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Abstract

The Grid paradigm implies the sharing of a variety of resesracross multiple administrative domains. In
order to execute a work-flow using these distributed ressuem instrument is needed to co-allocate resources by
reaching agreements with the different local schedulirggesyis involved. Apart from compute resources to execute
the work-flow the co-ordinated usage of other resource typest be also guaranteed, as there are for example a
network connectivity with dedicated QoS parameters or aalisation device. We present a Web Service-based
MetaScheduling Service which allows to negotiate a comnmog slot with local resource management systems to
enable the execution of a distributed work-flow. The sudaésegotiation process results in a formal agreement
based on the WS-Agreement recommendation that is currgmlgified by the GRAAP working group of the Global
Grid Forum. As a use case we demonstrate the integrationi®MbtaScheduling Service into the UNICORE

middleware.

1 Introduction

To successfully execute distributed applications or witwis, usually different resources like compute nodes,-visu
alisation devices, storage devices, or network connégtivith a defined QoS are required at the same time or in a
certain sequence. Orchestrating such resources localyrwane organisation represents only a minor task, whereas
the orchestration of resources on a Grid level requires\acgethat is able to solve the same problems in an environ-
ment that may stretch across several administrative da@nAtiiditional conditions have to be taken into account, like
the compliance with site-specific policies or the protattiba site’s autonomy.

In this paper we first describe in Section 2 an environmentehbe-allocation of resources is of vital importance,
the requirements for the MetaScheduling Service that des/ihe required co-allocation means, and related work. In



a next step we characterise the functionality of the Meta8ualing Service (Section 3), followed by a description of
the currentimplementation. Then, in Section 5, we pre$enintegration of the scheduling system into the UNICORE
Grid middleware [1]. The performance of the the whole systeavaluated in Section 6, and the last section contains
conclusions and an outlook to future work.

2 Scope, Requirements, and Related Work

The subject we are dealing with is scheduling and resouragegement in Grids and our primary focus is the co-
allocation of different resources needed for the executioa distributed application or a work-flow. Today’s Grid-
aware applications benefit more and more from using hetermes hardware that allows to optimise the performance
of the applications. However, to make use of such distritboésources a tool or service is required that is capable of
dealing with multiple policies for the operation and usafjeeources. Furthermore, the scheduling systems that man-
age these resources will usually not be altered when theiress, in addition to local utilisation, are made available
for usage in a Grid environment. Taking into account hetenedty, site autonomy, and different site policies, a com-
mon approach for co-scheduling [2] of resources is not alsédlso far. However, there have been several approaches
over the last years ranging from commercial products liles¢hfrom the Load Sharing Facility (LSF) family [3],
to project-specific implementations like MARS [4] (a metdrsduler for Campus Grids), GridFlow [5] (supporting
work-flows in the DataGrid), or developments of the GrADSHa GriPhyN project. Other approaches like the one
in Condor-G [6] or Legion’s JobQueue [7] are limited to thedarlying middleware environment. The Community
Scheduler Framework (CSF) [8] is a global scheduler thatiates with local schedulers such as OpenPBS [9], LSF
or SGE [10], but it requires the obsolete Globus Toolkit Q][ Finally there is GARA [12], an API supporting
co-scheduling of, inter alia, network resources in a Glahiddleware environment.

All the approaches mentioned above are to some extent tinaitel not suitable to be adopted to the needs of a
common meta-scheduling service, because of

e their commercial nature,

e their limited support for different types of resources,

o their restriction to the needs of a specific project,

e their limitation to a particular middleware environmentda

o the use of proprietary protocols.

The work presented in the following sections of the papesttd overcome the limitations by providing an exten-
sible service that is not restricted to the needs of a pdati@roject, that implements evolving standards, and that i
able to support arbitrary types of resources.

