
A Scalable Web 2.0 Platform

Fabian van der Werf





A Scalable Web 2.0 Platform

Master's Thesis in Computer Science

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

Delft University of Technology

Fabian van der Werf

12th July 2007



Author
Fabian van der Werf

Title
A Scalable Web 2.0 Platform

MSc presentation
TODO GRADUATION DATE

Graduation Committee
TODO GRADUATION COMMITTEE Delft University of Technology



Abstract

TODO ABSTRACT



iv



Preface

TODO MOTIVATION FOR RESEARCH TOPIC

TODO ACKNOWLEDGEMENTS

Fabian van der Werf

Delft, The Netherlands
12th July 2007

v



vi



Contents

Preface v

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

1.2.1 BitTorrent . . . . . . . . . . . . . . . . . . . . . . . . . . 5
1.2.2 Tribler . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

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

2 Problem Description 9
2.1 Our Aim . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

2.1.1 YouTube . . . . . . . . . . . . . . . . . . . . . . . . . . 9
2.1.2 Tribler . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
2.1.3 Requirements . . . . . . . . . . . . . . . . . . . . . . . . 10

2.2 Current approaches to P2P Web hosting . . . . . . . . . . . . . . 10
2.2.1 Vuze . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
2.2.2 Joost . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

3 Web 2.0 Browser Implementation 13
3.1 Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
3.2 Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

3.2.1 Design Overview . . . . . . . . . . . . . . . . . . . . . . 13
3.2.2 Web scraping . . . . . . . . . . . . . . . . . . . . . . . . 14
3.2.3 Downloads . . . . . . . . . . . . . . . . . . . . . . . . . 18
3.2.4 Ratings . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
3.2.5 GUI design . . . . . . . . . . . . . . . . . . . . . . . . . 19

3.3 Autoseeding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
3.3.1 Integration with Tribler . . . . . . . . . . . . . . . . . . . 19
3.3.2 Trackerless tracking . . . . . . . . . . . . . . . . . . . . 19

4 Experiments And Evaluation 23
4.1 Web Scraping . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
4.2 Khashmir vs. Tracker . . . . . . . . . . . . . . . . . . . . . . . . 25
4.3 Real world usage . . . . . . . . . . . . . . . . . . . . . . . . . . 25

vii



4.3.1 Logging . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
4.3.2 activity vs. time . . . . . . . . . . . . . . . . . . . . . . . 25
4.3.3 activity/user . . . . . . . . . . . . . . . . . . . . . . . . . 25
4.3.4 Active Users . . . . . . . . . . . . . . . . . . . . . . . . 25
4.3.5 Popular tags . . . . . . . . . . . . . . . . . . . . . . . . . 25

4.4 BuddyCast Experiment . . . . . . . . . . . . . . . . . . . . . . . 25

5 Conclusions and Future Work 27
5.1 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
5.2 Future Work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27

viii



Chapter 1

Introduction And Background
Information

Originally, the World Wide Web (WWW) was a collection of static web pages
which an Internet surfer could look up. The last few years, the data and services
offered via the WWW have changed, and this change is referred to as Web 2.0[5].
There is no �xed checklist according which a web site can be quali�ed Web2.0
or not, and there is still much debate to what Web 2.0 exactly comprises. Web 2.0
is not a new technology, though it is often associated with new technologies,e.g.,
Ajax and RSS, that enables to create web applications with rich user experiences.
Web 2.0 is a new approach to creating web applications, and the main conceptis
to put the users central and not the data.

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

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

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

10. Tencent QQ www.qq.com

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

1.1 Web 2.0

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

� Services, not packaged software

� Architecture of participation

� Cost-effective scaling

� Remixable data source and data transformations

� Software above the level of a single device

� Harnessing collective intelligence

These six competencies do not form a checklist to check whether an application is
Web 2.0 or not.

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

2



Figure 1.1: Web 2.0 meme map by O'Reilly Media
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Architecture of participation Users add value to a Web 2.0 applications. There-
fore it is important that an application has an architecture of participation. BitTor-
rent achieves this by the tit-for-tat manner with whiched data is exchanged.Users
must participate to get value.
Another example is the ”did you mean ...” feature of Google[6]. This feature
is based on data (partially) collected from search queries entered by users. For
example, if a users enters a query and quickly another query that is almostequal to
the �rst, then Google learns that the �rst query is likely a typo, and that the second
query is correct. Thus the data is generated as a side-effect of ordinary usage.

