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Abstract

In SOA-based Grid environments service provider and sergansumer usually do not know each other. In
order to establish a business relation they must inter glier¢ate a trust relationship, and (ii) set up mechanisms
to create reliable, verifiable, and, at least in a commesaiglronment, also audible agreements with respect to the
services requested, delivered and consumed. In this papeilivnly briefly address (i) but concentrate on solutions
for (ii) based on Service Level Agreements (SLAs). Therefee will give an overview on the state-of-the-art of
SLA usage in Grids, highlight possible obstacles for thelagpent of SLAs, and present a detailed example of a
service improving the execution of workflows through the oB&/S-Agreement to negotiate advance reservation of
resources to execute workflow components.

1 Introduction

Workflows have become a common way to describe and organisquesce of processes, tasks, applications, or
services with specific interdependencies to build a comipler.g. to deliver results of a complex simulation. Today’s
more stable Grid environments seem to be suitable to allagaisf non-local resources to execute such a workflow
if its resource demand exceeds local capacities. Howeseheadegree of control over resources changes drastically
when using resources not belonging to the own administramain, additional considerations have to be made and
measures to be taken to allow a reliable, efficient, and aaticrprocessing of these workflows. In the following
sections we concentrate on these aspects.

This research work is carried out under the FP6 Network ofliece CoreGRID funded by the European Commission (Conit&l-2002-
004265).



In service-oriented Grids service provider and servicesaarer potentially belong to different administrative
domains. In order to enter in a business relation they mushgnather things (i) establish trust between them, and
(ii) set up mechanisms to create reliable and verifiable @ermmercial environment also audible) agreements with
respect to the services requested, delivered and consumeéuis paper we describe a research environment where
trust is based on the X.509 certificates issued by Certifisathorities of the co-operating institutions.

The recently increasing discussion on Service Level Ageram(SLA) reflects the beginning of broader use of
SLAs as an instrument to provide and access reliable satvid@wever, SLAs are still far from a regular day by
day use for establishing agreements between service groad service consumer. We will give an overview on the
state of the art, highlight possible obstacles for the dgpknt of SLAs, and present a detailed example of a service
improving the execution of workflows through the use of WS-@&ment to negotiate advance reservation of resources
to execute the workflow components.

1.1 Related work

The solution proposed here uses WS-Agreement [2] as a nftehhulate and manage SLAs. Specified by the Grid
Resource Allocation Agreement Working Group (GRAAP) of@@en Grid Forum [10], the Web Services Agreement
Specification version 1.0 will soon be officially released @nalready been used in various implementations [15, 13,
4].

One of these implementations is the meta-scheduling emviemt developed within the VIOLA [20] project.
Built around theMetaScheduling Service (MS8)1] a WS-Agreement-based framework has been realisetoda
co-allocation of compute and network services for MPI aggilons. Since co-allocation is just a special case of
scheduling a workflow (one, where all tasks start synchrslyyuwe decided to enhance this framework to process
more general kinds of workflows.

1.2 Remainder of the Paper

The remainder of the paper is organised as follows. In Se@iwe give an overview of the different approaches,
use-cases, and state of the art SLA technologies. As an dedmp SLAs can improve workflow execution we
describe in Section 3 the VIOLA MetaScheduling Serviceajplication and experiences made. In Section 4 we
present results of experiments we carried out to evaluateproach. An overview about further developments for
the SLA-based service orchestration in Section 5 concltrdepaper.

2 Service Level Agreements - State of the art

2.1 Technology Overview

Increasing effort has been put into research and developelated to SLAs over the last years, contributions coming
from various domains. For the creation of SLAs in Web Serdoased business environments Web Service Level
Agreements [14] (WSLA) has been proposed as a language tifsf®.As, a system to monitor the compliance
of a provided service with a service level agreement, and klead management system that prioritises requests
according to the associated SLAs. A WSLA document contaiesPartiessection; it may contain multipl&ervice
Definitionsand oneObligationssection. WSLA supports a distributed model of monitoring 8LA.

Another approach is SLAng [12] being developed at the UsitgiCollege London. SLANng essentially com-
prises an XML schema which can be used stand-alone for SLAitiefis or together with WSDL or BPEL4WS [18].
SLAnNg includes QoS metrics to describe EPRs of the partiegviad by providing contractual information and tech-
nical QoS information including the metrics usiSgrvice Level SpecificatigBLS). As the metrics are hard-coded in
the XML-scheme SLANg is not very flexible. A framework for nitmming SLAS has not yet been defined.

