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Abstract: As one of the important techniques in large-scale data organizing, text categorization has been widely
mvestigated. But the existing hierarchical classification methods often suffer from inter-level error transmission,
namely blocking. In this paper, blocking distribution based topology reconstruction method was proposed for
hierarchical text categorization problem. Firstly, blocking distribution recognition technique is put forward to
mining out the serious high-level misclassification class. Subsequently, original hierarchical structure are
reconstructed using blocking direction information obtained ahead, which increasing the path for the blocking
instance to the correct subclass. Experimental studies on Chinese text classification benchmark Tan Corp,
demonstrate that the proposed algorithm performs better than the traditional hierarchical and state-of-the-art

tlat classification strategies.
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INTRODUCTION

As one of the important techniques in digital data
organizing, text categorization has been widely
investigated. With the generation of large-scale data,
much work has been focused on hierarchical classification
scheme, which reply on a predefined hierarchical topology
and use top-down classification process (He et al., 2012;
Huang et al., 2004; Ceci and Malerba, 2007).

The main challenge of hierarchical approach is
blocking, which means texts are misclassified by the
higher-level classifiers and they have no chance to assign
to the target category (Sun ef al., 2003). In order to reduce
blocking error, some approaches have been considered in
recently years (Ruiz, 2001; Li ef al., 2010).

The most straightforward solution is to add more
channels. Yuan et al. (2004) considered two candidates
category for each classifier, in other words, the text is
assigned to the two categories which have the largest and
the second largest probability value. The other solution
is set a minimwm acceptable threshold for each category
node m the classification process (Sun et al., 2004). Text
will be assigned to all sub-categories which the
probability value is greater than a given threshold.
However, such system performance greatly relies on
threshold setting.

In this study, we present a blocking distribution
based topology reconstruction method. The proposed
algorithm is divided into two steps. Firstly, blocking
distribution recognition technique 1s put forward to
mining out the serious high-level misclassification class.

Subsequently, hierarchical structure  are
reconstructed using blocking dwrection mformation
obtained ahead, which increasing the path for the
blocking instance to the correct subclass.

The remainder of the paper is organized as follows: In
the next section, we will introduce the blocking
distribution based hierarchical reconstruction method in
detail. Experimental results will be reported in section 3.

Some conclusions to be draw in finally section.

original

PROPOSED ALGORITHM

Blocking distribution recognition: For hierarchical
classification, given an internal class ¢, let
C = (¢, €y, ..., ¢y) be a set of k target categories. Blocking
distribution matrix BM is a kxk two-dimensional (2D)
matrix:
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where, n* 1s the number of blocking text which belongs
to the subcategories of ¢, but wrongly rejected by the
classifiers and assigned to class c,.

In our experiment hierarchical dataset, the first level
contains 12 big categories (Tan et al., 2006): career (c,),
spart (c,), medical (c;), region (c,), entertainment (c.),
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Table 1: BMof experiment on TanCorp

[ [ 4 C G 0 G Co  Cp € Cp
I 0 0 0 0 0 0 3 0 0 0 0 1
[ 0 0 0 0 0 0 0 0 7 0 0 0
[ 0 1 0 0 0 0 2 0 2 6 0 0
c4 0 0 1 0 0 0 0 1 0 0 2 0
[ 0 0 1 0 0 0 0 0 1 0 1 0
[ 0 0 0 0 0 0 0 0 0 0 0 0
[ 9 0 2 0 0 0 0 0 6 4 3 0
[ 0 0 0 0 0 0 0 0 0 0 0 0
[ 1 0 0 0 0 0 1 1 0 2 0 2
cg O 1 13 0 0 0 0 1 2 0 1 0
[on 0 1 0 0 35 0 2 0 2 3 0 0
e 3 0 1 0 0 0 0 1 12 3 0 0

estate (c;), education (c;), car (c,), computer (c,), science
(cyp), art (¢;;) and economy (c,,). We use SVM classifier
(Toachims, 1998) with penalty cost set as 1 and the
blocking distribution of first level classification results of
experiment TanCorp are detailed reported n Table 1.

In order to evaluate the blocking direction of different
classes, degree of blocking between class ¢, and c,
denoted by pDR™ is defined as follows:

Gom g, (1)

" num of text belongs to ¢,

Do = ng )

" num of text assigned to ¢,

0, ifSE®=0 or D=0

285 Diy ®

Cm __
DB = Slm iS5 0 and DI >0
SCn +DCn

Equation 1 and 2 calculate the blocking degree from
relevance two class ¢, and ¢,, respectively. Eq. 3 using the
harmonic mean of §&* and D to combined the two
measure value by considering the misclassification flow
of the associated two categories. By this way, it is easy to
found the serious blocking direction.

Hierarchical reconstruction: The blocking degree
calculated by the above method in the range 0 to 1 and
the magnitude 1s small, so its further processed by Eq. 4:

Cm5Cn = Jlog (DB +1) 4
Rule: If:
| B):)
(Cm—Cn)=>0

it hypothesis that texts are obstruction from class ¢, to
class c,. 0 is an experience value determined by
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Fig. 1: Hierarchical reconstruction of experiment TanCorp

experiment. Tn our experiment on TanCorp, 8 set to 0.11 is
reasonable and the following five pairs are serious
blocking direction:

LB LB DB
{art —entertainment, education —career, science —medical,

LB DB
economy — computer, region —art }

For the serious blocking direction, if using the
original hierarchical structure, the blocking texts have no
chance to assign to the correct target category,so that the
two relevant cless classifier performence will be poor. This
is bound to reconstruction on the predefined hierarchical
topology, increasing the path for the blocking text to the
correct subclass. On the basis of blocking distribution
recogritior, it 1s easy to refine the predefined hierarchy to
selectively increase access to specific direction
subclasses. The reconstructed herarchical structure of
experiment TanCorp is show in Fig. 1.

