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Abstract

Service Level Agreements provide the foundation to negdiba a distinct Quality of Service level between
the provider and the consumer of a service. Since the Grichoanity is adopting concepts of Service-Oriented
Architectures and Web Services are capturing their spat@mihe Grid landscape, resource management within
Grids increasingly evolves towards the management of ressuepresented as services. To make allowance
for this the Global Grid Forum develops the Web Services é&gent specification to support standardised cre-
ation and negotiation of guarantees related to serviceds phaper illustrates the integration of a Web Services
Agreement-based resource management framework into the @RE Grid system, a development motivated by
the system’s transition towards a service-oriented Grid #re limitations of the current solution.
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1 Introduction

At the present time the Grid community seems to have a cleéamof what properties and functions
future Grid systems should comprise [12]. Concerning thaedging technology and the architectural
model of forthcoming Grids, there is a trend, which propagahe usage of Web Services and the
adoption of Service-Oriented Architecture (SOA) conceptd models. The development towards the
integration of Grids, Web Services and SOA has been welided by the introduction of the Open
Grid Services Architecture (OGSA, [10]), an initiative atieed by the respective Global Grid Forum
working group.

Currently scientists, researchers and vendors designearadiogh multiple Grid architectures and sys-
tems based on the Grid Service paradigm and with OGSA condephind. One of these systems is
UNICORE [5], initially designed as a Uniform Interface to @puting Resources. With the expansion
and abstraction of the term resource beyond computing ata] ttee focus of the UNICORE devel-
opment changed towards service-orientation. Projectstadommunity make efforts to enable this
transition [14], an objective supported by UNICORE's madahd architecture which are designed in a
service-oriented way as analyses reveal [17, 16].

The work reported in this paper concentrates on one of thaatraspects in the current Grid devel-
opment: resource management. The requirements for resmanagement services are described by a
group of independent experts convened by the European Cssiamiwho envisagefléxible, dynamic,

*This work is partially funded by the UniGrids project undet Brant, duration: July 2004 - June 2006.



reconfigurable resources available on demand and to the tegeired for the application and / or end-

user’ [12] for the next generation of Grids. Our work integratggpeopriate models and Grid Services
into the UNICORE framework to provide resource managemaéitt properties and Quality of Service

capabilities as mentioned above.

Following the introduction the scene is set in Section 2 whee present UNICORE's current re-
source management model and present the need for enhanckdnisens to satisfy both end-users
and resource providers. Section 3 then introduces the lyntgtechnology of the chosen solution,
namely Service Level Agreements, the Web Services Agreespatification and the Web Services
Resource Framework (references are provided in the reégpesiction). How these technologies are
used to provide the requested resource management cipabdioutlined in Section 4, followed by
an analysis of the chosen solution in Section 5. The papeariwdes with an outlook on the potential
of the WS-Agreement-based resource negotiation in UNICGHRRecially with respect to multi-phase
negotiation.

2 Resource Management in UNICORE

With reference to the essential resource management piespemd capabilities introduced in
Section 1, we outline more precisely the corresponding delsianade on a state-of-the-art system
to manage resources within a Grid:

¢ Dynamic information End-users (or the respective entities acting on their lflehaist operate
on up-to-date resource information in order to make a restserresource selection.

e Qo0S guarantees End-users and service providers require Quality of Ser(@eS) guarantees
when participating in the Grid-wide resource sharing.

e Resource autonomy Service providers demand autonomous control of the reesithey share
in a Grid environment. This is achieved by policy-based ues® provisioning.

e Economic models Economic based resource management [6] will play an impbrtde in Grid
Computing and at least the necessary foundations shouldtégrated into the design of future
resource management systems.

These demands define the basis for the design and realishtinivanced UNICORE resource manage-
ment models, protocols and services.

With regard to the provision and usage of resources UNICOfREsotwo major models: resource
virtualisation and job abstraction [8]. In UNICORE a set eSources with a uniform user mapping
and direct access to each other is calledrtual Site(Vsite). As a rule these resources are controlled
by a single resource management system. Furthermdo®NIEORE Site(Usite) represents a single
access point to a set of Vsites (at least one), making it tiidibg block of a Virtual Organization of
UNICORE controlled resources. In technical terms a Usitacisessible via a unique address and port
generally virtualising the resources of one institution.

