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Abstract
Grid is a collection of heterogeneous systems or heterogeneous 
objects that are geographically distributed over a network. Job 
management is one of the chaotic issues of grid environment. 
For effective utilization of the resources in grid systems, efficient 
application/job scheduling methods are required. Job scheduling 
algorithms are commonly applied by grid resource managers to 
optimally dispatch tasks to grid resources. Typically, grid users 
submit their own jobs to the grid manager to take full advantage 
of the grid facilities. The grid manager in a grid system tries to 
distribute the submitted jobs amongst the grid resources in such a 
way that the total response time is minimized. Similarly, there is 
an additional issue of providing fair share to each application of 
individual users according to their priority by the grid manager. 
There are various fair job scheduling algorithms which provided 
better proportional sharing accuracy. However, the time to select 
a client for execution using these algorithms grows with the 
number of clients. Most implementations require linear time to 
select a client for execution. In this paper, discussion on various 
job scheduling algorithms has been done which provide better 
proportional sharing accuracy. 
This paper is divided into 6 sections. First section, describes basic 
introduction to grid computing and its functioning. Second section, 
describes about the how user’s job(s) are scheduled. Third section, 
describes about the various type of job scheduling algorithms. 
Fourth and fifth sections of this paper wind up the work with a 
general conclusion about the problem and future scope of the 
work.
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I. Introduction
Grid is a collection of heterogeneous systems or heterogeneous 
objects that are geographically distributed over a network. Grid 
computing refers to communication and sharing of resources 
and typically involves many resources to solve a single large 
problem using standard, open, general-purpose protocols and 
interfaces to deliver nontrivial qualities of service. And while the 
term “Grid”[5] has also been on occasion applied to everything 
from advanced networking and computing clusters to artificial 
intelligence, there has also emerged a good understanding of the 
problems that Grid technologies address, as well as a first set of 
applications for which they are suited.

II. Grid Functioning
Grid users have to install the provided grid s/w on his system. 
System is connected with Internet. Internet is most far reaching 
n/w. The user establishes his identity with a certificate authority. 
Once the user and/or machine are authenticated, the grid software 
provided to the user for installing on his machine for the purposes 
of using the grid as well as donating to the grid. This software may 

be automatically reconfigured by the grid management system to 
know the communication address of the management nodes in the 
grid and user or machine identification information. 
In this way, the installation may be a one click operation. To use 
the grid, most grid systems require the user to log on to a system 
using a user ID that is enrolled in the grid. Once logged on, the user 
can query the grid and submit jobs. The user will usually perform 
some queries to check to see how busy the grid is, to see how his 
submitted jobs are progressing, and to look for resources on the 
grid. Grid systems usually provide command line tools as well as 
graphical user interfaces (GUIs) for queries. Command line tools 
are especially useful when the user wants to write a script.

Fig. 1: Basic Grid Operational Environment [14]

Job submission usually consists of three parts [18], even if there is 
only one command required. First, some input data and possibly 
the executable program or execution script file are sent to the 
machine to execute the job. Sending the input is called “staging 
the input data.” Second, the job is executed on the grid machine. 
The grid software running on the donating machine executes the 
program in a process on the user’s behalf. Third, the results of 
the job are sent back to the submitter.
When there are a large number of sub-jobs, the work required 
to collect the results and produce the final result is usually 
accomplished by a single program, usually running on the machine 
at the point of job submission. The data accessed by the grid jobs 
may simply be staged in and out by the grid system. 
Depending on size and number of jobs, this can be added up to a 
large amount of data traffic. The user can query the grid system 
to see how his application and its sub jobs are Progressing.
A job may fail due to a:

A. Programming Error
The job stops part way with some program fault.

B. Hardware/Power Failure
The machine /devices used stops working in some way.
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C. Communications Interruption
A communication path to the machine has failed or is overloaded 
with other data traffic.

D. Excessive Slowness
The job might be in an infinite loop or normal job progress may 
be limited by another process running at a higher priority or some 
other form of contention. Grid applications can be designed to 
automate the monitoring and recovery of their own sub jobs 
using functions provided by the grid system software application 
programming interfaces (APIs).