EXPERIMENT

Dataset and experimental setting: The Chinese
hierarchical classification benchmark TanCorp has
14,150 texts (http:/A~ararw searchforum. org.cn
ftansongbo/corpus.htm), collected by Songbo Tan. The
corpus divided into two hierarchical levels. As mentioned
in section 2, the first level contains 12 big categories and
the second consists of 60 subclasses.
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OBase classifier error
oBlocking error

Fig. 2: Emor distribution of original vs. reconstruction
hierarchical structure

We adopt Vector Space Model for text representation.
Features are selected according IG (Information Gain)
weighting technique. To evaluate the classification
performance, we  present the results 1n both
Macro-average and Micro-average F1. In our worls, 70%
documents are randomly sampled for training set and the
remaining 30% are used for testing set.

Different from flat classification, hierarchical
classification using a top-down process and the
misclassification document exists followmg two
situations:

+  Blocking error: As hierarchical topology constraints,
texts are misclassified by the high-level classifiers

¢ Base classifier error: High-level classifier has been
correctly assigned texts to the target base classifier,
but the base classifier misclassified text to the other
leaf node

We will investigate the distribution of these two
errors by experiments.

Experimental results and analysis: As mention in above
section, analysis the error distribution of two types for
hierarchical classification is an important and interesting
work. Fig. 2 illustrates the two different error type
distribution for original and reconstruction hierarchical
structure. As all know, classification performance also
tightly depends on feature numbers, the results was
achieved when using 4000 feature which both methods
can get stable and satisfactory performance.

As can be seen from Fig. 2, the proposed algorithm
has 175 blocking error and it has less blocking error than
original hierarchical classification which has 314 blocking
error. Tt indicating that the refined structure accurately
predicts the blocking direction and through the topology
reconstruction, blocking texts have chance to arrive at the
correct base class. By thus way, it effectively prevents the
occurrence of blocking error.

Table 2: Performance comparison among flat classification and two
hierarchical classifications on TanComp

Flat
Feature no. Reconstruction hierarchical Original hierarchical classification
Macro-I1 value

500 65.58 63.76 48.78
1000 T3.26 73.35 6245
2000 75.21 73.29 62.30
3000 74.06 72.00 61.82
4000 76.09 74.10 61.78
5000 76.26 74.28 72.20
6000 74.90 73.78 61.92
7000 7315 72.55 62.08
8000 7342 72.59 62.09
Micro-F1 value

500 T4.46 73.50 66.49
1000 80.70 79.66 73.97
2000 78.84 79.64 73.83
3000 78.75 78.00 73.27
4000 82.18 80.74 72.87
5000 8216 80.52 79.10
5000 80.81 80.60 72.38
T000 79.84 79.07 7226
8000 80.06 79.12 72.00

But it also can be seen that the proposed algorithm
cause a small amount of base classifier error increase.
Manual analysis of these misclassified texts found the
reasonn lie mn: the refined topology adds chamnels for
blocking text but at the same time, 1t will introduce more
output category. The base classifier needs to compare
more categories and it produces some interference to base
classification procedure, resulting in a small number of
text misclassification.

To evaluate the efficiency of our proposed method,
Table 2 detailed report the classification performance of
state-of-the-art hierarchical classification vs. the proposed
hierarchical scheme. Performance of flat classification
approach compared with hierarchical classification has
been a major concern 1ssue, the paper also carried out
experiments on this problem. The Macro-average-F1 and
Micro-average-Fl values were obtained by using 500,
1000, 2000, ..., 8000 features.

The observation of Table 2 indicates that: at most of
the time, the reconstruction herarchical scheme 1s
outperform the oniginal topology mn both Macro and
Micro F1. The best case of Macro-F1 value is 76.26%
when using 5000 features and the best Micro-F1 is 82.18%
when using 4000 features, which is approximately 1.98%
and 1.45% higher than traditional hierarchical method.

Tt also easy found that the hierarchical classification
model outperform flat classification. Meanwhile, the
observation of Table 2 indicated that flat classification
scheme showed poor stability, it obtain 72.2% Macro-F1
and 79.1% Micro-F1 which 1s the best performance when
using 5000 features. But classification results under other
feature dimension are not ideal.
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CONCLUSION

In this study, blocking distribution based topology
reconstruction method was proposed for hierarchical text
categorization problem. Firstly, blocking distribution
recognition technique was employed to mining out the
serious high-level misclassification class. Then, original
hierarchical structure are reconstructed using blocking
direction information obtain ahead, which increasing the
path for the blocking instance to the correct subclass.

Experimental studies on Chinese text classification
dataset TanCorp, demonstrate that the proposed
algorithm performs better than the state-of-the-art
hierarchical classification method. Tn addition, compared
with standard flat classification scheme, hierarchical
classification methods show more stability.
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