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Abstract

With over 150 000 new websites being produced every day, the World
Wide Web is playing an increasingly more important role in day to day life.
From personal use to big Internet companies, the Web is omnipresent in
a modern society. The Web was created in the late 1980s and has been
publicly available since 1991. However, after all this time, very little has
changed to the core ideas. The idea of the Web was seeded by Vannevar
Bush’s vision of the Memex but has evolved hastily to match the needs
of the consumers. This haphazard evolution of the Web gave priority to
new flashy features neglecting the foundation of the Web: Linking different
resources together. Modern websites are still mostly using simple anchor
tags, a technique designed in 1994, to link their web pages together.

In this thesis, we take a critical stance toward conventional linking tech-
niques and the popular tools that have become a standard for browsing the
Web. From an evolutionary point of view, it is clear why the current stan-
dard includes outdated techniques. Even though anchor tags are the single
most used technique to link resources together, it does not imply that this
is the most optimal or complete approach.

Through literature study and critical thinking, we identify a number of im-
portant flaws and shortcomings regarding the core concepts of standard link-
ing techniques on the Web. A closer look at alternative approaches showed
that more advanced and complete approaches are already available. By
studying these alternatives and taking a step back from the dogma of stan-
dard linking techniques, we were able to apply state-of-the-art research from
the fields of information management and visualisation, effectively increasing
the Web’s potential and ameliorating the majority of its current limitations.
Our proposed solution provides a new angle on the way resources can be
linked on the Web and bases itself on recent research in the areas of hyper-
media and data visualisation.

Separating the linking metadata from the structure of the web page min-
imises the misapplication of markup languages which are currently used to
link different resources together. This separation will pave the way for more
complex linking structures which will in turn provide increased functionality



on the Web. The increased functionality allows users to share their metadata
with each other which is currently a dominant evolution on the Web. User
communities will fill large databases with associative links between different
web resources, sharing their knowledge and insights. In time the amount
of metadata that is generated will be of such large proportions that adding
all this additional data to a web page will make it unusable and unreadable.
We combine the research from the field of data management and the findings
from our literature study to propose a scalable solution to these newly intro-
duces issues. Our solution also separates the visualisation of the metadata
from the web page allowing us to employ innovative techniques from the fields
of data visualisation and interactive user interfaces. Furthermore, the use
of the latest HTML5 standards for the visualisation and JavaScript for the
implementation ensures minimum coupling with maximum compatibility.

While it is perfectly possible to create classic hyperlinks with our solution,
it offers features that go beyond state-of-the-art linking techniques. Our so-
lution provides the means to step away from the unidirectional single source
and single target hyperlinks that traditional linking solutions provide. The
choice of technology allows a degree of interactivity that is impossible with
existing tools providing interactive filtering, navigation and searching as well
as many other features that are unheard of in current state-of-the-art linking
solutions.
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1
Introduction

We are currently living in an information age where an estimated 150 000
new websites are created on a daily basis. Since the HTML 2.0 standard
was introduced in 1995, content creators are able to add anchor tags to
their websites. These tags allow web pages to be interlinked, forming a vast
web of information. To navigate this Web, we use browsers such as Google
Chrome1, Mozilla Firefox2, Safari3 or Oracle’s Opera4.

The HTML standard has gone through several iterations since HTML
2.0. We are currently at HTML5 and a lot of features have been changed
and added. However, the way web pages are linked together has remained
unchanged. The main mechanism web developers use to create links between
web pages is still the same anchor tag that was introduced almost 20 years
ago. This anchor tag is not without limitations though and the only type
of links that can be established using anchor tags are unidirectional single
source and single destination links between two resources.

One possible definition for the Web that we could define is the following:
“A system of interlinked hypertext documents accessed via the Internet”. The
core of this definition is that these pages need to be interlinked, therefore it
is rather strange that the technology that is used to create these links has
not been updated or improved over the last decades.

1http://www.google.com/chrome/
2http://www.mozilla.org/firefox/
3http://www.apple.com/safari/
4http://www.opera.com
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3 CHAPTER 1. Introduction

HTML and HTTP were invented in 1990 by Sir Timothy John Berners-
Lee [13]. The term hypertext was already coined in 1965 by Ted Nelson [21],
predating the HTML standard by a couple of decades. Nelson defines hy-
pertext as “Non-sequential writing” meaning that the text can branch in
different directions. At a certain point in a block of text, a pointer may
be introduced that directs the readers to a different section, or even a dif-
ferent document. Ted Nelson’s idea of hypertext was heavily influenced by
Vannevar Bush and his idea of the Memex [7]. With his hypertext, Nelson
aims to mimic the associative links between content as introduced by Bush.
Ted Nelson’s hypertext idea may sound reminiscent of the current HTML’s
anchor tags, where one source can embed a link to another source. But in
fact Ted Nelson stated that his vision of hypertext actually tried to prevent
the evolution that is currently active in HTML standards [23]. HTML only
supports unidirectional links, and as a result, quotes cannot be followed back
to their original source. There is also no notion of version or rights man-
agement and existing links keep breaking when the content of websites is
updated. Nelson stated, that due to these limitations the current HTML
standard is a major oversimplification of his original idea of hypertext and
hypermedia1.

These obvious problems with linking in HTML were the cause of several
initiatives attempting to “fix the web” and get closer to the initial ideas of
hypertext and hypermedia. Most of these initiatives originate from other
research labs that aim to enhance the Web. The main difference between
existing tools and our tool is the setting in which it will be used. Existing
tools were designed and developed as a private tool to be used by a single
person for their own personal interests. At best, these tools could be used by
small groups of users sharing the same interests and needs. The solution we
will present in this thesis is designed and developed as a tool for communities
or even large sets of different communities with different interests and needs.
However, in designing this tool, we encountered an important problem. This
problem was less obvious in existing tools because they were intended to be
used by a single person which, in most cases, greatly limits the amount of
data the tool would have to operate on. When we increased the amount of
users that will use the tool simultaneously, we encountered some interesting
issues.

Imagine users annotating a web page with comments and adding a links
between two web pages they have previously visited. Users will highlight
sentences or words on these pages to mark the location of the annotation
and the sources of the links. Because they are the only users using the
system, they can choose to not create too many hyperlinks on a specific

1http://hyperland.com/TedCompOneLiners

http://hyperland.com/TedCompOneLiners
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paragraph to keep the content readable. They will also adopt a specific
scheme of annotating that will suit their work style and keep the web pages
usable. In other words, the user can easily control the amount of metadata
that is put on a specific page. If a page gets too cluttered for the users’
taste, they can remove or rewrite some of the annotations until the web page
is to their liking once more. In a multi-user setting, this issue becomes a
lot more prominent. Imagine a popular news website that gets thousands
of daily hits. A good percentage of these users will read an article about
something they have read before. These users will share their information
with the rest of the community by adding an annotation to the article or
by adding a link to another website that has more information on the topic.
Since there are thousands of users reading this specific article, it is possible
that too many users try to share their information, thus quickly cluttering
the text with metadata. If we naively add all this extra data to the web page
the page will become unreadable and the tool will hinder the users instead
of helping them find additional information. For most of the existing tools,
the usability of the tool is therefore inversely proportional to the amount of
users that will share their data with each other.

The main problem when a multitude of users are sharing the same database
is actually a visualisation problem. The usability issues that other tools have,
originate from their naive way of visualising the metadata on the web page.
The question that arises is the following: “How can we make use of the
metadata that is generated by a large community of users, without reducing
the usability of the web page? ” To answer this question we need to explore
several different aspects of the problem.

• Filtering How can we distil the important and relevant data out of the
vast amounts of generated metadata in order to help users find what
they are looking for more quickly?

• Visualising How will we visualise the selected metadata in such a way
that the users have a clear overview of the available information with-
out making the web page unreadable?

• Interaction With techniques to create more complex hyperlinks with
multiple destinations and multiple sources we need to provide more
powerful interactions for the users to browse this more complex Web.

In this thesis we explore previous attempts to increase the Web’s linking
functionality and investigate areas where improvements can be made. In
Chapter 2, we discuss the current techniques that are used to link resources.
We proceed by showing why these techniques are suboptimal and why there
is a need for improved linking functionality. In Chapter 3, we take a look
at alternative approaches to the default HTML linking. These alternative
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tools give us additional insights on how we could improve upon the default
linking functionality.

Based on our conclusions from Chapter 3 and combined with our personal
insights, we define the key concepts that our tool needs to provide in Chap-
ter 4. By generalising our problem to a data visualisation problem instead
of limiting us to the canvas of a web page, we can apply recent work in the
active field of data visualisation. These insights help us to mitigate some of
the problems alternative approaches introduced. In Chapter 5, we propose
a different solution based on our findings in Chapter 4. This solution is then
implemented and discussed in Chapter 6. In order to demonstrate the ben-
efits that our solution claims to provide, we follow up the implementation
with use cases that will show how the tool operates in a real world setting.
This is done in Chapter 7 where we walk through the entire process of au-
thoring and navigating through annotations and hyperlinks, discussing our
improvements along the way.

As this is a Master’s thesis, time was limited and our work is restricted
by the available time. However, in Chapter 8 we provide our conclusions as
well as a discussionof some possible future work that could be carried out to
further extend the tool.

By extending the Web’s current linking technology and by allowing com-
munities to use a single database to share their metadata, we aim to provide
a better web experience for both content creators and consumers. We are
confident that our proposed tool improves many of the issues we have iden-
tified and greatly improves the accessibility of metadata for large groups of
users.



2
Limitations of Current Linking Techniques

In this chapter we take a closer look at the shortcomings of the standard
HTML linking techniques. We point out why these shortcomings have a
serious negative effect on the potential of the World Wide Web. We also
elaborate on the reasons why these techniques became the standard way of
linking, as well as why these techniques have not been updated over the last
couple of decades.

2.1 The History of The Web

In 1980 Tim Berners-Lee was hired as an independent contractor for CERN
where he was working on ENQUIRE [9], a personal database of people and
software models. ENQUIRE was a simple hypertext program that had the
same basic ideas of the World Wide Web and is therefore often referred to
as its predecessor. However, many years before Tim Berners-Lee’s work on
what eventually became the World Wide Web, an American science-fiction
writer named Murray Leinster wrote “A Logic Named Joe”, a short story
published in 1946. The story describes the concept of a home-based global
information system that had many of the same characteristics as the current
Web.

In 1984 Tim Berners-Lee noticed a problem with CERN’s information
presentation. Physicists from all over the world needed to share their research
with each other, but the lack of common machines and presentation software
made this a cumbersome task. Therefore in 1989 he wrote a proposal for
a large interlinked hypertext database [1], but at the time this generated

6



7 CHAPTER 2. Limitations of Current Linking Techniques

little interest. His boss Mike Sendalli however, believed in his ideas and
encouraged him to start developing his system.

By 1990 Berners-Lee had finished all of the building blocks of his World
Wide Web. He had already created the HyperText Transfer Protocol [2]
(HTTP) as well as the HyperText Markup Language [4] (HTML). By that
time, he had also created a first web browser, at that time named ‘World-
WideWeb’ [3] and later renamed to ‘Nexus’, the first HTTP server software
and the first web server. As a proof of concept he also created a descrip-
tion of his project in the form of a website on his World Wide Web. The
first version of HTML was a hybrid of SGML [34], an already well accepted
mark-up language, combined with the ability to link documents.

August 6, 1991 marked the début of the Web as a publicly available service
when Berners-Lee posted a short summary of his World Wide Web project.
Tim Berners-Lee came from a research background, so he naturally opened
up the debate for the features that HTML should provide to the public.
A month later he started the WWW talk, a discussion group where Web
enthusiasts could exchange ideas and insights. Soon after, HTML+ was
composed, a richer version of the original HTML, that was more appropriate
for mass consumption.

In 1993, when HTML began to gain some momentum in the academic
world, a couple of different web browsers were created. Lynx1, a text-based
browser for the DOS operating system, was a real asset to the development
and open discussion of the HTML standard. Meanwhile the developers from
Hewlett-Packard Labs were creating the Arena2 browser. The Arena browser
intended to demonstrate a set of newly invented features but many of these
features were not standard HTML. In April 1993, NSCA released their Mo-
saic3 browser, further extending Tim Berners-Lee’s specifications. The Mo-
saic browser got a lot of negative feedback from academics and software
engineers who would argue that many of the added features were very ad
hoc and not properly designed.

The increasing amount of new features that were popping up in commer-
cially designed browsers led the discussions away from the academic world.
The commercial interests were to a greater extend directed at adding new
features and adding functionality, and were less well designed. Many features
could be described as hacks in the system to allow for additional functional-
ity.

1http://lynx.browser.org
2http://www.w3.org/Arena/
3http://www.ncsa.illinois.edu/Projects/mosaic.html

http://lynx.browser.org
http://www.w3.org/Arena/
http://www.ncsa.illinois.edu/Projects/mosaic.html
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Now that all these different browsers added their own bits of HTML the
language lost its clear definition. In July 1994 all wide spread HTML tags
were collected and a new broader HTML 2.0 standard was introduced. An
important note is that almost all of the newly added tags originated from
a commercial background and not from an academic one. Because of the
relative popularity of these tags, removing them or changing their behaviour
would have resulted in breaking a lot of websites. Instead of causing such a
widespread user dissatisfaction the originally intended elegance got tainted
by commercial influences.

Later that same year, the very powerful and immensely popular Netscape1

browser was released. Being such a popular browser, it started designing its
own HTML tags without first openly discussing the changes with the Web
community. Netscape was rarely seen at the WWW conferences, but was,
for a long time, the driving force behind the HTML standard. As a result,
the HTML language started to degenerate again.