3 Required Functionality of the MetaScheduling Service

To achieve co-allocation of resources managed by multigleally different scheduling systems, the minimal reguire
ment these systems have to fulfil is to provide functions to

1. schedule a single reservation some time in the future ‘{fleagn 5:00 pm to 8:00 pm tomorrow”) and to

2. give an aggregated overview of the usage of the managedroes between now and a defined time in future.

Once a reservation is scheduled the starting time for it &dfix.e. it may not change except for the reservation
being cancelled. This feature is called advance resenafioere are at least two possibilities to realise such azkvan
reservation. The first possibility is to schedule a resémdbor a requested time, called fixed time scheduling. The
second possibility is to schedule a reservation not befogeven time, which means a scheduling system tries to
place the reservation at the requested time, otherwisdlibevischeduled for the earliest possible time after the one
requested. This results in a first fit reservation. The imgletation of the MetaScheduling Service described in this
paper interacts with, but is not limited to, scheduling eysd that implement the first fit behaviour. The main function
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of the MetaScheduling Service is to negotiate the resenvaif network-accessible resources that are managed by
their respective local scheduling systems. The goal of #gotiation is to determine a common time slot where all
required resources are available for the requested gjditime of the job. The major challenges for a meta-scheduler
are

¢ to find Grid resources suitable for the user’s request,

o to take security issues like user authentication and ais#tozn into account,
e to respect the autonomy of the sites offering the resouerek,

¢ to cope with the heterogeneity of the local scheduling syste

We do not address the problem of finding suitable resourcess tés task is usually delegated to a Grid infor-
mation system or a resource broker. Security issues areconlidered here with respect to user authentication and
authorisation as the MetaScheduling Service has to reserbehalf of the user’s respective identity at the sites that
he wants to use resources from. The implementation deskirothe next section addresses both site autonomy and
heterogeneity.

4 Implementation of the M etaScheduling Service

To interact with different types of scheduling systems weidied to use the adapter pattern approach. The role of
such adapters is to provide a single interface to the Met@dmg Service by encapsulating the specific interfaces of
the different local scheduling systems. Thus the MetaSdiragiService can negotiate resource usage using a single
interface. The adapters are connected to both the MetaSligdervice and the scheduling systems and may there-
fore be installed either at the site hosting the MetaScliegl@ervice, the (remote) sites where the scheduling system
are operated, or at any other system accessible througlwanketCurrently adapters are available for two scheduling
systems: EASY and a proprietary scheduling system. Two mdapters will be be available late summer 2005: one
for the Portable Batch System Professional (PBS Pro) anthanone for ARGON, the resource management system
for network resources that is currently under developnetiié VIOLA project [16].

4.1 Negotiation protocol

In this section we describe the protocol the MetaSched8eyice uses to negotiate the allocation of resources with
the local scheduling systems. This protocol is illustrateBig. 1. The user specifies the duration of the meta-job and
additionally - for each subsystem - reservation charastiesi like the number of nodes of a cluster or the bandwidth
of the connections between nodes. In the UNICORE based ViI@isthed the UNICORE client is used to describe

the request of the user. The client sends the job descritditime MetaScheduling Service using the Web Services
Agreement (WS-Agreement) protocol [14]. Based on the méttion in the agreement the MetaScheduling Service
starts the resource negotiation process:

1. The MetaScheduling Service queries the adapters of theted local systems to get the earliest time the re-
guested resources will be available. This time possiblythiée after an offset specified by the user.

2. The adapters acquire previews of the resource avatialfibtm the individual scheduling systems. Such a
preview comprises a list of time frames during which the e=jad QoS (e.g. a fixed number of nodes) can
be provided. It is possible that the preview contains onlg entry or even zero entries if the resource is fully
booked within the preview's time frame. Based on the prevtenadapter calculates the possible start-time.

