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Abstract - In peer-to-peer file sharing systems, file
replication technology is widely used to reduce hot spots
and improve file query efficiency. Most current file repli-
cation methods replicate files in all nodes on a client-
server query path. However, these methods come at a
cost of high overhead. This paper presents a Lightweight
and Self-Adaptive file replication algorithm (LSA) that
achieves high query efficiency and effectiveness at a sig-
nificantly low overhead. LSA enhances the utilization of
file replicas by selecting query traffic hubs and frequent
requesters as replica nodes. LSA creates and deletes
replicas in a decentralized self-adaptive manner while
guarantees high replica utilization. Simulation results
demonstrate the effectiveness of LSA in comparison with
another approach. It dramatically reduces the overhead
of file replication, and yields significant improvements on
the effectiveness of file replication. overhead.
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1 Introduction

Over the past years, the immense popularity of Inter-
net has produced a significant stimulus to peer-to-peer
(P2P) file sharing systems, where a file requester’s query
will be forwarded to a file provider in a distributed man-
ner. P2P file sharing systems can be used in video-on-
demand service and shared digital library applications
where individuals dedicate files which are available to
others. Currently, the median file size of these P2P sys-
tems is very large, and the access to these files is highly
repetitive and skewed towards the most popular ones. In
such circumstances, if a server receives many requests
at a time, it could become overloaded and consequently
cannot reply the requests in a timely fashion. Therefore,
highly-popular files (i.e. hot files) can exhaust the band-
width capacity of the servers, and lead to low file sharing

efficiency.
File replication is an effective method to deal with

the problem of server overload by distributing load over
replica nodes. It helps to achieve high query efficiency
by reducing server response latency and lookup path
length (i.e. the number of hops in a lookup path). A
replica hit occurs when a file request is resolved by a
replica node rather than a file owner. Replica hit rate
is the percentage of the number of file queries that are
resolved by replica nodes among total queries. Higher
hit rate means higher effectiveness of a file replication
method.

Recently, numerous file replication methods have
been proposed [1, 2, 3, 4, 5, 6, 7, 8, 9], and most meth-
ods replicate or cache a file on the nodes along the query
path from a requester to a file owner. However, though
these methods can improve query efficiency but come at
a cost of high overhead. We use path to denote these
methods. Since more replicas lead to higher query effi-
ciency and vice versa, a challenge for a replication algo-
rithm is how to minimize replicas and still achieve high
query efficiency. To deal with this challenge, this paper
presents a Lightweight and Self-Adaptive file replication
algorithm (LSA) that achieves high query efficiency at
a significantly low cost. A significant feature of LSA is
that it achieves an optimized tradeoff between query ef-
ficiency and overhead of file replication. Instead of cre-
ating replicas on all nodes on a client-server path, LSA
chooses query traffic hubs (i.e. query traffic conjunction
nodes) as replica nodes to ensure high replica hit rate.
It achieves comparable query efficiency to Path but with
much less replicas.

Another feature of LSA is that it adaptively adjusts
file replicas to non-uniform and time-varying file popu-
larity and node interest in a decentralized self-adaptive
manner. Unlike other algorithms in which a file owner
determines where to create or delete replicas in a central-
ized fashion, LSA lets nodes themselves decide whether
to store or delete replicas based on the query traffic.



LSA is independent of P2P structure. We intend our
results to be applicable to both structured P2P over-
lays [10, 11, 12, 13, 14, 15] and unstructured P2P over-
lays [6, 16, 17, 18].

The rest of this paper is structured as follows. Sec-
tion 2 presents a concise review of representative file
replication approaches for P2P systems. Section 3
presents the LSA file replication algorithm. Section 4
shows the performance of LSA in comparison with an-
other approach with a variety of metrics, and analyzes
the factors effecting file replication performance. Sec-
tion 5 concludes this paper.

2 Related Work

Recently, numerous file replication methods have
been proposed. PAST [1] replicates each file on a set
number of nodes whose IDs match most closely to the
file owner’s ID. It uses file caching along the lookup path
to minimize query latency and balance query load. Sim-
ilarly, CFS [2] replicates blocks of a file on nodes im-
mediately after the block’s owner. It also caches a file
location hint along a path to improve query efficiency.
Stading et al. [3] also proposed to replicate a file in local-
ity close nodes near the file owner. Overlook [4] places
a replica of a file on a node with most incoming lookup
requests for fast replica location. It needs to keep track
of client-access history to decide the replica nodes.