Another attempt at introducing a single standard was made in 1995 when
a draft for HTML 3.0 was released. But as expected, the outcome was
much the same. All important web browsers chose to implement a certain
subset of the standard and extending the standard again to their own liking,
claiming the browser was HTML 3.0 compliant. In truth the actual HTML
3.0 standard was never released and remained perpetually in ‘draft’, but
amidst all the confusion this mattered little. HTML standards were a mess.

Thereafter, things went from bad to worse. Upcoming Microsoft’s Internet
Explorer was again redefining its own HTML while Netscape introduced
frames. In short the HTML work group that was set up to manage the
standard was overwhelmed by the browser vendors. HTML 3.2, which was
released in 1997, did not do much better than its predecessors and it was
not until 1998 and version 4.0 that things were clearing up.

After contacting the representatives of the major browser companies to
meet as a small group dedicated to standardising HTML things went better.
Cascading Style Sheets (CSS) were introduced, Scripting support was added
and HTML was back on a stable track. Finally, in 2008 a first public draft
of HTML5 was released as a rolling standard.

2.2 Limitations

The important lesson to take away from the brief history of the Web is the
way the web standards have evolved over time and the lopsided influences

1http://www.w3schools.com/browsers/browsers_netscape.asp

http://www.w3schools.com/browsers/browsers_netscape.asp
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that shaped its course. At first, academic needs drove the standard forwards,
but once the Web became popular and got more momentum, the driving force
behind the changes shifted to the browser vendors, and commercially oriented
companies. The big influences that are currently steering the direction of the
HTML standards have lost sight of the elegant concepts that were the initial
inspiration of the Web. As a result, the current standard is littered with
outdated and archaic techniques that are kept for backwards compatibility.

Most importantly, we are still linking web pages together with techno-
logy that originated from the short term practical solution to an urgent
practical problem of almost 30 years ago. The mainly used technique to
link two documents together on the Web is still the HTML anchor tag: <a
href="destination"></a>.

2.2.1 Wasted Potential

One big issue with these anchor tags is that they can only be placed directly
embedded in the source of the HTML. This means that if a new web page is
created, we would have to edit the source code of existing documents to link
them together. But HTML was designed as a mark-up language, intended
to describe how a document is structured but through historic events styles,
scripts, images, links, etc. were all thrown together in the HTML language.
Since HTML 3.2, an evolution has been going on to separate the different
concerns, as was originally intended. Cascading Style Sheets and JavaScript
were introduced to remedy some of these issues, but hyperlinks still need to
be embedded in the HTML structure.

A second problem with the original anchor tag, introduced in HTML 2.0,
is that it only supports unidirectional links with a single source and a single
destination. The destination can be a different document, an anchor tag
on the same web page (<a href="#anchor">), or a combination of the
two (<a href="destination#anchor">). The destination of the link
is specified by the href attribute of the anchor tag, while the source is the
text between the opening and closing anchor tags.

Unidirectional links are another big limitation on web linking. The im-
portance of academic papers is often rated based on the amount of citations
on the article and it is important to know in which documents a paper is
cited. One would assume that this idea would have percolated into the Web’s
standards but this is not the case. In fact finding out all backlinks to a spe-
cific website is incredibly difficult [5]. Big Internet companies are still very
interested in knowing what pages are linking to them and most commercial
search engines provide tools to find these backlinks. For example, Google can
be searched using “link:www.vub.ac.be” to get all the websites in Google’s
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cache that link to the VUB’s home page. Additionally many search engines
use the amount of backlinks to a page as an indication of the popularity of
the page, and will sort the search results according to this popularity1. But
these search engines would have to do extensive work in order to get a good
estimation of the amount of backlinks which would not have been the case
if HTML would support bidirectional links in the first place.

The fact that an HTML link can only point to a single destination is a
severe limitation as well. In many cases, a single sentence has a semantic
relation to a couple of different resources where more information can be
found. One link would for example point to the relevant Wikipedia page,
while the author of the page would also want to link to a couple of interest-
ing articles or papers. In order to achieve this with the current standards
additional text would have to be added to the page for the sole purpose of
making it into a link. So the mark-up language would have to be abused to
add links to multiple different documents.

The same could be said for the limitation of single source links. A blog
author might be talking about a specific topic, and throughout the article he
would refer an important paper related to the topic. In order to do this, he
would have to create the same anchor tags in several places pointing to the
same document. But this repetition of code is prone to mistakes, and it will
be cumbersome to edit these links if the paper they point to would change
location. If the HTML standard would allow authors to create multi-source
links this would not be a problem.

2.3 Distinction Between Author and Consumer

Today’s Web is becoming more and more consumer based and since the
notion of Web 2.0 became popular consumers have been allowed to produce
content as well. Blog websites are now commonplace on the Internet, and
big Online companies such as Twitter and Facebook are making millions by
allowing their users to create and share content. The rise of social network
websites, web-logging websites, wikis and video sharing websites emphasises
the evolution towards a more consumer based Web.

A very important aspect of the Web is the fact that content needs to be
linked together. It is therefore only logical to assume that the current trend
will eventually change the passive reader and consumer of links into an active
creator of hyperlinks between web pages. But this is not yet the case, there
is still a very clear distinction between the authors of a web pages, who are

1http://www.whitelines.nl/html/google-page-rank.html

http://www.whitelines.nl/html/google-page-rank.html
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able to embed links in their content, and the readers or consumers of the
web content who are unable to add links to the content.

There are plenty of research topics that were deemed to be a dead end,
but after a couple of years new insights would reignite the research and show
interesting new findings. Of course, papers describing the new findings will
most likely reference the older research, but not the other way around. And
since the author might not change his previous paper, the new information
will not be accessible through this document even if they are semantically
associated. If there was no distinction between authors and consumers con-
cerning hyperlinks on these web documents, the community would easily be
able to add a link to the new research.

2.4 Coping

The current web standards have not changed since the initial draft of
HTML with regards to linking techniques because, as we discussed in the
brief history of the web, the Web’s evolution was dominantly influenced by
commercial projects. The outdated techniques should have caused frustra-
tion with the users and in turn trigger an update that improved the quality
of linking techniques but as of yet this has not occurred.

The linking techniques that were introduced with HTML were sufficient
for its early intended use and when the Web became more popular with the
general public, these standards were already in place. The Web and the
Internet were new things to most of the users and learning to use the Web
included learning how to handle and create hyperlinks on web pages. The
early generation of web users were taught how to use the technology and
not per se how to use the concept of hyperlinking. And since there was no
alternative way of creating hyperlinks, this technique became standard.

The second generation was introduced to the Web by the first genera-
tion, including the linking technology. After some generations the way web
pages are linked together was not questioned by the general public, it was
something that has always been like that, and there were no real scenarios
in which more functionality was required. Every now and then when more
functionality was required a ad hoc hack or workaround would be put in place
to mitigate the problem. In short, people learned to use the technology with
its flaws and limitations simply because there was no known alternative and
in general there was no need for more complex methods. By the time alter-
natives were popping up and better linking techniques became available, the
general public got used to the old way of linking and saw no need to change
their work flow.
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The small group of users that did need more complex linking techniques
could not really influence the course of the Web’s evolution because com-
mercial browsers are more inclined to put their efforts in satisfy the needs of
the larger group of users.
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3
Towards a Better Web

In 1945, Vannevar Bush wrote "As We May Think" [7], an essay describing
the concept of the Memex. He hoped to convert information, which was
generated at an increasingly fast rate, into knowledge. His concept of the
Memex envisioned a device that would allow people to store all their books,
records, or any other form of data. The device would help the users to consult
their database with increased efficiency and speed. Besides the stored data
the users could store self created associative links, and this would be the
reason for the increased speed and efficiency. These associative links would
point from one data source to another, which in essence was an early form
of hypertext. However, different to current implementations of hypertext
technology, the associative links could be stored separated from the data
source. The idea was that it would be easy for two users to share their
database, as well as their self-created links between the data. This would
help people working in the same domain to share their findings through these
externally saved links.

Current hypertext technology attempts to reproduce this concept of creat-
ing associative links between content resources. The major difference how-
ever is that in the original concept of the Memex these links could exists
next to the data source. This means that even if you could not alter the
content of the document to, for example, add a link to another document,
you could still copy the document to your own device. You could then save a
link between this document and any other document you had in your device
externally on a microfilm. This is an elegant concept that was lost when
hypertext and HTML standards came to exist. In the current standards the
distinction between content and metadata is missing and hyperlinks are an

14
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integral part of the document itself. A third party consumer of the con-
tent could not add links to the document which would hinder the user in
maintaining a associative overview of the available information. Instead the
author dictates what documents are associatively linked to the content he
created.

In the HTML standard, for example, one has to put embedded anchor tags
with a href attribute in the page source in order to link two documents
together. The readers cannot easily add more links when coming across
another relevant document. If they wanted to do this, they would have to
contact the original authors of the page and ask them to add this extra link
to the page, which is bothersome and in most situations not a viable option.

3.1 Alternative Tools

A couple of research groups [33] [28] [26] have already identified similar
problems with the current HTML linking mechanism introduces and many
tools [6] [14] [22] have already been developed to mitigate some of these
problems. These tools allow users to annotate existing web pages with text,
add custom links to web pages on which they have no authoring rights or
add more semantic information to hyperlinks. Of course these annotations
and custom links are stored locally so they are not visible for other users.

3.1.1 Annotea

Annotea1 is an RDF [15] standard created by the W3C LEAD (Live
Early Adoption and Demonstration) project under the Semantic Web Ad-
vanced Development (SWAD). Annotea enhances collaboration via shared
metadata-based web annotations, bookmarks and the various combinations
thereof. These annotations can be comments, notes, explanations, or other
types of external remarks that can be attached to any web document or
a selected part of the document without actually changing the document.
When the user requests the document they can also load the annotations
attached to it from a selected annotation server or several servers and see
what his peer group thinks. Similarly, shared bookmarks can be attached
to web documents to arrange them under different topics for future refer-
ence, to help find related material and to collaboratively filter bookmarked
material. [14] [17] [16]

Annotea is open; it uses and helps to advance W3C standards when pos-
sible. For instance, we use an RDF-based annotation scheme for describing
annotations as metadata and XPointer [10] for locating the annotations in

1http://www.w3.org/2001/Annotea/

http://www.w3.org/2001/Annotea/
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Figure 3-1: RDF model of Annotea’s annotations

the annotated document. Similarly a bookmark scheme describes the book-
mark and topic metadata.

Annotea is part of the Semantic Web efforts. Providing an RDF metadata-
based extendible framework for rich communication about web pages while
offering a simple annotation and bookmark interface. The annotation meta-
data can be stored locally or in one or more annotation servers and presented
to the user by a client capable of understanding this metadata and capable
of interacting with an annotation server over the HTTP service protocol.

3.1.2 Amaya Browser

The first client implementation of Annotea is W3C’s Amaya, a combina-
tion of a web editor and browser1. Amaya is a tool used to create and update
documents directly on the Web. Browsing features are seamlessly integrated
with the editing and remote access features in a uniform environment. This
follows the original vision of the Web as a space for collaboration and not
just a one-way publishing medium.

Work on Amaya started at the W3C in 1996 to showcase web technologies
in a fully-featured web client. The main motivation for developing Amaya
was to provide a framework that is able to integrate as many W3C technolo-
gies as possible. It is used to demonstrate these technologies in action while

1http://www.w3.org/Amaya/

http://www.w3.org/Amaya/
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taking advantage of their combination in a single, consistent environment.

Amaya started as an HTML + CSS stylesheets editor. Since that time it
was extended to support XML and an increasing number of XML applica-
tions such as the XHTML family, MathML [8], and SVG. It allows all those
vocabularies to be edited simultaneously in compound documents.

Amaya also includes a collaborative annotation application based on the
Resource Description Framework (RDF), XLink, and XPointer as described
by the Annotea standard. The Amaya browser was mainly used to showcase
new features of the W3C standards and as a result the tool is specialised for
the creation of hyperlinks.

Figure 3-2: The amaya browser

3.1.3 Madcow

Madcow [6] is an acronym for ‘Multimedia Annotation of Digital Content
Over the Web’ and was developed at the University of Rome: La Sapienza
as a plugin for existing web browsers. The plugin uses a client-server archi-
tecture that allows users to save their created metadata to a remote server
from where it can be shared with other users. The goal of the tool was to
create an easy way for members of communities to share their findings and
interests with each other.
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The functionality of Madcow consist of reading, creating, saving, updating
and retrieving multimedia annotations but does not allow the creation of
hyperlinks between content.

Figure 3-3: The MADCOW plugin

(a) Video annotation (b) Image annotation

Figure 3-4: Annotations in MADCOW

3.1.4 iWeb

iWeb is a front end for iServer [24] [29], a collaborative metadata server
that stores linking metadata for different resources. iWeb is implemented as
an add-on for Firefox, enabling the user to highlight a part of the web page
and create an annotation or a link to another web page. This metadata is
then stored in iServer’s back end. The main problem with iWeb was the
fact that it was implemented as a plugin, and was therefore highly reliant
on the inner workings of Firefox at that time. Web browsers tend to change
their inner workings rather quickly to accommodate for changes in the web
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standards or to increase performance. As a result, iWeb was strongly bound
to a specific version of Firefox and would not work in the future without
continuous updates. Instead, we opted to start over, and make the tool as
generic and independent as possible. In a way, iWeb was the predecessor of
our current tool, in that it gave us a lot of valuable insights in how we could
visualise the metadata on the Web.

