
Abstract
Application-layer peer-to-peer (P2P) networks are considered to 
be the path break in the Internet infrastructure. Load balancing 
among the peers is critical for these systems to be effective. Most 
structured P2P systems rely on ID-space partitioning schemes to 
solve the load imbalance problem. Our focus is on an important 
issue vital to the performance in the virtual server framework, such 
as the effect of the number of directories employed in the system 
and the performance ramification of user registration strategies. 
We systematically characterize the effect of heterogeneity on load 
balancing algorithm called as dual-space localsearch (DSLS) and 
the conditions in which heterogeneity may be easy or hard to deal 
with based on an extensive study of a wide spectrum of load and 
capacity scenarios. A fundamental problem that confronts peer-
to-peer applications is to efficiently locate the node that stores 
a particular data item. This paper presents Chord, a distributed 
lookup protocol that addresses Load balancing problem.
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I. Introduction
PEER-TO-PEER (P2P) systems make it possible to harness 
resources such as the storage, bandwidth, and computing power 
of large populations of networked computers in a cost-effective 
manner. In structured P2P systems, data items are spread across 
distributed computers (nodes), and the location of each item is 
determined in a decentralized manner using a distributed hash 
lookup table (DHT). Structured P2P systems based on the DHT 
mechanism have proven to be an effective design for resource 
sharing on a global scale and on top of which many applications 
have been designed such as file sharing, distributed file systems, 
real-time streaming, and distributed processing. In these systems, 
each data item is mapped to a unique identifier ID drawn from 
an identifier space. The identifier space is partitioned among the 
nodes so that each node is responsible for a portion of the ID space, 
called zone, and storing all the objects that are mapped into its 
zone. However, there are several problems with this approach. 
Following, let N be the number of nodes in the system and fmax 
be the ratio of the largest zone size to the average zone size. 
Then, it is known that fmax is θ (log N) with high probability. 
Therefore, this could result in a θ (log N) load imbalance factor 
in the number of objects even when nodes have homogeneous 
capacities. In practice, the resources of P2P systems are most 
likely overlaid on top of peer nodes with extreme heterogeneity 
in hardware and software capabilities. Some peers may be large 
servers with plenty of computing power and large storage access 
through a reliable and high-speed network, whereas other peers 
may be handheld devices with wireless connections that have 
limited storage, computing power, and unreliable connections. 
Although there are approaches that are effective in partitioning 
the ID space according to node capacities, these approaches 
cannot adapt to dynamic workload changes in real networking 
conditions. Therefore, we focus on the virtual server (VS) or 
migration-based approach to load balancing in this approach, 

which can move portions of the load off an overloaded physical 
node dynamically and has already been explored in a number of 
studies. A VS looks like a peer in the original DHT architecture 
for being responsible for a zone, but each physical node may be 
associated with several VS’s. Even though the VS mechanism 
increases the path length on the overlay, it offers a vehicle to move 
a load from any physical node to any other physical node, which is 
crucial for load balancing [4-5]. Several points are noteworthy in 
the VS concept. First, the transfer of a VS from one physical node 
to another is equivalent to a leave followed by a join operation 
to the underlying DHT and is supported by the DHT framework. 
Second, the concept is applicable to many types of resources 
such as storage, CPU processing time, bandwidth, etc. However, 
we deal with load balancing P2P systems for storage objects 
only because this type of application is important in practice and 
other load balance objectives may require completely different 
optimization formulations.

