecomputer. Daarnaastbestaater, in potentie,demogelijkheidomhetnetwerkin detoekomstveel�e xibelerte
gebruiken.Het is bijvoorbeeldmogelijkomeengedistribueerdeapplicatieeengeheeleigennetwerktegevenbestaande
uit lichtpaden(rechtstreekseoptischeverbindingentussende verschillendelocatieswaaropde applicatiedraait). Op
dezelichtpadenvindt geenroutering,switchingof bufferingplaats.Voor heteerstis hetmogelijkapplicatieseeneigen
netwerkte gevenzondergebruiktemakenvandure`leasedlines'.

Dit allesheeftgrotegevolgenvoor demanierwaaropapplicatiesgeschrevenmoetenworden.Helaaszijn er op dit
momenttweeobstakelsdie verwijderdmoetenwordenomapplicatiesin staatte stellenoptimaalgebruikte makenvan
denieuwemogelijkheden.In deeersteplaatsontbreekthetaandebenodigdemanagementinfrastructuur: hoewel het
fysiek mogelijk is om lichtpadenaante leggenten behoeve van applicaties,is er nog vrijwel nietsgedaanom deze
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capaciteitopeenvoudigewijze beschikbaarte stellenaandeapplicatieprogrammeurs.In detweedeplaatsontbreektde
kennisoverhoeapplicatiesgebruikkunnenmakenvandenieuwemogelijkheden(hoemoetenwe zeaanpassen,wat is
vooreenapplicatiehetmeestgeschiktenetwerk,etc.).

In het voorgesteldeStarPlaneprojectwordende methodenontwikkeld om de toegenomensnelheiden potentiele
�e xibiliteit in optischenetwerkentoetekunnenpassenin applicaties.Hetonderzoekzaldetoegenomen�e xibiliteit van
optischenetwerkenontsluiten,doorapplicatiesop eenvoudigewijze huneigennetwerken-topologieente latencrëeren
endimensioneren.Verderwordt dekennisontwikkelt overhoedit gebruiktkanwordenin echteapplicaties.

3 Classi�cation

Theproposal�ts in theGLANCE programunderthethemeManagementandAnalysis.

4 Compositionof the research team

Name University Position Specialization
Prof. dr. ir. H.E.Bal VU professor Parallelprogramming
Dr. ir. H. Bos VU assistantprofessor Computernetworks
Dr. ir. C.T.A.M. deLaat UvA associateprofessor InternetandGrids
Prof. dr. P.M.A. Sloot UvA professor Computationalscience

Table1: staff membersinvolvedin theproject

ProfessorBal hasmuchexperiencein parallelprogrammingenvironments,grid computing,andapplications.He
is adjunctdirectorof theVirtual Laboratoriesfor e-Science(VL-e) project,which includesmany researchgroupswith
data-intensive e-Scienceapplications.He alsois themaincoordinatorof theDAS-2 andDAS-3 projects.Dr. deLaat
is headof theAdvancedInternetResearch(AIR) groupat theUniversityof Amsterdam(UvA). He hasmuchexpertise
in computernetworks(includingATM andopticalnetworks)andgrid computing;deLaat is a memberof thesteering
committeeof the Global Grid Forum andalsoplaysa leadingrole in the GigaPort-NGproject,which will build the
next generation(optical)academicnetworking infrastructurein theNetherlands(SURFnet-6).He alsoparticipatesin
theNSF OptIPuterproject. Dr. Bos' researchinterestsincludehigh-speednetworks (includingnetwork monitoring),
security (e.g., worm detection),and management.He was part of the switchlets/Tempestteamin Cambridgethat
allowsoperatorsto partitionATM networkssothatmultiple virtual networkscanbeactivesimultaneouslyon thesame
physicalnetwork. He participatesin several large Europeanprojects(SCAMPI, LOBSTER,NOAH) andheadsthe
NWO/STW DeWorm project. Prof. Sloot brings in much expertisein computationalscience,interactive problem
solvingenvironments,andgrid computing.He will actassupervisorfor therequestedPh.D.student.

5 Research school

Theproposersaremembersof ASCI, theAdvancedSchoolfor ComputingandImaging.

6 Description of the proposedresearch

Opticalnetworkingtechnologypromisesto changeradicallythewaycomputerscientistsandapplicationresearchersuse
networks.Firstly, it will allow anunprecedentedincreasein wide-areanetwork bandwidth,in theorderof tensof Gbit/s
per lightpath(optical link [30]). As a singledistributedapplicationmayobtainmany lightpathsacrossmany physical
links, aggregatebandwidthsmay easily reachup to hundredsof gigabits(or even terabits)per second. This alone
completelyreversesthe locationof bandwidthbottlenecksin distributedsystems:the network outsidethe computer
is rapidly becomingmuch fasterthanthenetwork insidethecomputer(i.e., busandmemoryspeeds).Secondly, fully
opticalnetwork infrastructureshave thepotentialfor applicationsto allocatelinks on demand. A lightpathis a direct
physicalpoint-to-pointconnection,notavirtual connection.So,links canbeallocatedverymuchlikephysicalmemory
in a traditionalcomputersystem. It will even be possibleto let applicationsmodify the topology anddimensioning
of the network at runtime,dependingon the (changing)application's needs. Whereasmostcurrentwide-arealinks
arestill static,�x ed low-bandwidthconnections,the future infrastructureprovidesdynamic,�e xible, high-bandwidth
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connections.Many scienti�c applicationsexist thatrequirethebandwidthand�e xibility providedby opticalnetworks,
rangingfrom high-energy physics(e.g.,CERN's LHC project) to astronomy(e.g.,VLBI). With the developmentof
computationalgrids andvirtual laboratories,evenmoreapplicationswill arisethat store,process,andvisualizehuge
amountsof distributeddata(seeSection6.3).