3.2 Newly Introduced Issues

One characteristic all the tools we introduced share is the fact that they
were intended for a single user. At best the data is stored on a personal
server, so that peers can connect to it and share their findings and even in
these cases the amount of people using a single database would be fairly
limited. As a result of this design decision the users can manually manage
the metadata that is created. If a page becomes to cluttered the users could
simply remove a couple of unneeded links, or regroup some similar ones.

When dealing with a truly collaborative system, where users of all back-
grounds share their metadata on one large central server, this management
cannot be done manual any more. These issues where previously masked be-
cause of the setting in which the tools were supposed to be used. Drastically
changing the intended setting would inevitably lead to new issues that need
to be addressed.

3.2.1 Visibility

The first major issue a multi-user system needs to deal with is the visibility
of a web page. Imagine the front page of a popular newsletter website that
has thousands of hits per day. A good portion of these users will have
additional information to share with the community, and they will do so by
creating a link to a different article. But as we can imagine, the community
will soon generate such a large amount of metadata that visualising all of
this data on the web page will become unreadable. When another user then
views the page, it will be difficult for them to see the actual content through
the seas of extra data, so the usability and readability is reduced because of
the tool.

Most tools will visualise the origin and destination of the links within the
content of the page by some form of highlighting or underlining the relevant
parts of the text and since there is so much data to be visualised, it is possible
that the entire document will be highlighted. A completely highlighted page
is just as useful as a plain one.
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New users will therefore arrive on a page that is completely cluttered with
metadata that adds nothing to the user’s experience and will actually hamper
the user in the reading of the original text.

This means that once the amount of visitors is high enough, there is a
potential danger that the system will work against itself. At that point
the user would be better off not using the tool at all. Therefore a better
way needs to be found for visualising the potential vast amount of metadata
without overwhelming the user with too much data.

A second problem with trying to visualise the source and destination of
the hyperlinks occurs when we have hyperlinks with overlapping sources.
Two hyperlinks may be created where the source selection of the first link
overlaps with the source selection of the second one. Naively visualising
these two links will result in a highlighted area of text with no distinction
as to where the first selection ended, or the other selection began. The same
effect happens when two selections are exactly next to each other, and when
one of the selections is completely within a second one. Visualising these
types of scenarios directly on the page can be a challenge and may require
even more metadata, such as layering, to be rendered in a readable way.

Figure 3-5: Two overlapping selections

Figure 3-6: Two connecting selections

Figure 3-7: A selection surrounding another

3.2.2 Scalability

A second major issue that was masked because the tools were intended
to be used by a single user or a small group of users, is the issue of scala-
bility. When more users are using the same shared database, the amount
of metadata that the tool needs to handle increases. Searching for specific
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annotations or hyperlinks will become increasingly difficult. This is not only
a visualisation problem but a technical problem as well. For example, the
Amaya browser allows users to share a sort of bookmarks on pages, which
can function as hyperlinks that are not rendered on the page. The user can
then search through the bookmarks on a certain page, but when the amount
of bookmarks becomes to high, more intelligent ways of searching need to
be introduced to mitigate this problem.

The authoring of new links will become another problem that is strongly
linked to the searching problem. The community would not want users to
create hyperlinks that are already in the system. But if it is difficult to
search whether a specific hyperlink already exists, it is difficult to detect
whether the newly authored link is a duplicate or not. Therefore the tool
needs to take into account that the creation of duplicates is a possibility and
act accordingly.

This problem did not occur when the tool was only used in the simpler
single user setting, because the amount of data that needs to be managed is
significantly smaller than when the tools is being used by hundreds of users
simultaneously.

3.2.3 Lack of Overview

Even in small groups of users where the metadata might not clutter the
entire page, it can still cause trouble for users looking for extra information
regarding a subject on the source page. For example, the users are not
interested in blog posts or videos on this particular topic, instead they would
like to find scientific papers that provide more information. With all the
links and metadata rendered on top of the page, it is difficult for the users
to find the type of links they are interested in. It might be possible that the
sentences the users are interested in are highlighted, but the links point to
a YouTube clip instead of the PDF file they are looking for. This problem
stems again from the fact that all this metadata is simply rendered in one
place and there is no real way of filtering the types of links that the users
are interested in.

The fact that the types of links cannot be filtered, together with the fact
that all the different links are rendered in the same way, results in a lack
of overview of what the page actually offers in terms of extra information.
But the issue does not end there: users can only look at the structure of the
page, and links are rendered within this structure. Because of this limitation
there is a lot of interesting information that is not easily accessible. If we
want to know what different websites a particular website links to, in other
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words: what are the websites that are strongly correlated with the current
website, it is not an easy task to find out.

Therefore the larger structure of the metadata is lost as we are giving
preference to the structure of the page instead. As a result it is difficult to
look at the big picture of the metadata, and an overview of the metadata is
lacking.

3.2.4 Suboptimal Use of Data Dimensions

All this metadata has a multitude of dimensions by design. For example,
the domain or web page it links to, the amount of users that followed the link,
the amount of links that go to the same domain from this source document,
how long ago this link has been created, and much more. However, by
rendering it directly on the page, most of these dimensions are not used at
all. The main dimension used in this visualisation is the location of the
origin of the hyperlink. When we look at a link, we know exactly where the
author of this link has intended it to appear and we know that this particular
piece of content provides a context for the linked document. Other than
this information there is little of the extra dimensions that is used in this
visualisation. Imagine the same scenario as before, where the users are only
interested in scientific papers in the PDF format. One thing these tools could
do is only render the metadata for links that point to PDF files or present all
different types of links in a different colour. Both options have their benefits
and drawbacks. In the first scenario we may find only the intended PDF
links, as we requested, but this would make it so that a lot of data that is
available for the user is just not shown. One particularly interesting part
of the document that the user wants to read more about has no links on
it. So the users might have to look for this extra information by themselves
bypassing the complete goal of the tool in the first place. However it might be
the case that there are some links to blog posts in this section. Even though
the user prefers scientific papers, they might still be interested in other media
if the first option is not available. The second option is to show all metadata
on the page but use this extra data type dimension to colour code the links
on the page. This results in too much data being rendered and on top of
that it is rendered in all kinds of different colours, again overwhelming the
users.

The main problem is that the visualisation uses the spatial dimension as
the most important one. They render the data based on the location of
the origin of the links first, and after this dimension is rendered can try to
add different dimensions, such as file type. There is no way for this type of
visualisation to change the priority of the used dimensions. If the user is far
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more interested in the type of data, and after that the location of the link
in the current document, there is no way to do this.

Even worse is the fact that some dimensions of the metadata simply cannot
be used in this way. To determine how tightly two web pages are linked
together based on the amount of links between them, we can analyse the
metadata using an external tool but we cannot show this information directly
to the user when they are browsing the web page using these tools. This
information if often requested and is available in the metadata, it just cannot
be used properly because the tool gives preference to the spatial dimension
before anything else.

3.2.5 Copyright

Another feature some of the tools implement is the possibility to transclude
content of hyperlinks when rendering a web page. Instead of rendering a link
pointing to a paragraph, the paragraph will be rendered where the link was
defined. This is a nifty feature, and it will give a more complete picture of
what extra information is available through the hyperlinks.

Aside from the visualisation issues, a non-technical issue arises with this
feature. If the tool allows transclusion of content that is not necessarily pro-
vided by someone who owns the copyright on the content and the tool then
transcluded this content on another web page, it is violating the copyrights
of the transcluded content.

Is the user not allowed to create the hyperlink between these two web
pages, or is the tool not allowed to transclude the content for this particular
web page? Should the tool ask the author of the web page whether he is
allowed to transclude its content or not? Should there be no transclusion at
all to bypass this problem from the start? These are only a handful of the
issues that can arise in tools where sharing and transclusion is a core feature.

There is no fixed answer to these questions but this should definitely be
taken into account in the design of such tools. The tool can, for instance,
allow websites to specify if they would like to be transcluded or not. If no
information is available for a particular website, the tool will fall back on
a default of rendering a hyperlink and leave the transclusion out. The tool
could also transclude the content, but make sure that the original source
is mentioned in the transcluded content. These examples show that there
it not a fixed solution to handle these issues. But a well defined tool can
certainly help to avoid serious copyright and ownership issues.
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3.2.6 Side Effects

The tools work well when used on a small scale, which is their intended
setting, but the benefits quickly dwindle when too many users are creating
metadata in the same shared database. For a small group of users that have
the same interests or look for more information in the same sources, these
tools can work great. But when too many users with diverse interests are
dumping data in the same database, it will most likely hinder the users more
than help them. As a result, these tools are best used on a smaller scale and
within closed environments.

If we attempt to use the tools in a real multi-user setting, all the above
mentioned problems will occur sooner or later. Pages will get cluttered with
metadata, resulting in unreadable websites. Looking for new information on
a specific topic will be cumbersome because there is simply so much data, and
no real way of filtering or searching through it. In the end people might use
the tools by turning everything off until they really cannot find something
they are looking for. They will then turn the system back on and go through
the painstaking process of browsing through the vast amount of data to see
if the information they are looking for is in the system.

This defeats the purpose of the tools completely and will create a cascade
of negative effects on the usability of the tool. If many users find that the
tool hinders their search for additional information, they will stop using the
tool as intended. As a result they will most likely stop authoring additional
information, which will lead to a disengagement of a big part of the commu-
nity. This will result in creation of less hyperlinks. Some people will then not
find the additional information they are looking for and maybe stop using
the system as well. This is a self-reinforcing cycle and eventually the tool
will offer no real help to most users.

These problems have not been addressed by existing tools simply because
the tools were intended to be used by a single user. This was of course in most
cases a design choice, but it masked some important issues nonetheless. We
can however analyse these design choices and by doing so we identified some
key issues that stem from these design choices. Taking what we have learned
from other tools, we can use this information to create a tool that will address
these problems and this will eventually result in a better user experience and
a tool that will promote collaborative annotating and hyperlinking of web
pages.
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3.3 Summary

Technical HTML5 Annotea Amaya Madcow iWeb

Separated Metadata
File

3 3 3 3

Collaboration 3 3

Centralized Server 3 3 3

Extensible 3

Search Function 3

Spatial Dimension
Preference

3 3 3 3 3

Visual HTML5 Annotea Amaya Madcow iWeb

Inline Rendering 3 3 3 3 3

Overlapping Selec-
tions

3 3 3

Transclusion 3 3

Structural Overview
of Metadata

As illustrated above, all of these tools address some of the issues with the
limitations discussed in Chapter 2. The main focus of almost all the tools
is the separation of the linking metadata from the content of the document.
This is not surprising and represents a major step in the right direction.
The tools may also address a couple of other issues but there is no all round
best solution and we will need to weigh the pros and cons to choose the
appropriate tool.

Another interesting trait all the tools have in common, is the fact that
they all render their metadata inline. This is no improvement over standard
HTML and this contributes to many limitations these tools still have such
as the lack of structural overview of the metadata.



4
An Alternative Approach

If we take what we learned from the tools we described in Chapter 3 and
try to address the identified issues these tools have, we could greatly increase
a user’s experience when browsing the Web and create a better network of
associative links between existing content. The one big challenge we face is
to make the new tool as scalable as possible while also allowing it to expand
and incorporate new features when the necessary technology arises.

4.1 Separation of Concerns

The one positive recurring feature that most of the tools implemented
was the separation of the metadata from the actual content. This move-
ment of separating all concerns has been making its way in multiple parts
of the Web as well. Most HTML elements can have a style attribute at-
tached to them. This attribute can be inlined into the HTML like so: <div
style="color:red">. This will ensure all text within this div to be ren-
dered in red. Suppose we wanted all our div’s text to be red we could create
a style element in our HTML page like so: <style type="text/css">
div{color:"red";}</style>. This makes the maintenance of the page
a lot easier. Instead of having to change all inline styling for each div ele-
ment on the page, we can just change the inline style-tag’s content to achieve
the same effect. However, most sites consist of multiple HTML pages and
not just a single one. If we wanted to change the styling of our divs over the
entire website, we would still have to manually change all the HTML files
to incorporate this change. This is of course cumbersome and error prone.
To remedy this problem, cascading style sheets (CSS) [12] were invented,
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separating the structure and content of the page from how the page should
be styled. The content and structure is described by the HTML file, while
the styling is defined in the CSS file. If we now include the CSS file on each
of our web pages we can simply change the styling in the CSS file and the
entire website would reflect this change. Since the introduction of CSS it
has become a sort of taboo for websites to style their elements within the
HTML structure and it is considered bad website design if some elements
have embedded styling.

The same evolution is happening with JavaScript files as well, moving from
inline <script> tags to JS files that can be included into the page.

It is strange however that web standards have not yet separated the linking
from the content as well. Links between different resources are still embedded
into the page by means of an anchor tag. If we separate this concern from
the content as well, we can change, add or remove links from a web page
with the same ease as we can change its styling. This technology, however,
is not yet incorporated in the current HTML standard.

Most of the tools discussed in Section 3.1 already saw the benefits of
separating the content from the linking metadata and therefore save the
linking metadata in a separate local file or on a remote shared database.

4.2 Link Filtering

The goal of the tool is to represent the saved metadata on a web page. As
discussed in the previous chapter, we need to render this metadata in such
a way that the page is still readable and usable by all users. So we need to
device a strategy that allows us to render a large amount of metadata on the
page, without cluttering it. We will now describe a couple of approaches we
can take to achieve this goal.

