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Abstract
With rapid progress in mobile communication and computing, the 
grid computing has gained immense importance in academics, 
industry and military. Load balancing enables in effective allotment 
of resources to improve the overall performance of the system. 
With the increase in system size, the probability of occurrence 
of fault becomes high. Hence, a fault tolerant model is essential 
in grid. In this paper, a decentralised load balancing model with 
fault tolerance for mobile grid computing system is proposed. Two 
algorithms are proposed: one for decentralized load balancing and 
the other for fault tolerance. The efficiency and time complexity of 
the proposed algorithms are found better compared to the existing 
works. The simulation results are reported.
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I. Introduction
In recent years, the grid computing has gained immense importance 
with rapid progress in mobile communication and computing. It 
has gained extensive interests in academia, industry and military 
[1]. Cluster computing and grid computing both refer to systems 
that use multiple computers to perform a task. Cluster computing 
refers to the combination of a group of linked computers or 
workstations working together closely, to conduct distributed 
applications through local networks in a given area. On the other 
hand, the grid computing refers to the combination of computer 
resources from different geographic locations. It combines ideal 
resources for distributed applications with the help of clusters 
[2].
Mobile computing is a versatile and potential strategic technology 
that improves information quality and accessibility. It also 
increases the operational efficiency and enhances management 
effectiveness. Mobile grid is the combination of mobile computing 
and grid computing [3]. Mobile grid makes grid computing more 
popularized from high end computing to the daily activities.  
It provides the end users with grid services such as medical, 
accounting, message alert service, function estimation, data 
mining, education, healthcare, enterprise, amusement, etc. 
In a topology model, all nodes are classified as either super nodes or 
ordinary nodes.  Mobile grid system is divided into many disjoint 
clusters and each cluster contains one super node, many back-up 
super nodes and many ordinary nodes [4]. Grids are completely 
autonomous in nature. Therefore, the formation of clusters, the 
selection of super nodes and its association with ordinary nodes are 
self organized which helps in reducing network latency, network 
traffic and improves performance.
For the proper distribution of user requests, load balancing is 
required in the grid environment. The load balancing enables in 
effective allotment of resources to improve the overall performance 
of the system [11].
Fault tolerance is another important aspect of mobile grids. The 
fault tolerance is a measure of the capability of communicating 
with other nodes in presence of hardware or system failure [5]. The 

computational grids are often hampered by their susceptibility to 
failure which may include process failure, node crash and network 
failures. In such grids, the fault management is very important. 
It appears as a difficult problem for grid application developers. 
Since the failure of resources affect task execution, along with load 
balancing, a fault tolerance service is essential in computational 
grids.  
In this paper, a new and efficient decentralised load balancing 
policy for mobile grid computing environment is proposed. 
Next, a new algorithm for fault tolerance using the proposed 
load balancing model in mobile grid is proposed. The proposed 
algorithms are found to perform better in terms of time complexity 
as compared to the existing methods. The simulation results on 
various performance measures are reported.
The rest of the paper is organised as follows: The section II, 
presents related works. In section III, the proposed work and the 
algorithms are presented. In Section IV, the performance of our 
algorithm is analysed and compared. It also presents the result of 
simulation. The section V, concludes the paper. 