II. Formalization of the Problem
The standard Generalized Assignment Problem (GAP) formulation 
cannot be applied to the load balance problem directly. The load 
balance problem must start from an infeasible assignment in 
which the workload on some nodes exceeds their targets and 
find a feasible assignment while minimizing the total amount 
of load moved. Following Rao. [7], let tj denote the target load 
of physical node j, li denote the current load on VS i, I denote 
the set of all VSs, and J denote the set of nodes in the system. A 
P2P system is defined to be balanced if the sum of the load sj of 
a physical node j is smaller than or equal to the target load of the 
node for every node j ε J in the system. That is,

In equation, the binary variable xij = 1 indicates that VS i is assigned 
to node j. A physical node j is called heavy if its combined load 
exceeds its target load, sj > tj; otherwise, the node is called light. 
When the system is imbalanced, the goal of a load balancing 
algorithm is to find a way to move VSs from heavy nodes to light 
nodes in a way that minimizes the total load moved.
The P2P load balancing problem is needed to reformulate in terms 
of a GAP. Let xij be the decision variable that indicates if VS 
i is assigned to node j. Since the need to represent the system 
state before movement, a new state-independent constant yij 
is introduced, which takes on a value of 1 if VS i is originally 
stored on node j in the starting assignment and 0 otherwise. Note 
that accessing this state-independent constant involves a simple 
memory reference. Following [7], the cost cij incurred when a 
VS i is moved to a node j is defined to be equal to the workload 
lij of i when i is not originally on j, that is, yij = 0. However, cij 
= 0 in the case i is moved back to node j if i is originally stored 
on node j, that is, yij = 1. As moving i to any node other than its 
original node incur the same cost, to simplify the notation, a new 
constant li  = lij is introduced. Combining yij and cij gives a concise 
definition of cost cij:
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The problem of load balancing in a P2P system can then be 
transformed into a GAP as follows:

The implementation contributes majorly to derive an effective 
server reassignment algorithm for the solution of the load balance 
problem, analyzing the moving & excess Workload matrices and 
the success of the framework. Also it systematically investigates 
the effect of forms of heterogeneity on server reassignment 
problem. Work in P2P load balancing increasingly employs heavy-
tailed distributions such as power-law, Zipf’s law, and Pareto 
distributions to characterize workload and node capacity in this 
study because these distributions are considered to represent the 
essence of heterogeneity and are hard to deal with due to their 
high variability.

III. Proposed Algorithm
The proposed experimental work deals with system study & 
processes of defining the functioning of existing system. The 
disadvantages of the existing system are discussed to prove the 
way of proposed system. Then the proposed system is defined for 
the problem and the advantages of the proposed system are also 
defined [6]. The peers are initialized with assignments of FTP/
HTTP server services on specific ports. Then the DHT is initialized 
to conFig. the settings of various nodes with their respective task 
assignment & capacities. The load is generated from the client 
nodes under respective services for File/Directory uploading and 
is kept as a replicated copy on all peers by DHT. As the load is 
distributed by DHT & handled by various nodes. Then the load for 
analysis is generated by downloading services of files & Number 
Plate Recognition module from various client nodes under FTP 
services & HTTP services respectively. The work load is analyzed 
for distribution by ANT heuristics & DSLS strategy iteratively. 
Also the construct is been tested for M2M algorithm for further 
comparative study.
The load balance problem for heterogeneous overlay networks 
has attracted much attention in the research community only 
recently. This approach focuses on proposals based on the notion 
of VS’s, whose explicit definition and use for load balance were 
first proposed by Rao et al. The authors also introduced several 
load balancing algorithms, including many-to-many with dislodge 
(called M2M in this paper) and M2M without dislodge (called 
DM2M), based on the assistance of a new type of peer node, called 
directory. Load balance actions are executed by VS reassignment 
algorithms executed on directory nodes. The performance of M2M 
is shown to be superior to DM2M. Both algorithms are intuitively 
appealing, but there are several important issues with the general 
M2M approach.  First, the algorithms may not be able to find 
feasible assignments in certain very simple situations. The problem 
is that, starting from a set of VSs S, the M2M strategy searches 
only in the direction of decreasing total load in S. Presumably, 
this strategy guarantees algorithm termination. Second, a number 
of design issues, such as how nodes should register with directory 
nodes, are not adequately addressed.  Later, a clustered VS scheme 
is presented that can be viewed as an optimization of the basic VS 
framework to reduce the overhead involved in the VS framework. 
However, VSs cannot be moved and, therefore, the scheme cannot 