The main problem when dealing with a multi-user system of this nature,
is the amount of metadata that needs to be visualised. Previous tools could
ignore this problem because they were intended to be used by either a single
user, or a small group of users. So a seemingly obvious way to bypass
the issue of an overfull page that is not usable by the users is to filter the
metadata that is rendered to a manageable amount. There are a couple of
ways we can go about how filtering the total amount of links to a manageable
set that can be cleanly rendered on the HTML page without overwhelming
the users.
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4.2.1 User Specified

A simple, yet effective way to weed out the excessive, unneeded links is
to have the users specify what data they are interested in. The users could
for example change their options in the tool to specify that they are more
interested in PDF files than videos. In the same way they could ask the
system to filter out any metadata that is older then 2 months because they
have most likely already heard about this information by then. By filtering
in this way, they ensure that the new metadata stands out in the web page
so they can easily see what new information is available for the topic.

The amount of parameters on which users can filter their metadata can
be very large. But this introduces another issue. How will the tool keep up
with all the new parameters of filtering data. It is infeasible to know all the
different ways to filter the metadata in advance and even if we would know
these parameters, the list would be so large that it would be cumbersome
for a user to configure the tool so that it will represent its needs. Off course
this problem can be bypassed by having the users create their own filtering
parameters too. We can take the website Twitter.com as an example for this.
On Twitter a user can specify an arbitrary tag that they are interested in
and if someone else on Twitter posts a message that includes this arbitrary
tag the users will be notified of this. This approach has proven to be very
effective for classifying metadata [18]. A similar approach can be taken to
filter the metadata for the users based on their specified tags.

Even though the filtering of metadata can be done more or less in the same
way as Twitter does it, we need to take into account that there can be a very
large set of different tags. So telling the tool how to handle each specific
tag is not viable. The users could create a default fall back in case there is
no rule specified for a specific tag. This would solve the problem of having
to specify too many rules. But this will also result in a lot of data being
hidden from the user, even though they might have been interested in this
information. Imagine the users configuring the tool in such a way that the
tag ‘OrbitalPhysics’ needs to be rendered and nothing else. Because these
tags are so arbitrary, there might be other users tagging their metadata with
the tag ‘Orbital_Physics’. As we can see this will cause the metadata to
be hidden for the user, so they are missing information that they actually
wanted to find. Determining whether two different tags are in fact synonyms
is quite a problem and requires additional semantic information [19].

This problem stems from the fact that the tool is used by a large com-
munity. If there was a set of rules as to how a tag needs to be formatted
this particular problem would be solved. But there are many more of these
scenarios that can cause the system to fail and this would result in a user
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either seeing data they did not intend to see, or the users might not see some
information that they actually did want to see. This technique for filtering
the metadata is heavily reliant on the community’s tagging rules.

To help mitigate this problem the tool can aid the users when they are
tagging their hyperlinks. The tool can auto complete while the users are
typing the tag they want to add. By showing the users already some of the
suggestions it is easier to select one that is fitting. The tool could query
the database to find out how many hyperlinks already exist containing this
particular tag. If there are two different tags that are synonymous the users
can see which of the two is used more often, and then follow this trend in
their own hyperlinks.

When a user wants to share some information with the community by
means of adding metadata to a website they need to fill in as much extra
metadata as possible. If the users for example neglects to specify that the
hyperlink they are adding points to a PDF file, many users that wanted to
see this information will not get to see the links when they visit the web page
because they might filter out any link that are not pointing to a PDF file.
This means that the authoring of links or metadata has a lot of overhead
and becomes significantly more difficult and time consuming for the users.
Ideally the tool should automatically detect as much metadata as possible
to fill in for the users.

Since we cannot know all the different filtering criteria when creating such
a tool, we cannot enforce strict rules on how the authors of a hyperlink needs
to tag their metadata. Because of this, the system will be very vulnerable to
spammers and malicious users who can create links to fishing websites but
they might tag the link as a relevant video or something similar.

So there are a couple of important drawbacks of this system, but it is not
without benefits. The fact that a user can specify in a very fine-grained
way what they are interested in is a significant benefit. These rules are also
easily changeable if the users so desire. Suppose that users are currently
working on writing a thesis and they are looking for interesting papers they
can use as reference. At this moment the users are not interested if the same
information is also available in the form of a YouTube video. However, when
the users are not looking for these papers to refer to any more and they are
merely looking for the information, they might be interested in these videos
too. They can then go to the configuration of the tool and change the rules
that specify which type of metadata needs to be rendered.
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The fine-grained nature of the rules combined with the ability to change
the rules on demand is a very powerful way to filter out unwanted links and
match the needs of the user.

4.2.2 Community Based

A different yet somewhat similar way to filter the amount of links to be
rendered is by relying on the community as a whole to filter the unwanted
links. If a link is created and posted on a website the community will then
decide whether the link is relevant to the topic of the website or not. By
allowing the users of the tool to up- and down-vote these links we can attach
a score to each of the created links. This score can then be used to filter
irrelevant metadata from the website. The users will be able to configure
their tool to set a minimum score that a link needs to have in order for it to
be rendered. A user that is only looking for the most accepted or popular
links will set a fairly high threshold while other users might want to see more
by setting the threshold lower.

In the scenario where the author of the metadata has neglected to fill in
some information the community could also fix this problem. If the link is
relevant, but the author forgot to specify that it links to a PDF file, other
users might be allowed to fill in this information in their stead. This will
ensure that the links that pass the evaluation of the community will have a
certain degree of hygiene with which the community is satisfied. The previ-
ously described example where a link is tagged with ‘Orbital_Physics’ but
the community expects these type of links to be tagged with ‘OrbitalFhysics’
should not happen any more. Either the link will be down-voted because it
was not complaint with the community’s tagging rules or the metadata will
be changed by the community to make it fit their standards.

The beauty of this system is the fact that it is self-regulating and very
stable [20]. The community will decide the rules and based on these rules,
links will get rated. Spammers, who will create links that span multiple
paragraphs will get down-voted because of that. If several links are created
on the page that all point to the same resource, the community will replace
the duplicates with a single hyperlink with multiple sources instead.

A second benefit is that the system is democratic. The eventual result of
which links are rendered and which ones are hidden will be decided by the
majority of the community. A single user that has a different believe then
the community cannot force his viewpoint on the community, unless a large
portion of the community shares that user’s vision.
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But this is also a big weakness of the system. If the majority of the users
thinks a certain links is irrelevant it does not necessarily mean this is actually
the case. And someone who is looking for this less popular information
will not find it. The users could possibly set their threshold significantly
lower to find the information they are looking for, but they will have to go
through all the rejected metadata as well and this is time consuming and
defeats the purpose of filtering the bad links in the first place. This problem
will become especially noticeable when multiple large groups of users have
different opinions about a certain topic [32].

Another concern we could have with this system is the fact that it punishes
new content. Suppose a couple of hundred links are already on the web page
and they are all considered important and interesting. That means all of
these links have received a significant amount of up votes by the community.
When a user finds another source of relevant information they will create a
new hyperlink to that resource. But since this is a new hyperlink it has not
yet received any up votes, an will therefore not be rendered for any of the
users browsing the website.

One way to solve this problem is to decrease the amount of votes for all
existing links. All existing links will be decreasing in the amount of votes at
the same rate. Therefore the relative difference in votes will stay the same.
New links however will have a reasonable chance of getting noticed because
they will start at a fixed value of votes that does not decrease over time.

But this opens up the issue of spamming again. Malicious users could keep
creating new links on the web page and since all other links are diminishing
in votes, eventually their new links will make it to the page for other users to
be seen. So the system is not perfect and spamming will still be a possibility
but the effect is a lot less prominent then it was in the previous discussed
alternative.

4.2.3 Machine Learning

The problem with community based approaches like the previous two sug-
gestions are that they, well, depend on the community and the system only
works as good as the community. In certain cases this approach has proved
to be very beneficial, the Reddit1 community or the Stack Overflow2 karma
system have ensured the websites to be filtered of malicious content quite
effectively, while providing the users with quick access to the information
they are looking for. However this is not always the case and for smaller

1http;//www.reddit.com
2http://www.stackoverflow.com/

http;//www.reddit.com
http://www.stackoverflow.com/
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communities these converging situations may not be achievable. Since we
are enhancing the Web as a whole, we have to take into account the less
popular parts of the Web as well. In these parts there will also be malicious
users but the communities for these topics could be to small so there will
be less people to correct these wrongs. The previous mentioned systems will
not perform as well as for large communities.

Another approach may be to create a user profile based on the links a
user previously followed. If the users, for example, rarely follow links that
point to blog posts, the system will learn that these type of links might
not need to be rendered on future pages. If we allow the users to steer the
machine learning into a certain direction, by flagging certain types of links
to be unwanted, the amount of metadata that is rendered can be reduced
further. This method can in some way mimic the first suggestion where each
user configures the tool themselves. The difference is that there is will be
less overhead for the authors of links. They can still just create hyperlinks
without having to fill in any additional metadata and the system will then
have its own rules to determine the type of the link and detect whether or
not a user might be interested in this link.

If the users could steer the system with suggestions of what links it should
not render we can create a better filter. However it is difficult to allow
links to be rendered once the system had already decided not to render
them. In essence this is not a problem, the issue is that the users will not
know that certain possibly interesting information is present because the
algorithm blocked it from being rendered. So even if the users wanted to see
this information they will never get the chance to let the system know. They
could of course change their settings and re-render already blocked links, but
that would defeat the purpose of the filter.

The same problem is also present with big search engines that try to op-
timize the search results based on some generated user profile. Instead of
showing all results in an unbiased way, some results that are deemed uninter-
esting by the system will not be rendered for this particular user. In essence
a user will be wrapped in a sort of information bubble, where all the infor-
mation that is in the bubble will be available, but all the other information
will never be shown to the user, even if they might find it interesting [27].

4.2.4 On Demand

As stated before the problem lies in the fact that there are too many links
to be rendered on the page. This would make the web page cluttered and
unusable by the reader. Any interesting metadata that is available cannot be
found in the sea of data that is being created. One way to limit the amount
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of metadata that is being rendered is to render only the plain, unaltered
page at first. The page would just be the blank vanilla page as the author
has intended it to be. We could then provide the metadata on demand of
the users. For example, when the users highlight a part of the text the
tool sends a request to the server fetching all the metadata for the content
that lies within the selection. On this selection the tool will then render the
fetched metadata.

The benefit is that we do not clutter the page beforehand. And if the
reader is not interested in getting more information about certain parts of
the document, they will not be bothered with additional links. If they find a
specific part of the document that they want more information about, they
can easily get this on demand by selecting that part of the document.

It is however still possible that the selection of the users contains so many
links that this small selection is already cluttered with links. The users can
then narrow their selection to specify more clearly the topic they want more
information about.

The benefit of this approach is also its downside. The fact that the users
need to prompt the system for information can be cumbersome. The users
might be reading a part of an article, but the community has provided hyper-
links to articles proving the falsity of this article. Unless the reader actually
selects the paragraph that contains this hyperlink they will not see this ad-
ditional information.

4.2.5 Conclusion

All of the discussed techniques for filtering links have benefits and draw-
backs. Most of them can be used in unison reducing their drawbacks and
increasing their combined benefits. For example, we can dynamically load
content by making use of the users’ selection but after the links are requested
we can filter this data based on the users’ preferences, or profile. On top of
this we can even make a default filtering based on the opinion of the com-
munity to get a better selection of the relevant hyperlinks. The community
could also mark some metadata as ‘Must See’ so that these links will be
rendered even if the users did not select that part of the document, reducing
the chance of missing vital information.

In conclusion all of these techniques will help reducing the amount of links
that need to be rendered, but to have the most benefit it is advised to create
a system that is a combination of these techniques.
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4.3 Link Rendering

Now that we have established some ways of reducing the amount of links
that need to be rendered, we can discuss how to render the selected, rele-
vant links. This step of the process is crucial to provide the users with a
usable system that helps with finding relevant information, instead of work-
ing against the user. If the visualisation is suboptimal the information that
was selected in the previous step will not be presented to the users in an
optimal way and makes the tool as a whole suboptimal. Therefore we now
describe a couple of different approaches that can help in the visualisation
of the selected metadata.

4.3.1 In Place

All of the previously discussed tools render the metadata on top of the
actual content. They either add small indicators that notify the users of the
presence of a hyperlink, or the tool highlights the text that is associated with
the link. This technique is rather easy to implement, but poses a visual issue.
Even with all the work of reducing the amount of metadata to be rendered,
it is still possible that a single word is the source of multiple links. Suppose
that NASA is mentioned in a sentence as one of the keywords. One user
might want to link to NASA’s own homepage, while another user chooses
to link to the Wikipedia page with more information about NASA. Both
sources are relevant to the context, but it is hard to distinguish the two links
if they are rendered on the same word.

Many tools opted for a colour code approach to distinguish between these
overlapping links. This will help when two links are overlapping. The tool
could for example highlight the first of link in red and the second one in
green. To show the users that the overlapping part contains two links, it
could highlight the top in red and the bottom in green. This of course does
not scale well if more then two links are overlapping.

Figure 4-1: Overlapping links visualisation

Other tools introduced layers of annotations. A link would be designated
to a specific layer based on the metadata the author of the link provided.
The tool will allow the users to toggle the rendering of specific layers to their
liking and each of the layers will be colour coded. This does not scale well
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with a large amount of links either. And disabling layers will not solve the
problem when two links on the same layer are overlapping.

Figure 4-2: Layered visualisation

A third option some of the tools used was to add an icon after the text
on which a link exists and if multiple links are available on the same part of
the text they would add additional indicators. But this would soon become
an issue as well when too many links were present and therefore many icons
needed to be added behind the text. A second down side was that the start
of a link could not be indicated in this way.