II. Related Works
The problems of load balancing in traditional grids needs clustering 
approaches and have been studied extensively in literature [14], 
[17]. The traditional clustering algorithms need a global view of the 
system. Hence, the said methods are not suitable for self organized 
model. Clustering algorithms can roughly be categorised into 
centralised clustering and decentralised clustering algorithm. The 
centralised clustering algorithm proposed in [6] has a clustering 
server which assembles nodes and maintains state parameters 
of agent nodes. The disadvantage of this clustering algorithm is 
that the cluster server acts as a single point of bottle neck. Some 
other algorithms based on decentralised clustering have been 
proposed in [7]. It sets a series of reference points in the internet. 
Each node measures its distance to those reference points through 
ping message and sorts the distance. The sorted result is used 
as the clustering parameter. The disadvantage of this algorithm 
is that it introduces high detection traffic and reduces network 
performance. In [4], the distance is considered as the primary factor 
for load balancing. This makes some node overloaded and some 
underloaded. For this reason this algorithm does not efficiently 
balance load.
The load-balancing algorithms can be categorized as centralized 
[8] and decentralized [9] depending upon the location where the 
load balancing decisions are made. In the centralized approach 
[10], only one node in the distributed system acts as the central 
controller. It has a global view of the load information in the 
system, and decides how to allocate jobs to each of the nodes. 
The rest of the nodes act as slaves and they only execute the jobs 
assigned by the controller. The disadvantage is that the central 
controller may become a system bottleneck and the single point 
of failure. In the decentralized load balancing policies [11], all 
computers (nodes) in the distributed system are involved in making 
the load balancing decision. Since the load balancing decisions are 
distributed, the decentralized load balancing policies are believed 
to be more scalable with better fault tolerance. But at the same 



IJCST Vol. 3, ISSue 3, July - SepT 2012

w w w . i j c s t . c o m InternatIonal Journal of Computer SCIenCe and teChnology  803

 ISSN : 0976-8491 (Online)  |  ISSN : 2229-4333 (Print)

time, it is very costly. In the decentralized mechanisms, usually, 
each computer accepts the local job arrivals and makes decisions 
to send them to other computers on the basis of its own partial or 
global information on the system load distribution.
The load balancing algorithms proposed in literature can be 
further classified into static and dynamic approaches. The Static 
load balancing algorithms [12] assume that a priori information 
about all the characteristics of the jobs, the computing nodes 
and the communication network are known and provided. The 
dynamic load balancing algorithms [13-14] use the runtime state 
information to make more informative decisions in sharing the 
system load. However, it is a fact that despite the higher runtime 
complexity, the dynamic algorithms can potentially provide better 
performance than static algorithms. In [1] a decentralized grid 
system model and a dynamic load balancing algorithm has been 
proposed which directs the arriving jobs to the lightly loaded 
worker nodes of any cluster if the load is less than threshold, 
otherwise the jobs are directed to other lightly loaded worker 
nodes of other clusters. In [16] a ‘Perfect Information Algorithm’ 
(PIA) has been proposed which selects processor with minimum 
finish time and migrate the task to it.
The most commonly used fault tolerant techniques for handling 
failures in distributed systems are checkpointing and rollback 
recovery [21-22]. In checkpointing, the state where a fault occurs 
is saved to a secondary storage so that when it recovers it can 
resume its execution from there. There are many benefits of 
checkpointing which includes fault recovery by rolling back an 
application to a previous checkpoint and better response time by 
restarting applications from checkpoints instead of from scratch 
[15]. The checkpoint algorithms are classified into three broad 
categories synchronous, asynchronous and quasisynchronous 
[19]. In synchronous checkpoint algorithms, process synchronizes 
their checkpointing activities so that a globally consistent set of 
checkpoints is always maintained in the system. In asynchronous 
checkpoint algorithms, processes take checkpoints without any 
coordination with other processes. Each process takes checkpoints 
independently. Asynchronous checkpointing algorithms can 
reduce the number of useless checkpoints by making processes 
take communication induced checkpoints besides asynchronous 
checkpoints. Such algorithms are called quasisynchronous. 
In [18], a fault tolerant model is proposed which migrate tasks to 
other lightly balanced nodes using the Intra-cluster and Intra-grid 
load balancing strategy. In [5] a fault tolerance optimal neighbor 
load balancing model is proposed. When a task arrives, it is 
assigned to exactly one cluster for processing. A timer is assigned 
to each task, if the task is not processed within the assigned time, 
then the task is given highest priority for execution. When a fault 
occurs, each cluster has a master which takes the decision of load 
balancing. In this, the authors have considered a grid with only 3 
clusters containing only two nodes and therefore do not present 
a realistic view of grid environment.  

