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Abstract— Grid Computing is about sharing of the resources
and provides the facility to access the shared resources by
allocation, virtualization and management. To utilize the
heterogeneous resources, resource provisioning and scheduling
is required. Resources can be effectively provisioned on the
basis of QoS parameters. Further scheduling of resources can
be done based on provisioned resources. In this paper, a survey
of resources provisioning and grid scheduling issues has been
presented. Along with this challenges related to resource
provisioning, scheduling and their future directions, also
detailed solution for addressing some of the challenges have
been suggested.
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L. INTRODUCTION

Grid computing is a promising technology for providing
a uniform and transparent access to geographically
dispersed computing resources such as computers,
databases, experimental equipment and observational
equipment [14]. The concept of the grid computing started
as a project to link supercomputing sites, but now it has
grown far beyond its original intent[19][35]. Today Grids
are used for projects like LHC Computing Grid (LCQ),
Enabling Grid for E-science(EGEE), SETI@home etc that
would have been otherwise impossible without massive
computing power. Grid resource provisioning and
scheduling play a vital role in building an effective and
well-organized grid environment. The deployment of Grid
systems involves the efficient management of
heterogeneous, geographically distributed and dynamically
available resources [27]. These requirements introduce a
number of challenging issues that are to be addressed like
resource allocation, QoS parameter based resource
provisioning and  efficient scheduling. = Resource
provisioning and scheduling are the key issues for grid
resource management besides numerous other issues.
Resource provisioning allows the users and providers to
access the specified resources according to availability of
the resources in virtual organizations. Grid scheduling
makes scheduling decisions involving allocation of jobs to
resources over multiple administrative domains [5]. For
specific applications to run successfully, an efficient
resource scheduling policy is required. The aim of current
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resource provisioning and resource scheduling is to provide
grid users and non- users with privileges of using resources
at advance level along with the QoS parameters.

The ultimate goal of grid computing is to enable the
creation of infrastructure that allows users and providers to
share the resources. In this paper, existing issues of resource
provisioning and grid scheduling have been discussed.
Presently QoS parameter based resource provisioning policy
does not exist. Moreover grid scheduling based on resource
provisioning is also not available.

The rest of this paper organized as follows: section II
presents the resource provisioning and scheduling in grid
computing. Section III surveys the grid resource
provisioning and scheduling requirements. Section IV
presents issues of resources provisioning and grid
scheduling. Section V discusses the challenges of resource
provisioning and scheduling in grid resource management
and then section VI describes the future directions regarding
challenges that discussed in section V. Last section presents
the conclusion.

II. RESOURCE PROVISIONING AND
SCHEDULING IN GRIDS

In Grid Environment, the resources are heterogeneous
and can be geographically located all over the world. These
resources i.e computing, storage, networking, scientific
instruments can be accessed by using different policies. For
the resource management technique to be efficient and
effective, there is a need to associate resource provisioning
with resource management i.e. there is a need to attach QoS
parameters with resource provisioning and advance
reservation of the resources at the time of scheduling.

A. Resource Provisioning

The resource availability in grids is generally
unpredictable due to the autonomous and shared nature of
the grid resources and stochastic nature of the workload
resulting in a best effort quality of service [23]. Due to large-
scale, shared and autonomous nature of the grid resources,
modeling the resources availability in discrete units that can
be provisioned by the user is a more appropriate approach
[25].
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B. Grid Scheduling

Grid scheduling is defined as the process of making
scheduling decisions involving allocating jobs to resources
over multiple administrative domains [5]. This process
includes searching multi administrative domains to use
available resources from the grid infrastructure in order to
satisfy the requirements of user. Figure. 1 depicts a model of
grid scheduling systems in which functional components are
connected. Grid scheduler receives applications from grid
users, selects feasible resources from these applications
according to acquired information from GIS module, and
finally generate applications-to-resource mapping, based on
certain objective functions and predicts the resource
performance [24]. Table Il shows comparison of scheduling
parameters in different grid middleware

III.  GRID RESOURCE PROVISIONING AND
SCHEDULING REQUIREMENTS
There are various provisioning and scheduling

requirements for grids. Few of them have been identified by
Dusseau A. C. A. in [37] as:

Efficient: Resource provisioning provides the
facility to minimize the grid overheads. Resource
provisioning requires efficient management of the
resources. Scheduling should also be efficient
based on fair policies.

Efficient Resource Usage: It reduces the wastage of
the resources. Jobs that are waiting for events (e.g.,
disk or user I/0, network latency, CPU usage,
processor) should hand over the processor so that
they do not waste resources.

