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Chapter 1

Introduction

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 datesarvices
offered via the WWW have changed, and this change is referred to 2 \0g!].
There is no xed checklist according which a web site can be quali ed \2/¢€b

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 technolagges,
Ajax and RSS, that enables to create web applications with rich user exgesie
Web 2.0 is a new approach to creating web applications and is usually dsdocia
with a new role of users. Users are no longer just consumers of informiatio
are participants in so-callezhline communities which two-way communication
occurs.

Web 2.0 applications have gained a signi cant share in top ranking web Jies
ble 1.1 shows the global top 10 of popular sites as measured by Alexa. [€ka A
ranking is not a true re ection of the popularity of the sites, because theida
collected only from browsers equipped with the Alexa Toolbar. It givesear
indication of the signi cance and success of Web 2.0 applications, thdsighout

of ten sites in the top 10 are Web 2.0 sites, Google, YouTube, MySpacat, Ork
Wikipedia, and Tencent QQ.

Most of the Web 2.0 applications are being served by a single serveverate
computer centers, and consequently lack scalability. Our aim is to creadtablsc
Web 2.0 platform without any central components. The users must be able to
upload videos, photos, etc., and navigate easily through the uploadazhtes

Web 2.0 applications allow. To take advantage of the wealth of content glread
available on sites like YouTube and Flickr, integration of such sites is namgess
Furthermore, the platform has to keep track of the popularity of items as rmedst W
2.0 applications do.

This section gives an introduction into the world of Web 2.0 and peer-togpee
plications which will provide a scalable environment. Finally, an outline of the
remainder of this thesis is given.



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.gg.com

Table 1.1: Global top 10 ranking sites assessed by Alexa on yﬂ;lﬁﬁO?.

1.1 Web2.0

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 bebin@.W/is

to use the WWW as a platform for web applications. The meme map contains six
core competencies.

These six competencies do not form a checklist to check whether anatplics

Web 2.0 or not, but are characteristics of successful Web 2.0 applisation

Services, not packaged software Services are delivered to the end user through
an ordinary web browser which is available on most platforms, and areftier
accessible from any platform without the need to port it each speci cqiatfas
with ordinary software. Furthermore, services do not have releaselstes but are
improved continuously. Services follow the “release early, release’qgdterciple.

Architecture of participation The WWW mostly used to be one way traf ¢ of
information, i.e., users looked up information from web pages but did not co
tribute anything. Web 2.0 applications let users participate and let usershdd
to the Web 2.0 applications.

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 atcinggast

as the world's rst web page. This non-scaling architecture causesoviites to
have to degrade the quality of their videos to keep the necessary bande@itad
limited. There exist a few scaling Web 2.0 applications, and they are mostly peer
to-peer le sharing. However, most of these le sharing applications oalynbss

the bandwidth of the users and have a total lack of social interaction.



Web 2.0 Meme Map

Trustyour users

" The Right to Remix

Haskallty *Some fights resaned”

Figure 1.1: Web 2.0 meme map by O'Reilly Media



Remixable data source and data transformations Remixable data source and
data transformations means that data and services provided by a Welplc@-ap
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 thair da
and services are exposed.

Software above the level of a single device Software 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 tzrpart
could be Google Docs & Spreadsheets. Documents are stored onlinec@essi-

ble and editable from any PC equipped with an Internet browser. Goamie &
Spreadsheets also enables document sharing to allow multiple persomsgnark
the same document.

Harnessing collective intelligence The classic example of a web application that
harnesses the collective intelligence is Wikipedia. The articles of which Wikipe
constitutes are written by volunteers around the world, and can be writtanyby
one with Internet access. The accuracy of Wikipedia may not be as kighan
encyclopedia that is composed by experts, though, in most cases it iegoogh.

1.2 Peer-to-peer networks

Peer-to-peer (P2P) systems are networks in which work is performali fogrtici-
pating nodes instead of a few powerful machines. Furthermore, nadésjpating

in a P2P system are autonomous and each node has its own objectiveto(erg.,
loading or publishing a certain le). The desire to accomplish these objegctise
usually the only reason why a node is participating in a P2P system.

P2P networks have gained a lot of popularity. Research shows thatdhteaf ¢

is dominated by P2P traf c. By the end of 2004, 60% of all Internet trafias
P2P traf c. P2P networks are mostly associated with sharing large leb asc
movies, TV shows, music, and software. However, other P2P applicatiisis
such as telephony and TV.

P2P systems compared to centralized systems have two major advantatges: sca
bility and robustness. P2P systems without any central components stateaau
ically as the user base grows. Each participating hode donates bandedgdth,
puting power, and storage to the system. Hence, as a hew node entegrsténe, s
the total capacity of systems increases. A P2P system will always haugleno
resources as long as each user donates at least as much as it corsomef2P
systems, like BitTorrent, have mechanisms to enforce this.

Second, P2P systems have no central components and are thereforenorech
robust than centralized systems. Centralized systems contain one or nglee sin
points of failure like a Web server, an application server, a databasdf ete of
these components fail, the entire system is down and thereby affecting akits u
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In P2P systems the main components are the peers, and if a peer fails théreonly
resources contributed by that peer are no longer available.

This section gives a brief overview of the P2P systems that are relevaiisto
thesis, BitTorrent and Tribler.

1.2.1 BitTorrent

BitTorrent is a popular P2P le sharing system designed and implementedany B
Cohen. There are tens of different BitTorrent clients.

The BitTorrent system consists of leechers, seeders, and tradkeeshers are
peers that want to download the le, and may already have the downlaheed
le partially. Seeders are peers who already have a complete copy oferend
upload to leechers to help the distribution. Each torrent has one or mokersac
which serve as a meeting point for seeders and leechers.

When a peer decides to distribute a le with BitTorrent, it has to create aléedca
torrent le. This .torrent le stores metadata and provides enough inftiona
for other BitTorrent peers to download the published le, like lename, kng
and tracker URL. The .torrent BitTorrent logically splits les into pieces, ¢ty
250KB each, and computes for each piece the SHAL hash. Theses lzeshaso
stored in .torrent le and provide peers a way to verify the integrity of theada
received from other peers. In addition to a .torrent le, a tracker amdhdial
seeder are necessary. At rst, the publisher is the only peer with aafje le,
and should therefore register itself as an initial seeder.

To download a le, a peer connects with the tracker stored in the .torrenfT ke
tracker will then return a set of other peers that are also downloadinguthe $e.
The peer then contacts the other peers to start exchanging piecesci®egerify
the integrity of the pieces they receive with the SHA1 hashes stored in thentorr
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 increaksvits
load rate, it will increase its upload rate and check whether the other paksois
increasing its upload rate. If not the upload rate is set at the original Eavelif so
the peers maintain current upload rates and both will have a higher dalwaitea
The peer's objective is to download the le as fast as possible, and willicoe
searching for other peers to increase its download rate during the emtrdéahd.
A peer that does not upload at all will not receive any data from othersp thus
the tit-for-tat policy prevents free riding which is a common problem for m&® P
systems.

BitTorrent has been extended to be able to ugstributed Hash TabléDHT)
as an alternative for the centralized tracker. The DHT spreads the ftattrimg
the peers for each torrent across all peers, and each peer beadraeker. All
torrent swarms are stored by the same DHT. For each swarm, the DH$ #tere
peers. Thus a single DHT can replace all centralized trackers. A Dindves the
need for trackers. Besides as the primary swarm discovery methocéketiess
torrents, the DHT is also used as backup for traditional tracker.

5



BitTorrent tracker identifies the swarm and
helps the client saftware trade plecas
of the file you want with other computers.

Seed Seed

4% 100% 23% 100%; 19%

Computer with BitTorrent
cllent software recelves and sends
multiple pieces of the file simultaneously.

E2005 Hoow StutfWorks

Figure 1.2: A simpli ed BitTorrent network (source:
http://www.kevinwolf.com/?m=20060316)



The BitTorrent system does not address the dissemination of .torrent Tae
usual solution to this issue is a web server that hosts the .torrent les. Heamp
of such sites arenininova.org , piratebay.org , and btjunkie.org

These sites often also support RSS feeds of new torrents in a certajonyate
that match a certain search query.

1.2.2 Tribler

Tribler is a social-based P2P le sharing system based on BitTorrentleTiig

a joint research effort by The Delft University of Technology and\DXge Uni-
versiteit Amsterdam and is mostly funded by the I-Share project. The reSha
project conducts research in area of resource sharing in virtual coitiesu Tri-
bler builds upon the BitTorrent protocol, and has added multiple featuredymain
focused on social interaction and P2P video streaming. The features &gd
Tribler include .torrent gossiping, recommendations, friends-aided ldegnand
video-on-demand.

Users in Tribler are not just an IP address and port number as is withBtidst-

rent clients. Users have nickname and are accompanied by an avatas dus
connected with each other by an overlay network and are continuougtaeging
information such as .torrent les and person information. Gossiping .tbrken
take away the need for the user to search the web for .torrent les becthey are
provided by other Tribler clients. Furthermore, gossiping is used to exehdata
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 othersusith

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 butidéeg
download that a user has completed is regarded by Tribler as a recommarndatio
his taste buddies for that le unless the le has been deleted again. TliblerTr
gives the user recommendations aimed at his taste. The more downloadsma per
has completed the better will the recommendations be.

Tribler also allows you to create friends. A user can request his friemtielp

him with a download. When helping a friend, le pieces are no longer upldaue

a tit-for-tat manner as usual, but as a friend uploads are done altruisa¢dlij
upload rate. It is required the friendship is mutual, i.e., both users havel tecath
other as a friend. To ease the process of friendship creation, wsesend 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 BitTotre
clients is to download rarest pieces rst as this will lead to a uniform distriloutio
of the availability of the pieces. However, this policy blocks the possibility to
playback movies while they are being downloaded, because that retherds

to be downloaded in order. Tribler has adapted BitTorrent to be able tbaday
movies during the download provided the download rate is suf cient. Tlatfe
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provides Tribler with scalable Video-on-Demand.

1.3 Outline

The main issue that this thesis addresses is the poor scalability of currbriz.We
applications. The remainder of this thesis is organized as follows. Chaglisf 2
cusses the problem of unscalable Web 2.0 applications and the importanée of th
problem. Subsequently, functionality and features of existing Web 2.0 sites a
discussed to clearly de nes the criteria which a potential solution must safisfy
nally, a few current approaches are discussed. In Chapter 3, ¢chiteature of

our scalable Web 2.0 platform is described. Our platform builds upon Trile
leverages its scalability, and we discuss the adaptations and extensions Miade to
bler. Chapter 4 presents experiments and evaluation; performanceramaasts

as well as community measurements of Web 2.0 Browseare presented. The
Web 2.0 Browser is an application which provides an alternative way tolséar
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.



Chapter 2

Problem Description

Web 2.0 applications usually deliver their services through an Interoetder by a
single server or several computer centers. Consequently, therparfoe of these
applications decreases as the number of users increases. Peerstefparks, on

the contrary, perform better as the user base grows.