III. Proposed Work
In this section, two new models are proposed for mobile grid 
interconnection networks: one for load balancing clustering and 
the other for fault tolerance. Both the models are supported with 
algorithms.

A. Proposed Load Balancing Clustering Model
A mobile grid is modelled as an undirected graph G= (V, E, W) 
where V is node set and E is set of links between nodes. W (u, 
v) (u, v ∈ V) denotes delay of the link between (u, v) [4].  The 

clustering problem is to divide graph G into different sub-graph 
g1(v1, e1, w1), g2(v2, e2, w2), ...... gn(vn, en, wn) where n is the 
number of clusters and vi, ei, wi are node set, link set and delay set 
respectively in the sub-graphs. Various constraints to be satisfied 
by the clustering algorithm are:
v1 ∩ v2 ∩..... ∩ vn =  φ
v1  v2  ......  vn = V
The delay between supernode and its childnode is less than 
dset.

Fig. 1: Topology Model for Mobile Grid 

It can be seen that the grid in fig. 1, contains supernodes, ordinary 
nodes and mobile nodes. Both ordinary nodes and mobile nodes are 
movable. The nodes which are already attached to the supernode 
are called as ordinary nodes and the nodes that are arriving and 
which choose a supernode to be attached with are referred to 
as mobile nodes. A grid manager which is present in the grid 
calculates the available capacity of each supernode. The supernode 
maintains two lists one is neighboring supernode list namely N(S) 
= {N1(S), N2(S) ....... Nd (S)} where d is the degree of the supernode 
and all supernodes should have maximum neighbor of degree and 
the child node list C(S) = {C1(S), C2(S) .........Ck(S)} where k is 
the number of ordinary nodes.

Fig. 2: Cluster Formation Structure

The fig. 2 shows the schematic structure of cluster formation. 
The arrival of nodes and the application of decentralized load 
balancing algorithm with some cluster formation constraints lead 
to the formation of clusters. 

1. Description of the Model
At the outset, the grid manager calculates the available capacity 
of each node and arranges them in the increasing order. A capacity 
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value is assigned to mobile node. When a mobile node arrives, it is 
arranged in a queue. It first calculates its distance to the supernode 
which has the lowest available capacity. If the distance is less 
than dset, then that mobile node is accepted by the supernode. 
Otherwise, the mobile node again calculates its distance to the 
next supernode which has less available capacity and so on it 
continues. When a mobile node is accepted by a cluster then its 
available capacity is updated and again the array is rearranged. If 
all the supernodes in a cluster are saturated (i.e. they have reached 
their maximum capacity) then the mobile node will not be able to 
join any cluster. In this case, the mobile node considers itself as 
the supernode and creates a new cluster on its own. 
Let the maximum capacity of each supernode be scap.
The number of ordinary nodes present with a supernode be k.
The capacity of each ordinary node be ordcap=x.
Then, the capacity of all ordinary nodes of that supernode will 
be totcap =
Thus, the available capacity (avlcap) of the supernode = totcap.
The next subsection presents a decentralized load balancing 
algorithm for mobile grid.

B. Proposed Decentralized Load Balancing Algorithm 
(DLBA)
Procedure Load_balancing (M, S)
1.  begin
2.   initialize scap=100;
3.   for all supernode (Si)
4.       calculate available capacity (avlcap)

5.        totcap =   
6.       avlcap =  totcap
7.       arrange avlcap in increasing order in A[i]
8.   end for all
9.  mobile node arrive add it to queue T  i.e. T = T  {M} 
10.    if (T== φ) then exit 
11.   else
12.      dset = Threshold distance
13.      while (A[i] ≠ φ) 
14.         if (avlcap(Si)<scap) 
15.           calculate distance from itself to the supernode of the 
array A i.e. d(M,A[i])
16.           dist = d(M,A[i])     
17.             if(dist<dset)
18.                 mobile node is attached to that supernode and forms 
a cluster   
19.                 avlcap = avlcap + mobcap
20.                 arrange A[i] in increasing order   
21.                 k++
22.             else
23.                 i++
24.                 goto step 12 
25.             end if
26.         end if
27.      end while
28.     if((avlcap(S) = scap) || (d(M,A[i]) > dset))
29.          mobile node takes itself as supernode and create its 
cluster 
30.     end if
31.    mobile node M assigned  to the supernode then remove it 
from the queue T.  i.e. T = T - {M} 
32.   end if
33.  end Load_balancing

