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Abstract. Social bookmark tools are rapidly emerging on the Web. In such sys-
tems users are setting up lightweight conceptual structures called folksonomies.
The reason for theirimmediate success is the fact that no specific skills are needed
for participating. In this paper we specify a formal model for folksonomies and
briefly describe our own system BibSonomy, which allows for sharing both book-
marks and publication references in a kind of personal library.

1 Introduction

Complementing the Semantic Web effort, a new breed of so-called “Web 2.0 appli-
cations is currently emerging on the Web. These include user-centric publishing and
knowledge management platforms like Wikis, Blogs, and social resource sharing tools.

These tools, such as Flickor del.icio.us? have acquired large numbers of users
within less than two yearsThe reason for their immediate success is the fact that no
specific skills are needed for participating, and that these tools yield immediate benefit
for each individual user (e.g. organizing ones bookmarks in a browser-independent,
persistent fashion) without too much overhead. Large numbers of users have created
huge amounts of information within a very short period of time. The widespread use of
these systems shows clearly that folksonomy-based approaches are able to overcome the
knowledge acquisition bottleneck, which was a serious handicap for many knowledge-
based systems in the past.

Social resource sharing systems all use the same kind of lightweight knowledge
representation, callddlksonomy. The word “folksonomy” is a blend of the words “tax-
onomy” and “folk”, and stands for conceptual structures created by the people. Folk-
sonomies are thus a bottom-up complement to more formalized Semantic Web tech-
nologies, as they rely oemergent semanti¢&4, 25] which result from the converging
use of the same vocabulary. The main difference to “classical” ontology engineering ap-
proaches is their aim to respect to the largest possible extent the request of non-expert
users not to be bothered with any formal modeling overhead. Intelligent techniques may
well be inside the system, but should be hidden from the user.

3 http:/iwww.flickr.com 4 http://del.icio.us 5 From discussions on the
del.icio.us mailing list, one can approximate the number of users on del.icio.us to be more than
three hundred thousand.



This paper is organized as follows. We will shortly introduce and review existing
resource sharing systems. In Section 3 we will introduce a formal model and in Sec-
tion 4 we will present BibSonomy and discuss the functionality and architecture of this
system.

2 Social Resource Sharing and Folksonomies

Social resource sharing systems are web-based systems that allow users to upload their
resources, and to label them with arbitrary words, so-caligd. The systems can be
distinguished according to what kind of resources are supported. Flickr, for instance, al-
lows the sharing of photos, del.icio.us the sharing of bookmarks, Cite®hike Con-
noted the sharing of bibliographic references, and 43THirey&n the sharing of goals
in private life. Our own systenBibSonomy, allows sharing bookmarks andeEX
entries simultaneously.

In their core, these systems are all very similar. Once a user is logged in, he can add
a resource to the system, and assign arbitrary tags to it. The collection of all his assign-
ments is higpersonomy, the collection of all personomies constitutegalksonomy.
The user can explore his personomy, as well as the personomies of the other users, in
all dimensions: for a given user one can see all resources he has uploaded, together with
the tags he has assigned to them (see Figure 1 on page 4); when clicking on a resource
one sees which other users have uploaded this resource and how they tagged it; and
when clicking on a tag one sees who assigned it to which resources.

The systems allow for additional functionality. For instance, one can copy a resource
from another user, and label it with one’s own tags. Overall, these systems provide a
very intuitive navigation through the data.

3 A Formal Model for Folksonomies

A folksonomy describes the users, resources, and tags, and the user-based assignment
of tags to resources. We present here a formal definition of folksonomies, which is also
underlying our BibSonomy system.

Definition 1. Afolksonomyis a tupleF := (U, T, R, Y, <) where

— U, T, and R are finite sets, whose elements are callisers tagsand resources,
resp.,

— Y is a ternary relation between them, i.&,C U x T x R, whose elements are
called tag assignments (t&sr short), and

— < is a user-specific subtag/supertag-relation, i.e..C U x T x T, calledis-a
relation.

Definition 2. ThepersonomyP,, of a given user: € U is the restriction off to u, i. e.,
Py := (T, Ry, Ly, <o) With I, :== {(t,r) € T x R | (u,t,7) € Y}, Ty := m(I,),
R, = ma(I,), and =<, := {(t1,t2) € T x T | (u,t1,t2) € <}, wherer; denotes the
projection on theth dimension.