respond to dynamic changes in network conditions. The general 
strategy in the GAP proposals is the creation of a solution and local 
searching in the “vicinity” of the created solution before moving 
on to the next iteration. Therefore, the notions of neighborhoods 
and moves for conducting a local search with respect to a created 
solution are needed. With respect to a solution, a shift move consists 
of removing a task (VS in our case) from one agent (node) and 
assigning it to another, whereas a shift neighborhood is a set of 
such moves. Similarly, an ejection-chain move is a compound 
sequence of one or more shift moves. The length of an ejection-
chain move is the number of shift moves in the sequence. An 
ejection-chain move of length 2 (two shift moves) is illustrated 
diagrammatically in Fig. 1. 

Fig. 1: Shift the task i to agent j’ and i’ to agent j’’ 
simultaneously

The Fig. illustrates the action of removing a task i from an agent 
j, assigning i to a different agent j; and then removing a task i’ 
from agent 
j’, assigning i’ to an agent j’’. Clearly, each move leads from one 
solution to the creation of another by changes in the selected VS 
assignment to nodes. Fig. 1 includes the special cases single-step 
shift moves when i’ is not removed and swap operations when j’’ is 
again equal to node j. A collection of ejection chain moves is called 
a neighborhood. We note several features in the neighborhood 
search strategies [6]. First, Lourenco and Serra employed both a 
simple shift neighborhood and a restricted ejection chain of length 
2 neighborhood. Both neighborhoods are searched using a single 
cost function, making no distinction between feasible and infeasible 
solutions. The fundamental insight of this approach is that a more 
focused definition of the neighborhood search spaces for the local 
search is needed. When the goal is to make an infeasible solution 
satisfy the capacity constraints, a large number of the neighbors 
can be ruled out quite simply by considering moves that lessen 
the violated capacity constraints. Similarly, when the goal is to 
reduce the cost of an already feasible solution, those moves not 
conducive to cost reduction do not need to be considered. We 
propose to classify the search spaces into two types and develop 
a corresponding search strategy as an effective approach to tackle 
the problem. Outline of proposed work: The overall algorithm we 
propose is called dual-space localsearch (DSLS) and is based on 
the framework by Lourenco and Serra [1]:

DSLS is an iterative procedure with three main steps performed 
as follows.

• First, an initial solution is generated using the ant system 
heuristic (ASH) algorithm. 

• The solution is then improved as much as possible to 
reach its local minima using the descent localsearch (DLS) 
algorithm. 

• The pheromone variables are then updated and the overall 
procedure is executed again.

The rationale for the design is that, even though ASH is an effective 
124 InternatIonal Journal of Computer SCIenCe and teChnology

IJCSt Vol. 2, ISSue 2, June 2011 I S S N  :  2 2 2 9 - 4 3 3 3 ( P r i n t )  |  I S S N  :  0 9 7 6 - 8 4 9 1 ( O n l i n e )

w w w . i j c s t . c o m



randomized restart procedure that can construct a good initial 
solution in reinforcement style of learning using the pheromone 
trails, it is not as effective for finding nearby local optima solutions 
several steps away from the generated solution. A local search 
algorithm must be used to improve the constructed solution to 
enhance the search in terms of earlier detection of high-quality 
solutions. Our DLS algorithm is the local search component that 
finds the local optima solution in the neighborhood of a given 
initial solution. In addition, we distinguish between the search 
spaces by the purpose they are to achieve and thus can search in 
significantly smaller search spaces algorithm then invokes the 
DLS procedure to derive a local minimum solution based on the 
initial solution. DLS is another iterative loop comprising two main 
phases for searching in the two ejection-chain neighborhoods. 
First, if the initial solution generated in the first step is not a feasible 
solution, the   algorithm performs a local search procedure in a 
feasibility- improving ejection-chain neighborhood N(x) to adjust 
the solution to a feasible one x’. Second, based on the feasible 
x’, the algorithm performs another local search in a cost-reducing 
ejection-chain neighborhood N’(x) to adjust x’ to a lower cost 
one x’’. Pheromone trail update the current best solution will 
be replaced by x00 if it is better than the current best solution. 
The pheromone trails will be updated to reflect the effect of x’’. 
This approach VS framework is studied & used for solving the 
load balance problem in a structured P2P system. The first main 
contribution is an effective and efficient DSLS algorithm, which 
leverages work in GAP. The second contribution is an in-depth 
analysis of the effect of capacity and workload heterogeneity on 
algorithm performance in both static and dynamic environments 
and the qualitative relationship between static and dynamic 
environments

