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1 Introduction

Data is increasingly becoming one of the dominant resources in private and corporate life. More and more
data needs to be available immediately to avoid disruption of many critical processes. This flood of data
needs to be stored reliably while allowing for quick access. Peer-to-peer (P2P) systems with their deliberate
avoidance of single-points-of-failure are gaining a reputation to provide resilient storage even under partial
outages.

Many P2P systems support efficient retrieval of the document when its unique ID is known. Often this
ID is not known, but a set of query items describing a set of documents. An open problem for widely
distributed, heterogeneous P2P systems is how to search for stored documents efficiently. The goal of this
thesis is to improve the knowledge in this field, resulting in more efficient search.

2 Current Search Strategies

A variety of search strategies have been tried since the term “peer-to-peer” was born only a few years ago.
One path has been the evolution from brute-force flooding of the network [1], scouting associative graphs
[2] to limited flooding in semantic structures [3]. Another avenue has been the use of a structured overlay
network providing the distributed hash table (DHT [4, 5, 6, 7, 8]) abstraction and implementing indices on
top of it, as exemplified by using the DHT to store tables for [9] or querying distributed inverted indices
[10, 11]. The latter use Bloom filters [12, 13] to limit the amount of information transmitted in the query
phase.

3 Task Description

To evaluate a query which refers to multiple Inverted indices, both sets traditionally must be present on the
same machine when performing boolean operations on them. While this can be done in streaming mode
[14] to reduce temporary storage requirements, the network bandwidth to transmit the data is still necessary
and is expected to be the bottleneck in the typical case, i.e. the multi-site scenario. Despite the gains that
have been achieved by using Bloom filters [12, 13], the amount of information to be transferred can still be
many orders of magnitude larger than the size of the result set.

The goal of this thesis is to improve this query evaluation process in the following three steps.

3.1 Hierarchical Coding

To improve the worst case, hierarchical Bloom filters can be used. A naive implementation of the resulting
multi-stage process will require many round-trip times and thus increase the latency until a result can be
returned. The goal of this task is to find and evaluate methods which can be used to

• create efficient hierarchical codes which minimize the overhead introduced,

• define boolean set operations on top of this hierarchical code, and

• automatically determine an optimal strategy when and how this improvement should be used.
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3.2 Improved Coding

Bloom filters provide a simple and easily understandable mechanism for lossy data compression with a
defined error behavior (i.e., errors are limited to false positives). Investigate alternative, more efficient
lossy compression schemes which maintain a reasonable subset of the set operations [11].

Are there alternative error behaviors that might lead to better compression while still resulting in useful
set operation approximations?

3.3 Exchange of Relevance Information

Can compressed set representations be used to efficiently convey relevance information of members in the
result set? Are the appropriate for set compression? Can the error of the final relevance score be bounded?

Consider the following sources of relevance information and evaluate which ones are feasible metrics
in this scenario at all and which one would work best.

Static. Each document is assigned a fixed priority.

Google. The priority of a document is dependent of the priority of documents refering to it.

Teoma. The priority of a document is dependent of the priority of other documents refering to it and matching
the same query.

4 General Comments

• Present a project time line after two weeks.

• There will be weekly meetings with the supervisor.

• Prepare a short intermediary report of 1–2 pages by mid-thesis.

• At the end of your thesis, the following has to be handed in: Source codes and a report (in English)
including a one-page summary in both German and English.

• Source code is to be presented in machine-readable form (ASCII or UTF-8).

• The report should follow the rules of a scientific publication and include performance measures of the
prototype. Two paper copies and a PDF document of the report have to be submitted. The summary
is to be submitted in ASCII, UTF-8, or HTML as well.

• The final presentation of the project at both IBM and ETH is an integral part of the thesis.

• Development environment: Well-known system or language of your choice.

• Intellectual property and confidentiality rights and duties are handled in a separate contract.

5 Administrativa

Responsible Professor: Prof. Dr. Roger Wattenhofer, ETH Zürich
Supervisor: Dr. Marcel Waldvogel and Dr. Paul Hurley, IBM Research GmbH
Start: 7 September 2004
End: 6 February 2005
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