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Abstract. In this paper we propose two iterative clustering methods for
grouping Wikipedia documents of a given huge collection into clusters.
The recursive method clusters iteratively subsets of the complete col-
lection. In each iteration, we select representative items for each group,
which are then used for the next stage of clustering.

The presented approaches are scalable algorithms which may be used
with huge collections that in other way (for instance, using the classic
clustering methods) would be computationally expensive of being clus-
tered. The obtained results outperformed the random baseline presented
in the INEX 2010 clustering task of the XML-Mining track.

1 Introduction

The INEX 2010 clustering task was presented with the purpose of being an
evaluation forum for providing a platform for measuring the performance of
clustering methods over a real-world and high-volume Wikipedia collection.

Clustering analysis refers to the partitioning of a data set into subsets (clus-
ters), so that the data in each subset (ideally) share some common trait, often
proximity, according to some defined distance measure [1,2,3].

Clustering methods are usually classified with respect to their underlying
algorithmic approaches. Hierarchical, iterative (or partitional) and density-based
are some possible categories belonging to that taxonomy.

In this paper we report the obtained results when two different approaches
for clustering the INEX2010 collection were used. The description of both ap-
proaches are given in the following section.

2 Description of the Two Approaches

In order to be able to cluster high volumes of data, we have approached two
clustering techniques by partitioning the complete document collection.
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The first approach consider two main modules: the K-biX and the K-biN.
The K-biX clustering method receives as input a similarity matrix sorted

in a non-increasing order. Thereafter, it brings together all those items whose
similarity value is greater than a given threshold (in this particular case, we have
used the average of the similarity matrix). The procedure of K-biX is given in
Algorithm 1.

Algorithm 1: Algorithm K-biX used for clustering the INEX 2010
Input: A n × n similarity matrix ϕ(di, dj) sorted in a non-increasing order, a

threshold ε
Output: A set of clusters C1, C2, ...
D = {d1, d2, ...};1

REG = (|D|2 − |D|)/2;2

loop = 1;3

while (loop ≤ REG) and (ϕ(di, dj) ≥ ε) do4

if (|di| > |dj |) then5

tmp = di; di = dj ; dj = tmp;6

if (di �∈ rel and dj �∈ rel) then7

fusiondi = {di, dj};8

reldi = {di}; reldj = {di};9

else if (di ∈ rel) and(dj �∈ rel) then10

fusionreldi
= fusionreldi

∪ {dj};11

reldj = {di};12

else if dj ∈ rel and (di �∈ rel) then13

fusionreldj
= fusionreldj

∪ {di};14

reldi = {dj};15

loop = loop + 1;16

cluster = 1;17

foreach dx ∈ fusion do18

first d representative(fusiondx);19

Ccluster = fusiondx ;20

cluster = cluster + 1;21

foreach dx ∈ |D| do22

if dx �∈ rel then23

Ccluster = {dx};24

cluster = cluster + 1;25

return C1, C2, ...26

K-biX is unable to find a fixed number of clusters; instead, it tries to discover
the optimal number of clusters. Therefore, we have executed an additional clus-
tering method in order to fix the number of clusters to exactly those required in
the competition (50, 100, 200, 500 and 1000).

On the other hand, the K-biN clustering method considers the clustering with
a fixed number of clusters. This number depends of criteria given in advance, and



An Iterative Clustering Method for the XML-Mining Task of the INEX 2010 379

Algorithm 2: Algorithm K-biN used for clustering the INEX 2010
Input: A n × n similarity matrix ϕ(di, dj) sorted in a non-increasing order, n

number of clusters
Output: A set of clusters C1, C2, ...Cn

D = {d1, d2, ...};1

REG = (|D|2 − |D|)/2;2

gs = n + 1;3

cn = 0;4

loop = 1;5

while (loop ≤ REG) and (gs > n) do6

if (|di| > |dj |) then7

tmp = di; di = dj ; dj = tmp;8

if (di �∈ rel and dj �∈ rel) then9

fusiondi = {di, dj};10

reldi = {di}; reldj = {di};11

cn = cn + 2;12

else if (di ∈ rel) and(dj �∈ rel) then13

fusionreldi
= fusionreldi

∪ {dj};14

reldj = {di};15

cn = cn + 1;16

else if dj ∈ rel and (di �∈ rel) then17

fusionreldj
= fusionreldj

∪ {di};18

reldi = {dj};19

cn = cn + 1;20

if |D| − n ≥ cn then21

f = 0;22

cd = 0;23

foreach dx ∈ fusion do f = f + 1;24

foreach dx ∈ |D| do25

if dx ∈ rel then cd = cd + 1;26

gs = f + cd;27

loop = loop + 1;28

cluster = 1;29

foreach dx ∈ fusion do30

first d representative(fusiondx);31

Ccluster = fusiondx ;32

cluster = cluster + 1;33

foreach dx ∈ D do34

if dx �∈ rel then35

Ccluster = {dx};36

cluster = cluster + 1;37

return C1, C2, ..., Cn38
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Algorithm 3: Algorithm used for clustering the INEX 2010 with K-Means
Input: A corpus D, n number of clusters (50, 100, 200, 500 or 1000 )
Output: A set of clusters C1, C2, ...Cn

Represent each document according to TF-IDF;1

Split D into m subsets Di made of |D|
m

documents;2

foreach Di ⊂ D such as Di = {di,1, di,2, di,3, ..., di,
|D|
m

} do3

Calculate the similirity matrix Mi of Di by using the cosine measure;4

Apply the K-Means clustering method to Mi in order to obtain k clusters;5

({Ci,1, Ci,2, ..., Ci,k});6

end7

Loop = 1;8

while (Loop ≤ MAX ITERATIONS) do9

Select a random representative document di,j for each cluster Ci,j obtained;10

Let D′ be the set of documents di,j ;11

Calculate the similiraty matrix M ′
i of D′

i by using the cosine measure;12

Apply the K-Means clustering method to M ′
i in order to obtain n clusters13

({C′
i,1, C

′
i,2, ..., C

′
i,n});

Let Ci,j = Ci,j ∪ Ci,j′ , where di, j ∈ C′
i,r and di,j′ ∈ C′

i,r with 1 ≤ r ≤ k and14

j <> j′;
Loop = Loop + 1;15

end16

return C1, C2, ...Cn17

the similarity degree among the documents processed. The Algorithm 2 presents
the K-biN method.