In this chapter, we start by examining the problem of unscalable Web 2IB app
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-peeorieti®e-

fore looking for a solution to this problem, it is necessary to draw up the ieriter
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-pegreer
networks, and then, we take the best of both worlds. Finally, we descuibe
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 Scalability and Robustness

The content of most Web 2.0 applications is delivered through the websbrow
and is served by a collection of powerful web servers. This traditiopptaach
has two major drawbacks, poor scalability and poor robustness.

The client/server architecture scales poorly because the website is dyiaecol-
lection of dedicated servers. The poor scalability is caused by the limitedlzilaila
ity of bandwidth, storage, and computational power used to deliver theedo
clients. The amount of resources needed to handle client requestsidepainly
on the number of client requests. As the popularity of a web site increases,
requests will be issued and have be handled. Handling the increase@mamb
requests requires additional resources. These additional res@uecasually pro-
vided by expanding the collection of servers with more servers.

The client/server model provides no robustness, because the sareassingle
point of failure. Once the web servers fail, content hosted by theserses no
longer available to anyone. To ameliorate robustness, sites often ar@edwijih

9



backup servers which are activated when the main servers fail. Howbese
measures do not tackle the issue at the root, which is the centralized araieitec
and therefore, site outages remain inevitable. Moreover, server faituag even
lead to loss of vast amounts of data.

So to partially improve robustness and to deal with poor scalability, web sies ha
to expand their server farm so that enough resources are availaldedtelclient
requests. However, expanding server farms comes with costs, soit@s the
question to what extent will organisations be able to continue to expandrserv
farms before the costs of keeping the service running become too higtutdlac
keep it running.

WikiMedia

Take for example the WikiMedia Foundation. WikiMedia's mission is to empower
and engage people around the world to collect and develop educatmmeaht
under a free license or in the public domain, and to disseminate it effectindly a
globally[5]. One of their most well-known projects\®ikipedia.org , which

is a free online encyclopedia that is editable by the public. Wikipedia 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 théelas
years. For the years 2004 to 2006, the total expenses were respedtR3 463,
$177 670, and $ 791 907[6]. WikiMedia is a foundation, and therefhese ex-
penses have to be covered by donations and gifts. Considering thingnoapu-
larity of Wikipedia, it is likely that the costs will continue to grow. Will WikiMedia
in a few years still to be able to cover the fast growing expenses with dosatitd
gifts?

YouTube

YouTube is another web site that which have high expenses to keepiihgurite
size of videos several magnitudes larger than of photos and articlethenedore,
the amount of required bandwidth and storage are higher than those of Sitgla
for photos or articles with the same userbase.

In April 2006, the total amount of bandwidth usage by YouTube was estimate
at 200 terabytes per day[1][2]. And each day, over 100 million videesarved

and 65 000 new videos are uploaded. Their monthly Internet bill was estimate
at nearly a million dollars. Besides bandwidth, YouTube also needs a immense
amount of storage space, for their video collection has been estimatedeat 45
abytes.

The operating costs for YouTube are huge, and accordingly, thereds apecu-
lation on YouTube collapsing under its own weight.

10



2.2 Our Aim

Our aim is to provide the functionality offered by Web 2.0 sites with the scalabil-
ity and robustness of peer-to-peer networks. Scalability is especiallysae fsr
sharing sites that let users upload and share their content with the thetwbrld.

The total amount of data and traf c may become very high as pointed out in the
previous section. Therefore, we restrict ourselves to Web 2.0 shsitesy

Most Web 2.0 sharing applications focus on a single type of media, e.g.ubeuT
focuses on video, Flickr on photos, and Wikipedia on text. Howeverintend is

to be able to support all types of media including video, pictures, and texth Su
that any content, regardless of its type, can be offered with the scalability a
robustness of peer-to-peer networks.

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 considdiuldels
approach to Web 2.0 sharing as one of the best there is at the moment. Besides
most Web 2.0 sharing sites do not differ much in the functionality they provide.

In this section we analyze the functionality offered by YouTube and Triblext,

we identify the desired features for our web 2.0 platform to formulate thaneq
ments.

2.2.1 YouTube

YouTube is to most popular site for sharing video clips with the rest of thédwor
It was founded in 2005 and was acquired by Google Inc. in Novemb@s.2h
this section, we analyze the functionality of YouTube.

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 tofidaxdeos.
Videos are accompanied with rich metadata including a description, tagspoateg
date of creation, and a thumbnail of the video. Additionally, a user cactséar
speci ¢ videos using the keyword search. With each video, buttonsvaitahle to

rate the video, to add the video to favorites, and to share the video with oftlers
this is presented in a “point-and-click” interface.

Publishing a video is also very easy. First, a user lIs in a title, descriptiors, tag
and category, and then selects the video le from the local hard drivelmad.
Alternatively, a user can also choose to create a video directly via hisamebc
The collection of videos uploaded by a single user is considered to benaaitia
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 importpeths
of the usability, for users do not like to wait. YouTube provides streamingovid

11



with Flash, so the user does not need any third-party software to pldythac
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 scaléod. 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 appreciatio

the community. Each user can keep a list of favorite videos. That is the mwhbe
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 45 terabytes[2]. This immense amount of
videos contributes to the popularity and success of YouTube, for moeevit-
tracts more users.

2.2.2 Tribler

In this section, we analyze the functionality of Tribler.

Decentralization And Scalability Tribler is a decentralized system, and does,
therefore, not have the scalability issues from which centralized artlviéscsuf-

fer. This is the most important quality of Tribler, for it solves our initial prable

the poor scalability of Web 2.0 applications. A fully decentralized system does
not have any maintenance costs. There are no central componentsatdbrbe
maintained, and each user maintains its own client software like upgrading to the
latest version.

In addition to scalability, decentralization also removes any central authdmighw
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 dedtty a
single authority. With Tribler, the only component is the client software with tvhic

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 lesin a
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 downloadedhd
normal mode, the usual piece picking policy of BitTorrent is used, i.e. pi@aes

are preferred over less rare pieces.

The play 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 ofehdudio

12



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.

and video les downloaded the play ASARMode can be played back as if they are
being streamed. Once the rst piece is downloaded video playback cstatied,
and the other pieces will be downloaded when they are necessary. Rerlenu
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 biyn@pok

at the number of peers in the swarm of the download. The more peers iarasw

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-calktape extensiaritems can be sorted
based on the popularity to easily nd the most popular items.

The recommendations of Tribler provide users with peer reviews front tkiee
minded users, so-callgdste buddiesDue to recommendations, users do not have
to search for content they like, for it is pushed to them.

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 platform the as the best of both worlds.

Tribler has an easy to use graphical user interface. Iltems are accechpat rich
metadata, and searching and downloading an item is straightforward. vielgwe
publishing with Tribler is not that easy. To publish an item, the user needsdo tak
the same steps as publishing with BitTorrent. Thus, a user needs a traakir th
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 anythimgt édackers

and .torrent les, and it only has to select which les to publish with the gregh
user interface.

It is technically not impossible for a centralized architecture to provide Hidityu
videos, yet in practice, this is much harder to achieve because of the ligsts

that comes with a higher quality. The videos of YouTube have a resolution of
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320 240pixels while HD videos of full quality of a resolution d@20 108Q
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 ofutm

are huge. If YouTube would provide HD videos, then the costs wouldghy too

high to keep YouTube running. Thus it is the scalability make HD videos pessib
To take advantage of existing content, our platform must integrate with popula
Web 2.0 applications. Once an item is retrieved from an external Web 2.0 site,
should be injected into our own network. Because then, our network geitafe-
pends on the external site for that speci c item, and further distributionadfittm

will bene t of the scalability of our platform. To increase usability, our platio
integrates with these sites seamlessly, and users would not be able to tekkwheth
an item comes from an external site or from our own network. Although oim ma
focus lies been on video, we do not restrict to this media type. Photos frokr Flic
and texts from Wikipedia are also available.

2.3 Related Work

There is already a number of Web 2.0 applications that leverages theiktyaddb
P2P systems. In this section we describe three of these applications, Wage, J
and Babelgum. Furthermore, we discuss why these applications do nobureet
criteria.

2.3.1 Wuze

Azureus is one of the most popular BitTorrent clients. Version 3 of thetcigen
named Vuze, and it has become a platform for publishing video, audigamds.
Every user can publish and distribute their videos, music, and games learse
the content through a stunning graphical user interface (see FigyreCohtent

is divided into several categories. In addition to the categories, Vueesadf few
xed channels, such allD Trailers, BBC, andAnime! Users can also search for
content using the keyword search. Finally, users can browse cdnteyplying
criteria such as popularity, duration, price, and date of publication onathiect.
Downloading of items occurs through the BitTorrent protocol, actuallyyeilem

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 Gesise-
quently, Vuze also supports High-De nition content unlike YouTube whadtales
every video to a resolution @0 240pixels.

Vuze supports a few business models. Not all Content on Vuze is frpalas
lishers can decide to make their content available for purchase, rentahlar it
ad-supported. These restrictions are enforced using DRM.

Vuze fails on two of our criteria: Scalability and Video-on-Demand. Théagdiity

of Vuze is already much better than YouTube, because data is distributesdthr
BitTorrent. But Vuze still relies on two centralized components in the system: the

14



Home |Browse Content My Library Publish Advanced
ALL VIDED AUDIO GAMES Categories  Channels Vuze News! E HH Signin | Register Help

| Back 1 10

v
Sort By Rammstein - Sonne Benny Benassi - Satisfaction Gladiator Music Video 'Now we...
ad From. Afaledo From. Atoledo From. Daniela

Lindsay Lohan - Rumors Metal Gear Solid 4 E3 Trailer... Nightwish - Nemo

¥ Duration From: Afeledo From. SuperSupra ) ) ) From. Afoledo

1,038,848 users T 14Bj5 4 [32K]" 1.2 KBjs

Figure 2.1: Vuze showing an overview of the hottest videos.

trackers and the indexing servers. Although Vuze supports distribigekietr by
means of a DHT, the primary method for swarm discovery is by trackerze Was
a few centralized trackers maintained which have to be expanded as tHeaase
grows.

The second central component are the indexing servers. As diddnsSection
1.2.1, BitTorrent does not provide a solution for the dissemination of thesrtorr
les. Vuze simply uses indexing servers to retrieve items with or without sgeci
properties. Like trackers, the indexing server capacity has to be éxgas the
user base grows.

Watching videos downloaded from Vuze require that they are complet&iyn-do
loaded before they can be watched. The size of a High-De nition moviefram

10 to 30 gigabytes which must all be downloaded before the movie can watche
This requirement is a consequence of the BitTorrent protocol. To achiewni-
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 pietas,
policy is deterministic. However, the availability of pieces depends on thevbeha
ior of the other peers in the swarm which cannot be predicted. Thertetois
unclear in which order the pieces of a le will be downloaded. On the othedh
Video-on-Demand requires the les are downloaded in order, i.e., ietgs rst.
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2.3.2 Joost

Joost is a P2P TV application created by the founders of Skype. A ageriew

the channels in its own channel list, which is composed by making a selectidn of a
the nearly 200 channels offered by Joost. Among these channels afdRditers,

and Comedy Central. For easy navigation, channels are divided intmdategnd
channels can be searched by keywords. Each channel offerstzenof programs
which user can watch whenever they desire. Programs are deliverédnoand,
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 foregroiledvatch-

ing TV (see Figure 2.2). Functionality provided by current available wslge
clude instant messaging, ratings, and RSS feeds. Currently, Joosigsrawo
instant messaging widgets. First, the channel chat is a chat room dhatbd
viewers of the same channel. However, because programs are pkgledrbde-
mand, viewers on the same channel do not need to be at the same positmn-of a
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 (thelitune
to the same channel) interact. Second, Joost provides integration with Gih\Ail
and Jabber. Users can use these widgets to send instant messagesaidtiiegy
Joost TV.

