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Abstract
Load balancing is an important objective of a distributed system. 
To achieve that, idle and overloaded computers are to be identified. 
Due the dynamic nature of the system, there is a constant need 
to know about the status of each of the computers. The proposed 
work considers the thresholds of both sender and receiver nodes. 
The algorithm expects the computers to be logically connected 
in the form a ring. A token designated as idle token represents the 
idle status of the beholder node. Receiving the details of the idle 
computer, the overloaded computer will try to share its load with 
idle computer and get back the results. This is continued until 
either or both of them become moderately loaded.
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I. Introduction
Distributed computer system is a system of interconnected, 
autonomous, heterogeneous and disked computers that run on 
their own operating systems.  They do not share their memory 
or clock, but communicate only through message passing over 
communication network. The main objectives of distributed 
systems are, load balancing and resource sharing. Load balancing 
in Distributed system tries to balance the total system load by 
transferring the work load from heavily loaded nodes to lightly 
loaded nodes. This is to ensure overall good performance.  The 
whole concept of load balancing along with the other objectives 
involves some important aspects. The first step is to know about 
the status of each of the computers. That is to identify the idle 
computers and overloaded computers in the distributed system. 
This follows intimating the status to each other so that they 
can share the load. Zhou (1987) states, resource queue length, 
particularly the ready queue length is the good indicator of load. 
This is because it correlates well with the task response time. 
Hence in the research work, length of the ready queue is considered 
as a measure of load. A preset threshold decides the status of the 
node. I.e., if the queue length is lesser than the threshold then the 
node is said to be moderately loaded. If the queue length is greater 
than the threshold then the node is said to be overloaded. Nodes 
which are absolutely idle with no jobs in the queue are ready to 
share the loads of overloaded nodes.

II. State-of-the-Art
Literature survey demonstrates several methodologies to achieve 
the identification. But each of them has its own draw backs. Most 
of them are centralized methods where in a dedicated server is 
assigned a job of collecting the information from various nodes of 
the distributed system and deciding the status of each of the node 
based on the information collected and then intimates the news to 
all those nodes. These suffer from centralized dependency which 
makes the distributed system not reliable. Also the traffic at the 
coordinator might increase reducing the overall performance of the 
system. Some of the distributed methods also suffer from severe 
draw backs as proposed by Velasco (2004), where in there is a 
cluster maintained for idle computers. But it suffers from the point 

that, for each and every job that is arriving undergoes a process 
of load balancing protocol even when the node is moderately 
loaded and can take care of itself. Also in the load balancing 
protocol when a bid arises for an incoming job, all the other nodes 
including those are overloaded also bids and of course, looses. 
This leads to waste of CPU time. Above all, the whole job is itself 
migrated or exported along with the bid which consumes a lot of 
resources like bandwidth leading to heavy traffic and congestion. 
In the process of reaching the ultimate idle computer via many 
intermediate nodes the job itself might get corrupted which ruins 
the purpose of load balancing. The algorithm allows the bidder 
even if it is idle to start processing the job before actually knowing 
that the node itself is the winner. This might lead to deadlock or 
wastage of resources and CPU time. Even after the job is migrated 
to a computer, and is being processed, a constant check is made 
whether there can be any other better or faster machine available 
to process the job. This leads to instability where in the process, 
in turn the CPU, will spend most of the time in migrating the 
jobs than the actual execution.  Till all the bidders come to know 
about the winner the code is stored in all the bidding machines.  
This leads to unnecessary wastage of memory utilization which 
might increase with the increase of number of nodes. Another 
method by P Borovoska(2007)  also uses token ring concept but 
has many drawbacks. The algorithm mainly intends on parallel 
processing. It always divides the whole problem into sub problems. 
This may not be always necessary and advantageous considering 
the overhead of dividing and reassembling. The token contains 
information about the load distribution throughout the system. 
Therefore, token itself is considerably big enough to consume 
band width and traffic. A work by Andrei Goldchleger et al.(2003) 
expects too many prerequisites. It also expects the nodes to be 
dedicated for specific purposes which have the consequences of 
centralized dependency. The proposed work has considered all 
these and has made an attempt to evade all the drawbacks.

