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 Abstract – The load balancing is an important technique 
for improving the performance of a distributed system. In the 
conventional broadcast communication, the load balancing 
performance, turn-around time and channel utilization are 
severely affected and become an overhead for large scale 
homogeneous system. In this paper, three load balancing 
algorithms have been used to balance the load in a 
homogeneous distributed system. These algorithms consist of 
identical processor and a CSMA selective broadcast 
communication system. The QualNet simulator has been 
used to study the independency between the parameters of 
the distributed system and the behavior of the load balancing 
algorithms. The access to the channel and transmission of the 
messages is controlled by the communication processor 
according to the Ethernet protocol. It has been shown 
through simulation that the performance of the selective 
broadcast algorithm (SBA) is better as compared to the 
existing algorithms. 
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I. I NTRODUCTION  
 
 Distributed system is used to describe the following 
characteristics: it consists of several computer that do not 
share a memory or a clock, they communicate with each 
other by exchange message over a communication 
network and each computer has its own memory and runs 
its own operating systems. The loads are assigned to each 
processor by divisible load theory [1]. The collaborating 
computers can access remote resources as well as local 
resources in the distributed system via the communication 
network. The existence of multiple autonomous computers 
is transparent to the user in a distributed system. The user 
is not aware that the jobs are executed by multiple 
computers existing in remote locations [2]. 
 A load balancing algorithm is composed of two main 
elements - the control law element and the information 
policy element. The control law determines when, from 
where and to whom to transfer a waiting task. The 
decision is made according to the current available 
information on the state of the system. It is the function of 
the information policy to collect data for the control 
element concerning the load of the system resources[3]. 
 Different algorithms for load balancing are: 
Randomized algorithm which is static in nature. Central 
Manager Algorithm which has a central processor which 
selects the host for new process[4].Threshold Algorithm in 
which the processes are assigned immediately upon 
creation to hosts [5]. Central Queue Algorithm works on 
the principle of dynamic distribution [6]. It stores new 
activities and unfurl led requests as a cyclic. Each new 

activity arriving at the queue manager is inserted into the 
queue. Weighted Least Connection Algorithm in which 
the weighted least-connection scheduling is a superset of 
the least-connection scheduling[7]. A performance weight 
to each real server can be assigned. The servers with a 
higher weight value will receive a larger percentage of 
active connections at any one time. Effective load 
balancing algorithm, the main focus is to serve the storage 
and computing functions [8]. Hybrid Scheduling 
algorithm, mainly focus on optimization the scheduling 
problem [9]. Clustered Approach algorithm, to balance the 
load iterative key redistribution between neighbours and 
node migration technology is used [9]. 
 In this paper an algorithm for load balancing in 
distributed systems has been proposed. In the exiting 
algorithm broadcasting technology is used for 
communication or message passing between the nodes, 
whereas in our proposed algorithm selective broadcasting 
technology has been used. Selective broadcasting 
approach is effective to minimize the turnaround time (w) 
and channel utilization. 
 

II. PROBLEM FROMATION  
  

A truthful mechanism for solving the static load-
balancing problem in homogeneous and heterogeneous 
distributed systems is designed with following steps: 
i) Static Load distribution 
 Assigns jobs to hosts probabilistically or 
deterministically without consideration of runtime events. 
This approach is both simple and effective when the 
workload can be accurately characterized in control of all 
activity. 
ii) Participation Policy 
 The participation policy determines whether a host will 
take part in load distribution. It can be as simple as a 
threshold based on the local load. 
iii) Location Selection Policy  
 The location policy is responsible for selecting the 
participating hosts between which load is distributed. It 
can be sender initiated or receiver initiated. Thus the 
sender and receiver initiated policies can be combined to 
take advantage of the different characteristics exhibited at 
high and low loads [10].  
iv) Load Metric Mechanism 
 The load metric is the representation used to describe 
the load on each host, the parameters of interest for Load-
Metric can be CPU usage, memory usage, network 
bandwidth and I/O. With load metrics ranging from the 
instantaneous CPU queue length, through a linear 
combination of CPU, memory and IO queue [10].  
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B. Load Balancing 
 In a distributed system it might happen that a task waits 
for service at the queue of one resource while at the same 
time another resource which is capable of serving the task 
is idle. A load balancing algorithm whose goal is to 
minimize the expected turnaround time[11].  
 Let us assume a system of N identical and independent 
M/M/1 queuing systems [12]. Let Pwi be the probability of 
the system state in which at least one customer waits for 
service and at least one server is idle then, 

