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Abstract
Duplication is used to increase data availability in the presence of 
site or communication failures and to decrease retrieval costs by 
local access if possible. Our system is completely decentralized 
and nodes can be removed/added dynamically. P2P is a trendy 
technology used for file sharing. File duplication and Regularity 
protection are the methods used in P2P for elevated system 
performance. File duplication methods indicate replica nodes 
without thinking about regularity protection which may lead to high 
overhead for redundant file duplications and regularity protection. 
Regularity protection methods update files without considering 
file duplication dynamism which may not give the accuracy of 
replica regularity. Hence there is a need to think about regularity 
protection while file duplication to achieve high performance and 
high availability. When data files are replicated at many nodes, 
regularity must be maintained among the nodes. In this paper 
we point out different duplication strategies that are applied P2P 
systems. This paper presents an Integrated file Duplication and 
regularity Protection mechanism. Integrated file Duplication and 
regularity Protection mechanism integrates the two techniques in 
a systematic and harmonized manner. The security has become 
one of the major issues for data communication over worldwide 
networks. 
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I. Introduction
Peer-to-peer (P2P) systems have become a popular way for file 
sharing and distribution where a file requester’s query is forwarded 
to a file provider in a distributed manner. File duplication is an 
effective method to deal with the problem of overload condition 
due to flash crowds or hot files It distributes load over replica nodes 
and improves file query efficiency by reducing server response 
latency and lookup path length (i.e., the number of hops in a 
lookup path). A higher effective file duplication method produces 
higher replica hit rate. A replica hit rate occurs when a file request 
is resolved by a replica node than the file owner. 
Replica hit rate denotes the percentage of the number of file 
queries that are resolved by replica nodes among total queries. File 
regularity protection is to maintain the regularity between a file and 
its replicas is indispensable to file duplication. Peer to peer network 
allows computer hardware and software to function without the 
need for special server devices. P2P is an alternative to client-
server network design. In client-server network, each computer 
or process on the network is either a client or a server. Servers 
are powerful computers or processes dedicated to managing disk 
drives (file servers), printers (print servers), or network traffic 
(network servers). Clients are PCs or workstations on which users 
run applications. Clients rely on servers for resources, such as files, 
devices, and even processing power. In peer-to-peer network, each 
workstation has equivalent capabilities and responsibilities. This 
differs from client/server architectures, in which some computers 

are dedicated to serving the others. With increase in popularity of 
Peer to Peer (P2P) networks it has also become one of the medium 
for spreading of viruses, spywares, ad ware, and malware through 
file sharing applications. Some of the P2P file sharing programs 
available on internet are bit torrent, limeware, kazaa, shareaza, 
imesh, bearshare lite, kceasy, ares galaxy, emule, soulseek, winmx, 
piolet etc Most of the people download audio and video files by 
using P2P file sharing. 

Fig. 1: A sample P2P Network

File duplication is very useful in this situation. In this method, the 
load is distributed over replica nodes. File regularity protection 
is to maintain regularity between file and its replica nodes. This 
paper discuss about different strategies to achieve high efficiency 
in file duplication and regularity protection at a lower cost.
In file duplication and regularity protection methods, nodes accept 
replicas and update messages. They are unable to keep track the 
utilization of replicas to determine the need of file replicas and 
replica updates. Minimization of the number of replicas helps 
to reduce unnecessary updates in regularity protection. Here the 
numbers of replicas are based on queries. In the next section we 
discuss different duplication strategies that are applied to P2P 
systems.

II. Related Works

A. Duplication
Efficient data sharing in P2P a system is complicated by erratic node 
failure, unreliable network connectivity and limited bandwidth. 
Replicating data on multiple nodes can improve availability and 
response time. Duplication improves availability by allowing 
access to the data even when some of the replicas are unavailable. 
It also improves performance by the following: 

Reducing latency, since users can access nearby replicas, thus • 
avoiding remote network access; and 
Increasing throughput, since multiple computers can serve • 
the data simultaneously. In this paper, we focus on adaptive 
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file placement, in which each node automatically moves data 
and establishes copies of data at different nodes in order to 
adjust the file placement to the current demand.