However, realizingthis enormouspotentialof optical networks is dif�cult, andmany problemsneedto be solved
�rst. For example,muchresearchis alreadybeingdoneonoptimizingprotocolslike TCP/IPfor opticalnetworks[15].
In ourview, themostfundamentalopenproblemnow is how to integrateopticalnetworkswith thescienti�c applications
thatneedthem.This integrationis still poorlyunderstood,becausecurrentapplications(andoperatingsystemsandgrid
middleware)do not look at networksasresourcesthatcanbeallocatedandmanaged.Hence,mechanisms,interfaces,
andpolicieswill beneededthatallow applicationsto manageopticalnetwork links, takinginto accountthat theentire
opticalinfrastructurewill besharedby many applications.

We thereforeproposeto developa managementplane,calledStarPlane, thatallowsapplicationsto manageoptical
network links. In our proposedproject,we will bothdeveloptheStarPlanemanagementinfrastructureandstudyhow
applicationscanuseit. Thus,futureapplicationsareableto makeoptimaluseof opticalnetworks,ratherthancontinue
to usethemasif they weresimply fasterversionsof theexisting in�e xible infrastructure.

The project's focus is mostly on e-Scienceapplications,both becausetheseapplicationsare well-positionedto
bene�t from theadded�e xibility , andbecausethee-Sciencesites(e.g.,clustersandsupercomputers)arethe�rst to be
�tted with thenecessaryopticalinfrastructure.However, wearguethattheresultsfrom thisprojectwill bebene�cial to
otherapplicationdomainsalso. Indeed,it is realisticto expectthat largeruniversitiesandorganizationswill have full
accessto advancedopticalnetwork technologyin thenearfuture.

6.1 Demandand timeliness

We think this proposalis timely, becausethe Netherlandswill obtain an optical network infrastructure(SURFnet6)
in 2005andmuchresearchalreadystartedherein 2004on the technicalaspectsof opticalnetworks in the“GigaPort
Next Generation”projectandondata-intensiveapplicationsin the“Virtual Laboratoriesfor e-Science”(VL-e) project.
Both projectshave obtainedabout20 million eurofundingfrom theDutchgovernmentfor their research.Our project
aimsto developthenecessaryglueto connecttheraw resourcesprovidedby projectslikeGigaPort-NGwith thevirtual
laboratoriesof projectslike VL-e. It will alsousetheDAS-3 grid infrastructurethathasbeenrequestedin a separate
NWO equipmentproposal(althoughwe do not dependon the acceptanceof the DAS-3 proposal). The StarPlane
projectwill thus take optimal advantageof the new infrastructure(SURFnet6andpossiblyDAS-3) aswell as from
ongoingresearchprojectsin theNetherlands(GigaPort-NGandVL-e), especiallyasweparticipatein all theseprojects.
We alsocollaboratewith the NSF OptIPuter[28] project,but our work is differentin that we aim at very short time
scales(subseconds)for allocatingandmodifying links, giving applicationsmuchmore�e xibility thanwith OptIPuter's
long-livedconnections.

At thesametime, we observe that from the applicationsidethereis a cleardemandfor morenetwork �e xibility ,
bothin e-Scienceandelsewhere.This is illustrated,for instance,by thelargenumberof overlaynetworksproposedin
recentyears.An overlaynetwork realizesa `virtual topology' on top of thephysicalnetwork. It providesapplications
on the overlay with a ratherweak illusion of a privatenetwork that is to someextent isolatedfrom the rest of the
network. Unfortunately, overlaysare a poor matchfor isolation, as the underlyingnetwork providesabsolutelyno
resourceguarantees.Moreover, to theapplicationsoverlaysoftenresultin unpredictablebehavior, becausethephysical
resourcesareno longervisible (e.g.,whentwo nodesaredirectlyconnectedby avirtual link which in realityconsistsof
a sequenceof congestedrouters).An analogyexistsin virtual machines(VMs) wherehigh-level virtualizationoftenis
not suf�cient for applicationsthatneedexplicit andlow-level controlover thehost's resources,leadingto thegrowing
popularityof low-level approacheslike Xen andVMware[9, 19]. We areproposinga similar solutionfor thenetwork
resources.

Thedemandfor �e xibility existsa fortiori in scienti�c applicationswhereadirectlink betweentwo nodesin awide
areanetwork insteadof a multi-hopconnectionmakesa hugedifferenceto latency-sensitiveapplicationsandtheneed
to shieldTCP-friendlyconnectionsfrom moreaggressiveTCP-likeprotocolsis pressing.As differentapplicationshave
different(networking)needsandbecauseit is impracticalto connectphysicallyeverynodewith everyothernode,there
is a strongcasefor a managementinfrastructurethatallows oneto modify thenetwork topologyanddimensioningon
the�y .

