
A Scalable Web 2.0 Platform

Fabian van der Werf





A Scalable Web 2.0 Platform

Master's Thesis in Computer Science

Parallel and Distributed Systems group
Faculty of Electrical Engineering, Mathematics, and Computer Science

Delft University of Technology

Fabian van der Werf

5th August 2007



Author
Fabian van der Werf

Title
A Scalable Web 2.0 Platform

MSc presentation
TODO GRADUATION DATE

Graduation Committee
TODO GRADUATION COMMITTEE Delft University of Technology



Abstract

TODO ABSTRACT



iv



Preface

TODO MOTIVATION FOR RESEARCH TOPIC

TODO ACKNOWLEDGEMENTS

Fabian van der Werf

Delft, The Netherlands
5th August 2007

v



vi



Contents

Preface v

1 Introduction and Background Information 1
1.1 Web 2.0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
1.2 Peer-to-peer networks . . . . . . . . . . . . . . . . . . . . . . . . 5

1.2.1 BitTorrent . . . . . . . . . . . . . . . . . . . . . . . . . . 6
1.2.2 Tribler . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

1.3 Outline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

2 Problem Description 11
2.1 Problem Statement . . . . . . . . . . . . . . . . . . . . . . . . . 11
2.2 Our Aim . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

2.2.1 YouTube . . . . . . . . . . . . . . . . . . . . . . . . . . 13
2.2.2 Tribler . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
2.2.3 Our Vision . . . . . . . . . . . . . . . . . . . . . . . . . 15

2.3 Current Approaches . . . . . . . . . . . . . . . . . . . . . . . . . 16
2.3.1 Vuze . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
2.3.2 Joost . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

3 Implementation 21
3.1 Web 2.0 Browser Requirements . . . . . . . . . . . . . . . . . . 22
3.2 Web 2.0 Browser Design . . . . . . . . . . . . . . . . . . . . . . 23

3.2.1 Architecture . . . . . . . . . . . . . . . . . . . . . . . . . 23
3.2.2 GUI design . . . . . . . . . . . . . . . . . . . . . . . . . 23
3.2.3 Web 2.0 Interfaces . . . . . . . . . . . . . . . . . . . . . 25
3.2.4 Ratings . . . . . . . . . . . . . . . . . . . . . . . . . . . 28
3.2.5 Download Manager . . . . . . . . . . . . . . . . . . . . . 29

3.3 Tribler Integration . . . . . . . . . . . . . . . . . . . . . . . . . . 29
3.3.1 Integration with Tribler . . . . . . . . . . . . . . . . . . . 30
3.3.2 Trackerless Tracking . . . . . . . . . . . . . . . . . . . . 30

4 Experiments And Evaluation 35
4.1 Web 2.0 Interfaces . . . . . . . . . . . . . . . . . . . . . . . . . 35

4.1.1 Single Site . . . . . . . . . . . . . . . . . . . . . . . . . 36

vii



4.1.2 Multiple Sites . . . . . . . . . . . . . . . . . . . . . . . . 37
4.2 Khashmir vs. Tracker . . . . . . . . . . . . . . . . . . . . . . . . 37
4.3 Real world usage . . . . . . . . . . . . . . . . . . . . . . . . . . 37

4.3.1 Logging . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
4.3.2 activity vs. time . . . . . . . . . . . . . . . . . . . . . . . 37
4.3.3 activity/user . . . . . . . . . . . . . . . . . . . . . . . . . 37
4.3.4 Active Users . . . . . . . . . . . . . . . . . . . . . . . . 37
4.3.5 Popular tags . . . . . . . . . . . . . . . . . . . . . . . . . 37

4.4 BuddyCast Experiment . . . . . . . . . . . . . . . . . . . . . . . 37

5 Conclusions and Future Work 39
5.1 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
5.2 Future Work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39

viii



Chapter 1

Introduction and Background
Information

Originally, the World Wide Web (WWW) was a collection of a static web pages
which an Internet surfer could look up. The last few years, the data and services
offered via the WWW have changed, and this change is referred to as Web 2.0[6].
There is no �xed checklist according which a web site can be quali�ed Web2.0
or not, and there is still much debate to what Web 2.0 exactly comprises. Web 2.0
is not a new technology, though it is often associated with new technologies,e.g.,
Ajax and RSS, that enables to create web applications with rich user experiences.
Web 2.0 is a new approach to creating web applications and is often is associated
with social software with which users participate in a so-calledonline communities.

Web 2.0 applications have gained a signi�cant share in top ranking web sites. Ta-
ble 1.1 shows the global top 10 of popular sites as measured by Alexa. The Alexa
ranking is not a true re�ection of the popularity of the sites, because the data is
collected only from browsers equipped with the Alexa Toolbar. It gives aclear
indication of the signi�cance and success of Web 2.0 applications, though.Six out
of ten sites in the top 10 are Web 2.0 sites, i.e., Google, YouTube, MySpace, Orkut,
Wikipedia, and Tencent QQ.

Most of the Web 2.0 applications are being by a single or a few central servers,
and consequently lack scalability. Our aim is to create a scalable Web 2.0 plat-
form without any central components. The users must be able to upload videos,
photos, etc., and navigate easily through the uploaded content as Web 2.0 applica-
tions allow. To take advantage of the wealth of content already available on sites
like YouTube and Flickr, integration of such sites is necessary. Furthermore, the
platform has to keep track of the popularity of items as most Web 2.0 applications
do.

This section gives an introduction into the world of Web 2.0 and peer-to-peer ap-
plications which will provide a scalable environment. Finally, an outline of the
remainder of this thesis is given.
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Rank Web Site URL
1. Yahoo! www.yahoo.com
2. Microsoft Network (MSN) www.msn.com
3. Google www.google.com
4. YouTube www.youtube.com
5. Windows Live www.live.com
6. MySpace www.myspace.com
7. Baidu.com www.baidu.com
8. Orkut www.orkut.com
9. Wikipedia www.wikipedia.org

10. Tencent QQ www.qq.com

Table 1.1: Global top 10 ranking sites assessed by Alexa on July 5th, 2007.

1.1 Web 2.0

The term Web 2.0 was �rst used by O'Reilly Media. Figure 1.1 shows a meme map
that was developed at a brainstorm session. The major concept behind Web 2.0 is
to use the WWW as a platform for web applications. The meme map contains six
core competencies:

� Services, not packaged software

� Architecture of participation

� Cost-effective scaling

� Remixable data source and data transformations

� Software above the level of a single device

� Harnessing collective intelligence

These six competencies do not form a checklist to check whether an application is
Web 2.0 or not, but are characteristics of successful Web 2.0 applications.

Services, not packaged software Services are delivered to the end user through
an ordinary web browser which is available on most platforms, and are therefore
accessible from any platform without the need to port it each speci�c platform
as with ordinary software. Furthermore, services do not have releaseschedules
but are improved continuously. Services follow the “release early, release often”
principle. For example, “on `good days', Flickr releases a new versionevery half
an hour”[1]. Early releases lead to usable services that are still in the beta phase
with new features being added in the months following the initial release. The
email service of Google, GMail, was launched in 2004 and to date GMail is still in
beta.

2



Figure 1.1: Web 2.0 meme map by O'Reilly Media
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Architecture of participation The WWW mostly used to be one way traf�c
of information; users look up information from web pages but do not contribute
anything. Web 2.0 applications let users participate, because users add value to the
Web 2.0 applications.
The prominent example is YouTube where the content of the site is fully made up
of videos uploaded by users. Another example is the ”did you mean ...” feature of
Google[7]. This feature is based on data collected from search queriesentered by
users. For example, if a users enters a search query and quickly submitsanother
query that is very similar to the �rst query, then Google learns that the �rstquery
is likely a typo and that the second query is probably correct. The necessary data
is generated as a side-effect of ordinary usage.

