
  
Abstract— Different scheduling algorithms have been proposed 

in every system to achieve his goals. In grid computing applications, 
resource management and job scheduling have been the two main 
problems. When jobs are not uniformly distributed in all grid nodes, 
job scheduling is more important. However, it is a big challenge to 
design an efficient scheduler and its implementation. There is a need 
of further improvement in job scheduling algorithm to schedule the 
light-weight or small jobs into a coarse-grained or group of jobs, 
which will reduce the communication time, processing time and 
enhance resource utilization. This paper introduces a model with 
grouping strategy for an efficient job grouping-based scheduling 
system. Then, this model has been assembled the individual fine-
grained jobs of an application into a group of jobs, and send these 
coarse-grained jobs to the Grid resources. The simulation result 
demonstrates that the proposed strategy succeeds in minimizing the 
processing time of jobs. 

 
Keywords— job grouping and job scheduling, grid computing, 

fine-grained and coarse-grained. 

I. INTRODUCTION 
N a network-based parallel computing system, job 
scheduling is one of the most challenging problems. In the 
Grid environment, the situation is more difficult in which 

resources may be located at different geographically areas with 
different administrative control. The computational resources 
in a Grid are usually high performance computers such as 
clusters or parallel machines. The most common objective of 
job scheduling is to match suitable jobs into parallel 
computing system and minimize the total execution time. 

Conventional parallel system models are connected to 
homogeneous computing nodes in a geographically small area 
network such as LAN. On the other hand, the Grid cannot 
ignore various computing performance at each node and the 
communication cost as the nodes in Grid are heterogeneous 
and they are distributed over many different places. Grid 
computing is a type of distributed computing that involves 
wide-area networks. However, the situation has also posed 
several problems especially in the area of job scheduling. 
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Thus, new scheduling strategies need to be proposed to 
overcome the challenge.  

Grid scheduling is the process of scheduling jobs over grid 
resources. A grid scheduler is in-charge of resource discovery, 
grid scheduling (resource allocation and job scheduling) and 
job execution management over multiple administrative 
domains. In heterogeneous grid environment with its multitude 
of resources, a proper scheduling and efficient load balancing 
across the grid can lead to improved overall system 
performance and a lower turn-around time for individual jobs. 
In grid computing system, there are two types of scheduling 
namely static scheduling and dynamic scheduling. For static 
scheduling, jobs are assigned to suitable resources before their 
execution begin. For dynamic scheduling, evaluation is 
assigned to already taken assignment decisions during job 
execution [1]. 

In a Grid computing environment, the scheduler is 
responsible for selecting the best suitable machines or 
computing resources for processing jobs to achieve high 
system throughput [2]. In order to reduce communication and 
processing time, the scheduler must use coarse-grained jobs 
instead of light weight jobs. This paper focuses on grouping 
based job scheduling and how they are grouped as coarse 
grained jobs. The grouped jobs are allocated to resources in 
dynamic grid environment taking into account memory 
constraint, processing capabilities, and the bandwidth of the 
resources. 

The job grouping is done based on a particular granularity 
size. Granularity size is the time within which a job is 
processed at the resources. It is used to measure the total 
amount of jobs that can be completed within a specified time 
in a particular resource. Relationship between the total number 
of jobs, processing requirements of those jobs, total number of 
available Grid resources, processing capabilities of those 
resources and the granularity size should be determined in 
order to achieve the minimum job execution time and cost, and 
maximum utilization of the Grid resources. In order to 
evaluate the proposed job scheduler, GridSim toolkit as 
discussed in Buyya and Murshed (2002), is used to model and 
simulate Grid resources and application scheduling. 

The rest of this paper is organized as follows: Section II 
briefly discusses related work, whereas Section III presents the 
proposed job grouping algorithm and its strategy. Some 
simulations and experiments were conducted on the proposed 
scheduler algorithm using GridSim toolkit and the results are 
presented in Section IV. Finally, Section V concludes the 
paper and mentions some future work. 
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II. RELATED WORK 
In this section, some of the representative research works on 

