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Executive Summary

This documenpresentshe brstdraft specibcatiomf programmingnterfacesfor
the XtreemOSoperatingsystemandserviceslt Prstoutlinesthe designspacefor
grid API@ into which the XtreemOSprogrammingnterfacescanbe positioned.
Then,therequirement®n XtreemOSAPIG, asstatedby the otherwork packages
of XtreemOS arelisted anddiscussed From this discussionwe concludeto de-
claretheupcomingOGFstandarddAGA (the OSimplé\PI for Grid ApplicationsO)
to bethe brstdraft of the XtreemOSAPI. XtreemOS-specibextensionsandOna-
tiveQAPIB will beaddedassoonaspossible namelyin thenext API version,due
in month18 of the project.



1 Introduction

Theobjectve of work packageS.1is to provide the API of XtreemOSanda cor-

respondinguntimesystemnfor grid applications.Thegoalis to allow applications
to run on ary XtreemOSplatform, be it a handhelddevice, a PC, a federation
of machinespr a virtual organization(VO) comprisingsystemsof all thesecat-

egories. As far aspossible,existing Linux applicationsshall be ableto run on

XtreemOSwith little or no modibcations.

To achieve this objectie, variousinterfacesneedto becoordinated A distinc-
tion hasto be madebetweenapplicationinterfacesand managemeninterfaces;
thelatterbeingthosenecessaryor XtreemQOS-specibservicesandLinux exten-
sions.

The specibcatiorf the XtreemOSAPI is beingperformedby agreemenbe-
tweenrepresentatiesof all projectpartnersrepresentindpothgroupsof interface
providers andinterfaceusers. This is an iterative process:a Prstspecibcation,
intendedasanearlydraft,is beingagreeduponearlyin the project,suchthatim-
mediateimplementatiorexperiencecanbe gainedandstrengthsandweaknesses
identibPed.Severalmilestonesluringtheprojectwill coverrevisionsandimprove-
mentsof the API, until the Pnalversionwill meetall requirementof both ap-
plicationsand systemimplementors. The abose-mentionedrrstspecibcations
describedn this document.

This documenis structuredasfollows. Section2 will Prstoutline the design
spacefor grid API® into which the XtreemOSprogramminginterfacescan be
positioned. Section3 lists and discusseshe requirement®dn XtreemOSAPIG,
as statedby the otherwork packagesf XtreemOS.Section4 presentshe pbrst
draft specibcatiorof XtreemOSprogramminginterfaces. Section5 concludes
andoutlinesthefollowing stepsof work packages.1.

2  Grid Programming Models and API’s

In previouswork [5], we have investigatedprogrammingmnodelsfor grid applica-
tionsandtheir possiblencarnatiorin API®. In this secton, we brieRyoutlinethe
grid API designspacento which the XtreemOSprogrammingnterfacescanbe
positioned.

2.1 Properties of Grid API’s

To summarizeout Pndingsrom [5], grid APIG have to provide severalproperties.
Thesecanbedividedin two cateyories,functional andnon-functionalproperties.
The functional propertiesdescribethe functionality requiredby applicationsto
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runin grid environmentswhile the non-functionalpropertiesdeterminethe con-
straintson grid API functionality As such,issuedike performancesecurity and
fault-tolerancenf3uencethe suitability of certainprogrammingabstractions.

Functional properties

¥ Jobsubmissionspavning, andscheduling:
Usersaswell asrunningjobs needto submitnew applicationjobs to the
grid, usuallyvia somejob submissiorservice.

¥ Accesgo bleanddataresources:
Most real-world applicationhave to processsomeform of input data, be
it Ples,databasespr streams.Similarly, generatedutputdatahasto be
storedon behalfof theusers.

¥ Inter processommunication:
Often,theprocessesf a parallelor distributedapplicationneedto commu-
nicatewith eachother Several programmingmodelsfor grid applications
have beendeveloped,amongwhich are MPI [4], sharedobjects[7], or re-
moteprocedurecalls[10].

