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Abstract: In the period of evolution, the upcoming inventions and technology never fail to 
surprise us. One such excellent example is the implementation of distributed system. This 
system is made perfect by refining it continuously, overcoming the obstacles it faced. To 
strengthen the system, Load balancing and load sharing are the essential part which helps to 
grow the distributed network significantly by utilizing the resources. In this paper, a 
thoughtful study on load balancing algorithms is done with highlighting the significance of 
receiver initiated load balancing approach. 
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1. Introduction 
 

In the era of technology, inventions and evolution of computers amaze us and continue to 
do so. Looking from the beginning, when the computer first came in the picture, we have 
come a long way. What attracts the most were the invention of powerful microprocessor and 
high speed computer network[1]. Starting the journey with an 8 bit system, microprocessors 
have reached 64 bit and still getting upgraded [2]. The most interesting fact is the cost of 
computers which has decreased in the last thirty years. With the advancement in technology 
and the betterment of systems, their costs and size have changed to the extent of a microchip. 
Developed for military use initially, computers invaded the world in every field and its 
amalgamation with high speed networks made it a lifeline today. Computers connected the 
world, from a floor to building to cities and even spanned the countries. It is not a scientific 
gadget anymore but a household item wherein it's a source of information, learning, 
entertainment, inventions, and a lot more. Computers have eased human life manifolds. The 
greatest inventions of all are smartphones. They gave a new definition to the phone and are 
called minicomputers in the hands of every citizen, compact, small and a great computational 
device. [1]Taking a step forward, these powerful inventions can contribute a bundle full of 
benefits if used efficiently. This idea gave rise to the concept of "distributed system". A 
highly advance system incorporating the resources and computing power of various systems 
from different networks to perform the tasks which require a powerful processor, such 
performance cannot be achieved by a single computer. These networks are situated in 
geographically distinct areas. These systems can have one to millions of computers attached 
via wired or wireless, both network connections. [1][3] In the beginning, when the thought of 
sharing information came into the discussion, ARPANET[9][10] was invented and then, 
gradually the whole concept of the distributed network was developed. 
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While talking about execution in these systems, the host or user must not know about 
where the task or subtask is being carried out. Also, the user should not be concerned about 
the location of data storage or the number of duplicate copies available for the same. This 
concept is one of the essential targets of the distributed system known as distribution 
transparency [4][5]. With technological advancement, designing distributed systems is 
possible but to make it work, we have to fulfill certain targets. The first and foremost target is 
about resource sharing, where a user must be able to access all the resources whether it 
belongs to a remote area or any other network. The resources can be of any type such as 
peripheral devices, storage facility, services, network, etc. when these resources will be 
shared, it must be cost-effective and it is one of the reasons that motivate to design distributed 
systems [1][6][7][8]. 

All the resources can only work when one more resource that is computing resource is 
always in action. While working in the environment of autonomous nodes and providing 
quick system response against a task by combining multiple resources, it is possible that one 
node of a system is almost ineffectual and tasks are piled up to be executed on another node. 
This can make one node lightly loaded and other heavily loaded [3][7]. In such a situation, 
when the distribution system is being used for quick response, some nodes don't have any 
work and others are fully loaded at which processes are waiting to be executed. Every 
solution is not perfect in the beginning; it is made perfect by introducing challenges and 
solutions with time. Load sharing and load balancing are the methods that work on 
maintaining load transparency in a distributed system. 

 
2. Load sharing and load balancing 
 

Load balancing aims to ensure that every processor in the system does approximately the 
same amount of work at a given point of time. Whereas Load sharing tries to initiate the 
process to a lightly loaded node, distributing the overall load of the system to its individual 
nodes using no preemptive transfer process [19]. Both concepts are made to handle all the 
resources and computing power with less opacity. The collection of networks in a distributed 
system as one network must be highly autonomous which can handle all its tasks on its own 
[8]. The need for transparency mechanism is an essential part as in the system it is possible 
that one node in a network that is equipped to do the task is idle and at the same time another 
node is heavily loaded, working to execute the tasks which are waiting in the queue. These 
long queues are formed due to random properties of tasks to be executed, including variation 
in task arrival and execution times [3]. The action plan of load balancing and load sharing 
mechanism administer the network resources in such a way that the required performance can 
be attained. The working of these mechanisms can be well described by using the three 
criteria: Entry selection, Task selection, and Category distribution. 