Fair Allocation: The amount of resources allocated
to each user should be independent of the number
of jobs each user runs and provisioning of
resources should be fair.

Adaptability and scalability: A smart scheduler
requires that whenever resources may join or leave
dynamically. It manages the resources and jobs
execution process efficiently.
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Figure 1. A logical Grid scheduling architecture [24]

IV. ISSUES OF GRID RESOURCE PROVISIONING

AND SCHEDULING

Following issues related to resource provisioning and
scheduling have been identified.

A. Resource Provisioning related issues

Marcos et al. define resource provisioning should be
carried out on the basis of availability of information
obtained from queuing based resource management system
deployed at the provider sites, which are participants of the
grids [7]. Resource provisioning solves the problem by
allocating the resources dynamically and it also does work
for both the user level and provider level. The resource
management system also provides functionalities such as
advance reservation that enabled grunted provisioning of
resource capacity have been identified by R. buyya et al in
this paper [4].

B. Grid scheduling related issues

In general, the purpose of grid scheduling is the process
of mapping grid jobs to resources over multiple
administrative domains. Marcos et al. submit that
traditionally the scheduler is responsible for resource
discovery, resource trading, resource selection and job
assignment, but emerging deadline driven grid applications
require access to several resources and predictable QoS [7].
The effectiveness of a grid environment is largely dependent
on the effectiveness and efficiency of its schedulers, which
act as localized resource brokers as described by Li M et al.
in their book [27]. Schedulers of the cluster computing
focus on enhancing the overall system performance and
utility. The resource allocation and job scheduling
mechanisms used at the global and local level play a critical
role for the performance and availability of grid applications
which have been identified by Kounev S et al. in [22]. On
the other hand, the scheduler in Grid system called resource
brokers focus on enhancing the performance of a specific
application in such way that its end user’s QoS requirements
are met [4]. As per technical report of grid computing [24],
QoS is a constraint imposed on the scheduling process
instead of the final objective function.

In Grid Computing, QoS management aims to provide
assurance for accessing resources, while maintaining the
security level between domains. Scheduling can be done by
considering the QoS parameters like advance reservation of
the resources at time of job execution. The General-purpose
Architecture for Reservation and Allocation (GARA) [22] is
the most commonly known framework for supporting QoS
in the context of computational grids. GARA provides
programmers with the capability to specify end-to-end QoS
requirements. It provides advance reservations, with
uniform treatment of various types of resources such as
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network, computation and storage [29]. QoS requirements
can be fulfilled according to the user and provider
satisfactions. QoS’s parameters can be divided in two forms
such as Qualitative and Quantitative. Service reliability and
user satisfaction are the part of qualitative. Network latency,
cpu performance and storage performance are included in
quantitative QoS. In such a complex, dynamic and
distributed environment, resource management and task
scheduling are the key challenges to improve the resource
usage efficiency on the grid [10].

The use of VM gives rise to further challenges such as
intelligent allocation of physical resources for managing
competing resource demands of the users. Kiran M et al.
define an efficient functioning of a complicated and
dynamic grid environment requires resource manager to
monitor and identify the idling resources and to schedule
user’s submitted jobs (or programs) accordingly [10].

Authentication and authorization, secure and reliable file
transfer, distributed storage management and resource
scheduling across organizational boundaries are issues
which need to be addressed [21].

V. CHALLENGES IN RESOURCE PROVISIONING
AND SCHEDULING

Any distributed computing platform including Grid, need
to satisfy scalability, management and performance
demands. Among what clearly distinguishes Grid from other
distributed computing platforms, is mainly its feature in
resource management’s requirements, which cannot be
addressed by existing resource management mechanisms for
distributed platforms. Following challenges have been
identified from the survey:

. The design of gateway that provision resources to
dead-line applications relying on information given
by current resource management services may be
complex and prone to scheduling decisions that are
far from optimal when providers and brokers use
conflicting policies, the number of migration can be
high [7].

In providing QoS, Grid resource management
system must be able to handle resource provisioning
and scheduling in an efficient manner. Investigation
into related areas; such as real-time resource
allocation strategies and capacity planning remain
important research areas to support collaborative
applications— such as those that require
computational steering support [29].

For a resource provisioning, QoS parameters need
to be defined and provided to the user. Guaranteeing
QoS in a non- deterministically shared
heterogeneous environment is a challenging task.

