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Abstract. An increasing number of digital library management systems
is developed following P2P architectures to overcome the bottlenecks
of client/server architectures. Usually, the participating peers are less
dependable than traditional servers. Hence, a P2P system needs to deal
with failures of single peers to avoid overall system failures. Replication
is a means to improve availability of resources. We empirically investigate
the influence of replication techniques on availability by simulations. We
focus on voting-based replication control strategies which offer one-copyserializability in the context of our XPeer architecture.
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Introduction

Peer-to-peer (P2P) digital libraries are highly dynamic as they shall facilitate
data sharing among users. The churn rate is high as their peers enter and leave
the system frequently. Hence, the dependability of peers is worse than the corresponding characteristics of traditional servers. Particularly, current P2P systems employ small-world topologies, cross-partition pointers, self-organization
and periodic description updates to improve dependability [10]. In summary,
these means aim at maintaining the topology and communication among available peers in the presence of failing peers.
P2P systems offer services which are delivered by participating peers. The
operation of a service requires access to resources, like databases. Usually, these
resources are hosted by the peers which deliver the service. If the hosting peers
fail, the service crashes jointly. Hence, means of retaining communication and
topology do not suffice to improve dependability of P2P services. Means must
address the resources hosted on peers as well.
Replication and caching are suitable means to improve availability of resources [6]. Digital library systems provide data and metadata. Usually, caching
is preferred to replication for data like audio and video files as this kind of
content changes rarely. However, metadata is subject to replication, because it
is updated by users frequently, e.g., to rate content. For example, Kovács et
al. describe a peer-to-peer digital library which caches content and replicates
metadata [7].
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P2P systems differ from traditional distributed systems. For example, intermediate peers influence the dependability of communication, and fault characteristics of peers are worse than the corresponding attributes of traditional servers.
Therefore, replication has to be investigated specifically for P2P contexts, because solutions for traditional distributed systems may not be appropriate. Our
work addresses this issue for the voting-based replication strategies Read-OneWrite-All (ROWA) and Majority Consensus [9] as a first step. Particularly,
we explore the availability of read and write operations on replicated resources
compared to non-replicated resources.
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Related Work

Vanthournot et al. propose small-world topologies, self-organization, and crosspartition pointers as means of fault-tolerance within P2P systems [10]. They
simulate P2P systems to investigate the resulting dependability. They focus on
failures of peers and connections, but omit the issue of resources on peers.
Replication based on rumour spreading is proposed for P-Grid [4]. These
algorithms ease consistency conditions to improve availability and performance.
They focus on analyzing the communication overhead.
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The XPeer architecture

P2P systems which are required to be highly dependable in the presence of
frequent updates under a sequential consistency model come into question for
voting-based replication. Our current work includes the XPeer architecture for
data integration within such systems.
XPeer is a logical super-peer architecture which is well suited for digital libraries [1]. It addresses the issue of querying distributed data in a large scale context by realizing an integrated schema. This schema is formed from heterogenous
information sources by classifying data sources into domains and creating user
profiles for query optimizations. Information sources are integrated using XPeer’s
novel concept of super-peer application in a database environment. Super-peers
are used to integrate information sources from clusters of interest or similarity.
However, these sources are prone to disappear in a P2P architecture, causing
problems for the query service and the optimisation process. The Replication
Service described here is used to extend the original architecture.
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Method

The availability of reading a replicated resource must be considered separately
from the availability of writing, because the behaviour of replication control
strategies may differ for reading and writing. We evaluated the resulting values by discrete event-simulation of scenarios. We developed a simulation model
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of peers following real-world implementations like Freenet [3] and incorporated
techniques of replication.
A scenario consists of a P2P system with specific peers, connections, and their
availabilities, a replication strategy and a distribution of replicas to peers. The
set of all possible scenarios is infinite. We restrict ourselves to a subset of scenario
classes for the investigation. The set of all scenarios can be characterized along
five main dimensions: P2P architecture, P2P instantiation, faults, replication
architecture, and replication deployment.
The P2P architecture describes the conceptual layout of a P2P system. The
dimension is subdivided into degree of centralization, structure, and style of communication. The degree of centralization determines whether a system may have
centralized elements, e.g., index servers. The topology of P2P systems may be
structured, e.g., to a ring or small-world topology. The style of communication
describes whether peers are able to communicate indirectly by relaying and forwarding messages. A P2P instantiation is a derivation of an actual P2P system
from an architecture. It describes how many peers participate in the system and
how they are connected. The faults dimension specifies the fault characteristics
of peers and connections. We assume an exponential distribution of faults. For
our purposes, the mean time to failure and the mean time to repair suffice, because the availability and reliability of peers and connections can be derived from
these values [8]. The replication architecture describes the conceptual behaviour
of replicas. Several classifications of replication are known [5, 12]. The replication
instantiation specifies the actual number and distribution of replicas to peers.

