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Abstract
P2P is a trendy technology used for file sharing. File replication 
and Consistency maintenance are the methods used in P2P for 
elevated system performance. File replication methods indicate 
replica nodes without thinking about consistency maintenance 
which may lead to high overhead for redundant file replications 
and consistency maintenance. Consistency maintenance methods 
update files without considering file replication dynamism which 
may not give the accuracy of replica consistency. Hence there is a 
need to think about consistency maintenance while file replication 
to achieve high performance and high availability. When data files 
are replicated at many nodes, consistency must be maintained 
among the nodes. In this paper we point out different replication 
strategies that are applied P2P systems, followed by consistency 
maintenance techniques intended for high performance and high 
availability of data. Finally we explore a combined method of file 
replication and consistency maintenance.
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I. Inroduction
Structured P2P systems have been effectively designed for wide 
area data applications [1].While most of them are designed for 
read-only or low-write sharing contents, a lot of promising P2P 
applications demand for supporting mutable contents, such as 
modifiable storage systems (e.g. OceanStore [6], Publius [9]), 
mutable content sharing (e.g. P2P ), even interactive ones (e.g. 
P2P online games [2, 5] and P2P collaborative workspace [6]). P2P 
organization improves availability, fault tolerance, and scalability 
for static content sharing.  But mutable content sharing raises issues 
of replication and consistency management. P2P dynamic network 
characteristics combined with the diverse application consistency 
requirements and heterogeneous peer resource constraints also 
impose unique challenges for P2P consistency management. This 
requires a consistency solution to work efficiently in such dynamic 
conditions.
Two main categories of bounded consistency are proposed for 
P2P systems: probabilistic consistency [4] and timebounded 
consistency [5] , both of which have main limitations, but are 
relaxed with Balanced Consistency Maintenance. (1) In the 
probabilistic consistency the probability is guaranteed with regard 
to all replica nodes but not for an individual node. Balanced 
Consistency Maintenance ensures node level as well as system-
wide consistency bound. (2)Time-bounded consistency sets the 
validation timer so that the estimated number of updates within 
the timer valid duration is small. To avoid the inaccuracy in this 
translation, Balanced Consistency Maintenance uses the sliding 
window to directly bound the number of updates allowed to be 
buffered at each node .
The term P2P refers to “peer-to-peer” networking. A 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 bittorrent, 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. Whenever a file is requested frequently, 
the capacity of the node degrades and gives delayed response. File 
replication is very useful in this situation. In this method, the load 
is distributed over replica nodes. File consistency maintenance is 
to maintain consistency between file and its replica nodes. This 
paper discuss about different strategies to achieve high efficiency 
in file replication and consistency maintenance at a lower cost. A 
sample P2P network is shown in fig. 1.

Fig. 1:

II. Related Work
A recent large-scale characterization of HTTP traffic [1] has 
shown that more than 75 percent of Internet traffic is generated 
by P2P applications. The percentage of P2P traffic has increased 
significantly as files such as videos and audios have become 
almost pervasive. The study also shows that the access to these 
files is highly  repetitive and skewed towards the most popular 
ones. Such objects can exhaust the capacity of a node, leading to 
delayed response. File replication 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 
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query efficiency. File consistency maintenance to maintain the 
consistency between a file and its replicas is indispensable to file 
replication. Requiring that the replica nodes be reliably informed 
of all updates could be prohibitively costly in a large system. Thus, 
file replication should proactively reduce unnecessary replicas 
to minimize the overhead of consistency maintenance, which in 
turn provides guarantee for the fidelity of consistency among file 
replicas considering file replication dynamism. File replication 
dynamism represents the condition with frequent replica node 
generation, deletion, and failures.
In most current file replication methods, file owners rigidly specify 
replica nodes and the replica nodes passively accept replicas. 
The methods were designed without considering the efficiency 
of subsequent file consistency maintenance. These methods [2,3]
make it difficult to adjust the number of replicas to the time-
varying utilization of replicas and to ensure that all replicas are 
fully utilized. The number of replicas has a significant impact on 
the overhead of file consistency maintenance. Large number of 
replicas needs more updates hence high consistency maintenance 
overhead and vice versa. Therefore, the methods lead to high 
overhead for unnecessary file replications and consistency 
maintenance.