Currently, two obstaclesmust be removed beforethe attractive propertiesof optical network technologycanbe
exploited: (1) theabsenceof aneasy-to-usemanagementinfrastructureto unlock thefunctionalityand(2) the lack of
knowledgeof how to usetheadvancedfunctionalityofferedby novel networks in applications.Both areaddressedin
this proposal.
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6.2 Scienti�c questionand expectedresults

Scienti�c applicationsareincreasinglyexecutedon large-scaledistributedresources.Examplesof suchresourcesin-
clude the DAS/DAS-2 distributed supercomputerin the Netherlands[26], the FrenchGrid'5000, UK Grid, the US
TeraGrid,andothers. Sharingresourcesfrom multiple sitesto solve complex problemsor performcollaborative re-
searchalsopresentsimportantproblemsto theapplicationprogrammers.Often, the infrastructureis complicatedand
heterogeneous.To a large extent, heterogeneitycan be solved by hiding it behindvirtual machines. For instance,
projectslike Legion [16] andIbis [20] have shown that virtual machinesin userspacearewell-suitedto implement
grid applications,even for high-performanceapplications.As mentionedbefore,virtualizationcanalsobe pushedto
the lower levels, leadingto thehardpartitioningof a node's resourcesthatwe mentionedearlier. This is providedby
VMwareandXen,andalsoby our own OpenKernelEnvironment[12].

Unfortunately, until now suchvirtualizationwasnot possiblefor network resources.For instance,for somegiven
application,a 10 Gbit/sring maybetheoptimaltopology, while thephysicalnetwork mayhave a completelydifferent
topology(e.g.,a star)andbandwidth.We mayvirtualize thenetwork at the IP level by mappinga ring on top of the
realtopology, but this is likely to leadto increasedlatency, jitter andpossiblypacket loss,dueto theadditionalqueuing,
switchingandrouting points to what ideally would be direct connections.Note that this is alsotrue for QoS-aware
network technology, suchasATM, MPLS,etc. Moreover, in mostexisting networksthereareno resourceguarantees,
soapplicationssuffer from interferenceby otherapplications.It wouldbedesirableto allow for network partitioningto
preventcross-interference,for exampleto protectTCP-friendlyconnections.Finally, theprotocolstackto beusedby
theapplicationis oftendetermineda priori (typically variationsof TCP/IP)eventhoughtheseprotocolsmaynot at all
re�ect theapplication'sneeds.

Anotherproblemwith resourcesharingis that resourcesmaybein useby otherapplications.This problemcanbe
addressedby resourcepartitioningandreservation.Therearemany suchsystemsfor computingnodes,but for networks
suchsystemsdonotexist at this level. Preliminarywork in network partitioningandreservationwasconductedin ATM
networksandinvolvedoneof theresearchersat theVU [10, 11]. Thisshowsthatnetwork resourcescanbepartitionedat
higherlevels,but notwithoutextraswitching/routingand,hence,potentialcongestionandlatency. Recentlyresearchers
have alsoworkedon opticalnetworks,but thetimescalesthatareconsideredaremuchlongerthanwhat is requiredin
our project[30]. Existingapproachesaim for long-lived(semi-permanent)connectionsandarethereforenot suitable
for theStarPlanewhich targetsconnectionsthatcanbechangedin lessthana second.

Moreover, theability to partitionresourcesis merelya �rst steptowardunlockingthe�e xibility providedby optical
networks. The secondstepis to supplyapplicationswith just the virtual network they need, without requiring them
to supplydetailedresourcedescriptionsin complex resourcespeci�cationlanguages(RSLs). Thethird stepis theuse
of the resources.Someapplicationsmaybeexpectedto requestresourcesat a very �ne level of granularity, andonce
granted,keepall control in their own hands.However, for many othersthis is too complex. Rather, they would like to
expresstheirneedsin simpleterms,for example“an IP network in aring topologywith high-speedlinks”. Thebehavior
of theallocatedinfrastructureshouldnotbenoticeablydifferentfrom thatof a matchingphysicalnetwork.

To realizethis goal,we do not proposeto (re-)inventresourcedescriptionlanguagesor job-descriptionstandards.
Instead,weplanto build onexistingsolutionsandemploy a brokerserviceto generatetheappropriateresourcespeci�-
cationsautomaticallyfrom high-level requests.Thebrokermaintainsknowledgeabouttheresourcesandusesinference
to determinewhat resourcesareneeded,givena high-level descriptionandlocal policies[18]. As the successof the
projectwill bedeterminedto animportantextentby theeaseat which it is pickedup by users(andbearingin mind the
failureof complex resourcereservationschemesin ATM in thepast),we considerthis componenta crucialpartof the
StarPlaneproject.Similar inference-basedapproachesarenow emergingasanimportantnew directionin self-managing
systems,in bothacademia1 andindustry[13, 21].

Note that the StarPlaneapproachdoesnot precludebuilding networks in which links aresharedin a best-effort
manner. Onthecontrary, sharedbest-effort networksmaycoexist with specializeddedicatednetworksandmaycaterto
a largesetof applications.

In summary, many distributedapplicationsstandto bene�t from a managementplanethat providesclientswith
application-speci�csetsof resourcesandprotocols.Theresearchquestionof theproposalis twofold. First,we investi-
gatehow andatwhatgranularityapplicationscanbegivenaccessto thepotential�e xibility of opticalnetworks.Second,
we researchhow applicationsmaybestexploit theprovided�e xibility . Theexpectedresultis theimplementationof a
managementplanethatprovidestherequiredfunctionalityanddemonstrableknowledgeof how to integrateit with aset
of realapplications.Themanagementplaneshouldmakeit easyto request,manageandusetheseresources,andaccess
shouldbeallowedatvariouslevelsof granularity. As a long-termresult,thesoftwareimplementedin theStarPlanewill

1An existing research-projectat the VU is using the approachfor managementof distributed resources,including a casestudy for automatic
handlingof failuresin thePBSjob submissionsystem:www.few.vu.nl/˜wdb/betagis . It involvesbothresearchersfrom theVU.
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facilitatetheintegrationof theresourcesof futurenetworkswith thedemandof futureapplications.

