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Abstract: Computational Grid is an alternative to 

supercomputing within a reasonable time for solving 

optimization problem. It is a distributed computing 

resource which appears as one large virtual computing 

system. In this grid environment, resource failures have 

become common while utilizing the grid resources. To 

reduce the wastage of execution time due to failure, fault 

tolerant is essential. In the existing fault tolerance 

technique, a uniform fault tolerance technique was 

adopted in all nodes. This paper proposes an effective 

Failure based Resource Allocation Technique (FRAT), in 

which the different fault tolerance technique is adopted in 

different proportion according to resource failure. In this 

model we have adopted three fault tolerance techniques. 

To integrate the different fault tolerance technique, 

Genetic Algorithm (GA) based scheduling is used in 

FRAT. Here the resource allocation is done in different 

ratio which is based on GA fitness functions. From the 

model based simulation results, it is found that FRAT 

gives better performance in terms of reduced Makespan 

with acceptable overheads.The proposed scheduling 

algorithm is compared with traditional scheduling 

algorithm with help of GridSim library and suggests that 

the proposed algorithm is more efficient and the 

utilization of resource is better. 

Keywords: Failure based Resource Allocation 

Technique (FRAT), Makespan, Fault Tolerance and 

checkpointing. 

 

1. Introduction 

 

The Grid technologies are currently defined from other 

technology trends such as enterprise, peer-to-peer, 

distributed and Internet computing. The computational 

grids are essentially distributed and unrelated, but can be 

viewed by the user with uniform access to resources as a 

virtual environment. Many grid technologies indicate the 

issues of fault tolerance, security, quality of service and 

resource scheduling. In order to solve the high 

computational problems and access to large storage 

spaces, this infrastructure provide a shared heterogeneous 

services and resources approachable by users and their 

applications.The main concept behind grid computing is 

that we can’t buy more resources but we can borrow 

computational resources from available resources. The 

main characteristic of grid computing is resource sharing 

and these resources are shared among various 

applications.   

  The grid supports sharing and synchronized use 

of various resources in dynamic range
1,2

. Grid technology 

is mainly applied for multiple research work. But the grid 

computing does not still meet the requirements like 

enterprise adoption, complexity hiding, stability, system 

failure and delays
3,4

. The specific problem of the Grid 

concept is correlated resource sharing and problem 

solving in multi-institutional virtual organizations
5
. Next, 

the utility approach is extended for the allocation of 

multiple resources. For many techniques, computational 

grids provided a fault tolerance including retry the failed 

resources and replicating the task in various resources
6,7

. 

Due to sharing of the resource, security related problems 

arises in the grid systems.  

  Due to the growth of network bandwidth and the 

reduction of latency, the computation requests has been 

sent to servers which are available on the grid
8
. In the 

service oriented approach, the data cannot migrate to new 

resource but it can be replicated in more than one 

resources
9,10

. The efficient data replication and job 

scheduling mechanism is adopted in
11

. The author in
12

 

designed two algorithms namely centralized dynamic 

replication and distributed dynamic replication algorithm, 

in order to describe the performance of the job 

scheduling by replicating the data.   

   

2. Grid Checkpoint System 

 

Figure 1 describes the proposed the model for grid 
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checkpoint system.  The Grid resources which include 

data storage, computing facility, and network bandwidth, 

are consumed by the jobs. For each job, the Grid 

scheduler will specifies the resource where to run the job, 

locations of data and applications required for the job. 

Checkpoint server is used to maintain the checkpoint 

status of the job and failure status of the resource. To 

improve the grid user security, we have described the 

grid system as trusted one. i.e. the trust level of the 

system is assumed to be higher than the user requested 

security level. In case of any failure, the job will migrate 

to another computational node and starts the execution 

from the previously stored checkpoint or retry the job 

from the beginning depends on the fault tolerance 

technique adopted.   

 

Figure 1.  Fault Tolerance based Grid System 

Model 

 

This improves the reliability. For reliable 

computation, any computational node can utilize one or 

more migrating nodes. In our model, we have considered 

two migration nodes. 

 

3. Fault Tolerance Model 

 

The grid system consists of geographically dispersed 

computational sites having different administrative 

polices and heterogeneous resources. Any computational 

node may employ one or multiple fault-tolerance 

mechanisms for more reliable computation. The job 

failure model adopted is similar to
14

. In this paper, we 

consider three fault-tolerance mechanisms for 

performance comparison. 

 

3.1. Retry Mechanism (RM) 

 
The Retry mechanism is simple technique among three 

fault-tolerance technique. The failed job will be executed 

in the same machine from the beginning. To avoid the 

job failure in same node, a threshold time is used in this 

method. If the resource become failure for long time, this 

technique will not be suitable. The expected execution 

time will become more. This is minimized using next 

fault tolerance technique.   

3.2. Alternate Resource Mechanism (ARM)  

 
In alternate resource mechanism, the failed job will be 

moved to alternate computational resource to re-execute 

the job. This leads to impose overhead. Hence the 

expected execution time for this mechanism will be 

slightly better under resource failure condition. 