Cost-effective scaling Most Web 2.0 applications are still not cost-effective scal-
able. These applications are still being served by a client-server architecture just
as the world's �rst web page. This non-scaling architecture causes video sites to
have to degrade the quality of their videos to keep the necessary bandwidthneeded
limited. There exists scaling Web 2.0 applications, and they are mostly peer-to-
peer �le sharing. However, most of these �le sharing applications only harness the
bandwidth of the users and have a total lack of social interaction. Vuze is one of
the few exceptions. It is a publishing platform for video, audio, and games, which
is based on BitTorrent to provide scaling distribution. Furthermore, Vuze provides
social interaction by means of rating and commenting possibilities.

Remixable data source and data transformations Remixable data source and
data transformations means that data and services provided by a Web 2.0 applica-
tion should be easy to integrate with another web applications. In practice, this
results in Web 2.0 applications having a documented API through which their data
and services are exposed. An example of such a documented API is provided by
Google Maps. Google Maps is a collection of satellite photos of the entire earth.
The resolution of the photos varies at different locations, and for many urban loca-
tions it is possible to easily distinguish different cars on the street. Google Maps
comes with a documented JavaScript API with which other sites can integrate the
Google Maps into their site. For example, photos in Flickr are associated with
tags. have a geotag associated with it that indicates where the photo has been
taken. Flickr uses these geotags to map the photos on world map, and these photos
can be browsed via this world map.

Software above the level of a single deviceSoftware is no longer limited to the
PC platform; the Internet is the new platform and it comes with new possibilities.
For example, Microsoft Of�ce is restraint to a single PC. The Web 2.0 counterpart
could be Google Docs & Spreadsheets. Documents are stored online, andaccessi-
ble and editable from any PC equipped with an Internet browser. Google Docs &
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Spreadsheets also enables document sharing to allow multiple persons working on
the same document.
Software may even reach other kind of devices than the PC. For example, TiVo
and iTunes. TiVo delivers video to the ordinary TV with augmented functionality
such as pausing live broadcasts. iTunes uses the PC as an intermediary between
the music offered by iTunes and the iPod.

Harnessing collective intelligence The classic example of a web application that
harnesses the collective intelligence is Wikipedia. The articles of which Wikipedia
constitutes are written by volunteers around the world, and can be written byany-
one with Internet access. Because of the nature of Wikipedia its accuracy is not as
high as of an encyclopedia composed by experts, though in most cases it isgood
enough.
The more obvious example is where users decide the importance and popularity of
items by voting, e.g., Digg. Digg is a news site at which the users can submit a
news story which is then peer reviewed by other users by either “digging it”or not.
Furthermore, users can comment on news items, which is also peer reviewed. This
model is also used much for video clip sites.
A less obvious example is Google's PageRank algorithm[4]. The PageRankalgo-
rithm is used by Google to determine the importance of sites on a scale of 0 to
10. Hyperlinks from other sites to a speci�c site increase the PageRank for that
speci�c site. The importance of the site on which a hyperlink was posted is also
taken into account. Google uses the collective intelligence to determine a web
site's importance by “counting” the hyperlinks posted by the collective.

1.2 Peer-to-peer networks

Peer-to-peer (P2P) systems are networks in which work is performed byall partici-
pating nodes instead of a few powerful machines. Furthermore, nodes participating
in a P2P system are autonomous and each node has its own objectives (e.g.,down-
loading or publishing a certain �le). The desire to accomplish these objectives, is
usually the only reason why a node is participating in a P2P system.
P2P networks have gained a lot of popularity. Research shows that Internet traf�c
is dominated by P2P traf�c. By the end of 2004, 60% of all Internet traf�cwas
P2P traf�c. P2P networks are mostly associated with sharing large �les such as
movies, TV shows, music, and software. However, other P2P applicationsexist
such as telephony and TV.
P2P systems compared to centralized systems have two major advantages: scala-
bility and robustness. P2P systems without any central components scale automat-
ically as the user base grows. Each participating node donates bandwidth,com-
puting power, and storage to the system. Hence, as a new node enters the system,
the total capacity of systems increases. A P2P system will always have enough
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resources as long as each user donates at least as much as it consumes. Some P2P
systems, like BitTorrent, have mechanisms to enforce this.
Second, P2P systems have no central components and are therefore muchmore
robust than centralized systems. Centralized systems contain one or more single
points of failure like a Web server, an application server, a database, etc. If one of
these components fail, the entire system is down and thereby affecting all its users.
In P2P systems the main components are the peers, and if a peer fails then onlythe
resources contributed by that peer are no longer available.
This section gives a brief overview of the P2P systems that are relevant tothis
thesis, BitTorrent and Tribler.

1.2.1 BitTorrent

BitTorrent is a popular P2P �le sharing system designed and implemented by Bram
Cohen. There are tens of different BitTorrent clients.
The BitTorrent system consists of leechers, seeders, and trackers.Leechers are
peers that want to download the �le, and may already have the downloadedthe
�le partially. Seeders are peers who already have a complete copy of the �le and
upload to leechers to help the distribution. Each torrent has one or more trackers
which serve as a meeting point for seeders and leechers.
When a peer decides to distribute a �le with BitTorrent, it has to create a so-called
.torrent �le. This .torrent �le stores metadata and provides enough information
for other BitTorrent peers to download the published �le, like �lename, length,
and tracker URL. The .torrent BitTorrent logically splits �les into pieces, typically
250KB each, and computes for each piece the SHA1 hash. These hashes are also
stored in .torrent �le and provide peers a way to verify the integrity of the data
received from other peers. In addition to a .torrent �le, a tracker and an initial
seeder are necessary. At �rst, the publisher is the only peer with a copyof the �le,
and should therefore register itself as an initial seeder.
To download a �le, a peer connects with the tracker stored in the .torrent �le. The
tracker will then return a set of other peers that are also downloading the same �le.
The peer then contacts the other peers to start exchanging pieces. Peers can verify
the integrity of the pieces they receive with the SHA1 hashes stored in the .torrent
�le. Figure 1.2.1 shows a simpli�ed BitTorrent network.
Peers exchange data in a tit-for-tat manner. If a peer wants to increase itsdown-
load rate, it will increase its upload rate and check whether the other peer isalso
increasing its upload rate. If not the upload rate is set at the original level,and if so
the peers maintain current upload rates and both will have a higher download rate.
The peer's objective is to download the �le as fast as possible, and will continue
searching for other peers to increase its download rate during the entire download.
A peer that does not upload at all will not receive any data from other peers; thus
the tit-for-tat policy prevents free riding which is a common problem for many P2P
systems.
BitTorrent has been extended to be able to use aDistributed Hash Table(DHT)
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Figure 1.2: A simpli�ed BitTorrent network

as an alternative for the centralized tracker. The DHT spreads the task of storing
the peers for each torrent across all peers, and each peer becomesa tracker. All
torrent swarms are stored by the same DHT. For each swarm, the DHT stores the
peers. Thus a single DHT can replace all centralized trackers. A DHT removes the
need for trackers. Besides as the primary swarm discovery method for trackerless
torretns, the DHT is also used as backup for traditional tracker.
The BitTorrent system does not address the dissemination of .torrent �les. The
usual solution to this issue is a web server that hosts the .torrent �les. Examples
of such sites aremininova.org , piratebay.org , and btjunkie.org .
These sites often also support RSS feeds of new torrents in a certain category or
that match a certain search query.