3. The possible start times are sent back to the MetaScimedbérvice.

4. If the individual start times allow the co-allocation dietresources, the respective resources are reserved via
the Adapters of the local schedulers. If the individualtdiares do not allow the co-allocation of the resources,
the MetaScheduling Service uses the latest possible steatas the earliest start time for the next scheduling
iteration. The process is repeated from step 1. until a comtinee frame is found or the end of the preview
period for all the local systems is reached. The latter caseigtes an error condition.
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Figure 1: The negotiation process

5. In case the individual start times match, the MetaScliegl@ervice checks the scheduled start times for each
reservation by asking the local schedulers for the progedf the reservation. This step is hecessary because
in the meantime new reservations may have been submittethby wsers or processes to the local schedulers,
preventing the scheduling of the reservation at the regddsne.

6. If the MetaScheduling Service detects one or more re8ensthat are not scheduled at the requested time, all
reservations will be cancelled. The latest effective stareé of all reservations will be used as the earliest start
time to repeat the process beginning with step 1.

7. If all reservations are scheduled for the appropriate tine co-allocation of the resources has been completed.

8. The IDs of the MetaScheduling Service and the local retiems are added to the agreement and a reference to
the agreement is sent back to the client which initially sitted the meta-job (in case of the VIOLA testbed it
is the UNICORE client).

4.2 Hosting Environment and Command Line I nterface

For the hosting environment of the MetaScheduling Servieaise Sun Java 1.3.1 JRE with Apache Tomcat 3.3.2 as
a servlet engine. In addition we make use of the Apache SOAR&work 2.3 for sending and receiving SOAP [13]
messages. The interface between the adapter and the Ibedisitig systems is implemented as a simple CGl module,
which is hosted at the Apache web server and wraps the lobalisting system’s commands. The communication
between Apache and the adapters is secured by using HTTPS.

A simple Command Line Interface (CLI) is also available toess the MetaScheduling Service. It enables users to
submit a meta-scheduling request, to query job detailsa@ta a certain reservation, and to cancel a given reservati
To submit a request a user may specify the duration of thevaten, the resources needed per reservation (number
of nodes, network connectivity, ...), and the executahle&zh site.

The current CLI implementation does not contain integraestlrity means to provide single sign-on, as e.g. the
UNICORE client does. Instead the CLI user has to enter a Vafjth and password for every requested resource.
The credentials are stored by the CLI, passed to the MetaBthg Service, and used for authentication at the local

CoreGRID TR-0010 4



systems. Please note that this is an interim solution artdhleameta-scheduling framework will provide a concise
security solution at a later implementation stage.

4.3 Interface between MetaScheduling Service and Adapter

The interface/protocol between the MetaScheduling Seraitd the adapters is implemented using Web Services
and it basically provides the five functionsul dRunAt (), subni t (),submnit (), cancel (),state(),and

bi nd() . Please refer to Appendix A for a detailed specification efftimctions and examples of the SOAP messages
being sent.

These functions cover the whole negotiation process destim Section 4.1. The Web Services interface/protocol
as implemented is not standardised, but the GRAAP [15] wgrgroup at the Global Grid Forum (GGF) is currently
discussing to address the standardisation of a protocahéonegotiation process. Once such a recommendation is
available we plan to implement it instead of the current one.

4.4

The development of the MetaScheduling Service includealraady mentioned in Section 4.1, an implementation of

the WS-Agreement specification [14]. The client submitscuesst using an agreement offer (a template provided by
the MetaScheduling Service and filled in with the user’s negguents by the client) to the MetaScheduling Service.

It then negotiates the reservation of the resources in dang# with the QoS defined in the agreement template. As
a result of the successfully completed negotiation proeesalid agreement is returned to the client, containing the
scheduled end times of the reservation, the reservatianifide, and further information.