A. Methods of data collection 
1. Case Study Method: It is intensive investigation of a particular 
unit of Problem for Load Balancing in Structured P2P systems 
under consideration of Server Reassignment technique. 
2. Survey Method: One of the common methods of diagnosing 
and solving of techno-relevant problems is that of undertaking 
surveys of the referenced work (references mentioned below), 
current implementations & pitfalls, striving for improvements 
& future work [3].  

B.  Probable methods of data analysis 
The results from an extensive set of experiments to investigate the 
performance of the proposed DSLS algorithm in comparison with 
the static M2M algorithm and DM2M across a wide spectrum of 
distribution parameter values for VS load and node capacity are 
presented. DM2M is the same as M2M except that the first stage 
of the main loop of the M2M algorithm is executed only once 
and the second stage of the algorithm is omitted. Exclusion of the 
second stage may be justified in situations where a slightly higher 
node utilization level is acceptable, to be reduced by later rounds of 
algorithm execution in a dynamic environment. The performance 
evaluation experiments are presented in the following order:
Focus on characterizing the performance in a static single-
directory setting, where all possible degrees of heterogeneity at 
the VS workload and node capacity level are explored. Second, 
multiple-directory experiments in a static setting are presented. 
Finally, we characterize the performance in a dynamic storage-
oriented dynamic setting patterned after the same application 
setting. Static experiments study the impact of all possible 
snapshots of heterogeneity conditions on algorithm performance 
and do not imply actual implementation suggestions. Single-

directory experiments are useful because they help understand the 
multidirectory case. In the dynamic experiments, storage objects 
arrive and depart, resulting in the workloads on the VSs. Note that 
nodes do not experience churn. Besides being interesting in their 
own right, the dynamic experiments serve to verify the results in 
the static experiments. To create the whole spectrum of settings 
from extreme heterogeneity to homogeneity in our experiments, 
the workloads and node capacities are both modeled by the Pareto 
distribution.
Work in P2P load balancing increasingly employs heavy-
tailed distributions such as power-law, Zipf’s law, and Pareto 
distributions, to characterize workload and node capacity in their 
studies because these distributions are considered to represent the 
essence of heterogeneity and are hard to deal with due to their high 
variability [1]. For example the power-law exponent α = 3 is used, 
where the variance is infinite. This setting is a particularly bad case 
for load balancing. In, the Zipf parameter range values between 
0.8 ~ 2.4 are used to investigate the effect of workload skew 
on system performance, corresponding to power-law exponents 
2.25 ~ 1.42. In, power-law exponent values from 1.5 to 3.5 are 
used in their simulation studies. These and other works consider 
distributions with infinite variance to represent the hardest cases 
to solve and focus on a workload exhibiting such characteristics. 
However, we found that such settings are not the most difficult 
ones. Our investigations provide some results on the hardness of 
the server reassignment problem in general. 