6 http://www.citeulike.org " http://www.connotea.org
8 http://www.43things.com ® http://www.bibsonomy.org



Users are typically described by their user ID, and tags may be arbitrary strings.
What is considered as a resource depends on the type of system. For instance, in
del.icio.us, the resources are URLSs, in flickr, the resources are pictures, and in Bib-
Sonomy they are either URLSs or publication entries. In BibSonomy each resource is
represented by a hash value which is described further in Section 4.4.

Definition 3. For convenience we also define the Bedf all postsas
P:={(u,S,r) |uelUreR,S =tags(u,r)}

where, for allu € U andr € R: tags(u,r) := {t € T | (u,t,r) € Y} denotes all tags
the useru assigned to the resouraee

If we disregard the is-a relation, we can simply note a folksonomy as a quadru-
pleF := (U,T,R,Y). This structure is known in Formal Concept Analysis [27, 6] as
a triadic context[13, 26]. An equivalent view on this structure is that of a tripartite
(undirected) hypergrapty = (V, E), whereV = UUTUR is the set of nodes, and
E = {{u,t,r} | (u,t,r) € Y} is the set of hyperedges.

In a typical folksonomy system every tag assignment is connected with several other
properties like date, group or resource type. For sake of simplicity we disregard these
properties for the rest of the paper, unless stated otherwise.

4 BibSonomy— A Folksonomy-Based Social Bookmark System

This section briefly describes the BibSonomy systedeveloped by our group. After

an introduction to the user interface, semantics and architecture of BibSonomy, we
explain further features as well as future enhancements. BibSonomy allows a user to
share bookmarks (i.e., URLS) as well as publication references. The data model of the
publication part is based on#lX [18], a popular literature management system for
IATEX [12].

4.1 User Interface

A typical list of posts is depicted in Figure 1 which shows bookmark and publication
posts containing the tageb. The page is divided into four parts: the header (show-
ing information such as the current page and path, navigation links and search boxes),
two lists of posts — one for bookmarks and one for publications — each sorted by date
in descending order, and a list of tags related to the posts. This scheme holds for all
pages showing posts and allows for navigation in all dimensions of the folksonomy.
The semantics of those pages is explained in Section 4.2.

A detailed view of one bookmark post from the list in Figure 1 can be seen in
Figure 2. The first line shows in bold the title of the bookmark which has the URL
of the bookmark as underlying hyperlink. The second line shows an optional descrip-
tion the user can assign to every post. The last two lines belong together and show
detailed information: first, all the tags the user has assigned to thiswebkt §ervice,

10 http://www.bibsonomy.org
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Fig. 1. BibSonomy displays bookmarks andsBzX based bibliographic references simultane-
ously.

tutorial, guidelinesandapi), second, the user name of that user (hotho) followed by a
note, how many users tagged that specific resource. These parts have underlying hy-
perlinks, leading to the corresponding tag pages of the user (/user/hotho/web,
/user/hotho/service, . ..), the users page (/user/hotho) and a page show-

ing all four posts (i. e., the one of uskothoand those of the 3 other people) of this
resource (/url/r ). Section 4.2 will explain the paths given in brackets further. The
last part shows the posting date and time followed by links for actions the user can
do with this post — depending on if this is his own (edilete) or another user’s post
(copy).

The structure of a publication post displayed in BibSonomy is very similar, as seen
in Figure 3. The first line shows again the title of the post, which equals the title of
the publication in BBTEX. It has an underlying link leading to a page which shows
detailed information on that post. This line is followed by the authors or editors of the
publication, as well as journal or book title and the year. The next lines show the tags
assigned to this post by the user, whose user name comes next followed by a note how
many people tagged this publication. As described for bookmark posts, these parts link
to the respective pages. After the date and time the user posted this entry follow the
actions the user can do, which in this case include picking the entry for later download,
copying it, accessing the URL of the entry or viewing the X source code.



Semantic Network Analysis of Ontologies
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Fig. 2. detail showing a single bookmark Fig. 3. detail showing a single publication
post post

4.2 Semantics of the BibSonomy URL scheme

Since group visibility rights (see Section 4.4) make the explanation much more compli-
cated, they are mostly disregarded in this section, as well as in the formal model.

