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Executive Summary
ThisdocumentpresentstheÞrstdraft speciÞcationof programminginterfacesfor
theXtreemOSoperatingsystemandservices.It Þrstoutlinesthedesignspacefor
grid APIÕs into which theXtreemOSprogramminginterfacescanbepositioned.
Then,therequirementsonXtreemOSAPIÕs,asstatedby theotherwork packages
of XtreemOS,arelistedanddiscussed.Fromthis discussionwe concludeto de-
claretheupcomingOGFstandardSAGA (theÒSimpleAPI for Grid ApplicationsÓ)
to betheÞrstdraftof theXtreemOSAPI. XtreemOS-speciÞcextensionsandÒna-
tiveÓAPIÕswill beaddedassoonaspossible,namelyin thenext API version,due
in month18of theproject.
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1 Introduction
Theobjectiveof work package3.1 is to provide theAPI of XtreemOS,andacor-
respondingruntimesystemfor grid applications.Thegoalis to allow applications
to run on any XtreemOSplatform, be it a handhelddevice, a PC, a federation
of machines,or a virtual organization(VO) comprisingsystemsof all thesecat-
egories. As far aspossible,existing Linux applicationsshall be able to run on
XtreemOSwith little or nomodiÞcations.

To achievethisobjective,variousinterfacesneedto becoordinated.A distinc-
tion hasto be madebetweenapplicationinterfacesandmanagementinterfaces;
thelatterbeingthosenecessaryfor XtreemOS-speciÞcservicesandLinux exten-
sions.

ThespeciÞcationof theXtreemOSAPI is beingperformedby agreementbe-
tweenrepresentativesof all projectpartners,representingbothgroupsof interface
providersand interfaceusers. This is an iterative process:a ÞrstspeciÞcation,
intendedasanearlydraft, is beingagreeduponearlyin theproject,suchthatim-
mediateimplementationexperiencecanbegainedandstrengthsandweaknesses
identiÞed.Severalmilestonesduringtheprojectwill coverrevisionsandimprove-
mentsof the API, until the Þnalversionwill meetall requirementsof both ap-
plicationsandsystemimplementors.The above-mentionedÞrstspeciÞcationis
describedin thisdocument.

This documentis structuredasfollows. Section2 will Þrstoutlinethedesign
spacefor grid APIÕs into which the XtreemOSprogramminginterfacescan be
positioned. Section3 lists anddiscussesthe requirementson XtreemOSAPIÕs,
asstatedby the otherwork packagesof XtreemOS.Section4 presentsthe Þrst
draft speciÞcationof XtreemOSprogramminginterfaces. Section5 concludes
andoutlinesthefollowing stepsof work package3.1.

2 Grid Programming Models and API’s
In previouswork [5], wehave investigatedprogrammingmodelsfor grid applica-
tionsandtheirpossibleincarnationin APIÕs. In thissection, webrießyoutlinethe
grid API designspaceinto which theXtreemOSprogramminginterfacescanbe
positioned.

2.1 Properties of Grid API’s
To summarizeoutÞndingsfrom [5], grid APIÕshaveto provideseveralproperties.
Thesecanbedividedin two categories,functional andnon-functionalproperties.
The functional propertiesdescribethe functionality requiredby applicationsto
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run in grid environments,while thenon-functionalpropertiesdeterminethecon-
straintson grid API functionality. As such,issueslike performance,security, and
fault-toleranceinßuencethesuitabilityof certainprogrammingabstractions.

Functional properties

¥ Jobsubmission,spawning,andscheduling:
Usersaswell as running jobs needto submitnew applicationjobs to the
grid, usuallyvia somejob submissionservice.

¥ Accessto Þleanddataresources:
Most real-world applicationhave to processsomeform of input data,be
it Þles,databases,or streams.Similarly, generatedoutputdatahasto be
storedonbehalfof theusers.

¥ Interprocesscommunication:
Often,theprocessesof aparallelor distributedapplicationneedto commu-
nicatewith eachother. Severalprogrammingmodelsfor grid applications
have beendeveloped,amongwhich areMPI [4], sharedobjects[7], or re-
moteprocedurecalls[10].