I mplementation of the Agreement

5 Integration into the UNICORE Middleware
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Figure 2: The meta-scheduling architecture

The first generation meta-scheduler architecture devdlopthe VIOLA project [16] focuses on the scheduling
functionality requiring only minimal changes to the UNICBRystem (please refer to [1] for an in-depth description of
the UNICORE models and components). As depicted in Fig.€2s¥stem comprises the adapter, the MetaScheduling
Service itself [17], and a MetaScheduling plug-in (whiclpat of the client and not pictured separately). Before
submitting a job to a UNICORE Site (Usite), the MetaScheduplug-in and the MetaScheduling Service exchange
the data necessary to schedule the resources needed. Ta8dietiuling Service is then (acting as an Agreement
Consumer in WS-Agreement terms [14]) contacting the addpatéing as an Agreement Manager) to request a certain
level of service, a request which is translated by the Maniage the appropriate local scheduling system commands.
In case of VIOLA's computing resources the targeted systaiilmd EASY scheduler. Once all resources are reserved at
the requested time the MetaScheduling Service notifies HEORE Client via the MetaScheduling plug-in to submit
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the job. This framework will also be used to schedule theaaenecting network, but potentially any resource can be
scheduled if a respective adapter/Agreement Manager ieimgnted and the MetaScheduling plug-in generates the
necessary scheduling information. The follow-on generatif the meta-scheduling framework will then be tightly
integrated into UNICORE.
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Figure 3: The UNICORE client with meta-scheduling extensio

6 Experiences and Performance Evaluation

We set up different tests to evaluate the performance of tea®theduling Service. All tests were performed on a
PC Cluster where multiple local scheduling systems and $t#taduling services were deployed across the compute
nodes. We executed the following two types of performansiste

1. Reservations with multiple adapter instances (Fig. 4).
2. Reservations with multiple MetaScheduling Servicednses (Fig. 5).

In the first test series we used a single MetaScheduling &emstance to co-allocate resources across six different
local schedulers. This implied that six partial reservatiovere generated for six different local scheduling instan
that were randomly chosen from a pool of 160 instances. Thaeaf each local scheduler was randomly initialised to
simulate a certain load per system. In the second test seeiesalised a layered approach: The MetaScheduling Ser-
vice that received the reservation request from the uset@pMSS) delegated the reservations to other MetaSchedul-
ing Services which then negotiated with the local schedul8s in the first test a reservation consisted of six partial
reservations. Apart from the topMSS three MetaSchedulenyi€es were used, each being responsible for the co-
allocation of resources managed by two local schedulers.tdpMSS instance negotiated the complete reservation
with these three instances which for the topMSS take theabéslapters as in the first test using the same protocol
for the inter-MetaScheduling Service communication.

Both tests indicate that the co-allocation approach sadeistreasonable: a complete schedule is delivered in less
than 20 seconds (30 seconds in the case of layered MetaSicige8arvices). Fig. 4 and 5 indicate a slight increase

CoreGRID TR-0010 6



20

— Itime couId'RunAt (tot'al)

---x--- time submit o

---*--- time state :

18 I g time total B. :
---m— number couldRunAt =8 IR oEa g k

---&-- terations total S i & / A
16 | [n] = ) @Ea Gd 5 @ae6H A
8] | 58 B 38 o 58
14 lod bl omd SR i a i
o @ o @ ; b-g-8

12 F Ef 8 J

§ x x X x x ><
o 10F X K X * * SR X X X X kxX XX o
8 | ¥ ¥ ¥ % ¥ .

COROOOOCOOVDOOOCOOOROGOOOOOVOOCOOODOOOOROOROCOCOOROROROOORY
N 7N SN 2N ZANVANVAN ;
/ \

0 & K S & K S L N ¥ | l
0 5 10 15 20 25 30 35 40 45 50
number of submissions

\
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Figure 5: Performance of a MetaScheduling Service negugiatith multiple MetaScheduling Services

of the total reservation time in case the local systems’ lioadeases and thus the number of lookups needed for
identifying free slots and for scheduled reservations msmeases. The total number of iterations indicates hoanoft
the co-allocation process had to be restarted due to raégaraconsistencies at the local schedulers (see Sectign 4
step 7.). In the two tests series this value was constarg firece were no additional scheduling activities (aparfro
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those initiated by the MetaScheduling Service) carriedioatt could interfere.