5

Results

We derived 36 scenarios classes from the dimensions above. We chose decentralized and super-peer architectures with unstructured, mesh-like, and small-world
topologies and indirect communication. The mesh-like topology is a special type
of a structured topology, whereby each peer is connected to four neighbors to
form a net. A small-world topology is characterized by short paths of intermediate peers between any pair of peers [11]. The number of peers is fixed to 49
for each scenario. The connections are chosen depending on the demands of the
topology. The range of mean times to failure and mean times to repair is derived
from observations of a real-world system [2]. Two simple types of weighted voting are considered for the replication architecture: Read-One-Write-All (ROWA)
and Majority Consensus. The number of replicas is fixed to five for deployment.
Their distribution to peers is managed in two ways: They are located on peers
with best fault characteristics or are allocated according to a normal distribution. Each scenario class is simulated with a single read or a single write access to
acquire the resulting availability. Additionally, each obtained P2P system is simulated with a non-replicated resource to be able to evaluate the relative influence
of ROWA and Majority Consensus.
The results of the simulations for each scenario class are presented in table 1.
The relative influence of the replication techniques compared to the correspond-
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Table 1. Resulting Availability

Scenario Classes
1 Unstructured, Uniform Good
2 Unstructured, Uniform Medium
3 Unstructured, Norm. Distr., Best Peers
4 Unstructured, Norm. Distr., Norm. Distr.
5 Mesh, Uniform Good
6 Mesh, Uniform Medium
7 Mesh, Norm. Distr., Best Peers
8 Mesh, Norm. Distr., Norm. Distr.
9 Super Peer, Uniform Good
10 Super-Peer, Uniform Medium
11 Super-Peer, Norm. Distr., Best Peers
12 Super-Peer, Norm. Distr., Norm. Distr.
Fig. 1. Relative Change Reading / Writing

ing scenario classes without replication is illustrated in figure 1. The ROWA
strategy requires access to a single replica for reading. We expected that the
strategy heavily improves the availability of reading. It has its best influence
for availability of reading for scenario class 12 with about 4.25%. The worst influence occurs for scenario class 5 where no influence was measured at all. Not
surprisingly, it improves reading for most scenarios. However, for some scenario
classes (1, 5, 9) the influence is negligible.
The ROWA strategy requires access to all replicas for writing. Hence, all
hosting peers must be available for executing a write operation successfully. We
expected that the strategy heavily decreases availability of writing, which was
confirmed with relative influences ranging from −32.89% to 0.15%.
The Majority Consensus strategy requires access to more than half of the
replicas for reading and writing. We expected that the strategy improves both
availabilities. The influence for reading was expected to be worse than the influence of ROWA, because access to more than one replica is required. It has its
best influence for scenario class 8 with a relative improvement of about 3.68%.
The worst influence occurs for class 5 where its influence is negligible. In general
our expectation was confirmed as the strategy improves availability for reading
and writing. The influence for read operations was worse than the influence of
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ROWA. However, it exceeds ROWA for the scenario classes 2, 3, and 7. It is interesting to see that it does not decrease availability significantly for any scenario
class we chose.
A broader generalization of the simulation results is a topic for future work.
Even small changes to the scenario may have high impact on the resulting values.
However, our results already indicate at this stage that voting-based replication
strategies are a favourable replication technique for P2P systems when high consistency is required. Even if the peers of the scenario classes had fault characteristics worse than traditional servers, Majority Consensus improves availability
of reading and writing.
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