¥ Applicationmonitoringandsteering:
In caseof long runningapplications,usersneedto track their progressin
orderto avoid costlyrepetitionof unsuccessfuljobs.For thispurpose,users
needto inspectandpossiblymodify thestatusof their applicationwhile it
is runningonsomenodesin agrid.

Non-functional properties

¥ Performance:
As high-performancecomputingis oneof thedriving forcesbehindgrids,
performanceis themostprominent,non-functionalpropertyof grid opera-
tions.

¥ Fault tolerance:
Frequently, grid applicationsfail dueto faulty conÞgurations,middleware
failures,applicationfailures,andalsodueto hardwarefailuresandnetwork
outages.Consequently, errorhandlingbecomesanintegralpartof grid run-
time environmentsandgrid APIs.

¥ Securityandtrust:
A grid API needsto supportmutualauthenticationof usersandresources,
aswell asaccesscontrolto resources(authorization).
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¥ Platformindependence:
It is an importantpropertyfor programmingenvironmentsto keepthe ap-
plicationcodeindependentfrom detailsof thegrid platform, like machine
namesor Þlesystemlayoutsfor applicationexecutablesanddataÞles.

2.2 Scoping of Grid API’s

Taking into accountboth thediversityof theabove-identiÞedproperties,andthe
diversity of grid platforms(HPC machines,clusters,individual PCÕs) andmid-
dlewareservices,it becomesobviousthattherecannot bea single,unifying grid
API. Instead,a paletteof grid programmingabstractionsis needed,eachsuitable
for its respectiveproblemdomain.

Virtualizationis thepredominantpurposeof all (grid) middleware.Likewise,
operatingsystemsvirtualizetheresourcesof asinglecomputer;andclusteroperat-
ing systemslike,e.g.,Kerrighed[9] virtualizetheresourcesof aclustercomputer
in orderto provide a single,powerful systeminsteadof a collectionof individual
nodes.XtreemOSwill virtualize a wide spectrumof differentsystems,ranging
from mobiledevices,via individualPCÕsandclusters,to virtual organizationcom-
posedfrom these.Figure1 outlinestheXtreemOSsoftwarestack,rangingfrom
Linux-XOS for PCÕs, clusters,andmobiledevices,to theservicelayerspanning
whole virtual organizations.The taskof the XtreemOSAPI will be to provide
uniÞedandcoordinatedinterfacesto all of these.

Figure1: TheXtreemOSsoftwarestack.

Eachlevel of virtualizationprovidesa uniform interfaceto a variety of het-
erogeneous,individual entities. With eachvirtualizationlayer, theuseof the re-
sourcesbecomessimpler, however at thepriceof loosingpartof thecontrolover
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Figure2: Hierarchy of grid programmingabstractions.

theresourceswhichmaycauseproblemswith non-functionalaspects,likesystem
performance.

Figure2 is providing amoredetailedview onastackof virtualizationabstrac-
tionsprovidedto grid applications.Thebottomof thestackformstheserviceand
resourceabstractionlayer. This layerprovidesanAPI thatvirtualizesthedifferent
grid middlewareor XtreemOSservices.Themostprominentexampleof sucha
layeris theGrid ApplicationToolkit (GAT) [1].

On top of this layermaysit a setof (optional)applicationsupporttools.Such
toolsprovide additionalfunctionality, addingvalueto plain middlewareservices,
likely tailored to applicationneeds. Examplesfor thesetools can be found in
CoreGRIDÕs proposedmediatorcomponenttoolkit [6]. Thesecomponentsare
supposed,for example, to provide application-level metadataor to dynamically
tuneandsteerrunningapplications.Suchcomponentsaddanotherlayer of vir-
tualizationby providing more comprehensive functionality, on top of the plain
serviceandresourcevirtualization.