Cost-effective scaling Most Web 2.0 applications are still not cost-effective scal-
able. These applications are still being served by a client-server architecture just
as the world's �rst web page. This non-scaling architecture causes video sites to
have to degrade the quality of their videos to keep the necessary bandwidthneeded
limited. There exists scaling Web 2.0 applications and are mostly peer-to-peer �le
sharing which are discussed in Section 1.2. However, most of these �le sharing
applications only harness the bandwidth of the users and have a total lack of social
interaction. Vuze is one of the few exceptions. It is a publishing platform for video,
audio, and games and that is based on BitTorrent to provide scaling distribution.
Furthermore, Vuze provides social interaction by means of rating and commenting
possibilities.

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

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

Harnessing collective intelligence The classic example of a web application that
harnesses the collective intelligence is Wikipedia. The articles of which Wikipedia
constitutes are written by volunteers around the world, and can be written byany-
one with Internet access. Because of the nature of Wikipedia its accuracy is not as
high as of an encyclopedia composed by experts, though in most cases it isgood
enough.
A less obvious example is Google's PageRank algorithm[3]. The PageRankalgo-
rithm is used by Google to determine the importance of sites on a scale of 0 to
10. Hyperlinks from other sites to a speci�c site increase the PageRank for that
speci�c site. The importance of the site on which a hyperlink was posted is also
taken into account. Google uses the collective intelligence to determine a web
site's importance by “counting” the hyperlinks posted by the collective.
The more obvious example is where users decide the importance and popularity of
items by voting, e.g., Digg. Digg is a news site at which the users can submit a
news story which is then peer reviewed by other users by either “digging it”or not.
Furthermore, users can comment on news items, which is also peer reviewed. This
model is also used much for videoclip sites.

1.2 Peer-to-peer networks

Peer-to-peer (P2P) systems are networks in which the work is performedby all
participating nodes instead of a few powerful machines. Furthermore, nodes par-
ticipating in a P2P system are autonomous and each node has its own objectives
(e.g., downloading or publishing speci�c a �le). The desire to accomplish these
objectives, is the only reason why a node is participating in a P2P system.
P2P networks have gained a lot of popularity. Research shows that Internet traf�c
is dominated by P2P traf�c. By the end of 2004, 60% of all Internet traf�cwas P2P
traf�c. A reason for such an immense amount of P2P traf�c, is that P2P networks
are mainly used for sharing of large �les such as movies, TV shows, music,and
software.
This section gives a brief overview of the P2P systems, BitTorrent and Tribler, that
are relevant to this thesis.

1.2.1 BitTorrent

BitTorrent is a popular P2P �le sharing system designed by Bram Cohen.There
are tens of different BitTorrent clients.
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Figure 1.2: Example of a Torrent network

The BitTorrent system consists of leechers, seeders, and trackers.Leechers are
peers that want to download the �le, and may already have the downloadedthe
�le partially. Seeders are peers who already have a complete copy of the �le and
upload to leechers to help the distribution. Each torrent has one or more trackers,
and serves as a meeting point for seeders and leechers.
When a peer decides to distribute a �le with BitTorrent, it has to create a so-called
.torrent �le. BitTorrent logically divides the �les into pieces, typically 250KBeach,
and computes for each piece the SHA1 hash. Next to a .torrent �le, a tracker and
an initial seeder are necessary. At �rst, the publisher is the only peer witha copy
of the �le, and should therefore register itself as an initial seeder. The hashes, the
URL of the tracker, and other metadata such as length, name and piece size are
stored in .torrent �le, which a leecher uses to download the �le.
To download a �le, a peer connects with the tracker stored in the .torrent �le. The
tracker returns a set of other peers also downloading the same �le. The peer then
contacts the other peers to start exchanging peers. Peers can verify the integrity of
the pieces they receive with the SHA1 hashes stored in the .torrent �le. Figure ??
shows the network BitTorrent.
Leechers exchange data in a tit-for-tat manner. Peers increase their upload if other
peers also do that, unless of course the limits of bandwidth have been reached. A
peer's goal is to download the �le as fast as possible, and will continue searching
for other peers to increase its download rate during the entire download. Free
Riding!
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BitTorrent can also use aDistributed Hash Table(DHT) as an alternative for the
centralized tracker. All torrent swarms are stored by the same DHT. For each
torrent, the DHT stores the peers participating in the swarm. Thus a single DHT
replaces all centralized trackers. A DHT removes the need for trackers, though
currently, it is not the primary method for swarm discovery and is used additionally
to trackers as a backup.
The BitTorrent system does not address the dissemination of .torrent �les.
The most used approach to this issue a web server that indexes is. Examples
of such sites aremininova.org , piratebay.org , and btjunkie.org .
These sites also support RSS feeds of new torrents in a certain categoryor that
match a search query.