Using the rate widget, users can view the average ratings for the cpnagram

and give a rating for a program. Joost also offers a “What's popuhdnnel
featuring the most viewed programs.

Joost is planning to open up the API for creating new widgets to allow externa
developers to write plug-ins. The widget system is thus actually a exible-plug
system which allows add extra functionality to Joost.

Joost is not a free publishing platform like Vuze is. Users are not alldavpdblish

any videos, and therefore, Joost does not satisfy our criteria aflalde Web 2.0
platform. Publishing is only limited to parties that have a business deal with Joost.

2.3.3 Babelgum

Compared to Vuze and Joost, the functionality offered by Babelgum (gee F
ure 2.3) is somewhat simple. Babelgum features a number of channekntour
nine, and each channel serves multiple programs. Users programguoapra-
grams on demand. A unique feature that Babelgum distinguishes frormalubs
Vuze is the ability for users to create so-caldart channelsA smart channel is
created by entering a few tags, and the smart channel will be compogemboms
that are relevant to the tags. Like Vuze and Joost, Babelgum offers useate
programs. Furthermore, Babelgum allows users to report inappropadatent.
Babelgum does not satisfy our criteria, because it does not provide Bfgnition
video quality and publishing content is not straightforward. The videditgua
provided by Babelgum is mediocre and far from High-De nition quality.
Publishing is reserved for professional and semi professional ooweners and
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Figure 2.2: A screenshot of Joost displaying a program from the Réd¢Bannel
on Joost with widgets for instant messaging, ratings, and RSS feeds.

Figure 2.3: Babelgum in action
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requires to rst contact Babelgum.
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Chapter 3

Design And Implementation

This chapter presents the design of our Web 2.0 platform system whichndde
suffer of scalability issues. Our Web 2.0 platform is built upon Tribler attdrals

it with Web 2.0 functionality. To satisfy our criteria as de ned in the previous
chapter, 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, teeoépsb-
lishing. Publishing with BitTorrent requires the publisher to set up a trackeate

a .torrent le, and distribute the .torrent le to users that would like to dowdloa
the published le(s). Tribler already takes care of the .torrent distributith the
torrent le gossiping capability. Ideally, the user does not have to knoytteng
about trackers and .torrent les, and it only needs to select the le thaaitts to
publish in the graphical user interface.

Second, to take advantage of the content already available, Tribler nbegtate
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 teghearni-
formly as to the user cannot tell whether a video comes from YouTubevet kak.

We have written a stand-alone application, ¥heb 2.0 BrowserThis 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 h
been patrtially integrated with Tribler, and Tribler has been extended with eas
publishing capabilities.

In this chapter, we rst discuss the requirements of the Web 2.0 Browsat, we
describe the architecture of the Web 2.0 Browser, and discuss the syaaois of
the architecture in more detail. Subsequently, integration of the Web 2.0 8rows
with Tribler is described. Finally, we describe the replacement for tradittoaek-

ers. This replacements removes the need for publishers to set up a.tracke
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3.1 Software Development Process and Functionality

The primary objective of the Web 2.0 Browser is to allow users to nd intergstin
content that is available from the many Web 2.0 sharing sites without having to
navigate to and through all these sites with an ordinary web browser. drtient
collections of all sites is presented to the user as a single large collectionis€he
can navigate through this collection and retrieve items with keyword searches
Next is the integration of the Web 2.0 Browser with Tribler. To achieve stalab
hosting, once an item is viewed the user becomes a seed for that item in the Bit-
Torrent distribution system.

Besides these requirements, there are no clear requirements and itlesanotltat
functionality the Web 2.0 Browser will have. Due to the experimental nature of
development of the proof-of-concept, we took a exploratory appréathe im-
plementation. The implementation is evaluated at regular intervals to identify what
components have to be improved and what features are desirable.

The development and functionality of the prototype can be divided into stages:

1. Single-threaded prototype
2. Multithreaded, multi-site prototype — Web 2.0 Browser

3. Integration of Video Browsing with P2P

3.1.1 Single-threaded prototype

Figure 3.1 shows a screenshot of the prototype in stage 1. By meangpivarkl
search, users can search the supported web sites for content. \&#enclais exe-
cuted, the prototype contacts the web site from which it will retrieve seastlits.

For each item in the search results, metadata is extracted and is presenid to th
user. The user can download and view the items in the search results. pligeo
back is provided by using an external video player. To demonstrate tregajity

with respect to the type of media, the prototype supports videos, photbtexn

The search operations are executed by means of a single thread, @idrththe
pace at which search results become available is not high. A new item af@hse
result was available roughly eadtb second. See Section 4.1 for more response
time measurements of search operations. To increase the performarezeatf s
results, all retrieved metadata and items are stored in an unlimited on-disk cache

3.1.2 Multithreaded, multi-site prototype — Web 2.0 Browser

The prototype in this stage was named the Web 2.0 Browser and was released
to the public on April 10th, 2007. Figures 3.3 and 3.4 are screenshotsof th
Web 2.0 Browser.

The changes and improvements over the rst prototype are the following:

improved search performance,
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Figure 3.1: First Prototype
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combining multiple sites,

improved GUI with integrated viewer,
cross Web 2.0 sites rating, and

iPod video encoding for videos.

In the rst prototype explicitly selected on which site the search operationtda

be performed by selecting. In the Web 2.0 Browser the user only selectsettia

type it wants to search for, video, photo, or text. The Web 2.0 Browsaiacts

the appropriate web sites according to the selected media type. For a singge med
type, the Web 2.0 Browser can use multiple sites. For example, if the usehegar
for videos then YouTube, LiveLeak, Revver are used to nd videotchiag the
search query. The items collected from the various sites are transfortoed in
uniform representation. For the user items from different sites look the sad it

is not clear from which site an item was retrieved. The union of the videoatialie

of YouTube, LiveLeak, and Revver appears as a single large coletithe user.
Search operations are multithreaded with up to four threads per web sgéaeTh
sponse times of search operation have improved vastly, see Sectionsdréode-
tails. The user experience of the search operations has additionallynyeeved
throughprecachingwhich is performed by the GUI. While the user watches a page
of the search results, the next page of the search results is being.loaded

The improved GUI provides easy navigation through the search result se

The Web 2.0 Browser no longer depends on an external video playsideo
playback. The integrated viewer is capable of handling all downloaded,itbats

is videos, photos, and HTML.

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 Browse
provides cross Web 2.0 site ratings; a single rating system is used for 8ll site
There is a vast demand for watching video clips on portable devices sunblzle
phones and the iPod Video. To meet this demand, the Web 2.0 Browser idecapa
of transcoding any downloaded video into a format that the iPod Video istable

play.

3.1.3 Integration of Video Browsing with P2P

The functionality of the Web 2.0 Browser to search and view videos is irttsgjra
with Tribler, see Figure 3.6 for a screenshot. The search for torredts\&b 2.0
sites are combined in a single search operation. Searching for torresgsndo
require any network communication and therefore are available immediatedy. Th
search results of Web 2.0 sites are appended to the torrent searth resu

There is no cache, thus search operations are not speed up byaDagimloaded
items, however, are stored on-disk. When a user has downloaded aiit ideno-
matically becomes a seeder for that item in the Tribler network using peereio-p
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technology. Furthermore, publishing items with Tribler only requires the taser
select the le it wants to publish.

3.2 Web 2.0 Browser

In this section, we describe the architecture and design of the Web 2.Gs8row
First, the architecture is given, and in the following sections, the diffgrarts of
the architecture.

3.2.1 Architecture

In this section, we explain the architectural decisions that have been mhaidé,

are the choice between a stand-alone application or a Firefox extensidnean
tween multithreaded communication or asynchronous communication. This sec-
tion also gives an overview of the components of the Web 2.0 Browser.

Stand-alone vs. Firefox extension

The Web 2.0 Browser is a stand-alone application, however, we haveaisa-
ered to develop an extension for the Firefox Internet browser. Cgeatkirefox
extensions improves the browsing experience. Furthermore, users ldava to
install a separate application. However, a Firefox extension has alecatém-
itations. Usage is limited to Firefox users, users with different browser will n
be able to the application. Thus the large user group of Internet Expldliarot

be able to use the Web 2.0 Browser. In addition, Firefox extension are miitte
JavaScript, while the Web 2.0 Browser has to be written in Python for easy inte
gration with Tribler, which is already written in Python. Therefore, the Web 2
Browser is a stand-alone application.

Multithreaded I/O vs. Asynchronous I/O

When used actively, the Web 2.0 Browser has simultaneously multiple open net-
work connections. For example, while there may be multiple active downloads,
a user may also execute a search operations which requires one orehgoekn
connections. There are basically two ways to handle multiple network ctongc
multiple threads and asynchronous communication.

Virtually all of the network connections are used for retrieving web pagesthus
carry HTTP trafc. The Python standard library provides a module to natrie
web pages which uses blocking 10 operations. Because of the blodRirugp
erations, using this modules implies using a Multi-threaded 10 approach. grakin
the asynchronous IO approach means that an third-party library weutebtes-
sary to handle HTTP, or that we have to develop our own HTTP handleuses
asynchronous communication. In order to minimize dependencies on thixd-pa
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libraries and shorten development time, we chose to take the multi-threaded ap-
proach.

Web 2.0 Browser Overview

Figure 3.2 shows the architecture of the Web 2.0 Browser. For each media ty
there is a separate database. The Web 2.0 Browser currently suggdedsphoto,

and text, and accordingly there are currently three databases. A sktabaeves

its items from one or more Internet sites. For example, the current Videb&sda
retrieves its items from YouTube.com, LiveLeak.com, and Revver.com. Adlogd
from these sites are considered to be items contained by the Video Datdbase.
main functionality a database provides is a keyword search on the items in the
database.

Databases retrieve items and their metadata from multiple sites. To do so, ssdataba
has for each site that is uses a so-called Web 2.0 interface at its disposal. A
Web 2.0 interface knows about the structure of site, how to executehsgpaedes,

how to parse the search results, and hides these site-speci ¢ details ftatdbase

by providing a generic interface. The clear separation of site-speeitaild and

the database provide a exible and easily extendable system. E.g., adgipgrsu

for a new video sharing site requires only to specify the site-speci ¢ detais

Web 2.0 interface.