 

3.3. Checkpointing Mechanism (CPM) 

 
In checkpointing mechanism, status of the job will be 

recorded periodically. When the job fails, it will be 

moved to alternative computational resource. Based on 

checkpoint server information, the job will be resumed 

from the last checkpoint. The execution time will be less 

compared to other fault tolerance mechanism at the cost 

of migration and overhead.  

These three techniques are used with different ratio 

in our proposed FRAT algorithm to minimize the 

execution time with acceptable overhead. 

 

4. Failure based Resource Allocation Technique 

(FRAT) 

In the grid system, each computational site supports one 

of the above mentioned three fault tolerance mechanisms. 

Furthermore, the scheduler can execute a certain job by 

any combination of these three different fault-tolerance 

mechanisms. For instance, a job may be executed 

concurrently in a node supporting ARM as well as a node 

supporting CPM. Because different fault-tolerance 

mechanisms have different requirements for encoding in 

the genetic algorithm, chromosome encoding approach is 

adopted in [14]. In this work, according to the sequence 

of node ids, the job will move to the next node for re-

execution whenever a failure occurs. This algorithm 

works well in the high resource failure condition. When 

the resource failure is less, this way of integrating the 

ratios of different fault tolerance fails to achieve the 

better performance. Hence a new genetic algorithm based 

scheduling is incorporated in our proposed failure based 

resource allocation technique (FRAT), which works well 

in low resource failure condition as well as in high failure 

condition. The proposed algorithm consists of three fault 

tolerant mechanisms. When a job is submitted to the grid, 

the GA generate a fitness function, which is the optimal 

value derived from the chromosome selection and its 

overhead. With the help of this fitness function, the grid 

scheduler allocates the resources to the grid jobs 

according to selected chromosome. Chromosome has the 

details of job allocation with the type of fault tolerance 
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technique to be used in particular ratio. Since GA 

chooses the correct chromosome from the pool of 

chromosome suitable to the resource failure rate, the 

expected execution time of FRAT is low as compared to 

other algorithm mentioned in
14

.  

In grid environment, jobs are get transmitted by the 

users in time, different arrival rate have different jobs. 

Here, the grid system supports three fault tolerance 

mechanisms based on resource failure, such as retry 

mechanism, alternate resource mechanism

pointing mechanism described in Section 3. When 

considering the support of RM, ARM and CPM, the 

scheduler will allocate multiple sites in order to execute a 

certain job. Then the scheduler will execute a certain job 

by using any combination of these three fault tolerance 

mechanisms. A new chromosome encoding approach is 

implemented for proposed algorithm which uses a 

sequence of integers. The length of the sequence depends 

on type of fault tolerance mechanism. According to the 

sequence of nodes, whenever a failure occurs, the 

resource will move to next node for re-execution.

5. Simulation Results And Discussion

 

Our work is modeled and implemented in the simulation 

using Java. The failure model follows exponential 

distribution. In this failure model, the number of resource 

failure, failure time and its duration are defined 

randomly. Two migration node is taken into 

consideration in our simulation.   

 

Table 1:  Simulation parameters

 

Sl.No

. 

Parameter Range

1. Security Demand  Random 

2. Trust Level  Random

3. Failure Coefficient  

4. Network 

Bandwidth  

(2-8 Mbps)

5. Data Size  (40-240 MB)

6. Job Size 50:1000 billion 

instructions

7. Number of jobs  2000

To evaluate our proposed scheme, we have simulated

using the Java. The number of instructions which is 

represented as job size is taken as a variable and then 

encoded chromosomes are implemented i.e., by taking 

different set of ratios of nodes by the combination of 

three fault tolerance mechanisms. 

 To evaluate the performance of the proposed 

scheduling algorithm, we use Makespan as the 

performance metrics. Makespan is defined as the time 

o be used in particular ratio. Since GA 

chooses the correct chromosome from the pool of 

chromosome suitable to the resource failure rate, the 

expected execution time of FRAT is low as compared to 

In grid environment, jobs are get transmitted by the 

users in time, different arrival rate have different jobs. 

Here, the grid system supports three fault tolerance 

mechanisms based on resource failure, such as retry 

mechanism, alternate resource mechanism and check 

pointing mechanism described in Section 3. When 

considering the support of RM, ARM and CPM, the 

scheduler will allocate multiple sites in order to execute a 

certain job. Then the scheduler will execute a certain job 

hese three fault tolerance 

mechanisms. A new chromosome encoding approach is 

implemented for proposed algorithm which uses a 

sequence of integers. The length of the sequence depends 

on type of fault tolerance mechanism. According to the 

whenever a failure occurs, the 

execution. 