1.2.2 Tribler

Tribler is a social-based P2P �le sharing system based on BitTorrent. Tribler is a re-
search effort by The Delft University of Technology and De Vrije Universiteit Am-
sterdam, and is mostly funded by the I-Share project. The I-Share project conducts
research in area of resource sharing in virtual communities. Tribler buildsupon
the BitTorrent protocol, and has added multiple features mainly focused on social
interaction and P2P streaming video. The features added by Tribler include.torrent
gossiping, recommendations, friends-aided download, and video-on-demand.
Users in Tribler are no longer just an IP address and a port number as iswith
most BitTorrent clients. Users have nickname and are accompanied by an avatar.
Users are connected with each other by an overlay network, and are continuously
exchanging information such as .torrent �les and person information. Gossiping
.torrent �le removes the need for the user to search the web for .torrent �les, be-
cause they are provided by other Tribler clients. Furthermore, gossipingis used
to exchange data about persons including nickname, avatar, and completed down-
loads.
The Tribler tries to �nd other users with a similar taste, and using this information
it provides recommendations of other �les. Tribler searches for other users with
a similar taste by comparing the set of completed downloads. If the similarity for
two users is high enough, then these users are considered taste buddies. Every
download that a user has completed is regarded by Tribler as a recommendation to
his taste buddiess for that �le, unless the �le has been deleted again. ThusTribler
gives the user recommendations aimed at his taste.
Tribler also allows you to create friends. A user can request his friendsto help
him with a download. When helping a friend, �le pieces are no longer uploaded in
a tit-for-tat manner as usual, but as a friend uploads are done altruisticallyat full
upload rate. It is required the friendship is mutual, i.e., both users have to add each
other as a friend. To ease the process of friendship creation, users can send invites
by mail from Tribler.
Users no longer have to wait for their movie download to be completed before
watching them. As explained in Section 1.2.1 BitTorrent splits �les into pieces.
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The policy of BitTorrent clients is to download rarest pieces �rst as this willevenly.
However, this policy blocks the possibility to playback movies while they are being
downloaded, because that requires the �le to be downloaded in order. Tribler has
adapted BitTorrent to be able to playback movies during the download provided
the download rate is suf�cient. Feature provides Tribler with scalable Video-on-
Demand.

1.3 Outline

TODO
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Chapter 2

Problem Description

2.1 Our Aim

Our aim is to create a scalable Web 2.0 platform by merging the features offered
by sites such as YouTube and the scalability of peer-to-peer networks.
As model for our Web 2.0 site we use the popular YouTube. In this section we
analyze the features offered by YouTube and Tribler. Next, we identifythe desired
features for our web 2.0 platform to formulate our requirements.

2.1.1 YouTube

� Ease of use

– easy publishing

– easy navigation, rich metadata, thumbnails

– streaming video

� poor scalability, low quality

� rating

� comments

2.1.2 Tribler

� scalability, HDTV

� VoD

� popular items, recommendation

� other non relevant features?

9



2.1.3 Requirements

� Scalability, HD Content

� easy navigation, rich metadata

� immediate user satisfaction, VoD

� peer review (popularity, voting)

2.2 Current approaches to P2P Web hosting

2.2.1 Vuze

Azureus is one of the most popular BitTorrent clients. Version 3 of the client is
named Vuze, and it has become a platform for publishing video, audio, andgames.
Every user can publish and distribute their videos, music, and games. Users browse
the content through a stunning graphical user interface. Content is divided into
several categories. In addition to the categories, Vuze offers a few �xed channels,
such asHD Trailers, BBC, andAnime!. Users can also search for content using
the keyword search. Finally, users can browse content by applying criteria such as
popularity, duration, price, and date of publication on the content.
Downloading of items occurs through the BitTorrent protocol, actually every item
in Vuze is a torrent download. The downloaded copy of the �le is identical to
the original version that was uploaded. There is no transformation of �les. Conse-
quently, Vuze also supports High-De�nition content unlike YouTube whichrescales
every video to a resolution of320� 240pixels.
Not all content on Vuze can be downloaded for free. Vuze support afew business
models. Content on Vuze not per se available free. Content can be made available
for purchase, rental, or ad-supported.
Vuze fails on two of our criteria: Scalability and Video-on-Demand. The scalability
of Vuze is already much better than YouTube, because data is distributed through
BitTorrent. But Vuze still relies on two centralized components in the system: the
trackers and the indexing servers. Although Vuze supports distributed tracker by
means of a DHT, the main method for swarm discovery is by trackers. Vuze has
a few centralized trackers maintained which have to be expanded as the user base
grows.
The second central component are the indexing servers. As discussed in Section
1.2.1, BitTorrent does not provide a solution for the dissemination of the .torrent-
�les. Vuze simply uses indexing servers to retrieve items with or without speci�c
properties. Like trackers, the indexing server capacity has to be expanded as the
user base grows.
Watching videos downloaded from Vuze require that they are completely down-
loaded before they can be watched. The size of a High-De�nition movie vary from
10 to 30 gigabytes which must all be downloaded before the movie can watched.