6.3 Research approachand methodology

For clarity, we will �rst makeour goalsexplicit. In theproposedStarPlaneproject,we will developsupportfor:

1. fast,application-speci�callocationof thenetwork resourceswith deterministiccharacteristics;

2. application-speci�ccompositionof theprotocolstackthatis usedto controltheresources;

3. low-level resourcepartitioning(and,hence,no interference);

4. high-level requests(wherebypoliciesandinferenceareusedto assisttheuser).

To achieveandvalidatethesegoalstheprojectwill deliver thefollowing software:

5. theimplementationof theStarPlanemanagementinfrastructure;

6. theimplementationof anintelligentbrokerserviceto handlehigh-level requests;

7. themodi�cation of a setof realapplicationsto exploit thefunctionalityof sucha managementplane;

8. a library of `standard'components(protocols,middleware)to supportandbuild new applications.

TheStarPlaneprojectallowsapplicationsto allocateon-demandtherequiredresources,suchasnodes,links, proto-
cols,etc.Themanagementplaneassiststheuserin determiningwhatneedsto beallocated,by employing aknowledge-
baseandinferenceengine.Theknowledge-basestoresknowledgenot just aboutthehardwareandsoftwareresources
availableatdifferentsites,but alsoaboutapplicationsandevenabstractconcepts(e.g.,it mayknow whatit meansif an
applicationrequestsa `ring topology').

By allocatingresourcesat thelowestpossiblelevel, theresultingcon�gurationaimsto beindistinguishablefrom a
physicalallocationof resources.Speci�cally, we partitiontheresourcesfor differentapplications,andguaranteethatif
thereexistsadirectlink in avirtual topology, it will not incurqueuingin any intermediatehop,evenif thereis nodirect
connectionin thephysicaltopology. StarPlane's approachto realizingthis goal is to connectdirect lightpathsbetween
two nodesof theapplication(seealsoSection6.4.1).Partof theapplication'scomponentsmaybepre-de�ned(e.g.,an
existing protocolstack),while anotherpartmaybecontrolleddirectly by theapplication.To our knowledge,no such
managementsystemexiststoday, mainlybecausehandlingnetwork resourcesat this level is dif�cult.

After the resourceshave beenprovided,they canbe usedby theapplicationby meansof control operations.The
StarPlaneapproachallows for differentcontrolarchitecturesto beactivesimultaneously. For instance,while oneappli-
cationusesTCPReno,anothermayopt for a TCPversionthat is optimizedfor high-speedopticalWANs (of course,
differentprotocolsmaybeusedfor differentlinks). In anextremecase,controlarchitecturesthatareradicallydifferent
canbe usedsimultaneouslyby differentapplications(e.g.,ATM andIP/POS).Indeed,as the network resourcesare
completelyunderthecontrolof theapplication,this is anidealenvironmentto experimentwith entirelynew protocols,
withoutworryingaboutinterferencewith otherapplications.Thedevelopmentof new transportprotocolsis currentlya
veryactive researchdomain,especiallysincestandardTCPperformssopoorlyon fastWANs.

We will alsoadaptasetof applicationsto exploit thefeaturesofferedby themanagementplane.As it is our goalto
providegenericsupportfor e-Scienceapplications,we will developa library of componentsthatapplicationsmayuse
to composetheir own preferredcon�guration of resources(e.g.,protocolstacks,authorizationservices,local policies,
etc.).Policiesareusedto decidewho is allowedto managewhatresourcesunderwhatconditions.In this waywe build
on thewell-establishedconceptsof policy-basedmanagement(see[18, 23]) andalreadyexisting policy-speci�cation
languages(e.g.,PonderandPDL).

An importantaspectof theprojectis to userealapplicationsto validateour ideas.Althoughmany applicationsare
saidto be 'data-intensive', it is still an openquestionwhich applicationscanbene�cially usebandwidthsof 10-1000
Gbit/s.Still, therearemany importantapplicationsthatdohavesuchextremelyhigh requirements:

� In theVL-e project,thesubprogram'Data intensive science'studiesapplicationsfrom earthobservation,astro-
particlephysics,andhigh-energyphysicsthatuseverylargeamountsof data.A goodexampleis theCERNLHC
(LargeHadronCollider) project. Thedatastoragecenterin Amsterdam(at SARA andNIKHEF) is expectedto
dealwith 1 PetaByteof dataperyearfrom this projectby 2007. Othersubprogramsin VL-e dealwith medical
imagingdataandbioinformaticsdatabases,whichalsoarevery largedatasetsthatareaccessedremotely.
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� Many distributedscienti�c instrumentsproducemassive amountsof dataat different locationsthat have to be
processedremotely. Dependingon theapplication,thedatamayhave to begatheredat acentrallocation(e.g.,to
do correlations)or mayhave to bescattered(e.g.,CERNhasremoteusersin mostcountries).VLBI (very long
baselineinterferometry)datain astronomyis agoodexample.Thebandwidthrequirementsof thesedatatransfers
reachmany hundredsof Gbit/s. In the searchfor Ultra-High Energy CosmicRaysin the LOFAR astronomy
project,eacheventgenerates100GB of datathatneedsto betransferredto a datacollectionpoint. Perdaythere
maybemany suchevents.Similarly, thedataratefrom aLOFAR stationto acollectoris approximately10Gbit/s,
andtheratebetweenthecentralcoreandcentralprocessormaybehigherthan600Gbit/s.