When the database is requested to perform a keyword search opgisidatabase
requests each of its Web 2.0 interfaces to perform the same searctiaperae
database aggregates the results of each interface into a single reanli seturns

this set as the result of the keyword search operation. The resulilyatantains
metadata of items and not the item itself. Retrieving each item in the result set
brings about a lot of extra communication, because the size of the usuattgris o
several magnitudes smaller than the size of the item. Furthermore, the user may
be only interested in a few items of the entire result set. In such cases,tthe ex
communication is mostly wastage and the response times of the search operations
would be needless much higher. From the result set the user selects théhig¢éms

it wants to download in order to view them.

To further improve the response times of search operations, eachsatsabguipped
with a cache. The cache is used to store the metadata of items that is retrieved as
a result of a search operation. Instead of having to retrieve metadataitaina

and parse it, the cache can be looked up to check whether it stores theataetad

If so, the metadata is fetched from the cache, and any communication toeetriev
metadata is saved. Besides metadata, the cache also stores any dowitdémasied
The size of the cache is unlimited, and metadata is never evicted from the cache
Downloaded items may be removed by the user.

The rating server stores all ratings made by each user for each itemrandgs
average ratings of each item. Whenever a user rates an item, the Web @<EBro
send a message to the rating server containing the rating and IDs uniquely ide
tifying the item, the Web 2.0 Browser installation. A new rating for a specic
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Figure 3.2: The architecture of the Web 2.0 Browser.
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Figure 3.3: Screenshot of Web 2.0 Browser after a search for violedslft has
been red.

combination of item and installation IDs replaces any old rating for that combi-
nation. Using these records, the rating server keeps track of thegaveriing of
each item. Average ratings are considered to be part of the metadata ofnan ite
However, due to the temporal validity of average ratings, they are natdsioithe
cache and have to be requested from the rating server every time thesealed.

The GUI displays the search results and the downloaded items in a usethfrie
interface to the user. If the user decides to view an item, a new download for
that item is started and is registered with the Download Manager. The Daivnloa
Manager noti es the GUI updated of any started, nished, cancelled, faited
downloads.

To playback videos, VLC media player is used. Using the VLC library, video
playback can be integrated into the GUI. The VLC library is cross-plattamchis
available for Windows and Unix/Linux. VLC supports a wide variety of multime-
dia formats including Flash Video, which is used by many video sharing sites.

3.2.2 GUI design

The graphical user interface of the Web 2.0 Browser consists of twpsabd-ig-
ure 3.3 and Figure 3.3. The rst tab, tisearch tab allows users to enter search
gueries and shows the search results. The user enters a searghsgleats the
media type, and clicks the search button to start a new search.

Figure 3.3 shows a screenshot of the Web 2.0 Browser.

The second tab is theewertab (see Figure 3.4). This tab shows the user a list of
all les that have been downloaded or are being downloaded, and itatleavuser
the view these items.
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Figure 3.4: Viewing a photo dbelft that has been downloaded.

Precaching

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 seatits @ver

the Internet, and may take therefore some time. To improve responsiyémess
Web 2.0 Browser dogsrecaching The Web 2.0 Browser retrieves not only search
results for the current page of search results, but it also retrieaeshseesults for

a few pages ahead. While the user is viewing a page of search resutiexttie/o
pages are being loaded. The waiting time for the user for viewing the nggtipa
reduced or even eliminated.

GUI updates

To keep the information presented in the GUI up-to-date we use a push madel.
push model we used the Observer-Subject design pattern wherein tlub&tives
the different components of the Web 2.0 Browser including search tpesand
download progress. This push model ensures that all information atedibtia-
tions in the GUI is always up-to-date and consistent.

For example, the progress of a download is shown in three differerépladhe

GUI, in the search result grid, in the details panel, and on the viewer tauddate
model allows the various places to be always up-to-date consistently by lgt&ng
three places observe the download progress. As soon as a hewgspgrcentage

is pushed to the GUI, all three places are updated immediately and simultaneously
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Extensibility

The GUI has been designed to be easily extendable for new media typesigAd

a new media type to the GUI involves extending three parts of the GUI. First, the
subpanel for the search results grid has to be de ned. Each item in dhehsee-

sult is a separate subpanel in the search results grid. What this sulmudsdike
depends entirely on the media type. The search results grid positions {hensub
els correctly and determine the number of subpanels per a page dependhng
subpanel size and grid size.

Second, the details panel has to be de ned. Similar to the search gridreipibee
content of this panel is totally determined by the media type except for the rating
control, which is added automatically to the panel. When an item is selected in
the search results grid, the item is passed on to the details panel de nétkefor
corresponding media type.

Third, the integrated viewer has to be extended to be able to handle the néav med
type, so that users can view the items.

3.2.3 Web 2.0 Interfaces

One of the essential components of the Web 2.0 Browser are the Web 2f@dater
because these components are the bridge between the Web 2.0 Brosviderren
published on sharing sites for videos, photos, etc. This section desthibdesign
of the Web 2.0 interfaces.

There are a number of bases class that a Web 2.0 interface can builfluppbase
classes handle requests for items and delivery of items to other compoh#érés o
application. A Web 2.0 interface only needs to implement the communication with
the Web 2.0 site. The available base classes are DBSearch, ThredsiealoB,
and CompoundDBSearch. These base classes form a exible andikédname-
work for Web 2.0 Browser. We estimate that support for a new Web 2 ¥ideos,
photos, and text can be added within a few hours.

In this section, we describe the interface which provides the abstractidelm®.0
sites. Then the three base classes and their use are explained. And vimally
explain how communication with Web 2.0 interfaces is implemented.

Web 2.0 Search Abstraction

A Web 2.0 interface must expose a few operations in order to let the detabas
the interface and retrieve items from the site that the interface connects teadfo

keyword search a new search object is instantiated which expose gpérations

to retrieve the search results. Thesesteat, getMore enough andquit.

start Thestart operations initializes any necessary resources to start web scrap-
ing. However, there is no communication with the web site yet, and no web-scrap
ing is performed yet.
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getMore ThegetMoreoperation is the most important operation. With this op-
erations, this operations submit requests for search results. To ful Heitpeests,
the Web 2.0 interface uses the keyword search of the site and parsesittle -
sults. Retrieving and parsing search results requires network communioa&o
the Internet, so to improve responsiveness of the application, resultsaetasyn-
chronously.

enough Theenoughoperation is used to order to discard any outstanding request.
After enough new request can be issued witetMore

quit  Finally, when the search object is no longer neededgthieoperation must
be used to release resources. It is the counterpart cténsoperations.

Simple web scraping

DBSearch is the simplest base class to implement a Web 2.0 interface. TheOAfeb 2
terface is required to only provide a single methodjetitemmethod. Each call

to getltemmust return the next item of the search results. The DBSearch is simple
and uses a single thread only, and therefore, its performance is not biper-
formance gain can be achieved if multiple threads are used which is exacty wh
ThreadedDBSearch does.

Threaded web scraping

DBSearch does not assume any structure of the web site, howewdy, aleeveb
sites share a similar structure for searching the site. This structure caplbiesl

for parallelism. The structure is as follows. The site provides the user witkt a te
box to enter a search query, and the search button takes the user teraie\av

of the search results. The search results page shows the results with limieed me
information, such as the title, the preview, and the beginning of the description
results page shows only a limited number of results, typically betvi@eamd20.
More results, are on different pages which are accessibl®eidand Previous
links. For our purposes, the metadata on the results search page i ciensu

and it is necessary to retrieve the web page of the item which contains egtend
metadata.

ThreadedDBSearch exploits this structure allows to perform web sgrapipar-

allel to increase the performance. A search results page typically stidotes20
items. For each item on the search results page, the Search has to retréed-a
tional web page and extract metadata from it. This step can be done in plarmalle
all items on the results page, and this is exactly what ThreadedDBSeaslbyo
means of multithreading.

A Web 2.0 interface using the ThreadedDBSearch as base must implemenmi-two o
erations parseltempagandparseltem The parseltempageperation is expected

to fetch, parse the next search results page, and return a list. Each itleenlist
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presents an item of the search results, and must provide enough infarrwaéb

low the parseltemoperation extract the necessary metadata. ThreadedDBSearch
regards the items in the list as opaque values, and implementations may put any
type of data in this list. Thearseltemmethod receives a single item from the list
returned byparseltempageand it must download the web page of the item and
extract metadata. Before actually downloading the web ppaeseltemshould
check the cache to reduce latency.

ThreadedDBSearch achieves parallelism through multiple worker thréhddist
returned byparseltempagés regarded by ThreadedDBSearch as a work queue
from which the worker threads pop an item and pseseltemto create the full

item. When the work queue gets depleted, the ThreadedDBSearch let®kes w
thread callparseltempageo re Il the work queue. This continues until no more
items are requested or the search is exhausted.

Multiple web sites

The third base for a Web 2.0 Interface is CompoundDBSearch. Thegeimgpf
CompoundDBSearch is to aggregate multiple Web 2.0 Interface objects ard mak
them appear as a single interface. CompoundDBSearch merges theofdhelt
Search objects it is controlling on a rst come rst serve basis. When Gamg-
DBSearch receives a request foitems, it requestx 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 itadeteitf
calls theenoughoperation on all of them.

CompoundDBSearch improves the extensibility vastly. Other components in Xeb 2
Browser do not need any knowledge whether they are using just a sweplsite

or if its using many sites simultaneously. CompoundDBSearch makes combining
a new Web 2.0 interface with the existing interfaces very simple.

Regular expressions

There are basically two ways for a Web 2.0 Interface to retrieve datadrerab

site. First, a site may provide an API for external applications. Such an &Pl p
vides methods methods for navigating through the content of the site. Sebend
data is also available via the web pages that are viewed by the Interreat Junis
approach requires that web pages are parsed to extract the attemhdao discard

all formatting and unnecessary data.

Parsing web pages can also be done in two ways. First, the HTML struzare
interpreted, and data can be identi ed within this structure. For example, the title
of an item can be de ned as the text enclosed by<hé&> element in the rst
paragraph (i.e.<p>) of the web page. Second, the web page can be treated as
plain text from which data can be extracted using regular expressioguld&e
expression specify which web pages to fetch to perform a searclhoandata can

be extracted.
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Figure 3.5: The structure of YouTube.com captured by a few regufaessgions.

Each Web 2.0 Interface can use a different method for retrieving dataeveér, all

the current interfaces fetch web pages and extract metadata usirgy regjres-

sion. The drawback of APIs is that each site has a different API ahdlhsites

provide such a API. On the other hand, the approach of fetching wgdspend
parsing the results works universally for all web sites.

The few regular expressions shown in Figure 3.5 provide enoughniafibon to

perform and parse keyword searches on YouTube. The few nuofbegular ex-

pressions also also re ect the exibility and extensibility of the Web 2.0 Irateek.

Adding new support for a new Web 2.0 site basically consists of nding theecb

regular expressions and applying them. Finding the correct regulaessipns is
trial-and-error process, they need to be restrictive enough that antjetsired data
is extracted and they need to work correctly for all items. From our expezje
this takes only a few hours of programming.

3.2.4 Ratings

We keep track of ratings by with a central rating server. Ratings cantbeves

and submitted with simple HTTP GET and POST operations. When the user se-
lects 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 itsatimg for

this speci ¢ item, then the average rating is retrieved from the rating server.