III. Proposed System
In our previous work, we proposed an efficient and adaptive • 
decentralized file replication algorithm in P2P file sharing 
systems called EAD [28].
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. replication and consistency 
maintenance technologies, and the harmonic integration of 
the two technologies
IRM file replication places replicas in frequently visited • 
nodes to guarantee high utilization of replicas, and meanwhile 
reduce underutilized replicas and overhead of consistency 
maintenance.
IRM consistency maintenance in turn aims to guarantee • 
file fidelity of consistency at a low cost with file replication 
dynamism consideration.
Using adaptive polling, IRM ensures timely update operation • 
and avoids unnecessary updates.
As a result, IRM achieves high efficiency in both file • 
replication and consistency maintenance.
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 replication and consistency maintenance .
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. 2:

The replica nodes periodically check the query rate. When • 
their replicas are underutilized, they remove the replicas.
For consistency maintenance, 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 consistency maintenance • 
while still guarantees the up-to-date status of the visited 
replicas.

A. Replica Adaptation
IRM lets each replica node periodically update their query 1. 
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 2. 
file replica for it.
The adaptation to query initiating and passing rate ensures 3. 
that all file replicas are worthwhile and there is no waste of 
overhead for unnecessary file consistency maintenance.

B. File Consistency Maintenance
Maintaining consistency between frequently updated or even 1. 
infrequently updated files and their replicas is a fundamental 
reliability requirement for a P2P system
P2P System is dynamically add or delete the nodes2. 
Replica nodes are dynamically and continuously created and 3. 
deleted
The dynamism has posed a challenge for timely update in 4. 
structured-based consistency maintenance methods on the 
other hand, consistency maintenance relying on.
The consistency maintenance relying on message spreading 5. 
generate high overhead due to dramatically redundant 
messages. Rather than relying on a structure or message 
spreading, IRM employs adaptive polling for file consistency 
maintenance to cater to file replication dynamism.
A poll approach puts the burden of consistency maintenance 6. 
on individual nodes. Unlike push, poll approach can achieve 
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good consistency for distant nodes and is less sensitive to P2P 
dynamism, network size, and the connectivity of a node.
The file change rate, file query rate is also a main factor to 7. 
consider in consistency maintenance.
Even when a file changes frequently, if a replica node does 8. 
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 consistency maintenance methods 9. 
neglect the important role that files query rate plays in 
reducing overhead.
IRM combines file query rate into consideration for poll time 10. 
determination.
We use TTRquery and TTRpoll to denote the next time instant 11. 
of corresponding operation of a  file.
IRM assumes that in a certain period of time, the file query 12. 
rate does not vary greatly. That is, the pattern of a user’s file 
access behavior remains similar.

C. Linear Increase Multiplicative Decrease Algorithm 
The algorithm has been effectively used in many systems 1. 
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 2. 
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. 3. 
is updated since the last poll, the TTR value is reduced by a 
multiplicative factor:

 
Where ᵦ , ᵦ > 1, is the multiplicative decrease constant. 4. 
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 5. 
small.

D. The Impact of File Replication on Consistency 
Maintenance

The file replication methods could generate much more 1. 
replicas due to a variety of reasons.
Some file replication methods servers keep track of the 2. 
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 replication methods that replicate files 3. 
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. 
If a replica is not visited frequently, it has low utilization and 
hence cannot take over much load from the server. Therefore, 
the load of servers cannot be released by a low-utilization 
replica as much as a high-utilization replica.Consequently, 
servers need to generate more replicas to release their load 
in client side.

E. The Impact of Consistency Maintenance on File 
Replication
Most of the consistency maintenance methods arrange the server 
to send update messages to replica nodes based on a structure or 
message spreading. In P2P dynamism and replication dynamism 
where nodes and replica nodes join, leave the system, and fail 
continuously and rapidly, the structure maintenance 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.

IV. Conclusion
In this paper, we addressed large-scale 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 replication is required to provide high availability and we 
analyzed a combined approach for file replication and consistency 
maintenance which is highly efficient at low cost. Finally we 
conclude that the replication solution must satisfy the requirements 
like, data type independency, high level of autonomy and eventual 
consistency.
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