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Abstract: Resource Scheduling is the process of assigning the available resources to any service that needs the resource. The 
Grid scheduler decides which scheduling algorithm should be used for scheduling, reserving the required resources and 
creating a complete schedule for the whole workflow. Based on the time at which scheduling decisions are taken, resource 
schedulers are classified as static and dynamic. This paper discloses a comparative study on various static scheduling 
algorithms existing in grid computing environment and describes the features of dynamic policy based scheduling technique 
which gives an optimal resource scheduling 
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I. INTRODUCTION 
 

Nowadays nearly all human activities 
involve computing systems. Computational Systems 
are evolved when typical typewriters are replaced by 
personal workstations, home phone landlines are 
replaced by mobile phones and sophisticated digital 
devices are replaced by simple electronic appliances. 
The need to enable communication between 
technological resources becomes inevitable when so 
much change occurred. As a result of this inevitable 
necessity, network of computers are implemented. 
Network of computers could not exploit all the 
advantages at the highest level due to the difficulty in 
communication between them. It has been found that 
the performance of a computational system can be 
improved by creating a network of computers that can 
collaborate between each other. In such a network the 
dynamic information regarding the activities and 
processes they had to perform are exchanged. This 
concept leads to the evolution of distributed systems. 

An extraordinary example of distributed 
systems concept is Grid Computing. It is been 
recognized that grid computing is one of the   most 
powerful factor for high performance computing for 
data sensitive applications. In a distributed network 
many separate computers are connected by a network. 
A Grid uses the resources of these computers to solve 
large-scale computation problems. Grid computing 
involves coordinating and sharing, computation of 
data, storage and network of resources across 
dynamic and geographically dispersed organizations. 
Grids can be implemented through Virtual 
Organizations (VO). A VO is a group of individuals, 
institutions and organizations united for the secure 
use of distributed high-end computational resource, 
usually for a limited period of time. The sharing of 
resources means the direct access to data, software 
and computers. Compared to traditional parallel and 
distributed computing, grid computing has certain  

 
unique characteristics. The grid resources are 
heterogeneous by nature and they are geographically 
distributed. The grid resources have different local 
scheduling policies dependent on their VO and they 
have decentralized ownership. Mechanisms are 
needed for continuous discovering and characterizing 
the status of the resources due to the dynamic load 
and availability of the resources. The dynamic load 
and heterogeneous nature of the resources with 
complex usage policies in grid computing poses 
difficulties in allocating the resources in an efficient 
manner. The policy based scheduling approach solves 
these difficulties and an optimal resource allocation 
based on resource usage constraints and policy 
constraints is made on heterogeneous resources. 
 The rest of the paper is formulated as 
follows. The key concepts related to resource 
management are discussed in Section II. Section III 
describes the various scheduling techniques. Section 
1V presents the comparison of various existing 
techniques of scheduling. The conclusion of this 
paper is mentioned in Section V. 
 
II. GRID RESOURCE MANAGEMENT 

 
This section discusses the key concepts related 

to Grid Resource Management (GRM), which is the 
central component and the most active part of a Grid 
System. [8]. Resource Management includes 
managing the various computational resources, which 
form a grid and  they work together to reach parallel 
targets, across multiple domains. The GRM functions 
can be classified into four phases.  

 
A. Grid Services Specification and Requirements. 

Web service designed to operate in a grid 
environment and which meets the requirements of the 
participating grid is defined as a Grid Service. This 
web service facilitates communication between 
heterogeneous resources. Grid services form the 
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interface of Grid Computing and it is defined in terms 
of Web Services Description Language Interfaces. 
These services provide mechanisms to create and 
compose sophisticated distributed systems. Current 
Grid Service Customer’s applications become Grid 
Services in a grid environment and hence GRC’s 
software mainly comprises of Grid Services. [7] 
OSGA mechanisms are used to standardize the Grid 
services. These mechanisms can find detailed 
information about resource requirements to be 
deployed and thereby execute the grid services. 
Policy Based Management is found to be an excellent 
solution to discover the various sources of 
requirements of Grid Services since it has the benefits 
of improved scalability and flexibility.  
 