1.2.2 Tribler

Tribler is a social-based P2P �le sharing system based on BitTorrent. Tribler is
a joint research effort by The Delft University of Technology and DeVrije Uni-
versiteit Amsterdam and is mostly funded by the I-Share project. The I-Share
project conducts research in area of resource sharing in virtual communities. Tri-
bler builds upon the BitTorrent protocol, and has added multiple features mainly
focused on social interaction and P2P video streaming. The features added by
Tribler include .torrent gossiping, recommendations, friends-aided download, and
video-on-demand.
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Users in Tribler are not just an IP address and port number as is with mostBitTor-
rent clients. Users have nickname and are accompanied by an avatar. Users are
connected with each other by an overlay network and are continuously exchanging
information such as .torrent �les and person information. Gossiping .torrent �le
take away the need for the user to search the web for .torrent �les because they are
provided by other Tribler clients. Furthermore, gossiping is used to exchange data
about persons including nickname, avatar, and completed downloads.
The Tribler tries to �nd other users with a similar taste, and using this information
it provides recommendations of other �les. Tribler searches for other users with
a similar taste by comparing the set of completed downloads. If the similarity for
two users is high enough, then these users are considered taste buddies. Every
download that a user has completed is regarded by Tribler as a recommendation to
his taste buddies for that �le unless the �le has been deleted again. Thus Tribler
gives the user recommendations aimed at his taste. The more downloads a person
has completed the better will the recommendations be.
Tribler also allows you to create friends. A user can request his friendsto help
him with a download. When helping a friend, �le pieces are no longer uploaded in
a tit-for-tat manner as usual, but as a friend uploads are done altruisticallyat full
upload rate. It is required the friendship is mutual, i.e., both users have to add each
other as a friend. To ease the process of friendship creation, users can send invites
by mail from Tribler.
Users no longer have to wait for their movie download to be completed before
watching them. BitTorrent splits �les into pieces. The usual policy of BitTorrent
clients is to download rarest pieces �rst as this will lead to a uniform distribution
of the availability of the pieces. However, this policy blocks the possibility to
playback movies while they are being downloaded, because that requiresthe �le
to be downloaded in order. Tribler has adapted BitTorrent to be able to playback
movies during the download provided the download rate is suf�cient. This feature
provides Tribler with scalable Video-on-Demand.

1.3 Outline

The main issue that this thesis addresses is the poor scalability of current Web 2.0
applications. The remainder of this thesis is organized as follows. Chapter 2dis-
cusses the problem of unscalable Web 2.0 applications and the importance of this
problem. Subsequently, functionality and features of existing Web 2.0 sites are
discussed to clearly de�nes the criteria which a potential solution must satisfy. Fi-
nally, a few current approaches are discussed. In Chapter 3, the architecture of
our scalable Web 2.0 platform is described. Our platform builds upon Tribler and
leverages its scalability, and we discuss the adaptions and extensions made to Tri-
bler. Chapter 4 presents experiments and evaluation; performance measurements
as well as community measurements of theWeb 2.0 Browserare presented. The
Web 2.0 Browser is an application which provides an alternative way to search for
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videos, photos, and articles on multiple Web 2.0 sites and to view them as well.
Finally, Chapter 5 gives our conclusions and future work.
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Chapter 2

Problem Description

Most current Web 2.0 applications are built on the centralized architecture of the
WWW. Consequently, the performance of these applications decreases as the num-
ber of users increases. Peer-to-peer networks, on the contrary, perform better as
the user base grows.
In this chapter, we start by examining the problem of unscalable Web 2.0 appli-
cations and its magnitude. Our goal is to create a scalable Web 2.0 platform that
offers Web 2.0 functionality and is hosted by a scalable peer-to-peer network. Be-
fore looking for a solution to this problem, it is necessary to draw up the criteria
of a potential solution. To formulate the criteria of a scalable Web 2.0 platform,
we �rst analyze the functionality offered by Web 2.0 applications and peer-to-peer
networks, and then, we take the best of both worlds. Finally, we describecur-
rent solutions to the problem and indicate why these attempts are not satisfying.
Thereby, the need for a new scalable Web 2.0 platform is justi�ed.

2.1 Problem Statement

The content of most Web 2.0 applications is delivered through the web browser and
is served by a few powerful web servers. This traditional approach has two major
drawbacks: poor scalability and poor robustness.
The client/server architecture scales poorly, because the website is driven by a sin-
gle or a few servers. The poor scalability is caused by the limited availability of
bandwidth and storage. As a site grows, more bandwidth and storage are neces-
sary. The increased need for these resources are usually taken care of by acquiring
more powerful servers. However, these expansions have to be paid for. This issue
is even more problematic for successful Web 2.0 applications, because their popu-
larity tend to have the snowball effect; popularity induces more popularity and thus
requires more and more resources. This vicious circle can drive the operating costs
to exorbitant heights.
An example is the WikiMedia Foundation. WikiMedia's mission is to empower
and engage people around the world to collect and develop educational content
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under a free license or in the public domain, and to disseminate it effectively and
globally[8]. One of their most well-known projects isWikipedia.org , which
is in the top 10 of the globally most visited sites (see also Table 1.1). The total
expenses for WikiMedia have increased tremendously for the last few years. From
2004 to 2006, expenses were respectively $ 23 463, $ 177 670, and $791 907[9].
Because WikiMedia is a foundation, it is funded by donations and gifts. Andfrom
the appeal on their main web page to donate, it is clear that WikiMedia has dif�-
culties to cover the expenses.
In April 2006, the total amount of bandwidth usage by YouTube was estimated at
200 terabytes each day[2][3]. And each day, over 100 million videos are served
and 65 000 new videos are uploaded. Their monthly Internet bill was estimated
at nearly a million dollars. Besides bandwidth, YouTube also needs a immense
amount of storage space, for their video collection has been estimated at 45ter-
abytes. The operating costs for YouTube are huge, and accordingly,there is much
speculation on YouTube collapsing under its own weight.
Most Web 2.0 sites do not charge their users for its use. Usually, the only incomes
these sites have is from advertisements on the site. Due to the high operational
costs, the viability of this business model is questionable.
Second, The client/server model provides no robustness, for the server is a single
point of failures. Once the web servers fail, content hosted by these servers is no
longer available to anyone. To ameloriate robustness, sites often are equipped with
backup servers which are activated when the main servers fail. However, these
measures do not tackle the issue at the root, which is the centralized architecture,
and therefore, site outages remain inevitable. Moreover, server failures may even
lead to loss of vast amounts of data.

2.2 Our Aim

Our aim is to create a scalable Web 2.0 platform by merging the functionality
offered by Web 2.0 sites, such as YouTube, with the scalability of peer-to-peer
networks. Scalability is mostly an issue for sites that let users upload and share
their content with the rest of the world, for the total amount of data and traf�c may
become very high as pointed out in the previous section. Therefore, we will restrict
ourselves to these kind of sites.
Most of these Web 2.0 publishing applications focuses to a single type of media,
e.g., YouTube focuses on video, Flickr on photos, and Wikipedia on text. However,
our platform would be able to handle all types of media like video, pictures, and
text. The platform would therefore be able to host all sites that mainly focus on
like YouTube, Flickr, and Wikipedia.
As model Web 2.0 site, we use the popular video site YouTube. YouTube is by
far the most popular Web 2.0 sharing site, and we therefore consider YouTube's
approach to Web 2.0 sharing as one of the best there is at the moment. Besides, in
the big picture, Web 2.0 sharing sites are rather similar. Users create an account,

12



browse content published by others, and share their content with others.
In this section we analyze the functionality offered by YouTube and Tribler. Next,
we identify the desired features for our web 2.0 platform to formulate the require-
ments.