job scheduling in Grid computing have been surveyed. HRN 
[3] is highly adaptive in grid environment but it is not suitable 
for more number of jobs because finding priority of job is 
boring one. Optimal Resource Constraint (ORC) scheduling 
algorithm [4] avoids starvation problem and reduced the turn-
around time as well as waiting time of the job, but there is a 
high communication overhead. Hierarchal job scheduling [5] 
reduces overall turnaround time and maximize system 
utilization but, there is CPU power wastage. Resource 
allocation for scheduling tasks with dependencies algorithm 
[6] minimizes execution time of the task, but with high 
communication overhead inside and across the clusters. 
Scheduling framework for bandwidth-aware job grouping-
based algorithm [7] minimizes the wastage of CPU power and 
reduces the network latency but with a high preprocessing time 
for job-grouping and resource selection. It does not consider 
memory-size constraint and dynamic resource characteristics. 
Grouping based fine grained job scheduling algorithm [8] 
reduces execution time, network latency and processing time 
but have higher time complexity and does not consider 
memory size constraint. A job scheduling model based 
algorithm [9] maximizes CPU utilization and minimizes turn-
around time but with high communication overhead. 
Grouping-based fine-grained job scheduling algorithm 
schedule the group jobs according to resource MIPS and 
Bandwidth. But the problem of this algorithm is that it does 
not give any attention to the memory requirement of file-size 
[10]. To address some of the above mentioned problems, 
MIPS Grouping-Based Job scheduling model is presented in 
this paper. 

III. PROPOSED MODEL 
This study introduces and evaluates an extension from 

Computational-Communication to Computational-
Communication-Memory based Grouping Job Scheduling 
strategy. This strategy maximizes the utilization of Grid 
resources, reduces processing time of jobs and network delay 
to schedule and execute jobs on the Grid. The model converts 
light weight jobs into coarse-grained job or grouped job 
according to the requirement jobs and resource capability. 

A. General Architecture of the Grid System 
The grid system generally composed of a number of hosts, 

each composed of several computational resources, which may 
be homogeneous or heterogeneous. The grid system is 
hierarchical two level systems, user level and resource level. In 
user level, grid user submits jobs to scheduler onto the grid 
environment. The scheduler obtains the information about the 
resources and its characteristics and sends jobs to the selected 
resources for execution. In resource level, Heap Sort Tree is 
well suitable for the complex grid environment because it is 
very effective in large scale sorting applications. When the 
resources join into the grid, they are arranged in a tree by Heap 
Sort Tree using their computational power. The root node of 
the tree having highest computational power in whole grid 

system is ready to compute the jobs. 
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Fig. 1 General architecture of Grid System 

B. Grouping Strategy of Job Scheduling Model 
The job scheduler is a service that occupies in a user 

machine. When the user creates a list of jobs in the user 
machine, these jobs are sent to the job scheduler for 
scheduling arrangement. The job scheduler gets information 
about the available resources from the Grid Information 
Service (GSI). Based on this information, the job scheduling 
algorithm is used to determine the job grouping and resource 
selection for grouped jobs. The size of a grouped job depends 
on the processing requirement length expressed in Million 
Instructions, Bandwidth expressed in MHz/s and Memory size 
requirement expressed in MB, expected execution time in 
seconds. As soon as the jobs are put into a group with a 
matching selected resource, the grouped job is dispatched to 
the selected resource for computation. The grouping strategy 
in job scheduling model is based on characteristics of 
resources. The fine-grained jobs grouped into forming coarse-
grained are allocated to the available resources according to 
their processing capabilities in MIPS and algorithm and FCFS 
algorithm to improve the processing of Fine-grained jobs. Jobs 
are put into a job group one after another until sum of the 
resource requirements of the jobs in that group is less than or 
equal to the amount of resources available at the selected 
resource site. Here, only the processing capability and 
bandwidth are used to constrain the sizes of coarse-grained 
jobs, but we can easily join additional constraints. Then the 
fine-grained jobs can be grouped as several new jobs and these 
new jobs should satisfy the following formula: 

(Groupedjobi)MI  ≤ RListi MIPS 
* ti,proc                  (1) 

(Groupedjobi)FSG ≤ baud_rate * ti,comm                        (2) 

(TotalMR) ≤ (TotalMA)                      (3) 

ti,proc > ti,comm                                 (4) 
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Where 

(Groupedjobi)MI is the processing capacity of the resource i 
which will be allocated to the jobgroupi 

ti,proc is the expected job processing time 

(Groupedjobi)FSG is the file_size (in Mb) of the jobgroupi 
at the resource i 

ti,comm  is the communication time 

baud_rate is the bandwidth of resource i 

(TotalMR) denotes the total amount of memory needed 
during the execution of the job j 

(TotalMA) denotes the total amount of memory available 

The processing time of the coarse-grained job shouldn’t 
exceed the expected time and this is illustrated as equation 1. 
Equation 2 & 4 specifies that the communication time of the 
grouped jobs should not exceed computation time of the 
grouped jobs. The memory size requirement of the jobgroup 
shouldn’t exceed to the resource memory size that is specified 
in equation 3. These are the constraints in job grouping. 