¥ Applicationmonitoringandsteering:
In caseof long running applications,usersneedto track their progressan
orderto avoid costlyrepetitionof unsuccessfybbs. For this purposeusers
needto inspectandpossiblymodify the statusof their applicationwhile it
is runningon somenodesin agrid.

Non-functional properties

¥ Performance:
As high-performance&omputingis oneof the driving forcesbehindgrids,
performances the mostprominent,non-functionalpropertyof grid opera-
tions.

¥ Faulttolerance:
Frequently grid applicationsfail dueto faulty conbgurationsimiddlevare
failures,applicationfailures,andalsodueto hardwarefailuresandnetwork
outagesConsequentlyerrorhandlingbecomesnintegral partof grid run-
time environmentsandgrid APIs.

¥ Securityandtrust:
A grid API needgo supportmutualauthenticatiorof usersandresources,
aswell asacceszontrolto resourcegauthorization).
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¥ Platformindependence:
It is animportantpropertyfor programmingervironmentsto keepthe ap-
plication codeindependenfrom detailsof the grid platform, like machine
namesor ble systemlayoutsfor applicationexecutablesanddatables.

2.2 Scoping of Grid API’s

Takinginto accountboth the diversity of the above-ideribedpropertiesandthe
diversity of grid platforms(HPC machinesclusters,individual PC®) and mid-
dlewareservicesjt become®hviousthattherecannot be a single,unifying grid
API. Insteada paletteof grid programmingabstractionss neededgeachsuitable
for its respectie problemdomain.

Virtualizationis the predominanpurposeof all (grid) middlevare. Lik ewise,
operatingsystemyirtualizetheresourcesf asingle computerandclusteroperat-
ing systemdike, e.g.,Kerrighed[9] virtualizetheresource®f a clustercomputer
in orderto provide a single,powerful systeminsteadof a collectionof individual
nodes. XtreemOSwill virtualize a wide spectrumof differentsystemsyanging
from mobiledevices,via individual PC®andclustersto virtual organizationcom-
posedfrom these.Figurel outlinesthe XtreemOSsoftware stack,rangingfrom
Linux-XOS for PC®, clusters,andmobile devices, to the servicelayer spanning
whole virtual organizations. The task of the XtreemOSAPI will beto provide
unibedandcoordinatednterfacesto all of these.

Business Applications |/ ' Scientific Applications

\K \\.
] Bk |

XtreemOS API \//
L’/

Infrastructure for Highly Available and Scalable Services

‘ VO & Security ‘ ‘ Data Management H Application Management
‘ Linux-X0S: Grid-enabled Linux Operating System

Devices

h Y

Linux-XOS for PC Linux-XOS for Cluster Linux-XOS for Mobile

Figurel: The XtreemOSsoftwarestack.

Eachlevel of virtualization provides a uniform interfaceto a variety of het-
erogeneoudndividual entities. With eachvirtualizationlayer, the useof there-
sourcedpecomesimpler however atthe price of loosingpartof the control over
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grid—unaware application grid—aware
application

grid-enabled programming environments

simplified API

application support tools

service and resource abstraction layer

Figure2: Hierarcly of grid programmingabstractions.

theresourcesvhich maycausegroblemswith non-functionalspectslik e system
performance.

Figure2 is providing amoredetailedview on astackof virtualizationabstrac-
tionsprovidedto grid applications.The bottomof the stackformsthe serviceand
resourcebstractiodayer. ThislayerprovidesanAPI thatvirtualizesthedifferent
grid middlewvare or XtreemOSservices.The mostprominentexampleof sucha
layeris the Grid Application Toolkit (GAT) [1].

Ontop of thislayermaysit a setof (optional)applicationsupporttools. Such
tools provide additionalfunctionality addingvalueto plain middlevareservices,
likely tailoredto applicationneeds. Examplesfor thesetools canbe found in
CoreGRID&proposedmediatorcomponentoolkit [6]. Thesecomponentsare
supposedfor examgde, to provide application-leel metadateor to dynamically
tune and steerrunning applications. Suchcomponentsadd anotherlayer of vir-
tualizationby providing more comprehensie functionality, on top of the plain
serviceandresourcevirtualization.

