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Abstract— The tagging data of (users, tags and resources)
constitutes a folksonomy that is the user-driven and bottom-up
approach to organizing and classifying information on the Web.
Tagging data stored in the folksonomy include a lot of very useful
information and knowledge. However, appropriate approach for
analyzing tagging data and discovering hidden knowledge from them
still remains one of the main problems on the folksonomy mining
researches. In this paper, we have proposed a folksonomy data mining
approach based on FCA for discovering hidden knowledge easily from
folksonomy. Also we have demonstrated how our proposed approach
can be applied in the collaborative tagging system through our
experiment. Our proposed approach can be applied to some interesting
areas such as social network analysis, semantic web mining and so on.
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1. INTRODUCTION

he best feature of the Web2.0 is that users participate in
information production voluntarily and share them.
Tagging is a basic method for activation of "Participation and
Share" that are the core characteristics of Web2.0. It is that
many web-users assign one or more descriptive keywords or
tags freely to various resources, such as bookmarks, photos and
videos, published on the web.

Recently, collaborative tagging has grown in popularity on the
web. Collaborative tagging is a collaborative form of this
process. Most collaborative tagging systems like Flickr,
del.icio.us, YouTube, BibSonomy and others classify and
organize resources with bottom-up approach based on such
tagging data and provide various services. Flickr is a famous
photo sharing system. Each user can attaches tags to photos and
shares them. Also, the user can access and tag photos of other
users. del.icio.us is a most popular social bookmarking system
for storing, sharing, and discovering web bookmarks. In
del.icio.us, users can tag each of their bookmarks with freely
chosen keywords. YouTube is a video sharing website where
users can upload, view and share video clips. BibSonomy is a
social bookmarking and publication-sharing system. The
tagging data of (users, tags and resources) constitutes a
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folksonomy that is the user-driven and bottom-up approach to
organizing and classifying information. Tagging data stored in
the folksonomy include a lot of very useful information and
knowledge.

Many researchers[1-4] have been trying to mine useful
knowledge out of the tagging data on the collaborative tagging
systems. Ching-man Au Yeung et al.[l] proposed cluster
analysis approach for understanding the semantics of
ambiguous tags in folksonomies based on bipartite graph. Scott
A. Golder et al.[2] suggested a method for extracting usage
patterns from collaborative tagging systems. Suk-Hyung
Hwang et al.[3] proposed an approach for applying hierarchical
classes analysis to triadic data for extracting and discovering
useful information from folksonomies. Christoph Schmitz et
al.[4] presented a method for converting a folksonomy onto a
two-dimensional structure and for mining association rules
from folksonomy projected into two-dimensional structure.

However, appropriate approach for analyzing tagging data
and discovering hidden knowledge from them still remains one
of the main problems on the folksonomy mining researches. In
this paper, we propose a new FCA-based approach for
extracting useful hidden knowledge from tagging data of the
collaborative tagging systems. Moreover, we show some
experiments that demonstrate how our approach can be applied
in web mining. Our research results would be helpful for
clustering and classifying the tagging data.

This paper is organized as follows: we introduce some basic
notions of the Formal Concept Analysis in Section II. In
Section III, we introduce our approach and describe an
experiment that applied our approach to tagging data. In the last
section IV, we give some conclusions with a summary and our
future directions of this research.

II. FORMAL CONCEPT ANALYSIS

In this section, we explain basic notions for understanding
Formal Concept Analysis. Formal Concept Analysis(FCA)[5]
is a method of data analysis which identifies conceptual
structures among data sets. It extracts concepts from various
data in given domain, grasps super-sub relations between
concepts, and constructs conceptual hierarchy. FCA has been
applied to various domains, such as medicine, bioinformatics,
social science, ontology engineering, information science,
software reengineering, and others[6,7].

Based on the following definitions, FCA classifies data
based on the ordinary set into concept units which consists of
objects and attributes that those objects have commonly.
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Definition 1. A Formal Context K := (O, A, R) consists of two
finite nonempty sets O and A and a relationship R between O
and A. O is a set of objects and A is a set of attributes, and R ©
O X A is a binary relation between O and A. In order to express
that an object o is in a relation R with an attribute a, we write (o,
a) € R and read it as “the object o has the attribute a”.