In addition the Grid domain has addressed SLAs over the keatsy A framework integrated into the Globus
Toolkit has been proposed in [7]. It is based on the SLA negjoti protocol defined within the Service Negotiation
and Access Protocol (SNAP) [6] which is based on the Gemmrglose Architecture for Reservation and Allocation
(GARA) [9]. The first implementations used a proprietarynfiat for specification of SLAs. However, it is expected
that WS-Agreement will be used in later versions of the Gfoboolkit.

The European NextGRID project believes that the existingr@gqches to create SLAs do not sufficiently cover
business aspects [17]. SLAs should therefore also contairfunctional terms. The authors propose to view the
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service from different perspectives that distinguish kestathe customer’s and the service provider’s view. Thesshar
view is defined by the SLA and will principally contain buséiseterms. SLAs are only to be expressed in terms of
business level objectives (BLOs). Non functional termswaed to build the business relationship between customer
and provider and help providing a differentiating factotvibeen service providers.

WS-Agreement as proposed by the OGF provides a domain-émakgmt and standard way to establish and monitor
Service Level Agreements. We decided to use WS-Agreememnaschanism for advance reservation of resources
for workflow execution for several reasons, the most imput@ing: (i) is the result of the only active standardigatio
effort for a framework supporting interoperable SLA spesifion, (ii) it is used or considered to be used in many other
projects, (iii) it is extensible and adaptable to arbitrdgmains due to pluggable term languages, and (iv) due to the
possibility to define guarantee terms and business valoggltt be used in business or service oriented environments
thus allowing an smooth migration from research applicetiobusiness use. As it is the foundation for our approach
we describe it in greater detail in Section 2.3.

2.2 Defining Service Level Objectives and Penalties

Service-level agreements are intended to provide advamaelkdge about a certain quality of a service prior to its
use. Thus, the definition of the expected or required setfeied is an integral part of all SLA approaches. While the
SLA will also include additional information like e.g. tewical data, provider and consumer information, the actual
definition of the guaranteed agreement terms is one of the asgiects for using SLAs [8, 13].

Service Level Objectives (SLO) describe the condition awailable service terms that must be met. Such ob-
jectives can consist of simple conditions for single senattributes (e.g. the guarantee of a minimum bandwidth
for a network link). However, also complex service levelastives can be conceived that might require combined,
complex conditions (e.g. the combined processing poweew#rsl processors and the available main memory must
meet minimal requirements).

While these SLOs alone already allow the specification ofgniaed quality requirements, it has to be considered
that a single SLA might contain several of these objectivesmfwhich only some may apply under certain conditions.
Thus, the notion of qualifying conditions or rules can berfdwinder which a certain SLO applies. The definition of
several SLOs with corresponding qualifying conditionswaB the modelling of complex requirements in SLAs.

While the service-level objectives provide us with the iapilo define guaranteed quality of service, it is often
necessary to identify the importance of these guarantdessituation might occur that one party is not able to fulfil
a guarantee, either during the negotiation towards an SL&fter a commitment. Thus, a business value might be
associated with the requested service level objectiveltavadither the trade-off between several objectives or the
identification of penalties for violating a guarantee. Timpact of an SLO violation might differ depending on its
importance.

The inclusion of such penalties is crucial for businessvaié application scenarios to cover the liability for
guarantees. A single SLA might be an important building klot a broader application scenario with complex
dependencies and followup-cost if it is broken. As an exangule might consider an SLA for a certain network
bandwidth which is used in a complex application. Here, asoarer might create a set of SLAs with different
providers that guarantee the availability of their researfor a certain time frame for a certain amount of money.
The violation of the single SLA by the network provider mighhder the complete remaining SLAs useless for the
consumer, while these independent and bilateral SLAs wgjlire the consumer to pay for them. Therefore, it might
be necessary to cover such risk with associating penadtieSLfA violation.

For the sake of completeness, we now introduced SLOs andtigsnvehich are considered key aspects for business
oriented scenarios. In the following we do not further eigkt Os and penalties but focus in the next section on the
general foundation of supporting SLA management based orAgf8ement. SLO optimisation and its trade-offs in
penalties and risk management is beyond the scope of thés pag an important topic for future research.