An important,original designgoalof theGrid ApplicationToolkit [1] (GAT)
wasto provide a simpliÞedAPI for programmersof grid-awareapplications(see
Þgure2). Meanwhile,theGAT hasbeenrecognizedasanattractiveprogramming
platformbecauseof its serviceandresourceabstractionfunctionality. Many de-
velopersarecurrentlyalsotrying to build applicationsupporttoolsusingtheGAT,
requestingandleadingto additionalfunctionalityandhencelesssimplicity in the
GAT interface.

Independentof the GAT, within the OpenGrid Forum,we areworking on a
SimpleAPI for Grid Applications(SAGA) thatwill provide a standardized,sim-
pliÞedgrid API [3]. With SAGA, simplicity stemsfrom both uniformity across
differentmiddlewareplatforms,andalsofrom thereductionto functionalitythatis
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neededto run applicationcode,purposefullyexcludingfeaturesneededfor man-
agementor monitoringof thegrid servicesandresourcesthemselves.

Both GAT and SAGA interfacesaim at grid-aware (or Ògrid-enabledÓ)ap-
plications. Theseare applicationsthat are explicitly using grid resourceslike
submittingadditional jobs to other machinesor accessingremoteÞlesor data
bases.A differentclassof applicationsis grid-unaware. Suchapplicationstreat
a grid asa completelyvirtualizedexecutionenvironment.Examplesof suchpro-
grammingenvironmentsare specialMPI versions[4] and remoteobject-based
systemslike Ibis [13] or ProActive [12]. Part of the XtreemOSwork will lead
to furthergrid-enabledprogrammingabstractionsthathidetheplatformdiversity
behindfunctionalitythatslightly extendsexistingLinux (POSIX)APIÕswith grid-
enablingfeatures.Oneprominentexampleis thesupportfor virtual organizations
in XtreemOS.

For the designof the XtreemOSAPI thereis a strongtensionbetweenthe
applicationrequirements(for thediversesetof applicationsthataremoreor less
grid-aware)on oneside,andtheoperatingsystemandservice-layeron theother
side,wheredifferentservicesprovide their sharesto theoverall XtreemOSfunc-
tionality. Coordinatingthe proposedservicefunctionality andapplicationneeds
is themostimportantgoalof theAPI work package.

To conclude,XtreemOSwill needthreekindsof APIÕs:

1. Application-level APIÕs for grid-awareapplications

2. Application-level APIÕsfor grid-unawarebut XtreemOS-awareapplications

3. ManagementAPIÕs for theXtreemOSsystemsandservices

In thenext section,we will put thesekindsof anticipatedAPIÕs in thecontext of
theotherXtreemOSwork packages.

3 Requirements on the XtreemOS API
As outlinedbefore,the XtreemOSAPI is supposedto meetthe requirementsof
both theapplicationusersandtheserviceandextensionprovidersof XtreemOS.
Wesummarizebothsetsof requirementsin turn.

3.1 Application requirements
Workpackage4.2(Applications,Experiments,Evaluation)hasspeciÞedanumber
of application-level requirements[14]. The requirementson the XtreemOSAPI
aresummarizedin Table1.
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API Requirements
R43 Other API Standards as basis for XtreemOS API

XtreemOSAPI mustconsiderthefollowing standardsasa basis:
SAGA (especially the subsetsDRMAA, GAT). Furthermore,
any otherstandardallowing applicationto accessuserand/orjob
informationis welcome.
Additionally, one application requires the following
Globus/Globus-relatedcomponents: GridFTP, Apache Axis,
and the GSI public key infrastructure. Here, an equivalent
XtreemOSfunctionalityis needed.

R44 Demand for POSIX like extension
Mandatoryaccesscontrol (ACL) asdeÞnedin e.g. in POSIX.1e,
IEEE 1003.1e/2c(which waswithdrawn) is requiredby oneap-
plication. Note, all 28 calls mustbe provided. Furthermore,It
would prove usefulif functionsfor managementof processeson
remotemachineswouldbepartof theXtreemOSAPI.

R45 XtreemOS API language support
XtreemOSmustsupportC, C++, Java, andFortran77. Further-
more, Ada, Python and Perl should be supported. Fortran 77
shouldbesupportedvia C bindings.

