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AbstrAct: In market-like grids, applying an economical 
method for providing fault-tolerant job scheduling is necessary. 
Since we have to pay cost for job execution in economic grids, 
consumers tend to execute their jobs on a grid with minimum 
cost and acceptable completion time. To do this, many ap-
proaches have been proposed, but they unilaterally consider 
either time/cost or consumer/provider profit. Based on current 
research, a new approach has been proposed; the approach 
is an optimized, fault-tolerant method for meta-scheduler that 
considers bilateral satisfaction for consumer/provider and 
a tolerable completion time. We suppose that, if one of the 
provider nodes fails, there would not be enough time to start 
a task on a new node from the beginning. The experimental 
results show a promising improvement in job scheduling with 
less computation cost, better fault-tolerance, and an acceptable 
completion time. 
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1. Introduction

At the present time, grid computing [1] is a pervasive and popular 
infrastructure for high performance and distributed computing. 
Many researchers believe that the grid, in the near future, will be 
an acceptable method in real-world applications of parallel and 
distributed computing. At present, specific organizations, companies, 
and academic researchers use grid systems in order to achieve 
some specific goals. For example, the European Community (EU) 
[2], CERN [3], AustrianGrid2 [4], TeraGrid [5], and Allegro [6] have 
established studies of e-Science using the grid infrastructure. Allegro 
benefits from grid computing, which allows a network of distributed 
computers to work in unison, providing real-time valuation, 
scheduling, and settlement. The EU is sponsoring a grid project for 
high-energy physics, earth observation, and biological applications. 
Grid technology enables sharing of computational resources within 
and between organizations all over the world. The use of the grid 
for scheduling computational resources is a very complex process 
because of the dynamic, heterogeneous resources in a wide area. 

In this research, we have considered a hierarchical model for job 
scheduling based on the meta-scheduler and local schedulers. 
The goal is to concentrate on the tasks that must be process, with 
real-time priority on the economically-based grid. It is obvious that 
a job owner (consumer or requester) should pay more for a job with 
real-time priority in the economically-based grid. We assume that 
there is a time limitation for job execution.

On the other hand, resource allocation has an impact on fault 
tolerance. Selecting fault-tolerant nodes and assigning them to 
a real-time job will definitely reduce fault events during of the 
execution of the job. Currently, there is an increasing interest in 
economic approaches for the allocation of the grid’s resources. 
In this research, a predictive system for scheduling the grid’s 
resources has been designed. The system is capable of making 
dynamic decisions and selecting nodes in the grid in accordance 
with the conditions of the job and the grid; it also makes decisions 
concerning the multi-reservation of nodes to increase the fault 
tolerance. We have considered an option for the consumer (job 
owner) to increase the priority of her/his job by paying more. In 
this case, if the consumers tend to receive the results of the job 
quickly and with high dependability, they must select one of the op-
tions that reflect the additional charges, which can change based 
on grid conditions. When the job is completed, the consumer 
will be informed about the extent to which her or his selected 
option increased the price of the job. For economic rescheduling 
of a faulted task, we have used the checkpointing technique by 
meta-scheduler based on a bidding mechanism. Checkpointing 
is used in grid computing by known systems, such as Condor [7] 
and Cactus [8]. Checkpointing is a very general technique that 
can be applied to any types of parallel applications. It saves the 
state of the task in stable storage for use in future rescheduling. 
We saved the checkpointing data that were provided at supporter 
sites, which are explained in the next sections. 

The structure of the paper is as follows. Section 2 provides a formal 
problem statement. Section 3 contrasts our work with related work. 
Section 4 presents reviews of the use of rough set theory and the 
multi-level grid scheduler. In section 5, we propose our method, 
which is based on a multi-checkpointing technique for scheduling 
fault tolerance in an economic grid. Section 6 presents our evaluation 
of experimental results, and section 7 contains our conclusions. 

