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Abstract

The increasing number of documents to be indexed in many environments (Web, intranets, digital libraries)
and the limitations of a single centralised index (lack of scalability, server overloading and failures), lead to
the use of distributed information retrieval systems to efficiently search and locate the desired information.

This work is a case study of different architectures for a distributed information retrieval system, in order to
provide a guide to approximate the optimal architecture with a specific set of resources. We analyse the

effectiveness of a distributed, replicated and clustered architecture simulating a variable number of
workstations (from 1 up to 4096). A collection of approximately 94 million documents and 1 terabyte (TB) of
text is used to test the performance of the different architectures. In a purely distributed information
retrieval system, the brokers become the bottleneck due to the high number of local answer sets to be
sorted. In a replicated system, the network is the bottleneck due to the high number of query servers and the
continuous data interchange with the brokers. Finally, we demonstrate that a clustered system will
outperform a replicated system if a high number of query servers is used, essentially due to the reduction of
the network load. However a change in the distribution of the users’ queries could reduce the performance
of a clustered system.

Introduction

The number of documents available on the Web is increasing daily, from several thousands in 1993 to more
than 4 billion indexed by Google (2004) in 2004. There are several challenges faced by Web Information
Retrieval (IR) systems in this highly dynamic environment. One major challenge is how to efficiently locate
the desired information into all available data. Recent research in Web IR has led to the development of
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highly effective search engines that allow users to locate relevant or useful documents. A second challenge at
the system level is how to design retrieval engines that can process a massive number of documents, while
handling a considerable number of queries simultaneously.

Retrieval systems based on a single centralised index are subject to several limitations: lack of scalability,
server overloading and failures (Hawking & Thistlewaite, 1999). Therefore, given these facts, it seems more
appropriate to turn to the Distributed Information Retrieval (DIR) approach for the storage and search
processing.

In a distributed search environment, there are usually two basic strategies for distributing the inverted index
over a collection of query servers (Ribeiro-Neto & Barbosa, 1998; Tomasic & Garcia-Molina, 1993). One
strategy is to partition the document collection so that each query server is responsible for a disjoint subset
of documents in the collection (called local inverted files in Ribeiro-Neto & Barbosa (1998)). The other option
is to partition based on the index terms so that each query server stores inverted lists corresponding to only
a subset of the index terms in the collection (called global inverted files in Ribeiro-Neto & Barbosa (1998)). In
the local inverted file organisation, a search term will be broadcasted to all the query servers, each of which
would return a disjoint list of relevant documents. In the global inverted file organisation, only some query
servers will receive some query terms, each of which would return a list of relevant documents for each
term. Performance studies described in (Tomasic & Garcia-Molina, 1993) indicate that the local inverted file
organisation uses system resources effectively, provides good query throughput in most cases and is more
resilient to failures.

From the collection point of view, a distributed information retrieval system could follow a single-collection
model or a multi-collection model (Callan, 2000). In the single-collection model, the collection of
documents is indexed and distributed as a whole. In a multi-collection model, the whole collection of
documents is divided into sub-collections that are indexed independently, where each sub-collection could
have the inverted index distributed. A central server stores the descriptions of each sub-collection, and a
sub-collection selection service will identify the most relevant sub-collection(s) for each query. The query is
sent to the most relevant sub-collections and the results are merged considering that different rankings
schemes could have been used.

This work is a case study of different architectures for a distributed information retrieval system. The SPIRIT
collection (94,552,870 documents and 1 terabyte (TB) of text) (Jones et al., 2002) is used for the simulation
of the distributed IR system. We partition the collection of documents using a local inverted file strategy, and
we test the response times for different configurations. Although the obtained timings depend on the
specific system simulated (Plachouras, Ounis, Amati, & van Rijsbergen, 2002), the trends and conclusions
should be independent of the system used. In this way, we intend to provide a guide to estimate the optimal
architecture of a distributed IR system to index and search a very large collection like SPIRIT.

The improvements in the performance of a single-collection model are examined in a distributed and
replicated system. Moreover, the effects of a multi-collection model are tested through a clustered system.
Using the query topics provided in (Spink, Jansen, Wolfram, & Saracevic, 2002), we define a clustered system
and compare its performance with a replicated system in order to measure the effect of changes in the query
topics through time.
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We start by presenting the related work in Section 2. In Section 3, we describe our simulation model,
starting with the analytical model for a basic, not distributed, IR system. Next, a generic collection model is
described and the key components of a distributed IR system are analysed. In Section 4, we describe the
simulations performed for the different architectures: distributed, replicated and clustered system, and the
results obtained. Finally, the main conclusions and the future work are presented in Section 5.

Section snippets

Related work

Related work for distributed IR systems includes the evaluation of the architecture performance, data
partitioning, caching and multiprocessor systems. However, the work on architecture performance is the
most directly related to this paper.

Harman, Mccoy, Toense, and Candela (1997) showed the feasibility of a distributed IR system, by developing
a prototype architecture and performing user testing. However, they used a very small text collection (less
than 1 GB data), and did not analyse ...

Simulation model

To explore the performance of different architectures for a distributed IR system, we implemented a discrete
event-oriented simulator using the JavaSim simulation environment (Little, 2001).

The simulation model defined in this work is divided into three parts. Initially an analytical model has been
developed for the simulation of a simple IR system based on the WT10g collection and the queries from the
topic-relevance task of TREC10 (Hawking & Craswell, 2001), using a single server. Next, a ...

Simulation results

This section describes the results of several experiments, in which we used the simulation model described
in the previous section. The objective is to investigate different approaches for the distribution and
replication of the collection using a cluster of query servers, and compare the performance between the
different configurations.

All the simulations are based on the 1 TB SPIRIT collection model. We model the queries with the skewed
query model and, following a worst case scenario, we ...
Conclusions

In this paper, we have described different architectures for a distributed IR system, analysing the optimal
design (i.e. number of brokers) and estimating the maximum performance achieved with multiple
configurations (from 1 up to 4096 query servers). We have studied the performance of a distributed,

https://www.sciencedirect.com/science/article/abs/pii/S0306457304000585?utm 3/6



A case study of distributed information retrieval architectures to index one terabyte of text - ScienceDirect
replicated and clustered system, and we have established the bottlenecks and limitations of each possible
configuration. Our work extends previous works with respect to both the size of the ...
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