In grid resource scheduling, resource allocation is
tedious. There is no facility of accessing the
resources by calling intermediate agent and the
availability of resources is in two forms; stable and
unstable. The scheduling algorithms need to have

il.
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less communication overhead and should meet
user’s QoS requirements in comparison to any other
conventional algorithms available [2][24].
Scheduling task on a set of heterogeneous,
dynamically changing resources is a complex
problem that requires sophisticated algorithms that
take into account multi-optimization criteria [15].
Providing non-trivial QoS is one of the primary
goals of the Grid approach — as without such
support distributed resources become unusable [29].
Due to dynamic nature and an uncertainty of grid
computing system behavior in terms of quality of
service (QoS) depends crucially on the selection of
appropriate subset of the available resources [1].

A computational grid must allow resource owners
and resource consumers to make autonomous
scheduling decisions and both parties must have
sufficient incentives to stay and play in the grid [3].

V1.

Vii.

Viii.

VI. FUTURE DIRECTIONS

The future directions to address the above mentioned

challenges are:
For challenge no: i, a gateway can be designed to
provision the resources. If brokers and providers use
same policy of wusing resource management
information services then number of migration may
be less.
To address challenges i. & ii. QoS parameters
based resource provisioning policy can be designed
using techniques like peer-to-peer and distributed
hash table.
For completing the challenges iii. & iv, in grid
resource scheduling, for allocation of resource,
auction policy can be made by adding intermediate
agent between resource consumer and provider.
To address challenge v. Grid resource scheduling
policy can be proposed using optimization
technique like game theory.
To satisfy the requirement of challenges vi. & vii.
An efficient algorithm can be made for resource
scheduling QoS parameters as time, cost etc.
Existing scheduling algorithm can be extended for
challenges viii. by defining the time period for
resource consumer and providers. By this way,
uncertainty of resources can be less.

ii.

iii.

iv.

Vi.

A. Proposed Solution: A Case Study

Challenges no:i and ii are major challenges in resource
provisioning and scheduling. Marcos et al. [12] proposed
architecture for interconnecting grid. Intergrid gateway can
provide all or part of the required resources based on the
provisioning policies. If the individual Grid is not able to
provide the required resources for performance due to some
technical reasons, then the IGG selects a peer 2 peer Grid in
accordance with peering agreements and policies, from
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which the resources can be allocated. By that way they are
using different policies. By handing that problem we have
proposed a solution to address this problem.

Figure 3 shows a framework for provisioning by using DHT
technique. In this Framework, first of all there is distributed
application for submitting jobs. After that there is
distributed hash table. In DHT we will give put (key, data)
and get (key, data).
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Figure 2. Architecture for Interconnecting Grid [12]

After this step it will further contact with Meta scheduler for
user applications. The Meta scheduler via middleware
consults local resource manager for available resources.
Local resource manager consults with different resource
providers and accordingly will see availability of the job.
They will submit the job and get the result and after getting
the result they will give it to Meta scheduler through local
scheduler and then by DHT, distributed application gets the
information and finally user will collect the information. By
this way if we will use same techniques with resources
providers and user then automatically number of migrations
and complexity of policies can be less and the performance
will be high. Resource provisioning can be done in an
efficient manner by using DHT techniques.

Distributed Application

Figure 3. A framework for Resource Provisioning

To illustrate our proposition we have used a case study of
Thapar University Campus. Different departments such as
Computer science and Engineering, Civil, Mechanical etc.
have individual resources at the University. For setting Grid
Setup, different resources have been taken from different
departments and labs have been connected through
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dedicated network. Grid environment has been set up by
installing grid middleware such as Condor, Globus and Sun
N1 Grid Engine in computer lab and research labs. Figure 4
shows campus grid of Thapar University.
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Figure 4. Thapar University Campus Grid

We have done the implementation of the proposed
framework of resource provisioning in Thapar University
campus grid

VII. CONCLUSION

In this paper, major issues of resource provisioning and
scheduling in Grids have been presented. It is observed that
grids focus on the users and their needs, allowing them to
take advantage of multiple distributed resources located in
several administrative domains. The focus has been on
enabling resource provisioning based on QoS parameters
and Scheduling. To address this challenge a framework for
resource provisioning has been proposed. In the future, a
resource provisioning policy that allows provisioning on the
basis of the QoS parameters for this framework would be
developed.
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TABLE 1. COMPARISON OF SCHEDULING PARAMETERS IN MIDDLEWARE

Middleware\features Advance Reservation Quality of Resource Scheduling Scheduling Policy
Parameters (QoS) Provisioning Organization
Aneka Yes Yes No Decentralized & flexible System centric
glite Yes Yes No Distributed User Centric
Globus Yes Soft QoS Yes Hierarchical Scheduler Ad-hoc extensible policy
Legion Yes Soft QoS Yes Hierarchical scheduler Ad-hoc extensible policy
UNICORE Yes YES No Distributed scheduler User centric
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