III. Proposed Idle Token Method
The methodology expects all the nodes to be in a closed topology. 
A specific bit pattern, Idle Token is made to rotate through the 
ring. The Token identifies the status of the beholder computer 
as idle. The token(s) are generated by the distributed operating 
system when the system comes up. A token manager, which is a 
part of distributed operating system, is responsible for generation 
of tokens. The token manager also decides the number of tokens 
to be released. It also accounts the loss of tokens that may happen 
due to some reasons. The token is propagated in the logical ring 
from node to its neighboring node and from there to its neighboring 
node and so on. When this token approaches an idle computer, the 
idle computer captures the token. The defined threshold is used as 
a measure and so responsible in designation of the idle computers. 
Ie., if the number of jobs in the ready queue is <= λ, the threshold, 
then the node is said to be idle. If the number of jobs in the ready 
queue is > λ, then the node is said to be overloaded. Every node 
periodically checks its status and will itself get designation. After 
acquiring this token, it is authenticated to say it is idle at that instant 
of time. As a response, the idle computer will frame a message 
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with the processor-id, the details of its hardware and software 
resources. It transmits the message frame to its neighbor which in 
turn rotates through the ring. On the way whenever an overloaded 
computer in the ring receives the message frame, overloaded node 
checks the message frame for the idle computer’s possessions. 
The overloaded computer will decide whether the idle computer 
can process a specific job among the jobs in the queue of that 
overloaded computer. If the capabilities of the idle computer are 
not compatible enough to meet the requirements of the any of 
the jobs in the queue, then the overloaded computer passes the 
message frame to the neighboring computer. If the idle computer 
is capable of processing the job, the overloaded computer will 
transfer the job along with processor-id and relevant data, to the 
idle computer. The idle computer will takeover and process the 
job and sends the results back to the overloaded computer.  Along 
with the results, the idle computer will send its current status 
as to whether it is still idle or has gone moderately loaded or 
even overloaded as an affect of arrival of local jobs. If the idle 

computer is still idle, the overloaded computer will send its next 
compatible job to the idle computer and the process continues. 
If the overloaded computer observes that the idle computer has 
become busy, it refrains itself from sending another job to the idle 
computer. This is followed by idle computer releasing the idle 
token back to the ring indicating it is no longer idle. Meanwhile 
if the overloaded computer becomes moderately loaded with idle 
computer is still idle, then the overloaded computer will release 
the message frame(sent by the idle computer) back to the ring so 
that any other overloaded computer would grab the frame and 
get served by the same idle computer. The same procedure is 
repeated with all the available tokens. It can be observed that 
an overloaded computer can be served by more than one idle 
computer simultaneously. However once the idle computer gets 
one or more job of its own, it stops acquiring the token and starts 
executing its own local jobs. The method is pictorially shown in 
the fig. 1.

Fig. 1: Identifying an Idle Computer Using Idle Token

IV. Implementation 
Fig. 1 and the above explanation demonstrate the transaction of 
one token. It can be extended in same fashion for multiple tokens 
also. Simultaneous processing of multiple tokens increases the 
performance and efficiency of the system. The selection of the 
threshold value plays an important role in the performance of the 
system. The efficiency of the algorithm also highly depends on the 
homogeneity or heterogeneity of the nodes and jobs in the system. 
The suggested algorithm is experimented for various conditions 
of threshold, job submission, and heterogeneity. The experiment 
was conducted considering both homogeneous environment and 
heterogeneous environment separately. However in both the 
environments, the configuration and resources possessions of 

the node and the requirements of the jobs are made dynamic as 
distributed systems is meant to be highly dynamic. 

A. Homogeneous Environment
The experiment was conducted in a homogeneous environment. 
The environment was created, with homogeneous jobs and 
homogeneous nodes. Jobs are set to equal requirement attributes. 
Total number of machines considered 24, with all nodes of 1200 
MIPS, same OS, and same resources constituted homogeneous 
nodes. 120 jobs all are of 2500 million instructions in length, 
with the same requirement of OS, cost, logical and physical 
resources constituted homogeneous jobs, there by a complete 
total homogeneous environment is created. Hence any job can be 
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processed at any machine. Tokens are made to rotate through the 
ring. The following figures shows the time each of the processors 
have spent in execution. The utilization time is irrespective of 
whether it is overloaded or under loaded initially. The experiment 
was conducted varying the threshold.
The fig. 2 shows the CPU utilization when threshold is 0. The 
network is initialized to 12 idle and 12 overloaded computers. It 
means 12 nodes are absolutely idle with 0 jobs in the queue. Hence 
120 jobs will have to be distributed equally among remaining 
12 nodes. So, each node will get 10 jobs each. With threshold is 
0, all the nodes with 10 jobs will be designated as overloaded.  
Remaining 10 are idle computers. A time stamp is one simulation 
time.  It is the time taken by the token to go round the ring once 
and record the status. Once all the overloaded computers become 
moderately loaded, job migration stops. Threshold is 0 means that 
all the nodes with one or more than one jobs will be overloaded. 
The nodes with no jobs in the queue are said to be idle, implying 
there is no state of moderately loaded. Hence till all the jobs gets 
executed either locally or remotely, the load balancing takes place. 
In this scenario when the algorithm is run, the resultant values are 
as appeared in the fig. 2. It can be observed, each of the nodes has 
utilized its CPU time for 10.416 seconds. 