B .Grid Resource Discovery and Monitoring 

Grid Resource Discovery and Monitoring 
involves analyzing and monitoring any kind of 
resources that are of interest and are available in Grid 
infrastructure. It is a very complex activity and most 
important aspect of overall usage and control of the 
Grid. Complexity in this area lies behind the factor 
that heterogeneous mechanisms are needed to 
monitor and discover any kind of shared resources. 
This area should guarantee certain features such as 
Non-Intrusively, Heterogeneous, Scalability and 
Flexibility. [9] The monitoring system should be 
minimal intrusively in the resources that are 
monitored. It should be heterogeneous in the sense 
that resources from different manufactures, platforms 
have to be monitored at any time without any specific 
configuration. Scalability is also essential in a 
monitoring system. Agent based and P2P systems are 
most common solutions to achieve scalability. Finally 
the monitoring system should be flexible enough to 
modify the intervals of time between every measure 
from the system. Dynamic monitoring system 
satisfies all these features and policy based 
management system adopts this dynamic monitoring 
approach for resource discovery and monitoring.[10] 

 
C. Grid Resource Scheduling. 

Grid Resource Scheduling is the process of 
searching over multiple administrative domains and 
making appropriate scheduling decisions. This 
process can make efficient use of resources from the 
Grid Infrastructure in order to satisfy the Grid 
Services demanded by the Grid Service 
Customers.(GSCs).Therefore scheduling is defined as 
assignment of available resources to requested Grid 
services. The Grid service can be scheduled in a 
single resource or a set of them in a single site or 
multiple sites. The Grid Service require the 
coordinated processing of workflows and scheduling 
of heterogeneous resources within different 
administrative domains. A  Grid scheduler should be 
able to reserve the required resources and create a 
complete schedule for the whole workflow. The 
resource schedulers are classified currently as static 

and dynamic. In static scheduling the information 
about the resources and the tasks in an application are 
available by the time, the application is scheduled. In 
case of dynamic scheduling, when the application is 
executed, the task allocation is performed on the fly. 
The latter one is more advantageous due to the fact  
that the system need not be aware of the runtime 
behavior of the application before its execution. The 
policy based scheduling management adopts the 
dynamic scheduling approach for effective allocation 
of the heterogeneous resources over multiple 
domains.[11] 

 
D. Job Allocation and Activation.  

Job Allocation and Activation is the process 
which provides the users the facility to access the grid 
resources in order to run and terminate jobs remotely. 
The job is sent to the selected resource through 
standard interfaces, which create a job manager 
instance to handle the job process for future 
information. [12].The data or information to be 
processed is transferred to the node or nodes selected 
by the Grid Resource Scheduling activity. When a job 
finishes its activity the user needs to be notified. Due 
to the lack of standards, the act of submitting a job is 
very complicated. Policy based management is 
introduced to solve the difficulty in job allocation and 
activation. Policy based technology is tailored to 
realize complex tasks and facilitates the automation 
of network management tasks. Policy based solutions 
are highly flexible since it allows the configuration of 
each resource on the fly .This approach can be used 
to solve many management problems inherent in this 
phase. 

 
III. ANALYSIS OF SCHEDULING 

TECHNIQUES 
 

This section deals with the various scheduling 
techniques. These algorithms perform well in 
traditional high performance computing environment. 
But their performance is reduced in a dynamic grid 
computing environment. Finally the policy based 
technique is introduced to overcome the various 
issues that exist in these referenced algorithms. 