� Largescalecomputersimulationsoftenalsoproducehugeamountsof distributeddatathathaveto beexchangedin
variousways.Suchapplicationsoftenusecomplicatedcommunicationpatterns,suchasbroadcast,scatter/gather,
reduction,andall-to-all exchanges,eachof which putsdifferentdemandson the underlyingnetwork topology
[25]. The groupat the VU hasampleexperiencewith distributedsupercomputingapplicationsandhasdone
muchresearchon running(non-trivially parallel)applicationson large-scalegeographicallydistributedsystems
andgrids (e.g.,GridLabandDAS-2). A goodexampleis heuristicsearchusingtranspositiontables,for which
we developedan asynchronous,bandwidth-intensive algorithmthat canrun ef�ciently on a grid with suf�cient
bandwidth[6]. We haveuseda similar latency-insensitivealgorithmto computationallysolve thegameof Awari
[17]. Thebandwidthrequirementof this applicationincreaseswith CPUspeedandwill exceedaGbit/spernode
for modernCPUs. If executedon a large-scalegrid, the applicationwould requireon the orderof 100 Gbit/s
wide-areabandwidth.

� Often, theoutputof instrumentsor simulationshasto be visualizedremotely, alsoresultingin hugebandwidth
requirements.Several demonstrationsof visualizing large remotedatasetshave beengiven over the previous
yearsat conferenceslike SupercomputingandiGrid. Optical networks could be a key enablingtechnologyto
makefurtherprogressin this area.VL-e alsocontainsasubprogramthatfocuseson 'visualizationon theGrid'.

� Work�o w applicationsoftenneedhigh bandwidthandlow latency andoperateacrossa WAN. Work�o wsarean
integralpartof theGlobus4grid toolkit andarealsostudiedextensively in VL-e.

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

6.4 Organizationof the research project

We organizetheprojectin two tracks:(I) thebasicStarPlanemanagementinfrastructure,and(II) theapplicationsand
their needs.In track(I) we implementthecorecomponentsthatareneededto build theStarPlane.At leastonecontrol
architecturewill bebuilt, but thefocusof track(I) is mostlyon how to enablethelower layer infrastructureto change
thetopology, re-establishconnectionsaftera change,andreveal thetopologyto thehigherlayers.As it is not easyto
processdataat 10 Gbit/s, we alsostudyhow to make useof the high-speedconnections.In previous work we have
shown thatasinglenodeis ableto handlehigh link ratesif packetcopiesandcontext switchingareminimized[2].

In track (II), we will useour experiencein the �eld of distributedapplicationsto investigateoptimal choicesfor
severalapplications.Thecontrolarchitecturesfor theseapplicationswill beimplementedon top of thecoreStarPlane.
An importantaspectof theresearchwill becomparingtheperformanceof application-speci�cnetworkswith thatof a
�x ed,simpletopology. In otherwords,we evaluatefor whatapplicationsandunderwhatcircumstancestheadditional
�e xibility improvestheoverallperformance.In this track,wewill alsodevelopaservicethatusesautomatedreasoning
to provide clientswith the network infrastructurethey need(andhelp themin managingtheseresources),basedon
simplerequestsandaknowledgebase.As mentionedpreviously, similar approachesareemergingasanimportantnew
directionin self-managingsystems.Track(II) servestwo purposes:ontheonehand,it servesasvalidationfor track(I),
andon theother, asresearchinto aknowledgebasedapproachto managingacomplex system.

6.4.1 Track I: the basicStarPlaneinfrastructur e

Theability to allocateandconnectlight-wavesend-to-endat shorttime-scaleshasonly recentlybecomefeasible.The
key idea is that we exploit the abundanceof dark �ber provided by new infrastructureprojects(e.g., the SURFnet6
opticalnetwork of theGigaPort-NGproject). Considerfor instanceFigure1 which shows the topologyof theDAS-3
distributedclustercomputer(subjectof an existing projectproposal).SURFnethasagreedto dedicatea full bandof
up to eight lambdas2 betweeneachtwo connectednodesin the ring. Thesewill beavailablefor directcontrolby the

2A lambdais a lightwave with speci�c wavelength.
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StarPlaneresearchers.As a result,we will allow network usersto requestdirectpoint-to-pointlightpathsto their peers.
Theseconnectionsareverybasic10Gbit/slinks, usuallywith Ethernetframing.TheEthernetframesareputdirectlyon
theirown lambdaon thenation-wide�ber infrastructureanddonotenterthroughcongestionproneswitchesor routers.
Theconnectionsthereforehavedeterministicandknown performancecharacteristics.

Using the StarPlane,applicationsareable to interact

Figure1: ProposedDAS-3con�guration

with theswitchinginfrastructureto connect,for instance,
the nodesin Figure1 in star, ring, andother topologies.
Applicationsarelimited only by the(growing) numberof
lambdasand lambdaconsumptionby other applications.
Thus the network becomesan allocatabledevice for the
computer, hardly different from memoryandother local
resources.TheStarPlanewill providethisabstraction,tak-
ing intoconsiderationaccesscontrolandauthorizationpoli-
cies.