All URLs described here are relative tp://www.bibsonomy.org . There
are system pages likbelp, /settings or /post _bookmark which are neces-
sary for the usage of BibSonomy, but their semantic is straightforward hence they are
omitted here. The following list describes the conteritsf all pages which show posts
in BibSonomy:

ftaglt .... _t, Shows every postwhich has all of the tags. . ., ¢,, attached:
Chyvotn = {(w,S,7) € P | {ts,... 1t} C S} (1)

luser/u Shows all posts of user.

Cy :={(0,S,r)e P|4=u} 2
luserlult ... _t, Shaws every post of usar which has all of the tags, .. ., ¢,
attached:
Cuty,..tn, ={(0,81r)eP|t=u,{t1,...,tn} C S} 3)
/concept/user/ult 1-.. t, Shaws every post of userwhich has for every tag
t € {t1,...,t,} atleast one of its subtags titself attached (see also Section 4.4):
Cuty,t, ={(,S,;r)ePla=u,Vt;(i=1,...,n)Ft € S:
(’l),t,ti) eE< Vi= ti} (4)
lurllr If r is a bookmark: Shows all posts of the resoutce

Cr:={(u,S,#) e P|7=r} (5)
furllr  [u If ris a bookmark: Shows the post of ugeof the resource:
Cro:={(4,S,7) € P|F=r1=u} (6)
/bibtex/r If r is a literature reference: Shows all posts of the resouirce

Cr.:={(u,S,7) e P|t=r} (7)



/bibtex/r  [u If ris a literature reference: Shows the post of usef the resource
7
Cro:={(1,8S,7) € P|f=r1=u} (8)

/group  Shows all groups of the system. More on groups can be found in Section 4.4.
/groupl/g Shows all posts of all users belonging to the grqup

Cy:={(u,S,r) e Plueg} (9)
/group/g It 1_... _t, Shaws every postwhich has all of the tags. . . , ¢,, attached
and where the user belongs to graup
Cotr,otn ={(u,S,7) € Plueg{ts....t,} €S} (10)
Iviewable/g Shows all posts which are set viewable for members of the ggoup
Iviewablelg [t i.... _t, Shaws all posts which are set viewable for members of

the groupg and which have all of the tagds, . . ., t,, attached.

[search/s Shows all resources, whose full text matches the search expression
which is interpreted by the MySQL full text search capabitty.

/download  Shows all publication posts which the user has picked in the shopping
basket, as described in section 4.4.

/popular Shows the 100 resources posted most often amongst the last 1000 posts.
(Note that these numbers are subject to change.)

[ This is the home page of BibSonomy, it shows the entries posted most recently.

An interesting feature, described in section 4.4, is that all paths of URLs described
above, can be prepended by a string which changes the output format. In general, posts
are shown as HTML lists surrounded by navigation elements and a tag cloud (as seen
in Figure 1), but this feature allows the user to get her output in formats &g or
as an RSS feed.

4.3 Architecture

The basic building blocks of BibSonomy are an Apache Toficsgrviet container
using Java Server Pagésind Java Servlét technology and a MySQE database as
backend.

Currently the project has several thousand lines of code and is using the Model View
Controller (MVC) [10] programming paradigm to separate the logical handling of data
from the presentation of the data. This enables us to produce output in various formats
(see Section 4.4), since adding a new output format is accomplished by implementing
a JSP as a view of the model.

The database schema of BibSonomy is based on four tables: one for bookmark
posts, one for publication posts, one for tag assignments (tas) and oreddtons.

Two further tables store information regardingersandgroups. In Figure 4, the two

1 http://dev.mysgl.com/doc /refman/5.0/en/fulltext-boolean.html
12 http:/ftomcat.apache.org 13 http:/fjava.sun.com/products/jsp
14 http://java.sun.com/products/serviets 15 http://www.mysgl.com
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Fig. 4. Relational schema of the most important tables.

poststables are shown as one and it is only hinted that these are really two tables. The
reason to show them as one taptestsis that they're very similar — the publication post

table has just some additional columns to hold all tieTBX fields. They are separated

in the database for efficiency reasons, since these extra columns just need to be stored
for publications.

The posts table is connected with the tas table by thepksyid. The scheme is not
normalized, on the contrary we have added a high amount of redundancy to speed up
queries. For example, besides storing group, user name and date in the posts table, we
also store it in the tas table to minimize the rows touched when selecting rows for the
various views. Furthermore several other tables hold counters (i. e., how many people
share one resource, how often a tag is used, ...). Finally a lot of indexes (12 in the tas
table alone) build the basis for fast answering of queries.

