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ABSTRACT

As an alternative to traditional client-server systems, Peer-to-Peer (P2P) systems provide major
advantages in terms of scalability, autonomy and dynamic behavior of peers, and decentralization
of control. Thus, they are well suited for large-scale data sharing in distributed environments. Most
of the existing P2P approaches for data sharing rely on either structured networks (e.g., DHTs) for
efficient indexing, or unstructured networks for ease of deployment, or some combination. However,
these approaches have some limitations, such as lack of freedom for data placement in DHTs, and
high latency and high network traffic in unstructured networks. To address these limitations, gossip
protocols which are easy to deploy and scale well, can be exploited. In this book, we will give a
overview of these different P2P techniques and architectures, discuss their trade-offs and illustrate
their use for decentralizing several large-scale data sharing applications.

KEYWORDS

large scale data sharing, peer-to-peer systems, DHT, unstructuted overlays, gossip pro-
tocols, top-k queries, recommendation, content sharing, caching, CDN, on-line com-
munities, social-networks, information retrieval



Contents

Preface ... ... o xi
Acknowledgments . ............ . ... xiii
P2P Overlays, Query Routing, and Gossiping ................................ 1
1.1 P2P Overlays ..o 1
1.1.1 Unstructured. . ..o e 2
1.1.2 Structured .. ov oo 2
113 SUPEI-PEET ..ttt ittt 3
1.1.4 Comparing P2P Overlays............ .. ... oo 3
1.2 Query Routing .. ..ot e 4
1.2.1 Query Routing in Unstructured Overlays ......... ... ... ... ..o ... 5
1.2.2 Queryroutingin DHTs ... ... 8
1.2.3 Query Routing in Super-Peers............ ... ... o i 12
1.3 Gossip Protocols ...... ... 14
1.4 Replication .........oouiiuiiiii 17
1.5  Advanced Features on P2P Overlays............ ... oot 18
1.5.1 Locality-Aware Overlays .........couiiiiiiiiiiii i 18
1.5.2 Interest-Based Overlays ......... ..o, 20
1.5.3 P2P Overlay Combination . ...........oiiiiiiiiiiiiiniannn... 21
1.6 ConClusION . ..ottt 22
Content Distributionin P2P Systems . . .......... ... .. ... .. .ol 25
2.1 Introduction ... ...t 25
2.2 Insights on Traditional Content Distribution ....................... ... ... 26
2.2.1 Background on Web Caching ............ ... i, 26
2.2.2 Overview of CDN ... 27
2.2.3 Requirements and Open Issues of CDN ........ .. ... ... 27
2.3 P2P Content Distribution . .........ouuuutteiie i, 29
2.3.1 Advanced Features Used by Large-Scale P2PCDN .................. 29
2.3.2 P2P CDN SolUtions . ..ottt 31

2.4

ConCIUSION .« ottt et e e 39




Recommendation Systems............. ... .. . i 41

3.1 Overview of Recommendation ............ ... 42
3.1.1 Collaborative Filtering ...... ..ottt 43
3.1.2 Content-based Filtering ........... ... .. ..o i il 44
3.1.3 Social Networks . . ..ot e 45
3.2 P2P Content Management. ........c.o.ueuutiiuieniiii i, 46
3.2.1 Clustering Overlays. ...ttt i 47
3.2.2 Shortlinkoverlay........ ... ..o 48
3.3 P2P Recommendation. ...........uuuuuieenineeeiiii i 49
3.3.1 Basic P2P prediction ... i 49
3.3.2 Social P2P Prediction Systems ..........couuiiiiiiiiiiiiii . 51
3.4 ConCIUSION .\ttt ettt e e 54
Top-k Query Processingin P2P Systems ................. ... .. ... .. ..., 57
4.1  General Model for Top-k Queries............ ..ot 58
4.2 Top-k Queries In Distributed Systems . .......... ... ..o 61
43 Top-k Queries In P2P Systems ........... ... ..o i 64
4.3.1 Top-k Queries in Unstructured Overlays ................ ... ..., 64
4.3.2 Top-k Queries in Super-peer Overlays.............. ... ... 69
4.3.3 Top-kQueriesin DHTs . ...... ... .. i 70
4.4 ConclUSION ..ottt e 72
Bibliography . . ... ... .. .. 75

