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Abstract — In a distributed network of computing hosts, the performance of the system can depend basically how the
work is efficiently divide across the participating nodes. Dynamic load balancing have better performing potential
than static load balancing, but they are quite complex. The overheads involved in dynamic load balancing are much
more. But one cannot neglect their benefits. The major factors that are strongly considered for the performance are
load index, queue-length-based indices. Load balancing is very effective when a large portion of the workload is
immobile. All hosts, along with lightly loaded nodes get benefit from load balancing. Similarly, all types of jobs get
improvements in their response times, with larger jobs benefiting more. System instability is possible, but can be easily
avoided. In a distributed system, the random arrival of number of tasks at each processor is likely to bring about
uneven processor loads. There are various approaches to provide the dynamic load balancing.
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I. INTRODUCTION
Today, the use and access of fast processors and also multi-processors has vastly improved and are mostly used in
cases that are very time-consuming and time is a valuable source. Thus, in multi-processor systems, scheduling on a
number of processors is of great interest for such purposes [1]. Parallel computers perform their calculations by executing
different computational tasks on a number of processors concurrently. The processors within a parallel computer
generally exchange information during the execution of the parallel code. This exchange of information occurs either in
the form of explicit messages sent by one processor to another or different parallel processors sharing a specified
common memory resource within the parallel computer. The core idea of load balancing is to use multiple hosts to
replace only one host, thereby it can enhance the computing power and reliability of the host at a low cost. In this way,
the problem about a large number of concurrent accesses can be solved. Load-balancing system is a cluster system
composed of multiple hosts. Each individual host, which can provide services independently without any external
assistance of other hosts, has equivalent status in the system.The reliability of load-balancing is relatively higher than that
of a single machine. When one or a few hosts in the system fail, rather than being interrupted, the system will adjust
scheduling scheme rapidly and assign a new service request to a normal working host, meanwhile, shift the
unaccomplished task of the failure host to other hosts. And looking from the outside, it seems the entire system works
correctly. Some of the major benefits of parallel computing systems are information sharing among distributed users,
resource sharing, better price/performance ratio, shorter response time, higher throughput, higher reliability, extensibility
and incremental growth. Load balancing on multi computers is a challenge due to the autonomy of the processors and the
inter processor communication overhead incurred in the collection of state information, communication delays,
redistribution of load etc. Parallel and distributed computing environment is inherently best choice for solving/running
distributed and parallel program applications. In such type of applications, a large process/task is divided and then
distributed among multiple hosts for parallel computation [2].
II. SCHEMES FOR DYNAMIC LOAD BALANCING
Load balancing algorithms can be divided into two major categories: static load balancing algorithm and dynamic load
balancing algorithm. In static load balancing algorithm, on the basis of the time needed to complete any given task, tasks
are assigned to processors during the compile time and their relation is determined. No decision regarding a shifting of a
task from one processor to another during execution time. But in dynamic load balancing algorithms (DLB), load status
at any given moment is used to decide on task shifts between processors [2, 3, 4, 5]. Random, Central and Rendez-vous
are among the existing load balancing algorithms which can be seen in [4, 6, 7]. In parallel and distributed systems
processors are divided into three categories according to their workload level. Heavily loaded processor/Overloaded
processor: which have a large number of tasks in waiting. Lightly loaded processor/Underloaded processor: which have a
small number of tasks in waiting. Idle processors: which have no tasks to execute[2, 7].
The tradeoff between knowledge and overhead is illustrated in [8] with five different DLB schemes. The schemes
presented vary in the amount of processing and communication overhead and in the degree of knowledge used in making
balancing decisions. The load balancing overhead includes the communication costs of acquiring load information and of
informing processors of load migration decisions, and the processing costs of evaluating load information to determine
task transfers.
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Sender Initiated Diffusion (SID) is a highly distributed local approach which makes use of near-neighbor load
information to apportion surplus load from heavily loaded processors to under loaded neighbors in the system. Global
balancing is achieved as tasks from heavily loaded neighborhoods diffuse into lightly loaded areas in the system.
Receiver Initiated Diffusion (RID) is the converse of the SID strategy, where under loaded processors requisition load
from heavily loaded neighbors. Hierarchical Balancing Method (HBM) is an asynchronous, global, approach which
organizes the system into a hierarchy of subsystems. Load balancing is initiated at the lowest levels in the hierarchy with
small subsets of processors and ascends to the highest level which encompasses the entire system. This scheme
centralizes the balancing process at different levels of the tree with increasing degrees of knowledge at higher levels.
Gradient Model (GM) employs a gradient map of the proximities of underloaded processors in the system to guide the
migration of tasks between overloaded and underloaded processors. Dimension Exchange Method (DEM) is a global,
fully synchronous, approach. Load balancing is performed in an iterative fashion by “folding” an N processor system into
log N dimensions and balancing one dimension at a time. In current load-balancing systems, the widely used scheduling
algorithm is the Polling scheduling algorithm, and there are a lot of improved algorithms. Among these there is a bidriven algorithm which is a combination of Receiver-Initiated and Sender-Initiated adaptive load balancing algorithms