Fig. 2: 

A static duplication policy decides the duplication degree and 
the allocation of replicas at the moment when the file enters the 
system, and this decision will not change during the lifetime of 
the file. This static file assignment scheme has been extensively 
studied. In a dynamic duplication policy, both the replica degree 
and the allocation of the replicas can change during the lifetime 
of the file according to the current situation, in order to provide a 
better system performance. In a distributed dynamic duplication 
policy, a node makes its decision of replica scheme individually, 
based on its local information.

B. Duplication Strategies
One way to improve the performance of a system is to replicate 
data files on several nodes, before a query is resolved. In this 
section, we survey various duplication techniques that are applied 
to P2P systems. Uniform, proportional and square-root duplications 
are examples of the above strategies. In uniform duplication 
strategy all data files are replicated at the same number of nodes, 
even though some data files are more frequently requested than 
others. Using this technique, the required maximum search cost 
is minimized. 
An alternative strategy is proportional duplication. Here, the 
number of replicas for a specific data file is proportional to the 
query probability of the data file. So, if nodes store only the data 
files that are requested for, the duplication distribution is almost 
proportional to the query distribution.

Fig. 3: 

Although queries for popular data files are satisfied efficiently 
because there are many replicas for the requested data files across 

the network, queries for unpopular data files require higher search 
cost. Between uniform and proportional duplication is square-
root duplication. In this strategy, the replicas of a specific data 
file are proportional to the square root of its query probability. 
Square-root duplication provides a balance for searching popular 
and unpopular data files.

C. P2P Search Methods
The difference between structured and unstructured is vague. 
Most P2P designs today assume some structure. For example, 
two popular unstructured file-sharing applications, based on 
designs in which file names are indexed into a hierarchy in the 
network: nodes copy their filename list to super nodes (ultra 
peers). Queries are flooded across as many nodes on the root 
level as is feasible, and these nodes may forward queries on to 
their children in the hierarchy. One complaint with this architecture 
is its lack of robustness to failure: if a node high in the hierarchy 
fails, its children are unreachable until the network readjusts its 
hierarchy. 
A common structured routing approach is based on Distributed 
Hash Tables (DHTs). DHTs assign values (logical IDs) to machines 
on a network, and allow packets to be routed by value to whichever 
machine is currently responsible for that value. Overnet is a 
deployed file sharing system that uses this scheme. Most DHTs 
were invented by cleverly embedding a graph of small degree, 
small diameter and non-trivial min-cut (to allow multiple alternate 
routes between peers and provide robustness) into some metric 
space that permits greedy routing decisions. Another design 
used structured search for rare items and unstructured search for 
massively replicated items [9]. A structured network has better 
response time (less hops) for rare items, whereas a less structured 
network is more reliable in case of node failures.

D. Works Related To File Duplication In Computer 
Networks
One of the most simple distributed dynamic file duplication schemes 
is to maintain, on each node, a counter for each accessed file. When 
the counter reaches a certain value, the node creates a new replica 
or deletes the current replica. In a node in the network scans the 
network periodically and, depending on the access pattern of files, 
it dynamically creates or deletes replicas. In a distributed dynamic 
Frequency Detecting Replica Management (FDRM) mechanism is 
implemented. Every node makes its own decision independently 
to add/delete file replicas. The FDSM scans replica periodically, 
and the interval of periodicity is variable, according to the access 
frequency of the replica. Mobile agents that mimic the behavior 
of biological processes can travel across the network to satisfy the 
user requests and perform some dynamic load balancing. From 
each node, a swarm of agents move objects to the other nodes, 
performing the load balancing. There is no central node and no 
single agent is essential, since data is replicated. The system is 
event driven every node of the network is capable of producing 
new events. Nodes can be added and eliminated dynamically

III. Duplication on Structured Systems
When data files are replicated, the load of the system is balanced 
and usually there are copies nearby the requestor. Also, the 
availability is higher since we can use replicas in the case of 
failures and nodes departures. On the other hand, the amount 
of storage increases and we must maintain the regularity of the 
replicated data. In this section, we introduce such methods that 
are applied to Chord and CAN. 
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Chord 
A strategy for metadata duplication that is used in Chord is 
based on successor lists. With a successor list a node maintains 
information about the next nearest successors on the ring. This 
list guarantees the correctness of a search.