2. Problem Formulation

This section begins with the evolution of economically-based 
grid computing, and the main function is to achieve a fault-
tolerant scheduler, considering cost, time, and efficiency. In the 
future, due to the increasing requirement for high performance 
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computing, economic grid systems pervasively will be deployed 
to perform large and complex computations with huge amounts 
of data. Therefore, managing the resources associated 
with such an enormous system must consider some critical 
parameters, such as completion time, costs, and the deadlines 
for various jobs. Sometimes, the nodes have spent much time 
for their own grid’s tasks and they might be in near the end of 
their execution, but if faults occur in these nodes, overhead time 
and cost will be considerable. In an economic grid, this state is 
not acceptable, and, perhaps the provider nodes, which receive 
less profit, and consumers, who do not receive the expected 
results by their deadlines, will leave the grid. We must conduct 
resource management in an economical way by considering the 
provider node profit and the consumer’s job execution.  

Suppose that we have an economic grid for executing a con-
sumer’s job. If the grid system cannot complete the execution 
of the job by a determined deadline, the grid must pay a penalty 
to the consumer. let us assume that the consumer needs up to 
n provider nodes to execute his/her job, i.e., the job consists of 
n tasks. If the considered price for each node is α, the following 
cost value can be obtained for a success computation (without 
any fault) for a completion time Ts, but this is not possible be-
cause faults are unavoidable.

If we suppose 30% fault during of each job execution, the new 
cost value will be as follows: 

On the other hand, the consumer may not pay the Total Cost 
Price for her/his own job (due to extra cost for occurred fault). 
Therefore, if it is possible to decrease the cost of fault occur-
rences, it may be acceptable to the consumer. This paper con-
siders a different method to provide a fault-tolerant scheduler 
with less cost per fault occurrence. We use auction-based job 
scheduling with the multi-checkpointing method to provide a 
fault-tolerant job execution with minimum cost for overhead 
computation. By the way, we assume that there is not usually 
enough time to restart the job on other nodes.

3. Related Works

In recent years, there has been a growing interest in approaches 
for economically-based grid resource allocation, and research 
on grid commerce and computational economy for grid resource 
allocation has received quite a lot of attention. In this section, 
we discuss some research related to the fault-tolerance area 
on the grid.  

A trust-based management system for commercial grids has 
been proposed in [9] to provide trust-based scheduling. Three 
primary criteria, i.e., affordability, success rate, and bandwidth, 
were used in this model for evaluating the extent to which the 
resource provider was trusted to allocate these resources to 
consumers. Some authors have claimed that the trust-based 
scheduler reduces job failures from 40 - 70% compared to the 
trust-unaware scheduler. However, analyzing and evaluating 
of the considered trust metric for resource selection in com-
mercial grids surely are not compatible, because this model 
does not consider the cost of the most important criterion in 
resource selection and allocation. Obviously, to aim for high-
trust scheduling, we must pay a higher price in economically-
based grids.
In our previous research [10], we proposed a prediction-
based approach to select the best nodes to reduce faults in 

grid scheduling. To do this, we provided two isolated applica-
tions for user nodes and the scheduler to detect the status 
of nodes and make a proper decision about the analyzed 
scheduler that sends results from user node applications. In 
the mentioned research, we did not consider specific states 
for real-time jobs. In addition, almost all jobs were scheduled 
by individual policy. 

Replication methodologies are another method that is com-
monly used in many approaches to provide fault tolerance in the 
scheduling phase. In [11], two new replication methods, i.e., the 
Minimum Replication Cost with Early Completion Time (MRC-
ECT) algorithm and the Minimum Completion Time with Less 
Replication Cost (MCT-LRC) algorithm, have been proposed 
for independent and dependent jobs to solve the fault-tolerance 
problem. Both algorithms attempt to reduce the cost of replica-
tion. However, replication-based methods are useful methods 
only for non-economic grids. 

A new, group-based computational replication mechanism was 
proposed in [12] to improve the reliability of computation and gain 
better performance. This proposed method can reduce the number 
of redundancies and increase the number of tasks that are success-
fully finished by adaptively replicating computations on the basis of 
the properties of a volunteer group, such as availability, credibility, 
and volunteering service time. Due to the cost for using a resource 
in economic grids, replication methods will definitely increase the 
cost of a job by a minimum twofold. Therefore, these methods are 
not suitable for economic grids. However, if the consumer voluntarily 
wants to pay the high cost to get minimum completion time, the 
scheduler can use a replication method.  