If a user selects and deselects an item multiple times in a short time frame, the
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Web 2.0 Browser will retrieve the rating for that item as many times as the item is
selected. Itis unlikely that a rating changes in a short period. To rechroenuni-
cation, any ratings retrieved from the rating server are cached andreatia for

a short period. After this period, the rating has to retrieved from the ratinger
again.

Storing and retrieving ratings are not vital to the primary functionality Web 2odvBer.
Therefore, Retrieving and submitting ratings are done on a best-effsit.bT his
prevents any failure in the communication with the rating server from blocking o
crashing the Web 2.0 Browser.

3.2.5 Download Manager

New downloads are registered with the Download Manager. The Dowhized
ager ensures that there is at most one active download for each iter@owmdoad
Manager also noti es the GUI of any newly started downloads and the@ss@®f
downloads.

3.3 Tribler Integration

As mentioned in the introduction of this chapter, Tribler has to be modi ed in
two ways. First, Tribler has to be able to take advantage from the largetimiiec
of content offered by various sites. This is exactly what the Web 2.0 8zow
does. Thus the Web 2.0 Browser has to be integrated with Tribler. In particu
the Web 2.0 interfaces and the Download Manager have been integratelr T
users can search for videos offered by YouTube and LiveLeakntbad them, and
view them. Any downloaded videos are automatically published using the kralab
distribution system of Tribler. This requires that the process of publisbiran
item can be carried out without any user involvement.

This is ts in with the second modi cation of Tribler that is required, which is
the ease of publishing of Tribler has been improved. Ideally, the usersetdgts
the le it wants to publish and Tribler takes care of the rest. The main problem
in the BitTorrent process is the swarm discovery. The traditional swésoowgery
requires the publisher to set up a tracker, which will serve as a vernuEf@opeers.
Most normal users do not have access to a server that is running wountisg,
which can be set up as tracker. Ideally, users do not require anylédge about
trackers or .torrent les, and just simply chooses the le to publish andl&rib
takes care of the rest. This can also be used for publishing videos foorfiuge
and LiveLeak because no user intervention will be necessary.

To remove the need for trackers, we use a swarm discovery method tladiers ¢
decentralized trackingWith decentralized tracking, each peer becomes a potential
tracker for each torrent, so no dedicated trackers are necesdagyswarm dis-
covery method requires no action from the user neither does creatingatteith
decentralized tracking.
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Figure 3.6: Keyword search on “web 2.0” in Tribler.

In this section, we rst present the integration of the Web 2.0 interfaces Tvith
bler, and subsequently, the decentralized tracking is explained.

3.3.1 Integration with Tribler

We have only integrated the YouTube and LiveLeak interfaces with Tribtew-

ever other Web 2.0 interfaces can also be integrated. To browse cthradtieb 2.0
interfaces provide a keyword search functionality. Tribler also previdgs/word
search functionality to search for torrents. We have merged the Web &.€hse
functionality with the Tribler search functionality to create a single searcb-fun
tionality to search in all content that is available through torrents and Web 2.0
interfaces.

The Web 2.0 Browser closely resembles the Tribler GUI. The searckigese
displayed in a grid that contains a thumbnail and the title of the item. On the right
side of the window there is a panel that shows the details of the currenttestle
item. This single grid contains the search results of both the Tribler torranttse
and the Web 2.0 search.

Figure 3.6 shows Tribler when a keyword search is performed. Whaywdcd
search is performed Tribler searches in its local torrent databasé,aisd uses

the Web 2.0 interfaces to retrieve more search results.

The Tribler torrent search searches only the local torrent datatiesefore, the
results of this search are “immediately” available because no Internet coicanun
tion is required. The results of the torrent search are displayed rs&tosler and
search results of the Web 2.0 search are appended to the torretit issants. The
Tribler item grid has been modi ed to request items from the Web 2.0 Browser
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when it is needed. And just like the Web 2.0 Browser, two pages are ldaded
advance to improve 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 Tribldf itse

the Tribler Library. 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 the Tribler Library. The .torrent le is spread througddCast

to other Tribler users, so each item that is downloaded through a Web 2.0 inte
face is immediately injected in the Tribler network and, thereby, bene t froe th
scalability of Tribler. Thus, each item from a Web 2.0 interface needs orihg to
downloaded once through that interface, and then Tribler no longendesgon the
Web 2.0 interface for that speci c item and handles the distribution of that item.

3.3.2 Decentralized Tracking

Besides the usual trackers, some BitTorrent clients support a distrikibeedative

for swarm discovery. This method is often referred talasentralized tracking
and is achieved by usingRistributed Hash Tabl¢DHT). A DHT is a hash table
that spreads the storage of key/value pairs across the peers thattarpating in

the DHT.

There are two DHTs, Mainline DHT and the Azureus DHT. The Azureud 84
part of the Azureus BitTorrent client. The Mainline DHT is developed asqidhe
Mainline BitTorrent client and has been adopted by several other Béiibctients
including BitComet and utorrent. Unfortunately, both DHTs are not compatible
with each other. Thus values stored in one DHT cannot be retrieved thbe
DHT, and likewise, peers registered in the Mainline DHT cannot be disedve
by peers using the Azureus DHT, and vice versa. If a DHT is the onlyrawa
discovery for a particular torrent, then there will be two separate swarnthdt
torrent, one swarm in the Mainline DHT and one in swarm in the Azureus BBIT.

a BitTorrent client to discover all the peers in the DHTSs, it needs implemensgation
for both DHTSs.

We have chosen to integrate the DHT from the Mainline BitTorrent client into
Tribler mainly to reduce development time. The Mainline DHT can easily be inte-
grated with Tribler, because just like Tribler it is written in Python. The Amsre
DHT is written in Java, and therefore, for integration with Tribler rst a Ryth
version would have to be developed. Furthermore, at the moment, theredgno
umentation available of the Azureus DHT thus porting it to Python also recioires
elicit its working from the Azureus source code.

We have integrated the Mainline DHT with Tribler. The Mainline DHT is called
Khashmir, and is based on Kademlia[3]. This section rst explains Kadewanhid,
then the modi cations for BitTorrent.
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Kademlia

Kademlia is a DHT that support the usual set and get operations. Kadeseka u
160-bit values to represent keys, and participating nodes have Hnindbe same
160-bit key space. Key/value pairs are stored at nodes with nodédBs © the
key. The XOR operator is used to calculate the distance between keysdeids.
Thus the distance between node A and B with IDs respectiglyandBiq equals
toAiq  Big, which should be interpreted as an unsigned integer.

Routing Table The routing table of a node is organized in so-caltelduckets.

A k-bucket covers an ID range of the key space, and can contain kimtales
which are ordered from least-recently seen to most-recently seenotfesisito be
added to a bucket, itis rst checked if the node is not already in the hudtkihe
node is already in the bucket, then it is moved to the end of the list as it hasibeco
the most-recently seen node for that bucket.

If the bucket does not yet hold the node and the bucket has lesktkatries,
then the node is added at the end of the list. If the bucket conkaimdes, the
least-recently seen node is contacted to check whether it is still live. If #st-le
recently seen node fails to respond it is removed from the bucket, anétheate

is added to the bucket. If the node does respond, then the new nodeaiddeat to

the bucket and discarded.

The preference for old live nodes over new nodes has two advant&gst, the
longer a node is up the more likely it is that it will stay up for another hour.98en
quently, the nodes ik-buckets have a higher probability of being live. Second, it
provides robustness in a hostile environment. It is not possible to ustotiteng
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 tipeg The
distance metric, XOR, is symmetric, i.e., for all nodesndB the distance from
nodeA to nodeB is equal to the distance from noBeto nodeA. A node receiving
messages from other nodes adds these nodes to its routing table, Hbeausde
can send message to the nodes.

The routing table constitutes of dynamically allocakebuckets. The routing table
starts as a singlke-bucket, which covers the entire key space. The routing table is
expanded as new nodes are added to the routing table kilthieket for that new
node is full. If ak-bucket is full and a new node is added, then the bucket is splitin
two separate buckets with each bucket covering half the range of thealmgde.
However, a bucket is only split if the nodelD of the root node lies in theeaof
that bucket. See Figure 3.7 for the evolvement of a routing table of noddBvith
00..00.

As a consequence, the routing table has a ner granularity for neaxtbgsa More
speci cally, a completely lled routing table stores nodes with distagcan a
bucket that coverg°92¢ nodelDs, i.e., the greatest power of two smaller than
or equal tod. Thus the greater the distance, the larger is range that bucket covers
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Figure 3.7: The evolvement of a routing table of the node with ID 00..00.
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for that distance.

Operations The basic two operations that a hash table and thus also a DHT must
support are a set and get operation. Kademlia uses sloppy storabstoaes a
value on thek nodes closest to the key. A node, that decides to store or lookup a
value, rst needs to nd thek closest nodes, which is an iterative process. During
the search, the node keeps a list of thelosest nodes it has found so far, and

it is initially lled by the k closest nodes from the routing table. Then the node
will perform a number of iterations to nd closer nodes. A single iterationsists

of selecting nodes that have not been queried yet fromKt@osest nodes list.
These selected nodes are queried for Khdosest nodes they know of. The
closest nodes is updated with new nodes received from the queried.ntficho

new closest node is learned, all other nodes that have not yet besiedjare
gueried for nodes. The iterative process ends when ak tiedes are queried and

no new close nodes are learned. The parametsrthe concurrency parameter,
and determines how many nodes are requested for closers nodegentigu

To store value, rst thek closest nodes have to be found using the algorithm de-
scribed above. Subsequently, a store request is sent to these nodes.

In order to keep values alive, each node republishes the value asthdadther-
more, to clear stale data from Kademlia, the original publisher has to reptiséish
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 seactbgeg
nodes as in the algorithm mentioned above. However, if a queried nodevhase

for the key it returns the value instead of thelosest nodes it knows.

Khashmir

To store BitTorrent uses the infohash of torrent les as key. The wadue lists of

IP address and port number pairs of peers in the swarm. The storeamadp-
erations of Kademlia are replaced by respectivelyAhaouncePeeandGetPeers
primitives, though they show similarity to the store and read operations mentioned
above.

In Khashmir, values are lists, and each list item is checked separately i§ it ha
expired. Normally, a write operation replaces any old value. Howevernwlpeer
performs an AnnouncePeer operation it does not overwrite any oldwvaiplace.
The AnnouncePeer operation looks up khelosest 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 tretioper
does not end after a value has been found. The search continueallutité k
closest nodes have returned their.

A Tribler node can learn from other nodes its oeonnectabilityi.e., thus it nds

out whether it is rewalled or not. This information is used when a node wemts
do a download. If the node is connectable, then it will perform GetPaaneh as
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AnnouncePeer. Thus it retrieves contact information of other peers oiotivnload
swarm, and it stores itself as participating in the swarm so that others nades c
contact it. If the node is not connectable, then the AnnouncePeer issiséde
others peers cannot set up a connection. Therefore, when sonoeatable node
decides to participate in a swarm, it only performs a GetPeers.
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Chapter 4

Experiments And Evaluation

In this chapter we present the experiments and evaluation that havedréamed

to identify weaknesses in order to be able improve these weaknesseatitni
lar, the performance of the Web 2.0 interfaces and the Khashmir swaroveigc
have been evaluated. Our primary interest in the performance lies innsspo
times of the various operations available by the Web 2.0 interfaces and idilmash
These measurements indicate how long the user has to wait before sesulth r
are available or a video can be streamed for playback.