��� = � ��� 	 Q�
�

��
H��� = �1 − P�� ��1 − P�� − �1 − P� 	 

where, 
Qi= poi is the probability that a given set of i servers are 
idle . 
Hi= (l-Po)

i (Po (l-Po))
i is the probability that a given set of i 

servers is not idle and at least one or more of them, a task 
waits for service . 
Po = 1-λ\µ is the probability that a server p is idle. 
 where λ is rate of arrival of task and µ is rate of task 
serve. 
 The expected turnaround time (w) of the above multi- 
resource system will be minimal if Pwi will be zero, in 
such a case the system will behave like an M/M/N (single 
queue N servers) system . Pwi can be reduced to zero only 
if the servers are inter-connected by a communication 
system. In a system where Pwi is zero a task will be 
transferred from one queue to another when one of the 
following events occurs [13]: 
1. A task arrives at a busy server and there are less than N 

tasks in the system. 
2. A server completes the service of a task, no other tasks 

are waiting in its queue and there are more than N tasks 
in the entire system. 

 Therefore a lower bound to the rate of tasks transferred 
in order to minimize ‘w’(expected turnaround time) is 
given by 
 LT = ∑ �λ�P����� +  µ�N − i� PN+i)  
where Pi is the probability of having i tasks in an M/M/N 
system.  
C. The Distributed System Model 
 The model describes a homogeneous N-server 
distributed system. The system consists of N identical 
nodes and a communication channel. Every node has a 
processor P, a communication processor CP and a queue. 
The channel is a passive broadcast medium with a CSMA-
CD access method. The access to the channel and the 
transmission of messages is controlled by the CP 
according to the ETHERNET protocol [14]. 
Tasks arrive independently at each node and join the 
queue. The queuing discipline at all the nodes is FIFO. 
The arrival rate of each stream of tasks is λ. The task 
arrival process to the entire system consists of N identical 
independent processes. 
 The number of tasks at node i (waiting for ser- vice) is 
denoted by Ni and ST=(ni, .....,nn) describes the state of the 
system. A state of the system is defined as unbalanced if 
there are two servers i and j, such that ni– nj> 1 . The 
unbalance factor(UBF) of a state ST is defined as ni: 

��� =   !"#$!�!�%� − %&�%&�� �' () �* ��� 0 < �, . ≤ �  0 01ℎ345�*3 6 
 Three different load balancing algorithms for 
broadcasting messages in a distributed system are used. 
Broadcast communication systems have two advantages: 
 i) Uniform distance- the expected time that is needed to 
transfer a message from one node to another is the same 
for all pairs of nodes. Therefore all the nodes are equal-
priority for receiving a waiting task. 
 ii) Messages broadcast - the capability of the 
communication system to broadcast messages improves 
the ability of the algorithm to get a global and updated 
description of the system status.  
D. Load Balancing Algorithms 
 1) The state broadcast algorithm (STB) - The 
information policy of the algorithm is based on status 
broadcast messages. Whenever the state of the node 
changes, because of the arrival or departure of a task, the 
node broadcasts a status message that describes its new 
state.. The information contained in the SSV= (S1,….,Sn) 
gives the node a global and updated picture of the system 
state. The distributed control law of the STB algorithm 
will transfer a waiting task from node i to node j if the 
following conditions are fulfilled and different steps are: 
1. Si-S j>i+(BT.Sj) where BT is a parameter that controls 

the balancing threshold . 
2. (( Si>Sk or (Si= Sk and I >k)) for all k = i,..., N 
3. Si<Sk for k = i,....... N 
 2) The broadcast idle algorithm (BID) - The BID 
algorithm is based on a less liberal information policy. 
Under this policy a node broadcasts a status message when 
it enters an idle state. The message alerts all the other 
nodes and causes them to activate the control element of 
the algorithm. Different steps are: 
1. If n i>1 go to step 2, else terminate the algorithm.  
2. Wait D.n-i units of time. D is a parameter of the 

algorithm. Its value depends on the properties of the 
communication system. 

3. Broadcast a reservation message if no other node has 
broadcasted such a message during the time-out period. 
If another node has succeeded to broadcast a 
reservation message terminate the algorithm. 

4. Wait for a reply message. The reply will be positive if 
the node that has broadcasted the idle message is still 
idle. The node will send a reply in any case. 

5. If the reply is positive and ni>1, transfer a task to the 
idle node, else terminate the algorithm 

 3)The poll when idle algorithm (PID) - The information 
policy of the PID algorithm is based on polling. The node 
starts to poll a subset of the system nodes whenever it 
enters an idle state. The sequence of the polling operation 
of the PID algorithm. 
1. Randomly select a set of R nodes (ai, ...,ar) and set j = i. 