C.  Algorithm of the proposed model 

1. Submit the user’s job to the grid 

2. Receive job List, JList 

3. Receive resource List, RList 

4. Groupedjobi := 0; 

5. Sort ( JList, Decending order based on MIPS)  

6. For i := 0 to RList_Size-1 Do 

7.      (Groupedjobi)MI := 0; 

8.      (TotalResource)MI, Ri MI := RListi MIPS * ti,proc 

9.      Ri BW := baud_rate * ti,comm 

10.      For j:=0 to JList_Size-1 

11.         While (j ≤ JList_Size-1) 

12.             { 

13.                 Groupedjob := Groupedjob + jobj; 
14.                 If (((Groupedjobi)MI ≤ Ri MI) && 

(TotalJFile_Sizej + JFile_Sizei)/baud_ratej < ti,proc) ||           
(TotalJobj)MI = 0) && (Jobi/MIPSj >   
JFile_Size/baud_ratej)) 

15.               { 
16.                   j++; 

17.                } 
18.               Else  
19.               { 
20.                  Groupedjob := Groupedjob – jobj; 
21.                 j--; 
22.                } 
23.                Break; 

24.              }//  End While 
25.      Create a new job, gj with (Groupedjob)MI_Size 
26.      Place gj into GroupedjobList, TJList 
27.      Place Groupjobi into TargetResourceList, TRList 
28.      Endfor 
29.        Sort (TJList, JobLengthDescendingOrder) 
30.        While all grouped jobs, gj in TJList 
31.           Find ID in TRList to get ResourceID 
32.           Send gj to RListi 
33.        Endwhile 
34.        Receive computed Groupjob from TRList; 
35.            i++; 
36.      Endfor; 
37. End; 

In this algorithm, user jobs are submitted to the scheduler 
and the scheduler collects the required characteristics of the 
available resources. Next, it selects a specific resource and 
multiplies the resource processing capability specified in 
Million Instructions per Second (MIPS) with the granularity 
size, which is the time within which a job is processed at the 
resource. The value of this calculation produces the total 
Million Instructions (MI) for that particular resource to 
process within a particular granularity size. Subsequently, the 
scheduler groups the user jobs by accumulating the MI of each 
user job based on the comparison made between the resulting 
job total MI and the resource total MI. If the total MI of the 
user jobs exceeded the resource MI, the last MI added to the 
job total MI will be removed from the job total MI. Then, a 
new job of accumulated total MI will be created with a unique 
ID and matched with a selected grid resource. This grouping 
process continues until all the jobs are put in groups and 
assigning of jobs have completed, the scheduler sends the 
grouped jobs to the corresponding resources for computation. 
The grid resources compute the received for computation. The 
grid resources compute the received job groups and send back 
the results of the jobs to the user. 

The advantages of Grouping-based model are the 
followings: 

1) The total overhead of fine-grained job scheduling that 
can be reduced by grouping the light weight jobs during the 
scheduling process of deployment over the resources. 

2) Algorithm maximizes the utilization of the resource. 
3) The model reduces the execution time of jobs. 
4) It reduces the network latency. 
5) It reduces the total processing time. 
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IV. EVALUATION 

A. Setup of simulation environment 

The inputs to the simulations are total num of jobs, average 
MI of jobs, baud_rate, resource MIPS and job processing time. 
There are five resources created in different MIPs as shown in 
Table 1. The MIPS of each resource is computed as follows: 

  
Resource MIPS = Total_PE * PE_MIPS                (5) 

Where:  
Total_PE = Total number of PEs at the resource, 
PE_MIPS = MIPS of PE  

Each resource has its own predefined cost rate for counting 
the charges imposed on a grid user for executing the user jobs 
at that resource. The MIPS and cost per second are selected 
randomly for the simulation purpose. 

In the simulation, the total processing time is calculated in 
seconds based on the overhead time for processing each jobs, 
and the time taken for performing job grouping process, 
sending jobs to the resources, processing the jobs at the 
resources and receiving back the processed jobs. This time 
computation is depicted in Figure. In real world, the overhead 
time for each job depends on the current network load and 
speed. In the simulations, the processing overhead time of each 
job is set to 10 seconds. 