10



This requirement is a consequence of the BitTorrent protocol. To achieve an uni-
form distribution of the availability of pieces of �les BitTorrent clients have as
policy to download the rarest piece �rst. Given the availability of the pieces,the
policy is deterministic. However, the availability of pieces depends on the be-
haviour of the other peers in the swarm which cannot be predicted. Therefore, it is
unclear in which order the pieces of a �le will be downloaded. On the other hand,
Video-on-Demand requires the �les are downloaded in order, i.e., �rst pieces �rst.

2.2.2 Joost

...
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Chapter 3

Web 2.0 Browser Implementation

3.1 Requirements

� video/photo/text + metainfo

� cross web 2.0 sites rating

� decentralized, scalable

� integrated video player/iPod encoding

3.2 Design

3.2.1 Design Overview

Figure 3.1 shows a simpli�ed overall design of the Web 2.0 Browser.
The core component is the Item Database, and the Web 2.0 Browser has multiple
instances of the Item Database. There is one instance for each type of items, thus
there is a video database, a photo database and a text database. The GUIcomponent
starts a search for a speci�c item type by requesting an item search at the database
of the desired type. The GUI receives an initialized Item search.
The Item Search possesses knowledge of the structure of the web 2.0 site(s) that
have to be searched. The GUI can then start requesting items from the ItemSearch,
upon which the Item Search will contact the web 2.0 site(s) associated with the
database. Contacting the web 2.0 site and scraping metadata from the web page
may take some time, and therefore the items found by the Item Search are delivered
to the GUI in an asynchronous way. Before the Item Search retrieves theitem
from the web site, it asks the Item Database whether it has the meta information
already stored in the cache. If so, the meta information is retrieved from the cache.
Otherwise, the Item Search will scrape the web site, create a new item, and store it
in the cache.

13



Figure 3.1: Simpli�ed global design of the Web 2.0 Browser.

3.2.2 Web scraping

One of the most important components of the Web 2.0 Browser is the Item Search.
The Item Search searches the Web 2.0 sites and delivers matching items on de-
mand to the GUI. Figure 3.2 shows the design of the Item Search component in
UML. This section elaborates on the design of the Item Search. First, the classes
Observers and Subject are explained. Second, the methods of the Search interface
are described. Third, the three implementations of Search, DBSearch, Threaded-
DBSearch, and CompoundDBSearch, are discussed. Finally, the actual method to
extract metadata from web pages is described.

Observer and Subject

The Subject and Observer classes implement the classical Observer design pattern
as described by Gamma et al[2]. Its purpose is to keep one object, the Observer, in-
formed of the state or state changes of some other object, the Subject. The Subject
and Observer have a many-to-many relationship; an observer can observe many
subjects, and a subject can be observed by many observers.
For the Observer to start to observe a Subject, it attaches itself to the Subject by
calling the attach() method on the Subject. As soon as an Observer is attachedto a
Subject, it will receive noti�cations from the Subject through its update() method.
To be able to distinguish the noti�cations from multiple Subjects the Subject is
also send along with the update() method. It is the task of the Subject to send
noti�cations to all Observers attached to it by calling notify() on itself with the
message to be send to the Observers. The notify() method will call the update
method on all attached Observers. The Subject and Observer classes are used at
various places in the Web 2.0 Browser including the asynchronous delivery of items

14



Figure 3.2: The UML design of the Item Search component of the Web 2.0 Browser
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by the Item Search. For an Observer to receive items from the Item Search it has
to attach itself to the Item Search. This is the only way to get items from the
Item Search. The Search has three subclasses DBSearch, ThreadedDBSearch, and
CompoundDBSearch which are discussed in the following sections.