R is a parameter of the algorithm. 
2. Send a message to node aj and wait for a reply. 
3. Receive the reply message. Node aj will either send 

back one of its waiting tasks, if there are any, or an 
'empty queue' reply. 
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4. If the node is still idle and j< R, increment j and go to 
step 2 else terminate the polling 

 4) Selective Broadcasting- In a selective broadcasting, 
each node has a set of channels available when it enters a 
network. In order to become a part of the network and start 
communicating with other nodes, it has to first know its 
neighbors and their channel information. So it broadcasts 
such information over all channels to make sure that all 
neighbors receive the message. So, minimal delay is a 
critical factor in promptly disseminating control 
information. Now, consider that a node has M available 
channels. Let Tb be the minimum time required to 
broadcast a control message. Then, total broadcast delay = 
M × Tb. In order to have lower broadcast delay we need to 
reduce M. The value of Tb is dictated by the particular 
hardware used and hence is fixed. M can be reduced by 
finding the minimum number of channels(M’) to 
broadcast, but still making sure that all nodes receive the 
message. Finding the minimum number of channels (M’)is 
accomplished by using neighbor graphs and finding out 
the minimal neighbor graphs. Advantage of selective 
broadcasting are to minimize the Broadcast delay (M’≤M) 
and Less congestion. 

E. Neighbor Graph and Minimal Neighbor Graph 
Formation 
 A neighbor graph of a node represents its neighbors and 
the channels over which they can communicate. A 
minimal neighbor graph of a node represents its neighbors 
and the minimum set of channels through which it can 
reach all its neighbors. The detailed construction of both 
such graphs is explained below. 
• Construction of neighbor graph: In a neighbor graph, 

each user is represented as a node in the graph. Each 
channel is represented by an edge. Let graph G denote 
the neighbor graph, with N and C representing the set of 
nodes and all possible channels, respectively. An edge is 
added between a pair of nodes if they can communicate 
through a channel. So a pair of nodes can have 2 edges 
if they can use two different frequencies.  

• Construction of Minimal Neighbor graph: To reduce the 
number of broadcasts, the minimum number of channels 
through which a node can reach all its neighbors has to 
be chosen. A minimal neighbor graph represents such a 
set of channels. Let DC be a set whose elements 
represent the degree of each channel in the neighbor 
graph. So, DCi represents the number of edges 
corresponding to channel Ci.  

F. Algorithm for Construction of Minimal Neighbor 
graph. 
1) Add a node Ni to the graph G for each user in 

MHCRN. 
2)  Add an edge between node Ni and node Nj if they are 

Neighbors through channel Ci for all, Ni, Nj∈ N and 
Ci∈ C. Graph G is called the Neighbor graph. 

3) Construct DC from the neighbor graph obtained above. 
4) Set ECS to NULL. 
5) Remove the edges corresponding to the channel which 

has the highest degree in DC.  
6) Remove the nodes attached to the removed edges, 

leaving the main node intact. 

7) Update sets DC and ECS. 
8) Check if the node left is the main node. If no, go to 

step 5. 
9) Build the minimal neighbor graph, by removing all the 

edges from the original neighbor graph, which do not 
correspond to the channels in ECS.  

 

III. S IMULATION  ENVIRONMENT  
 

 For this study three discrete time simulation models 
were written using QualNet simulator . Each model 
describes a different algorithm. In all the models it was 
assumed that there are no delays associated with the 
control operations of the balancing algorithm. The only 
delays considered are communication delays. The 
communication is carried out according to the 
ETHERNET protocol and the effect of collisions is 
included in the simulation model lists the numerical values 
of the simulation parameters. 
Values of simulation parameters 
Parameter Specification 
Channel transmission rate 3 Mbit\sec 
Slot length 3.2 micro sec 
Transmission time of status\ 50 micro sec 
Reservation \polling message 
Expected task service time 30 micro sec 
BT parameter of STB algorithm 1.9 
R parameter of PID algorithm 5 
Balancing rate β 10, 20, 40 
Simulation length 20 min 

 
Table 1. Expected turnaround time for different number of 

servers (β =10) 
No of server M\M\N STB IDB PID SBA 

30 52 78 76 76 78 
45 39 61 60 58 60 
60 36 56 54 53 56 
75 34 54 54 51 52 
90 33 53 52 50 52 
105 32 53 51 49 51 
120 30 51 51 48 48 
135 30 50 50 48 47 