and in this algorithm, Receiver-Initiated and Sender-Initiated both can transfer task [9]. The basic idea is to set a
threshold for the entire system, and all the nodes are divided into heavy-load and light-load nodes according to threshold.
When the load of a node exceeds the threshold, it would try to transfer task to the light-node. Which node should be
selected is depending on the load state in the related node. Then the task is added to the task queue to be implemented.
Dynamic Schedule algorithm inherits the virtue of bi-driven algorithm, ensuring no excessively busy nodes as well as
idle nodes in the system. In contrary to polling algorithm, the dynamic schedule algorithm determinate the threshold
dynamically based on prediction and feedback, and employ GM approach to reduce efficiency. It is an accomplished fact
that the algorithm raises system overhead by introducing mechanism such as host status report, calculate the threshold
and select additional overhead of the host. Under heavy-load conditions, it is negligible that concurrent execution
between operation on balancer and the task of host. On the other hand, the entire system follows the principle of lightload to report more than heavy-load. To minimize additional pressure of heavy load, it will not give heavy burden on the
system [10]. The stability of an approximate linear model in load balancing system is analyzed in [11] and then the
asymptotic stable condition via some classical control theories is proved. In this way, the relations between load
balancing gain and scalability of system is found. The algorithm in [12] is designed with less time complexity and
reducing the time of scheduler to give feasible and better than the common static algorithm.
Task scheduling including three parts is proposed in [13, 14]:
1) Collection of information: Making load threshold value which can measure load information of node as well as
making method of information collection.
2) Migration making-decision: judging whether or not migrating one task to other computing node according to task
and load of node.
3) Implementation of migration: The task which is suitable to migrate to other computing node should choose aide
node to migrate.
A fault-tolerant and reliable load balancing Coordinator and Backup Automatic Election (CBAE) algorithm is
proposed in [15] that work by assigning one node as a coordinator and another node as a backup. The CBAE is compared
with a well known random election algorithm. Results shows that all nodes are balanced by using CBAE, whereas by
using a random approach they are obviously imbalanced.
In [16], two dynamic load balancing schemes DGOS (Dynamic Global Optimal Scheme) and DNCOOPC (Dynamic
Non Cooperative Scheme with Communication) for multi-user jobs in heterogeneous distributed systems are proposed.
DGOS tries to minimize the expected response time of the entire system, whereas DNCOOPC tries to minimize the
expected response time of the individual users. These dynamic schemes use the number of jobs of the users in the queue
at each node as state information. The performance of the dynamic schemes with that of the static schemes GOS and
NCOOPC are compared. It was observed that, at low communication overheads, both DGOS and DNCOOPC show
superior performance over GOS and NCOOPC. Also, the performance of DNCOOPC which tries to minimize the
expected response time of the individual users is very close to that of DGOS which tries to minimize the expected
response time of the entire system. Furthermore, DNCOOPC provides almost equal expected response times for all the
users and so is a fair load balancing scheme. It was also observed that, as the bias, exchange period and the overheads for
communication increases, both DGOS and DNCOOPC yield similar performance to that of the static schemes.
A balanced overlay networks (BON) framework is presented in [17], that provides scalable, decentralized load
balancing for distributed computing using large-scale pools of heterogeneous computers. BON encodes the information
about each node‟s available computational resources in the structure of the links connecting the nodes in the network.
This distributed encoding is self-organized, with each node managing its in-degree and local connectivity via randomwalk sampling. Assignment of incoming jobs to nodes with the most free resources is accomplished by sampling the
nodes via short random walks. A paper [18] presents a methodology for evaluating runtime systems for NPs. The
presented methodology considers the workload of the system in terms of processing characteristics and traffic
characteristics. To exercise the evaluated system with a wide range of traffic patterns, a mechanism for generating
synthetic traffic traces for different scenarios is presented. The system model uses a queuing network abstraction to
represent different runtime systems and allows for an analytical performance evaluation. In [19], the session-level loadbalancing problem as a Markov decision problem is formulated. Then, approximate dynamic programming is used to
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obtain approximate load-balancing policies that are scalable with the problem instance. Extensive numerical experiments
show that the policies have nearly optimal performance. A behavioral model is introduced in [20] for parallel
applications with large requirements of network, CPU, and disk I/O resources. Each node in the cluster serves multiple
processes in a timesharing fashion so that these processes can dynamically share the cluster resources. To facilitate loadbalancing technique, the communication load imposed by these processes is measured. The model is particularly
beneficial to clusters where resource demands of applications may not be known in advance. In [21], a delay-based
redistribution scheme and an extension are proposed to coordinate the reallocation of distributed load for High Level
Architecture (HLA) based virtual simulations. Their balancing elements are organized in a hierarchical structure, which
is built according to the network topology of the environment used to deploy the distributed simulations. The proposed
schemes rely on the measurement of simulation and resources, analysis, detection, redistribution, and migration.
III. ANALYSIS OF DYNAMIC LOAD BALANCING
We observed from [6] that the Rendez-vous algorithm is convergent. On a „n‟ processor system, at most log2(n) are
needed to reach a steady state where each processor has got the average load of the system as shown in table 1.
Communication cost is taken into consideration for accurately evaluating the behavior of redistribution.
TABLE I
ALGORITHM CONVERGENCE & COMMUNICATION COST
Algorithm
Rendez-vous
Tiling
X-Tiling
Sliding