Checkpointing methods are other methods for providing fault-
tolerant job scheduling in the grid. Checkpointing is beneficial for 
enabling us to resume a job instead of re-running it after it has 
already been underway for a long time. For example, Condor 
[7] and  DIANA meta-schedulers [13] use the checkpointing 
method for rescheduling. In [14], another approach was pre-
sented based on a combined method by using checkpointing 
and replication techniques. We have compared our proposed 
method with these methods [12, 14] in section 6. In addition, 
there are more related works on the grid in [15-17] that is de-
volved to enthusiastic researchers.

4. Job Scheduling and Rough Set

In this section, we describe some fundamental concepts about 
rough set theory and the hierarchical model. In the proposed 
approach, local schedulers will use rough-set rules to select 
the best fault-tolerant nodes.

4.1 Rough Set Analysis 
Rough Sets Theory [18] has often proved to be an excellent tool 
for the analysis of vagueness and uncertainty inherent in making 
decisions. It proved to be very useful for analysis of decision 
problems concerning objects. Our purpose is to perform a rough 
set analysis of input data to extract useful rules that schedulers 
can use to select nodes and sites. To accomplish this, we will 
use a classification algorithm based on rough set theory to 
generate rules. It takes the nodes information data table as 
input. In the context of rough set theory, data are often presented 
in a table, the columns of which are labeled by attributes and 
the rows of which are labeled by objects of interest. The entries 
in the table are attribute values. The incoming data table as a 
whole can be treated as an information system of the form L = 
< U, A, V, f>. Here, U = {x1, x2, ...xn} is a nonempty set of objects 
( n is the number of objects in data table); A = C∪D, in which 
C={c1, c2, ...cm} (m is the number of conditional attributes) is a 

Total Cost price = Σ α Ts  (1)
i=1,..,n

Total Cost price = Σ α Ts + 0.3α ( Σ  Ts) (2)
i=1,..,n i=1,..,n
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nonempty set of conditional attributes, and D is a finite set of 
decision attributes; and aAa

VV
∈
∪= , where Va is a value of the 

attribute a, and there is a map f: U×A→V which is called the 
information function such that f(x, a)∈ Va for every a∈A, xi ∈U.

The used attributes (conditional and decision attributes) in 
our approach are as follow: CPU Load, free memory (RAM), 
size of task, priority of task, number of all grid tasks (in waiting 
status), amount of data transmission rate (DTR) related to this 
node (DTR probably has upheaval in some times), start time of 
task execution, time spent for this task, completion time, cost, 
and status of task (wait, running, success, and fail). Decision 
attribute sometimes is a computed attribute. 

 - Indiscernibility Relation:  I N D ( B ) = { ( x i , x j ) ∈ U × U :  a ∈ B , 
f(xi,a)=f(xj,a)} 

For a new job, some of attributes may not be obvious and such 
attributes will not be considered in rough set analysis. In this 
case, we have encountered indiscernible relationships (records) 
that must be removed before the analysis.

- Reduction: the reduction of condition attribute C means 
a nonempty subset R ⊂ C satisfied by the IND(R)= IND(C)  
condition.

- Lower and upper approximation: Letting X represent the target 
class, the lower approximation B– (X) contains all the patterns 
or equivalence classes of the B-indiscernibility relationship that 
definitely belong to the class X, and the upper approximation  
B– (X) permits overlaps. Since the upper approximation permits 
overlaps, each set of data points that is shared by a group of 
classes defines an indiscernible set. Employing rough set the-
ory, the proposed classification scheme generates soft classes 
(classes with permitted overlap in upper approximation). 

- Positive Regions and Dependency: Let IND(B) denote the set 
of equivalence classes of U with respect to B (and B ⊂ C and A 
= C∪D). Also let IND(D) denote the set of equivalence classes 
of U with respect to D. The positive region of B in IND(D) is 
defined as: POSB(D)  POSB (D) = ∪ {B– (X): X ∈ IND(D).}

That is, POSB(D) includes all objects that can be sorted into 
classes of IND(D) without error, based exclusively on the clas-
sification information in IND(B). Also for finding the best Reduct, 
we will consider a greedy algorithm. First, relative core must be 
defined. Relative core is defined by: CORE(C, D) = {a∈ C: POSC 
(D) ≠ POSC-{a} (D)}, where C and D denote two attribute sets. The 
set core is called D-core of C, and it is denoted by POSC(D). After 
that completing all the mentioned steps, the generated output 
will be packed and sent to the grid scheduler application.