TABLE 1
Formal context
a b c d e
Ol X X X X
02 X X
03 X X
04 X X
05 X
06 X X X

TABLE I shows an example of formal context based on O =
{01,02,03,04, 05,06} and A = {a, b, c, d, e} and the binary
relation R is represented as “X” in the cross table.
Definition 2. Let (O, A, R) be a context, XSO and YSA. The
function intent maps a set of objects into the set of attributes
common to the objects in X (intent : 2% — 2Y), whereas extent
is the dual for an attributes set (extent : 2¥ — 2%) :

intent(X) : = {a€ A| Vo € X:(0,a) ER},

extent(Y):={o€O|Va€eY:(o,a) ER}.
Definintion 3. Let (O, A, R) be a context. A formal concept is a
pair (X, Y) with XSO is called extension, YEA is called
intension, and

(X =extent(Y)) A (Y = intent(X)).
We can extract every concept in a context by above Galois
connection. The set of all concepts B(X) are presented at
TABLE II and it is defined as follows:
B(K)={(X, Y) € 2° X 2| intent(X) =Y A extent(Y) =X}.

TABLE II

All formal concepts for TABLE I
ID Extents Intents
C | {} {a,b, c,d, e}
C, | {O1} {a, c,d, e}
C; | {06} {a, b, e}
Cy4 | {O1,02} {a, c}
Cs | {01, 06} {a, e}
Cs | {03, 04, 06} {b, e}
C; | {01,02,05, 06} {a}
Cg | {O1,03,04, 06} {e}
Cy | {01, 02,03, 04, 05, 06} {}

Definition 4. For a Formal Context K = (O, A, R) and two
Concepts C; = (0;, Ay, C, = (0, A;) € B(K) the
subconcept-superconcept relation is given by:

(01, A)) (02, A0) © 0, C O (& A 2 Ay).
Concept lattice L := (B(K), <) can be obtained by all formal
concepts of a context K with the subconcept-superconcept
relation. Its graphical representation is line (or Hasse) diagram.
Fig. 1 is example of line diagram for TABLE I. Each circle
denotes concept. The labels of circle represent a pair of extent
and intent of the concept. The number represented in the node is

ID of the formal concept. Whole intents are obtained by upward
path of concepts and extents are obtained by downward path.

({01, 02, 03, 04, 05, 06}, { 1)

[(01, 02, 05, 06}, ap| [(fOL. O3, 04, 06}, {e})|

[{01, 02}, {a, cp)|  [({OL 06}, {a e})| [({O3, 04, 06}, {b, e})]

(oL, {ac d ep] ({06} {a b, &)

{)l{ab cdeh

Fig. 1. Formal Concept Lattice for TABLE I

For example, in Fig. 1, Cs is composed of a pair of objects O1
and O6 spread from subconcept and attributes a and e inherited
from superconcept.

III. DISCOVERING CONCEPTUAL KNOWLEDGE FORM FOLKSONOMY

In this section, we describe our approach for discovering useful
hidden knowledge from folksonomy data. The folksonomy data
are analyzed based on FCA mentioned above. The process to
analyze is described with 4 steps as follows(Fig. 2):

Step 1. Building formal context for a given seed

We can choose a set of user or tag or resource with a
seed. We make a formal context composed of other
two elements related with the seed from folksonomy
data.

Step 2. Applying FCA

The formal concepts are extracted by applying FCA
to the context made in step 1. Each concept is a
cluster, which consist of objects and attributes that
the objects have commonly. The formal concept
lattice is constructed to grasp the subconcept-
superconcept relationships between the concepts.

Step 3. Building formal context for a selected concept

We select a concept in the concept lattice and choose

a seed on objects or attributes of the selected concept.