The total processing cost is computed based on the actual 
CPU time taken for computing the job at the resource and at 
the cost rate specified at the grid resource, as summarized 
below: 

Process_Cost = T*C                (6)                             
Where: 

T= Total CPU Time for job execution, and  
C = Cost per second of the resources 
In the simulation, the total processing time is calculated in 

simulation seconds. When a grouped job is formed during job 
scheduling, the execution time, t*

i, involves computational 
time, ti,comp and communication time, ti,comm. 

t*
i = ti,comp + ti,comm                          (7) 

Where: 
t*

i = Execution time of a grouped job 
ti,comp = Computation time of a grouped job 
ti,comm  = Communication time of a grouped job 
Thus, the total processing time for a single job can be 

summarized as: 
ti,proc = tsubmit + t*

i/m +treceive 
Where: 

ti,proc = Total processing time 
tsubmit = Time taken to submit a job 
treceive = Time taken to receive a processed job 
m = Number of jobs in a group 
 However, the effective execution time is the maximum 

time taken to execute all the grouped jobs from the time of the 
first job sent at the user until the final job received at the user 
after all the jobs are executed at the resources.  

To summarize: 
t*

effective = Ti end – Ti start                             (8) 
t*

effective = Effective execution time 
Ti end = Time when the last job received 

Ti start = Time when the first job sent 
The total processing time is calculated based on the time 

taken to group the jobs, to submit all the grouped jobs, to 
receive all the processed jobs and the effective execution time. 

ti,proc = tgrouping + tsubmit + t*
effective + treceives                        (9) 

Where: 
ti,proc = Total processing time 
tgrouping = Time taken to group jobs 
tsubmit =  Time taken to submit all the grouped jobs 
t*

effective = Effective execution time 
treceive = Time taken to receive all the processed jobs 

The grouping of jobs depends on a specific baud_rate. 
Baud_rate is the time within which a job is processed at the 
resources. 
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Fig. 2 Processing Time 

B. Implementation with GridSim 
GridSim toolkit is used to conduct the simulations based on 

the developed scheduling algorithm. Simulations are 
conducted to analyse and compare the differences between 
two scheduling algorithms: first come first serve and job 
grouping-based algorithm in terms of processing time and 
cost. Resources R1 through R5 are used for these simulations. 

 
Resource MIPS Cost per second 

R1 200 100 

R2 270 200 

R3 390 210 

R4 480 210 

R5 540 320 

Fig. 2 Resources setup for simulation 

C. Simulation with  Job Grouping 

Table 1 shows the results of the simulations with job 
grouping method conducted with granularity size of 30 
seconds and job average MI of 200. The simulations managed 
to execute maximum of 150 jobs within 30 seconds. When 
scheduling 25 jobs, simulation with job grouping method 
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groups the jobs into one group according to resource R1’s MI 
of 6000 (200*30). Therefore, the resulting total Process_Time 
is 64 seconds and the total Process_Cost comes up to 4979 
units. In terms of Process_Cost, the time each job spends at the 
Grid resource is taken into consideration for computing. In 
simulation with job grouping, only a small number of jobs are 
sent to each resource and therefore, the amount of total 
overhead time is reduced. 
 

TABLE I 
SIMULATION WITH JOB GROUPING FOR AVERAGE MI OF 200 AND 

GRANULARITY SIZE OF 30 SECONDS 

Number of 
Jobs

Number of 
Groups

Process_Time 
(sec) Process_Cost

25

50

75

100

125

150

1

2

3

4

4

4

64

82

99

136

186

270

4979

15992

35904

55332

72332

90124
 

V. CONCLUSION 
In order to reduce processing time, processing cost and 

utilize grid resources sufficiently, Group-Based Job scheduling 
algorithm has been proposed. The simulation environment has 
shown that the proposed model is able to achieve three 
mentioned objectives in grid environment.  A comparison on 
various parameters like distributed, hierarchical, centralized, 
response time, load balancing, resource utilization was done 
get feedback on different types of job scheduling. The 
researchers can use these facts to develop better algorithms. In 
the above study it was found that no paper has specified 
memory requirement of the jobs while submitting the jobs to 
the selected resources. Memory requirement of a job is vital in 
completing the execution of jobs at the selected resources 
within a time bound in realizing a real grid system.    In this 
study, we proposed a new job scheduling strategy in grid 
environment that provides more responses with time, memory 
and CPU requirements. Our future work will be extended to 
design a parallel grid scheduler to realize its performance. 
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