4.2 Hierarchical Scheduling
In the hierarchical approach, the scheduling process is shared 
between the Meta-Scheduler (MS) and Local Schedulers (LS) 
in the grid. MS considers load, capacity, capability of sites, and 
deadlines of jobs and, then, dispatches the jobs to the best sites. 
Low-level scheduling is applied at local sites. Every site may 
use a different local-scheduling algorithm. In this model, after 
dispatching jobs, MS is not able to transfer jobs between sites 
to achieve load balancing. When MS receives a new job, based 
on job’s status and deadline, it selects the best site to dispatch 
the job. Flexibility, scalability, and availability of machines with 
different architectures and different scheduling algorithms are 
benefits of this approach. In this model, the scheduling process 
of every machine is very complex and time consuming. A major 
problem in this model is that each machine must accumulate 
and store information about the grid and the state of other 
machines. On the other hand, due to the direct relationship 

between the machines, the performance of the grid depends on 
network details, such as network topologies and bandwidth. The 
proposed model for the grid scheduler consists of two levels, i.e., 
a high-level scheduler and low-level schedulers. When the grid 
scheduler receives a task identifier from a site, in cases when 
the load of the system is low, after selecting a target site, the 
task will be dispatched immediately. In fact, global waiting time 
is negligible for priority, real-time tasks. When a high priority 
job (the real-time tasks) is presented to the grid system, the 
high-level scheduler dispatches them. The priority of every task 
is defined dynamically, based on many parameters, such as 
deadline, waiting time (in the queue), recommended cost, and 
estimation of execution time. We have argued about managing 
jobs in global queues in our previous work [2], and, so, we do not 
argue about this here. The high-level scheduler tries to dispatch 
prior tasks (with real-time priority) to the best sites.

5. Proposed Multi-checkpointing method

The most popular fault-tolerance mechanism is checkpointing, 
i.e., periodically saving the state of the application on stable 
storage, usually a hard disk. If K nodes have been considered 
for a task of a job, multi-replication techniques try to execute 
the desired task on K provided nodes (as master and supporter 
nodes) in parallel fashion. If the master node in the main 
site has successfully executed its own task, the supporter 
nodes (replicas) that execute the same task will be unfruitful. 
The probability of fault occurrence usually is less than 30%. 
Therefore, more than 70% of K supporter nodes are unfruitful, 
and they are considered as overhead nodes (overhead 
computing cost). For example, suppose that there has been a 
job made up of n tasks and execution time for each task is m 
minutes. If it needs to consider K replicas nodes for each task 
with α price (computing price per second), the TPT (Total Price 
for each Task) after execution of this job will be as follows: 

TPT= [(n*m*60)*α]*(K+1); 

If the job consists of p tasks, then we will have: Total price for 
Job = P*TPT;

For example, if each task takes one master node and two 
provider nodes, it is obvious that the cost is more than twofold 
greater than our approach. It seems that this cost is high and 
most organizations may prefer not to pay it. To reduce this 
cost, we have focused on two sub-problems: 1) decrease the 
probability of fault occurrence and 2) decrease the computing 
cost. To accomplish these goals, we presented two methods: 
1) select the best nodes on the best site to reduce the fault 
probability and 2) use the multi-reservation technique instead 
of multi-versioning (or multi-replicas). Therefore, using our ap-
proach definitely will decrease the cost of executing a job. In 
this research, we assumed that, at the moment, only one grid 
task is running and that other grid tasks are waiting.

5.1 Rough Set based node selection 
In this research, we also used two types of schedulers, i.e., 
a meta-scheduler and a local scheduler. The meta-scheduler 
is responsible for doing high-level scheduling in the proposed 
research. In general, it gets a new job from the consumer or job 
owner and performs an auction method to select the appropriate 
local schedulers (as master or supporter).  