Overall we spent a lot of time investigating and optimizing SQL queries and table
schemes and tested both with folksonomy data of up to 8.000.000 posts. At the moment
we need no special caching or physical distribution of the database to get reasonable
response times, although the system is scalable, since distribution of queries over syn-
chronised databases is possible with MySQL.

4.4 Features

This section describes some extensions of BibSonomy which are not part of the basic
system but turned out to be necessary for the everyday use of BibSonomy.

Relations between tags.Tagging gained so much popularity in the past two years
because it is simple and no specific skills are needed for it. Nevertheless the longer



people use systems like BibSonomy, the more often they ask for options to structure
their tags. A user specific binary relatienbetween tags as described in our model of a
Folksonomy (see Section 3) is an easy way to arrange tags. Therefore we included this
possibility in BibSonomy.

To enable the addition of elements to the relation already during tagging, we decided
to reserve the character sequencesand->. That means, if the usen enterst;->t o,
we attach the tagg andt, to the respective resource and add the triplgt, ¢2) to
the relation<. The tagto<-t ; is interpreted ag; ->t 5. Consequently it is not possible
to have tags which contain the strings™ or “->". The semantics of this relation is as
described in section 3 and can be read adsi@aty” or “t | is asubtagof the supertag
t2". There are also other ways to add elementsitin particular a relation editor.

Usage of this relation is made in several situations. First, the user can structure his
tag cloud by showing all subtags of a certain supertag and therefore can see the tags
in a hierarchy. Second, BibSonomy offers the option to show on a users tag page not
only posts which contain a certain tag, but also posts which contain one of the subtags
of the specific tag. This works also for tag intersections: giten. . ,t,, and a user
u € U, then this page contains the getof posts which is described in Equation 4 in
Section 4.2. Compared tag bundlesvhich are available in del.icio.us, this relation is
more general and more powerful.

Bringing this relation into the system raises several questions which are still under
discussion:

— How to handle cycles, i.ex € U andty,...,t,, € T with (u,t;,t;41) €< (for
i=1,...,m—1)and(u,tm,t1) €<?

— How to model equivalence or non-equivalence of tags?

— Should we make use of the transitive closure of the relation? If so: where and how
to do it efficiently?

— How to express such queries like “all posts which have thatagoand also one of
the subtags gbrogramming”? One idea involving the reserved character sequences
is “->programming howto”.

Duplicate detection. In particular for literature references there is the problem of de-
tecting duplicate entries, because there are big variations in how users enter fields such
as journal name or authors. On the one hand itis desirable to allow a user to have several
entries which differ only slightly. On the other hand one might want to find other users
entries which refer to the same paper or book even if they are not completely identical.

To fulfill both goals we implemented two hashes to compare publication entries.
One is for comparing the entries of a single udetré user hash) and one for com-
paring the entries of different users (inteser hash). Comparison is accomplished by
normalizing and concatenatingedgX fields, hashing the result with the MD5 [21]
message digest algorithm and comparing the resulting hashes. MD5 hashing is done
for efficiency reasons only, since this allows for a fixed length storage in the database.
Storing the hashes along with the resources in the posts table enables fast comparison
and search of entries.

The intra user hash is relatively strict and takes into account the fidisauthor,
editor, year, entrytypejournal andbooktitle. This allows one to have articles with the



same title from the same authors in the same year but in different volumes (e.g., a
technical report and the corresponding journal article).

In contrast, the inter user hash is less specific and includes ontitltheear and
author or editor (depending on what the user has entered).

In both hashes all fields which are taken into account are normalized, i. e., certain
special characters are removed, whitespace and author/editor names normalized. The
latter is done by concatenating the first letter of the first name by a dot with the last
name, both in lower case. Persons are then sorted alphabetically by this string and con-
catenated by a colon.

The current duplicate detection is very simple and fails to detect spelling errors,
differences in how special characters (like German umlauts) are entered or additional
IATEX commands. This is ongoing work; our implementation allows for simple addition
of new hashes.

Currently, duplicate detection is used on the one hand to warn the user when she
wants to add an already existing resource and on the other hand to show how many
users tagged a certain resource. A step beyond detecting duplicates could be providing
the user with additional fields found in other entries referring to the same publication
so that she can complete her own entries with additional information.