2.3 WS-Agreement

The objective of the WS-Agreement draft specification defimethe GRAAP Working Group is to provide a domain-
independent and standard way to establish and monitorcgelrevel Agreements. The specification comprises three
major elements: (i) a description format for agreement tatep and agreements, (ii) a basic protocol for establishin
agreements, and (iii) an interface specification to morityeements at runtime.
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A service defined in the agreement is specified &gwrvice Description Term@&DT). Service description terms
can be a reference to an existing service, a domain specgfaiggon of a service, or a set of observable properties
of the service. Multiple SDTs describe different servidest tare provided within the same agreement. Dependencies
between these SDTs can be described by using Guarantee. T@uasantee terms specify non-functional charac-
teristics of a service in the service level objectives, atiom@l qualifying condition under which objectives are et
and an associated business value specifying the importdmeeeting these objectives. Additionally, guarantee term
comprise a service scope, which defines a list of servicesaeagtee term applies to. Thus guarantee terms can be
used for defining dependencies between different serviseriion terms within an Agreement, or even to specify
dependencies to existing agreements by uSiexyice Referencés address related agreements.

Guarantee terms over multiple SDTs can basically be usedteha specific QoS requirement withirbarvice
Level AgreementFor example a guarantee term that references multiplécsettescription terms and specifies that
these SDTs have to be executed in parallel, defines at leastllocation of the described services. On the other
hand, guarantee terms that incorporate Service Refereacelse used to model decisions based on the outcome of
the related SLA. That is, a specific SDT or a set of SDTs of aeemgent may only become active, if the related
agreement was processed successfully. Of course, thidsmaheadone for negative decisions.

Therefore guarantee terms are the key for describing wavkfleithin WS-Agreement. Since the content of the
Guarantee Terms is largely free per definition, one can densivery necessary extension for a workflow representa-
tion as a part of the Guarantee terms. Therefore the WS-Agratframework can be used for describing workflows
within one SLA, or even to compose workflows from multiple i By using service references.

3 SLA based service provisioning for workflows

In this section we describe how SLAs can be used to improvpribeessing of distributed workflows through negoti-
ation and advance reservation of the resources or serageged to perform the different tasks of a workflow.

3.1 The workflow resource problem

There are many application scenarios in which not just deirggource is required but a set of resources with certain
time dependencies. Assuming that multiple resources aradad by several resource providers, such workflows
complicate the management of resources since resourcesaguest be synchronised in advance to allow reliable
workflow execution.

SLAs are one instrument which can be used to reserve resir@dvance [15]. The time requirements and
dependencies can be modelled in the SLA to guarantee tharoesavailability [16]. The dependency can pose
additional importance of single SLAs in a workflow; as thefatiént SLAs may rely on each other, the individual
business value of a single SLA might be increased. As meatidoefore, this can yield to the need for including
higher penalties for individual SLAs.

A main problem for the management of workflows is the negotiatowards the matching SLAs. While the
creation of a single SLA might be much easier as both partiessettle on a set of agreement terms, this becomes
more complicate if the terms must match or correspond tor@hés that are in negotiation. For instance, if three
resources must be concurrently available in the same tiamedy this time frame must be first identified. It then must
be assured that all three SLAs are finally committed (or ndrleeam) as it has to be prevented that the consumer gets
an eventually unusable subset of SLAs.

On the other hand, if three resources necessary to perfanhtbe tasks of a workflow must be available in a
sequential order at different times also three SLAs haveetarbated. This time, it must be assured that the time
dependencies between the tasks of the workflow are reflettbd ISLAs leading to the reservations. Figure 1 depicts
this situation. The MetaScheduling Service has to assateth>= t3 >= t5 in order to respect the dependencies.
At the same time the MSS has to negotiate the individual stads as close as possible to the end times of the
respective previous tasks in order to minimise the totahtiom of the workflow execution (which is a prevalent
objective scheduling jobs and workflows).

