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Abstract

In this paper, we present work on an EPSRC e-Science project whose purpose is to investigate the effects
of SLA based approaches for parallel computing job scheduling. We considered a coordinator based archi-
tecture, where the Coordinator forms SLAs with Users and Resources (parallel servers). The paper focuses
on a case study which evaluates different policies for the negotiation of SLAs between the Coordinator and
the Resources. We show that the use of information available in the SLAs agreed by the User may fun-
damentally alter the behaviour of the Coordinator and hence the performance of the overall system. These
effects need to be understood more deeply before new designs can take advantage of the possibilities offered
by SLAs.

1 Introduction

Traditionally, the enactment of jobs on parallel su-
percomputer resources has been based on queue-
based scheduling systems, offering only one level of
service, namely ‘run the job when it gets to the head
of the queue’. New patterns of usage have resulted
in the introduction of advance reservation; however,
this is an extreme level of service again since it pre-
supposes a precise time to run a job is available. It
is only recently that work [1, 2, 3] began to under-
stand how more �exible approaches, based on Ser-
vice Level Agreements (SLAs) could be effectively
used for job farming. The new avenues which SLAs
might open to the design of job management, and in
particular brokering and scheduling, are still poorly
explored.

The aim of this paper is to present some of
the work in the EPSRC project �Service Level
Agreement Based Scheduling Heuristics� (funded
by the EPSRC Fundamental Computer Science for
e-Science initiative through Grants GR/S67654/01
and GR/S67661/01), whose purpose is to understand
and provide a quantitative analysis of the main as-
pects of an SLA based management system for par-
allel computing job scheduling.

The next section outlines published work relevant
to this paper. Section 3 describes the key features of
the model architecture used, namely topology, ne-
gotiation schema and metadata. The design of an
experiment aiming to evaluate different policies for

the negotiation of SLAs with local resources is pre-
sented in Section 4. Results are presented in Section
5 followed by a conclusion.

2 Related Work

An SLA can be described as a contract between par-
ticipants, outlined as a set of guarantees, QoS met-
rics and behaviours and should be treated as a le-
gal document of the transaction. In the short paper
[1] from Fermi Lab (IL, USA) Hathaway presents a
list of SLA attributes and their importance. Impor-
tant questions are raised, such as �Why need SLA?�,
�With whom SLA should be established?�, �How do
we determine the level of service?�. The paper also
presents a list of basic components that comprise an
SLA. Later on, several focus groups were formed to
work on standards. The main contributions where
WS-* [2], which concentrates on agreement struc-
ture and speci�cation, whereas attempt to standard-
ise protocols for negotiating and allocating resources
on Grid were made in SNAP [4] and GRAAP [5]
respectively. All this work is still in progress. Re-
cently, Padjett et al. tailored WS-A spec to build a
management architecture that monitors and validates
SLA in Grid. The architecture was designed to sat-
isfy a speci�c need of the DAME project [6] and the
SLA included various logs for job tracking as well as
standard Service Level Objectives (SLO) introduced
in WS-A.



Client (User or Coordinator) Service (Coordinator or Resource)
Request a service (job, SLO) � Request is received, decision is formed

Quote received, decision is made � Sending the quote
Agreement is reached (or not) � SLA is Recorded

Table 1: The single negotiation sequence of type (1).

The use of SLAs in the domain of computational
resources is not completely unchartered. For exam-
ple, a Grid resource SLA broker is presented in [7]
- GRUBER, in which resource usage policy (SLA)
is separated from resource access policy. One of
the GRUBER’s four components is, surprisingly, a
queue manager - a complex client that resides on
submitting machine and monitors policies, decides
how many jobs to submit where and when. How-
ever, the use of SLAs (the syntax of which was based
on [8, 9, 10]) has not been taken into account when
scheduling. Instead, fair share scheduling [11] tech-
niques were employed. The broker’s site selection
strategies also did not take advantage of the SLA.

Work done in the domain of bandwidth schedul-
ing using SLA has advanced further than SLA job
scheduling. A concrete framework on SLA based
optimisation was constructed with regards to net-
work resources, IP Services [12], Web Services [13].
In the latter, the authors use the concept of virtu-
alized resources. They present a detailed design of
the architecture and some performance results. Yun
Fu et al. proposed an SLA based scheduling ap-
proach of distributed resources for streaming [14] -
SLASH. They explored price and penalty model for
SLA and suggested a dynamic scheduling algorithm
- Squeeze - which takes into account prices and
penalties charged for the distributed resource. Other
related work has been presented in [15, 16, 17].

3 Model Architecture
During the past years, research in Grid middleware
for job and resource management has led to differ-
ent designs and implementations which vary in com-
plexity and functionality. One of the key features of
any such design is how light is the user client; in
other words, which module controls what aspect of
the job submission and scheduling. This partly de-
termines the system’s topology, negotiation mecha-
nisms and the metadata that needs to be transfered.

3.1 Topology
In this paper we assume a centralised topology in
which all jobs are submitted through a Coordinator
(or Broker). Users agree an SLA with the Coordi-

User Resource

User Resource

User ResourceCoordinator

Figure 1: The centralised model. SLA is formed
between User and Coordinator independently of the
agreement between Coordinator and Resource.

nator regarding their jobs. In turn, the Coordinator
agrees (independently) an SLA for each job with one
of the parallel servers. This is schematically shown
in Figure 1.