1) Entry Criteria: This criterion can also be called exit criteria because this is the phase 
that will decide whether a task can seek help to balance the load. This criterion is 
generally based on the capacity of a node in terms of processing capacity and queue 
size. 

2) Task Selection: While load sharing, there are mainly two points to be considered,  
whether a newly arrived task will be transferred to another lightly loaded node or the 
task which is being executed will be preempted and transferred to the lightly loaded 
node. 

3) Category Distribution: this criterion talk about the situations, where one node is 
considered as sender and the other is considered receiver in load balancing. The node 
at which a task is transferred to another node is known as the sending node and the 
node which is accepting task and processing it further is known as the receiver node. 
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2.1. Approaches 
 

There are two approaches in load sharing: Sender initiated load sharing and receiver 
initiated load sharing. 
 
2.1.1.Sender initiated load sharing: In this algorithm, initiation is taken by a sender node 
which is having more than the required load [6][7][3][11]. The sender node tries to transfer 
extra load on the node which has the capacity to accept the task and execute them quickly.  

• Entry Criteria:  The mechanism which decides the entry/exit criteria is the threshold. 
Every connected node of the network is assigned a threshold value which depicts its 
capacity in terms of processing and accepted queue length. If the node exceeds the 
threshold limit, then it is considered a heavy load node and enters the criteria to seek 
resolution for being balanced by sender initiated load sharing.  

• Task Selection:  In this algorithm, only a newly arrived task or a task that is in the 
queue and waiting to be processed will participate. 

• Category Distribution: In this criterion, the sender node (heavy loaded) tries to 
transfer the load to another less loaded node. 

 
2.1.2.Receiver initiated load sharing: In this algorithm, initiation is taken by the node 
having the load lesser than the capacity. These types of nodes are considered as idle nodes 
[6][7][3][11]. 

• Entry Criteria:  The entry/exit criterion is decided by threshold value as in sender 
initiated load sharing. If the load of the node is lesser than the defined threshold 
value, the node is considered to participate and seek help from other nodes that are 
heavily loaded. 

• Task Selection: This algorithm considers all kinds of tasks in the distributed system. 
Tasks can be in execution and maybe preempted if required or a new arrival task will 
be considered. 

• Category Distribution: In this criterion, the receiver node (less loaded node) tries to 
send the request to the heavily loaded node for removing its extra load.  

 
3. Observation 
 

In sender initiated algorithm, three policies are used to transfer the location of the task[11]. 
The first one is random where the load of the secondary node is not considered and after 
selecting, the load is transferred instantly. This method generally creates a problem as it does 
not analyze whether the node will be heavily loaded after transferring of the task or not. The 
second policy considers the threshold value of the receiver and checks whether the receiver 
node after task transfer will breach its threshold or not. If the receiver's load breaches the 
threshold value after transfer then the load sharing from the sender to receiver does not 
happen. In that case, the sender randomly investigates the other node which is less loaded. 
The third policy performs slightly better in some cases where the task will be transferred to 
only that node among selected nodes which has the lowest queue load. 

In receiver initiated algorithm, two policies that are considered. The first is optimal and the 
second is the threshold. Threshold policy is considered the best among other defined 
approaches in which the receiver node will ask for task transfer only when the threshold value 
of the sender node can be brought down by transferring the task. If it does not happen then the 
receiver will not accept the load transfer and will investigate randomly for another sender 
node. 
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In both the algorithms, there is some investigation limit, in the sender initiated it is for 
searching receiver node and in receiver initiated it is for searching sender node. But after the 
limit ends the sender will only try to re-attempt when one more task arrives on the sender 
node and the receiver will only initiate to re-attempt when one task departs after execution 
[7][6] [11]. Comparing the two algorithms it is observed that sender policy should be 
preferred when the load of the distributed system falls between low to average. And receiver 
initiated load will be preferred when the load is fully elevated [7]. 

 
4. Adaptability in receiver initiated algorithm 
 

Receiver initiated algorithm is a dynamically distributed adaptive approach. The elements 
which make this algorithm an adaptive one are the control element, load element and 
information element [12][11][7][13]. 

 
4.1. Control Element 
 

Sending the task from sender to receiver and vice–versa needs the control command which 
makes the transfer possible. The task transfer control can be of any type which includes 
sending newly arrived tasks from sender to receiver, preempting the task in between to make 
the transfer between nodes happen and sometimes it also requires the control for context 
switching according to the priorities.  