The job model distinguishes between abstractinoarnatedrepresentations of a UNICORE job. The
former defines a job description which contains no site-fipenformation and is processable by every
Usite, while the latter job representation comprises dharg to actually execute a job on resource level.
In-between (arriving at its target Vsite) the abstract pltianslated”, a process callgttarnation For
incarnation as well as for the composition of jobs and wovkfloesource-specific information is needed.
This information is currently maintained per Vsite in a stagxt file, thelncarnation Databas€IDB).

It contains inter alia information abowfpability resourcessuch as software distributions, and about
capacity resourcessuch as memory or nodes available.



During initialisation a UNICORE server component nanNmtwork Job SupervisdiNJS, please re-
fer to Section 4) reads the information contained in the ID® memory and keeps it unchanged during
its lifetime. This implies that changes of the resourceasitin during runtime are not reflected in the
resource information of the UNICORE system. When connetdeaiUsite, the client-side application
submits aGet Resour ceDescri pti onrequest to the NJS and the corresponding harioéset -
Resour ces within the NJS reads the information from memory and retitrback to the client-side
application. After obtaining the resource informationgdersers or the respective client application can
make a match between their jobs’ requirements and the biaitasources. Finally, the end-users will
submit their jobs, which contain the specified resourceirements, to the Usite. Although this model
supports end-users to perform their job submission, it prbyides a static resource view of Vsites and
can thus not meet the requirement of providing dynamic mesounformation. In addition, the current
UNICORE system does neither allow resource users and mnevid negotiate on QoS guarantees nor
does it include the means to manage resources based on éconodels. And even though UNICORE
fulfils the “Resource autonomy” requirement with respecthi® autonomous control, no framework
exists e.g. to enforce a certain policy on a single user. Gajsanalysis motivated the work described
here and led to the design and implementation of a WS-Agreeb@sed resource negotiation model to
meet the requirements mentioned above.

3 Service Level Agreementsfor Resource Negotiation

As noted in the previous section the management of QoS giesisis a functional requirement future
Grid systems have to satisfy. In a service-oriented cor@& management refers to the negotiation,
enforcement and monitoring of contracts between a sereigeastor and a service provider. The ob-
jective of such contract negotiations is to agree upon fipezapabilities provided by a service, thus
to define an implicit level of service. This is of major impanmte during the selection of a service
provider since its actual capabilities might depend on #source situation at the requested time of
service. By modeling the implicit level of service expligias a Service Level Agreement (SLA) we
formalize the relation between service requestor and geoviThis leads to the problem of formally
defining agreement terms and a standard way of negotiaterg.th

While several SLA languages and protocols, such as the WehbcBd_evel Agreement (WSLA)
language [13] or the Business Process Execution Langud®fel(H1]), can be used to support resource
negotiation in Grids, we have chosen the development of ttié Besource Allocation Agreement
Protocol Working Group (GRAAP-WG) of the Global Grid Foruritheir proposed WS-Agreement
specification [2] defines a language and a protocol for aduegtthe capabilities of service providers
and creating SLAs based on agreement templates and offaesw@ll defined agreement structure in
combination with the straightforward negotiation procbased on templates and offers is the reason
why we preferred WS-Agreement to WSLA or BPEL. The agreenoegation process starts with a

Agreement Template Agreement Offer WS-Resource Instance
W Resource Propertes
- —_—
Service Description Terms Service Description Terms Terms
Guarantee Terms Guarantee Terms
Service Description Terms
Guarantee Terms

Figure 1. Transforming a WS-Agreement into WS-ResourceProperties

pre-defined agreement template specifying customizalglecés of an agreement, as there Biame
Context TermsandConstraints(see Fig. 1). While the Constraints enforce rules that mesttiserved



creating an agreement, the Context contains informatiautaihe participants in the agreement. The
Terms section is split iBervice Description Tern{SDT) andGuarantee Term&T). While SDTs, also
called functional terms, describe the essential chailiatiter of a service, the GTs define assurances on
service quality associated with the service described &ysITSs.

The service provider advertises the types of agreementdffis willing to accept by means of such
agreement templates. A service requestor then fills in alsmpnd sends it to the provider, a process
resulting in a concrete agreement offer, which is acceptedjected dependent on the actual resource
situation of the service provider. Hence, this simple textgpand offer mechanism provides a dynamic
resource negotiation framework to be used in Grid systerdeapecially in UNICORE.