For bookmark entries in BibSonomy, their URLs are currently just hashed with
MD5 and this hash is used for comparison. As can be seen from discussion with users,
opinions on if and how to normalize URLs in such systems differ. On the one hand,
URLs like http://mww.w3c.org, http://w3c.org andhttp://www.w3c.
org/index.html might denote the same resource, on the other hand they’re differ-
ent URLs and it is not obvious whether they really mean the same resource.

Editing tags. Besides changing the tags of a post by editing it, BibSonomy offers at
the moment two other ways of changing the tags of several posts at once.

By preceding the path part of a personal URL (i. e., one where the path starts with
luser followed by the users own username) witiediturl (or /beditbib) one
can edit the tags of all bookmarks (or publications) on the page at once. This function
is also available through links on the respective pages.

Furthermore we have an:n tag editor which allows a user to exchangedags by
n other tags. More precisely: given two setsand B of tags® and a user. € U, then
them:n tag editor sets iteratively for everye R, with A C tags(u,r):

Y=Y \{u} x Ax{r})U({u} xBx{r}).

Both functions support the user in creating and maintaining a consistent tag vocab-
ulary.

Import of resources. To encourage users to transition from other systems we imple-
mented an import functionality. For del.icio.us, this functionality also takes into account
the del.icio.usundles. They are mapped to BibSonomy'’s relatioin the following

18 |f B contains tags not already includediinthenT is adjusted in the obvious way.



way: for every bundl&B (which is a set of tags) with nantewe add{b} U Bto T and
set
<:==< U{u} x B x {b})

whereu € U is the user these bundles belong to. Furthermore it is possible to import
bookmark files of the FirefdX web browser, where the typical folder hierarchy of the
bookmarks can be added to the usenslation. That means that, for every foldeand
every subfoldeb of a in Firefox, we add(u, b, a) to the users: is-a relation=, if the
user chooses to do so.

Import of existing BBTEX files is also simple: after uploading the file, the user can
tag the entries or automatically assign them therggprted. If a BBTEX entry contains
a field keywordsor tags, its contents are attached as tags to the resource and added to
the system. BTeX-Fields unknown to BibSonomy are saved in thescfield and will
not get lost.

Export of resources. Exporting BBTEX is accomplished by preceding the path of an
URL with the string/bib  — this returns all publications shown on the respective page
in BIBTEX format. For example the pagdetp://www.bibsonomy.org/bib/
search/text+clustering returns a BBTEX file containing all literature refer-
ences which contain the words “text” and “clustering” in their fulltext.

More general, every page which shows posts (see Section 4.2) can be represented in
several different ways by preceding the path part of the URL with the string described
here:

| the typical HTML-View with navigation elements

/xml  bookmarks in XML format

Irss  bookmarks as RSS feed

/bib  publications in BBTEX format

/endnote  publications in EndNoté format

/publ  publications in a format suited for integration into a homepage (for an in-
tegration example sewtp://www.kde.cs.uni-kassel.de/schmitz/
publikationen.html)

/publrss publications as RSS feed

For example, the URbttp://www.bibsonomy.org/publrss/tag/fca rep-
resents an RSS feed showing the last 20 publications tagged with tfeatag

These export options simplify the interaction of BibSonomy with other systems.
RSS feeds allow easy integration of resource lists into web sites or RSS aggregators
and BBTEX output can be used to automatically generate publication lists for papers (as
done with this paper). With the help of XSLT it is also possible to transform the RSS
output into formats suitable for In addition further formats are implemented easily by
extending the URL scheme and adding an appropriate JSP which generates the output.

Currently we are investigating an advanced RDF format for describing literature
entries, called Biblid? which has some advantages oveBEX. More information
regarding Biblio can be found in Section 4.5.

7 http://www.mozilla.com/firefox/ 18 http:/iwww.endnote.com
19 http://xbiblio.sourceforge.net/biblio/



Groups. In many situations it is desirable to share resources only among certain people.
If the resources can be public, then one could agree to tag them with a special tag
and use that tag to find the shared resources. The disadvantage is, that this could be
undermined by other users (or spammers) by using the same tag. To solve this problem
and also to allow resources to be visible only for certain users, we introdyroags
in BibSonomy which gives users more options to decide with whom they share their
resources.

It is thus possible to have private posts, which only the user can see, as well as posts
which can be seen only by group members. Overall there are several aspects of groups
in BibSonomy:

1. One can get an aggregated view of all resources of the group members. For exam-
ple, the URLhttp://www.bibsonomy.org/group/kde/seminar2006
represents all posts the members ofkdegroup have tagged witbeminar2006.