An important,original designgoal of the Grid Application Toolkit [1] (GAT)
wasto provide a simplibedAPI for programmer®f grid-avareapplicationgsee
Pgure2). Meanwhile the GAT hasbeenrecognizedasanattractve programming
platform becausef its serviceandresourceabstractiorfunctionality Many de-
velopersarecurrentlyalsotrying to build applicationsupportoolsusingthe GAT,
requestingandleadingto additionalfunctionalityandhenceesssimplicity in the
GAT interface.

Independenof the GAT, within the OpenGrid Forum, we areworking on a
SimpleAPI for Grid Applications(SAGA) thatwill provide a standardizedsim-
plipedgrid API [3]. With SAGA, simplicity stemsfrom both uniformity across
differentmiddlevareplatforms,andalsofrom thereductionto functionalitythatis
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neededo run applicationcode,purposefullyexcluding featuresneededor man-
agemenbr monitoringof the grid servicesandresourceshemseles.

Both GAT and SAGA interfacesaim at grid-awvare (or Ogrid-enabled@)p-
plications. Theseare applicationsthat are explicitly using grid resourcedike
submitting additional jobs to other machinesor accessingemotepblesor data
bases.A differentclassof applicationss grid-unavare. Suchapplicationstreat
agrid asa completelyvirtualizedexecutionervironment. Examplesof suchpro-
grammingervironmentsare specialMPI versions[4] and remoteobject-based
systemdike Ibis [13] or ProActive [12]. Part of the XtreemOSwork will lead
to further grid-enabledprogrammingabstractionshathide the platform diversity
behindfunctionalitythatslightly extendsexisting Linux (POSIX) AP1@with grid-
enablingfeatures Oneprominentexampleis the supportfor virtual organizations
in XtreemOS.

For the designof the XtreemOSAPI thereis a strongtensionbetweenthe
applicationrequirementgfor the diversesetof applicationghataremoreor less
grid-avare)on oneside,andthe operatingsystemandservice-layeion the other
side,wheredifferentservicegrovide their sharego the overall XtreemOSfunc-
tionality. Coordinatingthe proposedservicefunctionality andapplicationneeds
is themostimportantgoal of the APl work package.

To conclude XtreemOSwill needthreekinds of APIG:
1. Application-level API@ for grid-avareapplications
2. Application-level API@for grid-unavarebut XtreemOS-wareapplications
3. ManagemenAPI@ for the XtreemOSsystemsandservices

In the next section,we will putthesekinds of anticipatedAPI® in the context of
the otherXtreemOSwork packages.

3 Requirements on the XtreemOS API

As outlinedbefore,the XtreemOSAPI is supposedo meetthe requirementof
boththe applicationusersandthe serviceandextensionprovidersof XtreemOS.
We summarizeéboth setsof requirementsn turn.

3.1 Application requirements

Work packaget.2 (Applications ExperimentskEvaluation)hasspecibPe@number
of application-leel requirement$14]. The requirement®n the XtreemOSAPI
aresummarizedn Tablel.



API Requirements

R43 | Other API Standards as basis for XtreemOS API

XtreemOSAPI mustconsiderthe following standardsisa basis:
SAGA (especiallythe subsetsDRMAA, GAT). Furthermore,
ary otherstandardallowing applicationto accessuserand/orjob
informationis welcome.

Additionally, one application requires the following
Globus/Glolus-related components: GridFTR Apache Axis,
and the GSI public key infrastructure. Here, an equialent
XtreemOSfunctionalityis needed.

R44 | Demand for POSIX like extension
Mandatoryaccessontrol (ACL) asdebnedn e.g.in POSIX.1e,
IEEE 1003.1e/2qwhich waswithdrawn) is requiredby oneap-
plication. Note, all 28 calls mustbe provided. Furthermore |t
would prove usefulif functionsfor managemendf processesn
remotemachinesvould be partof the XtreemOSAPI.