Can 
In Content-Addressable Network (CAN) a duplication technique 
is based on realities, which are independent coordinate spaces. 
Each node is assigned to a zone in each reality. 
In this way, when there are multiple realities, a pointer for a 
specific data file is stored at more than one different node. In 
order to improve data availability, we can also use k different 
hash functions to map a key onto k points in the coordinate space, 
and so replicas of the (key, value) pair are placed to k different 
nodes in the system. In this case, the (key, value) pair is not 
available only when all k replicas are not available at the same 
time. Furthermore, duplication is also used in the overloading 
coordinate zones technique.
According to this technique, multiple nodes may share a zone. So, 
replicas of the hash table are placed to all nodes that have been 
assigned to the same zone, ensuring higher availability. In general, 
when a node conceives that receives many requests for a specific 
data key, it may replicate this data key at each of its neighbors. A 
node that holds a replica can be used to satisfy related requests, 
reducing the load of the node that holds the ’original’ data. 

A. Duplication on Unstructured Systems
The first one is called owner duplication. When a search is 
successful, the desirable data file is replicated to the node that 
requests for it. This technique is used in Gnutella. Alternatively, 
in path duplication, when a search is successful, the desirable data 
file is replicated to all nodes along the query path, i.e. the path 
from the node that asks for the data file to the node that provides 
it. In a different approach, the idea of random walks is used. So, 
in random duplication we count the number of nodes on a query 
path, say p, and we select randomly p of the nodes that the walks 
visited to replicate the data file. This technique seems to be harder 
to be implemented.

In our previous work, we proposed an efficient and adaptive • 
decentralized file duplication algorithm in P2P file sharing 
systems called EAD.
In the method, traffic hubs that carry more query load and • 
frequently requesters are chosen as replica nodes. The nodes 
periodically compute their query load to create replicas and 
remove underutilized replicas. duplication and regularity 
protection technologies, and the harmonic integration of the 
two technologies
IRM file duplication places replicas in frequently visited • 
nodes to guarantee high utilization of replicas, and meanwhile 
reduce underutilized replicas and overhead of regularity 
protection.
IRM regularity protection in turn aims to guarantee file fidelity • 
of regularity at a low cost with file duplication dynamism 
consideration.
Using adaptive polling, IRM ensures timely update operation • 
and avoids unnecessary updates.
As a result, IRM achieves high efficiency in both file • 
duplication and regularity protection.
When a node receives queries for a file frequently placing • 
a replica in the node can improve the query efficiency and 
meanwhile make full use of replicas.

When a replica node doesn’t receive queries for its replica • 
frequently, it removes the replica.
IRM aims to guarantee that a file is the updated file when • 
visited. Based on this principle, a node adaptively polls file 
owner for update based on file query rate and update date to 
avoid unnecessary overload.

Example for file duplication and regularity protection .
The nodes C and G in the middle observed frequent queries for • 
the file, and nodes J and M queried for the file frequently.

Fig. 4:

The replica nodes periodically check the query rate. When • 
their replicas are underutilized, they remove the replicas.
For regularity protection, the replica nodes actively probe • 
the file server for update.
They probe the server approximately at the rate of file change • 
rate.
However, when their replica is visited at lower frequency • 
than the file’s change frequency, they probe the server at the 
frequency that the replica is visited.
This strategy reduces the overhead of regularity protection • 
while still guarantees the up-to-date status of the visited 
replicas.