 
A. Iterative List Scheduling 

Iterative List Scheduling is used to deal with the 
scheduling on heterogeneous computing systems. In 
this approach the quality of a schedule is improved in 
an iterative manner based on results from previous 
iterations. This approach uses the heterogeneous 
earliest finish algorithm to find an initial schedule and  
then iteratively improves the schedule based on 
previous results.[1] 

The application is represented as Directed 
Acyclic Graph (DAG) in which the nodes represent 
the tasks and the directed edges or arcs represent the 
dependencies between the tasks, such as task 
precedence. The schedule list is constructed by 
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selecting b-level as the priority. The b-level [2] can 
be computed with the mean of computation times of 
tasks on every processor and the mean of 
communication time of every edge during initial step, 
and with the weighted mean during the iterations. The 
processor is selected using the insertion based policy 
which permits the insertion of a task into an earliest 
time slot between two tasks that are already 
scheduled on the same processor. 

The advantage of this approach is that it 
produces shorter schedule length. Its performance is 
best when task to processor ratio is large. This 
approach assumes a stable computing environment 
and does not perform well in a dynamic grid 
computing environment. 

 
B .Dynamic Critical Path Scheduling 

It is a static scheduling approach which 
allocates task graphs to fully connected 
multiprocessors. This approach first determines the 
critical path of a task graph and dynamically selects 
the next node to be scheduled. It re-arranges the 
initial schedule on each processor in such a way that 
the positions of nodes in partial schedule are not fixed 
until all the nodes are considered. By looking ahead 
the potential start time of all remaining nodes and by 
scheduling the relatively less important nodes to 
processors already used, it finally selects a suitable 
processor for a node. 

The advantages of this technique are that it 
minimizes the make-span and it has an admissible 
time complexity.[2] This approach is suitable for 
different types of graph structures. The assumption 
that the scheduler can manage the scheduling priority 
of tasks, which is used in this approach may not be 
true in dynamic grid computing environment. Hence 
this is not adopted in a grid computing environment. 

 
C. Heterogeneous Earliest Finish Scheduling 

This approach focuses on appropriate selection 
of weight for the nodes and edges of the directed 
acyclic graph. It is a natural extension of classical list 
scheduling and it uses the mean value approach to 
find the shorter schedule length. The weights can be 
computed using  different schemes and the 
performance  of the algorithm may vary depending 
upon the scheme used .A rank value, which is a 
function of weights  assigned to the node and the 
edges, is assigned to each node that has to be 
scheduled. The ranking is performed in an upward 
fashion which is always better than the downward 
ranking. Tasks are then scheduled based on their rank 
value on the machine which gives the earliest finish 
time. The priority based approach used here does not 
perform well in a grid computing environment.[4] 

 
D. Reliability Cost Driven Scheduling 

In this approach the concept of reliability cost is 
considered to schedule the real time tasks so as to get 
maximum reliability. The reliability can be increased 

by scheduling the tasks with larger execution time to 
more reliable processor. The reliability cost is one of 
the objective functions for task scheduling. An offline 
scheduling with precedence constraints represented 
by directed acyclic graph is considered in this 
approach and it is used on distributed heterogeneous 
systems.[3] In this scheduling approach each real 
time task is scheduled as early as possible and is 
allocated to the processor with minimum reliability 
cost. This technique is not able to find the proper 
resource allocation to the application in presence of 
policy constraint. 

 
E. Dynamic Level Scheduling. 

Dynamic Level Scheduling is fast, flexible and 
compile-time scheduling approach. It is targeted to 
any desired multi-processor architecture. The main 
scheduling objective is to minimize the schedule 
length which equivalently maximizes the speedup. 
[5].This technique accounts for inter-processor 
communication when mapping precedence-
constrained communicating tasks onto interconnected 
processor networks .In this technique the 
communications are performed along with 
computations to eliminate the resource contention 
problem. This means that this scheduling approach 
allows the concurrent execution of both the 
computation and communication. It finds a pair of job 
which is on the critical path and it is executed on a 
processor in earliest time in an exhaustive way. In a 
policy constrained grid environment this technique 
does not produce a good scheduling result. 