7 Conclusions and future work

In this paper a meta-scheduling framework has been desanibih is capable of co-allocating arbitrary types of re-
sources by means of adapters that abstract the differentanes of the local scheduling systems. An implementation
has been presented that may be used via a command line ¢eterfantegrated into a Grid middleware. As a use case
a first approach to an WS-Agreement-based integrationit®tNICORE Grid system has been shown. Future work
will concentrate on several improvements of the servicefaads, e.g. on:

e implementing adapters for additional scheduling systems,

e implementing the WS-Negotiation protocol as it is evolvaighe GGF,

¢ integrating the MetaScheduling Service into OGSA/WSREedUNICORE [18] and Globus [19] systems,
e providing resource broker capabilities,

e integrating the Intelligent Scheduling System (ISS) fdeston of resources best fitted to execute an specific
application [21], and

e integrating a Grid Scheduling Ontology [20].
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A Interface between M etaScheduling Service and Adapter

The interface between the MetaScheduling Service and tlaptédis defined by the five functionsul dRunAt (),
subm t (), cancel (), state(), andbi nd() (see also Section 4.3). These functions are used to exdmite t
steps in the negotiation protocol which require commuiacatvith the local schedulers, a description of which can
be found in Section 4.1. Thei nd() function is exclusively used to commuicate with local netivechedulers. In
the following subsections for each of these functions

¢ the function call,

¢ the purpose of the function,

¢ the attributes,

e the return value, and

e a sample SOAP request and response message

are listed.

A.1 couldRunAt()

Call: Dat e coul dRunAt (Job j ob_descri pti on)
Purpose: Get the earliest possible runtime for a job.
Attributes: Description of the job.

Returnvalue:  The earliest possible runtime for the job @stystem the respective request
has been sent to.

Listing 1: couldRunAt() — sample SOAP request

<?xml version="1.0" encoding ="UTF87> <SOAR-ENV: Envelope
xmlns:SOARENV="http :// schemas .xmlsoap.org/soap/envelope /"
xmins: xsi="http ://www.w3.0rg/2001/XMLSchemanstance”
xmins:xsd="http ://ww.w3. org/2001/XMLSchenmz"<SOAR-ENV: Body>
<nsl:couldRunAt xmins:nsl="urn:SchedulerServer&SchedulerServer
xsi:type="nsl:SchedulerServer”
SOAR-ENV:encodingStyle="http ://schemas . xmlsoap.org/soapé¢oding/*>
<JID xsi:type="xsd:string"” xsi:nil="true’> <interactive
xsi:type="xsd:boolean®false</interactive><jobType
xsi:type="xsd:int>>0</jobType><nodes

xmins:ns2="http :// schemas .xmlsoap.org/soap/encoding
xsi:type="ns2:Array” ns2:arrayType="xsd:string[0F </nodes
<nodesRequired xsi:type="xsd:in¥l</nodesRequirer:
<requestedStartTime
xsi:type="xsd:dateTime%2004—07—27T17:12:00.000Z/requestedStartTime
<scheduledStartTime
xsi:type="xsd:dateTime%>2004—07—27T17:07:16.953Z/scheduledStartTime
<shellScript xsi:type="xsd:stringstest.sh</shellScript><state
xsi:type="xsd:int>—1</state><timeRequired
xsi:type="xsd:int">20</timeRequiret-<usingAdvancedReservation
xsi:type="xsd:booleanstrue</usingAdvancedReservatipn
</SchedulerServer </nsl:couldRunAr </SOARENV:Body>