Gnutella [6] replicates files in overloaded nodes at the
file requesters. In LAR [5], a node makes decisions of
file replication based on its load. LAR specifies the over-
loaded degree of a server that a file should be replicated.
In addition to replicating a file at the requester, it also has
file location hint along the lookup path. Backslash [3]
pushes cache to one hop closer to requester nodes as soon
as nodes are overloaded.

Freenet [19] replicates files both on insertion and re-
trieval on the path from the requester to the target. PAST
[1], CFS [2], LAR [5], CUP [7] and DUP [8] perform
caching along the query path. Cox et al. [9] studied pro-
viding DNS service over a P2P network. They cache in-
dex entries, which are DNS mappings, along query paths.

LSA replicates a file at nodes in a path with high query
load of the file, which improves replica hit rate and query
efficiency and meanwhile reduces replicas. Unlike most
of these methods, in which a file owner needs to keep
track of replica nodes for replica creation and removal,
LSA conducts the replica adjustment in a decentralized
manner.

There are other studies for file replication in unstruc-
tured P2Ps [20, 21, 22, 23]. These works study the sys-
tem performance such as successful queries and band-

width consumption when the number of replicas of a
file is proportional, is uniform and is square-root pro-
portional of the query rate. These works focused on the
relationship between the number of replicas, file search
time and load balance, but they did not investigate the
impact of replica location on file query efficiency. LSA
mainly studies where to replicate files to achieve compa-
rably query efficiency with less replicas.

Splitting a large file into small pieces can increase the
service capacity of a large file rapidly. Replicating file
location hint along query path can further improve file
query efficiency. LAR can employ the techniques to fur-
ther improve its performance. These techniques are or-
thogonal to our study in this paper.

3 LSA File Replication Algorithm

3.1 Lightweight File Replication

In P2P file sharing systems, some nodes carry more
query traffic load while others carry less [24, 25]. There
will be more query traffic along the query paths from the
frequent file requesters and the file owners. Based on this
observation, we can choose query traffic hubs or frequent
requesters as replica nodes, so that the queries from dif-
ferent direction can encounter the replica nodes, increas-
ing the hit rate.

We define query rate of a file f , denoted by qf , as the
number of queries initiated by a requester or forwarded
by a node during unit time period T . LSA sets a thresh-
old for query rate, Tq . If a node’s qf > Tq , it is a frequent
requester or traffic hub for file f . When a node initiates
or forwards a file request, it checks its qf . If qf > Tq , it
incorporates a file replication request and its qf into the
file query.

In addition to the original owner of a file, a replica
node can also replicate the file. We use server to denote
both the original file owner and replica nodes. We use a
server’s visit rate to represent its query load denoted by
l. We use c to denote a node’s capacity represented by
the number of queries it can respond during T . We use
node utilization to denote the fraction of a node capacity
that is used, represented by l/c. Each server i records its
query load li over T periodically, and checks whether it
is overloaded.

When overloaded, a server firstly orders the replica-
tion requesters based on their qf in descending order.
Then, it retrieves requesters in the list one at a time,
and replicates f at the requester until the server is lightly
loaded. This scheme guarantees that nodes with higher
query rates have higher priorities to be replica nodes,
which lead to higher replica hit rate.



Table 1. Simulated environment and pa-
rameters.

Parameter Default value
File distributon Uniform over ID space
Number of nodes 4096
Node capacity c Bounded Pareto: shape 2

lower bound: 500
upper bound: 50000

Number of queried files 50
Number of queries per file 1000
Number of replication operations 5-25
Tq 5
T 1 second

3.2 Self-Adaptive File Replica Adjustment

In previous methods, a file server maintains informa-
tion of its replica nodes to manage the replicas and dis-
seminates information about new replica sets. Rather
than depending on such a centralized method, LSA
makes replica adjustment in a decentralized self-adaptive
manner.

Typically, LSA lets each node periodically update its
query rate of each file. If a node’s qf > Tq , it re-
quests to have a replica as introduced in the previous
section. If a replica node’s qf < δTq , where δ is a
under-loaded factor, which means the utilization of the
replica is low, the replica node records the replica as
infrequently-used replica. When the qf < δTq condition
occurs for a specified number of time periods, or when
the node needs more space for other replicas, the node
removes the replica. When a file is no longer requested
frequently, there will be less file replicas for it. The adap-
tation to query rate ensures that all file replicas are worth-
while and there is no waste of overhead for unnecessary
replica maintenance, thus ensuring high replica utiliza-
tion. Due to space constraints, for more details of LSA,
please see [26].