In our previous research [19, 20], two methods were proposed 
for selecting the best nodes in non-economic grids based on 
rough set analysis and fuzzy decision tree.  In this research, 
we have developed them to support economically-based grids 
to obtain the rapid selection of nodes and sites. Needless to 
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say, each site has its own LS. When the LS was selected by 
the meta-scheduler and the desired job was submitted to the 
LS at the considered site for distribution on the nodes, at first, 
the LS recorded some general information about the job before 
and after executing. Some of this information was mentioned in 
section 4. After that, it selects proper nodes based on its own 
policy. When the owner (or consumer) delivers a job to the grid 
for execution, the meta-scheduler sends information related 
to the job, such as estimated execution time, the size of RAM 
needed, and the total deadline to all LSs. Next, each LS will 
provide some information to send to the meta-Scheduler for 
selecting suitable sites (such as the master site and supporter 
sites) as follow: 

1. Local database for the LS (DB): Each node has a unique 
record in the LS’s DB that is updated periodically. When the 
LS submits a task on a node or task is successfully executed 
or failed by node, it will update this node’s record in the DB. 
For Provider nodes, we developed an application that is called 
Provider Node Application (PNA). The PNA is considered for 
recording full information about the grid’s tasks. When the LS 
wants to submit a new task on its site nodes, it delivers it to the 
PNA. When the PNA receives a new task, if there are enough 
resources to start a new task, it should save all required data 
about the new grid task due to the coming knowledge extraction, 
otherwise, if the resources of the node are insufficient, it does 
not save anything and informs the LS of its state. Therefore, 
for every new submitted grid task, the PNA records several 
important properties, such as estimated execution time, CPU 
load, free memory (RAM), size of new task, task type, total 
deadline time, number of all local tasks with real-time priority, 
number of all grid tasks (in running, ready, and waiting states), 
the data transmission rate (DTR) about this node in the grid 
(DTR probably has upheaval sometimes), start time of task 
execution, spent time for this task (only execution times and 
without any waiting times), completion  time, and final status of 
task (running, success, abort or fail). Some of this information 
(e.g., spend and completion time and final status of task) is 
saved after the task is completed.

2. The PNA computes the required time for existing tasks (Tpt) 
on task’s queue and deadline time for start of this new task (Tdts). 
Now, if Tdts is not greater than Tpt , it means that the new task 
does not have a sufficiently long deadline time to execute in 
this node. In this case, the PNA will inform the LS immediately 
of this status and then stop other evaluations associated with 
the task. In other words, the task is declined by desired node. 
Otherwise, it will start step three.

3. As mentioned before, there is a data table in DB for record-
ing all information about the submitted tasks. The PNA uses 
this data table as an information system (input data for Rough 
Set). The PNA has a module for doing a rough set analysis 
and saving the results (obtained rules) in a rule-data table. This 
module usually performs one time in 24 hours or maybe after 
20 new samples has been inserted in the desired data table (for 
less than 24 hours). In general, the PNA uses rough set for two 
purposes, i.e., 1) when has the node completed a successful 
job execution for similar tasks? And 2) when have similar tasks 
been failed? For instance, we bring these rules in below:

IF Attr0.0<= 3.0 and Attr1.0= 2.0 and Attr2.0>= 15.0 and Attr2.0<= 
18.0 Then Success:[12.0 Of 152] 

IF Attr0.0>= 6.0 and Attr1.0= 2.0 and Attr2.0>= 11.0 and Attr2.0<= 
14.0 Then Crash:[3.0 Of 152]

Based on the rule evaluation, if there is not a consistent rule 
about failure of similar tasks on this node, the PNA will inform 

the LS of the results that were obtained. The LS also computes 
priority values for some criteria in order to make a comparison 
between nodes, such as success ratio, average completion time 
for successful tasks (ACTS), average estimation time for faulted 
tasks (AETF), success time consistency (STC) (what percent-
age of the tasks was successful in the past at this time of day?), 
failure time consistency (FTC) (what percentage of the tasks 
failed in the past at this time of day?), and suggested cost.

STC = what percentage of the tasks was successful in the 
past at this time of day?
FTC = what percentage of the tasks failed in the past  at 
this time of day?
Success Ratio = (Number of successful tasks)/(Number of 
successful tasks + Number of Failed or Aborted tasks).