3.2 Negotiating resource usage

The negotiation required for the resource reservationpi@sented in Section 3.1) is based on SLAs describing the
requirements of the workflow’s tasks and the dependencimelea them. The SLAs are derived from the resource

CoreGRID TR-0053 4



N
’

Schedule Site A I Schedule|Site B N Schedule Site C
\ N
/,/ ! b S ~
nodes 4 _+” nodes A | nodes A >._
ot 'l max. number __| S
max. number JRd ’ l. of nodes S~ N
of nodes Job P max. number | N
Ax Job Ag X of nodes Job % B,
Task 2 Job C4 Task 3
Job A4 Job B, Task 1
time time time
3 Y 4 2 5 '

Figure 1: Mapping of a workflow to three resources respedtiegime dependencies

requests specified by the user, the format of which deperadirige Grid middleware used. In the case of Globus, for
example, the user includes resource requirements into a RAMGjob description, in the case of UNICORE they
are embedded into an Abstract Job Object (AJO). These reqaiesthen to be mapped to the respective SDTs. For
the specification of the SLA for a workflow WS-Agreement isdiggee Section 2.3). In the following description of
the negotiation process we refer to the UNICORE environroktiite VIOLA project. However, as the MSS is able to
communicate with a specific GRAM plug-in in the same way, ttacpss is the same for Globus environments. The
following steps are executed to establish an agreemenekeatelient and MSS:

1. The UNICORE client requests an agreement template frenviBsS.
2. The MSS delivers an EPR of the agreement to the client.

3. The client fills in the template with the workflow-specifietdils. With respect to the description of resource
requests JSDL [3] is used within the SLA and a library to mapUiNICORE-specific terms to JSDL.

4. The client sends the completed agreement template baick tdSS.

5. The MSS starts to negotiate the reservation of the ressufor the workflow tasks with the respective local
scheduling systems of the resource providing sites acegrdi the SLOs described in the agreement. The
negotiations are also based on individual SLAs. This tineeMES plays the role of the client vis-a-vis the
resource providers.

6. Once all individual SLAs between the MSS and the differespurce providers are in place the MSS accepts the
agreement proposed by the client. Otherwise the clienfasrimed that the MSS can not accept the agreement.
In this case the user is notified and may modify the requiresfen his workflow to adopt to the situation and
repeat the negotiation from the beginning.

In case of one or more individual agreements with resourogigers fail, the MSS will cancel all other accepted

agreements. This is due to the fact that the current vergid¥SAgreement does not allow modification of accepted
agreements thus all agreements have to be negotiated feobeginning.
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3.3 MSS Implementation

As mentioned in Section 3.2 the German VIOLA project develamong other components a meta-scheduling envi-
ronment providing resource reservations based on WS-Aggee The immediate objective of this development is
to co-allocate computational and network resources in aGfNRE-based Grid, but we designed the environment to
support arbitrary types of resources and to be integratediifferent Grid middleware systems. The main integration
effort to access other middleware, like e.g. Globus, is tplément the client-side interface of the MetaScheduling
Service. Since it is beyond the scope of this paper to expharsystem in detail we refer to [21] for a complete
architectural description of it and to [19] for the definitiof the negotiation protocol currently implemented.

UNICORE __Ms__| MetaScheduling
Client request Service
workflow | | advance reservation
submission i using
| WS-Agreement
————————————————————————————————————————————————————————————— e ———
E multi-site workflow i i
: i t i
. T .
| i | ‘ |
1 1 1 1
| UNICORE UNICORE | UNICORE |
! Server Server ! Server !
Y v v
Adapter task Adapter Adapter
submission
AR ‘ AR
prop. Local Local prop. Local
Scheduler Scheduler Scheduler
Usite - el V111 (1

Figure 2: High-level meta-scheduling architecture

Figure 2 sketches the basic architecture of the meta-stthgdenvironment and its integration into the UNI-
CORE Grid middleware. The VIOLA Meta-Scheduling Servicentounicates with a client application using WS-
Agreement, it receives the workflow-specific resource retsuas described in Section 3.2 wrapped into a Meta-
Scheduling (MS) request, and it returns reservations foofalhese resources. To interact with varying types of
scheduling systems we use the adapter pattern approachol€re an Adapter is to provide a single interface to the
Meta-Scheduling Service by encapsulating the specificfades of the different local scheduling systems. Thus the
Meta-Scheduling Service can negotiate resource usagegdbyitixg a single interface independent of the underlying
resource type. To achieve this, the Meta-Scheduling Sefirst queries local scheduling systems for the availgbilit
of the requested resources and then negotiates the reésesvatross all local scheduling systems. These, in order
to participate in the negotiation process, have to be capatd willing to let the MetaScheduling Service reserve
resources in advance by offering data about job executamh @hd stop times, and provide at least partial access to
their local schedules, e.g. by publishing information atawmailable free time slots.