2.2.1 YouTube

YouTube is to most popular site for sharing video clips with the rest of the world.
It was founded in 2005 and was acquired by Google Inc. in November 2006. The
variety of videos available on YouTube encompasses

Ease Of Use YouTube is a video site aimed at the mass, and accordingly, the
site is easy to use. The main page of YouTube presents the user immediately with
videos available on YouTube including videos being watched at the moment by
other users, most viewed videos, most discussed videos, and top favorite videos.
Videos are accompanied with rich metadata including a description, tags, category,
date of creation, and a thumbnail of the video. Additionally, a user can search for
speci�c videos using the keyword search. With each video, buttons are available to
rate the video, to add the video to favorites, and to share the video with others. All
this is presented in a “point-and-click” interface.
Publishing a video is also very easy. First, a user �lls in a title, description, tags,
and category, and then selects the video �le from the local hard drive to upload.
Alternatively, a user can also choose to create a video directly via his webcam.
The collection of videos uploaded by a single user is considered to be a channel to
which other fellow-users can subscribe.

Video-on-Demand YouTube videos can be watched instantly; it is not required
to download the entire video before watching the video. This is an important aspect
of the usability, for users do not like to wait. YouTube provides streaming video
with Flash, so the user does not need any third-party software to play back the
video.

Peer Review The primary tool provided by YouTube to let users review videos
is its rating system. Each user can rate every video on a scale of1 to 5. YouTube
displays the average rating with each video, and the total number of ratings.
YouTube has two other �gures which gives an indication of the appreciation of
the community. Each user can keep a list of favorite videos. That is the number of
views combined with the number of times the video has been favorited by a viewer.

Wealth Of Content The number of videos hosted by YouTube is immense. The
total amount of video is estimated at45 terabytes[3]. This immense amount of
videos contributes to the popularity and success of YouTube, for more videos at-
tracts more users.
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2.2.2 Tribler

Decentralization And Scalability Tribler is a decentralized system, and does,
therefore, not have the scalability issues from which centralized architectures suf-
fer. This is the most important quality of Tribler, for it solves our initial problem,
the poor scalability of Web 2.0 applications. A fully decentralized system does
not have any maintaince costs. There are no central components that need to be
maintained, and each user maintains its own client software like upgrading to the
latest version.
In addition to scalability, decentralization also removes any central authority which
has to ability to delete any content that it �nds undesirable. Because, with the
client/server architecture, all content is stored on servers that is controlled by a
single authority. With Tribler, the only component is the client software with which
it is not possible to control the network or its content.

High-De�nition Videos Tribler supports High-De�nition (HD) videos. Because,
Tribler is in its basic form a �le sharing system, and it does not alter the �les in any
way. So published HD videos are still HD when they are downloaded.

Video-on-Demand Tribler has two different download modes: normal mode and
play ASAPmode. With these modes the user can select between two possible
policies which decide in which order the pieces of the �le are downloaded. In the
normal mode, the usual piece picking policy of BitTorrent is used, i.e., rarepieces
are preferred over less rare pieces.
Theplay ASAPmode is intended for video and audio downloads. The policy for
this mode, prefers pieces at the start of �le over pieces at the end of the �le. Audio
and video �les downloaded the inplay ASAPmode can be played back as if they are
being streamed. Once the �rst piece is downloaded video playback can bestarted,
and the other pieces will be downloaded when they are necessary. For multi-�le
torrents, theplay ASAPmode lets the user pick a �le from the torrent which will
be downloaded using this policy.

Community The peer review functionality of Tribler constitutes of popularity
and recommendations. Tribler determines the popularity of a download by looking
at the number of peers in the swarm of the download. The more peers in a swarm
of an item, the more popular the item is. The total number of peers in a swarm can
be retrieved from a tracker with the so-calledscrape extension. Items can be sorted
based on the popularity to easily �nd the most popular items.
The recommendations of Tribler provide users with peer reviews from other like-
minded users, so-calledtaste buddies. Due to recommendations, users do not have
to search for content they like, for it is pushed to them.
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Web 2.0 Tribler Our Vision
Ease Of Use � �
HD Videos � �
Community � � �
Scalability � �
Video-on-Demand � � �
Wealth Of Content � �

Table 2.1: A summary of the functionality of Web 2.0 applications, Tribler, and
our vision of a scalable Web 2.0 platform.

2.2.3 Our Vision

In this section we look at the functionality offered by Web 2.0 applications and
Tribler to formulate the criteria of the scalable Web 2.0 platform. Table 2.1 sum-
marizes the functionality of Web 2.0 application and Tribler, and it de�nes our
vision of a scalable Web 2.0 platfrom the as the best of both worlds.

Tribler has an easy to use graphical user interface. Items are accompanied with rich
metadata, and searching and downloading an item is straightforward. However,
publishing with Tribler is not that easy. To publish an item, the user needs to take
the same steps as publishing with BitTorrent. Thus, a user needs a tracker that is
alwaysrunning, and it needs to create a .torrent �le which gets disseminated with
Tribler to other users. Ideally, a user does not have to know anything about trackers
and .torrent �les, and it only has to select which �les to publish with the graphical
user interface.

It is technically not impossible for a centralized architecture to provide HD quality
videos, yet in practice, this is much harder to achieve because of the higher costs
that comes with a higher quality. The videos of YouTube have a resolution of
320� 240pixels while HD videos of full quality of a resolution of1920� 1080.
Thus, a full HD quality videos has 27 times more picture information compared
to YouTube videos. Recall from Section 2.1 that the operating costs of YouTube
are huge. If YouTube would provide HD videos, then the costs would probably too
high to keep YouTube running. Thus it is the scalability make HD videos possible.

To take advantage of existing content, our platfrom must integrate with popular
Web 2.0 applications. Once an item is retrieved from an external Web 2.0 site,it
should be injected into our own network. Because then, our network no longer de-
pends on the external site for that speci�c item, and further distribution of that item
will bene�t of the scalability of our platform. To increase usability, our platform
integrates with these sites seamlessly, and users would not be able to tell whether
an item comes from an external site or from our own network. Although our main
focus lies been on video, we do not restrict to this media type. Photos from Flickr
and texts from Wikipedia are also available.
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Figure 2.1: Vuze showing an overview of the hottest videos.

2.3 Current Approaches

There is already a number of Web 2.0 applications that leverages the scalability of
P2P systems. In this section we describe two of these applications, Vuze andJoost,
and we discuss why these applications do not meet our criteria.