R46 Degree of Interoperability
It shouldbepossibleto useXtreemOSasabackendfor GT4WS-
GRAM.

Table1: API requirementsasspeciÞedby WP4.2

Fromthis group,R43ÐR45areshapingtheoverall API structureandwill be
addressedby the XtreemOSAPI. RequirementR46, however, while striving at
integrationof XtreemOSandexistinggrid middleware(here:Globus),cantechni-
cally notbeaddressedat theAPI level; it hasto besupportedontheinfrastructure
(service)level. During discussionsat theXtreemOSDŸsseldorfworkshopit was
agreedthatWP 3.3will take responsibilityof this requirement.

BesidesthoserequirementsthatarespeciÞcallytargetedattheXtreemOSAPI,
WP 4.2hasalsostatedseveralGeneral Requirements. Table2 summarizesthose
generalrequirementsthatneedto betakencareof on theAPI level.

Therequirementsfrom thisgroupwill betakeninto accountfor theAPI. Sev-
eralof theserequirementsaremarkedasOptional by WP4.2.Weareanticipating,
however, to supportthecompletesetof requirements.

BesidesAPI speciÞcationsfor theserequirements,theservice-providing work
packages(from subprojects2 and3) will have the foremosttaskof addressing
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General Requirements
R1 XtreemOSsupportsdata-intensiveandcompute-intensiveapplications
R9 XtreemOSneedsto providesoftwarelicensingmechanisms
R10 XtreemOShasto provide for fastandreliablecommunication
R11 XtreemOSmustsupportIPv6
R14 XtreemOSshallsupportmulticast
R15 XtreemOSneedsto provideaccessto variousgrid services
R17 XtreemOSmustsupporttheexecutionof interactiveandbatchjobs

Table2: GeneralrequirementsasspeciÞedby WP4.2

these.API deÞnitioncanonly beperformedata laterphase,whenproperservices
will beavailable,or at leastwell-enoughspeciÞedto allow to designAPIs.

3.2 Service-driven requirements
Besidestheapplication-drivenrequirements,thetechnicaldiscussionsamongrep-
resentativesof the technicalwork packages(subprojects2 and3) of XtreemOS
have leadto a setof additionalrequirementson theAPI, listedin Table3. These
requirementsaremorerelatedto theupcomingXtreemOSservicesandLinux ex-
tensions.

For thisgroupof requirements,API deÞnitioncanonly beperformedata later
phase,whenproperserviceswill beavailable,or at leastspeciÞedwell-enoughto
allow API design.

At thecurrentstageof theproject,however, theservicesandextensionsto be
providedby XtreemOSarenotyetsufÞcientlyadvancedto startdeÞningAPIÕsfor
them. This perceptionis oneof theresultsof the technicalprojectmeeting,held
in October2006in DŸsseldorf.Consequently, theÞrstversionof theXtreemOS
API will beconÞnedto meetingtherequirementsof theapplicationuserswithin
theproject.

3.3 Summary
API deÞnitionrequiresmaturityaboutconcepts,requirements,andprovidedser-
vice functionality. At the currentstatusof the XtreemOSproject, we have to
conÞneourselves to specify the application-level APIÕs for grid-awareapplica-
tions.Bothapplication-level andmanagement-level APIÕs for XtreemOS-speciÞc
servicescannotbesensiblyspeciÞedyet;suchspeciÞcationswouldbedoomedto
beincompleteor erraticor otherwiseof little useto potentialapplications,dueto
theearlystatus(albeitaccordingto theprojectschedule)of theXtreemOSservice
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Additional Requirements
RA1 sharedmemoryAPI
RA2 resourcediscovery/exploration
RA3 POSIX-ACL on metadataitems(it wasagreedto provide thatas

aseparatelibrary/package)
RA4 notiÞcationonÞlesizeandmetadatachanges
RA5 Þleversioning
RA6 Adasupportis notnecessaryimmediately;it needsfurtherdiscus-

sionin laterstagesof theproject
RA7 job description:allow to specifyQoSrequirements,suchasband-

width, nootherapplicationrunsonaresource,location(country),
latency/proximity.