 
F. Optimal Assignment with Sequential Search 
 Based on A* technique [6] two algorithms 
exits which can give optimal solution to task 
assignment problem. A* is used extensively in 
artificial problem solving and its is the best first 
search algorithm. A* algorithm can be used to search 
either a tree or a graph. The first   algorithm which is 
based on this technique is the sequential algorithm 
that reduces search space and the second one allows 
the tasks to run parallel which leads to lower time 
complexity and significant speedup. The efficiency of 
the sequential algorithm clearly depends upon the 
quality of the solution. Although it produces an 
optimal solution it may not be suitable for large 
problems due to high time and space complexity. 
Hence it may not be suitable in a grid computing 
environment which consists of heterogeneous 
resources. 
 
G. Policy Based Scheduling 

This technique has certain features that make 
it outstanding from all the above techniques. First the 
scheduling decision makes use of resource usage 
constraints. Second the resource allocation decision is 
modified based on different computation time instead 
of mean value approach. Third it uses the dynamic 
scheduling scheme in order to encounter the 
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dynamically changing grid computing environment. 
The status of the job is considered as schedulable if it 
satisfies the precedence constraint and the scheduling 
priority constraint. Precedence constraint is satisfied 
in the sense that all the precedent jobs are finished 
and the input job is available locally or remotely. 
Scheduling constraint is satisfied in the sense that a 
job is given the higher priority than others when it is 
found to be critical in completing the whole 
workflow. This technique preschedules all the 
unready jobs to detect the impact of the scheduling 

decision to the total workflow completion time. The 
QOS from multiple jobs is not considered in policy 
based scheduling. Hence this scheduling technique 
can be improved by considering the QOS constraints 
along with policy constraints to obtain an optimal 
resource allocation in a dynamic grid computing 
environment. 

 
III. COMPARISION OF VARIOUS 

SCHEDULING TECHNIQUES 

                                           
Table1 

Technique Used Type Of 
Scheduling 

Merits Demerits 

Iterative  list 
scheduling 

Static  list 
scheduling 

Produces shorter schedule 
length. 
Improve quality schedule. 

Does not perform in 
dynamic environment 

Dynamic Critical 
Path Scheduling 

Heuristic Based 
List  Scheduling 

Minimizes make-span subject 
to precedence constraint 
 Can generate better schedule 
irrespective of size 

 Scheduling priority of jobs 
in processor fails in grid 

environment 

Reliability Driven 
Scheduling 

Static  Task 
Scheduling 

Minimize the schedule length 
and maximize the reliability 
Give rise to minimum number 
of processors 

May not be able to find 
proper resource allocation 
in presence of policy 
constraint. 

Heterogeneous 
Earliest Finish 

Algorithm 

Static  Task 
Scheduling 

Uses mean value approach 
Produces shorter schedule 
length 

Different possibilities for 
computing weights is not 

considered 
Dynamic-Level 

Scheduling 
Heuristic Based 
List  Scheduling 

Uses mean value approach  
Eliminate shared resource 
contention 

Does not produces a good 
scheduling result in policy-

based environment 

Optimal Task 
Assignment 

Static  Task 
Scheduling 

 Reduces search space. 
Leads to lower time 

complexity and achieves 
significant speedup 

May not feasible to large 
tree search space 

Policy Based 
Scheduling 

Dynamic 
Scheduling 

Provides an optimal resource 
allocation for heterogeneous 
resource. 
Well suited to a dynamically 
changing environment 

Limits the job execution 
only on the available set of 

processors. 

 
CONCLUSION 
 

In this paper some of the resources scheduling 
approaches used in high performance computing 
environment have been discussed. All these 
techniques focus on obtaining an optimal resource 
allocation for heterogeneous resources. The 
advantages and disadvantages of various techniques 
are also described in this paper. Finally the features of 
the policy based technique which makes it well suited 
in a dynamic grid environment as compared to other 
techniques are also discussed. This paper will aid to 
decide which scheduling algorithm is to be used for a 
proper resource allocation in a dynamic 
heterogeneous grid computing environment. 
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