Furthermore, we present the data that has been collected as a resalgefaf the
Web 2.0 Browser by the community. This data is collected by the rating sergter an
consists of retrieval and storage requests of user ratings. We combidattisith

the tags associated with items to identify popular tags and average ratinggdor ta
Finally, we present the BuddyCast experiment, which shows that otersyac-
tually works. This experiment shows the entire ow of a YouTube video that
downloaded from the web site and which is distributed with Tribler in a scalable
manner. The video is rst downloaded through the Web 2.0 interfacedomybe.

As soon as the download is completed, a torrent is created for the videb ighic
then announced to other Tribler clients with BuddyCast. Another Triblertckéh
then download the same video through the scalable BitTorrent and Khashmir.
This chapter rstdiscusses the experiments and evaluations that cahedieb 2.0
Browser. These are the Web 2.0 Interfaces performance measuremeétie data
collected by the rating server. Subsequently, the experiments and evasuetio-
cerning our extended version of Tribler are presented. These at€htshmir
performance measurements and the BuddyCast experiment.

4.1 Web 2.0 Interfaces

In this section, we present the performance analysis of the Web 2.0 gdsrfahe
Web 2.0 interfaces are one of the most crucial component of the Web &usBr
since these provide the actual content. Performance is important fatitysab
the Web 2.0 Browser because users do not like to have to wait for sesalts.

39



Performance analysis: latency of queries
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Figure 4.1:

When the users use the traditional Internet browser and performskaeywords

on Web 2.0 sites, search results are available within a few seconds. Rgeth2.0
Browser, and also the Tribler integration, to be a viable alternative for #uk-tr
tional Internet Browser, the performance of the Web 2.0 interfacesldho in

the same order of magnitude as the performance of a usual Internetdsrdike
Firefox. ldeally, the Web 2.0 interfaces are fast enough to load thepagéd of
search results while the user is viewing the current page. In that chss the
user proceeds to the next page, that page is available immediately, andethe us
does not have to wait.

Note that measurements are subject to limited availability of bandwidth on both
the client side and the server side.

As discussed in Chapter3 there are three versions of Web 2.0 Inteffaeerst
version is a single-threaded search that uses a single thread to psyfachronous
communication. The second version was a multithreaded search that usegemultip
threads. Finally, the third version combined multiple searches to create a single
compound search that uses multiple sites.

Figure 4.1 shows our measurements of the performance of the Web 2.@deterf
for these three versions and different number of threads. The dooes the
amount of time needed to fetch the rE00items of the search results of particular
search. Additionally, the gure shows an magni cation of the 15D seconds of

the measurements to clearly display the latency to the rst returned item far eac
measurement.
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These measurements have been made with an automated version of the Web 2.0
Browser which at startup immediately executes a search and logs at what time
search item results are delivered by the Web 2.0 interfaces to the GldkeBedich
measurement the cache of the Web 2.0 Browser is purged, becausetibertay
greatly reduce the amount of necessary communication and thus also thetamou
of time. A non-empty cache may therefore give a distorted re ection of thi®ope
mance of the Web 2.0 Browser.

The time is measured from the moment that the search is started until the moment
at which the 108" item is delivered by the Web 2.0 interface. Included in these
measurements is the time needed to display the search results in the GUI, which
among others including rescaling and rendering thumbnails.

These measurements have been run on the video Web 2.0 interfaceardneasts

on a single Web 2.0 interfaces have been made on YouTube, since it isdireglea
Web 2.0 video site. Measurements of the compound search have been ittade w
all video Web 2.0 interfaces combined, i.e., YouTube, LiveLeak, andé&tev

Measurement Results

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 itemadatle
after2:7 seconds after the search has been initiated.1D@étems are delivered in
approximatelyl48seconds. On average, between each new item delivered by the
Web 2.0 interface the user has to w48 seconds.

The threaded YouTube interface with two threads provides a substgpeiadigp

over the single threaded interface. All the 100 items were available in @&ler
seconds. This is a speedup % 1:79 compared to the single threaded
interface, and has an ef ciency of approximat€ly895. With four threads, the
speedup equals @‘% 2:94 and the ef ciency to approximately.74.

Using eight threads compared to four threads yields a speedup o%gg%

1:15. The limited speedup is caused by the limited available bandwidth. Further-
more, when the work queue of the ThreadedDBSearch gets depletethread is

re lling the work queue while other threads may be temporarily. This part ef th
Web 2.0 Interfaces cannot be speed up by using multiple threads.

The speedup from using multiple sites is limited compared to using multiple threads.
Using multiple sites comes with other advantages: smaller delays and moresdivers
content. The smaller diagram in Figure 4.1 shows an enlargement of th&0rst
seconds.

When only YouTube is used as source for videos then the rst item is déaila

in approximately 2 to 3 seconds. This is a result of the delay of YouTube. With
multiple sites the rst item is available if:5 second. One or more of the other
sites have a smaller latency than YouTube and provide the rst item quidker.
this case, LiveLeak has a smaller delay and provides virtually alwaysshé@em.

See Table 4.1 for a comparison on the latency of YouTube, LiveLeakiRanver.
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YouTube.com LiveLeak.com Revver.com

(20 items) (12 items) (15 items)
rst run 4331 1659 7727
second run 4997 1761 13240
third run 4700 1712 9860
average 4676 1711 10276
Web 2.0 Browser 7575 6158 6200

Table 4.1: Firefox response time vs. Web 2.0 Browser in milliseconds

To provide a smaller delay, it is possible to only use LiveLeak instead of com-
bining YouTube and LiveLeak. In that case, however, users woelldeprived of

the wealth of content provided by YouTube. Using multiple sites yields a greate
variety of content. Especially when the focus of the videos sites is ditfefer
example, YouTube pro les itself as the family friendly video sharing site. r&he
fore, any videos that are considered offensive or inappropriatenteother way

are removed. On the other hand, LiveLeak focuses on news and fiesausid to

be family friendly than YouTube.

Web 2.0 Browser vs. Firefox

In this section we evaluate the response time of our Web 2.0 Interfaces iracomp
ison with the response time that is incurred by using an ordinary web brokwe

each web site we have measured a how long it takes to load the rst pagarochs
results.

To measure this we used Firefox in combination with the Load Time Analyzer
extension, which is developed by Google and measures how long it takel$yto f
load a web page. These measurements are compared with the multithreaded multi-
site version of the Web 2.0 Browser with four threads per site.

The measurements are shown in Table 4.1. With Firefox, we measured hgw lon
it takes the load the rst page of search results. To improve the accufaitye
measurements, we performed three runs and use the average of the$er our
comparison. The number of items displayed per search result page giéieweb

site. YouTube, LiveLeak, and Revver display respectively 20, 4@ 1% items per
search result page. As last row, the table includes the response time/géth2.0
Browser for the equivalent number of items shown per search resydt Ima the

web site.

From the measurements, we see that the Web 2.0 Browser is approximately 63%
slower than YouTube, 260% slower than LiveLeak, and 40% faster Reawer.
Overall, the Web 2.0 Browser is slower than the using an Internet Browesy-

ever, note that the Web 2.0 Browser also fetches the individual pagadébritem,

from which it extracts more metadata that is presented to the user. For exam-
ple, YouTube and Revver do not provide the associated tags with eaclolitem
the search results page, while the Web 2.0 Browser does. Howeveredisas
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Figure 4.2: Announcement of the public release of the Web 2.0 Browser

additional data retrieval, which costs extra time.

4.2 Real world usage

The Web 2.0 Browser has been released into the public which was aretbanc
April 10th 2007 (see Figure 4.2). Through the usage of the usage d¥ghe2.0
Browser by the public, we were able to collect data as a result of Web 2\0d8r
installations contacting the rating server.

In this section we present these measurements. First, we describe wtdshtda
have been obtained. Subsequently, we present the statistics that Baxextracted
from these datasets.

4.2.1 Datasets

The rating server is contacted by the deployed Web 2.0 Browsers to esivevage
ratings for items and to post the user rating. Consequently, we have twsetiata
the user ratings and the average rating requests. To distinguish the raisigd

and requested from the various Web 2.0 Browser installations, each itistalas

an associated unique installation ID.

The dataset of user ratings is a collection of records that contain the itistalla
ID, the unique item ID, and the rating. Every time a user rates an item, a mes-
sage is sent to the rating server a new record is added to the user r&lings:
rating for a particular combination of installation ID and item ID overwrites any
previous records with that combination. Thus the most recent ratingslissuen
installation are kept in the database.

The dataset of average rating requests is a collection of records thiaircthe
installation 1D, the unique item ID, and the time at which the request was sub-
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mitted. Every time the Web 2.0 Browser needs to display the average rating, the
average rating is requested from the rating server. The rating is dispiayeo
places. First, the rating is displayed on the detail panel of the seardtsreBuus

an average rating request for an item is sent when it is selected in thuh sear
sults overview, it does not have to be downloaded. Second, the avextigg is
also displayed on the viewer tab and is for the current showing or playing ite
Consequently, an average rating for an item is requested every time thasitem
viewed.

The two datasets mentioned above are the only datasets that have bedeadollec
by means of the Web 2.0 Browser. However, item IDs are not very integes
and therefore we use additional datasets that we extract from the wehlsite
the Web 2.0 Browser uses. Especially the datasets item IDs and the cowlexp
tags is useful, because it gives of an indication of the subject of the itemtgiat.
However, this dataset is not complete, which is mainly because YouTuleebas
forced to remove videos from their web site due to copyright violations.s€on
quently, for a few number of items from our datasets we have no comdspp
tags. These items have been omitted from results that involve tags.

4.2.2 Average Rating Requests

In this section, we present the number of installations and the day of theumst
of each installation. Furthermore, we look at the most active users and tste mo
popular tags. These statistics have been extracted from the averageegtiests.

Number of installations

Each installation of the Web 2.0 Browser that has been used has seag@avating
requests to the rating server. The only useful thing to do with a fresh irgialia

to do a search and download items. When an item is selected, which is alse¢he ca
when it is downloaded, an average rating request is sent. Thus egtajlation

that has been used in a useful way has sent rating requests. Babhausstallation

ID is also sent along with the request, the number of unique installation IDs in the
rating request dataset is the number of installations that has been useseafub u
way. This number ig20.

The installation ID is generated on the rst run after the installation of the Web 2
Browser and is partially constructed with the current time. It is possible taextr
this time from the installation ID, and therefore we know for each installation at
what date and time the installation was run for the rst time with a precision of
seconds. Figure 4.3 shows for each day since the April 10th the nurhivestal-
lations with the rst run on that day.