RA8 supportfor job dependencies
RA9 application-level signallingsupport

Table3: Additional requirementson theAPI

development.Thesekindsof APIÕs will thusbeaddedin thenext API speciÞca-
tion, asdeÞnedin deliverableD3.1.2,due at month18. In thefollowing, we will
presenttheapplication-level APIÕs for grid-awareapplicationsthatwill deÞnethe
XtreemOSAPI version1.

4 API Specification
Basedon theabovediscussion,wedeÞnetheÞrstdraftXtreemOSAPI. Wefocus
on application-level APIÕs for grid-awareapplications,addressingtheapplication
requirements,R1,R9ÐR11,R14,R15,R17,andR43ÐR45.

4.1 Rationale for choosing the SAGA interface
The currentlymostpromisingcandidatefor an Application level Grid Program-
mingInterfaceis theSAGA API [3] asspeciÞedby theOpenGridForum(OGF[11]).
Also, theSAGA API hasbeenexplicitly citedaspossiblecandidatefor theXtreemOS
Grid API by several applicationgroups(R39), togetherwith DRMAA [2] and
GAT [1], which areboth superceededby SAGA. For this reason,the Þrstdraft
speciÞcationof an application-level XtreemOSAPI will be a SAGA compliant
API implementationwith bindingsto theXtreemOSservices.
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Figure3: TheSAGA classandinterfacehierarchy
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We considerthefollowing document[3] to bea partof this deliverable.Due
to its size(250pages),we refrainfrom directly includingtheSAGA speciÞcation
in this document.

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 can be identiÞed. SAGA
thusis aiming at grid-awareapplicationsto which a simpliÞedAPI is provided.
Aiming atgrid-aware applicationsmeansexposingthefactthatthereareseveral,
distributedresources,while a simplified API is drivenby applicationneedsrather
thanservicecapabilities.

In contrast,SAGA doesnot provideabstractionsof grid-enabledprogramming
environmentswhich aim at grid-unaware applications.For example,interfaces
likes the onesprovided by MPI [8], Ibis [13] or ProActive [12] areoutside the
scopeof SAGA.

Likewise,SAGA doesnot (directly) provide interfacesto particulargrid ser-
vices.Only theimplementationsof SAGA will useexistingservicesfor providing
thesimpliÞedSAGA API. Also, serviceandresourcemanagementinterfacesare
outside thescopeof SAGA.

4.3 SAGA overview
TheSAGA API consistsof anumberof interfaceandclassspeciÞcations.There-
lationbetweentheseis shown in Figure3. ThisÞgurealsomarkswhich interfaces
aredominatingtheSAGA look-and-feel(thenon-functionalpartof theAPI), and
whichclassesarecombinedto functionalAPI packages.

4.3.1 SAGA Look-and-Feel

Error handling EachSAGA API call hasanassociatedlist of exceptionsit may
throw. Theseexceptionsall extendthesaga::exception class.

All objectsin SAGA implementthe error_handler , which allows a
userof the API to query for the latesterror associatedwith a saga ob-
ject. In languageswith exceptionfacilities, suchas Java, C++ and Perl,
the languagebinding may allow exceptionsto be thrown instead. Bind-
ings for languageswithout exceptionhandlingcapabilitiesMUST stick to
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theerror_handler interfacedescribedhere,but MAY deÞneadditional
languagenativemeansfor errorreporting.

Object TheSAGA objectinterfaceprovidesmethodswhich areessentialfor all
SAGA objects.It providesauniqueID whichhelpsmaintainalist of SAGA
objectsat theapplicationlevel aswell asallowing for inspectionof objects
typeandits associatedsession.

Session Thesessionobjectprovidesthefunctionalityof a sessionhandle,which
isolatesindependentsetsof SAGA objectsfrom eachother. Sessionsalso
supportthemanagementof securityinformation(seesaga::context ).

Context Thesaga::context classprovidesthefunctionalityof asecurityin-
formationcontainer. A context is created,and attachedto a sessionhandle.
As suchit is availableto all objectsinstantiatedin that session.Multiple
contexts canco-exist in onesession.