Similar with step 1, we create the formal context
based on tagging data related with the seed in given
folksonomy.
Step 4. Apply FCA and Extracting Knowledge

The formal concept lattice for the concept selected in
step 3 is constructed with FCA application to the
formal context created in step 3. We can extract
hidden useful knowledge from the concept lattice
based on the information that user group is
composed of tags used by the users commonly and
resources attached common tags.
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Fig. 2 FCA-based folksonomy data mining process

TABLE III
Formal Context gathered from BibSonomy for “web2.0” and “tagging” tags

esources
users
kochm X

pecim7af X

r0 ri r2 r3 rd 5 6 7 8 M |01 |M2|rM3 |4 | M5 | ... | rd44 | rd5

ewm X
yish X
jooy701 X
dbenz X
teresina X X X X X
lysanderQ7 X X X X X X X
domenico79 X X
michael X

iamjason X X
schmitz X
beate X

x| X

X

stumme N N D O A

Seed : tags = {web2.0, tagging} (e B

({lysander07, werosbie), (rl6, r27})

blugdolphin

.ﬁ
o] 7]
\ yish

.‘__

domenico7d

Fig. 3 Formal Concept Lattice for TABLE III
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TABLE 1V
Formal Context for a concept C of Fig. 3
ST o | | 2 | 3| 4| 5| 6 | 7 | 8| 0|0
tags
2005 X
history X
web2.0 X X
semantic X
foaf X
wikipedia X
eswc2006 X
flickr X
semwiki2006 X X X
memex X
semanticweb X
tagging X X X X

users = {lysander07, wcrosbie}

Fig. 4 Formal Concept Lattice for TABLE IV

In order to show the potentiality and usefulness of our
proposed approach, we experiment with some tagging data
captured from collaborative tagging systems and explain the
result of the experimant. For this experiment, we gathered the
tagging data of (users, tags and resources) from BibSonomy,
which is one of the famous social bookmarking and publication
-sharing system. We selected “web2.0” and “tagging” tags as a
seed. And, based on the seed, we collected folksonomy data of
users and resources that are related with the seed(i.e. tags). That
is, given the tags, the data table of users and resources(TABLE
IIT) is gathered from BibSonomy. For “web2.0” and “tagging”
tags, the context is composed of 28 users, 46 resources, and
relations between them. We extracted 34 formal concepts and
relationships among concepts by apply FCA to TABLE III and
constructed a formal concept lattice like Fig. 3.

In the formal concept lattice of Fig. 3, we chose a concept C,
which is composed of 2 users(lysander07 and wcrosbie) and 2
resources(rl6 and r27). We again created a formal context

about the concept C in TABLE IV with 12 tags and 10
resources and applied FCA to the context. We extracted 23
concepts and subconcept-superconcept relations and built the
formal concept lattice of Fig. 4. The concept lattice indicates
information about 12 tags used by users and 10 resources
attached such the tags, commonly. We can discover useful
information as follows: For example, from the concept Cs of
Fig. 4. we can extract that two users lysander07 and wcrosbie
assigned tags “web2.0” and “tagging” to resources rl and r2,
commonly. Also, two users lysander07 and wcrosbie attached
tags “Wikipedia” and “semanticWeb” as well as “web2.0” and
“tagging” to a resources r4, commonly. This shows that, by
analyze tagging data using proposed our approach, we extract
useful hidden knowledge from folksonomy easily.

IV. CONCLUSIONS

In this paper, we have proposed a folksonomy data mining
for discovering hidden knowledge easily from folksonomy.
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Also we have demonstrated how our proposed approach can be
applied in the collaborative tagging system through our
experiment. From our experiment result, we can confirm that
the proposed approach is useful and has some potentialities on
clustering for tagging data. Our proposed approach can be
applied to some interesting areas such as social network
analysis, semantic web mining and so on. In particular, it can be
applied to analyze web users’ tagging patterns and to web
search engine based on new classification

As a future work, in order to apply our approach widely, we
will develop a supporting tool for folksonomy data mining.
Also, we will do experiments for discovering hidden
knowledgs from various collaborative tagging systems.
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