R45 | XtreemOS API language support

XtreemOSmustsupportC, C++, Java, andFortran77. Further
more, Ada, Python and Perl should be supported. Fortran 77
shouldbe supportedria C bindings.

R46 | Degree of Interoperability

It shouldbepossibleto useXtreemOSasabaclendfor GT4 WS-
GRAM.

Tablel: API requirementgaisspecibedy WP 4.2

Fromthis group,R43DR4%re shapingthe overall API structureandwill be
addressedby the XtreemOSAPI. RequiremenR46, however, while striving at
integrationof XtreemOSandexisting grid middlevare(here:Globus),cantechni-
cally notbeaddressedtthe API level; it hasto besupportedntheinfrastructure
(service)level. During discussionst the XtreemOSDYsseldorfvorkshopit was
agreedhatWP 3.3 will take responsibilityof this requirement.

Besideghoserequirementshatarespecibcallytargetedatthe XtreemOSAPI,
WP 4.2 hasalsostatedseveral General Requirements. Table2 summarizeshose
generakequirementshatneedto betakencareof onthe API level.

Therequirement$rom this groupwill betakeninto accountfor the API. Sev-
eralof theserequirementaremarlkedasOptional by WP 4.2. We areanticipating,
however, to supportthe completesetof requirements.

BesidesAPI specibcationfor theserequirementsthe service-preoiding work
packagegfrom subprojects2 and 3) will have the foremosttask of addressing
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General Requirements

R1 | XtreemOSsupportgata-intensve andcompute-intense applications
R9 | XtreemOSneeddo provide softwarelicensingmechanisms

R10 | XtreemOShasto provide for fastandreliablecommunication

R11 | XtreemOSmustsupportiPv6

R14 | XtreemOSshallsupportmulticast

R15 | XtreemOSneeddo provide accesgo variousgrid services

R17 | XtreemOSmustsupportthe executionof interactve andbatchjobs

Table2: GenerarequirementasspecibPedy WP 4.2

these API dePnitioncanonly be performedatalaterphasewhenproperservices
will beavailable,or atleastwell-enoughspecibedo allow to designAPlIs.

3.2 Service-driven requirements

Besidedheapplication-divenrequirementshetechnicaldiscussionamongrep-
resentatiesof the technicalwork packagegsub projects2 and3) of XtreemOS
have leadto a setof additionalrequirement®n the API, listedin Table3. These
requirementaremorerelatedto theupcomingXtreemOSservicesandLinux ex-
tensions.

For this groupof requirementsAPI dePnitioncanonly be performedatalater
phasewhenproperserviceswill beavailable,or atleastspeciPedwell-enoughto
allow API design.

At the currentstageof the project,however, the servicesandextensiongo be
providedby XtreemOSarenotyetsufPcientlyadvancedo startdePningAPI@for
them. This perceptions oneof the resultsof the technicalprojectmeeting,held
in October2006in DYsseldorf.Consequentlythe brstversionof the XtreemOS
API will be conbnedo meetingthe requirement®f the applicationuserswithin
the project.

3.3 Summary

API dePnitionrequiresmaturity aboutconceptsrequirementsandprovided ser
vice functionality At the currentstatusof the XtreemOSproject, we have to
conbneoursehesto specify the application-leel API@ for grid-avare applica-
tions. Both application-leel andmanagement-lel API@ for XtreemOS-specibc
servicesannotbesensiblyspecibedet; suchspecibcationsould bedoomedo
beincompleteor erraticor otherwiseof little useto potentialapplicationsdueto
theearlystatugalbeitaccordingo the projectschedulepf the XtreemOSservice
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Additional Requirements

RA1 | sharedmemoryAPI

RA2 | resourceliscovery/exploration

RA3 | POSIX-ACL on metadataitems(it wasagreedo provide thatas
aseparatdibrary/package)

RA4 | notibcationon bPlesizeandmetadatachanges

RAS5 | bleversioning

RAG6 | Adasupportis notnecessarynmediately;t needdurtherdiscus-
sionin laterstagesf the project

RA7 | job description:allow to specifyQoSrequirementssuchasband-
width, no otherapplicationrunson aresourcelocation(country),
lateng/proximity.