Most rst runs have been performed on the rst few days since tihease. After

one week 146 installations already had their rst run, and after two weeks more
than half of the total number of installation21, had their rst run. After two
weeks, each day approximately two new installations had their rst run.
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User installations since release
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Figure 4.3: The number of rst runs of installations since April 10th, 2007

Most Active Users

The average number requests can also be used as a loose indicatiageobtithe

Web 2.0 Browser. When the Web 2.0 Browser is used to search for neert@and

to view items, rating requests are sent to the rating server, and thus indltates
that speci c installation is actively used. By counting the number of ratingests

for each installation ID, we have an indication of how actively each install&iden
been used. Figure 4.4 shows the twenty most actively used installations with the
corresponding number of rating requests sent to the rating server.

The most used installation is extremely active compared to the other installations,
because there is a great difference between the most used installatithre aat-

ond most used installation. The most used installation has sent more&:fhan
times more rating requests than the number of rating requests sent by thd seco
most used installation. The difference between other installation is much less. T
number of rating requests decreases more moderately between installdtens.
number of rating requests of the latter ten installations from this top twenty varies
from81lto 111

Most Viewed Content

In this section, we consider the content that was viewed by the Web 2.0sBrow
users. To get an indication of the type of content that has been lookee aise

45



20 most active users

700

600

500

400

activity

300

200

100

Figure 4.4: The 20 most active users and their activity.

the tags that are associated with a particular item as an indication of the content
of the item. We combine the average rating requests with the associated tags for
each item, and the tags are ranked by the number of rating requests for isgms th
are associated with the particular tag. Figure 4.5 show4@0¢ags with the most
number of rating requests in the form of a tagcloud.

The tagcloud shows that was a strong interest in the musical event thételdas

on queen's day by radio station “radio 538" at the museumplein in Amsterdam.
Furthermore there was a strong interest in a tv show called “Simplisties \@rbon
starring Van Kooten and De Bie. Both subjects are Dutch orientated, whigdt is
surprising because the public release of the Web 2.0 Browser wasrargtbon a
Dutch web site, so most of the users are Dutch.

Site And Content

In section 4.1, we claimed that one of the advantages of combining multiple sites
is the greater variety of content because sites usually have a focusubjeatsor
audience. In this section, we support this claim by looking at the contenistha
delivered by the three different videos sites.

To nd out the type of content delivered by the three different siteshewe com-
puted the covariance between the web sites and tags. The dataset thabdas
compute the covariances is the unique items from the average rating regitbsts
the associated tags and the site that delivered the item. Table 4.2 shows tlgsten ta
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Figure 4.5: The 100 tags with the most rating requests.

LiveLeak Revver YouTube

humor sexy dutch
crash hot kooten
video girl bie
funny babe the
commercial  cute vieze
wif bikini vpro
iraq girls kees
tv boobs simplisties
cam fetish  nederlands
animation tits retro

Table 4.2: The top ten tags with greatest covariance with the site for each site

with the strongest covariances with each site.

YouTube is a very popular video site with many uploaders. Consequently é&s vid
collection is very diverse, and it even has hutch content. LiveLeakRewler
are less popular than YouTube and there is much less hutch content kvibai
these sites.

The content that has been provided by Revver is mainly adult content. uijtho
adult content is not the primary focus of Revver, it is not excluded bystte
as YouTube does. Thus Revver is available to provide certain conteris that
available from YouTube or LivelLeak.

Most of the tags that are correlated with LiveLeak have a more geneeiinge
and do not point to a speci c subject. The tags “humor” and “funny” iatkc
humorous videos. The tag “iraq” indicates videos on the war in Irag. leaglhas
a focus on news videos and the site even has a separate categorywar thérag.
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Rating Number Percentage

1 33 11:3%
2 18 6:2%
3 26 8:9%
4 41 14:1%
5 173 59:5%

Table 4.3: The distribution of the ratings.

Web Site  No. ratings Average rating

LiveLeak 23 3.91
Revver 24 2:63
YouTube 228 4:28
Flickr 12 3:25
Zooomr 2 2:00
Wikipedia 2 2:50
Total 291 4:.04

Table 4.4: The number of ratings and the average ratings per site.

4.2.3 Ratings

In this section we present the collected data from user ratings. In 28thiatings
have been issued by Web 2.0 Browser users. Table 4.3 shows the dtistribii
the ratings over the rating levels.

The ratings are strongly biased towards a positive rating, that is fouweostars.
Nearly 60% of all ratings have a level of ve stars, and nearly 74% is efthe or
ve stars. Among the negative ratings, one star is the most issued rating.
Table 4.4 shows the total number of ratings and the average rating forsgach
By far, the most ratings were issued for items that come from YouTubeysers
were also the most positive about the content of YouTube compared tdhée o
web sites.

Popular tags

In this section, we present the average ratings for tags. Figure 4.6sheae
tags according to their average rating. To keep the number of tags in theudgc
limited, Figure 4.6 only shows tags with three or more ratings.

In accordance with Table 4.4, the majority of tags of a high rating (four er v
starts). Furthermore, note that there is virtually no intersection of tagsrshow
Figure 4.6 and the popular tags that we retrieved from the rating reqsbstsn

in Figurdef g:tagcloud1.
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Figure 4.6: The average rating of all tags with three or more ratings.
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4.3 Khashmir

In this section we evaluate the performance of Khashmir as an alternativedneth
for swarm discovery. The usual primary swarm discovery is the traekel there-
fore we will compare the performance of Khashmir with the performanceef th
tracker.

We have tested Khashmir in two different environments. First, we evaludtashk

mir with large public swarms, and speci cally the swarm discovery operafite.
primary interests of these tests are the number of peers that is returnethbii-K
mir and the latency from the start of the operation to the point in time at which the
rst set of peers is returned by Khashmir.

Second, Khashmir has been evaluated in swarms consisting of a singlé~peer
these tests, the main primary interests is whether Khashmir actually nds this peer
despite of the unreliability of the DHT, stale entries in the routing table, and the
sloppy storage used by Khashmir. The performance of Khashmir in thisoanv
ment is important for our system, because any published item starts as aame p
swarm, and there is no tracker to fall back to. If the performance of ithass

not enough, then other users will not be able to download such a pulblime,

and the swarm will never grow to a larger swarm.

4.3.1 Large Public Swarms

In this section we present the measurements on Khashmir for large pubtimswa
The focus lies on the number of peers returned by Khashmir and the latency
Khashmir returns the found peers in multiple sets dispersed over time. We look
primarily at the latency to the rst set of peers that is returned, becaose this
point in time, the Tribler client can start connecting to peers and start dadinigp

the item.

For a tracker, predicting the number of peers and the latency is fairly €amykers

have global knowledge of the swarm and are con gured to return at Sfqseers.
Therefore, trackers will likely returB0 peers in all cases. The latency will likely

be comparable to a web server, because a tracker is actually a simplerweth se
We expect the latency to be within one second.

However, predicting the number of peers and the latency is much more diflaelt

to the unreliability of UDP, and the unpredictable behavior of other peetiipa
pating in Khashmir. However, we expect the latency to be more than the laiéncy
the tracker, because during swarm discovery multiple nodes have tonteetal.
These torrents were selected by taking the three most popular torrentkgiteree
torrents with the largest swarms, from torrent site The Pirate Bepiratebay.

org ). The primary swarm discovery for these torrents is through trackerad-
dition to the Khashmir measurements, we have also performed measurements the
same measurements for the trackers of these torrents. To improve thacycallr
measurements have been performed three times.

For each swarm, we have also recorded the swarm size according tadkertr
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Performance analysis: #peers
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Figure 4.7. Khashmir swarm discovery for torrent

American.Gangster.DVD.SCREENER.XViD-PUKKA

using the scrape extension to get an indication of the swarm size. Howeter

that this is not the number of peers Khashmir should be able to return yptiteab
circumstances, because not all peers registered with the trackertécgptng in
Khashmir. The number of peers registered in Khashmir depends on tha actu
client software of the users and is likely to be much smaller. Some clients do not
use Khashmir or use a different DHT based swarm discovery method, Zigreés.

In this section, we rst present the measurements on the three large s\aadns
nally discuss the performance Khashmir in general.

American Gangster

The most popular torrent from The Pirate Bay was American.Gangster.B¥REENER.XViD-
PUKKA. At the time of these measurements, the scrape extension of thertfacke

this torrent reported a total swarm sizel#¥109peers consisting d3621seeders
and8480leechers.

Figure 4.7 shows the measurements of Khashmir swarm discovery, aled4Tab

shows the measurements of tracker swarm discovery.

Not surprisingly, the tracker returns in all three ruB3 peers with an average

latency of 0.14s.

In the rstrun it takes20 seconds before the rst peers in the swarms are returned.

In the other two runs the rst peers are returned in respectively 0.89afbs. As
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| #peers| latency

1.| 50 0:11
2.| 50 0:17
3. 50 0:14
Table 4.5: Tracker swarm discovery for torrent

American.Gangster.DVD.SCREENER.XViD-PUKKA

| #peers| latency

1.| 50 0:13
2.| 50 0:16
3.| 50 0:11
Table 4.6: Tracker swarm discovery for torrent

I.Now.Pronounce.You.Chuck.And.Larry[2007]DvDrip[Eng]-aXXo

with the latency, there are signi cant differences in the number of pedusred
by different runs. However, the run that returns the fewest nunfqezers, returns
133peers which is much more peers than is returned by the tracker.

For this torrent, Khashmir is slower than the tracker. However, for twe rusitill
manages to return the rst response within the rst second. In terms wiaeu of
peers, Khashmir clearly outperforms the tracker.

I Now Pronounce You Chuck And Larry

The second most popular torrent from The Pirate Bay was |.Now.Prmaovou.Chuck.And.Larry[2007]DvDrif
axXXo. At the time of these measurements, the scrape extension of the tfaicker

this torrent reported a total swarm size 5866 peers consisting o4131seeders

and5366leechers.

Figure 4.8 shows the Khashmir performance measurements for this swadm, an

Table 4.6 shows the tracker performance measurements.

The tracker measurements produce expected red&ifltpeers in an average of

0:13s. The latency to the rst set of peers is equal or less than one seddrel.

number of peers by the runs are respectiagid$2 969 and646.

Pirates Of The Carribean - At World's End

The third most popular torrent from The Pirate Bay was Pirates.Of. Thibligam-
At.World__s.End[2007]DvDrip[Eng]-aXXo. At the time of these measurements,
the scrape extension of the tracker for this torrent reported a totahsgiae of
2280peers consisting A387 seeders anii293leechers.

Considering the swarm size, we doubt that this torrent is actually the thirtl mos
popular torrent. The statistics of most popular torrents as presented Byréte

Bay are likely somewhat stale. However, we are interested in large puldicrsy

52



Performance analysis: #peers

2500 T T T T T T - T
First run +
Second run
Third run *
n
.
2000 4
&
7
n
2 1500 [ .
g
S
3 '
IS + +
2 1000 | .
n
+ *
*
500 * —
n
I ¥
*
0 1 1 1 1 1 1 1
0 20 40 60 80 100 120 140 160
seconds
Figure 4.8: Khashmir swarm discovery for torrent

I.Now.Pronounce.You.Chuck.And.Larry[2007]DvDrip[Eng]-aXXo

| #peers| latency

1. 50 0:14
2. 50 0:13
3. 50 0:47

Table 4.7: Tracker swarm discovery for torrent Pirate Bay was
Pirates.Of. The.Caribbean-At.World.End[2007]DvDrip[Eng]-aXXo

and not necessarily the most popular, and therefore this swarm is sualolgr
evaluation experiments.