2.3.1 Vuze

Azureus is one of the most popular BitTorrent clients. Version 3 of the client is
named Vuze, and it has become a platform for publishing video, audio, andgames.
Every user can publish and distribute their videos, music, and games. Users browse
the content through a stunning graphical user interface (see Figure 2.1). Content
is divided into several categories. In addition to the categories, Vuze offers a few
�xed channels, such asHD Trailers, BBC, andAnime!. Users can also search for
content using the keyword search. Finally, users can browse contentby applying
criteria such as popularity, duration, price, and date of publication on the content.
Downloading of items occurs through the BitTorrent protocol, actually every item
in Vuze is a torrent download. The downloaded copy of the �le is identical to
the original version that was uploaded. There is no transformation of �les. Conse-
quently, Vuze also supports High-De�nition content unlike YouTube whichrescales
every video to a resolution of320� 240pixels.
Vuze supports a few business models. Not all Content on Vuze is free aspub-
lishers can decide to make their content available for purchase, rental, ormake it
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ad-supported. These restrictions are enforced using DRM.
Vuze fails on two of our criteria: Scalability and Video-on-Demand. The scalability
of Vuze is already much better than YouTube, because data is distributed through
BitTorrent. But Vuze still relies on two centralized components in the system: the
trackers and the indexing servers. Although Vuze supports distributed tracker by
means of a DHT, the main method for swarm discovery is by trackers. Vuze has
a few centralized trackers maintained which have to be expanded as the user base
grows.
The second central component are the indexing servers. As discussed in Section
1.2.1, BitTorrent does not provide a solution for the dissemination of the .torrent-
�les. Vuze simply uses indexing servers to retrieve items with or without speci�c
properties. Like trackers, the indexing server capacity has to be expanded as the
user base grows.
Watching videos downloaded from Vuze require that they are completely down-
loaded before they can be watched. The size of a High-De�nition movie vary from
10 to 30 gigabytes which must all be downloaded before the movie can watched.
This requirement is a consequence of the BitTorrent protocol. To achieve an uni-
form distribution of the availability of pieces of �les BitTorrent clients have as
policy to download the rarest piece �rst. Given the availability of the pieces,the
policy is deterministic. However, the availability of pieces depends on the behav-
ior of the other peers in the swarm which cannot be predicted. Therefore, it is
unclear in which order the pieces of a �le will be downloaded. On the other hand,
Video-on-Demand requires the �les are downloaded in order, i.e., �rst pieces �rst.

2.3.2 Joost

Joost is a P2P TV application created by the founders of Skype. A user can view
the channels in its own channel list, which is composed by making a selection of all
the nearly 200 channels offered by Joost. Among these channels are MTV, Reuters,
and Comedy Central. For easy navigation, channels are divided into categories and
channels can be searched by keywords. Each channel offers a number of programs
which user can watch whenever they desire. Programs are delivered on demand,
and when tuning into a program, the program starts in a few seconds.
The users can choose to have one or more widgets on the foreground while watch-
ing TV (see Figure 2.2). Functionality provided by current available widgets in-
clude instant messaging, ratings, and RSS feeds. Currently, Joost provides two
instant messaging widgets. First, the channel chat is a chat room sharedby the
viewers of the same channel. However, because programs are played back on de-
mand, viewers on the same channel do not need to be at the same position of apro-
gram or even be watching the same program. This limits a potential discussion on
the actual content being played back but lets users with similar taste (they tuned in
to the same channel) interact. Second, Joost provides integration with GMailchat
and Jabber. Users can use these widgets to send instant messages while watching
Joost TV.
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Figure 2.2: A screenshot of Joost displaying a program from the Red Bull channel
on Joost with widgets for instant messaging, ratings, and RSS feeds.
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Using the rate widget, users can view the average ratings for the currentprogram
and give a rating for a program. Joost also offers a “What's popular”channel
featuring the most viewed programs.
Joost is planning to open up the API for creating new widgets to allow external
developers to write plugins. The widget system is thus actually a �exible plugin
system which allows add extra functionality to Joost.
Joost is not a free publishing platform like Vuze is. Users are not allowedto publish
any videos, and therefore, Joost does not satisfy our criteria of a scalable Web 2.0
platform. Publishing is only limited to parties that have a business deal with Joost.
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Chapter 3

Implementation

This chapter presents the design of our Web 2.0 platform system which does not
suffer of scalability issues. Our Web 2.0 platform is built upon Tribler and extends
it with Web 2.0 functionality. To satisfy our criteria as de�ned in the previous chap-
ter, Tribler needs to be extended in two ways (see Table 2.1). First, the ease of use
of Tribler must be improved, and in particular, the ease of publishing. Publishing
with BitTorrent requires the publisher to set up a tracker, create a .torrent �le, and
distribute the .torrent �le to users that would like to download the published �le(s).
Tribler already takes care of the .torrent distribution with the .torrent �le gossiping
capability. Ideally, the user does not have to know anything about trackers and .tor-
rent �les, and it only needs to select the �le that it wants to publish in the graphical
user interface.

Second, to take advantage of the content already available, Tribler must integrate
seamlessly with existing Web 2.0 sites. Tribler must be able extract videos, pho-
tos, and articles from multiple sites with the corresponding metadata such as title,
description, and tags. Items from different sites must be presented to the user uni-
formly as to the user cannot tell whether a video comes from YouTube or LiveLeak.

We have written a standalone application, theWeb 2.0 Browser. This application
interfaces multiple Web 2.0 sites, and presents the items from various sites to the
user in a uniform fashion. Then, the functionality of the Web 2.0 Browser has
been partially integrated with Tribler, and Tribler has been extended with easy
publishing capabilities.

In this chapter, we �rst discuss the requirements of the Web 2.0 Browser.Next, we
describe the architecture of the Web 2.0 Browser, and discuss the various parts of
the architecture in more detail. Subsequently, integration of the Web 2.0 Browser
with Tribler is described. Finally, we describe the replacement for traditional track-
ers. This replacements removes the need for publishers to set up a tracker.
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3.1 Web 2.0 Browser Requirements

The primary objective of the Web 2.0 Browser is to allow users to �nd interesting
content provided by many web 2.0 sites without having to navigate to and through
all these sites with a web browser. The requirements for the Web 2.0 Browser are
as follows.

� Keyword search

� Video, photo, and text items with rich metadata

� Local storage of items

� Integrated viewer

� Cross Web 2.0 sites rating

� iPod video encoding for videos

� Written in Python

Users can browse content by performing keyword search. As soon as the user
enters a search query, the Web 2.0 Browser contacts the multiple web sites, extracts
items matching the search query, and presents them to the user. Virtually all web
sites provide a keyword search operation, and provides a single interface
Unlike most Web 2.0 applications which focus only a single type of media, the
Web 2.0 Browser supports various type of media. In particular, the Web 2.0
Browser supports video, photo, and articles. To provide a uniform representation
of an item, the Web 2.0 Browser extracts the same metadata for each item provided
it is available from the source. These metadata are: title, thumbnail, tags, and
category. Most sites provide this information, and requiring metadata that is not
provided by most sites detracts from the uniformity of the representation of items.
All items that the users views are downloaded and stored locally. Users caneasily
�nd previously viewed items, and view them again without having to download
them. The Web 2.0 Browser does not delete any items by itself, but if the user no
longer needs the item then the user may delete the item explicitly to free up disk
space.
Videos, photos, and HTML text can all be viewed with the Web 2.0 Browser,for it
has an integrated viewer that is capable of handling all downloaded items. Conse-
quently, the user does not need third party software next to the Web 2.0 Browser.
As mentioned in Chapter 2, Web 2.0 sites usually provide a rating system to let
users review items. Instead of using the rating mechanisms of the multiple sites,
the Web 2.0 Browser is equipped with its own rating system. The Web 2.0 Browser
provides cross Web 2.0 site ratings; a single rating system is used for all sites.
There is a strong demand for watching video clips on portable devices suchas
mobile phones and the iPod Video. To meet this demand, the Web 2.0 Browser is
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capable of transcoding any downloaded video into a format that the iPod Video is
able to play back.
The Web 2.0 Browser is written in the Python programming language for easy in-
tegration with Tribler which is also written in Python. Furthermore, dependencies
outside the standard Python Library must be minimized.

3.2 Web 2.0 Browser Design

In this section, we describe the architecture and design of the Web 2.0 Browser.
First, the architecture is given, and in the following sections, the differentparts of
the architecture.