<ISOAR-ENV: Envelope-

Listing 2: couldRunAt() — sample SOAP response

<?xml version="1.0" encoding ="UTF8?7>
<SOARENV: Envelope xmlins:SOARENV="http ://schemas .xmlsoap.org/soap/envelope /"
xmins: xsi="http ://www.w3.0rg/2001/XMLSchemdnstance”
xmins:xsd="http ://www.w3. org/2001/XMLSchenta"
<SOAR-ENV: Body>
<nsl:couldRunAtResponse xmins:nsl="urn:SchedulerServBOAR-ENV:encodingStyle="http :// schemas.xmlsoap .org/soapé¢oding/>
<return xsi:type="xsd:dateTime32004-07—27T719:17:00.000Z/returmn>
</nsl:couldRunAtResponse
<ISOAR-ENV: Body>
<ISOAR-ENV: Envelope-
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A.2 submit()

Call: String subnit(Job job._descripition)

Purpose: Submit a job to a local scheduler. Shmi t () call results
in an advance reservation of the requested resource.

Attributes: Description of the job.

Returnvalue: A job ID unique within the meta-sschedulingiemment.

Listing 3: submit() — sample SOAP request

<?xml version="1.0" encoding ="UTF8?>
<SOARENV: Envelope xmlns:SOAFENV="http ://schemas .xmlsoap.org/soap/envelope /"
xmins: xsi="http ://www.w3.0rg/2001/XMLSchemédnstance”
xmins:xsd="http ://www.w3. 0rg/2001/XMLSchent="
<SOAR-ENV: Body>
<nsl:submit xmiIns:nsl="urn:SchedulerServer”
<SchedulerServer xsi:type="nsl:SchedulerServer” S@N¥:encodingStyle="http ://schemas .xmlsoap.org/soap¢oding/™>
<JID xsi:type="xsd:string” xsi:nil="true"t>
<interactive xsi:type="xsd:booleap’false</interactive>
<jobType xsi:type="xsd:int>0</jobType>
<nodes xmlIns:ns2="http ://schemas .xmlsoap.org/soap beliicg /" xsi:type="ns2:Array” ns2:arrayType="xsd:strgf0]"></nodes
<nodesRequired xsi:type="xsd:in¥3</nodesRequiren
<requestedStartTime xsi:type="xsd:dateTinme?004—-07—27T722:05:00.000&/requestedStartTime
<scheduledStartTime xsi:type="xsd:dateTinre2004—07—27T17:07:16.953Z/scheduledStartTime
<shellScript xsi:type="xsd:string>test.sh</shellScript>
<state xsi:type="xsd:int>—1</state>
<timeRequired xsi:type="xsd:int>20</timeRequireg
<usingAdvancedReservation xsi:type="xsd:booleantue</usingAdvancedReservatipn
</SchedulerServes
<Insl:submip
<I/SOARP-ENV: Body>
<ISOAR-ENV:Envelope

Listing 4: submit() — sample SOAP response

<?xml version="1.0" encoding ="UTF8?>

<SOARENV: Envelope xmlns:SOAFENV="http ://schemas .xmlsoap.org/soap/envelope /"
: http ://www.w3.0rg/2001/XMLSchemdnstance”

http ://www.w3. org/2001/XMLSchenta"

<SOAR-ENV: Body>
<nsl:submitResponse xmins:nsl="urn:SchedulerServer ABSENV:encodingStyle="http ://schemas .xmlsoap.org/soap¢oding/™>
<return xsi:type="xsd:string*07271915480& /returm>
</Insl:submitResponse
<ISOAR-ENV: Body>
</SOAR-ENV:Envelope-

A.3 cancdl()

Call: bool ean cancel (String job.id))
Purpose: Cancel a job with a given job ID.
Attributes: The ID of the job which has to be cancelled.

Return value: Success or failure.

