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ABSTRACT  
In large-scale, distributed systems such as Grids, an agreement 
between a client and a service provider specifies service level 
objectives both as expressions of client requirements and as 
provider assurances. Ideally, these objectives are expressed in a 
high-level, service- or application-specific manner rather than 
requiring clients to detail the necessary resources. Resource 
providers on the other hand, expect low-level, resource specific 
performance criteria that are uniform across applications and can 
easily be interpreted and provisioned.  

This paper presents a framework for Grid service management that 
addresses this gap between high-level specification of client 
performance objectives and existing resource management 
infrastructures It identifies three levels of abstraction for resource 
requirements that a service provider needs to manage, namely: 
detailed specification of raw resources, virtualization of 
heterogeneous resources as abstract resources, and performance 
objectives at an application level. The paper also identifies three key 
functions for managing service level agreements, namely: 
translation of resource requirements across abstraction layers, 
arbitration in allocating resources to client requests, and
aggregation and allocation of resources from multiple lower level 
resource managers. One or more of these key functions may be 
present at each abstraction layer of a service level manager. Thus, 
the composition of these functions across resource abstraction layers 
enables modeling of a wide array of management scenarios. We 
present a framework that supports these functions: it uses the 
service metadata and/or service performance models to map client 
requirements to resource capabilities, it uses business value 
associated with objectives in allocation decisions to arbitrate 
between competing requests, and it allocates resources based on 
previously negotiated agreements. 

Categories and Subject Descriptors
C.2.4 [Distributed Systems] Distributed resource management; 
K.6.4. [System management] Service-oriented resource 
management.

General Terms 
Management, Performance, Design. 
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1. INTRODUCTION  
In large-scale, service-oriented systems like today’s Grids [1], a 
client may establish a service level agreement (SLA [2, 3]) with a 
service provider prior to the actual invocation of the service. Such 
an agreement provides assurance to the client on the availability of 
requested resources and/or on service performance. The agreement 
may include one or more guarantee terms on service level objectives 
(SLO) – e.g., average service response time less than one second. A 
guarantee term may also include the importance of meeting the 
objective (e.g., expressed as a penalty for not meeting the objective) 
and additional qualifying conditions (e.g., duration) [4, 5]. The 
presence of SLOs enables flexible allocation of resources at the 
service provider. First, resources can be allocated dynamically to 
meet the SLO only when a client invokes a service, leading to 
higher resource utilization through resource sharing across client 
requests. Second, when a resource conflict arises due to a peak in 
offered load the provider can make more informed resource 
allocation decisions.  

However, finding the appropriate level of abstraction for SLOs is 
non-trivial. For ease of use, clients would like to express their 
objectives in terms that are meaningful to them, such as response 
time, or even as abstract expressions of processing requirements, 
e.g., required MIPS. With an abstraction at this level a client does 
not have to specify resource details, such as requirements on cache 
or processor characteristics. To facilitate this abstraction, however, a 
provider needs to present its resource capabilities in abstract terms. 
Furthermore, the provider needs to be able to interpret offered SLOs 
and to determine the detailed resource configuration necessary to 
meet them. SLOs on response time of a service invocation or 
completion time of a job execution, however, are difficult to meet if 
the application is not well characterized or if there is a high variance 
on resource requirement, (e.g., execution time is dependent on the 
size of the input data). 

Managing client objectives might also imply aggregating resources 
from multiple resource providers. To avoid the overhead and the 
latency of resource acquisition, an intermediary may acquire 
resources for longer intervals thus enabling reuse across client 
requests. Figure 1 illustrates this scenario: the intermediary acts as a 
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