Authors’ Biographies .......... ... ... . .. i 89



Preface

The Web 2.0 has brought a paradigm shift in how people use the Web. Before this Web evolution,
users were merely passive consumers of content that is provided to them by a set of websites. In a
nutshell, Web 2.0 offers an architecture of participation where individuals can participate, collaborate,
share and create content. Web 2.0 applications deliver services that get better the more people use
it, while providing their own content and remixing it with others content. Today, there are many
emerging websites that have helped to pioneer the concept of participation in Web 2.0. Popular
examples include the online encyclopedia Wikipedia that enables individuals to create and edit
content (articles), social networking sites like Facebook, photo and video sharing sites like YouTube
and Flickr, as well as wikis and blogs. Social networking is even allowing scientific groups to expand
their knowledge base and share their theories which might otherwise become isolated and irrelevant.

With the Internet reaching a critical mass of users, Web 2.0 has encouraged the emergence
of peer-to-peer (P2P) technology as a new communication model. The P2P model stands in direct
contrast to the traditional client-server model, as it introduces symmetry in roles, where each peer is
both a client and a server. Whereas a client-server network requires more investment to serve more
clients, a P2P network pools the resources of each peer for the common good. In other terms, it
exhibits the network effect as defined by economists: the value of a network to an individual user
scales with the total number of participants. In theory, as the number of peers increases, the aggre-
gate storage space and content availability grow linearly, the user-perceived response time remains
constant, whereas the search throughput remains high or even grows. Therefore, it is commonly
believed that P2P networks are naturally suited for handling large-scale applications, due to their
inherent self-scalability. Since the late 1990s, P2P technology has gained popularity, mainly in the
torm of file sharing applications where peers exchange multimedia files. Chapter 1 covers the most
relevant P2P concepts and overlays.

Under the Web 1.0 context, the content of web-servers is distributed to large audiences via
Content Distribution Networks (CDN). The main mechanism is to replicate popular content at
strategically placed and dedicated servers. As it intercepts and serves the clients queries, a CDN
decreases the workload on the original web-servers, reduces bandwidth costs, and keeps the user-
perceived latency low. Given that the Web is witnessing an explosive growth in the amount of
web content and users, P2P networks seem to be the perfect match to build low cost infrastruc-
tures for content distribution. This is because they can offer several advantages like decentralization,
self-organization, fault-tolerance and scalability. In a P2P system, users serve each other’s queries by
sharing their previously requested content, thus distributing the content without the need for power-
tul and dedicated servers. Chapter 2 presents an overview of P2P solutions for CDN decentralization
over different P2P overlays.
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More recently, P2P technologies have also been exploited for on-line communities, where
participants are willing to post contents in order to share them. Interestingly, some on-line com-
munities’ participants prefer to keep and share their contents in their own workspace. For instance,
in modern e-science, such as bio-informatics, physics and environmental science, scientists must
deal with overwhelming amount of content (experimental data, documents, images, etc.) wishing to
keep their contents in their own PC’s instead of storing it in untrusted servers. Again, this seems
a perfect match to P2P networks. P2P File-sharing systems have proven very efficient at locating
content given specific queries. However, few solutions exist that are able to recommend the most
relevant documents given a keyword-based query. This requires the use if recommendation methods.
Chapter 3 presents some interesting P2P solutions for decentralized recommendation.

In very large-scale P2P systems, for each user’s query there may be a huge number of answers
most of which may be uninteresting for the user. Top-k queries have proved to be very useful to avoid
overwhelming the user with large numbers of uninteresting answers. In addition, by filtering useless
results they can significantly reduce the network traffic in P2P systems. By definition, a top-k query
returns only the k data the most relevant to the users query. The relevance of data can be measured
by a scoring function that the user specifies. In Chapter 4, we present some interesting approaches
for top-k query processing in P2P networks.

A very interesting lecture on P2P Data Management can be found in Aberer [2010]. The
authors focus on P2P management for data management, data integration and documents retrieval
systems. Different from Aberer [2010], our goal is to show how different P2P technologies can be
used generically for application decentralization focusing on Top-k, CDN and Recommendations
systems.

Esther Pacitti, Reza Akbarinia, and Manal El-Dick
April 2012
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