Listing 5: cancel() — sample SOAP request

<?xml version="1.0" encoding ="UTF8?7>

<SOARENV: Envelope xmlins:SOARENV="http ://schemas .xmlsoap.org/soap/envelope /"
xmins: xs http ://www.w3.0rg/2001/XMLSchemdnstance”
xmins:xs http ://www.w3. 0org/2001/XMLSchen"

<SOAR-ENV: Body>
<nsl:cancel xmlns:nsl="urn:SchedulerServer”

<SchedulerServer xsi:type="xsd:string” SOANV:encodingStyle="http ://schemas.xmlsoap.org/soepé¢oding/>>072719153196&/ SchedulerServes

<Insl:canced
<I/SOAR-ENV: Body>
</SOAR-ENV:Envelope-

Listing 6: cancel() — sample SOAP response

<?xml version="1.0" encoding ="UTF8?7>
<SOARENV: Envelope xmlins:SOARENV="http ://schemas .xmlsoap.org/soap/envelope /"
xmins: xsi="http ://www.w3.0rg/2001/XMLSchemédnstance”
xmins:xsd="http ://www.w3. 0rg/2001/XMLSchent="
<SOAR-ENV: Body>
<nsl:cancelResponse xmins:nsl="urn:SchedulerServerAPSENV: encodingStyle="http ://schemas .xmlsoap.org/soapé¢oding/>>
<result xsi:type="xsd:boolean¥true</result>
<Insl:cancelResponse
<I/SOARP-ENV: Body>
<ISOAR-ENV: Envelope
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A4 statg)

Call: Job state(String job.d)

Purpose: Retrieve the status of a job.

Attributes: The ID of the job.

Returnvalue:  The complete job is returned including theedalhed start time.

Listing 7: state() — sample SOAP request

<?xml version="1.0" encoding ="UTF8?7>
<SOARENV: Envelope xmlins:SOARENV="http ://schemas .xmlsoap.org/soap/envelope /"
xmins: xsi="http ://www.w3.0rg/2001/XMLSchemédnstance”
xmins:xsd="http ://www.w3. 0rg/2001/XMLSchent="
<SOAR-ENV: Body>
<nsl:state xmins:nsl="urn:SchedulerServer”
<SchedulerServer xsi:type="xsd:string” SOANV:encodingStyle="http ://schemas .xmlsoap.org/soapé¢oding/™>072719154808
</SchedulerServes
<Insl:state>
<I/SOAR-ENV: Body>
<ISOAR-ENV: Envelope

Listing 8: state() — sample SOAP response

<?xml version="1.0" encoding ="UTF8?>
<SOARENV: Envelope xmlns:SOAFENV="http ://schemas .xmlsoap.org/soap/envelope /"
xmins: xsi="http ://www.w3.0rg/2001/XMLSchemédnstance”
xmins:xsd="http ://www.w3. 0rg/2001/XMLSchent="
<SOAR-ENV: Body>
<nsl:stateResponse xmlns:nsl="urn:SchedulerServer "FEMV:encodingStyle="http ://schemas .xmlsoap.org/soapc¢oding/>
<return xsi:type="nsl:SchedulerServes”
<timeRequired xsi:type="xsd:int>20</timeRequireg
<state xsi:type="xsd:int>l</state>
<nodes xmins:ns2="http ://schemas .xmlsoap.org/soap belicg /" xsi:type="ns2:Array” ns2:arrayType="xsd:strg{0]"></nodes>
<jobType xsi:type="xsd:int>0</jobType>
<requestedStartTime xsi:type="xsd:dateTine?004—-07—28T03:08:00.000&/requestedStartTime
<shellScript xsi:type="xsd:stringdtest.sh</shellScript>
<nodesRequired xsi:type="xsd:int¥l</nodesRequiren
<scheduledStartTime xsi:type="xsd:dateTinre2004—07—28T03:08:00.000&/scheduledStartTime
<usingAdvancedReservation xsi:type="xsd:booleafalse</usingAdvancedReservatipn
<JID xsi:type="xsd:string” xsi:nil="true"t>
<interactive xsi:type="xsd:booleap’false</interactive>
<Ireturrm>
<Insl:stateResponse
<ISOAR-ENV: Body>
<ISOAR-ENV:Envelope-
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A5 bind()

Since the local network scheduler also developed in the VW@Ltoject is not yet integrated into the meta-scheduling
environment, théi nd() function is not yet fully specified.