Attributes Therearevariousplacesin theSAGA API whereattributesneedto be
associatedwith objects,for instancefor job descriptionsandmetrics. The
ÕAttributeÕinterfaceprovidesacommoninterfacefor storingandretrieving
attributes.

Monitoring Theability to queryGrid entitiesaboutstateis requestedin several
SAGA usecases.Also, theSAGA taskmodelintroducesnumerousnew use
casesfor statemonitoring.

This packagedeÞnitionapproachesthe problem spaceof monitoring to
unify the varioususagepatterns,and to transparentlyincorporateSAGA
taskmonitoring.Theparadigmis realisedby introducingmonitorableSAGA
objects,which exposemetricsto theapplication,which representvaluesto
bemonitored.

A closely relatedtopic is ComputationalSteering,which is (for our pur-
poses)not seenindependentlyfrom Monitoring: in the SAGA approach,
thesteeringmechanismsextendthemonitoringmechanismsby theability
to pushvaluesbackto themonitoredentity, i.e. to introducewritablemet-
rics.

Tasks Operationsperformedin highlyheterogenousdistributedenvironmentsmay
take a long time to complete,andit is thusdesirableto have theability to
performoperationsin anasynchronousmanner. TheSAGA taskmodelpro-
videsthis ability to all otherSAGA classes.
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4.3.2 SAGA Functionality

Jobs This packageshasbeendesignedfor submittingjobsto a grid resource,ei-
therin batchmode,or in aninteractive mode.It alsodescribeshow to con-
trol thesesubmittedjobs(e.g.to cancel() , suspend() , or signal()
a runningjob), andhow to retrieve statusinformationfor bothrunningand
completedjobs.

ThisAPI is alsointendedto incorporatethedesignof theDRMAA API [2]
from wheremuchof theSAGA jobsspeciÞcationwastaken,with many of
thedifferencesarisingfrom anattemptto make thejob API consistentwith
theoverallSAGA look andfeel.

Name Spaces SeveralSAGA packagessharethenotionof namespacesandop-
erationson thesenamespaces.In orderto increaseconsistency in theAPI,
thosepackagessharethesameAPI paradigms.TheSAGA namespacesal-
low to operateonarbitraryhierarchicalnamespaces,suchasusedin physi-
cal,virtual andlogicalÞlesystems,andin informationsystems.

The API is inspiredby the POSIX standard,which deÞnestools andcalls
to handlethenamespaceof physicalÞles(directories).Themethodslisted
for theinterfaceshavePOSIXlikesyntaxandsemantics.

Files Theability to accessthecontentsof Þlesregardlessof their locationis cen-
tral to many of the SAGA usecases.It is useful to notethat interactions
with Þlesasopaqueentities(i.e.,asentriesin Þlenamespaces)arecovered
by the namespacepackage.The classesof the Files packagesupplement
the namespacepackagewith operationsfor the readingandwriting of the
contents of Þles. For all methods,thedescriptionsandnotesof theequiv-
alentmethodsin the namespacepackageapply if available,unlessnoted
hereotherwise.

The describedclassesare syntacicallyand semanticallyPOSIX oriented.
Large numbersof simple POSIX-like remotedataaccessoperationsare,
however, proneto latency relatedperformanceproblems.To allow for efÞ-
cientimplementations,thepresentedAPI borrows ideasfrom GridFTPand
otherspeciÞcationswhich arewidely usedfor remotedataaccess.These
extentionsshouldbe seenasjust that: optimizations. Implementationsof
this packageMUST implementthe POSIX-like read() , write() and
seek() methods,andMAY implementtheadditionaloptimizedmethods.

Logical Files Thissectionof theSAGA API describestheinteractionwith replica
systems.NumerousSAGA usecasesrequiredreplicamanagementfunc-
tionality in the API Ð however, only a small numberof operationshave
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beenrequested.The methodsin theseinterfacesarehencelimited to the
creationandmaintainanceof logicalÞles,replicas,andto searchon logical
Þlemetadata.