If an offer is accepted the service provider creates a silatéS-Resourcf®] wherein the state repre-
sents the structure of the agreement. The agreement offerrisonverted intdVS-ResourceProperties
[11] as Fig. 1 shows. Thus, the WS-Agreement specificatibesren OASIS’ Web Services Resource
Framework (WSRF, [7]) that includes the WS-ResourcePtmsespecification. WS-ResourceProperties
defines the representation of properties inside a WS-Res@s well as a standard set of message ex-
change patterns that allow a service requestor to queryres@roperties. WS-Agreement uses this
specification to query agreement properties, especially t8kms, at service runtime.

4 Dynamic Resource Management Architecture
Based on the definition of the resource management requitenaad the related UNICORE gap
analysis in Section 2, we now evolve the integration of the-Mg8eement framework as described in

Section 3 into the UNICORE architecture.

4.1 Basic UNICORE architecture
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Figure 2. UNICORE components (light grey) and architecture enhancements (dark grey)

As shown in Fig. 2, UNICORE introduces a three tier Grid aestture consisting of client, server
and target system tier, an implementation of which is redlientirely in Java (except for thearget
System Interfac€TSI) which is implemented in Perl). This paragraph introeki the basic concepts
and components (those in light grey) relevant for resouraragement, for an extensive insight please
refer to [8]. Section 4.2 then pictures the enhancementéemgnted to realise the dynamic resource
management architecture, while Section 4.3 depicts seldotplementation details. The client tier is
either represented by an application making use of the UNRE@lient API or by theJNICORE Client
which provides a graphical user interface to exploit thererftinctionality offered by the server tier.
This is achieved by sending and receiving abstract reptasems of UNICORE jobs as introduced in
Section 2. In addition to resource information this job amstation contains platform and site neutral



descriptions of computational and data related tasks dsaw@fork flow specifications along with user
and security information.

The Gatewayis the secure entry point to a Usite, which authenticates igspiests and transfers
them to theNetwork Job SupervisorThe NJS translates the abstract job into a target systenifispe
one, making use of the Incarnation Database. FurthermerBil$ contains a work flow engine which,
among other tasks, performs pre- and post-staging of catipnal data and authorises the user. The
Gateway and NJS execute typically on dedicated securensydiehind a firewall.

UNICORE’s communication endpoint is the Target Systemrfate (TSI), a stateless daemon exe-
cuting on the target system. It interfaces with the locabuese manager represented either by a batch
system like LoadLeveler, an operating system like Linwin@dgork) or an entity capable of interoper-
ating with other Grid systems like Globus [18]. In a typicetugp one TSI and one NJS form a Vsite
(see Section 2).

4.2 Architecture Extensions

Extending the three tier Grid architecture of UNICORE, Fydepicts several components in dark
grey that have been added to the basic architecture. Thésesmons realise a UNICORE-specific
implementation of the WS-Agreement framework, which ftdeffines a two-layered service model [2],
namelyservice layemndagreement layer

The service layer is integrated inside the target systemréipresented by dnformation SensoflS)
which exploits dynamic resource-specific information aneréfore fulfils the first demand specified
in Section 2. To enforce user-specific resource managemenswpport the provider's autonomy we
implemented a filter that makes use of policies stored in abdee (DB). This filter allows e.g. to
restrain information delivered to certain users or resfgcess to certain parts of the resource.

The agreement layer consists of two componentsAtreement Manageon the target system tier
and theAgreement Consumein the server tier. These components enable an UNICOREt@iesuib-
mit a resource request and negotiate the terms of resouage.ud his is accomplished by forwarding
any resource information request from the UNICORE Cliemt tfie NJS directly to the Agreement
Consumer, which in turn enquires for resource informatioovidled by the Agreement Manager. The
Agreement Manager responds by using the service layer tthgedctual resource information from
the IS. In particular, the Agreement Manager generates aAgfSement compliant template containing
the resource information which is transferred back to thee&ment Consumer. The requested template
contains the current, filtered information about a UNICOR$&0urce represented as SDTs. For example
in the case of a computing resource the template comprisem@others SDTSs, representing informa-
tion like nodes, processors or memory. The subsequent istdpsi negotiation process requires the
Agreement Consumer to fill in the template to make a concigrteemnent offer to the Agreement Man-
ager which then is in charge of creating and managing theeaggat. The completion of the template
is supported by the UNICORE Client. This agreement offerstitutes a concrete resource request that
leads to the creation of an UNICORE resource agreemennicestii the Agreement Manager accepts
this offer. This UNICORE resource agreement instance pges/access to dynamic resource informa-
tion through the UNICORE Client.