Figure 4.9 shows the measurements of Khashmir swarm discovery, aled4Tab
shows the measurements of tracker swarm discovery.

The tracker returns0 peers with an average latency @R5s. The latencies of
Khashmir runs are respectivelyl4, 0:06, and0:59.

4.3.2 One Peer Swarms

In this section we test the performance of Khashmir in one peer swarms. The
performance in one peer swarms is important because a that is publistisdsta

a one peer swarm. As opposed the tests for large swarms, our main rcamcer
whether other peers are able to nd the one peer swarms. The unreliability®,
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Figure 4.9: Khashmir swarm discovery for torrent Pirates.Of.The.Ceaaitb
At.World__s.End[2007]DvDrip[Eng]-aXXo

sloppy storage that used by Khashmir, and the unpredictable behavathef
peers participating in Khashmir may cause peers not to be able to sudlyessfu
lookup the swarm of a torrent.

To test the performance of Khashmir in one peer swarms, we have craated
own swarms using two Khashmir clients. One client announces itself as a peer
for a torrent, and the other clients performs a lookup for the same torreath B
clients have a separate routing table, and have been bootstrappedousarg
bittorrent.com

Table 4.8 shows the results of ten measurements and shows the latency of the
lookup.

For all lookups, Khashmir was able to successfully nd the registered pea
average nding this peer too&27 seconds. Concludingly, we state that Khashmir
performs very well for one peer swarms. If it may occur that a one p@arm is

not found by Khashmir, then this does not mean that the item with that caenot b
downloaded, because it is very likely that the swarm is found in the nexsithir
swarm discovery operation.

Conclusion

Of the total nine Khashmir runs that have been performed in the large swarms
seven runs had the rst set of peers available within the rst second,far one
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latency in seconds
1. 0.49
2 2.80
3 1.22
4. 1.93
5. 134
6
7
8
9

1.25

3.58

0.79

20.44

10. 0.86

Table 4.8: Latency of Khashmir of ten one peer swarms lookups in seconds

run it takes slightly more than a second. This means that the Tribler clientaran s
connecting peers and begin downloading an item within the second. Congide
the buffering time needed by videos that are streamed over the Interniet|ieee
that these latencies are acceptable for users.

In terms of number of peers, Khashmir also performs good. For all merasmts,
Khashmir clearly outperforms the tracker.

Khashmir also performs very good for one peer swarms. For all measuts,
Khashmir was successful in nding the one peer swarm. Again, we belat¢he
latencies are very acceptable for users.

In the in the public swarm measurements as well as in the one peer swarm mea-
surements, we encountered a run that had a latency of ro@@ldgconds. These
large latencies are caused by nodes that are off-line and requestsghlatin a
time-out. The time-out for Khashmir node response is s20tseconds. Addition-
ally, Khashmir has a limit for outstanding requests. If all outstanding regjuae
requests to off-line nodes, then Khashmir has to wait for a time-out béfoam
send requests to other nodes.
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Chapter 5

Conclusions and Future Work

In this section, we present our conclusions and we provide some at ¥haim
for future work. We look at whether we have accomplished our goal, wvie
have de ned in Chapter 2. Furthermore, we discuss the viability of thelolgsd
system by considering whether it is a suitable replacement for Web 2 i@ glnaab
sites.

5.1 Conclusions

First, the goal that we stated in Chapter 2 summarized, then we look at whether
we have accomplished this goal. Finally, we discuss the viability of Tribler as a
sharing application.

5.1.1 Goal

In Chapter 2, we de ned our goal as a sharing application that exhibit®Hogv-
ing properties:

HD videos,
community,
scalability,
video-on-demand,
ease of use, and

wealth of content.

The rst four properties mentioned above are already provided by titdeTf peer-
to-peer client software. Our objective is to add “ease of use”, analttvef con-
tent” to Tribler to turn it into a sharing application for the masses. Concerning th
“ease of use”, in particular, the ease of publishing with Tribler had to beaweat.
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Downloading and viewing items in Tribler is already user friendly, it is just a matte
of point-and-click.

Currently, there are many sharing web sites with a large aggregated calle€tio
items. We want our users not to miss out on this content and must theréfore a
able to access that content. Additionally, we want all content that is retrfesm
external sites also to be injected in the Tribler network.

5.1.2 Our Solution

The main aspect that makes publishing dif cult is that it requires the publishe
set up a tracker. Most users do not have a server at their dispasahih be used

as tracker. Instead of the traditional tracker for swarm discovenhave chosen

to use decentralized tracking and in particular Khashmir. With Khashmirs aser

not required to set up a tracker or something similar. A user only have ict eée

le it wishes to publish, and the rest is taken care of by Tribler. Becatdibi®
minimal user action required, we think we have successfully made publistiing w
Tribler user friendly.

Khashmir performs well in terms of latency and the number of peers that is re-
turned. Except for a few cases, the latency of the Khashmir is less thea thr
seconds. To improve the performance for these exceptional caseptv@ an
improvement in Section 5.2.1. Khashmir works also very well. For large swarms
Khashmir yields many more peers than the traditional, which often have an im-
posed limit to the number of peers that is returned. Considering theserparfoe
measurement results, we also think that Khashmir is a well performing swarm d
covery method and suitable for replacing the traditional tracker.

To let users access content from various sites we have de ned afaoe¢o access
this content. The interface allows the user to execute a keyword seaicto an
retrieve the search results on demand. We have implemented these intafaces
several sites including YouTube, LivelLeak, Flickr, and Wikipedia. iiddally,

we have implemented a web interface that aggregates other web interfames.
instead of searching YouTube, it is possible to let a users for video¥@untlbe,
LiveLeak, and other video sites can be aggregated as if a single siterthaega
When an item is downloaded and viewed from these sites, it is published with
Tribler using the decentralized tracking method mentioned above.

5.1.3 Viability

As mentioned above, we believe we have succeeded in making Tribler meyre ea
to use and adding access to external web sites. But, is our modi ed Triklabke
replacement for Web 2.0 sharing sites? Compared to a Web 2.0 sharingibiter, T
comes short in two aspects. First, the community tools provided in Tribler aye ve
limited to those available on web sites. For example, virtually every web site allows
a user to leave comments with each item and discuss the item with other users.
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The second aspect is availability. Furthermore, the content of sudhglsétes are
usually meant for immediate consumption. We think a user is not willing to wait
longer than a few seconds before it can view an item. Thus immediate availability
is very important for the type of content of sharing sites. The availability afste
downloaded with Tribler depends fully on other peers that can and willagiioat

item. For popular items this will likely not be an issue, but for less popular items
this can be problematic.

5.2 Future Work

This section discusses work to be done to further improve Tribler as anghar
application with Web 2.0-like functionality. First, performance improvements are
discussed and subsequently functional improvements.

5.2.1 Performance Improvements

In this section, we look at modi cations for the decentralized tracking and the
Web 2.0 interfaces that improve the performance.

Improved Web 2.0 Interfaces

The Web 2.0 Interfaces retrieve metadata for items and are then passethen to
GUI. However, if an item is not selected in the GUI, then the only metadata that is
needed is the title and thumbnail and the retrieval of other metadata is not neces
sary.

Thus the more detailed metadata is only necessary if the item is selected by the
user in the GUI. To reduce communication while retrieving search results is to
only retrieve the title and preview and not the more detailed metadata. The title
and preview is enough metadata for display in the overview grid. This tieduaf
communication will translate into a sooner available of search results. The more
detailed metadata will then be retrieved on demand when the user selects the item
in the overview grid. A disadvantage of this improvement is that the user may
experience a small delay between selecting an item and the display of the taetada
by the GUI due to the communication required to retrieve the detailed metadata.
An alternative to improve the performance of the Web 2.0 Interfaces is ttingpe

the retrieval of metadata. All metadata of all items will be downloaded, even if the
user does not select the item in the GUI, in contradistinction to the improvement
mentioned above. Such a pipeline would have three stages. In the r«, stag
the title of the item is retrieved; in the second stage, the preview of the item is
retrieved; and in the third stage, the detailed metadata is retrieved. As stdmn as
title of an item is available, the item can be passed on to the GUI, which will show
the title. When the preview is available, the GUI will be noti ed and will then
also the preview. Pipelined Web 2.0 Interface is able deliver searchsésster
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than a normal Web 2.0 Interface, because items are available even if nbtrsd|
metadata has been downloaded.

Ultimately, it is also possible to combine both improvements mentioned above. The
retrieval of the title and preview is pipelined, and the detailed metadata is retrieve
on demand when the user decides to view this detailed metadata.

Decentralized Tracking Improvements

The Khashmir measurements, described in Chapter 4, exhibit in a fewicéceg
delays of approximatel20 seconds. The long delays is a result of non-responding
nodes, which caused Khashmir to have to wait for a time-o@0sfeconds. From

our experience, most nodes reply within a second, thus the time-out cardtty
reduced. Due to a more strict time-out, the possibility of late responses is much
larger. To ensure correct and accurate functioning, late respshsed not be
ignored be should be processes as if they were in time unless the Khaslemir op
ation has already been completed. This is actually how Kademlia works, eowev
Khashmir does not implement this behavior.

As a result, Khashmir will spend much less time waiting on responses, and the
accuracy of the Khashmir will be equal. And in the few cases, where Hponse

of a node is late the actual number of outstanding might be slightly higher than the
limit set by Khashmir. However, we do not think that incidentally exceeding this
limit has a signi cant negative in uence on the performance.

5.2.2 Web 2.0 Functionality

As mentioned in Section 5.1.3, the community tools provided by Tribler are limited
compared to what is provided by sharing sites. Especially, we think the foljpwin
three community tools are important: comments, directed recommendations, and
messages. By comments, we mean the possibility for a user to leave a comment
with an item that other users are able to view. From our own experiencés tirie

of the most community functionality used by users.

Another functionality that many sites provides is to send messages to other use
Messages are collected in the inbox of the recipient, which is comparable to an
email inbox. In addition to the community tools the collection of sharing sites are
usually more complex than a set of items. Items are often interrelated. Forlexamp
photos on sites such as Flickr and Zooomr are organized in photo albuniBuby®

has the concept ofideo responsesA video response is a video that is created as

a reaction on another video. The concept of related items is also present in
items. Texts available from Wikipedia, contain many links to other Wikipedia texts
which are usually on related subjects.
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5.2.3 Hybrid Downloads

BitTorrent works very well if the number of peers is high. Thus BitTotreer-
forms good if the item is popular, however, when an item is not so populgr (a
more) the performance is less good. Consequently, a user may encdifiotds

ties when downloading a not so popular item.

If such an item is originally retrieved from a web site, the item is very likely still
available from that web site. The download of a not so popular item caidbd a
by using the original source of the item. Thus a peer retrieve data frompelees
and a HTTP source and combines the received data into a single item. Tbépton
is not new and known as web seeding, and applying it in this case can ie®v
performance for items with small swarms.
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