4. Allocation of nodes to tasks: at first, the LS analyzes the 
computed results to make a priority for each node. To make a 
priority, the LS considers six measures, i.e., success ratio, ACTS, 
AETF, STC, FTC, and suggested cost. If we have N nodes in 
a desired site, the LS will assign a priority for each measure 
between [1, N]. For example, look at Table I, which includes 
the above-mentioned measures for five nodes. The prioritized 
values are brought in Table II, which is equivalent to Table I. 
Suppose that we want to submit a task with a 45-min estimation 
time and a three-hour deadline. After adding up all priorities for 
each node, the total priority is computed. Obviously, the mini-
mum value in the total priority column shows the best node. For 
example, in Table II, node 4 is the best node and node 3 is the 
worst node. Therefore, based on total priority, the LS chooses 
the required nodes and then computes the average of the four 
above-mentioned measures separately based on selected nodes 
to send to the meta-scheduler. The meta-scheduler selects K 
sites based on results gathered LSs similar to the methods used 
in each LS. For example, if the LS wants to select three nodes 
from the five in Table II, he or she selects nodes 1, 2, and 4. The 
average of these criteria for selected nodes must be computed 
in order to send to the meta-scheduler. For example, in Table 
III, these criteria are shown for all five nodes.

Node’s  
Name

Success 
Ratio

ACTS AETF STC FTC Suggested 
Cost

Node1 89% 41 min 63 min 7.89% 1.97% 1¢ per min

Node2 87% 49 min 52 min 6.3% 0.65% 1.2¢ per 
min

Node3 84% 45 min 68 min 2.9% 1.31% 1¢ per min

Node4 94% 41 min 42 min 9.8% 0% 1.4¢ per 
min

Node5 75% 65 min 69 min 7.6% 3.29% 0.8¢ per 
min

Table 1. The gathered measures form five nodes

Node’s 
Name

Suc-
cess 

Ratio
ACTS AETF STC FTC

Sug-
gested 
Cost

Total 
Priority

Node1 2 1 3 2 4 2 17

Node2 3 3 2 4 2 3 17

Node3 4 2 4 5 3 2 20

Node4 1 1 1 1 1 4 9

Node5 5 4 5 3 5 1 23

Table 2. Giving priority for nodes based on each measure
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Average 
of Success 

Ratio

Average 
of ACTS

Average 
of AETF

Average 
STC

Average of 
Suggested 

Cost

Average 
FTC

85.8% 48.2 58.8 6.89 1.08 1.444

Table 3. The computed average of mentioned criteria for selected 
nodes

5. Based on the mentioned results, the meta-scheduler chooses 
a master site and supporter sites, and, then, the LS in the 
master site distributes the tasks of the job (submits tasks to a 
provider node) to start the execution of the job. If a node fails 
during task execution, the master LS immediately must restart 
the task from the last checkpoint in one of the supporter nodes. 
In this research, rescheduling of faulted tasks takes less time 
than is required in other methods. Another problem with most 
check-pointing methods is the complexity of the crash recov-
ery procedure, which includes retrieving and transferring the 
checkpoint data between nodes. This problem has essentially 
been solved in our method. We save the checkpoint on previ-
ously specified supporter nodes so that, when a crash or fault 
occurs during task execution, the task can be re-started in 
one of these nodes. This time is non-trivial, but, in comparison 
with the multi-versioning (multi-replica) technique, it is not an 
extensive time

5.2. Scheduling based on multi reservation 
One of the important tasks that the meta-scheduler has to do 
is to detect and define the number of supporter nodes. The 
term ‘reservation’ in this paper refers to a checkpoint of a task 
that will be sent to another machine (supporter node). The 
objectives in executing the job are to do so with less cost, have a 
defined deadline, and increase the fault tolerance. Because grid 
resources are dynamic and heterogeneous, the error and fault 
occurrences are unavoidable. The grid scheduler does not have 
deterministic information about the arrival times of future jobs, 
the service time of jobs, memory requirements, or processor 
requirements. In this approach, the task’s checkpoints are sent 
to the candidate sites (supporter sites). For each node in the 
master site, there are equivalence nodes in supporter sites. As 
mentioned before, the meta-scheduler will select master nodes 
and supporter nodes. Now, we must deal with the question 
of how many sites will be considered as supporter sites. The 
meta-scheduler uses the average of FTC (AFTC) measure to 
identify the number of supporter sites as shown below:

Less 
than

1

Between

1-2.5

Between

2.5 – 4

Between

4 - 6

Between

6 -12
…

1 2 3 4 5 …

The maximum number of supporter nodes is dynamic, and 
minimum number is one, based on ACTC criteria. For example, 
If AFTC < 1, the meta-scheduler only considers one site as a 
supporter site besides the master site. Usually the AFTC value 
is between 0 and 3. For example, if there are two supporter 
sites, the checkpoints of the task will be transferred to both 
equivalent nodes in the supporter sites.