1. Description of the Proposed Algorithm
The algorithm starts with initialization (step 2) and then calculation 
of available capacity of all supernodes and their arrangement in 
increasing order (step 3 to 8). When a mobile node arrives it is 
added to the queue T (step 9). A threshold distance is introduced 
(step 12). The calculation of distance from the mobile node to the 
least available capacity supernode and if it does not satisfy the 
condition then calculation of the distance to next higher available 
capacity supernode is done (step 13 to 27). The available capacity 
and the array are updated (step 19 to 20). If all the supernodes are 
saturated i.e. they have reached their maximum capacity and if 
the distance calculated from the mobile node to all the supernode 
is greater than the threshold distance then the mobile node takes 
itself as the new supernode and create its cluster (step 28 to 30).
The next subsection presents the proposed method of fault tolerance 
with load balancing model for the mobile grid.

C. Proposed Fault Tolerant Model
For the purpose of analysis, the grid architecture is divided 
into three levels: Grid level, Cluster level and the Leaf nodes. 
The grid level consists of a collection of clusters connected by 
the communication network [5]. Each cluster mainly contains 
computing nodes called as ordinary/ mobile nodes. The clusters 
in the grid is fully interconnected, meaning that there exists at 
least one communication path between any two clusters in the 
grid. Inter-cluster communication is achieved through message 
passing.
The following assumptions are made for the proposed fault tolerant 
model.
Assumptions:

The mobile nodes that arrive at a cluster are assumed to be • 
computationally intensive, mutually independent and can be 
executed at any cluster. 
No deterministic or priori information about the mobile node • 
is available. 
Computing nodes or the supernodes may fail at random • 
independent of each other.

The process failure, processor failure, node crash, network failures, 
system performance and degradation dynamically changes the grid 
computing environment.

1. Description of the Model
The proposed fault tolerant model checkpoints the failure of 
supernode and migrate the nodes attached to the supernodes to 
the lightly balanced supernodes. A Fault Detector (FD) is present 
in each cluster of the mobile grid. Similarly, a Fault Manager (FM) 
and a grid manager are provided in the grid as shown in fig. 3.
Initially, the fault detector examines the status of each supernode 
present in cluster. It detects any failure in the supernode and 
reports about it to the fault manager. The Fault manager updates 
the available capacity of all non-faulty supernodes in the array in 
increasing order of their available capacity taking all the n clusters 
into account. The nodes attached to the faulty supernode behave 
as mobile nodes and are distributed to other non-faulty supernodes 
with the help of grid manager. The grid manager maintains the 
up-to-date state information of all supernodes.
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Fig. 3: Block Diagram of Fault Management

Initially, the state of all the supernodes is assumed to be 1. When 
a fault occurs the state is changed to 0. The fault detector present 
in clusters informs the fault manager about the faulty supernode. 
Then that faulty node is not considered for load balancing until it 
is recovered from fault. The fault manager updates the available 
capacity of every non-faulty supernode and arranges them in 
increasing order of their available capacity. The grid manager 
maintains an array of the state information of all super nodes. The 
nodes attached to the faulty supernodes now behaves as mobile 
nodes and are distributed to other non-faulty supernodes with 
the help of the proposed decentralized load balancing algorithm 
(DLBA). When the supernode recovers from the fault it is again 
considered as a non-faulty supernode and is considered for 
clustering. It is added to the array of supernodes.