Call: bool ean bi nd( Addr essLi st address_li st)

Purpose: Publicize source and destination addresses néttvrk connections belonging
to a certain reservation at run time. This is necessary shrcaddresses
of the nodes are potentially not known until runtime but they needed to
guarantee a job exclusive access to the network bandwidth.

Attributes: List of source and destination IP addresseg&ah site-to-site connection.

Returnvalue:  Success or failure.

Listing 9: bind() — sample SOAP request

<?xml version="1.0" encoding ="UTF8?>
<SOARENV: Envelope xmlns:SOAFENV="http ://schemas .xmlsoap.org/soap/envelope /"
xmins: xsi="http ://www.w3.0rg/2001/XMLSchemédnstance”
xmins:xsd="http ://www.w3. org/2001/XMLSchenta"
<SOAR-ENV: Body>
<nsl:bind xmins:nsl="urn:SchedulerServer”
<SchedulerServer xsi:type="nsl:SchedulerServer” S@N¥:encodingStyle="http ://schemas .xmlsoap.org/soap¢oding/™>
<SchedulerServer xsi:type="xsd:string"072719153196&/SchedulerServes
<service xmins:ns2="http ://schemas .xmlsoap.org/soapdading /" xsi:type="ns2:Array” ns2:arrayType="nsl:Cpaction[2]">
<connection xsi:type="nsl:Connection”
<id xsi:type="xsd:string">45819154896&/id>
<sourceAddresses xmlins:ns2="http :// schemas.xmlsoap/eoap/encoding /" xsi:type="ns2:Array” ns2:arrayTypexssi:string[3]">
<sourceAddress xsi:type="xsd:string*¥194.94.198.20k /sourceAdress
<sourceAddress xsi:type="xsd:string*194.94.198.202 /sourceAdress
<sourceAddress xsi:type="xsd:string*194.94.198.20& /sourceAdress
</sourceAddresses
<destinationAddresses xmlns:ns2="http ://schemas .xmpsoorg/soap/encoding /" xsi:type="ns2:Array” ns2:arfaype="xsi:string[2]">
<destinationAddress xsi:type="xsd:string'194.94.198.12% /sourceAdress
<destinationAddress xsi:type="xsd:string'194.94.198.12& /sourceAdress
</destinationAddresses
<Iconnection>
<connection xsi:type="nsl:Connection”
<id xsi:type="xsd:string"™>4581915489%/id>
<sourceAddresses xmins:ns2="http ://schemas.xmlsoag/eoap/encoding /" xsi:type="ns2:Array” ns2:arrayTypecsi:string[2]">
<sourceAddress xsi:type="xsd:string¥194.94.198.20k /sourceAdress
<sourceAddress xsi:type="xsd:string*194.94.198.202 /sourceAdress
</sourceAddresses
<destinationAddresses xmlns:ns2="http ://schemas .xmpsoorg/soap/encoding /" xsi:type="ns2:Array” ns2:arfaype="xsi:string[1]">
<destinationAddress xsi:type="xsd:string'194.94.198.31& /sourceAdress
<I/destinationAddresses
<Iconnection>
<Iservice>
<I/SchedulerServes
</nsl:bind>
<ISOAR-ENV: Body>
<I/SOAR-ENV: Envelope

Listing 10: bind() — sample SOAP response

<?xml version="1.0" encoding ="UTF8?7>
<SOARENV: Envelope xmlns:SOAFENV="http ://schemas .xmlsoap.org/soap/envelope /"
xmins: xsi="http ://www.w3.0rg/2001/XMLSchemédnstance”
xmins:xsd="http ://www.w3. org/2001/XMLSchent="
<SOAR-ENV: Body>
<nsl:bindResponse xmlins:nsl="urn:SchedulerServer” SBAF:encodingStyle="http ://schemas .xmlsoap.org/soapé¢oding/>
<result xsi:type="xsd:boolean®true</result>
</nsl:bindResponse
<I/SOAR-ENV: Body>
<ISOAR-ENV: Envelope
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