RAS8 | supportfor job dependencies

RA9 | application-leel signallingsupport

Table3: Additional requirement®n the API

development. Thesekinds of API@ will thusbe addedin the next API specibca-
tion, asdebnedn deliverableD3.1.2,due at month18. In thefollowing, we will
presentheapplication-leel API@ for grid-awvareapplicationghatwill debnehe
XtreemOSAPI versionl.

4 API Specification

Basedon theabove discussionwe debPnehe brstdraft XtreemOSAPI. We focus
on application-leel AP1@for grid-avareapplicationsaddressinghe application
requirementsR1, R9PR11R14,R15,R17,andR43DR45.

4.1 Rationale for choosing the SAGA interface

The currentlymostpromisingcandidatefor an Application level Grid Program-
ming Interfaceis the SAGA API [3] asspecibedby the OpenGrid Forum(OGF[11]).
Also, theSAGA API hasbeenrexplicitly citedaspossiblecandidatdor theXtreemOS
Grid API by several applicationgroups(R39), togetherwith DRMAA [2] and
GAT [1], which are both superceedetly SAGA. For this reasonthe brstdraft
specibcatiorof an application-leel XtreemOSAPI will be a SAGA compliant
APl implementatiorwith bindingsto the XtreemOSservices.
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We considerthe following documen{3] to be a partof this deliverable.Due
to its size(250pages)we refrainfrom directly includingthe SAGA specibcation
in thisdocument.

T. Goodale,S. Jha,T. Kielmann, A. Merzky, J. Shalf, C. Smith. A
Simple API for Grid Applications (SAGA). Grid Forum Working
Draft GWD-R, OpenGrid Forum (OGF),2006.

4.2 SAGA scope

According to Figure 2, the scopeof the SAGA API canbe identiped. SAGA
thusis aiming at grid-avare applicationsto which a simpliPedAPI is provided.
Aiming at grid-aware applicationameansxposingthefactthatthereareseveral,
distributedresourceswhile a simplified API is drivenby applicationneedgather
thanservicecapabilities.

In contrast SAGA doesnot provide abstractionsf grid-enablegrogramming
ernvironmentswhich aim at grid-unaware applications. For example,interfaces
likesthe onesprovided by MPI [8], Ibis [13] or ProActive [12] are outside the
scopeof SAGA.

Likewise, SAGA doesnot (directly) provide interfacesto particulargrid ser
vices.Only theimplementation®f SAGA will useexisting servicedor providing
the simpliPedSAGA API. Also, serviceandresourcananagemennterfacesare
outside the scopeof SAGA.

4.3 SAGA overview

The SAGA API consistof anumberof interfaceandclassspecibcationsThere-
lation betweertheses shavn in Figure3. This bgurealsomarkswhichinterfaces
aredominatingthe SAGA look-and-feelthe non-functionapartof the API), and
which classesrecombinedo functional API packages.

4.3.1 SAGA Look-and-Feel

Error handling EachSAGA API call hasanassociatedist of exceptionst may
throw. Theseexceptionsall extendthe saga::exception class.

All objectsin SAGA implementthe error_handler , which allows a
userof the API to query for the latesterror associatedvith a sag ob-
ject. In languageswith exceptionfacilities, suchas Java, C++ and Perl,
the languagebinding may allow exceptionsto be thrown instead. Bind-
ings for languagesvithout exceptionhandlingcapabilitiesMUST stick to
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theerror_handler interfacedescribedere but MAY debneadditional
languagenative meandor errorreporting.

Object The SAGA objectinterfaceprovidesmethodswhich areessentiafor all
SAGA objects.It providesauniquelD which helps maintainalist of SAGA
objectsat the applicationlevel aswell asallowing for inspectionof objects
type andits associatedession.

Session The sessiorobjectprovidesthe functionality of a sessiorhandle,which
isolatesindependensetsof SAGA objectsfrom eachother Sessionslso
supportthe managemenf securityinformation(seesaga::context ).