III. Job Scheduling in Grid  
Job scheduling is based on the necessity of a user who has a set of 
jobs to execute. Since the user’s machine is not able to process the 
jobs either because of resource or hardware constraints, the user 
can use the grid system for running the job. The user submits the 
set of jobs to the job scheduler and the job scheduler splits the job 
depending on certain factors and gives it to the machines having 
available resources on the grid. The machines will complete the 
task and final result will be given to the user in order to achieve 
this job scheduling strategies has to be followed. Job scheduling 
and resource scheduling are the two main necessities in grid 
computing [1]. In job scheduling, the job scheduler has to find 
the appropriate resource for the job that the user submits. It has 
to find the best machine in grid to process the user job. Grid has 
two main schedulers such as local schedulers and grid schedulers. 
The local schedulers work in local computational environment and 
hence it is reliably, fast connection, works in uniform environment 
and also takes full control of the homogeneous resources. Grid 
Schedulers also called as meta-schedulers are the top level 
schedulers. They are responsible for orchestrating resources that 
are managed by different local schedulers [1]. Scheduling can 
also be classified into static and dynamic scheduling. In static 
scheduling, before execution the jobs are assigned to the suitable 
machines and those machines will continue executing those jobs 
without interruption. In dynamic scheduling, the rescheduling 
of jobs is allowed. The jobs executing can be migrated based on 
the dynamic information about the workload of the resources. In 
grid, there may be lots of resources to run a job. The main focus 
is to find the appropriate resource for the job that is to schedule 
the job. The types for job scheduling are centralized, hierarchical 
and decentralized where 

A. Centralized
Single job scheduler on one instance, all information collected 
at one place.

B. Hierarchical
Two job schedulers, one at global and other at local level.

C. Decentralized
No central instance, distributed schedulers interact and commit 
resources.

IV. Review of Literature
There is an intense study being done by various researchers on 
scheduling algorithm for grid computing environment. There 
are also few scheduling methods like Virtual time round robin 
[11], Group Ratio Round Robin [19], Dynamic error based 
fair scheduling method [6], Dynamic task scheduling method 
using service time error and virtual finish time, and amalgamate 

of all the above mentioned scheduling strategy in Inter- Intra 
Fairness Scheduler [9] which are specially designed with main 
concentration on proportional sharing to user. These proportional 
algorithms are effectively simulated using static figures. Moreover, 
inter-intra fairness scheduler [9] is effectively implemented using 
newly developed alea simulator using real workload traces. There 
are various other efficient scheduling algorithms which can be 
deployed in grid environment for efficient job scheduling. 

A. Firefly Algorithm
The firefly algorithm is based on swarm intelligence behavior 
of firefly. It is a Meta heuristic algorithm inspired by the social 
behavior of firefly. Firefly algorithm finds the global optimal 
solution. The main focus of firefly algorithm is to complete the 
task within a minimum make-span and flow time as well to utilize 
the grid resource efficiently. 
Firefly optimization as mentioned in can be described as [1]

The firefly attracts and is attracted by all other fireflies.1. 
The brighter one attracts the less bright one.2. 
 The brightness decreases with distance.3. 
The brightest firefly can move randomly.4. 
The firefly particles can move randomly5. 

There are 4 phases in firefly algorithm which are as follow:
In the phase 1, the parameters are set (initial population, fitness and 
attractiveness), number of available resources and list of submitted 
jobs are identified. In the phase 2, the brightness of each firefly is 
found at the source using fitness function and distance is calculated. 
The less bright fireflies are moved towards the brighter one. In 
the phase 3, the new solution is evaluated and light intensity is 
updated In the phase 4, the fireflies are ranked and current global 
best is identified. Finally, the iteration parameters are updated. 
All these are done until the termination condition is reached. The 
termination condition may be number of iteration or the fitness 
value or sometimes the saturation state. 

B. Ant Colony Algorithm
The ant colony algorithm for job scheduling in grid aims at 
submitted jobs to resources based on the processing ability of 
jobs as well as the characteristics of the jobs. Ant colony algorithm 
is the bio-inspired heuristic algorithm, which is derived from the 
social behaviour of ants. Ants work together to find the shortest 
path between their nest and food source. When the ants move, each 
ant will deposit a chemical substance called pheromone. Using this 
pheromone, the shortest path is found. The same concept is used 
to assign jobs in grid computing. When a resource is assigning a 
job and completes, its pheromone value will be added each time. 
If a resource fails to finish a job, it will be punished by adding less 
pheromone value. The issue here is the stagnation, where there is a 
possibility of jobs being submitted to same resources having high 
pheromone value. In this ant colony algorithm, the load balancing 
method is proposed to solve the issue of stagnation.
The algorithm is as follows [1]

The user will send request to process a job.1. 
The grid resource broker will find a resource for the job.2. 
The resource broker will select the resource based on the 3. 
largest value in the pheromone value matrix.
The local pheromone update is done when a job is assigned 4. 
to a resource. The global pheromone update is done when a 
resource completes a job.
The execution result will be sent to the user. When the resource 5. 
broker select a particular resource for a job j, jth column of 
the Pheromone Value matrix will be removed and jobs will 
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be assigned to other resources. Thus the load balancing is 
achieved.