Figure 4-3: Using indicators for hyperlinks [6]

Instead the tool could add icons after parts of the text that contain hy-
perlinks and also add an indicator of how many links are in this location.
If a user clicks on the indicator a menu will open, containing the different
hyperlinks. This approach will limit the amount of indicators to a minimum
but does not yet address the problem of omitting the start of the link.

A big benefit of this approach is that the icons will replace the blue under-
lined text as a metaphor for the presence of a hyperlink. This is compatible
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with the users’ way of browsing the Web, so using this technique will not
drastically change how they will interact with online information.

Normally the destination of a hyperlink, as well as most of the other
metadata, is hidden from the user. Users will just click on the blue underlined
text and expect to be redirected to the associated page. Users following the
link trust the author of this link that it will redirect them to a page that is
meaningful to the context in which the link occurred. However in the scenario
where multiple links exists on the same content a user will be prompted with
a menu of links to choose from. This may not seem like a big issue, but the
fact that the users need to choose between several options means that the
tool must provide enough information about the different hyperlinks. The
question then arises is: “How will the tool visualise the different hyperlinks
in such a way that the users are presented with enough information to make
an informed decision about which link to follow?”

4.3.2 Separated

A radically different approach of rendering all the metadata on a page is
by separating the content of the page from the visualisation of the metadata.
Instead of rendering the links between or on the text, the tool will create a
designated area in the browser under the window in which the web page is
rendered. In this area only the metadata will be rendered.

This approach has a couple of major benefits. The first important one is
that this method overcomes the limit of the two dimensional canvas that the
web page offers us. History and common web browsers have indoctrinated
the idea of rendering a link on top of its context. This makes sense since an
important dimension of the hyperlink’s metadata is the location on which
it was created. Because the simple links HTML offers us do not have a
lot of dimensions there was never really a need to use different dimensions
of the metadata. With the new method of creating hyperlinks many new
dimensions get introduced. All of these dimensions are equally important in
different scenarios. So limiting ourselves to the structure of the web page is
only one way of using a single dimension to render the metadata.

If we decide to render the metadata in a separate window we can use
all the different interesting dimensions to render the data. If we represent
each web page or website as a single node in a large graph we can represent
the hyperlinks as edges between these nodes. This representation lends it-
self exceptionally well to visualisation and using this approach we can take
advantage of all the recent work in the active field of data visualisation.
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Figure 4-4: Graph visualisation of metadata in selection based on JavaScript
InfoVis Toolkit1

The tool will also be able to take advantage of the extra metadata that is
added to the hyperlinks. Any dimension that is introduced by the metadata
can be used to help with the visualisation. Nodes can be made bigger based
on the popularity of the associated web page and colours can be added to
represent the domain of the page. The relative positioning of the nodes can
also be used to visualise another dimension of the metadata.

Depending on the question at hand the tool can also change the visualisa-
tion from a graph to another more appropriate format. When a user wants
to find a website with a strong correlation to the current page the differ-
ent domains can be rendered on a radial representation as shown in figure
4-5. In this image we can see 6 different domains represented by the let-
ter A through F. The ribbon connecting the various domains represent how
strongly the two domains are linked together. As we can easily see from this

1http://philogb.github.io/jit/

http://philogb.github.io/jit/
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one image is that the domain F is most strongly connected to the domain C
since almost half of the existing links point to this domain. This informa-
tion is quickly accessible for the users because of the way the metadata is
presented.

Figure 4-5: Radial Ribbon Visualisation based on d3.js1

Zoomable Because we are rendering a plain data graph we can hide a lot
of complexity of the graph in large nodes. This view will provide the users
with a general overview of the linking structure on the web page. Zooming in
on certain parts of the graph could expand these nodes and show more detail
for that particular section. For example, we could create a big node entitled
“YouTube”. The size of the node will be defined by the amount of links
pointing to the YouTube domain. This size will already give an overview
to the users about how much information is available as video fragments. If
the users are interested in a video clip about the topic they can zoom in on
this one big node to show more detail. When the zoom level is sufficient
the node will expand showing the different videos the page links to. This
is a fairly simple example but zoom functionality can be a powerful tool to
initially hide a lot of complexity for the user.

1http://d3js.org

http://d3js.org
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Searchable The content of the graph can also easily be filtered based on
some search criteria specified by the user. If the metadata is tagged as
described in Section 4.2 the users can use these tags to filter the metadata
on request. If the users are for example looking for scientific papers about
orbital physics they can search the graph with these keywords as well as
search for hyperlinks that are tagged as PDF. All nodes that do not fit their
search criteria will be removed from the visualisation. The benefit is that the
graph will still represent the structure of the metadata after the unwanted
links are removed from it.

All of the previously mentioned filtering techniques can also be used with
this visualisation. The on demand filtering described in Section 4.2.4 can
easily be adapted to the separated view. When the users select a part of the
text in the original web page the graph view will be updated in such a way
that the nodes and edges represent the metadata that is found within the
user’s selection. Using this technique the users can easily find out if there
is more information available about the context they have selected. This
kind interactivity between the users’ actions and the visualisation is a very
powerful way of helping the users find what they are looking for.

Visualising the metadata in a different view that is completely separated
from the structure of the web page has many benefits but there is one ma-
jor drawback to this approach. The currently established metaphor of the
presence of a hyperlink will be completely removed from the web page. The
users can no longer look at the content of a web page and based on the
blue underlined text see whether a link exists on this part of the text. And
even though this may not seem like a big issue the users who have already
established a way of browsing the web that works for them, will have a hard
time adapting to any other way of working.

The users will have to keep an eye on two separated views that render two
different aspects of the same content. In one frame the content is visible,
while the other frame will only show the metadata. This can be confusing for
new users and cause some frustration. Interaction with the metadata view
could seem very detached from the web page and users will have to interact
with two different views at the same time, increasing the overhead for the
end user. All these effects are notable drawbacks to this approach and they
should not be ignored lightly. Therefore a clear interface design needs to be
established to make it easier for new users to use the tool without feeling
lost because of the detachment.
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4.4 Link Authoring

Up until now we only discussed ways to visualise and filter already exist-
ing metadata. We did not yet touch the subject of how we will allow users
to author their own metadata. Because we are introducing a more com-
plex mechanism of linking resources together, it is obvious that conventional
methods of creating hyperlinks will no longer apply.

In most existing tools, the users are provided with a tool bar with which
they can use the authoring functionality the tool provides. Clicking a button
on the tool bar will open a dedicated window for authoring. In this window
the users are prompted for all additional metadata they want to provide.
Typically the users are allowed to create a source selection by highlighting
some text on the current page. And when the authoring window opens they
are asked to input a destination URL for their new hyperlink.

Some of the tools allow the users to open new tabs, in which they can
open different web pages. And when a user is authoring a hyperlink, the tool
allows them to click on a tab instead of having to type the URL themselves.
However, these tools do not allow the users to specify a destination selection
so the authoring of the hyperlinks does not allow the users to take advantage
of the full potential of the enhanced linking mechanics.

Figure 4-6: Examples of authoring
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We want to allow the users to author hyperlinks by navigating to the
source web page and selecting the desired content. The users will then open
a second tab or window in which they will navigate to the destination web
page and select the content to which the link will point. Having both these
selections in place the users will press a button in the tool bar that opens
a window prompting them for more information. The difference is that the
users are allowed to link to a specific part of a document instead of pointing
to the document as a whole. This will add more flexibility and detail to the
links resulting in a better experience for users looking for more information.

A third approach is to add functionality to the tool bar that allows the
users to specify what role their current selection plays in the hyperlink.
When the users select a part of the text they can press either one of two
buttons. One will add the selection to the sources of the link, while the
other button adds the selection to the destinations. This allows the users to
easily construct hyperlinks with multiple sources and multiple destinations.

Each of the destinations are selections, so following a link will refer the
users to the intended part of the linked document, instead of just the docu-
ment as a whole. When finished the users will press a third button finishing
the selection process and the tool will again prompt for more metadata, such
as additional tags or comments.



5
The Tool

In Chapter 4 we discussed different approaches for each aspect of the
tool. Each with its own benefits and drawbacks. In this chapter we will
define a concrete design for our tool based on our findings from the previous
chapter. We decide on the implementation-specific details such as tools and
technologies we will use. In Chapter 6 this design is then used to build a
working prototype for our envisioned tool.

5.1 Tagging Metadata

Based on our literature study and our personal findings we have decided
that allowing the user to tag his metadata with arbitrary strings allows for
the most flexibility. Users can use these tags to provide more information
about the content or type of the hyperlink.

The reason we decided on allowing arbitrary tags instead of a fixed amount
of predefined keywords is that this approach is a lot more extendible. At the
time of development we can not foresee all possible ways of filtering the
metadata, or preferences of the users. Therefore allowing the users to choose
any string will allow them to come up with their own techniques for data
classification.

To mitigate the issues with this technique, described in Chapter 4, we will
provide the user with more information about the tags he is adding. When
the user types a string he wants to use as a tag, the tool needs to provide a
list of similar tags, that already exist in the system. This will help prevent

42
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multiple similar tags to exist, which will in turn help the users to search
more effectively;

The tool will also keep track of the amount of hyperlinks that carries
a certain tag, and this amount will be displayed next to the tag during
authoring of the link. This way we can sort the list of similar tags based on
their popularity, which will help the author of a hyperlink decide which tag
he will use.

5.2 Selection

We did not find a clear advantage to either of the three options for adding
a selection to the sources or destinations of a hyperlink but we agreed that
allowing the user to point to a specific part of the document, instead of to
the document as a whole, is an important requirement. Therefore we opted
to implement all three designs for adding a selection to a hyperlink. Based
on the users need he can then choose what technique he will use.

• Automatic: The user opens two frames, and creates a selection in each
of them. The tool will the decide which of the two frames will take up
the role of the source, and which frame will function as the destination.
This choice will be the from left to right, as we would intuitively expect.

• Manual: If more than two frames are open, the user will be able to se-
lect, for each frame, what role the frame will play in the hyperlink. The
selection in each frame will then correspond with the given role. This
will be easier to create hyperlinks with multiple sources or destination.

• Manual with multiple selections: The user can also create a selection
in a frame, and for this selection decide what role it plays by clicking a
button in the tool bar. The selection will then disappear leaving room
for a second selection. This allows the user to easily create links where
the source and destinations point to the same document. Or when
multiple sources of the hyperlink decide on a single page.

So based on the current scenario the user will have a couple options to
finish his task. Each with different advantages and drawbacks. The more
powerful techniques will require more effort from the user, while the more
easy approach will only allow the user to create the most basic hyperlinks.

5.3 Visualisation

When experimenting with different approaches for visualising the meta-
data we ended up choosing the approach that separates the metadata from
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the content because this technique is the most extensible and provides the
most functionality for the end user.

As a proof of concept we will already implement a couple of visualisations
with which the users can interact to find useful additional information.

• Radial Graph Each node in the graph will represent a web page or
resource that is the destination of at least one hyperlink of the page.
The size of the nodes will indicate the popularity of the web page and
is calculated by the amount of users that follow a link to that web page
from the active page. It is therefore possible that the same resource will
have a different popularity when visiting a different page. All nodes
that represent pages from the same domain will be grouped together in
clusters around the centre node, representing the active web page, and
the size of the clusters will already give an indication of how tightly
the two domains are correlated to each other. As a third dimension
we will colour code the nodes based on the type of resource that is
linked. All PDF-files will be shown in the same colour as well as the
video resources and web pages. This will help the users to easily find
the type of resource they are looking for.

• Ribbons Each of the partitions of the outer circle will represent the do-
mains of the outgoing hyperlinks. The ribbons between the partitions
will show the amount of hyperlinks going between them and the size of
the ribbon is determined by the amount of hyperlinks. This will show
how tightly two domains are linked together and shows which other
websites might be interesting to read to find more on the topic.

• Location Each of the nodes will represent a web page or resource that
is linked to. The location of the website will be rendered on the map.
This can be interesting to find websites of a specific country. This
visualisation is more a proof of the extensibility of the tool.

To minimize the previously described issue that users might have with the
separation between content and metadata we opted to still render a minimum
amount of metadata inline as well. When users have two frames open next
to each other and there are hyperlinks going from the content of the first
frame pointing to the content in the second frame, the tool will render these
hyperlinks on the content. This will bridge the gap between between content
and metadata because the users can easily see where hyperlinks exists on the
page as well as where the destination points to.
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5.4 Interaction

The interaction is strongly connected to the way the metadata is visualised
each of the different visualisations offer different functionality and therefore
need different ways to interact with them. The most obvious of the visual-
isations is the radial graph representation. We expect, therefore, that this
visualisation will be used for the majority of the tasks and needs an intuitive
way to interact with it.

Pan and Zoom Browsing through the graph can be done using the pan
and zoom features. Clicking and dragging on the background will move the
graph accordingly while scrolling up or down on the mouse will will zoom the
graph in and out. When the visualisation is zoomed out too far the clusters
of resources will be grouped to a single larger node representing all of the
smaller nodes and zooming back in on one of the nodes will expand it to
the original cluster of nodes. This helps to keep a macro overview over the
structure of links and when the users need more specific information they
will zoom in to find a specific page.

Search When the users are looking for metadata that is tagged with a
specific keyword they will enter this information in the search field. This
will filter the graph with this information making it easier for the users to
find what they are looking for. There will also be a couple of build in filters
available for the user to use, such as filtering by popularity or how recently
the hyperlink was created. These additional filters can easily be extended if
the need arises.

Clicking Once the users have found the node that represents the web page
they want to visit they will click on the node. Left clicking on the node will
open the associated web page in the current frame while clicking with the
middle mouse button opens a new frame with the requested web page.