Search

The Search interface de�nes the set of methods a subclass must implement. These
are start(), getMore(num), enough(), and quit().

start() The start() gives the Search object to allocate and initializes all the re-
sources necessary to perform the web scraping. Users of this objectmust call this
method before any other method. In the actual implementations this constitutes
only the startup of the threads that will be used.

getMore(n) The getMore(n) method submits a request to Search forn items.
This method works cumulative, e.g. if getMore() is called twice with parameters
a andb, then the search will returna + b items. When the search is exhausted, it
returns None.

enough() The enough() method is used to inform the Search that all outstand-
ing requests should be discarded. This basically means that the number of items
that have to be returned is set to0. After a call to enough(), it is possible to call
getMore() to request items again.

quit() The quit() method is the counterpart of the start() method, and releases
resources held by the Search. After quit() has been called, the object cannot be
used any longer. In actual implementations this terminates all the threads.

Simple web scraping

DBSearch is the simplest implementation of Search. It is not useful by itself, ithas
to be subclassed, and the getItem() method as to be implemented by the subclass.
Each call to getItem() must return the next item of the search results, and None
must be returned of the search results are exhausted. DBSerch will callgetItem()
to ful�ll item requests.

Threaded web scraping

DBSearch does not assume any structure of the web site, however, nearly all web
sites share a similar structure for searching the site that can be exploited forparal-
lelism. The site provides the user with a text box to enter a search query, andthe
search button takes the user to an overview of the search results. The search results
page shows the results with limited meta information, such as the title, the preview,

16



and the beginning of the description. A results page shows only a limited number
of results, typically between10and20. More results, are on different pages which
are accessible viaNextandPreviouslinks. For our purposes, the metadata on the
results search page is not suf�cient, and it is necessary to retrieve the web page of
the item which contains extended metadata.
ThreadedDBSearch exploits this structure allows to perform web scraping in par-
allel in order to increase the performance. A search results page shows10 to 20
items. For each item on the search results page, the Search has to retrieve an addi-
tional web page and extract metadata from it. This step can be done in parallel for
all items on the results page, and this is exactly what ThreadedDBSearch does by
means of multithreading.
Just as the DBSearch, the ThreadedDBSearch must be subclassed to be useful,
and the methods parseItempage() and parseItem() have to be implemented by the
subclass. The subclass is expected to fetch, parse the search results page, and return
a list in the parseItempage() method, and return list. Each item in the list presents
an item of the search results, and must provide enough information to be ableto
fetch the web page of the item. ThreadedDBSearch regards the items in the list
as opaque values, and therefore the subclass can use the type that suitsbest. To
indicate that the search results are exhausted, parseItempage must return an empty
list.
The parseItem() method receives a single item from the list returned by parseItem-
page(), and must download the web page of the item and extract metadata. Before
actually downloading the web page, parseItem() should try to retrieve the item
from the cache to reduce latency. If parseItem() fails to return an item, thenit must
return None, and ThreadedDBSearch request an extra item to replaceit.
ThreadedDBSearch achieves parallelism through multiple worker threads. The list
returned by parseItempage() is regarded as a work queue from whichthe worker
threads pop an item and call parseItem(). When the work queue gets depleted, the
ThreadedDBSearch let one worker thread call parseItempage() to re�ll the work
queue. This continues until no more items are wanted or the search is exhausted.
Because parseItem() is called by multiple threads in parallel, the parseItem() im-
plementation must to be thread-safe. The parseItempage() method does nothave
to be thread-safe, because ThreadedDBSearch assures there is atmost one thread
executing the method.

Multiple web sites

The third subclass of Search is CompoundDBSearch. The sole purposeof Com-
poundDBSearch is to aggregate multiple Search objects and make them appear as a
single Search object. CompoundDBSearch merges the result of the Search objects
it is controlling on a �rst come �rst serve base. When CompoundDBSearch re-
ceives a request forx items (i.e., getMore(x)), it requestsx from each of its Search
objects. If a CompoundDBSearch controlsn Search object, then in totalx � n
items are requested. As soon as the CompoundDBSearch has receivedx items in
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Figure 3.3: The structure of YouTube.org captured by a few regular expressions.

total from its Search objects, it calls enough() on all its Search object to indicate
they should stop supplying items. However, the enough() method does not come
with guarantees, and therefore the CompoundDBSearch may still receivea few
number of items. The CompoundDBSearch stores these extra items in a buffer,
which is used for the next request.