4.3 Prototype Implementation

The implementation of the afore outlined resource negotiaarchitecture mainly complies two
tasks: the modification of the original UNICORE software dimel implementation of the current WS-
Agreement specification. Since the modifications of the UBIRE software imply primarily protocol
extensions, we will concentrate on the integration of a WSBMpliant hosting environment and WS-
Agreement-related Grid Services into UNICORE as shown @n Bi
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Figure 3. Services implementation details

WSRF uses the factory pattern [7] to create WS-Resourcésitbaapable of storing the resource’s
state. We realise this pattern as a#wutonomic Factory Servicgl5] that implements the
Agreenent Factory portType [2] and provides the createAgreenent and
Get Resour cePr opert y operations to the Agreement Consumer. Wl Resour cePr oper -
ty provides access to the WS-ResourceProperties which arandgally updated by the IS, the
cr eat eAgr eenment operation generates@NICORE ResourceAgreement Instaaeel anEndpoint
ReferencdEPR [4]) that can be used to access this WS-Resource thitbedhNICORE ResourceA-
greement Grid Servicdn consequence the agreement state is represented by tEORE ResourceA-
greement Instance and manipulated via the UNICORE Resagreement Grid Service that imple-
ments the Agreenent portType [2]. This portType defines aTerm nat e,
Get ResourceProperty and other domain-specific operations, like for instance
Quer yResour ceProperties [11]. Furthermore, the portType exposes WS-ResourceRiepe
namely Name, Context, and Terms which are converted from\greement offer (see Section 3) into
the WS-ResourceProperties of the UNICORE ResourceAgneieinstance. These architecture en-
hancements lay the foundations for dynamic resource mamagtein UNICORE and, among other
functionality, enable user-specific resource managemmhsapport the provider's autonomy through
site-specific policies managed by the Autonomic FactoryiSey as the following sections reveal.

5 Architecture Evaluation

As determined in Section 2 the purpose of the work reporteelisdo enhance UNICORE's resource
management capabilities with functions to advertise dyoaesource information, enable the negoti-
ation of QoS guarantees, enable economic resource managanteretain resource autonomy. These
functions and their impact on UNICORE will be briefly desexibhere.

Using up-to-date resource information UNICORE users am imothe position to make a suitable
resource selection based on the actual resource situatithedarget system. Although this still implies
jobs to be scheduled manually by the user, the transitian fistatic to a dynamic information service
lays the foundation for more advanced scheduling architestas researched in projects like VIOLA
(Vertically Integrated Optical Testbed for Large Applicais).

Moreover, our work provides the means for users or apptinatto demand a certain service level.
Currently this service level is negotiated within one steyt, once the respective WS-Agreement Ne-
gotiation specification [3] is available, multi-step neégton will be integrated into the UNICORE
framework.

Apart from carrying out an arbitrary number of steps to agneen the modalities of resource usage,
economic resource management requires the possibiligserve resources in advance. This capability
can be easily realised with the described architecture tlyding additional service description terms
which represent the reservation and are defined inside teemgnt.



The introduction of site-specific policies overcomes tiatttions of the current situation in which
all users have the same rights and therefore strengtheasittveomy of resource providers. As an extra
benefit, since all service description terms of an agreemenexposed as WS-Resource properties, a
user or application can monitor agreement-complianceeatith-time of the service.

6 Conclusion and Future Work

An evaluation of the UNICORE framework showed that its reseunanagement capacity lacks cer-
tain functionality with respect to the requirements users experts have. To fulfil these requirements
we designed and implemented a dynamic resource managerchiteeture to extend the UNICORE
system. This architecture is based on the WS-Agreementfis¢ion and the WS Resource Frame-
work and enables users to control and to manage dynamicroesallocation through agreements.
Furthermore the proposed solution is extensible and thexefllows the integration of various different
resources and their respective QoS parameters.

The previous section shows not only that our solution impsousage and administration of the
UNICORE system, but it also provides the basis to realisetfons like advance reservation, multi-step
negotiation, related agreements, automatic schedulidgsapport for dynamic workflows. Hence we
will exploit the potential of this work and develop additarservices and components to make, as stated
in the introduction, flexible, dynamic, reconfigurable resources available omaied.
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