In the ribbon visualisation panning and zooming the interface does not
make a lot of sense and clicking the partitions or searching for tags is not
really relevant in this representation either so these ways of interacting will
be disabled. If the users want more information about one of the ribbons
they can hover their mouse pointer over one of them. This will highlight the
related partitions on the circle and present the users with some statistics in
the form of a tool tip on the selected ribbon.
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5.5 Tools

With these requirements in mind for the visualisation we take a look at
the possible candidate tools that will help us with achieving our goal. For
each candidate we will mark the negative aspects (Marked with “7”) as well
as the positive aspects (Marked with “3”)

Flash / Flex

7 We have no experience with Flash and related technologies

7 Requires a platform dependent runtime library to be installed

7 Flash is not based on open standards

7 Flash is slowly fading out in desktop environments since the introduc-
tion of HTML5

3 Lots of built-in GUI elements

3 Cross-platform (except for Apple’s iOS)

3 High level support for animation

Plain JS and HTML5

• 7 This will take a lot of time and effort without really contributing to
the thesis

• 7 While fluent graphics are well underlay, pure JavaScript is not suffi-
cient (yet) for complex visualisation

• 3 We can build everything from the ground up optimizing the visual-
isation to our requirements

Sigma.js

• 7 Specialised for graph visualisations and no other form of data

• 7 Operates in a HTML canvas element but this makes us lose most of
the benefits HTML offers

• 3 Very powerful graph rendering library

• 3 Quite lightweight so it scales fairly well for large graphs

• 3 Especially designed for interactivity

infovis

• 7 Not as lightweight as other alternatives
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• 3 Very powerful data visualisation library

• 3 Specially designed for interactivity

• 3 High level support for animation

d3

• 7 Because the library uses DOM manipulations animations can be
slower then other alternatives

• 3 Very powerful data visualisation library

• 3 Specially designed for interactivity

• 3 Quite lightweight so it scales fairly well for large graphs

• 3 High level support for animation

• 3 Data driven

• 3 Flexible in usage and applications

Ultimately InfoVis, Sigma.js and d3.js are almost equal candidates but in
the end we have chosen to use d3.js for the following reasons.

• Instead of providing a packet deal solution the way Sigma.js does for
graph visualistion, d3.js provides an extensive API that provides build-
ing blocks to build any visualisation the developers can come up with.
The range of possibilities is only limited by the imagination of the cre-
ators of visualisation. This is of course what we are looking for when
we want to present the metadata to the users in different ways.

• The library allows us to define different visualisations for a single
dataset and this matches exactly what we are trying to accomplish.
When the users are interested in answering a specific question about
the metadata they can simple choose the appropriate visualisation.
D3.js’ data driven nature matches the needs of the tool perfectly.

• d3.js is not limited to a canvas like some of the other alternative and
this allows us to manipulate any part of the DOM structure of the web
pages as well. This is especially beneficial because we can combine
different already well established web technologies with the data visu-
alisation as well which provides even more extensibility for the future.

• Finally, d3.js’ API is better documented then the alternatives. And
since there is a very active community that uses d3.js there are a lot
of examples and experiments that are readily accessible. This will give
us a head start when we are implementing our specific visualisations.
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Implementation

In Chapter 4 we defined a set of requirements for our ideal tool and in
Chapter 5 we continued to describe our approach to achieve those require-
ments. Now that we have established our approach we can take this high
level design and create a working implementation for it. In this chapter we
will explain how we implemented our design and go into more detail on the
important choices we had to make. Next, we will go over each major compo-
nent of our tool and describe the technical aspect in more detail. Finally we
will list some important issues we ran into when designing and developing
our tool and we will suggest some work around or solutions.

6.1 Data Management

In our local JavaScript database we will create a simplified version of the
RSL [30] [31] model. Our tool is designed to work on web resources so there
is no need to support additional media types. We will make sure that the
local database is compatible with the actual RSL model to make extending
the tool to an external RSL server fast and painless. In this section we will
give a short description of the local database.

The Resource table contains the web resources that can be linked to and
is identified by a resource descriptor, in our case this is the URL of the web
resource, which will be the same in an RSL database. A Selector table
is linked to the resources and defines the part of the document that will be
selected as the source or destination of a hyperlink, in our case the selectors
will be defined by an Xpointer on the web page. The Selector table also
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keeps a reference to the associated resource. Finally we have the hyperlinks
themselves which are saved in two separate tables one table contains the
sources of the hyperlinks, while the second table contains the destinations.
This will allow us to easily save hyperlinks with multiple destinations and
multiple sources. Both of the tables will have a field with a number that
identifies the hyperlink. That way we can actually combine the information
from both tables. We will also keep a Hyperlink table that joins the
both the destinations and the sources. In this table we can also add more
information such as the creator of the hyperlink or the date on which it was
created.

These five tables will provide a means to save all hyperlinks in our sim-
plified version of the an RSL database. In Chapter 4 we discussed the need
for tags on our metadata as well. To save this additional information we
need an extra table named Tag. Tags will be saved in a separate table, and
when a selector is created with a tag this information is saved in a join table
Selector_Tag. When a new tag is used that did not exist yet, a new entry
is added in the Tag table. The amount of times a tag is used is then easily
calculated from this table and this gives us an easy way to provide the users
with a list of already existing tag names.

With this database in place we are able to store all the information we
need to create the hyperlinks between different resources. This database
is also compatible with the RSL model so migrating the data to a remote
database poses no real difficulty.

Figure 6-1: Model Of Local JS Database

The implementation of this database will be done using HTML5 local
storagei, this local storage is a simplified version of SQLite [25] implemented
in JavaScript.
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To make our life easier in the future we start with creating a Database
prototype for which we can define methods to handle the communication
with the low level database.� �

1 var Database = function(){
2 var myDb = false;
3 }� �

We can now define our methods on this database prototype� �
1 Database.prototype.SomeMethod = function() {
2 ...
3 }� �

Set-up The first thing we need to do is create a client side database if the
database not yet exists so we define the initDB method as follows� �

1 Database.prototype.initDB = function() {
2 try {
3 if (!window.openDatabase) {
4 alert(’Databases are not supported in this browser.’);
5 } else {
6 var shortName = ’DEMODB’;
7 var version = ’1.0’;
8 var displayName = ’DEMO Database’;
9 var maxSize = 1000000; // in bytes

10 this.myDb = openDatabase(shortName, version, displayName,
maxSize); //creation of DB

11 this.createTables();
12 }
13 } catch(e) {
14
15 if (e == 2) {
16 // Version number mismatch.
17 console.log("Invalid database version.");
18 } else {
19 console.log("Unknown error "+e+".");
20 }
21 return;
22 }
23 }� �

Running Database.initDB() creates the database and already makes
a call to Database.createTables() which is defined as follows� �

1 Database.prototype.createTables = function(){
2 this.myDb.transaction(
3 function (transaction) {
4 var queries = [
5 ’CREATE TABLE IF NOT EXISTS tableName(’
6 ... //table column definitions
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7 + ’);’]
8 for (var i = 0; i < queries.length; i++) {
9 transaction.executeSql( queries[i], [], this.

nullDataHandler, this.errorHandler);
10 };
11 }
12 );
13 }� �

As we can see, the database framework makes use of transactions that
are called on the database using a callback function. The database frame-
work uses these transaction callbacks because the database is queried asyn-
chronously. This means that when we launch a query in our code we will
not get a response in the same way a desktop application would from a
MySQL [11] database, instead the executing of the program continues inde-
pendents of when the query will produce a result but when the query finishes
the callback is then called on the result.

In the previous snippet the nullDataHandler and errorHandler are
both callback functions and are called when respectively the query succeeds,
or fails. Since we do not need to execute any code once the tables are created
we provide the nullDataHandler which just returns.� �

1 Database.prototype.nullDataHandler = function (transaction,
results) {

2 console.log(results);
3 }
4 Database.prototype.errorHandler = function (transaction, error) {
5 alert("Error processing SQL: "+error);
6 return true;
7 }� �

To send a query to the database we use the executeSql function as
shown earlier. The following code allows us to select all the selectors that
are defined on a single resource� �

1 Database.prototype.getSelectors = function(resourceIdentifier,
callback){

2 var db = this;
3 this.Db.transaction(
4 function (transaction){
5 transaction.executeSql("SELECT * FROM selector where

resourceId = ? ;", [resourceIdentifier], db.
resultHandler(callback));

6 }
7 )
8 }� �
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When we call this function we can provide a callback function which is
then executed on the resulting dataset. To send a query to the database we
use the executeSql function which takes a query string as input and sends
the query to the selected transaction.� �

1 DEMODB.transaction(
2 function (transaction) {
3 transaction.executeSql("SELECT * FROM page_settings;", [],

dataSelectHandler, errorHandler);
4 }
5 );� �

6.2 Visualisation

Based on our findings and experiments from Chapter 5 we opted to go
for the d3.js framework to visualise the metadata in a separate view. We
chose this approach over the others because of its flexibility and data driven
nature.

d3.js fits our needs perfectly because it maps a set of metadata to elements
on a web page. We can use this to represent each piece of data as an SVG
element in a separate view on the web page. When the data then changes
the visualisation will mimic these changes as well. Searching and filtering
the data and visualising the result will be easy since the framework already
takes care of most of the work. The only thing we need to provide is a
description of how we want to map a data point on the visualisation and
some animation definitions for entering and exiting the representation.

This is an elegant and powerful way to represent the data that is stored
in the database but, more importantly, it does not restrict the visualisation
options in any way. Representing the data on a world map is just as easy as
creating a cloud of nodes with different sizes.

This flexibility is so important for us because we want to allow the users
to utilise all the different dimensions of the metadata as optimal as possible
and we can only achieve this if we are able to generate many different views
for the same data.

Forced Directed The data driven nature of the framework allows us to
first collect all the needed data in an array, on which we then apply a pre-
defined visualisation. For the forced directed layout we need two data array.
One containing the nodes of the graph, which are the resources that the cur-
rent page is linking. The second array will contain all the actual hyperlinks
between all the selected resources.
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� �
1 var resource = getResourceIdentifier();
2 var nodes=DB.getResourcesLinkedTo(resource);
3 var edges=DB.getResourceLink(resource);
4 var color = d3.scale.category20();� �

Once we have collected all the required data, we need to build the layout
with the correct parameters. Proving a link distance and a negative charge
to the nodes will allow the layout to calculate the final positions of the nodes.
We bind the nodes and links of the visualisation to the nodes and edges we
have previously retrieved from the database.� �

1 //initialize the d3 force layout
2 var force = d3.layout.force()
3 .nodes(nodes)
4 .links(edges)
5 .charge(-120)
6 .linkDistance(30)
7 .size([width, height]);
8
9 //create the svg canvas in the visualisation div

10 var svg = d3.select("visualisation").append("svg")
11 .attr("width", width)
12 .attr("height", height);� �

Now that we have mapped the data to the visualisation elements we need
to do the opposite as well. The following code snippet show how we can map
the selected visualisation elements in the svg container to the data arrays
we have previously saved. On this mapping we can then create enter, exit
and update procedures. The enter procedure described for the edges will
execute when there is a mismatch between the visualised elements and the
data elements stored in the edges array. When an element is present in the
data array but not in the visualisation the layout will create a new line
element and provides the correct attributes to it, effectively rendering it in on
the page and restoring the synchronisation between the two representations.
The exit procedure will execute when the missmatch between the two array
suggest that there is an element in the visualisation that is no longer present
in the data array and when this happens the layout will remove the element
from the svg element.� �

1 //map edges array on the data elements of the visualisation
2 var link = svg.selectAll(".link")
3 .data(edges)
4 //enter behavior for new edges
5 .enter().append("line")
6 .attr("class", "link")
7 .style("stroke-width", function(d) { return Math.sqrt(d.value)

; })
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8 .exit().remove();
9

10 //map nodes array on the data elements of the visualisation
11 var node = svg.selectAll(".node")
12 .data(nodes)
13 //enter behavior for new nodes
14 .enter().append("circle")
15 .attr("class", "node")
16 .attr("r", 5)
17 .style("fill", function(d) { return color(d.group); })
18 .call(force.drag);� �

Finally we need to specify how the visualisation will change on each mo-
ment in time. In this code snippet we specify that at each tick the coordinates
of the endpoints of the edges should correspond with the position of their
respective nodes in the graph. It also specifies that the location of the node
elements on the visualisation should match the location that is provided in
the data array. Since the force layout changes the information in the data
array we need to manually maintain this synchronisation.� �

1 //tick behavior
2 force.on("tick", function() {
3 link.attr("x1", function(d) { return d.source.x; })
4 .attr("y1", function(d) { return d.source.y; })
5 .attr("x2", function(d) { return d.target.x; })
6 .attr("y2", function(d) { return d.target.y; });
7
8 node.attr("cx", function(d) { return d.x; })
9 .attr("cy", function(d) { return d.y; });

10 });� �
The only thing that is left to do now is kick it all into action by starting

the layout.� �
1 force.start();� �

The resulting visualisation will show a graph representation of the inter-
linked resources that will dynamically update when the data array is manip-
ulated as shown in figure 6-2

Many other visualisations can be created with this bidirectional mapping
between visualisation elements and data elements and as we can see, the
framework allows us to exploit very different dimensions of the same dataset
in many completely different ways. This will help the users to find the
correct information, or answer questions about the general structure of the
metadata.
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Figure 6-2: Force directed graph of web resources with their hyperlinks

6.3 Interaction

Now that we know how to save and retrieve the data and visualise this
data in many different ways, we need a way to allow the user to create
the metadata and once the data is rendered the users need to be able to
manipulate this data.