3.2 Negotiation

In Section 2 we mentioned some of the work done
on negotiation. Having considered these we can log-
ically categorise all negotiations into three types: (1)
Bid by Server, (2) Bid by Client and (3) Match-
making. Note, that conventional buying is simply
a special case of bidding in which the �rst offer
is accepted. The �rst type of negotiation involves
services bidding for the business suggested by the
client. This business model is well studied and
widely implemented in customer to business rela-
tionship. The service regulates itself based on the
customer’s demand. Negotiation type (2) is rela-
tively young and involves clients biding for the ser-
vice, say CPU time. A number of web based auc-
tions such as eBay [18] adopt such a model where
clients are bidding for the service/product, usually
constrained by the set of parameters (such as dead-
line, location, payment method, etc.). Type (3) is
the least exploited in contemporary business. It in-
volves a third party to be trusted with production of
a successful agreement based on requirements and
preferences of all parties (both client and server in
a simplest case). This negotiation model may work
well with certain SLA structures and topologies, but
to be effective harsh demands must be imposed on a
module that is handling the negotiation.

In this paper, we assume a ‘bid by Server’ pro-
tocol (type 1), which we simpli�ed to a bare mini-
mum (Table 1); we also assume it is used for both



Context Comment SLO Comment
SLA ID Unique identi�er of SLA

���
Earliest start time for the job

Job ID Unique identi�er of a Job
���

Latest �nish time for the job
Participants List of participants of this SLA �	� Job Duration (provided by the client)

(e.q. Coordinator, Resource,..) 
���
�� The number of CPU Nodes required

Table 2: Table of SLA Parameters: Context and Service Level Objectives (SLO).

types of negotiations User to Coordinator and Co-
ordinator to Resource. First the client (User or Co-
ordinator) contacts the service (Coordinator or Re-
source respectively) with the request. The contents
of the request are identical to those outlined in Ta-
ble 2 (SLO section). The service forms a decision
(either independently, as it is the case in the exper-
iment presented in this paper, or negotiates the ser-
vice further down the chain) and responds with an
answer. The positive answer would contain a quote
for the requested service (effectively an SLA signed
by the service side only). If the quote is acceptable
to the client it, in turn, signs the quote - an SLA is
formed. The model allows for the unlimited number
of negotiations made before the successful SLA is
formed.

3.3 SLA Speci�cation
The negotiation strategies are partially chosen be-
cause of the view of the desired outcome - the agree-
ment (SLA). Therefore it is vital to choose the SLA
speci�cation such that to optimise the cost of formed
SLA (i.e. negotiation time, size of metadata, etc.)

The idea to use SLA to record guarantees of a
service after negotiation is completed was a logi-
cal step in Grid development, having migrated from
realm of B2B commerce and, as such, was around
for a while. Since the formation of the relevant focus
groups [4, 5], various research projects [6, 7] tailored
SLAs to their speci�c requirements.

In this paper we introduce only few Service Level
Objectives (SLO) (Table 2), all of which can map
onto the generic WS-Agreement speci�cation [2]. In
the project we also aim to work on the extension of
WS-Agreement; this is beyond the scope of this pa-
per. What is important is that the SLA in Table 2
contains a set of constraints and additional informa-
tion so that the overall performance of the system
can be evaluated in the context of these additional
parameters.

4 Experimental Design
The aim of the experiment is to evaluate the process
of the allocation and submission of an arbitrary job
on a distributed resource using an SLA not only as

an enforcement mechanism but also as a set of con-
straints that determine the submission process. The
model used maps topologically onto the architecture
shown in Figure 1. In the experiment we compare
traditional strategies with strategies that make use of
information in an SLA to steer the job submission
process (more on this in 4.2). Further, we describe
the speci�cs of the model as a whole followed by
the metrics used to evaluate it, after which we out-
line important features of each module in the model.

The experiment considered has a varied num-
ber of Resources per one Coordinator, 
�������������	����� �"!$# ��%&����#'�)(

. Each Resource has a capac-
ity of 64 parallel CPUs ( *,+.-	+./�01� #2�

). For each
of the 
 ����� Resources there was a set of job re-
quests, 
435-567� %'�98

, which where generated such
that they guarantee that a solution existed whereby
the Resource’s scheduling mechanisms could poten-
tially utilise 100% of Resource’s capacity, within the
availability time window of 147 virtual hours, thus
resulting in no SLA left unsatis�ed and the resources
being fully utilised. In other words, for each set up
there was a set of 
:�����<;=
 35-56 jobs that potentially
can �t into 
>����� Resources over the time window of
147 virtual hours within the requirements speci�ed
by an SLA.

The negotiation process in the model is carried out
in the following way. First the User submits a job
request (see Section 3.2) to the Coordinator, which
immediately forms an SLA with the User. Then, the
Coordinator separately negotiates an SLA for each
job request with Resource. It sequentially attempts
to negotiate with a resource until a resource is found
that is willing to make an SLA regarding this job.
The aim of our experiments is to evaluate the number
of negotiations of different policies.

In addition to those mentioned above, the follow-
ing assumptions about the model were made:? Once an SLA between Coordinator and Re-

source is agreed it will be satis�ed.? The candidate list of Resources is static during
the single simulation run and its size is 
 �5�	� .? All 
 �5��� resources are always potentially avail-
able.? The general information about Resource’s cur-
rent capacity is available to the Coordinator.




