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ABSTRACT

The peer-to-peer file sharing application has become increasingly popular for
Internet users since the 1999 introduction of Napster. In the past decade, several
more applications have been invented, such as Gnutella, FastTrack, Chord, Freenet,
and BitTorrent. However, all of these applications use the downloading method that
requires the source to be downloaded from one or more resources to one requesting
peer. Now, alternative methods of file sharing delivery have been introduced; some
examples include CELL, CollectCast, DAC, and GnuStream dan PAST, all of which
use streaming to deliver media content to the user.

Because peer-to-peer file sharing and streaming systems - such as Video on
Demand and IPTV - are popular among Internet users, developers and researchers
have a tendency to combine the Video on Demand and peer-to-peer topology into
one system. This way, the channel program of Video on Demand or IPTV can be
inexpensively distributed on the Internet by utilizing the availability of peers; each
peer becomes both a receiver and a supplier to another peer.

Many problems are associated with media streaming of file sharing
applications, some of which include query-saturated networks, high latency in
locating content, attempting to preserve uninterrupted streaming sessions, high peer
load, flash crowds, and bottlenecks. As such, proposed system has been introduced in
an effort to reduce the maintenance cost of overlay network topology, the routing and
access costs of lookup services, and to service costs of streaming sessions. Proposed
system is a combination of pure, client-server, and hierarchical peer-to-peer
topology, and is categorized as a hybrid peer-to-peer business model.

Five experiments, consisting of four simulations and an expert evaluation,
have been executed to determine the performance, scalability, maintecnance,
reliability and usability. The results reveal that proposed system can improve the
quality of file sharing applications by reducing path length, peer load, and total usage
while maintaining the overlay network topology in various churn rates, as well as
locating a file in lookup services. The results also show that proposed system has
sufficient scalability whenever the network size and number of queries increase.
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ABSTRAK

Perisian perkongsian data berasaskan nod-kepada-nod amat popular di
kalangan pengguna Internet sejak kemunculan Napster tahun. Kemudian pelbagai
protokol dicipta seperti Gnutella, FastTrack, Chord, Freenet, and BitTorrent.
Kesemua protokol diatas berasaskan penghantaran data secara muat-turun daripada
satu atau lebih sumber kepada satu peminta. Selepas itu ia mula diganti dengan
kaedah muat-aliran seperti CELL, CollectCast, DAC, GnuStream dan PAST.

Apabila sistem pengkongsian data nod-kepada-nod semakin popular dan pada
masa yang sama permintaan sistem video atas permintaan dan IPTV turut meningkat
maka wujud kecenderungan para pengkaji untuk membangunkan perisian yang
membolehkan nod berkembang scbagai penerima dan penghantar. Eksplotasi
terhadap topologi nod-kepada-nod membolehkan program TV dapat disebarkan
melalui talian Internet secara meluas dengan kos rendah.

Didapati sistem pengkongsian data sedia ada masih ada beberapa masalah
yang antara lain ialah ketepuan network akibat carian data yang meluas, masa
menunggu yang tinggi semasa carian data dilakukan, sering kali sesi muat-lairan
terganggu akibat kehilangan nod didalam sistem, beban kerja yang tinggi, capaian
yang mendadak terhadap satu nod dan kepincangan tugas. Penyelidik mereka-bentuk
sistem hibrid nod-kepada-nod dengan mengabungkan nod-kepada-nod tulin, pelayan-
pelanggan dan hirarki dengan tutjuan untuk mengurangkan kos baik pulih topologi
rangkaian, gelintar-carian dan perkhidmatan muat-aliran dapat dipertahankan.

Penyelidik telah mengadakan cmpat eksperimen melalui simulasi
berkomputer di makmal, dan satu eksperimen berasaskan penilaian oleh para
pengguna tegar sistem nod-kepada-nod. Hasil kajian menunjukkan bahawa sistem
yang dicadangkan dapat meningkatkan kualiti perkhidmatan kepada perisian
pengkongsian data secara muat-aliran dengan mengurangkan panjang-aliran, muatan-
beban dan jumlah pengunaan mesej berbanding sistem nod-kepada-nod yang lain
semasa proses carian data dan kekerapan keluar-masuk nod dalam rangkaian. Hasil
kajian juga mendapati bahawa sistem memiliki keutuhan anjalan yang baik bila
bilangan nod dan permintaan carian bertambah.
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CHAPTER 1

INTRODUCTION

1.0 Introduction

File sharing becomes trendier as peer-to-peer applications continue to emerge
and provide options for the community to share their content, such as KaZaA,
BitTorrent, eDonkey2000, Napster, Gnutella and Freenet. Nowadays P2P technology
is used not only for downloading but also for streaming. Researchers have been
trying to implement media streaming in a P2P environment, such as CELL,

CollectCast, SplitStream, ZIGZAG, PeerStream and GnuStream.