The users are able to create a selection on a web page using their cursor
and save this selection as a selector to use as the source or destination of
a hyperlink. To aid us with the management of user created selections we
make use of Rangy1, a JavaScript library that supports many abstractions
for creating, serialising and restoring user created selections.

First we want to allow the users to select a part of the web page which
we can capture with the getSelection method Rangy provides us. The
resulting object is an XPointer representation of the users’ selection which
we need to serialise to save it to the database. When we want to render
the selection back on the web page again we need to de-serialise the saved
selection and use the resulting selection object to add indicators on the web
page on which we can apply CSS styles.

1http://code.google.com/p/rangy/

http://code.google.com/p/rangy/
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� �
1 //saving
2 var sel = rangy.getSelection();
3 var serializedSel = rangy.serializeSelection(sel);
4
5 //restoring
6 var cssApplier = rangy.createCssClassApplier("Selection"});
7 var sel = rangy.deserialiseSelection(serializedSel);
8 cssAppier.applyToRange(sel);� �

Now that we can save and serialise the users’ selection we only need to
allow the users to select a particular piece of text and choose whether the
selected text is the source or destination of the hyperlink that is being cre-
ated.

6.4 Concerns

In this section we will discuss the setbacks and issues we have encountered
while developing the tool.

Dynamic Content More and more websites are becoming interactive
where a single web page will generate different content based on some value
in the users’ cookies or some server-side parameters. If users create a selec-
tor on a resource which is defined by its URL this relation is saved in the
database. When the users then visit the same web page the database will be
queried for all relevant selectors and since we had saved one before we will
find at least one. This selector is defined by the XPointer that is saved in the
database but when the tool tries to render this XPointer on the generated
content there is no guarantee that the XPointer is still valid. This problem
is even more noticeable on so-called “Single Page Websites” where all the
content is requested with AJAX(CITE) calls and is then dynamically loaded
on the web page.

Same Origin Policy The Same Origin policy is an important security
concept for a number of client side programming languages, most notably
JavaScript. The policy states that only scripts originating from the same
host as the web page itself, are allowed to be executed on that page. Being
the same host is then defined in terms of the scheme, host name and port
number of the web page. The issue with our tool is that our JavaScript will
be requested from a different domain than the web pages. The tool request
the content of a web page from its actual server to get the latest version of
the content and with this content loaded in a frame we use our JavaScript to
manipulate the DOM structure of the document. This will be blocked by the
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same origin policy which does not allow our scripts to run on the document
structure of another web page.

X-Frame-Options The X-Frame-Option header that can be set by the
server is a mechanism developed by Microsoft in January 2009. This header
option is intended to protect users against click jacking attacks. Click jack-
ing, or User Interface Redressing is a malicious technique of tricking a user
to click on something different than what the user intended to click on. This
is accomplished by loading the content of a legitimate website in a frame,
and then rendering a transparent layer on top of the other web page. When
the users try to click on the displayed web page they are actually clicking on
the transparent layer, triggering unintentional behaviour. The main prob-
lem with this technique is that it is very hard to detect from the server’s
side. Imagine a malicious user sending a link to a video to someone else.
But another valid page, for example a product page of Amazon is layered
on top of the video. When the user then wants to click on the play button
for the video, he is actually clicking on the buy button for Amazon. Since
the user most likely has an authentication token stored in a cookie some-
where, the invisible layer is actually authenticated. There is no distinction
between a legitimate click on the buy button, or a click jacking attack from
the viewpoint of the Amazon server.

Because of this security issue Microsoft introduced the X-Frame-Option
header. This option provides a partial server-side prevention mechanism
against these attacks. If a server enables this header option the browser will
detect this tag and notify the users that their page is loaded in a frame,
prompting the user to open their website in a new window. As a result the
website that is opened in the new website will always be directly served by the
intended web page and the transparent layer will not be rendered on top of
it any more. The X-Frame-Option header tag can have different values, such
as DENY, SAMEORIGIN or ALLOW-FROM. These options will prevent
the served page to be rendered in a frame entirely. Most big websites will
enable this options when they do not want their website to be loaded in a
frame. This poses a major problem for our tool since we are loading all the
content of third party websites into a frame before running our JavaScript
on the content. Large companies’ websites like Google, Facebook, etc. will
therefore just result in an empty frame the users request their pages.

6.5 Workarounds

For some of the previously mentioned issues we can find solutions or tem-
porary workarounds. In this section we elaborate on some of these solutions.
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Dynamic Content To make the hyperlinks more robust the tool could
save a hash of the document when the hyperlink is created. The next time
the web page is loaded the tool could hash the web page again and check
whether the saved hash and the generated one match. When the hashes
match the tool can be fairly sure that the rendered content is the same
content as the author created the hyperlink on and by extension the intended
context of the hyperlink will most likely not have changed. When the hashes
do not match the tool could filter the hyperlink before it is rendered.

This technique will almost never give a false positive, so if a link is actually
rendered the tool can almost always be sure that the hyperlink is correct.
The problem is that the slightest change on the web page will cause all
hyperlinks that were created on the web page to be invalid. Since many web
pages add advertisement on the web page that changes every time the users
visit the page, the tool will almost never render any hyperlinks at all. The
problem is that the check is way to strict.

A similar approach is to not hash the entire page but create a hash of the
structure of the web page, ignoring all content of the page. This will allow
the page to change some small details such as advertisements or titles and
so forth without breaking all existing hyperlink. The down side is of course
that the content can change and change the context on which the hyperlink
was created. False positives are a possibility in this scenario but the reduced
strictness will be beneficial in practice.

Another approach is to only hash a part of the web page when we take the
list of ancestors of the node on which the hyperlink was created and hash
the structure of this list of elements, we can be quite certain that if the hash
matches next time, we have a valid hyperlink on that page. To maintain at
least some of the context, the tool could also hash the content of the node
on which the hyperlink was created. This will ensure that the text will at
least have stayed the same. It might be the case that the position of the text
changed on the web page but the hyperlink could still be valid.

X-Frame-Options When users request a web page the tool now opens a
frame and sets the location to the appropriate URL. The tool can also send
an AJAX request to the intended server requesting the content of the specific
page. When the tool receives the response it will create a div element in
which the content of the response will be rendered. This way the server will
not know the page is loaded in another page and even if the X-Frame option
is set, the page will still be loaded. This will work very well when requesting
the needed pages but the problem is the original links on the web page will
point to the real web page, and clicking these links are not handled by our
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tool. So the browser will forward the users to the actual page, where they
will not be able to take advantage of the functionality of our tool.

One possible solution to this new problem is scraping the requested con-
tent for hyperlinks and wrapping them with JavaScript onClick handlers.
But this is not a waterproof technique either since many websites employ
JavaScript of their own to simulate hyperlinks as well. These hidden links
will not be captured and still direct the users away from the tool.

An additional problem is when the users load two separate websites in
two div elements. When the tool loads the websites in frames they are
sandboxed which means that their CSS and JavaScript rules will not conflict
with each other. When we request the data ourselves and render it in a div
we need to manually sandbox the retrieved result. This is of course possible
but it is quite complicated to do this correctly.

Because we needed to be able to test our application, we needed some
short term workarounds. Most modern browsers can be customized rather
easily to disable some of the security options. Since we know that disabling
the Same Origin Policy feature will not harm us when we are working with
our tool we can temporarily turn this feature of when testing our tool. In
a real environment this is of course not a very good idea, and the policy
was introduced with good reasons, and it should not be disabled lightly, it is
therefore only a short term workaround that allowed us to develop the tool.

In the long run, when the tool is converted from a stand alone tool to
a plugin that manages the hyperlinks between web pages in a general all
purpose browser, the browser can manage its own policy. If this general
browser allows its’ plugins to use JavaScript on content that is not from the
same domain this issue is solved without the security risk. Since this general
browser no yet exists this solution is currently not feasible.



7
Use Cases

In Chapter 4 we detailed the requirements and design of our linking solu-
tion. In Chapter 5 we discussed the technical details of our first prototype.
During these past few chapters we have claimed that our tool addresses many
of the inherit problems of the current HTML standard with respect to hyper-
linking. We also claimed to solve many of the issues of previously developed
tools that attempted to enhance the web’s linking techniques.

In this chapter we would like to validate our claims. The time restriction
of this thesis did not allow us to evaluate our solution by means of user
trails. So instead we would like to validate our solution by presenting a
couple of use cases. By walking through the process of authoring hyperlinks,
navigating and rating existing links and searching the database of metadata
for information.

As the reader most likely has had experience with authoring hyperlinks in
standard HTML, and navigating the web using conventional browsers, one
can compare the presented process with other tools as we walk through the
scenario.

We hope to demonstrate that our tool indeed improves upon the standard
HTML way of linking, as well as the approaches of many other existing tools.

We are however quite aware that our solution is not perfect, and will fall
short on certain aspects. To demonstrate where the tool falters we will also
present a couple of use cases that will not yield desirable results.

60
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7.1 Scenarios

First of all we need a couple of scenarios that we will use to demonstrate
different aspects of the tool. Using real concrete scenarios will help us define
the needs and expectations of the user. So instead of using hypothetical
scenarios we will use some that the reader can relate to.

7.1.1 Authoring

Adding a Comment

A user is reading an article about rendezvous manoeuvres between space-
crafts in orbit. But he notices that the content has no documentation about
the mathematics behind the manoeuvres and is wondering where he can find
this information. Instead of trying to find this information himself he wants
to post a comment on this section asking for more information on this.

This scenario describes the basic need to add data to already existing
data. There is no notion of hyperlinking yet. The user just wants to attach
one resource (in this case a question in the form of an annotation) to an-
other resource (in this case the web page). This basic example serves as a
demonstration of how to author the most simple metadata.

So here are the steps the user will take to accomplish his goal. First he will
select the relevant context on the web page. When his selection is complete
he will click the “Add Comment” Button from the tool bar. The tool will
open a pop-up window in which the user can fill in the rest of his data. The
user will write his question in the text box, and add the “Question” tag to
his comment. With all information in place the user submits the form to the
server.

Figure 7-1: Making a selection

This process of adding annotations or questions to certain parts of a web
page feel very intuitive. Selecting a part of text, and writing a side note
in the form fit the metaphor of highlighting a paragraph in a textbook and
writing a note in the margin.
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Figure 7-2: Posting a comment

Adding a Hyperlink

In this scenario the user does not want to ask the question about where he
can find the mathematical explanation. Instead he already knows a reliable
source where these calculations are explained very well. Therefore instead
of adding a comment, or a note it would be much easier for the user if he
could just create a hyperlink between the two documents.

To create the hyperlink the user needs to open a second frame by clicking
the “Add Frame” button. This will split the window in two frames. Each of
the frames will be able to load a different web page. In the first frame the
user surfs to the web page he wanted to add the link to. In the second frame
he will navigate to the web page containing the additional information that
he wants the link to point to.

Having both these web pages open the users creates a selection on the first
web page, the same way he would have done if he wanted to add a comment
to the pages, as described in the previous scenario. In the second frame he
will create a selection as well. This time the selection is the context of the
extra information that was relevant to the selection in the first frame.
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Figure 7-3: Adding a second frame with its own selection

With both selections in place the user clicks the “Create Link” button
in the tool bar. Clicking this button will open another pop-up window.
Here the user will be presented with the option to add tags to his hyperlink
and because these tags significantly help other users to find the required
information the user will fill in these tags as best as possible tagging the link
with “Rendezvous Manoeuvre, Mathematics, Formula”.

Figure 7-4: Adding tags to hyperlink when the system guesses the roles

Multi Destination Hyperlink

In the previous scenario the user only linked to a single web page. Because
he only had two frames open, each containing a web page the tool assumed
that by clicking the “Create Link” button the user meant to create a link
with one source (the left frame), and one destination (the right frame). This
assumption is the intuitive approach when a user adds two documents to-
gether and therefore using “Convention Over Configuration” will speed up
the process of creating these simple links.

In this scenario however, the link to be constructed is no longer a simple
one. The user in this scenario knows about an interesting web page that
describes the mathematics behind the rendezvous manoeuvre. But he also
knows about a scientific paper in PDF format that explains the mathematics
in far greater detail. Off course having to create two separate links for these
two resources is a lot of work. So the user wants to link both of these
resources to the web page in one hyperlink.
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The process of doing so is fairly similar to the previous scenario. The
difference is that the tool can no longer easily guess what frames contain the
destinations, and which frame contains the source of the link. So the user
will do as follows. He opens 2 additional frames in one of these frames he will
navigate to the other web page he wanted to link to and in the second frame
he will navigate to the PDF document. A third frame, that was already open,
contains the original web page on which the link needs to be constructed.

With three frames open the user proceeds by specifying which frame serves
what purpose. The user will click on the “Source” check mark above the third
frame, specifying that the selection in this frame will be used as a source.
The two other frames will be marked as destinations in the same way. With
these specifications in place the user proceeds to click on the “Create Link”
button and is again prompted with a similar pop-up window.

In this pop-up window the user can again specify the tags to describe the
links. And he will do so in the same way as the previous scenario. But
there is a difference here. Each destination of the link can have its own
characteristics so tags can be added per destination as well. The user will
do so by additionally specifying that the second destination is in fact a PDF
document by adding the tag “PDF”. The three other tags are general shared
tags between both destinations, while the specific “PDF” tag only applies to
the second one.