D. Proposed Fault Tolerant Algorithm 
Procedure Fault_tolerance (S, N)
1.  begin
2.  initialize scap=100
3.    if (fault = 0)
4.        st_supnode = 1
5.        for all supernode (st_supernode = 1) 
6.            repeat step 4 to step 7 of DLBA
7.        end for all
8.    else
9.        st_supnode= 0
10.       nodes attached to faulty supernode are
            added to queue T i.e. T = T  {Ni}
11.       repeat step 10 to step 32 of DLBA 
12.    end if
13.  end Fault_tolerance

1. Description of the Fault Tolerant Algorithm
The proposed fault tolerant algorithm starts with initialization (step 
2). For the Load_balancing algorithm the state of all supernodes 
is assumed as 1. When fault occurs to any supernode its state is 
changed to 0.  If the state of the supernode is 1, the available capacity 
of the supernodes is calculated and is arranged in increasing order 
(step 3 to 7). When the state of supernode becomes 0 the nodes 
attached to the supernode behave as mobile nodes and are added 
to the queue T. The distance is calculated from the mobile node to 
the least available capacity non-faulty supernode. If the distance 
is less than the threshold value then that node is accepted by the 
supernode. Else the distance is calculated from the mobile node 
to the next high available capacity non-faulty supernode and it 

continues so on. The value of the available capacity and the array 
is rearranged (step 9 to 11).  

IV. Simulation and Results
In this section, we study the performance of the proposed 
decentralized load balancing algorithm and fault tolerant algorithm. 
Two dimensional coordinate system is used. Microsoft Turbo 
C++ is used for simulation. The efficiency (η) of the system is 
calculated as follows:

η = 
         
Where, η is the efficiency of the proposed algorithm.
The maximum number of supernodes taken is 100 and the 
maximum number of ordinary nodes taken is 1500. The result of 
Fig.4 shows that with increase in the number of supernodes the 
efficiency of the proposed decentralized load balancing algorithm 
increases. When the number of ordinary nodes is varied, its effect 
on the efficiency of the algorithm is studied. The simulation shows 
that with increase in number of supernodes and ordinary nodes 
the efficiency increases.

Fig. 4: Efficiency of the Proposed Load Balancing Scheme 
(DLBA)

Simulation results of fig. 5 shows that with increase in the number 
of supernodes the time taken to execute the proposed load balancing 
algorithm increases. The decentralized load balancing algorithm 
(DLBA) performs better as compared to the time taken by the 
existing algorithm (DCA) [4].

Fig. 5: Comparision of Execution Time of Proposed Algorithm 
DLBA

The Table 1, compares the time complexity of the proposed load 
balancing algorithm DLBA with that of the existing scheme 
[4]. The complexity is found to be less in case of our proposed 
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algorithm DLBA.

Table 1: Comparison of Time Complexity
Algorithms Time Compexity
DLBA (Proposed) O(nlogn)
DCA [4] O(n2)

For the purpose of analysis of fault tolerance, the total number 
of supernodes is kept constant. When a number of supernodes 
become faulty the time taken for execution in presence of fault 
is studied and results are plotted in fig. 6. 

Fig. 6: Impact of Faulty Nodes on Execution Time

As the number of supernodes becomes faulty, the time required 
for load balancing is observed to increase. The nodes present with 
the faulty supernodes now behave as mobile nodes and search for 
new lightly loaded supernodes to be attached with. Therefore, the 
time taken for execution increases with increase in the number of 
faulty supernodes. In our proposed algorithm when fault occurs 
the system does not halt rather it works by taking more time in a 
fault tolerant manner.

VI. Conclusions
This paper addressed the load balancing problems and fault 
tolerance for computational grid environment. In this paper, 
new models based on decentralised load balancing and fault 
tolerance method are studied. The simulation results show that 
with increase in the number of supernodes the efficiency of the 
algorithm increases and the execution time is less as compared 
to existing algorithm. It balances load in an effective manner. 
The execution time of the proposed fault tolerance algorithm in 
presence of faulty supernodes is studied and plotted. The proposed 
algorithms can be improved further by taking into consideration 
other performance constraints. 
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