2. ltis possible to use groups for privacy so that certain references can only be seen
by group members.

3. Resources can be copied directly to the group so that they're persistent, even if a
user leaves the group. This is possible, since groups are implemented as a special
user which has the name of the group and owns the copied references; this user is
also the group admin. This feature is in particular useful where the donator has to
commit to the resource, e. g., for project deliverables or student projects.

While we are using one group for sharing resources within our institute, we run several
other groups which are used for teaching — they collect resources for students which
they might find useful for their lecture.

Shopping Basket. Every publication can be “picked” and is then available in a “shop-
ping basket’-like download area. This is useful for collecting references one needs for a
publication. Since all publication related export options mentioned in Section 4.4 apply
to this, it is straightforward to get all collected posts iBH=X or EndNote format.

4.5 Future Enhancements

Algorithmic Approaches. Since the driving force behind the development of Bib-
Sonomy was our need for a system to design, test and integrate new algorithms in the
upcoming field of social resource sharing systems, we have already developed algo-
rithms for folksonomies [9, 23]. Currently we plan to integrate these into BibSonomy.
Additionally we are investigating further methods to improve such systems.

First of all there is a need expressed by several users to get tag recommendations
when they tag a resource. This helps to get an emergent vocabulary and a common
understanding and usage of tags between all users. Currently this is work in progress
— we already have a recommender for tags implemented which works pretty well and
currently we're integrating it into the system. It is based on collaborative filtering [22].

As common in most folksonomy systems, resources in BibSonomy are sorted by
date and listed in descending order, newest resources first. But often a ranking by rel-
evance might be more appropriate, especially if not only tags, but also fulltext search



results or subtag queries (see 4.4) are shown. Since our algorithm FolkRank [9] is well
suited for that task it will be integrated into BibSonomy. It remains to study, though,
how to compute the FolkRank in real time.

Another interesting topic is the discovery of communities of users. For this task
there are several methods suitable. Besides standard clustering techniques, a triadic
form [13] of Formal Concept Analysis [6] fits well for the structure of a folksonomy.

A first implementation of the triadic Next Closure algorithm [5, 11] showed, that it is
possible to compute clusters of users which tagged the same resources with the same
tags. On a dataset wifli/| = 3301, |T'| = 30461, |R| = 220366 and|Y| = 616819

we got several thousand concepts. The most interesting ones were cuboids with every
edge larger than one. But since this approach calculates only exact cuboids, less strict
approaches might gain broader results.

If one might inspect the community of users around a specific tag or resource (or
even user), the top-k ranked results of FolkRank are a good point to start. With this
general ranking algorithm, the detection of topic/resource/user centric communities is
possible. Still, some open questions remain to be researched:

— What exactly constitutes a community in a folksonomy?

— Can different kinds of communities be distinguished?

— Which elements of a folksonomy should be used with FolkRank to determine a
community?

One further aspect to mention is the area of ontology merging and alignment. Since
users personomies can be regarded as lightweight ontologies, one could think of either
merging several personomies into one large ontology or trying to align the different
personomies.

WebDAV access.With WebDAV2? it will be possible to access BibSonomy like a file
system where every tag is a directory and every resource a file. Since file systems are
typically structured hierarchically like a tree — in contrast to a folksonomy, which is a
graph — it is an interesting task to map the graph to a tree. At the time of this writing,
an early version of a WebDAV interface to BibSonomy is already running and we're
discussing details of the mapping. The result will be a lightweight tagging filesystem,
comparable to approaches proposed in [20, 1, 3].

Biblio. Biblio?! is a proposal for a new data model for representing literature refer-
ences. Itis based on XML and provides three classes: events, agents, and bibliographic
reference types. Therefore authors or journals become separate entities and this allows
for a better handling than inlBTEX. The approach chosen by Biblio looks very promis-

ing and might be a basis for the future data model of BibSonomy. At least the export
into the Biblio format should be easy to integrate.

20 Web-based Distributed Authoring and Versioning — se&://www.webdav.org
2L http://xbiblio.sourceforge.net/biblio/



BIBTEX Styles. There exists a vast amount of different styfefor BibTeX and it is
tempting to use them for generating nicely formatted HTML output. This work could
be done in principle by using a tool like latex2htfalput this turned out to be too
computationally expensive. Nevertheless we think of providing such a service.