3.2.1 Architecture

Figure 3.1 shows the architecture of the Web 2.0 Browser. It has three databases,
one for each media type, i.e., video, photo, and text. A database encompasses
all items that are available through the Internet, so e.g., all videos from YouTube,
LiveLeak, and Revver belong to the video database.
Each database interfaces one or more web sites, for example, the photo database
has interfaces to Flickr and Zooomr. These interfaces know the structureof the web
site and uses this information to perform search queries and parse search results.
Whenever a keyword search operation is performed on a database, thedatabase
employs its web site interfaces. In fact, a keyword search is performed onall
web sites for which the database has an interface. Furthermore, each interface
knows how to download an item. For videos and photos, this means the interface
knows the direct URL of items. However, for articles from Wikipedia this is bit
more complicated because of any possible embedded pictures that also needto be
downloaded.
The databases use a cache to store metadata for each item that has been encountered
to reduce Internet communication and speed up a search operation. Whena site
interface extracts an item from search results, it �rst checks whether the item is not
available from the cache before extracting any metadata. Furthermore, thecache is
also used by the download manager for storage of the downloaded items.
The user executes keyword searches, downloads items, and views items by means
of a graphical user interface. To keep the GUI updated in all places of downloads,
the download manager noti�es the GUI of any new, cancelled, and failed down-
loads as well as the progress of downloads. VideoLAN (VLC) is used to play back
video in our integrated viewer.

3.2.2 GUI design

The graphical user interface of the Web 2.0 Browser consists of two tabs. The �rst
tab, thesearch tab, allows users to enter search queries and shows the search results
(see Figure 3.2). The user enters a search query, selects the media type, and clicks
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Figure 3.1: The architecture of the Web 2.0 Browser.
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Figure 3.2: Screenshot of Web 2.0 Browser after a search for videoson delft has
been �red.

the search button to start a new search. The GUI requests the database for search
results and display them in the GUI.
The search results are divided over multiple pages like most web sites also do.
Switching to a new page of the search results requires retrieve search results over
the Internet, and may take therefore some time. To improve responsiveness, the
Web 2.0 Browser doesprecaching. The Web 2.0 Browser retrieves not only search
results for the current page of search results, but it also retrieves search results for
the next two pages. While the user is viewing a page of search results, the next two
pages are being loaded. The waiting time for the user for viewing the next page is
reduced or even eliminated.
Figure 3.2 is a screenshot of the Web 2.0 Browser in action. After a search query
has been entered, the Web 2.0 Browser starts to search the
The second tab is theviewer tab (see Figure 3.3). This tab shows the user a list
of all �les that have been downloaded or are being downloaded, and it allows the
user the view these items. The integrated viewer is to be able to display videos,
photos, and HTML text. Photos and HTML text can be displayed by the GUI
widget toolkit that we use. To provide video playback, VideoLAN (VLC) isused.
VLC is an open source cross-platform media library. VLC supports many different
multimedia formats without needing any additional codecs.

3.2.3 Web 2.0 Interfaces

The essential components of the Web 2.0 Browser are the Web 2.0 interfaces, for
these components provide the application with what it is all about, videos, photos,
and articles. This section elaborates on the design of the Web 2.0 interfaces. There
are a number of bases classe that a Web 2.0 interface can built upon. Thebase
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Figure 3.3: Viewing a photo ofDelft that has been downloaded.

classes handle requests for items and delivery of items to other components of the
application. A Web 2.0 interface only needs to implement the communication with
the Web 2.0 site. The available base classes are DBSearch, ThreadedDBSearch,
and CompoundDBSearch. These base classes form a �exible and extensible frame-
work for Web 2.0 Browser. We estimate that support for a new Web 2.0 forvideos,
photos, and text can be added within a ew hours.
In this section, we describe the interface which provides the abstraction ofWeb 2.0
sites. Then the three base classes and their use are explained. And �nally, we
explain how communication with Web 2.0 interfaces is implemented.

Web 2.0 Search Abstraction

A Web 2.0 interfaces exposes a few operations to use the site it connects to.For
each keyword search a new search object is instantiated which expose afew opera-
tions to retrieve the search results. These arestart, getMore, enough, andquit. The
startoperations initializes any necessary resources to start web scraping. However,
there is no communication with the web site yet, and no web scraping is performed
yet.
ThegetMoreoperation is the most important operation. With this operations, this
operations submit requests for search results. To ful�ll the requests, the Web 2.0 in-
terface uses the keyword search of the site and parses the search results. Retrieving
and parsing search results requires some communication over the Internet,so to
keep the application responsive, results returned asynchronously.
The enoughoperation is used to order to discard any outstanding request. After
enough, new request can be issued withgetMore.
Finally, when the search object is no longer needed, thequit operation must be
used to release resources. It is the counterpart of thestart operations.
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Simple web scraping

DBSearch is the simplest base class to implement a Web 2.0 interface. The Web 2.0 in-
terface is required to only provide a single method, agetItemmethod. Each call
to getItemmust return the next item of the search results. The DBSearch is simple
and only employs a single thread, and, therefore its performance is not optimal.
A performance gain can be achieved if multiple threads are used which is exactly
what ThreadedDBSearch does.

Threaded web scraping

DBSearch does not assume any structure of the web site, however, nearly all web
sites share a similar structure for searching the site. This structure can be exploited
for parallelism. The structure is as follows. The site provides the user with a text
box to enter a search query, and the search button takes the user to an overview
of the search results. The search results page shows the results with limited meta
information, such as the title, the preview, and the beginning of the description. A
results page shows only a limited number of results, typically between10 and20.
More results, are on different pages which are accessible viaNext andPrevious
links. For our purposes, the metadata on the results search page is not suf�cient,
and it is necessary to retrieve the web page of the item which contains extended
metadata.
ThreadedDBSearch exploits this structure allows to perform web scraping in par-
allel to increase the performance. A search results page typically shows10 to 20
items. For each item on the search results page, the Search has to retrieve an addi-
tional web page and extract metadata from it. This step can be done in parallel for
all items on the results page, and this is exactly what ThreadedDBSearch does by
means of multithreading.
A Web 2.0 interface using the ThreadedDBSearch as base must implement two op-
erations,parseItempageandparseItem. TheparseItempageoperation is expected
to fetch, parse the next search results page, and return a list. Each item inthe list
presents an item of the search results, and must provide enough information to al-
low the parseItemoperation extract the necessary metadata. ThreadedDBSearch
regards the items in the list as opaque values, and implementations put any kind of
data in this list. TheparseItemmethod receives a single item from the list returned
by parseItempage, and it must download the web page of the item and extract
metadata. Before actually downloading the web page,parseItemshould check the
cache to reduce latency.
ThreadedDBSearch achieves parallelism through multiple worker threads. The list
returned byparseItempageis regarded by ThreadedDBSearch as a work queue
from which the worker threads pop an item and useparseItemto create the full
item. When the work queue gets depleted, the ThreadedDBSearch lets one worker
thread callparseItempageto re�ll the work queue. This continues until no more
items are requested or the search is exhausted.
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Multiple web sites

The third base for a Web 2.0 Interface is CompoundDBSearch. The purpose of
CompoundDBSearch is to aggregate multiple Web 2.0 Interface objects and make
them appear as a single interface. CompoundDBSearch merges the resultof the
Search objects it is controlling on a �rst come �rst serve basis. When Compound-
DBSearch receives a request forx items, it requestsx from each of the interfaces
it controls. With multiple interfaces, this will in fact request too many items, so as
soon as the CompoundDBSearch has received enough items from its interfaces it
calls theenoughoperation on all of them.
CompoundDBSearch improves the extensibility vastly. Other components in Web 2.0
Browser do not need any knowlegde whether they are using just a singleweb site
or if its using many sites simultaneously. CompoundDBSearch makes combining
a new Web 2.0 interface with the existing interfaces a no-brainer.