TheStarPlaneprojectwill work closelywith theDAS-
3projectandSURFnetto implementthevisionof aDWDM
(densewavelengthdivisionmultiplexing)backplanefor grid
clusters. If the DAS-3 proposalis not funded we will
still beableto researchthemainconceptsoutlinedin this
proposal,althoughwith a more limited testbed(seeSec-
tion 6.4.3).

Lightpath establishment. Weintendto investigateandpilot two complementarywaysof lightpathconstruction.One
way is to interactwith the SURFnetNetwork OperationsCenter(NOC) by meansof requeststhat useweb services
technologyfor accessingdynamicelementsin NetherLightandthe CommonPhotonicLayer (CPL) elementsin the
nationwidenetwork [31]. Thisallows for switching10Gbit/sconnectionsin thenetwork betweenthesitesandthrough
NetherLightandtheGlobalLambdaIntegratedFacility [29] to internationaldestinations.Thisapproachbuildsonwork
donein deLaat'sAIR (AdvancedInternetResearch)groupat theUvA.

The otherway is to addoptical switchingequipment

CPUs
MEMS

Switch

Client SURFnet

Figure2: Con�gurationat theclient

at the client sites. A Micro Electro MechanicalSwitch
(MEMS)costsaboutone/tenthperportcomparedtoalayer-
2 Ethernetswitch. Theseclient sideswitchesneedto be
grid-enabledby virtualizingthemusingwebservices.The
computenodesandothergrid resourcescanthenbeequipped
with 10 Gbit/sEthernetcardswhich will all beconnected
to the optical switch (Figure2). The individual DWDM
lightpathsfrom SURFnet6wouldalsobeconnectedto that
switch. The switch canconnectindividual nodesto the lightpathsundercontrol of the applicationmiddleware. The
combinationof thetwo will giveaverypowerful dynamicallyswitchednetwork.

Themanagement/controlplaneis key to therealizationof thegoalslistedearlier. World wide thereis a handfulof
projectsworking in thisdomain,from differentangles.We will discussotherprojectsin Section6.6.

6.4.2 Track II: Interaction with applications

In track II we investigatethe higherlevels of the problemspacewhich involve the interactionwith real applications.
This includesboth adaptingexisting applicationsto exploit the increased�e xibility of the network, andmaking the
low-level featuresof trackI availablein aneasy-to-usemanner.

To adaptexistingscienti�c applicationsweneedto identify theidealtopologyanddimensioningof thenetwork for
theapplications,andalsodeterminetheappropriateprotocolsto beused.As currentnetworksareagiven,thereis little
knowledgein this area.

After themostappropriateenvironmentshave beenidenti�ed we needto build thecontrolarchitecturesfor using
andcontrollingthem.TheStarPlaneprojectaimsto deliverthemeansto composethemostappropriateenvironmentfor
new applicationsby reusingsmallandbasiccomponents.Therefore,researchis neededinto thegranularity, boundaries
andinterfacesof thesecomponents.While lightpathsareobvious candidates,the scopeof the projectalso includes
links, protocols,controlandmanagement.Notethatpromisingresultsin this areahavebeenachievedin related,albeit
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morerestricteddomains,in projectslike STREAMS(AT&T), x-kernel (University of Arizona), andx-bind/Genesis
(ColumbiaUniversity).Similarly, therehasbeenwork in grid computingto collectresourcesatmultiplesitesonbehalf
of anapplication.However, noneof theseprojectshaveaddressedlow-level partitioningandreplumbingasrequiredfor
StarPlane.

We will also develop libraries of componentsthat can be usedto constructthe appropriateenvironmentfor an
application. A network with an appropriatecontrol architecturecanbe constructedusingtheselibraries. As will be
explainedbelow, however, wewill alsoencodeexplicit knowledgeabouthow to usethecomponents,soasto automate
mostof this work.

Of crucial importanceis theinteractionbetweenapplicationsandStarPlane.On theonehand,we want to provide
maximum�e xibility . On the other hand,the averageprogrammershouldnot be requiredto useelaborateresource
speci�cationlanguages(RSLs)just to obtainthenecessaryresources.It is importantto lower the thresholdfor using
theadvancedfeaturesof a system,otherwiseuserswill get lost in thecomplexity of resourcespeci�cationprocedures.
Theproposersexperiencedthis problemat �rst handboth in grid computing(complex RSLs)andATM (which failed
partlybecauseof thecomplexity [24]).

For this reason,weplanto build ahigh-level brokerservicethatemploysexplicit knowledgeandinferenceto trans-
latehigh-level requeststo low-level resources.We will clarify the ideawith anoversimpli�ed exampleof a work�o w
application. Supposea userwantsto run an e-ScienceapplicationA andhave its outputrenderedby a tool T. The
broker hasknowledgeaboutA andT. T mayexist only on a speci�c clusterandrequireinput in format f1. A maybe
a single-clusterapplicationthatis availableat a numberof sitesandproduceshigh-bandwidthdatain outputformat f2.
With thisknowledgethebrokermayinfer anappropriatetopologyanddimensioningof theapplication-speci�cnetwork
(alsotaking into accountsecurityandusagepolicies). It may even infer that if f1 6= f2, conversionis needed.If the
converteris only availableon a third cluster, it will includeconnectionsto andfrom this cluster. Furthermore,it may
chooseanappropriateprotocolstackto instantiatetheapplication.