6. Performance Evaluation

To evaluate the proposed scheduler technique, we developed 
a simulation environment with the enabling of the execution of 
the checkpointing method in the master site. In the simulated 
platform (with C++ codes), we considered  260 provider 
nodes that divided into four sites based on the hierarchical 

scheduling architecture, with three sites having 60 nodes and 
one site having 80 nodes. In our experiments, we considered 
the completion time and the computing cost. We compared 
our approach with two known methods, i.e., CombinedFT [14] 
and the Group-based Dynamic Computational Replication 
Mechanism (GDCRM) [12]. We used four types of tasks with 
different estimated execution time (EET) in our experiments. For 
comparison, for all of the tasks considered, EET is more than 0.4 
hour (about 0.45 hour, 1.3 hours, 2 hours, and nearly 3 hours). 
The simulated grid’s parameters were set as follows: bandwidth 
was 11 mbp, traffic was normal without any bottlenecks, CPU 
speed for Computational Nodes was 1 MIPS, the price for the 
CPU was $0.01/min, and each provider node was capable 
of executing a maximum of three tasks concurrently. For our 
experiments, the meta-scheduler considered two sites (as 
master and supporter sites). When each task executed five 
times on the Master site (total 15 times) with 30 selected nodes 
(total 60 nodes), acceptable results were obtained (Figure 1). 
After analyzing the results, we realized that, altogether, the 
number of failure nodes during the execution of the tasks in our 
method was less than the number of failure nodes in the two 
above-mentioned methods due to our use of a proper method for 
node selection. In addition, for evaluation of average completion 
time (ACT), we performed each task 15 times on different days. 
In addition, the behavior of node may change in every day and 
hour. Sometimes, we increased or decreased the amount of 
workload (by local processes). The obtained result for the ACT 
measure is illustrated in Figure 2. Since the CombinedFT and 
GDCRM methods use the replication technique and do not 
consider the limitation of computation cost, the ACT for our 
method was a bit weaker than the ACT for the two other methods 
mentioned. For this experiment, two sites were considered, and 
we used one of them as the master site and tasks are started 

Figure 1. Number of Failure nodes in the CombinedFT method, the 
GDCRM method, and our method 

Figure 2. Completion time in the CombinedFT method, the 
GDCRM method, and our proposed method
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in this site; the other site was considered as the supporter site. 
When a failure occurred in the master site, we immediately 
rescheduled the desired task in the equivalent supporter node. 
By the way, recovery of a checkpoint takes time, usually 15 to 
60 sec, based on task execution and consumed data.  

On the opposite side, resource consumers tend to pay less 
for executing their jobs (tasks). However, the CombinedFT 
and GDCRM methods have a bit less ACT than the proposed 
method, but computation cost in our proposed method is far less 
than in the other two methods because, in these methods, each 
task is executed in at least two provider nodes. If it is supposed 
that we always encounter many requests and usually there is a 
shortage of provider nodes, using more than one provider node 
to execute a task in parallel fashion is not commodious. Con-
sidering four tasks, our experiments have proved that the new 
proposed method is 25% less expensive than the Combined 
FT method and 60% less expensive than the GDCRM method, 
as shown in Figure 3. In Figure e, we considered the average 
of cost as an evaluation measure for two, three, and four sites. 
It is obvious that the new method is comparatively inexpensive 
because it only uses one CPU at a time. 

7. Conclusion and Future work 

In this paper, we identified the metrics to be considered for 
evaluating the priority of the nodes and local schedulers in 
an economically-based grid environment. We have applied a 
predictive method to select the best nodes and sites in order to 
improve fault tolerance and decrease the cost of a task while 
attaining an acceptable completion time. In this research, the 
meta-scheduler used a bidding mechanism to select the suitable 
LSs for the job. The results of experiments on the simulated 
environment indicate that exploitation of the scheduling 
algorithm improves fault tolerance and decreases the cost of 
execution with an acceptable completion time. In the future, 
we will try to use a bidding-based method to reduce cost and 
increase fault-tolerant task scheduling by using soft computing 
methods. According to our investigations, neural networks are 
a promising tool for selection of supporter nodes and sites in 
order to save the checkpoints.
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