Fig. 2(a): Virtual Servers

(Contiguous region of the ID space& each node can be responsible 
for many virtual servers)
“Chord: A Scalable Peer-to-Peer Lookup Service for Internet 
Applications” [2], bases for DHT implementation: First, they 
analyzed a fundamental problem that confronts peer-to-peer 
applications is to efficiently locate the node that stores a particular 
data item. Chord, a distributed lookup protocol that addresses this 
problem, provides support for just one operation: given a key, it 
maps the key onto a node. Data location can be easily implemented 
on top of Chord by associating a key with each data item, and 
storing the key/data item pair at the node to which the key maps. 
Chord adapts efficiently as nodes join and leave the system, and 
can answer queries even if the system is continuously changing. 
Results from theoretical analysis, simulations, and experiments 
show that Chord is scalable, with communication cost and the 
state maintained by each node scaling logarithmically with the 
number of Chord nodes.
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Fig. 2(b): Virtual Server Assignment

IV. Performance Evaluation
To evaluate the performance of the algorithm on all the instances, 
it is desirable to evaluate them when only feasible instances are 
considered [5]. However, deciding if an instance has any feasible 
solutions is NP-hard, as mentioned before. Therefore, we define 
the following necessary conditions. We call the instances satisfying 
these conditions to be admissible instances. Clearly, instances that 
have feasible solutions must be admissible but not vice versa: 
The total workload should be smaller than or equal to the total 
capacity.
The maximum workload of the VSs should be smaller than or 
equal to the maximum capacity of the nodes, to ensure that at 
least one node capable of storing the largest VS exists.
The following are the main performance metrics used in this 
paper: 

• The admissible property under all workload and node 
capacity heterogeneity settings. This property gives a basic 
understanding of the impact of heterogeneity on the problem 
space.

• The success ratio of problem instances solved among admissible 
or all problem instances. These experiments characterize the 
problem-solving abilities of the algorithms. 

• The 99.9th percentile node utilization among all problem 
instances. The 99.9th percentile node utilization is the 
maximum over all simulated times of the 99.9th percentile 
of the utilizations among the nodes. 

• The total workload moved as a fraction of the total system 
workload among all problem instances. These experiments 
characterize the overhead required to achieve load balancing 
[1].

For the static experiments, unless stated otherwise, the parameter 
values for workloads on VSs and capacities for nodes are as in 
Table 1. 

Table 1 : Parameter values for workloads on VSs and capacities 
for nodes

Symbols as shown in table denote shape of node capacity and 
scale of node capacity for the workload, whereas for capacity of 
node different symbol is used. We first fix the mean of the per-VS 
workload at 1. When there are five VSs on a node, the mean of 
the capacity per node is calculated to be 6.25 to obtain the fixed 
0.8 system-level utilization. To generate the heterogeneity for 
both work- loads for VSs and node capacities, their shape values 
are varied from as shown in fig. so that their variance varies. 
For each admissible instances percentage value, a corresponding 
shape parameter of capacitances changes this is used to calculate 
the fixed mean value.

V. Conclusion and Future Work
For solving the load balance problem in a structured P2P system 
the first main contribution is an effective and efficient Dual 
Space Local search algorithm, which leverages work in General 
assignment Problem. The second contribution is an in-depth 
analysis of the effect of capacity and workload heterogeneity on 
algorithm performance in both static and dynamic environments 
and the qualitative relationship between static and dynamic 
environments. The application is a very basic one and aims at 
balancing the load in structured peer to peer systems. Our system 
is very adequate if the goals of the project are static in nature or 
do not change very often. Efforts are been made to have client 
interaction and include a dynamic nature of goals in the system 
development phase. We have successfully completed all the 
desired framework components as set at the beginning of the 
project. We wish that our effort will provide a backbone structure 
for the further enhancements of the system. To investigate the 
following important issues in the future is needed: It is intended 
to explore other cost-reducing neighborhoods to further improve 
the DSLS algorithm. As the variance of a VS workload has a 
significant impact on the success ratio performance, the plan is 
to investigate VS merging and splitting strategies to enhance the 
performance of the algorithms. Also to perform a more in-depth 
study of issues in the dynamic scenario in which a node joins and 
leaves the system.
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