Figure 7-5: Manually specifying roles for selectors

Any combination of many sources and many destinations can be con-
structed this way. The user only needs to add more selections in new frames
and select the role for each of these frames.
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Multi Source On a Single Page

In this scenario the user wants to add refer to a web page again describing
the details about the mathematics behind a rendezvous manoeuvre. But
instead of linking to this page from a single paragraph in on the web page
he wants to link to the same web page in several separate locations in the
text. A few spread out paragraphs may mention the manoeuvre but instead
of providing the hyperlink only where it is mentioned first he wants to create
a hyperlink on each mention of the manoeuvre.

The user could use the same approach as described with the previous
scenario, but this would require him to open several frames displaying the
same document for the sole purpose of creating several selections. This is off
course cumbersome.

Instead the user may open two frames, the first containing the source
document and the second frame containing the destination of the hyperlink.
The user will then create a first selection on the first frame which represent
one of the sources of the hyperlink. He will then press the “Add Source”
button from the tool bar. This will temporarily save his selection and mark
this selection as a source for the next creation of a hyperlink. Pressing this
button will also remove the selection on that frame leaving room for a new
selection.

Figure 7-6: Specify a role for an active selection
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After the user has selected all the locations in this document that he wants
to use as a source he can do the same with any of the other frames. Marking
each selection as a source or destination. When the user is done creating
his selections and adding them to the appropriate roles he clicks the “Create
Link” button and is presented with a familiar pop-up window prompting for
more information. When the user is finished filling in the tags he will submit
the form, creating the hyperlink for future users.

Figure 7-7: Adding tags to respective sources and destinations

7.1.2 Navigation

Following a Hyperlink

In this scenario the user is reading the paragraph about the rendezvous
manoeuvres and he wants to find more information about this topic. In
order to find out if the community has already provided some hyperlinks he
highlights the relevant context. This selection will update the graph view
at the bottom of the screen which will now represent the metadata that is
available for the selected context.

In this graph the user can now find all the outgoing links in his selection.
Since previously other users have already added a couple of links to a web
page, as well as a PDF file the user will notice this based on the colour codes
of the nodes. The user is interested in the web page, so he clicks on the
associated node in the graph and the tool redirects him to the appropriate
web page.

Searching Information

The user is faced with the same issue as the last scenario, but when he
highlights the paragraph the resulting graph contains to many nodes to eas-
ily find the result he is looking for. The user is only interested in extra
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Figure 7-8: Graph and frame with no selections

information about in the form of a PDF file. He also wants to find the ex-
act mathematical formula instead of a long textual explanation about the
manoeuvre. To find the intended result more quickly the users clicks in the
search text field above the graph view and starts to add keywords to di-
rect his search. The user first types the tag “PDF” but this renders far to
many results to search through. Narrowing his search he will add the key-
word “Formula” to the search query. Fortunately a hyperlink was added by
a different user in the community containing both these tags and it is easy
enough to find the requested result in the graph. Clicking on the associated
node redirects the user to the requested PDF file
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Figure 7-9: Graph after making a selection

7.1.3 Contribution

Down Voting Existing Hyperlink

A user is reading the article and notices that there are two hyperlinks
that point to the same resource. One of the two hyperlinks only points to a
web page, while the second hyperlink points to the same web page, but also
contains a PDF file as a second destination. When the user studies the extra
metadata on both of the links, he notices that the tags and location of the
first link are the same as the second one but the second hyperlink contains a
better description as well. In short the user finds that the first hyperlink has
been made obsolete by the second one. Seeing this the user wants to clear
the web page of this redundant data for future users.

Down voting the link will help lower the popularity of the first hyperlink.
Doing this will cause the redundant hyperlink to be hidden from other users.
If other users will do the same eventually the obsolete metadata will be
entirely removed from the web page, cleaning up the final result.
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Figure 7-10: Metadata on graph nodes

In order to do so the user right clicks on the node associated with the
hyperlink. This will open a context menu on the node containing both the
option to up or down vote the clicked hyperlink. The user then clicks on the
“Down Vote” option. Doing this will send a request notifying the server of
the user’s contribution.

7.2 Failing Scenarios

7.2.1 Blank Page

In this scenario the user wants to add a simple annotation to a web page
just as we described in the first scenario in the previous section. In order to
do so the user opens a frame and enters the required URL in the appropriate
field. But when the user submits the form nothing happens. The page stays
on a black page.

This issue arises when a server disallows a web page to be served within
a frame. The browser will notice that the “X-Frame-Option” is set in the
header of the web page and will subsequently stop rendering the requested
page.

Many large companies will not allow their website to be rendered within a
frame. Companies such as Google, Facebook, Twitter, Microsoft, LinkedIn
and many more will have this option set. This means that at the current
state of the tool, many large and popular websites will not be able to be
rendered by the tool.

7.2.2 Frame Killers

A similar situation occurs when a user wants to navigate the tool to
MSN.com, Windows’ live messenger website. Doing so will not yield a black
page, but will in fact navigate the browser to the web page, instead of only
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the frame it was supposed to be loaded in. These website are running a script
that, when loaded, checks whether or not the page was loaded in a frame.
In the case of our tool this check will detect this and point the browser to
the website instead of the frame. These frame killers, as they are called,
will refresh the page which leads to a removal of the tool bars our tool pro-
vided. Therefore on these type of websites the users will not be able to add
hyperlinks or comments.

7.2.3 Dynamic Pages

In this example the user wants to add a link to a particular paragraph in
an interesting blog posts. He will again select the source in the first frame,
and the destination in the second frame, containing the blog. Clicking the
“Create Link” button will finish the process and everything is in order. Users
visiting the page will see the link, and following the link will direct them to
the intended blog post.

However, a couple days later a users tries to follow the hyperlink and is
redirected to the blog website. But the posts the user sees are not relevant
to the context in which the link appeared. And in fact he can not see the
destination of the link at all.

This effect is because of the way blog websites usually work. When the
blogger adds a new post to his website the newest item will appear at the
top, pushing all older items down. When to many items are on the front
page the rest of the posts are paginated and require the reader to click on a
link to see them. This behaviour is fairly standard but it poses a problem
for the tool.

When a hyperlink is created the metadata for this link contains pointers to
different resources, the sources of the hyperlink and the destinations. These
resources can be PDF files, websites, video or audio files, and many more
different types of media. In this case both the source and destination of the
hyperlink are websites. The identifier of this resource is defined by its URL.
So when the user links to the blog website he will create a pointer that points
to a specific location in the resource that is identified by the specified URL.
Lets say the destination of the hyperlink was a sentence in the first post of
the website “www.blog.com”.

So on creation the hyperlink will work fine and point to the first post on
the web page which, at the time, contained relevant information. After a
while the owner of the blog will post new articles which will most likely not
be related to the link’s intended topic. Because of the restructuring of the
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web page the destination pointer of the hyperlink will no longer be valid.
This will mislead or confuse visitors following the hyperlinks.

In Section 6.5 Workarounds we already discussed some methods of help-
ing with this problem but they are not infallible and the scenario we just
described can still take place.

7.3 Conclusion

In this chapter, we have demonstrated some of the usages of our tool by
means of some simple scenarios. As one can see many of the features are
intuitive and simple to use providing an easy way of creating advanced links
between different media. The functionality demonstrated by these simple
examples represent only the beginning of the potential of the tool. When
more visualisations are designed more features will be available for the user
resulting in a richer user experience.

It is also important to note that many of the failing examples stem from
restrictions in the current web standards. Security issues that plagued the
web have resulted in a strict security protocol which dampens a lot of possi-
bilities. And creating a more persistent way of selecting a part of a document
will result in more robust linking overall.



8
Conclusions and Future Work

In this final chapter, we would like to recapitulate a number of contribu-
tions that have been made. As we were limited by the time constraint of
this thesis, some envisioned features were not yet implemented. Therefore
we will outline and discuss some future directions for our linking tool.

8.1 Contributions

The literature study that has been carried out as part of this thesis shows
that there is room for improvements in the area of hyperlinking on the Web.
The market of web browsers is heavily dominated by classic browsers such
as Internet Explorer, Google Chrome and Firefox and these browsers have
heavily influenced the Web’s linking standard.

While there are alternative approaches available, these tools often spe-
cialise on specific features instead of the linking process as a whole. Many
of these tools also neglect the upcoming trend of sharing user created data.
Nevertheless, by studying these tools, we learned a few valuable lessons con-
cerning the ways of enhancing the Web’s linking experience and how they
relate to the limitations of the current web standard.

By combining the different aspects that we deem beneficial for our tool
with our own ideas for an ideal tool, we came up with a model and architec-
ture for an advanced linking tool addressing many of the issues the current
state-of-the-art hyperlinking tools. Our tool steps away from the classic re-
strictions of the two dimensional web page and is based on state-of-the-art
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research from fields such as hypermedia, zoomable user interfaces and data
visualisation in order to redesign the way we use hyperlinks on the Web.

Our investigation of the state-of-the-art in hypermedia, data visualisation
and zoomable user interfaces helped us to avoid some of the pitfalls when
designing out tool. What follows is a description of the steps we took, and
contributions we made during this thesis

• A literature study has been done in order to identify issues with current
linking tools. We compared the benefits of state-of-the-art linking tools
to the standard HTML approach in order to use our findings in our
work.

• Based on our findings from the literature study and a closer investiga-
tion of existing tools, we identified technologies that might be beneficial
in the creation of an advanced hyperlinking tool and help us to over-
come some of the limitations these tools suffer. Based on this analysis
we listed the benefits and drawbacks of a large amount of options we
have for our tool and based on this list we created a design for our ideal
linking tool. After careful deliberation regarding the use of concepts
and technologies, we provided a solution that mitigates or eliminates
many of the issues and shortcomings with existing tools.

• Based on our analysis of the limitations of state-of-the-art web linking
tools we created a set of requirements for our tool and we defined a
model and architecture for our proposed solution.

• Finally we implemented a functional prototype of our tool which uses
many of the innovative features and forms the basis of our advanced
hyperlinking tool.

Because of our requirement to build the tool using JavaScript only, we opted
to build the tool from scratch. This allowed us to leave conventional ap-
proaches behind. Doing so allowed us to keep in mind the core requirements
when building the foundations of the tool which inevitably leads to a better
designed tool that provides to most functionality and extensibility.

8.2 Future Work

Because of the limited time available for this thesis, some extensions and
features did not make it to the final implementation, thus the tool has not
yet reached its full potential. Therefore we made sure that we finished a
solid foundation on which future features can be implemented. We did not
rush the implementation in favour of excessive features and different visuali-
sations, instead we opted to ensure that we got the basics right and modular
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from the beginning so that extensions are easily implemented. As a result
we did not have time left to implement many different visualisations which
would emphasise the power of our tool. In this section, we discuss some
extensions and future work that will help bring our tool a step closer to its
full potential.

8.3 Robustness

One of the big limitations of our tool is the suboptimal performance on
highly dynamic web pages. When the content of the web page changes
while the page’s identifier stays the same, it is possible that the selectors
of previously saved hyperlinks will have a mismatch on the content of the
page. This will of course break existing links, should the content of the web
page change, but it also makes the tool not viable on websites with highly
dynamic pages such as most of the Google web services. Detecting whether
the content of the web page has changed since the time the hyperlink was
created can be done by hashing the web page when the hyperlink is created
and then matching this hash with the hash of the current content on the
page. When the hashes do not match we have detected that the content has
changed.

One way to minimise the amount of breaking hyperlinks is by detecting
whether the content on which the hyperlink was created is still available.
The content of the web page might have moved around a bit in such a way
that the XPointer of the related selector is no longer valid, but the content
is still there. If we can detect this, many hyperlinks that would otherwise
break, can still be valid. Imagine a blogging website where each new post
is listed at the top, moving all previous post down on the page. Hyperlinks
created on any of these blog posts would break every time a new post was
created with the current method, but if we check the content of the web
page, these hyperlinks will be valid for a substantially longer period of time.

8.4 Interactivity

We are aware that we did not yet devote a lot of attention to editing and
removing existing hyperlinks or selectors which would lead to more tech-
nical problems when the database grows. We have already implemented a
means of detecting when hyperlinks are no longer deemed interesting by the
community and this metric can be used to automatically remove hyperlinks
from the database. But when the users make a mistake and want to edit or
remove their hyperlinks they are currently unable to do so.
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We are currently heavily reliant on the users’ capability to create a selec-
tion on a web page, but on many new devices this is not necessarily straight-
forward or easy. Many smartphones or tablets do not allow users to easily
create selections in their web browsers, which limits the tools usefulness on
these devices. With better interactive possibilities to create selectors, the
tool could be used on more devices and by more users.

When new filters and visualisations get introduced this will bring the need
to manipulate these visualisations as well, introducing the need for more
advanced interactivity.

8.5 Visualisation

The biggest trump of our tool is the versatility with which the metadata
can be visualised. Many diverse questions can be easily answered with differ-
ent visualisations and for a further extension of the tool many new interesting
and useful ways of data visualisation can be added. Because of our limited
time we only opted to implement some of the more obvious visualisations
but many unused dimensions of the metadata can still be presented to the
users in such a way that the information is easy accessible.

8.6 General

As we can see, most of the work carried out in this thesis covers the
foundation of an extendible tool for advanced hyperlinking. In future work,
additional research could be done for more diverse visualisations and interac-
tions. Additional research regarding the filtering techniques can also increase
the effectiveness of the tool and by extension the usefulness for the end users.
Finally, including additional media types and the support for transclusion,
will elevate the tool to a true collaborative cross-media hyperlinking tool
that scales well with the amount of users.

Even though we were able to identify the many shortcomings of cur-
rent state-of-the art hyperlinking tools, propose innovative features for non-
restricted hyperlink visualisation and provide a prototype implementation of
a next generation hyperlinking tool, our tool has to be seen as the foundation
of an extendible collaborative hyperlinking solution.
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