1. Replica Adaptation
IRM lets each replica node periodically update their query • 
passing rate or query initiating rate of a file. If the rates are 
below their thresholds, the node removes the replica.
If a file is no longer requested frequently, there will be no • 
file replica for it.
The adaptation to query initiating and passing rate ensures • 
that all file replicas are worthwhile and there is no waste of 
overhead for unnecessary file regularity protection.

2. File Regularity Protection
Maintaining regularity between frequently updated or even • 
infrequently updated files and their replicas is a fundamental 
reliability requirement for a P2P system
P2P System is dynamically add or delete the nodes• 
Replica nodes are dynamically and continuously created and • 
deleted
The dynamism has posed a challenge for timely update in • 
structured-based regularity protection methods on the other 
hand, regularity protection relying on.
The regularity protection relying on message spreading • 
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generate high overhead due to dramatically redundant
Messages. Rather than relying on a structure or message • 
spreading, IRM employs adaptive polling for file regularity 
protection to cater to file duplication dynamism.
A poll approach puts the burden of regularity protection on • 
individual nodes. Unlike push, poll approach can achieve 
dynamism, network size, and the connectivity of a node.
The file change rate, file query rate is also a main factor to • 
consider in regularity protection.
Even when a file changes frequently, if a replica node does • 
not receive queries for the file or hardly queries for the file 
during a time period; it is an overhead waste to poll the file’s 
owner for validation during the time period.
However, most current regularity protection methods neglect • 
the important role that files query rate plays in reducing 
overhead.
IRM combines file query rate into consideration for poll time • 
determination.
We use TTRquery and TTRpoll to denote the next time instant • 
of corresponding operation of a file.
IRM assumes that in a certain period of time, the file query • 
rate does not vary greatly. That is, the pattern of a user’s file 
access behavior remains similar.

3. Linear Increase Multiplicative Decrease Algorithm
The algorithm has been effectively used in many systems • 
to adapt to changing system conditions. That is, frequently 
modified files are polled more frequently than relatively static 
files IRM associates a time-to-refresh (TTR) value with each 
replica. The TTR denotes the next time instant a node should 
poll the owner to keep its replica updated. 
The TTR value is varied dynamically based on the results • 
of each polling. 
The value is increased by an additive amount if the file doesn’t • 
change between successive polls.

Where ∞, ∞ > 0, is an additive constant. In the event the file. • 
is updated since the last poll, the TTR value is reduced by a 
multiplicative factor:

Where ᵦ , ᵦ > 1, is the multiplicative decrease constant. • 
The algorithm takes as input two parameters, TTRmin and 
TTRmax, which represent lower and upper bounds on the 
TTR values. Values that fall outside these bounds are set to

The bounds ensure that the TTR is neither too large nor too • 
small.

IV. The Impact of File Duplication on Regularity 
Protection
The file duplication methods could generate much more replicas 
due to a variety of reasons. Some file duplication methods servers 
keep track of the query forwarding rate of nodes and replicate files 
in nodes that frequently forward queries to the servers. 

The servers holding popular files already tend to be overloaded • 
due to the processing of many file requests. Keeping track of 
the query forwarding rate generates more load on the servers 
making the servers more likely to be overloaded. This will 
result in more replicas since overloaded servers tend to 

replicate their files in other nodes to release their load.
In the client side file duplication methods that replicate files • 
in requesters the replicas have low utilization. 
A replica is used only when the replica node queries the file • 
of the replica again, and the replica cannot be shared by other 
requesters.  

The Impact of Regularity Protection on File Duplication Most 
of the regularity protection methods arrange the server to send 
update messages to replica nodes based on a structure or message 
spreading. In P2P dynamism and duplication dynamism where 
nodes and replica nodes join, leave the system, and fail continuously 
and rapidly, the structure protection will generate high overhead 
especially in high dynamism. More importantly, the structure may 
not be able to recover in time which may lead to unsuccessful 
update notification.