Mostof thejob of resourcemanagementis takenoutof thehandsof theprogrammerwhomayfocusonapplication
writing (although,if desired,low-level direct accesswill still be possible).It is importantto notethat the StarPlane,
wherepossible,will employ existing tools andprotocolsfor resourcemanagement,including schedulers,reservation
schemesandsignallingprotocolssuchasRSVP.

6.4.3 Dependencies

A potentialdependencebetweentrackI andtrackII is thattheStarPlanecoreshouldbe�nished beforetheapplications
canbemodi�ed soasto useit. However, aswe treatlightpathsassimplebitpipes,we will remove thedependenceby
initially usinganoverlayandsimpleTCP/IPpipes.Theonly dependenceis that theinterfacesto theStarPlaneshould
bedeterminedearly. In Section7 we show thatour planningre�ects this.

Anotherdependency is thatwe needamanagementinfrastructurefor ourexperiments.Our idealscenariohereis to
usetheDAS-3system.If theDAS-3proposalis accepted,wewill haveanoutstandingtestbedconsistingof � vecluster
computersconnectedby SURFnet-6,asdescribedabove. This testbedwould beavailableearly2006. In this case,we
will usetheStarPlanehardwarebudgetto extendtheswitchingequipmentat theVU (�nancedby theDAS-3proposal),
to allow a largesetof nodesof theDAS-3clusterdirectconnectivity to theStarPlanemanagementinfrastructure.

If theDAS-3 proposaldoesnot get funded,we will setup a smallerscaleexperimentationenvironmentasfollows.
We will usethe StarPlanehardwarebudgetto install an optical switch at the VU anduseit in combinationwith the
alreadyavailableopticalswitchingequipmentat theUvA. As computenodeswewill useanOpteronclusterat theUvA
andanexistingclusterat theVU. Theseclusterswill belogically partitionedto emulatemultiple 'sites',andthesesites
will beconnectedvia lightpaths.Thelightpathscango throughremotelocations,allowing usto emulatelong-distance
connectionsevenbetweennodeswithin thesamecluster. In this way, we areableto implementany testbedwe want,
eventhoughtheactualpartitionsmaybesmallerandlocatedat closeproximity of eachother. Therefore,we canstill
follow theStarPlaneapproachthatis proposedin thisproject,albeit in asmallerscalethanwith DAS-3.

6.5 Scienti�c importance of the proposedresearch

Importance for e-Science The Netherlandswill be spendingabout80 million euro researchfunding in total over
thenext 4-5 yearsto setup an opticalnetwork infrastructureandto developvirtual laboratoriesfor e-Science.How-
ever, bridging the gapbetweensuchan advancedinfrastructureon theonehandandthecomplex applicationson the
otherhandis challenging.Essentially, fundamentalresearchis requiredto answermany dif�cult openquestions(see
Section6.3). Therefore,if ourprojectis successful,it mayhaveahugeimpact.
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Bene�ts to other research domains Observe that theability to construct,useanddeletefully controlled,resource-
safevirtual networks providesbene�ts to domainsotherthanscienti�c computingaswell. For instance,in network
researchit maybeusedto experimentwith disasterscenariossuchastheoutbreakof wormsandviruses.Becausethe
resourcesarepartitioned,the effectswill never propagateto sitesbeyond the limits of the applicationresources.In
addition,programmersmayusethepartitioningto separatedifferenttypesof traf�c, for researchin QoSprovisioning,
security, routing,andsignalling. Theseareall of major interestto network operatorsthatmaysharea singlephysical
infrastructure,while providing their QoSrelatedservicelevel agreements.Thesameneedfor full isolationexists for
speci�c target groups(e.g., �nancial corporationsandthe military). While noneof theseareasareaddressedin this
project,they will all bene�t directly from theresults.

6.6 Relationshipwith research doneelsewhere

Someof theissuesaddressedin this proposalhavebeenstudiedearlierwith limited successin thecontext of ATM and
SONETnetworks,but with opticalnetworksrealconnections(lightpaths)ratherthanvirtual connectionsaremanaged,
makingtheproblemquitedifferent(e.g.,queuingandswitching/routingcanbeeliminatedcompletely).

An early attemptin ATM at providing similar functionality as provided in the StarPlaneis known as the Tem-
pest/switchletswork at the University of Cambridgeand involved oneof the researchersat the VU (Bos) [10, 11].
Thenetwork controlwasdevolvedfrom theswitchesandvirtual networkswereconstructedby partitioningtheswitch
resources.Unfortunately, someresources(e.g.,switchbuffers)couldnot be fully partitionedandtherewasno access
to thehardware's admissioncontrolprocedure.In addition,thenatureof ATM doesnot allow for direct (unswitched)
connectionsbetweenany two pointsin thephysicalnetwork, asintermediateswitchesalwaysprocesstheATM cells.