Context Thesaga::context classprovidesthefunctionalityof asecurityin-
formationcontainer A context is createdand attachedo a sessiorhandle.
As suchit is availableto all objectsinstantiatedn that session.Multiple
contets canco-exist in onesession.

Attributes Therearevariousplacesn the SAGA API whereattributesneedto be
associateavith objects,for instancefor job descriptionsandmetrics. The
OAttrinteOnterfaceprovidesa commoninterfacefor storingandretrieving
attributes.

Monitoring The ability to queryGrid entitiesaboutstateis requestedn several
SAGA usecasesAlso, the SAGA taskmodelintroducesiumerousiew use
casedor statemonitoring.

This packagedebnitionapproacheghe problem spaceof monitoring to
unify the varioususagepatterns,andto transparentlyincorporateSAGA
taskmonitoring. Theparadigmis realisedby introducingmonitorableSAGA
objects,which exposemetricsto the application which represenvaluesto
bemonitored.

A closelyrelatedtopic is ComputationalSteering,which is (for our pur

poses)not seenindependentlyfrom Monitoring: in the SAGA approach,
the steeringmechanism&xtendthe monitoringmechanismsy the ability

to pushvaluesbackto the monitoredentity, i.e. to introducewritable met-
rics.

Tasks Operationgperformedn highly heterogenoudistributedenvironmentsnay
take a long time to complete, andit is thusdesirableto have the ability to
performoperationsn anasynchronoumanner The SAGA taskmodelpro-
videsthis ability to all otherSAGA classes.
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4.3.2
Jobs

SAGA Functionality

This package$asbeendesignedor submittingjobsto a grid resourceegi-
therin batchmode,or in aninteractve mode.It alsodescribediow to con-
trol thesesubmittedobs(e.g.tocancel() , suspend() ,orsignal()
arunningjob), andhow to retrieve statusinformationfor both runningand
completedobs.

This APl is alsointendedo incorporatehe designof the DRMAA API [2]
from wheremuchof the SAGA jobs specibcatiowastaken, with mary of
thedifferencesarisingfrom anattemptto make thejob API consistentvith
theoverall SAGA look andfeel.

Name Spaces Several SAGA packagesharethe notion of namespacesandop-

Files

erationson thesenamespacedn orderto increaseconsisteng in the AP,
thosepackagesharethe sameAPI paradigmsThe SAGA namespacesl-
low to operateon arbitraryhierarchicahamespacessuchasusedin physi-
cal, virtual andlogical bPle systemsandin informationsystems.

The API is inspiredby the POSIX standardwhich debPnegools andcalls
to handlethe namespaceof physical Ples(directories).The methoddisted
for theinterfaceshave POSIXIlik e syntaxandsemantics.

Theability to accesshe contentf blesregardlessof theirlocationis cen-
tral to mary of the SAGA usecases.lIt is usefulto notethat interactions
with Plesasopaqueentities(i.e., asentriesin Plenamespacesarecovered
by the namespacepackage.The classeof the Files packagesupplement
the namespacpackagewith operationdor the readingandwriting of the
contents of Ples. For all methodsthe descriptionsandnotesof the equiv-
alentmethodsin the namespacepackageapply if available,unlessnoted
hereotherwise.

The describedclassesare syntacicallyand semanticallyPOSIX oriented.
Large numbersof simple POSIX-like remotedataaccessoperationsare,
however, proneto lateny relatedperformanceroblems.To allow for efp-

cientimplementationsthe presented\PI borrows ideasfrom GridFTPand
other specibcationsvhich arewidely usedfor remotedataaccess.These
extentionsshouldbe seenasjust that: optimizations. Implementationof

this packageMUST implementthe POSIX-like read() , write()  and
seek() methodsandMAY implementthe additionaloptimizedmethods.

Logical Files Thissectionof theSAGA API describesheinteractionwith replica

systems. NumerousSAGA usecasesequiredreplicamanagementunc-
tionality in the API B however, only a small numberof operationshave
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beenrequested.The methodsin theseinterfacesare hencelimited to the
creationandmaintainancef logical Ples,replicas,andto searchonlogical
ple metadata.