API. Experience has shown, that an Application Programming Interface (API) is cru-
cial for a system to gain success. It is something which has been requested by many
people and which allows for easy interaction of BibSonomy with other systems. Hence
we are currently investigating several approaches to add an API to BibSonomy. Most
systems use lightweight APIs similar to the idea of REST [4] which can be used and
accessed also by not so experienced programmers. Nevertheless, witR*SOe

exists a standard for web services which should also be taken into account. Since the
process of defining an API for BibSonomy has just started, this is still an open task.

Information Extraction for publication references import. At the moment, litera-

ture references can be imported only from prop@TBX source code. This is a strong
restriction, since most literature references in the web are not availableTgX8for-

mat but rather in the form of human readable publication lists. Hence our efforts to en-
hance import focus on techniques to allow for the import of such resources. We expect
promising results from information extraction techniques [19] such as implemented in
MALLET [16].

Interaction with Conceptual Structures Tools The import/export options discussed

in section 4.4 refer essentially to interoperability of BibSonomy with tools like web
browsers or type setting programs (although XML is easily transformed to fit other
purposes). To interact with state of the art knowledge management tools> RBF
exchange format would be desirable. Currently we’re discussing an appropriate RDF
schema to represent the folksonomy. The Biblio format mentioned earlier seems to be
a good candidate for thelBTeX part. Besides extending import and export function-
ality, the aforementioned API will allow for easier exchange of semantically enriched
information.

As research on folksonomies is just starting, there is no standardized representation
of folksonomies. Proposals often concentrate on rather weak fofin@ise could also
imagine to visualize, explore and edit one’s own personomy in FCA tools like ConExp
or Toscana. This demands capabilities on the client side to interact with BibSonomy and
is therefore currently out of scope of our work. The AP will allow interested developers
to set up such functionalities as “mashups” upon BibSonomy.

22 http:/;vww.cs.stir.ac.uk/ kjt/software/latex/showbst.html

2 http://mww.latex2html.org/ 24 http:/fwww.w3.0rg/TR/soap/

% Resource Description Frameworkttp://www.w3.org/RDF/ % ¢f. the dis-
cussion  on http://thecommunityengine.com/home/archives/2005/03/
xfolk_an_xhtml.html



5 Related Work

There are currently only few scientific publications about folksonomy-based web col-
laboration systems available. The main discussion on folksonomies and related topics
is currently taking place on mailing lists orfly.

Among the rare exceptions are [8] and [14] who provide good overviews of social
bookmarking tools with special emphasis on folksonomies, and [15] who discusses
strengths and limitations of folksonomies. Recent papers include [7] and [2] which
focus on analyzing and visualizing the structure of folksonomies.

In [17], Mika defines a model of semantic-social networks for extracting lightweight
ontologies from del.icio.us. Besides calculating measures like the clustering coefficient,
(local) betweenness centrality or the network constraint on the extracted one-mode net-
work, Mika uses co-occurence techniques for clustering the folksonomy.

6 Conclusion and Outlook

In this paper we described a formal model for folksonomies upon that our own system
is built. We presented the main features of BibSonomy, as well as the user interface,
basic architecture and future enhancements we are working on.

Since a folksonomy is a rich conceptual structure there are several ways to examine
it. Up to now we focused mainly on the graph structure of a folksonomy and exploited
and enhanced existing algorithms. With the growing amount of users and the availability
of relations between tags, more sophisticated algorithms are needed. With the help of
BibSonomy we are able to develop and test them, and let the users profit from our
results.

When folksonomy-based systems grow larger, user support has to go beyond en-
hanced retrieval facilities. Therefore, the internal structure has to become better orga-
nized. An obvious approach for this are semantic web technologies. The key question
remains though how to exploit their benefits without bothering untrained users with
their rigidity. We believe that this will become a fruitful research area for the Semantic
Web community for the next years.

The combination of bookmarks and publication entries makes BibSonomy espe-
cially valuable for researchers, since they have typically a large amount of these re-
sources to organize and share. Hence our existing and planned enhancements of Bib-
Sonomy are targeted to ease the task of managing such resources in a professional way.
At last because we are researches, too and expect an immediate improvement of the
organization of our own work.

AcknowledgementPart of this research was funded by the EU in the Nepomuk project
(FP6-027705).

27 for example http://lists.tagschema.com/mailman/listinfo/tagdb, the
TagDB Mailing List or http://lists.sourceforge.net/lists/listinfo/
connotea-discuss, the Connotea Mailing List
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