This research study focuses on streaming concepts instead of downloading
for file-sharing applications. There is a difference between downloading and
streaming techniques, as referred to anon. (2006). First, in streaming, the media plays
while it is being transferred; whereas in downloading, files from the peet’s storage
centre are stored directly onto a local storage disk. So, in a download-based system,
the user does not need to be ready to watch a video, whereas in a streaming-based

system, the user should be prepared to watch it once the content has been transferred.
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Secondly, in a streaming environment, the user can determine if the media is
what the user wants after transferring only a few seconds of it, whereas in the
download method the user can not do that. Furthermore, it can be disappointing to
discover that the content is not right after eight days of a download process, as can

happen with a particularly large media file.

Last but not least, the download environment allows users to have a local
copy to modify, store and copy to different locations, or to share with others, whereas
in streaming an owner can protect the copyright. In this proposed design a streaming
concept instead of a download concept has been introduced, but the platform still can

be used for other P2P applications.

1.1  Background

P2P systems can be based on an overlay network topology, which is
structured, as well as on unstructured systems. Keong et al. (2005) and Chawathe ef
al. (2003) defined the structured overlay network topology as tightly controlled and
characterised routing the query message to overlay paths as easy, whereas the
unstructured system is composed of peers joining and leaving the network with some

loose rules, but without any prior knowledge of the topology.

In both structured and unstructured P2P overlay network topologies, there are
different possibilities of guarantee to locate data. Gnutella cannot guarantee its
ability to locate data, although it uses flooding. Gnutella requires O(N) steps with a
limited TTL, whereas the centralized servers of Napster, BitTorrent, SPON, and
eDonkey2000 should, in theory, be able to provide the location of data. Meanwhile,
the majority of structured P2P lookup services offer DHT, in which DHT can
guarantee data location within their overlay network topology. The application
translates the exact name of the file into a key and performs a query to match a key
over DHT routing information; in example, Chord and Viceroy can locate data in

small O(log N), where N is the number of peers in the network.
2
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Napster is a pioneer in introducing a centralized server. The server will
collect all meta-data and provide a location of data to peers. SPON, proposed by
Riley and Scheideler (2004a), and Kothapalli and Scheideler (2005), is a tree-based
network that manages group updates and supports efficient broadcasting. SPON uses
a supervisor peer to maintain the network during node arrivals and departures and

routes broadcasts using direct connections between nodes.

BitTorrent has a meta-data collector server, which stores .forrent files, as well
as a tracker server, which keeps track of the peer activity (in example, download and
upload) and availability of the pieces of files. In this P2P system, the response time
of lookup services is constant, and the resulting set of queries are in multiple files
and peers (online and offline). Unfortunately, the BitTorrent server does not take
care of any contents deleted from the system. In other words, the central server still
stores the .forrent file, although that particular file does not exist anymore in the

network.

It is no wonder that eDonkey2000 also implements the idea of a centralized
server. Unfortunately, on September 28, 2005, eDonkey2000 officially closed its
doors due to illegal downloading. eDonkey2000 received a cease-and-desist letter
from the Recording Industry Association of America as a result of the June 2001
Supreme Court ruling that makers of software that facilitates copyright infringement
are liable for that infringement (Veiga, 2006).

The P2P researchers believe that, in order to be a success in P2P applications,
systems need to protect the content, the content owner, the peer itself and also
sharing activities. Researchers should consider implementing the appropriate

protection mechanism into P2P file-sharing applications.

Many previous studies show that researchers tried to take advantage of the
different characteristics of peers such as offer rate, available bandwidth, buffer,
storage, memory, uptime, etc., to offer better quality of downloading or streaming

process.
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Gnutella proposed Ultrapeer topology, in which the peer itself becomes a
server. Ultrapeers perform extra work, however, compared to a normal peer. They
have to receive multiple meta-data and query requests from connected peers. To
become an ultrapeer, the peer should be able to meet the constraints; not be
firewalled, and have a suitable operating system as well as sufficient bandwidth,

uptime, RAM and CPU speed.

KaAza also introduced a similar ultrapeer called the SuperPeers. The
difference is that the peers can nominate themselves as SuperPeers, although their
connection speed is 128kbps or the CPU speed is 445 MHz! Kleis ef al. (2005a;
2005b) propose LST which is designed to have lower complexity and management
overhead than structured P2P overlay network topology. Another study conducted by
Xiao ef al. (2005) shows that the quality of a SuperPeer system is significantly
improved under the DL.M algorithm. In DLM, every peer decides to be a SuperPeer
or leaf-peer independently without global knowledge.