4 Performance Evaluation

We designed and implemented a simulator for eval-
uating the LSA algorithm based on Chord P2P sys-
tem [10]. We use system utilization to represent the frac-
tion of the system’s total capacity that is used, which
equals to

∑n
i=1 li/

∑n
i=1 ci.

We compared the performance of LSA with Path. Ex-
periment results show that LSA achieves high file query
efficiency and high hit rate with less file replicas. To

be comparable, we used the same number of replication
operations when a server is overloaded in all replication
algorithms. In a replication operation, the server chooses
all nodes in a lookup path in Path to replicate a file. As
a result, LSA replicates a file to a single node while Path
replicates a file to a number of nodes in one replication
operation.

We assumed bounded Pareto distribution for node ca-
pacities. This distribution reflects the real world where
there are machines with capacities that vary by differ-
ent orders of magnitude. The file requesters and re-
quested files in the experiment were randomly chosen.
File lookups were generated according to a Poisson pro-
cess at a rate of one per second as in [10]. Table 1 lists
the parameters of the simulation and their default values.
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Figure 1. Average path length .

4.1 Effectiveness of Replication Algorithm

One ultimate goal of a file replication algorithm is
to improve the file lookup efficiency. With an effec-
tive file replication algorithm, a file request can meet a
replica node earlier in routing, leading to shorter lookup
path length. This experiment is to show the effective-
ness of LSA in reducing file lookup path length. Fig-
ure 1 plots the average lookup path length of different
approaches versus the number of replication operations
when a server is overloaded. We can see that LSA leads
to approximately the same path length as Path. Un-
like LSA that replicates a file only in one node in each
file replication, Path replicates in nodes along a query
path. Therefore, it increases replica hit rate and produces
shorter path length. LSA can achieve almost the same
lookup efficiency with much less replicas, since it repli-
cates a file only in one node every time. This result im-
plies the effectiveness of LSA to replicate files in nodes
with high query rate including traffic hubs and frequent
requesters, which enhances the utilization of replicas and
hence reduces the lookup path length. LSA is almost as



effective as Path in improving file lookups, but generates
much less overhead in file replication than Path.
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Figure 2. Replica hit rate.

An effective file replication algorithm should enable
a file requester to have a high probability to encounter
a replica node. That is, it should lead to a high replica
hit rate. Figure 2 demonstrates the replica hit rate of dif-
ferent file replication approaches. We can observe that
Path leads to higher hit rate than LSA. Path replicates
files at nodes along the routing path. More replica nodes
render higher possibility for a file requester of meeting a
replica node. However, its efficiency is outweighed by its
prohibitively cost of overhead for keeping track of query
paths and maintaining much more file replicas. Though
LSA leads to slightly lower replica hit rate than Path, it
achieves comparable performance in improving lookup
efficiency as shown in Figure 1.

4.2 Overhead of Replication Algorithm

Figure 3 illustrates the total number of replicas in dif-
ferent approaches. It shows that the number of repli-
cas increases as the number of replication operations in-
creases. This is due to the reason that more replication
operations for a file produce more replicas. The num-
ber of replicas of Path is excessively higher than LSA.
It is because in each file replication operation, a file is
replicated in a single node in LSA, but in multiple nodes
along a routing path in Path. Therefore, Path needs much
higher overhead for file replication and replica mainte-
nance. This result show that LSA generates much less
overhead in file replication than Path, while achieving
comparable effectiveness in improving file lookup effi-
ciency. It implies that LSA is effective to replicate files
in traffic hubs or frequent requesters.
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Figure 3. Number of replicas.

5 Conclusions

This paper proposes a Lightweight and Self-Adaptive
file replication algorithm (LSA) that chooses query traf-
fic hubs and frequent requesters as replica nodes to guar-
antee high utilization of replicas and high query effi-
ciency. It leads to higher scalability and guarantees high
replica utilization. Simulation results demonstrate the
superiority of LSA in comparison with another file repli-
cation approach. It dramatically reduces the overhead
of file replication and produces significant improvements
in lookup efficiency. Its low overhead and high effec-
tiveness are particularly attractive to the deployment of
large-scale P2P file sharing systems.
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