V. Combined Approach for Duplication And Regularity 
Protection
In this section we present an analysis of a combined approach 
for File duplication and regularity protection. This approach is 
a combination of both file duplication and regularity protection. 
Both are dependent on each other. Instead of accepting replicas 
and update messages, it integrates file duplication and regularity 
protection by letting each node autonomously determine the need 
for file duplication and update based on file query rate and update 
rates. File duplication places replicas in frequently visited nodes 
to guarantee high utilization of replicas, and meanwhile reduce 
underutilized replicas and overhead of regularity protection.

Fig. 5: Illustration of Combined Approach

In the above fig. the straight line represents the link between replica 
node and server and the arrow mark represents that the replica 
polls the server for update, to make sure that an update file is 
available to the client. Regularity protection aims to guarantee file 
fidelity of regularity at a low cost with file duplication dynamism 
consideration. Using adaptive polling, this ensures timely update 
operation and avoids unnecessary updates. The basic idea of 
this approach is to use file query and update rate to direct file 
duplication and regularity protection.
When these nodes are connected again, they must be informed 
about the updates. that they have missed. This update scheme 
has two phases: the push and the pull one. The node where the 
update occurred, initiates the push phase. The node propagates 
the new update to a subset of nodes that hold a corresponding 
replica. They propagate, in turn, the update to another subset 
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of nodes that they have not been updated yet, and so on. This 
process is similar to flooding method with constrains, because it 
is executed for a specific num er of steps. Furthermore, it avoids 
many duplicate messages, while propagating the rumor. On the 
other hand, the pull phase is initiated either by a node that has been 
offline and then gets connected and needs to update its replicas 
or by a node that does not receive updates for some time or by 
a node that receives a pull request and is not sure that it has the 
freshest replica. The above hybrid spreading algorithm provides 
probabilistic guarantees for acceptable results for queries and 
results no strict regularity.
The combined approach has a time-to-refresh (TTR) value with 
each replica node of a file. It denotes at what time the replica 
should poll the file owner to keep its replica updated. a node 
should poll the owner to keep its replica updated. The TTR value 
is changed frequently based on the results of each polling. It 
takes file query rate for poll time determination. TTR query and 
TTR poll denotes the next time, where the file is updated. IRM 
polling algorithm uses Time To Refresh value(TTR) to represent 
file change frequency. When TTR <= TTRquery, that is, when 
the file change rate is higher than the file query rate, there is no 
need to update the replica at the rate of file change rate. This is 
because the ultimate goal of regularity protection is to guarantee 
the received file is up to state. If a replica is updated soon after 
its original file is changed but there is no query for this replica 
until after the next update, it is a waste to update the file this time. 
For example, a file changes for every 1 second but it is visited 
for every 2 seconds by client, then updating replica once every 
2 seconds can guarantee that the response file from replica node 
is the updated file.

Fig. 6: Interrelationship Between Duplication and Regularity 
Protection

This section presented a mechanism which integrates File 
Duplication and Regularity Protection to achieve high efficiency 
in file duplication and regularity protection at a lower cost. 
Duplication dynamism deals with replica node generation, 
deletion and failures.

VI. Conclusion
In this paper, P2P collaborative applications in which shared data 
are distributed across peers in the network. Since these peers can 
join and leave at any time, data duplication is required to provide 
high availability and we analyzed a combined approach for file 
duplication and regularity protection which is highly efficient at 
low cost. Finally we conclude that the duplication solution must 
satisfy the requirements like, data type independency, high level 
of autonomy and eventual regularity. But all of these methods 
have disadvantages that will lead to decrease in the file query 
efficiency, replica hit rate and increase in overload. In spite of the 
effort to develop file duplication and file regularity protection in 

p2p systems, there has been very little research devoted to tackle 
both challenges simultaneously. File duplication needs regularity 
protection to keep the regularity between a file and its replicas, 
and on the other hand, the overhead of regularity protection is 
determined by the number of replicas. Connecting these two 
components will increase the system performance.
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