2.1 The K-Means Based Clustering Approach

The second approach has used the widely known K-Means algorithm, which
assigns each object to the cluster whose center is nearest. The center is the
average of all the points of the cluster. The rationale of the K-Means clustering
method is shown in ([3]). The main advantage of this algorithm is its simplicity
and speed which allows it to run on large datasets. Its disadvantage is that it does
not yield the same result with each run, since the resulting clusters depend on the
initial random assignments. The proposed approach is depicted in Algorithm 3.

The clustering methods aforementioned assume that a matrix that represents
the similarity degree among all the documents of the collection is given in ad-
vance. For this purpose, we construct this matrix by using the cosine similarity
measure over a vectorial representation of each document [4].

The obtained results are presented and discussed in the following section.

3 Experimental Results

The experiments were carried out on the clustering task of the INEX 2010,
which evaluated unsupervised machine learning solutions against the ground



An Iterative Clustering Method for the XML-Mining Task of the INEX 2010 381

 0.3

 0.35

 0.4

 0.45

 0.5

 0.55

 0.6

 0.65

 0.7

 0  100  200  300  400  500  600  700  800  900  1000

M
ea

su
re

 m
ac

ro
−

pu
ri

ty

Groups

random
pekin_uni

qut_devries
buap_A

buap_M

 0.3

 0.35

 0.4

 0.45

 0.5

 0.55

 0.6

 0.65

 0  100  200  300  400  500  600  700  800  900  1000

M
ea

su
re

 m
ic

ro
−

pu
ri

ty

Groups

random
pekin_uni

qut_devries
buap_A

buap_M

a) Macro purity b) Micro purity

 2.5

 3

 3.5

 4

 4.5

 5

 0  100  200  300  400  500  600  700  800  900  1000

M
ea

su
re

 m
ac

ro
−

en
tr

op
y

Groups

random
pekin_uni

qut_devries
buap_A

buap_M

 3.4

 3.6

 3.8

 4

 4.2

 4.4

 4.6

 4.8

 0  100  200  300  400  500  600  700  800  900  1000

M
ea

su
re

 m
ic

ro
−

en
tr

op
y

Groups

random
pekin_uni

qut_devries
buap_A

buap_M

c) Macro entropy d) Micro entropy

 0.1

 0.12

 0.14

 0.16

 0.18

 0.2

 0.22

 0.24

 0.26

 0.28

 0  100  200  300  400  500  600  700  800  900  1000

M
ea

su
re

 m
ac

ro
−

ne
ge

nt
ro

py

Groups

random
pekin_uni

qut_devries
buap_A

buap_M

 0.08

 0.1

 0.12

 0.14

 0.16

 0.18

 0.2

 0.22

 0.24

 0.26

 0.28

 0  100  200  300  400  500  600  700  800  900  1000

M
ea

su
re

 m
ic

ro
−

ne
ge

nt
ro

py

Groups

random
pekin_uni

qut_devries
buap_A

buap_M

e) Macro negentropy f) Micro negentropy

 0

 0.02

 0.04

 0.06

 0.08

 0.1

 0.12

 0.14

 0  100  200  300  400  500  600  700  800  900  1000

M
ea

su
re

 m
ac

ro
−

f1

Groups

random
pekin_uni

qut_devries
buap_A

buap_M

 0.02

 0.04

 0.06

 0.08

 0.1

 0.12

 0.14

 0.16

 0.18

 0.2

 0  100  200  300  400  500  600  700  800  900  1000

M
ea

su
re

 m
ic

ro
−

f1

Groups

random
pekin_uni

qut_devries
buap_A

buap_M

g) Macro f1 h) Micro f1

Fig. 1. Evaluations of the runs with Purity, Entropy, negentropy and f1 (macro and
micro) at the INEX 2010 clustering task
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truth categories by using standard evaluation criteria such as Purity, Entropy,
Negentropy and F-score (f1).

The evaluation is performed by using 146,225 documents that have been pre-
processed in order to provide various representations of these documents such as,
vector space representation of terms, frequent bi-grams, XML tags, trees, links
and named entities. In this paper, we have used unigrams and frequent bigrams
(original terms and stemmed terms). The obtained results are shown in Figure 1.

In general, it can be noticed that the presented approaches performs slightly
better than the random assignment. Our thought is that we have not sufficiently
iterated the algorithm in order to converge to an optimal clustering. We are
considering to repeat the experiments with the gold standard in hand in order
to analyze these hypotheses.

4 Conclusions

A recursive method based on the K-biX/K-biN and K-Means clustering methods
has been proposed in this paper. The aim of the two presented approaches was
to allow high scalability of the clustering algorithms. Traditional clustering of
huge volumes of data requires to calculate a two dimensional similarity matrix.
A process which needs quadratic time complexity with respect to the number
of documents. The lower the dimensionality of the similarity matrix, the faster
the clustering algorithm will be executed. However, the performance of both
approaches were not as expected, because it just slightly improved a baseline
made up of a random assignment. We would like to analyze this behavior when
the gold standard is released by the task organizers.
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