 
4.2. Load Element 
  

This element is very important as it is necessary to send a message to the sender node (in 
the case of receiver initiated protocol) before the load transfer. The message includes the 
information which a node must know while transfer that is, response time, queue length and 
CPU utilization [3]. Besides this, a table should be maintained at each node. The table 
consists of task response time, average queue length, memory availability, rate of switching 
execution from one task (in the middle of execution) to another and CPU usage [11].  
 
4.3. Information Element 
 

To collect all the data whether it is sending a message to the node or maintaining a load 
table consisting of many elements comes under information element. Sometimes it is hard to 
extract the information timely in a dynamic environment because for instance if a message is 
sent to the server of the sender node for consideration, meanwhile the load of the receiver 
node may vary by calculating the newly arrived task. Figure 1 depicts the theme that an 
adaptive receiver-initiated load sharing algorithm can follow. 

In the given Figure 1, three autonomous networks complete an autonomous distributed 
system. This distributed system can be locally connected with the same network as well as 
geographically distributed connected with different networks. The working of the diagram 
can be described by the following steps. 

• There are 4 nodes shown in every network. One node in every network works as a 
communication node with another network. 

• Every node of every network must have the following points in the table:  
a. Total Turnaround time 
b. Cost table 
c. Computation capacity 
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• Every node within the network broadcasts its table to each other nodes by using a 
limited broadcast address. The information keeps each node updated about the load of 
every node and node which needs to be balanced and node that can help to balance it. 

 

 
Figure 1. Adaptive receiver initiated load balancing 

• One node of each network acting as the communication node keep the update of all 
its node by using the following points: 
a. Heavy loaded Node 
b. Light loaded node 
c. Computation capacity 

• Communication node :  
 If light loaded Node Ln>=Hn (Heavy Loaded node) then the load balancing 

is done within the autonomous network but if the load is already balanced 
then the receiver node broadcast its help to other networks by the help of 
communication node.  

 If Ln<Hn, in the network then the communication node check whether any 
receiver has raised the request to help, if yes then the load is transferred to the 
node of another network. 

In this way, a receiver initiated algorithm can work to balance the autonomous network. 
Turnaround time helps to calculate the total time required to execute the task assigned on a 
particular node. Cost table helps to calculate the cost of transferring the task from one node to 
another. In computation capacity, information on network utilization (delays, round trip time, 
ack time, etc.) with CPU utilization is considered. 
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5. Application 
 

In the receiver initiated load balancing algorithm, the fundamental rule is that the first step 
towards balancing the load will be taken by the receiver side (lightly loaded node). Besides 
the mentioned rules, there are many approaches to using the receiver initiated algorithm. In 
one approach the fuzzy algorithm based receiver initiated load balancing is used where 
receiver initiate by using the fuzzy inference rules to balance the computer network [13]. In 
the cloud computing environment receiver initiate algorithm balance the load of a virtual 
machine by using the deadline aware balancing strategy. Turnaround time and other load 
factors help to decide the deadline in this approach[14]. In the case of grid computing, the 
information of the receiver is multicast and probe for the right node [15]. An approach called 
randomized receiver initiated protocol work on a tree structure made by establishing the 
previously defined method of load balancing. The cost of each node from other nodes in the 
tree is calculated then a practically efficient method poll and shuffle is used to manage the 
protocol. This protocol is called randomized because the random polling method is used to 
define the upper bound and compare it with lower bound which further helps balance the load 
[16].   Also, there are many applications and approaches that use the receiver initiated 
protocol to balance the node. Handling virtual reality machines, balancing for the distributed 
mining of molecular structures are one of them [17][18].  

 
6. Conclusion 
 

A distributed system works in a dynamic environment. The status of the distributed system 
in terms of load and execution changes rapidly. There are many challenging issues of 
implementing a distributed system where the discussion of reliability, adaptability, and 
modularity takes place. Beside all these emerging issues, one issue which helps to keep the 
reason for making the distributed system alive is load balancing and load sharing. Load 
balancing and load sharing algorithm helps to multiply the resources and complete the task 
quickly. In this paper, the terms of load balancing and load sharing are used interchangeably 
because mostly the load s shared rather than balanced. The load balancing technique talks 
about the equal load on each node which is almost impossible to manage but transferring the 
tasks to stabilize the whole is possible. When upcoming tasks in the distributed system are 
less, then sender initiated algorithm helps to make it stable but when the upcoming task is 
enough to make the whole system heavy loaded and unstable, receiver initiated algorithm 
tries to balance the nodes and keep the distributed system working in the desired pace. 
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