4 Results

In order to predict the gain in turnaround time for workflowshaSLAs employing job dependencies in real world
systems we have accomplished a series of experiments, wieecempared the expected turnaround times for best
effort jobs with those for advance reservation jobs. Thegesnario is constructed as follows. As test environment
we used a simple MSS setup consisting of three independstamy, each utilised with a basic load derived from
real world log files [22] . Each SLA consists of 3 jobs wherelegab is scheduled on one system. The resource
requirements of the jobs range from [6/8/8] to [48/64/64hgne the numbers specify the number of requested nodes
or CPUs for a job (workflow component) to be executed on onéetliree systems. The runtimes of the jobs range
from 60 minutes up to 240 min, within one test row all jobs h&we same runtime. For best effort SLAs the first
job is submitted to the resource management system andcgusgobs are scheduled as soon its predecessor has
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finished. For advance reservation SLAs the jobs are scheédalguentially at submission time by using the first fixed
fit strategy. Once the first job was scheduled the estimatddim@ of the job is determined and the next subsequent
job is scheduled using the determined end time of its prexseceThe start times of a job must not change after it was
scheduled. Figure 3 shows the results of our experiments.

gain in turnaround time in %

50

30 / :
) e P
/)

—i— 180 min
’ — /
0

6/8/8 12/16/16 24/32/32 36/42/42 48/64/64

—— 240 min

Figure 3: Gain in turnaround time using Advance Reservation

The results of the experiments proved true the expectdimtretreduction of turnaround times is achievable when
doing advance reservation of resources for a workflow. Thé&aements observed were gains in turnaround time of
up to 45% depending on the number of CPUs and the time needa@tote the components of a workflow.

At a first glance surprisingly for workflows with low resourtegjuirements and short runtimes it turns out, that
the best effort scheduling strategy behaves better in querexents than the advance reservation strategy. However,
this results from the fact that the advance reservationijolsir test scenario are scheduled at a fixed start time and
therefore do not profit from potential backfilling possitids, e.g. prior jobs that occupied the system resourceshfini
earlier.

This problem can be solved easily if scheduling systemswvaliackfilling for advance reservation jobs until a
requested time (here the estimated end time of the predecjedy and furthermore provide the functionality to
update this time later on. Given that this functionalityrigolace a Grid scheduler can be constructed employing the
advance reservation strategy, where the turnaround timeléast as good as for best effort jobs, and the gain in the
turnaround time might even increase compared to our testtses

5 Future Perspectives

Work on performance evaluation for workflow planning with/&L will be continued considering the observations
described above. Future work therefore will mainly focugtumareas:

e finishing the ongoing work on implementation and measuresnen

e moving to support a standard workflow description languagea(suitable and efficient mechanism to map
different languages onto the one selected for the UNICORAr@mment)
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e extending WS-Agreement to allow for a more flexible negaiaprocess and to support modifications of ex-
isting agreements.

Addressing the first aspect we will investigate the ongoityiies related to workflows in the CoreGRID [5] In-
stitute on Grid Information, Resource and Workflow MonitgriServices. One of the institute’s research group’s
is working onCompatibility and Conversion of different Grid Workflow Degtion Language$11]. Based on the
results we will decide whether to adopt a de-facto standkedBPEL (or BPEL4WS) or to integrate the mapping
mechanism and to stay with the UNICORE workflow descriptamgluage. In either case only a single procedure to
convert a workflow description to a WS-Agreement will be resegy in the user’s client, e.g. a UNICORE client,
while allowing the user to select the most appropriate lagguo describe his workflow.

Experiences made so far show that the number of differenuress needed for a complex workflow will often
be higher than for a single application that is distributerbas several resources, like in the co-allocation scesari
of VIOLA. The process of negotiating the reservation is llame WS-Agreement version 1.0 which does not support
changes of the offer or later re-negotiation. Thus in casa sdrvice provider not being able to match exactly the
requirements of a client now the agreement is cancelled asddibe initiated from the beginning. Even worse,
in case of a workflow negotiation including several servicevglers currently the whole workflow usually will not
complete if one of the service providers is unable to deliwerservice agreed upon and re-negotiation is not possible.

Extending WS-Agreement to allow for a more flexible negddiaprocess and to support modifications of exist-
ing agreements will help to overcome the potential wastesdurces. The GRAAP working group recently started
working on these extensions for the next versions of WS-&grent. The group is gathering requirements and contri-
butions, e.g. as drafted in [1] to define a standardised sidrmf the current protocol.
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