Regular expressions

The sole part of the Item Search that has not been discussed yet is howthe actual
searches extract meta information from the web sites. Figure 3.3 shows the regular
expressions to extract information fromYouTube.org . The code for YouTube
simply downloads a web page and applies the regular expressions to extract the
data, and this code is very similar for all web searches. Thus adding a site tothe
web 2.0 Browser consists of �nding the correct regular expressions toextract the
metadata from the site. From our experience, it takes approximately 2 to 3 hours of
programming to add a new site to the web 2.0 browser. Which gives an indication
of the �exibility of the Item Search.

3.2.3 Downloads

The download component consists of two objects; Download and DownloadMan-
ager.
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Figure 3.4: Screenshot of Web 2.0 Browser after a search for videoson has been
�red.

3.2.4 Ratings

3.2.5 GUI design

The Web 2.0 Browser
Figure 3.4 is a screenshot of the Web 2.0 Browser in action. After a search query
has been entered, the Web 2.0 Browser starts to search the

3.3 Autoseeding

3.3.1 Integration with Tribler

3.3.2 Trackerless tracking

Besides the usual trackers, most BitTorrent clients support a distributedalternative
for swarm discovery. This method is often referred to as trackerless tracking, and is
achieved by using aDistributed Hash Table(DHT). Azureus was the �rst BitTor-
rent client with the new swarm discovery. Later, the Mainline BitTorrent client also
offered trackerless tracking. Unfortunately, the implementations are not compati-
ble with each other. Peers registered in the Mainline DHT cannot be found by peers
using the Azureus DHT, and vice versa. The Mainline DHT has been adopted by
other BitTorrent clients, including BitComet, utorrent, and BitSpirit, whereas the
Azureus DHT is only used by the Azureus client.
We have chosen to integrate the DHT from the Mainline BitTorrent client into Tri-
bler mainly for labour-saving reasons. The Mainline DHT can easily be integrated
with Tribler, because just like Tribler it is written in Python. The Azureus DHT
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Figure 3.5: Viewing a photo ofDelft that has been downloaded.

is written in Java, and therefore, �rst, a Python version has to be written. Fur-
thermore, at the moment, there is no speci�cation available of the Azureus DHT.
However, if in the future a Python version of the Azureus DHT becomes avail-
able, ***the Azureus DHT is more preferred than the Mainline DHT or use both
DHTs simultaneously.*** Azureus uses the DHT much more than the Mainline
BitTorrent, and consequently, it is likely to �nd more peers in the Azureus DHT.
We have integrated the Mainline DHT with Tribler. The Mainline DHT imple-
mentations is called Khashmir, and is based on Kademlia[4]. Mainline DHT is a
modi�ed version of Kademlia. This section �rst explains Kademlia, and then the
modi�cations for BitTorrent. The original BitTorrent protocol has been adapted
slightly, and is discussed.

Kademlia

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

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

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

Khashmir

To store BitTorrent uses the infohash of torrent �les as key. The values are lists of
IP address and port number pairs of peers in the swarm. The store and read op-
erations of Kademlia are replaced by respectively theAnnouncePeerandGetPeers
primitives, though they show similarity to the store and read operations mentioned
above.
In Khashmir, values are lists, and each list item is checked seperately if it has
expired. Normally, a write operation replaces any old value. However, when a peer
performs an AnnouncePeer operation it does not overwrite any old values in place.
The AnnouncePeer operation looks up thek closest nodes just as in Kademlia, but
instead of writing a value the value is added to the list.
The GetPeers operation is similar to the read operation, except that the operation
does not end after a value has been found. The search continues untilall the k
closest nodes have returned their.

BitTorrent Protocol adaptions

**** The BitTorrent protocol and .torrent �le speci�cation has been extended to
provide ways to �nd other peers to �ll the routing table. ****
Peers that
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Chapter 4

Experiments And Evaluation

4.1 Web Scraping

� automatic search query

� single threaded

� multithreaded

– Clear performance boost

– Best number of threads 3

� multiple sites

– marginal performance increase?

– liveleak has a low latency -¿ fast user satisfaction

– content variety: uncensored media liveleak vs. family friendly youtube

– resilience (when a site is down)
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4.2 Khashmir vs. Tracker

4.3 Real world usage

4.3.1 Logging

4.3.2 activity vs. time

4.3.3 activity/user

4.3.4 Active Users

4.3.5 Popular tags

4.4 BuddyCast Experiment
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Chapter 5

Conclusions and Future Work

5.1 Conclusions

TODO CONCLUSIONS

5.2 Future Work

TODO FUTURE WORK
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