Thekey to enablelightpathsetupis thecontrolplaneimplementationfor thenetworksinvolved. World wide there
arearound� veinitiativesto tacklethiscomplex problemfromdifferentangles.Oneapproachis tovirtualizeall elements
in anopticalnetwork andpublishall componentsusingapackagenamedUCLP(UserControlledLightpath)developed
by Canadianresearchers[30]. In this approachusersare empoweredto collect, organize,subdivide and exchange
componentsin thearchitecturewith peersandthusconstructnetworks. Anotherapproachis calledPhotonicDomain
ControllerandPhotonicInterdomainNegotiator, developedby EVL in theOptIPuterproject.This approachbuilds on
GMPLS/ASONwhich is augmentedwith topology, routingandnegotiationfunctionsto make it work acrossdomains
by usingRSVP-like protocols. The JustIn Time (JIT) approachdevelopedby MCNC aimsat settingup the pathby
hardwareassistat themomentthedatastartsto �o w. TheAIR groupat theUvA is tacklingtheproblemof authorization
of theusageof resourcesin differentdomainsandapproachesthecontrolplanefrom thatangle.A completesolutionis
mostprobablya combinationof severalof theabove mentionedapproachesasno methodcurrentlycoversall aspects
of thecontrolplaneneededfor client initiatedlightpathsetupthroughdifferentdomainsonveryshorttime scales.

TheNSFfundedOptIPuter[28] project,in whichtheUvA participates,aimsat there-optimizationof theentiregrid
stackof softwareabstractions,learninghow to ”waste”bandwidthandstoragein orderto conserve”scarce”computing
in this new world of invertedvalues.TheStarPlaneprojecttakesthis visiononestepfurtherby integratingthenational
multi-color opticalnetworkingcapabilitiesbetweentheparticipantsin theDAS-3projectin thepool of allocatableand
modi�able resourceson very short time scales(subseconds).This differs signi�cantly from the CANET4 [30] and
OptIPuterprojectsasthey build on fairly long lived optical connections.Therefore,the StarPlaneprojectwill be the
�rst to aim at couplinga nationwideopticalnetwork with thework�o w managementmiddlewareof a grid application
at shorttime-scales.

6.7 Embedding in our current research projects

Theproposedprojectwill beembeddedin theGigaPortresearchprojectsat theAdvancedInternetResearchgroupat
theUvA. Currentresearchin thegroupincludesweb-servicestechniquesto virtualizecomponentsin opticalnetworks,
transportmechanismsfor high speedbulk data,andmulti-domainauthorizationarchitecturesandimplementationsfor
theusageof multiple resourcesin differentadministrative domains.StarPlanewill complementtheongoingresearch
in this groupby concentratingonvery fastDWDM-basedlightpathprovisioning.Theprojectwill alsobeembeddedin
thehigh-performancedistributedcomputinggroupat theVU (Bal, Bos),whichcurrentlystudiesprogrammingenviron-
ments,applications,andnetworking issuesfor large-scalegrids,aswell aspacket handlingat multi-gigabitrates(e.g.,
in theEU SCAMPIandLOBSTERprojects).

The proposersparticipatein two large BSIK projects: the Virtual Laboratoryfor e-Scienceandthe GigaPortRe-
searchon Networksproject. TheStarPlaneprojectaimsto developthenecessarygluebetweenthesetwo projectsby
bridgingthegapbetweentheapplications(in VL-e) andthenetworking infrastructure(in GigaPort-NG).StarPlanewill
be embeddedin the ASCI researchschoolusing the DAS-3 infrastructure. It will also usethe internationaloptical
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infrastructureGLIF. Obviously StarPlanewill closelycollaboratewith OptIPuter, in which the UvA hasparticipated
sincethebeginning.

7 Work program

The proposedtimeline for the project,

Year Track Milestone
1 I (i) analysisof availablelightpathequipmentandsolutions

(ii) preliminarydesignof theStarPlane(e.g.,interface
de�nition)

II (i) analysisof requirementsof e-Scienceapplications
(ii) initial designof intelligentbroker (e.g.,interface
de�nition)

2 I implementationof StarPlaneandprototypecontrolarchitecture
II implementation/modi�cationof a setof applicationsto

usetheStarPlane/broker functionality(overlaynetworksare
useduntil theStarPlaneprototypeis available)

3 I evaluationof theprototypeandre�nementof thearchitecture
II (i) developmentof controlarchitecturesfor applications

(ii) development/evaluationof componentlibrariesfor future
applications

4 I PhDthesis

Figure3: Proposedtimelinein years

includinganindicativesetof milestones,
is shown in Figure 3. Track I will be
doneby a Ph.D. student(4 years)and
trackII byapostdoc(3years).ThePh.D.
studentwill becomea memberof ASCI
andwill follow theeducationalprogram
of ASCI.Theprogrammerwill beshared
by both tracks. Initially the program-
merwill assistin implementingthecore
codeof the StarPlane.In a later stage
theprogrammerwill be instrumentalin
integratingthetwo tracks.

8 Expecteduseof instrumentation

We expectto usetheSURFnet-6hardwareinfrastructureand(if accepted)theDAS-3system.Theonly new equipment
weneedto buy for this projectis anopticalswitch(or anextensionof theDAS-3switch)for theVU. SeeSection6.4.3
for moredetail.

9 Requestedbudget

The requestedbudgetis shown on the right. The equipment

Euros
PostdocVU (3 years) 166.407
Ph.D.studentUvA (4 years) 160.029
Scienti�c programmer(2 years) 117.644
Benchfeepostdoc 5.000
BenchfeePh.D.student 5.000
EquipmentVU 50.000
total 504.080

budgetis to eitherbuy anopticalswitchor to extendtheDAS-
3 opticalswitch. Theprogrammerwill besharedby theUvA
andVU.
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