 

 
 

Fig. 1. Comparison between four algorithm (β = 10). 
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Table 2. Expected turnaround time for different 
number of servers (β =20) 

No of server M\M\N STB IDB PID SBA 
30 52 62 71 71 71 
45 38 45 51 52 52 
60 35 46 50 50 50 
75 33 53 50 50 50 
90 32 60 51 52 52 
105 31 62 54 54 54 
120 30 65 57 61 61 
135 30 68 59 66 62 

 

 
Fig. 2. Comparison between four algorithm (β = 20) 

  
Table 3. Expected turnaround time for different number of 

servers (β =40) 
No of server M\M\N STB IDB PID SBA 

30 52 62 71 71 68 
45 38 45 51 52 48 
60 35 46 50 50 47 
75 33 53 50 50 47 
90 32 60 51 52 48 
105 31 62 54 54 49 
120 30 65 57 61 49 
135 30 68 59 66 49 

 

 
 

Fig. 3. Comparison between four algorithm (β = 40) 
 
 
 
 

Table 4. Channel Utilization of the algorithms (β =10) 
No of server STB IDB PID SBA 

30 0.3 0.2 0.22 0.18 
45 0.57 0.3 0.33 0.28 
60 0.8 0.4 0.45 0.38 
75 0.9 0.52 0.63 0.59 
90 0.92 0.62 0.82 0.72 
105 0.93 0.79 0.91 0.86 
120 0.93 0.82 0.93 0.87 
135 0.93 0.84 0.94 0.88 

 

 
Fig. 4. Channel utilization Vs Number of Server β=10 

 
Table 5. Channel Utilization of the algorithms (β =20) 
No of server STB IDB PID SBA 

30 0.18 0.1 0.1 0.08 
45 0.4 0.2 0.22 0.19 
60 0.7 0.4 0.48 0.43 
75 0.8 0.58 0.62 0.58 
90 0.83 0.62 0.8 0.76 
105 0.86 0.7 0.82 0.78 
120 0.89 0.73 0.85 0.79 
135 0.9 0.75 0.87 0.8 

 

 
Fig. 5. Comparison between four algorithm (β = 20) 
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Table 6. Channel Utilization of the algorithms (β = 40) 
No of server STB IDB PID SBA 

30 0.08 0.06 0.07 0.06 
45 0.2 0.17 0.19 0.17 
60 0.4 0.27 0.29 0.25 
75 0.56 0.32 0.4 0.36 
90 0.68 0.42 0.5 0.48 
105 0.79 0.5 0.6 0.57 
120 0.8 0.52 0.63 0.6 
135 0.82 0.58 0.7 0.68 

 

 
Fig. 6. Comparison between four algorithm (β = 40) 

 
IV. RESULTSAND DISCUSSION 

 
 In table 1, table 2, table 3 the balance factor β has been 
taken as 10, 20, 40 and the expected waiting time for a task is 
decreased by at least 70%, 60%, 50% respectively . The turn-
around time curve in fig 1, fig 2, fig 3, shows that an increase 
in number of nodes in a balanced distributed system has two 
effects. On the one hand it improves the probability that the 
waiting task will be transferred to an ideal server as in 
M/M/N system. Every algorithm reaches a point Nm at which 
an addition of another node will cause an increase in turn-
around time. The value of Nm depends on the algorithm and 
balancing rate of the system. 
 Table 4, table 5, table 6shows the utilization of channel for 
different algorithm. The different line shows the STB, IDB, 
PID, SBA algorithms channel utilization. The STB algorithm 
has the highest channel utilization and the IDB algorithm has 
the lowest channel utilization. The degradation in the 
performance in the STB algorithm is caused by the increase 
in the transmission delay. The SBA algorithm has less 
channel utilization compare to STB and PID algorithm. 
Utilization of channel increases as the number of server 
increases. 

 
V. CONCLUSION 

 
The expected queuing time of a task in a distributed system 

can be reduced by means of load balancing. The results 
obtained from the simulation studies give a quantitative 
description of its ability. In the proposed algorithm the 
selective broadcast technique is used for broadcasting the 
message. The simulation results show that the SBA algorithm 
is better in terms of minimizing both the turnaround time and 
the channel utilization. Three main conclusions have been 
derived from the simulation study: (i) Higher resource 

multiplicity does not necessarily result in better turnaround 
time. (ii) The balancing process has a high communication 
activity. (iii)The turnaround time of distributed and grid 
network can be improved by load balancing algorithm. 
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