Streams A numberof usecasesnvolvedlaunchingof remotelylocatedcompo-
nentsin orderto createdistributed applications. Theseuse casesequire
simple,remotesoclet connectiongo be establishedbetweerthesecompo-
nentsandtheir controlinterfaces.

The target of the streamAPI is to establishthe simplestpossibleauthenti-
catedsocletconnectiorwith hooksto supportauthorizatiorandencryption
schemes. The streamAPI is not performance-orientedpcusedon TCP
soclet connectionsanddoesnot attemptto createa new IPC programming
paradigm.

GridRPC GridRPCis oneof the few high level APIs that have beenspecibed
by the GGF[10]. Thusincludingthe GridRPCspecibcationn the SAGA
API benebtdoth SAGA andthe GridRPCeffort: SAGA becomesnore
completeandprovidesa bettercoverageof its usecaseswith a singlelook-
and-feelwhilst GridRPCgetsembeddednto a setof othertoolsof similar
scope,which opensit to a potentiallywider usercommunity andensures
its furtherdevelopment.

4.4 Summary

We have chosenthe upcoming OGF standardSAGA as the brstdraft API for

XtreemOS asit is the bestmatchto the requirementgrom the otherwork pack-
agesin the project. Thoserequirementsvhich are not coveredby the current
SAGA specibcationwill be provided by additional API packagesn the same
framewnork (SAGA is extensible),andwill, wheresensibleandpossible pushed
into theOGFSAGA specibcatiomvork. XtreemOS-specibextensionswill, where
neededbeaddedn thenext versionof the XtreemOSAPI.

5 Conclusion

In this documentwe have presentedhe brstdraft specibcatiorof programming
interfacesfor the XtreemOSoperatingsystem and services. We have outlined
thedesignspaceor grid API@into which the XtreemOSprogrammingnterfaces
can be positioned. We have found that, for the desgn of the XtreemOSAPI,

thereis a strongtensionbetweerthe applicationrequirementgfor the diverseset
of applicationsthat are more or lessgrid-avare) on one side, andthe operating
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systemandservice-layewon the otherside,wheredifferentservicesprovide their
sharego the overall XtreemOSfunctionality Coordinatingthe proposedservice
functionalityandtheapplicationneedss themostimportantgoalof the APl work
package.

We have identibedthreekindsof API@ neededy XtreemOS{(1) application-
level AP1@for grid-awvareapplications(2) application-leel API@for grid-unavare
but XtreemOS-wareapplicationsand(3) managemenAPI@ for the XtreemOS
systemsandservices.

API debPnitionrequiresmaturity aboutconceptsyequirementsand provided
servicefunctionality At the currentstatusof the XtreemQOSproject,we have to
conbneourselhesto specifythe group of application-leel API@ for grid-avare
applications Both application-leel andmanagement-iel API@ for XtreemOS-
specibcservicescannot be sensiblyspecibedyet; suchspecibcationsvould be
doomedto be incompleteor erraticor otherwiseof little useto potentialappli-
cations,dueto the early status(albeit accordingto the projectschedule)f the
XtreemOSservicedevelopment. Thesekinds of API@ will thusbe addedin the
next API specibcationasdePnedn deliverableD3.1.2,dueat month18.

According to the requirementson XtreemOSAPI@, as statedby the other
work package®f XtreemOS we have concludedo declarethe upcomingOGF
standardbAGA (the OSimpleé\P! for Grid ApplicationsObo bethebrstdraftof the
XtreemOSAPI. XtreemOS-specibextensionsandOnatieOAPI@ will be added
assoonaspossiblepamelyin thenext API version,duein month18of theproject.

In the period until month 18, the anticipatedfunctionality extensionsof the
XtreemOSoperatingsystemandits serviceswill have maturedo astatusatwhich
API@ canbe debPnedwith goodconbdenceln the sameperiod, the brstimple-
mentationof the SAGA API to XtreemOSwill beavailable.
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