Regular expressions

The Web 2.0 interfaces communicate with the web site the same way as a user-
controlled Internet browser would do, that is by fetching web pages. Aninterface
uses the same URLs as a browser would to retrieve the web pages with search
results. An interface parses the web pages by using regular expressions (see Fig-
ure 3.4). These regular expressions are used, for example, how a URL for a search
query keyword looks like, and where on the web page a the title of an item canbe
found. The few regular expressions shown in Figure 3.4 provide enough informa-
tion to perform and parse keyword searches.
The few number of regular expressions also re�ect the �exibility and extensibility
of the Web 2.0 Interfaces. Adding new support for a new Web 2.0 site basically
consists of �nding the correct regular expressions and applying them. From our
experience, this takes only a few hours of programming.

3.2.4 Ratings

We keep track of ratings by with a central rating server. Ratings can be retrieved
and submitted with simple HTTP GET and POST operations. When the user high-
lights an item from its search results, detailed information is showed including the
rating that was given by other users. If the user has not submitted its own rating for
this speci�c item, then the average rating is retrieved from the rating server.If the
user already did submit a rating, then the Web 2.0 Browser will show the submitted
rating of the user.
If a user quickly selects and deselects an item multiple times, the Web 2.0 Browser
will retrieve the rating for that item as many times. It is very unlikely that a rating
changes (much) in a short time frame, so to reduce communication, any ratings
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Figure 3.4: The structure of YouTube.org captured by a few regular expressions.

retrieved from the rating server are held valid until10 minutes after the moment
the rating has been received.
Retrieving and submitting ratings are done on a best-effort basis. This prevents
any failure in the communication with rating server from blocking or crashing the
Web 2.0 Browser.

3.2.5 Download Manager

The task of the download manager is to execute HTTP downloads and to keep
registered modules noti�ed of any changes. These noti�cations include new down-
loads, �nished downloads, and progress of downloads. There are basically two pos-
sible approaches: a single thread using asynchronous communication andmultiple
threads using synchronous communication. In accordance with the requirement to
minimize dependencies outside the standard Python Library, the Web 2.0 Browser
uses synchronous communication with multiple threads. The standard Python Li-
brary only provides synchronous HTTP connectivity, so using asynchronous HTTP
communication would require an external library that deliver this functionality,
e.g., Twisted.

3.3 Tribler Integration

After the Web 2.0 Browser was written it has been partially integrated with Tribler.
In particular, the Web 2.0 interfaces, and the Download Manager have been inte-
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grated. The Web 2.0 interfaces are integrated with the keyword search functionality
of Tribler, and search results of the Web 2.0 interfaces are appended tothe search
results of search results of Tribler itself. If a user downloads an item, the item is
passed to the Download Manager. As soon as the download is �nished, a .torrent
�le is created for that item, and the item is passed on to the library of Tribler.
Second, the ease of publishing of Tribler has been improved. Users do not have to
know anything about trackers or .torrent �les. To remove the need for trackers, we
use so-calledtrackerless tracking. With trackerless tracking, each peer becomes a
potential tracker, so no seperate trackers are necessary. If a userpublishes a �le,
Tribler will create .torrent �le for that �le. The .torrent �le will be distributedto
other Tribler users through the .torrent gossiping functionality of Tribler.
In this section, we �rst show the integration with Tribler. Second, the trackerless
tracking is explained.

3.3.1 Integration with Tribler

For now, only the YouTube and LiveLeak interfaces are integrated with Tribler,
but other Web 2.0 interfaces can also be integrated. Figure 3.5 shows Tribler
when a keyword search is performed. When a keyword search is performed Tri-
bler searches in its local torrent database, but it also uses the Web 2.0 interfaces
to retrieve more search results. The torrent and Web 2.0 search results integrate
seamlessly. Both search results are merged into the same grid. First, the search re-
sults of the torrent database are available in a fraction of a second because this is a
search in a local database which requires not network communications. Therefore,
the torrent search results are displayed immediately, and the search resultsof the
Web 2.0 interfaces are appended as they become available.
As with the Web 2.0 Browser, two pages of search results are loaded in advance to
provided improved responsiveness.
If a user decides to download an item, the item is downloaded by the Download
Manager which is the same from the Web 2.0 Browser. The downloads of the
Download Manager are displayed together with the downloads of Tribler itself.
When a the item is completely downloaded it is treated the same as if the item was
published by the user; a .torrent �le is created which is then passed on to theTribler
Library. The .torrent �le spread through BuddyCast to other Tribler users, so each
item that is downloaded through a Web 2.0 interface are immediately injected in the
Tribler network and, thereby, bene�t of the scalability of Tribler. Thus,each item
from a Web 2.0 interface needs only to be downloaded once through that interface,
and then Tribler no longer depends on the Web 2.0 interface for that speci�c item
and handles the distribution of that item.

3.3.2 Trackerless Tracking

Besides the usual trackers, most BitTorrent clients support a distributedalternative
for swarm discovery. This method is often referred to as trackerless tracking, and is
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Figure 3.5: Keyword search on “web 2.0” in Tribler.

achieved by using aDistributed Hash Table(DHT). Azureus was the �rst BitTor-
rent client with the new swarm discovery. Later, the Mainline BitTorrent client also
offered trackerless tracking. Unfortunately, the implementations are not compati-
ble with each other. Peers registered in the Mainline DHT cannot be found by peers
using the Azureus DHT, and vice versa. The Mainline DHT has been adopted by
other BitTorrent clients, including BitComet, utorrent, and BitSpirit, whereas the
Azureus DHT is only used by the Azureus client.

We have chosen to integrate the DHT from the Mainline BitTorrent client into Tri-
bler mainly for labour-saving reasons. The Mainline DHT can easily be integrated
with Tribler, because just like Tribler it is written in Python. The Azureus DHT
is written in Java, and therefore, �rst, a Python version has to be written. Fur-
thermore, at the moment, there is no speci�cation available of the Azureus DHT.
Azureus uses the DHT very every download while the Mainline BitTorrent only
uses its DHT only as backup. Consequently, it is likely to �nd more peers in the
Azureus DHT. Thus if a Python version of the Azureus DHT becomes available it
is probably worthwhile to use it instead of the Mainline DHT.

We have integrated the Mainline DHT with Tribler. The Mainline DHT imple-
mentations is called Khashmir, and is based on Kademlia[5]. Mainline DHT is a
modi�ed version of Kademlia. This section �rst explains Kademlia, and then the
modi�cations for BitTorrent. The original BitTorrent protocol has been adapted
slightly, and is discussed.
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Kademlia

Kademlia uses 160-bit values to represent keys, and participating nodeshave a
nodeID in the same 160-bit key space. Key value pairs are stored at nodes with a
nodeID close to the key. Kademlia uses the XOR operator to calculate the distance
between keys. The distance between node A and B with IDs respectivelyA id and
B id equalsA id � B id .