   
Fig. 2: CPU Utilization at Threshold = 0                                                  

Fig. 3. CPU utilization at threshold=11

We can observe all 24 machines have utilized the CPU for 10.416 
seconds. It can be observed that, this is the possible highest 
performance of this distributed system. The experiment is also 
repeated for the same environment varying threshold.  As a sample, 
the result of the experiment with threshold 11 is demonstrated in 
fig. 3. Threshold 11 implies, the node with less than or equal to 11 
jobs in their ready queue are designated as moderately loaded.  The 
nodes with more than 11 jobs in their ready queue are designated 
as over loaded.  As usual, among 24 nodes, 12 are initialized to 
be with queue length 0 and 12 nodes are initialized to be with 10 
jobs each. But with threshold set to 11, all these nodes will be 
moderately loaded. Hence none of the nodes require any help from 
other nodes. Therefore nodes with 10 jobs in queue execute all the 
jobs locally. No migration of jobs implies, no load balancing. 

To know the load distribution among the nodes in general, we found 
out the consecutive difference of the CPU utilization between the 
neighboring nodes. Consecutive difference indicates the amount 
by which the two neighboring nodes differ in their execution 
time, in turn the load balancing factor among them. Higher the 
total consecutive difference, nodes are not equally loaded. In 
other words, their CPU is not equally utilized. More technically, 
it implies load balancing is not done efficiently. Contradictorily, 
lower the total consecutive difference, nodes are equally loaded.  
In the following graph the load distribution is documented. It can 
be observed that there is a minimum or zero total consecutive 
difference when threshold is 0 or 1. This implies all the nodes are 
equally loaded. In contrast when threshold is 11 and 12, there is 
maximum total Consecutive difference meaning load balancing 
is very poor. The whole concept is demonstrated in fig. 4.

Fig. 4: Performance of Load Balancing Varying Threshold in 
Homogeneous Envt.

B. Heterogeneous environment
The algorithm is implemented on a heterogeneous environment 
also. The heterogeneous environment is created by making 
both jobs and nodes highly dynamically heterogeneous.  All the 
corresponding afore mentioned attributes of the node and the job 
are randomly generated. Total number of machines considered 
25 with total number of 150 jobs in the system. Experiments are 
conducted varying threshold. Following fig. 5 shows the CPU 
utilization for such an environment with threshold is 0. As the 
threshold is zero all the nodes with a load of one or more than one 
job will be considered as overloaded. Due to the heterogeneous 
nature of the nodes and the jobs, not all the jobs can be executed 
by all the nodes. Therefore a compatibility check has to be made 
between idle and busy computers’ possessions and requirements 
respectively.  After the compatibility checks proving satisfactory 
results, the jobs are migrated to idle nodes from overloaded 
nodes. The compatibility check may not always pass through. 
The idle nodes may not always execute all the possible jobs at 
overloaded nodes. Hence nothing can be predicted in heterogeneous 
environment. This can be observed in figures from fig. 5 and 
fig.6. However as no node has remained absolutely idle it can be 
inferred that a load balancing has taken place to a possible extent. 
This is reflected in load distribution graph. Load balancing status 
is measured with consecutive difference of total execution time 
between all neighboring nodes as shown in fig. 7. 
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Fig. 5: CPU Utilization at Threshold = 0                                                                

Fig. 6: CPU Utilization at Threshold = 8    

Fig. 7: Performance of Load Balancing Varying Threshold in 
Heterogeneous Envt.

It can be observed that, as the heterogeneous environment is 
highly dynamic one cannot anticipate the load distribution as in 
homogeneous environment. 

V. Conclusion
Load balancing is an important objective of a distributed system. 
To achieve that, identification of idle and overloaded computers is 
very important. Due the dynamic nature of the system, there is a 
constant need to learn about the status of each of the computers. 
The proposed work considers the thresholds of both sender and 
receiver nodes. The algorithm adopts a token ring approach. It 
expects the computers to be logically connected in the form a 
ring. A token designated as idle token represents the idle status of 
the beholder node. Receiving the details of the idle computer, the 
overloaded computer will try to share its load with idle computer. 

This is continued until either or both of them become moderately 
loaded. 
The idle token method is found to be advantageous as, unlike in 
centralized method where a dedicated computer is required to keep 
track of the idle and overloaded computers in the network, in the 
proposed method that is saved. Also in proposed method, there is 
no need to maintain the details/database of all other computers. 
In centralized method, if the coordinator fails then the whole 
network suffers, which is not the case in the proposed scheme. 
In distributed method, there will be too many broadcast messages 
being transmitted over the network for every allotment. That is 
if there are n idle computers, there will be (n X n) messages 
being transmitted in the network inducing network traffic. In the 
proposed method, there can be only one message frame, one token 
and one job per idle computer. As the proposed method is highly 
dynamic, it allows the network to scale without modifying or 
disturbing the existing processing/network. No single system is 
burdened on the load balancing algorithm rather every node takes 
part almost equally. In the method a job from an overloaded node 
is transferred and processed only once after the idle computer is 
identified.
The proposed method has the only drawback of expecting the 
distributed system to be closed i.e., ability to communicate any 
node with any other node in the system directly or indirectly.
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