Simulation Results And Discussion 

Our work is modeled and implemented in the simulation 

using Java. The failure model follows exponential 

the number of resource 

failure, failure time and its duration are defined 

randomly. Two migration node is taken into 

Simulation parameters 

Range 

Random  

Random 

3 

8 Mbps) 

240 MB) 

50:1000 billion 

instructions 

2000 

To evaluate our proposed scheme, we have simulated by 

using the Java. The number of instructions which is 

represented as job size is taken as a variable and then 

encoded chromosomes are implemented i.e., by taking 

different set of ratios of nodes by the combination of 

evaluate the performance of the proposed 

scheduling algorithm, we use Makespan as the 

performance metrics. Makespan is defined as the time 

spent from the beginning of the first task to the end of the 

last task in the schedule. It assumes that the jobs are

ready at time zero and resources are continuously 

available during the whole scheduling. Then the 

makespan is obtained by the below equation.

Makespan

Figure 2a.  Comparison of total job makespan of 

different ratios for 1:1:3

 

The total job makespan of

implemented by using three fault tolerance mechanisms. 

Here single chromosome is addressed and hence taken 

the ratio of X:Y:Z as shown in Figure 2a

the number of nodes for RM mechanism, Y represents 

ARM mechanism and Z represents CPM mechanism. 

From the result, as number of job size increases total job 

makespan is increased. But with limited job size, 

makespan is reduced. 

Figure 2b. Comparison of total job makespan of 

different ratios for 4:4:7

Figure 2c. Comparison of total job makespan of different 

ratios for 1:2:2 

spent from the beginning of the first task to the end of the 

last task in the schedule. It assumes that the jobs are 

ready at time zero and resources are continuously 

available during the whole scheduling. Then the 

makespan is obtained by the below equation. 

 

 
Comparison of total job makespan of 

different ratios for 1:1:3 

The total job makespan of different ratios are 

implemented by using three fault tolerance mechanisms. 

Here single chromosome is addressed and hence taken 

the ratio of X:Y:Z as shown in Figure 2a-2c where, X is 

the number of nodes for RM mechanism, Y represents 

represents CPM mechanism. 

From the result, as number of job size increases total job 

makespan is increased. But with limited job size, 

 

Comparison of total job makespan of 

different ratios for 4:4:7 

 

Comparison of total job makespan of different 

ratios for 1:2:2  
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The total job makespan is compared with various other 

scheduling algorithms like Min-Min

algorithm
15

 and integrated algorithm
14

 with our new 

proposed FRAT algorithm in Figure 3. 

 

Figure 3. Total Makespan comparison for various 

integrated Algorithms   

 

From Figure 3, it is analyzed that even when job size 

increases the total job makespan is reduced which is 

compared to other existing techniques. The resource 

failure rate is constant for implementing our proposed 

scheme but job size is varied. For job size 50:100, FRAT 

is reduced even better when compared to other existing 

schemes. Similarly, when job size is increased from 

50:500 and 50:1000, the same result showed as like 

50:100.  

 

Figure 4. Total Makespan comparison for various 

integrated Algorithms under various Resource Failure 

rate condition 

 

In Figure 4, the total job makespan is analyzed 

by varying resource failure rate randomly. From the 

previous results,when the job size increases, the 

makespan is reduced for our proposed algorithm. Hence 

the job size is taken as 50:1000 for further performance. 

The total job makespan is compared with various other 

Min
8
, sufferage 

with our new 

 
Total Makespan comparison for various 

From Figure 3, it is analyzed that even when job size 

increases the total job makespan is reduced which is 

compared to other existing techniques. The resource 

nt for implementing our proposed 

scheme but job size is varied. For job size 50:100, FRAT 

is reduced even better when compared to other existing 

schemes. Similarly, when job size is increased from 

50:500 and 50:1000, the same result showed as like 

 
Total Makespan comparison for various 

integrated Algorithms under various Resource Failure 

In Figure 4, the total job makespan is analyzed 

by varying resource failure rate randomly. From the 

increases, the 

makespan is reduced for our proposed algorithm. Hence 

the job size is taken as 50:1000 for further performance. 

FRAT performance is improved when compared to 

integrated algorithm when resource failure rate is low.

 

 

Figure 5. Normalized Migration cost for various 

integrated Algorithms under various Resource Failure 

rate condition

 

 When the resource got failed, the job has to be 

migrated to another resource, which leads to increase in 

migration cost, which is depicted in Figure 5. The 

migration cost of proposed algorithm, FRAT is improved 

by 20.2% when the resource failure is 50%, and it is 

improved by 19.8% when the resource failure rate is 

70%, when it is compared with Integrated Algorithms.

 Therefore, from the above results, it is f

FRAT algorithm gives reduced expected execution time 

(Makespan) and migration cost performance with 

acceptable average probability of overhead cost.

6. Conclusions

In this paper, a new scheduling algorithm is proposed for 

grid system. MetaCentrum data set was used in the grid 

simulator to run the experiments. This proposed 

scheduler is compared with MakeSpan performance 

against the algorithms like Min

algorithm
15

 and integrated algorithm

of jobs increases, the makespan is reduced for our 

proposed algorithm FRAT but when failure rate increases 

the makespan almost equal for our proposed algorithm 

and integrated algorithm. Similarly, our proposed FRAT 

algorithm gives reduced execution time with accepta

migration cost. 
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