There are a few systems proposed that use multicast technology to support
streaming to a large number of receivers simultancously, and their intention is to
stream from one single-source to many peers. This technique can be used to improve
the quality of media streaming, such as IPTV and video on demand. Xu et al. (2002),
ZIGZAG (Tran et al., 2003), GridMedia (Zhang et al., 2005), and Split-Merge
(Kulkarni and Markham, 2005) are using peer-to-peer topology, in which these
systems utilize the existence of nodes to receive and distribute the packet stream to
other nodes. ZIGZAG is concerned about the unpredictable nature of peer behaviours
and resource limitations at the receiver peer. In Split-Merge, they take into

consideration the upstream capacity.

Cai et el. (2005) proposes CELL mechanism to utilize the peer buffers, in
which the supplying and requesting peer will determine whether the requesting peer
should be able to cache some of the segmented video files. CELL uses Gnutella-like
lookup services and stops the query once the system finds one caching host. Freenet
(Clarke et al., 2000) also implemented caching; if a file is found during lookup

4
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service, and the file is successfully retrieved by the original requester, then the file

will cache on sequence upstream requester.

In CollectCast applications, the Hefeeda er al. (2003) use offer rate and
available bandwidth as an indicator of peer goodness. They utilise modified Tapestry
lookup services, and return one or more supplier peer. Then, CollectCast does a peer
selection based on offer rate and available bandwidth over topology-aware selection
techniques. Thus, two groups of peers will be created: active sender and standby
sender. CollectCast dynamically switches active senders and standby senders, so that

the collective network performance out of the active senders remains satisfactory.

In this part of the research, the researcher focuses on the distributed and
supervised peer, how to rank the peers, file delegation and dynamic standby peers.
The proposed design uses the advantages of the server-client business model to
search and retrieve information. To make sure there is no flash crowd or excessive
access by users, the proposed design needs to improve the delegation policy. To
provide a dynamic standby peer, the system uses a content hash key value as an
indicator to search for an identical content in the P2P network. Proposed designs
consider the selection of the best peer to serve a streaming session as a crucial step in

providing a good quality video stream.

1.2 Problem statement

1.2.1 Traffic, peer load and latency

The main problem of pure P2P systems is to assign and locate resources
among peers. P2P systems differ in the way in which they construct the overlay
topology and distribute queries from node to node. The advantage is that they can
casily accommodate a highly transient node population. The disadvantage is that it is

hard to find the desired files without distributing queries widely.
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In an unstructured and pure P2P, when one node joins or leaves the network,
does it have to alert the other peers about its activities? If not, how do the other peers

know this peer is in their group?

If one closely looks into the majority of structured and pure P2Ps, system
provide DHT, from which a much better lookup service is provided within their
overlay network topology, whereas in hybrid P2P, the challenge is to figure out the
mechanism for organizing the peers that allows them to cooperate, provide a

metadata index and, finally, enable any peer to resourcefully locate contents.

However, structured designs are likely to be less resilient in the face of a very
transient user population, precisely because it is hard to maintain the structure of
overlay network topology required for routing to function efficiently when nodes are

joining and leaving at a high rate.

Kothapalli and Scheideler (2005) said that server/client-based systems can
provide guarantees and are, therefore, preferable for critical applications that need a
high level of reliability; but the peer-to-peer systems can scale to millions of sites
with low-cost hardware whereas the classical approach of using server-client systems
does not scale well unless powerful servers are provided. BitTorrent is one of an
example of the server-client search approach, where the latency of lookup services is
constant and the peer load is minimal. Unfortunately, BitTorrent does not take care
of any deleted contents from the system or the status of the peer itself. The server

also seems to work alone and not to communicate or replicate with other servers.

1.2.2 Preserve quality streaming session

The majority of P2P applications do not deploy a proper delegation process.
For example, in BitTorrent, every peer has a right to search for particular data in P2P

networks. The requesting peer has a right to get all results without any filtering. If
6
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that peer shares a popular file, then the owner will face a problem and his computer
will always be connected with other computers. As a consequence, his available
bandwidth will drop, peer load will increase and, finally, it will not be able to

preserve the quality of media while streaming.

CollectCast does a peer selection based on the offer rate and available
bandwidth over topology-aware selection technique. Thus, two groups of peers; for
example, active and standby senders will be performed. System dynamically
switches active senders and standby senders, so that the collective network
performance out of the active senders remains satisfactory. However, the standby
sender in CollectCast is static. If a new peer joins the network and has that file, it will

not take part as a standby sender.

1.2.3 Bottleneck and flash crowd

If a server in a hybrid P2P system is down due to maintenance or bottleneck,
the system faces the problem of assigning and locating the resources. This problem
also occurs in a server/client-based system. Sometimes, when a thousand clients
rapidly try to connect to the server for media downloading, the flash crowd symptom

always arises (in example, the CNN portal on September 11, 2001).

Actually, pure P2P also exhibit the flash crowd when without a proper
delegation, for example a thousand requesting peers try to download a popular file
from the same source. Sometime it also occurs at node within the chain of lookup

service especially system used uni-path random walk such as Freenet.
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