C. Group Base Job Scheduling
The adaptive group based job scheduling focuses on group based 
scheduling, and explains the jobs are grouped based on coarse 
grained jobs. The grouping is based on the resources’ processing 
capability in Million Instructions per Second (MIPS), bandwidth 
(Mb/s), and memory size (In Mb). The characteristics of resources 
are the basic for grouping strategy. In grid computing, 2 approaches 
can be used for job execution. In first approach, the user can directly 
search the resources for job execution using an information service. 
In the second approach, the user can obtain information about the 
current availability and capability of resources using the resource 
manager. The Grouping Based Job Scheduling algorithm has 2 
phases [1]. In the first phase, the scheduler receives information 
about the resource status from the Grid Information Service (GIS), 
and sorts the jobs in descending order. In the second phase, the 
system selects jobs in First Come First Served (FCFS) order and 
forms different job groups. The scheduler will select resource in 
FCFS order after sorting them in descending order of their MIPS. 
The jobs are put into the job groups until the sum of resource 
requirement of the jobs in that group is less than or equal to amount 
of resource available at selected site.
As soon as the job group is formed, the jobs are assigned to the 
corresponding resource. After execution the job groups, the result 
is sent to the corresponding user and the resources are available 
to the Grid System.

D. Community Aware Scheduling 
CASA is a decentralized dynamic heuristic meta-scheduling 
algorithm. In CASA, jobs can be rescheduled. In order to overcome 
the stagnation a probabilistic approach has been used to assign jobs 
so that the jobs are evenly distributed to all other resources. CASA 
is a two phase algorithm [1]. The first phase is the job submission 
phase where each node receives the jobs that are submitted by 
local user. Consider a node A, it receives the job, it acts as a 
initiator node and requests all other nodes using the REQUEST 
message. The other nodes who are willing to take the job will 
reply through ACCEPT message. The node A will evaluate the 
other participating nodes using the historic data and selects the 
appropriate node and submits the job to it. The second phase is 
the dynamic rescheduling phase, the node which received the job 
will look for the job which has large enough waiting time and has 
not been selected recently in the local job queue. That job will be 
rescheduled to the other nodes.

V. Conclusion
There are number of scheduling methods developed in grid task or 
job management considering various issues of organizing the job 
of Grid systems. Every method has unique features in itself with a 
number of advantages and shortcomings. Detailed study of these 
methods make one thing clears that although algorithms provided 
better proportional sharing accuracy. However, the time to select 
a job for execution using these algorithms grows with the number 
of clients. Another Problem is that, most implementations require 
linear time to select a job for execution. For server systems which 
may service large numbers of jobs, the scheduling overhead of 
linear time algorithms can waste more than 20 percent of system 
resources for large numbers of jobs. Third problem is of low 
fairness accuracy and high overhead of scheduling jobs and 
resources. High range of Service Time Error leads to low QoS 

for the clients. 
Moreover, implement a grid scheduler without any prior analysis 
of the system will increase the risk factors of the developed 
system. Analysis can be done to evaluate Quality with the help 
of Simulation, which uses real world trace systems. So, our 
contribution is to do pre-evaluation in terms of Simulation before 
actually implementing the model to overcome the risk factors.
Our main motive is contributing to the research done in the field 
of task or job management for grid environment by performing 
comparison through simulation of scheduling methods for 
resource and task management on advanced Quality of Service 
(QoS) parameters.

VI. Future Work
In this paper, we discuss various efficient scheduling algorithms 
for proportional scheduling of jobs in grid computing environment. 
The Future work will focus on performing comparison of 
scheduling strategies with the proposed scheduling method for   
grid job or task management on advanced Quality of Service 
(QoS) parameters(Failure rate, resource usage, expected time for 
task completion, CPU Usage) using recently developed GridSim 
based simulator called Alea [10]. Secondly, to perform simulation 
using advanced GUI based Alea simulator which not only enhance 
the features of its predecessor GridSim [7] but also provide a 
more interactive environment for grid scheduling simulation. 
Thirdly, to implement scheduling strategy on a simple small grid 
environment. Finally, to make an easy job(s) for the grid users 
to easily deploy any scheduling method according to its QoS 
requirements. To minimizes the risk factors in implementing the 
actual systems as a pre-evaluation mechanism
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