Streams A numberof usecasesinvolvedlaunchingof remotelylocatedcompo-
nentsin order to createdistributedapplications. Theseusecasesrequire
simple,remotesocket connectionsto beestablishedbetweenthesecompo-
nentsandtheir controlinterfaces.

The targetof thestreamAPI is to establishthesimplestpossibleauthenti-
catedsocketconnectionwith hooksto supportauthorizationandencryption
schemes.The streamAPI is not performance-oriented,focusedon TCP
socketconnections,anddoesnotattemptto createanew IPCprogramming
paradigm.

GridRPC GridRPCis oneof the few high level APIs that have beenspeciÞed
by theGGF[10]. Thusincluding theGridRPCspeciÞcationin theSAGA
API beneÞtsboth SAGA and the GridRPCeffort: SAGA becomesmore
completeandprovidesabettercoverageof its usecaseswith a singlelook-
and-feel,whilst GridRPCgetsembeddedinto a setof othertoolsof similar
scope,which opensit to a potentiallywider usercommunity, andensures
its furtherdevelopment.

4.4 Summary
We have chosenthe upcomingOGF standardSAGA as the Þrst draft API for
XtreemOS,asit is thebestmatchto therequirementsfrom theotherwork pack-
agesin the project. Thoserequirementswhich are not coveredby the current
SAGA speciÞcationwill be provided by additionalAPI packagesin the same
framework (SAGA is extensible),andwill, wheresensibleandpossible,pushed
into theOGFSAGA speciÞcationwork. XtreemOS-speciÞcextensionswill, where
needed,beaddedin thenext versionof theXtreemOSAPI.

5 Conclusion
In this document,we have presentedtheÞrstdraft speciÞcationof programming
interfacesfor the XtreemOSoperatingsystem and services. We have outlined
thedesignspacefor grid APIÕs into which theXtreemOSprogramminginterfaces
can be positioned. We have found that, for the design of the XtreemOSAPI,
thereis a strongtensionbetweentheapplicationrequirements(for thediverseset
of applicationsthat aremoreor lessgrid-aware)on oneside,andthe operating
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systemandservice-layeron theotherside,wheredifferentservicesprovide their
sharesto theoverall XtreemOSfunctionality. Coordinatingtheproposedservice
functionalityandtheapplicationneedsis themostimportantgoalof theAPI work
package.

WehaveidentiÞedthreekindsof APIÕsneededby XtreemOS:(1) application-
levelAPIÕsfor grid-awareapplications,(2)application-levelAPIÕsfor grid-unaware
but XtreemOS-awareapplications,and(3) managementAPIÕs for theXtreemOS
systemsandservices.

API deÞnitionrequiresmaturity aboutconcepts,requirements,andprovided
servicefunctionality. At the currentstatusof the XtreemOSproject,we have to
conÞneourselvesto specify the groupof application-level APIÕs for grid-aware
applications.Both application-level andmanagement-level APIÕs for XtreemOS-
speciÞcservicescannot be sensiblyspeciÞedyet; suchspeciÞcationswould be
doomedto be incompleteor erraticor otherwiseof little useto potentialappli-
cations,due to the early status(albeit accordingto the projectschedule)of the
XtreemOSservicedevelopment.Thesekindsof APIÕs will thusbeaddedin the
next API speciÞcation,asdeÞnedin deliverableD3.1.2,dueatmonth18.

According to the requirementson XtreemOSAPIÕs, as statedby the other
work packagesof XtreemOS,we have concludedto declarethe upcomingOGF
standardSAGA (theÒSimpleAPI for Grid ApplicationsÓ)to betheÞrstdraftof the
XtreemOSAPI. XtreemOS-speciÞcextensionsandÒnativeÓAPIÕs will beadded
assoonaspossible,namelyin thenext API version,duein month18of theproject.

In the perioduntil month18, the anticipatedfunctionality extensionsof the
XtreemOSoperatingsystemandits serviceswill havematuredto astatusatwhich
APIÕs canbe deÞnedwith goodconÞdence.In the sameperiod,the Þrst imple-
mentationof theSAGA API to XtreemOSwill beavailable.
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