Routing Table The routing table of a node is organized in so-calledk-buckets. A
k-bucket covers an ID range of the key space, and can contain up tok nodes which
are ordered from least-recently seen to most-recently seen. If a node isto be added
to a bucket, it is �rst checked if the node is not already in the bucket. If thenode
is already in the bucket, then it is moved to the end of the list as it has become the
most-recently seen node for that bucket. If the bucket does not yet hold the node
and the bucket has less thank entries, then the node is added at the end of the list.
If the bucket containsk nodes, the least-recently seen node is contacted to check
whether it is still live. If the least-recently seen node fails to respond it is removed
from the bucket, and the new node is added to the bucket. If the node doesrespond,
then the new node is not added to the bucket and discarded.
The preference for old live nodes over new nodes has two advantages. Research
has shown that the a node longer has been up, the more likely it is that it will stay up
for another hour. Consequently, the nodes ink-buckets have a higher probability
of being live. Second, it provides robustness in a hostile environment. Itis not
possible to �ush the routing table of nodes by �ooding the system with new nodes.
New nodes will only be added to the routing table if the old nodes have left the
system.
k-buckets get �lled with nodes as a side effect of lookup and store operations. The
distance metric, XOR, is symmetric, i.e., for all nodesA andB the distance from
nodeA to nodeB is equal to the distance from nodeB to nodeA. A node receiving
messages from other nodes adds these nodes to its routing table, becausethe node
can send message to the nodes.
The routing table constitutes of dynamically allocatedk-buckets. The routing table
starts as a singlek-bucket, and is expanded as new nodes are added to the routing
table. The routing table is expanded by splitting a bucket in two separate buckets
with each bucket covering half the range of the original bucket. A node only splits
a bucket if its nodeID lies in the range of the bucket. As a consequence, the routing
table has a �ner granularity for nearby nodes. More speci�cally, a completely �lled
routing table stores nodes with distanced in a bucket that covers2blog2c nodeIDs,
i.e., the greatest power of two smaller than or equal tod. Thus the larger the
distance, the larger is range that bucket covers for that distance.

Operations The basic two operations that a DHT must supply are a store and
read operation. Kademlia uses sloppy storage, and stores a value on thek nodes
closest to the key. A node, that decides to store or lookup a value, �rst needs to
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�nd the k closest nodes, which is an iterative process. During the search, the node
keeps a list of thek closest nodes it has found so far, and it is initially �lled by
thek closest nodes from the routing table. Then the node will perform a number
of iterations to �nd closer nodes. A single iteration consists of selecting� nodes
that have not been queried yet from thek closest nodes list. These selected nodes
are queried for thek closest nodes they know of. Thek closest nodes is updated
with new nodes received from the queried nodes. If no new closest node is learned,
all other nodes that have not yet been queried are queried for nodes. The iterative
process ends when all thek nodes are queried and no new close nodes are learned.
The parameter� is the concurrency parameter, and determines how many nodes
are requested for closers nodes concurrently.
To store value, �rst thek closest nodes have to be found using the algorithm above.
Subsequently, a store request is sent to these nodes. In order to keepvalues alive,
each node republishes the value as needed. Furthermore, to clear stale data from
Kademlia, the original publisher has to republish the value on a �xed interval.
Reading a value works similar to storing a value, with the exception that once a
value is found, the procedure stops immediately. A node starts by searchingclose
nodes as in the algorithm mentioned above. However, if a queried node hasa value
for the key it returns the value instead of thek closest nodes it knows.

Khashmir

To store BitTorrent uses the infohash of torrent �les as key. The values are lists of
IP address and port number pairs of peers in the swarm. The store and read op-
erations of Kademlia are replaced by respectively theAnnouncePeerandGetPeers
primitives, though they show similarity to the store and read operations mentioned
above.
In Khashmir, values are lists, and each list item is checked seperately if it has
expired. Normally, a write operation replaces any old value. However, when a peer
performs an AnnouncePeer operation it does not overwrite any old values in place.
The AnnouncePeer operation looks up thek closest nodes just as in Kademlia, but
instead of writing a value the value is added to the list.
The GetPeers operation is similar to the read operation, except that the operation
does not end after a value has been found. The search continues untilall the k
closest nodes have returned their.
A Tribler node can learn from other nodes its ownconnectability, i.e., thus it �nds
out whether it is �rewalled or not. This information is used when a node wantsto
do a download. If the node is connectable, then it will perform GetPeers as well as
AnnouncePeer. Thus it retrieves contact information of other peers in the download
swarm, and it stores itself as participating in the swarm so that others nodes can
contact it. If the node is not connectable, then the AnnouncePeer is useless, for
others peers cannot set up a connection. Therefore, when a non-connectable node
decides to participate in a swarm, it only performs a GetPeers.
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Chapter 4

Experiments And Evaluation

4.1 Web 2.0 Interfaces

In this section, we present the performance analysis of the Web 2.0 interfaces. The
Web 2.0 interfaces are one of the most crucial component of the Web 2.0 Browser
since these provide the actual content. Performance is important for usability of
the Web 2.0 Browser because users do not like to have to wait for searchresults.
When the users use the traditional Internet browser and perform search keywords
on Web 2.0 sites, search results are presented almost instantly. For the Web2.0
Browser, and also the Tribler integration, to be a respectable replacementfor the
traditional Internet Browser, the performance of the Web 2.0 interfacesshould be
more or less similar to a Internet browser. Ideally, the Web 2.0 interfaces are fast
enough to load the next page of search results while the user is viewing the current
page. In that case, when the user proceeds to the next page, that page is available
immediately, and the user does not have to wait.
Figure 4.1 shows our measurements of the performance of the Web 2.0 interfaces.
This �gure shows measurements of the simple DBSearch, the ThreadedDBSearch,
and multiple ThreadedDBSearch combined by a CompoundDBSearch, in particu-
lar, the time it takes to retrieve the �rst100results of the search. The smaller graph
within the �gures is an enlargement of the �rst ten seconds of the whole graph.
These measurements have been made with an automated version of the Web 2.0
Browser which at startup immediately carries out a search and logs at whattime
search item results are delivered by the Web 2.0 interfaces. The retrieval of cached
item saves a web page retrieval and computation power that would be used toparse
that web page. Such a cached item can in�uence the performance measurements
greatly, and therefore, after each measurement, the cache of the Web 2.0Browser
is purged. The time is measured from the moment that the search is started till the
moment at which the 100th item is delivered by the Web 2.0 interface.
These measurements have been run on the video Web 2.0 interfaces. Measurements
on a single Web 2.0 interfaces have been made on YouTube, since it is the leading
Web 2.0 video site. Measurements of CompoundDBSearch have been made with
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Figure 4.1:

all video Web 2.0 interfaces combined, i.e., YouTube, LiveLeak, and Revver.

4.1.1 Single Site

From Figure 4.1 it is clear that a single threaded Web 2.0 with just one web site is
by far the slowest method for retrieving search results. The �rst item is available
after2:7 seconds after the search has been initiated. The100items are delivered in
approximately148seconds. On average, between each new item delivered by the
Web 2.0 interface the user has to wait1:48seconds.

The threaded YouTube interface with two threads provides a substantial speedup
over the single threaded interface. All the 100 items were available in under83
seconds. This is a speedup of148:064

82:686 � 1:79 compared to the single threaded in-
terface, and has an ef�ency of approximately0:895. With four threads, the speedup
equals to148:064

58:699 � 2:94and the ef�ciency to approximately0:74.

Using eight threads compared to four threads yields a speedup of only58:669
50:883 �

1:15. The limited speedup is caused by the limited available bandwidth. Further-
more, when the work queue of the ThreadedDBSearch gets depleted, some threads
may temporally be idling while one of the threads is re�lling the work queue.
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Chapter 5

Conclusions and Future Work

5.1 Conclusions

TODO CONCLUSIONS

5.2 Future Work

TODO FUTURE WORK remixable data...
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