Speed of
Convergence
~log2(n)
>n/2
~log2(n)
<n

Communication Cost
O(nlogn)cg
O(n)cn
O(logn)cu
O(n)cn

Communication
Policy
Global
Local
Uniform
Local

From [10], we compared the dynamic scheduler with polling scheduler and found that in light load conditions the
efficiency of dynamic algorithm is similar or slightly lower that polling scheduling algorithm while in heavy load
conditions the efficiency of dynamic scheduling algorithm is significantly greater. Figure 1 shows % efficiency of
dynamic algorithm as compared to polling algorithm when different numbers of task are considered.

Fig 1: % Efficiency of Dynamic Algorithm than Polling Algorithm Under Heavy Load Condition
In [19] they developed two approximations to dynamic programming operator such that the state space will be
reduced. We analyzed that developed approximations have good performance as compared to LB, LC and RR algorithm
in terms of hyper exponential and uniform distribution as shown in figure 2 & 3.

Fig 2: Performance for Hyper exponential Distribution
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Fig 3: Performance for Uniform Distribution
From [20] we observed that COMM aware load balancer is significantly better than the CPU-aware, MEM-aware and
I/O-aware load balancer in terms of mean slowdown performance when each parallel job consists of 16 tasks and
message arrival rate is 0.5 No./ms. As shown in figure4

Fig 4: % Performance of Mean Slowdown
Also, for varying network bandwidth (10Mbps, 100Mbps & 1Gbps), the average percentage performance of COMMaware with respect to mean turnaround time is better than other schemes as shown in figure 5.

Fig 5: % Performance of Mean Turnaround Time
IV. CONCLUSION
It is said that in a system of multiple hosts the probability of one of the hosts being idle while other host has multiple
jobs queued up can be very high [3]. Here load balancing is likely to improve performance Such imbalances in system
load suggest that performance can be improved by either transferring jobs from the currently heavily loaded hosts to the
lightly loaded ones or distributing load evenly/fairly among the hosts.
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