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Abstract — Many data mining techniques have been proposed for mining useful patterns in text documents. However,
how to effectively use and update discovered patterns is still an open research issue, especially in the domain of text
mining. Since most existing text mining methods adopted term-based approaches, they all suffer from the problems of
poly semy and synonymy. Over the years, people have often held the hypothesis that pattern (or phrase)-based
approaches should perform better than the term-based ones, but many experiments do not support this hypothesis. This
paper presents an innovative and effective pattern discovery technique which includes the processes of pattern
deploying and pattern evolving, to improve the effectiveness of using and updating discovered patterns for finding
relevant and interesting information. Substantial experiments on RCV1 data collection and TREC topics demonstrate

that the proposed solution achieves encouraging performance.
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I. INTRODUCTION

Due to the rapid growth of digital data made available in
recent years, knowledge discovery and data mining have
attracted a great deal of attention with an imminent need for
turning such data into useful information and knowledge.
Many applications, such as market analysis and business
management, can benefit by the use of the information and
knowledge extracted from a large amount of data.
Knowledge discovery can be viewed as the process of
nontrivial extraction of information from large databases,
information that is implicitly presented in the data,
previously unknown and potentially useful for users. Data
mining is therefore an essential step in the process of
knowledge discovery in databases.

In the past decade, a significant number of data mining
techniques have been presented in order to perform different
knowledge tasks. These techniques include association rule
mining, frequent itemset mining, sequential pattern mining,
maximum pattern mining, and closed pattern mining. Most
of them are proposed for the purpose of developing efficient
mining algorithms to find particular patterns within a
reasonable and acceptable time frame. With a large number
of patterns generated by using data mining approaches, how
to effectively use and update these patterns is still an open
research issue. In this paper, we focus on the development
of a knowledge discovery model to effectively use and
update the discovered patterns and apply it to the field of
text mining.
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Text mining is the discovery of interesting knowledge in
text documents. It is a challenging issue to find accurate
knowledge (or features) in text documents to help users to
find what they want. In the beginning, Information Retrieval
(IR) provided many term-based methods to solve this
challenge, such as Rocchio and probabilistic models [4],
rough set models , BM25 and support vector machine
(SVM)  Dbased filtering models. The advantages of
termbased methods include efficient computational
performance as well as mature theories for term weighting,
which have emerged over the last couple of decades from
the IR and machine learning communities. However,
termbased methods suffer from the problems of polysemy
and synonymy, where polysemy means a word has multiple
meanings, and synonymy is multiple words having the same
meaning. The semantic meaning of many discovered terms
is uncertain for answering what users want.

There are two fundamental issues regarding the
effectiveness of pattern-based approaches: low frequency
and misinterpretation. Given a specified topic, a highly
frequent pattern (normally a short pattern with large
support) is usually a general pattern, or a specific pattern of
low frequency. If we decrease the minimum support, a lot of
noisy patterns would be discovered. Misinterpretation
means the measures used in pattern mining (e.g., “support”
and “confidence”) turn out to be not suitable in using
discovered patterns to answer what users want. The difficult
problem hence is how to use discovered patterns to
accurately evaluate the weights of wuseful features
(knowledge) in text documents.
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In order to solve the above paradox, this paper presents an
effective pattern discovery technique, which first calculates
discovered specificities of patterns and then evaluates term
weights according to the distribution of terms in the
discovered patterns rather than the distribution in documents
for solving the misinterpretation problem. It also considers
the influence of patterns from the negative training
examples to find ambiguous (noisy) patterns and try to
reduce their influence for the low-frequency problem. The
process of updating ambiguous patterns can be referred as
pattern evolution. The proposed approach can improve the
accuracy of evaluating term weights because discovered
patterns are more specific than whole documents.

Il. RELATED WORK

Many types of text representations have been proposed in
the past. A well known one is the bag of words that uses
keywords (terms) as elements in the vector of the feature
space. In addition to TFIDF, the global IDF and entropy
weighting scheme is proposed in [9] and improves
performance by an average of 30 percent. Various weighting
schemes for the bag of words representation approach were
given in [1],[14]. The problem of the bag of words approach
is how to select a limited number of features among an
enormous set of words or terms in order to increase the
system’s efficiency and avoid overfitting. In order to reduce
the number of features, many dimensionality reduction
approaches have been conducted by the use of feature
selection techniques, such as Information Gain, Mutual
Information, Chi-Square, Odds ratio, and so on.

The choice of a representation depended on what one
regards as the meaningful units of text and the meaningful
natural language rules for the combination of these units.
With respect to the representation of the content of
documents, some research works have used phrases rather
than individual words. In [7], the combination of unigram
and bigrams was chosen for document indexing in text
categorization (TC) and evaluated on a variety of feature
evaluation functions (FEF). In [3], data mining techniques
have been used for text analysis by extracting cooccurring
terms as descriptive phrases from document collections.
However, the effectiveness of the text mining systems using
phrases as text representation showed no significant
improvement. The likely reason was that a phrase-based
method had “lower consistency of assignment and lower
document frequency for terms” as mentioned in]. Term-
based ontology mining methods also provided some
thoughts for text representations. For example, hierarchical
clustering, was used to determine synonymy and hyponymy
relations between keywords. Also, the pattern evolution
technique was introduced in order to improve the
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performance of term-based ontology mining. Pattern mining
has been extensively studied in data mining communities for
many years. A variety of efficient algorithms such as
Apriori-like algorithms [2], PrefixSpan, FP-tree [10],
[11],SPADE, SLPMiner, and GST [12] have been proposed.
These research works have mainly focused on developing
efficient mining algorithms for discovering patterns from a
large data collection. However, searching for useful and
interesting patterns and rules was still an open problem. In
the field of text mining, pattern mining techniques can be
used to find various text patterns, such as sequential
patterns, frequent itemsets, cooccurring terms and multiple
grams, for building up a representation with these new types
of features. Nevertheless, the challenging issue is how to
effectively deal with the large amount of discovered
patterns. For the challenging issue, closed sequential
patterns have been used for text mining in, which proposed
that the concept of closed patterns in text mining was useful
and had the potential for improving the performance of text
mining. Pattern taxonomy model was also developed in and
to improve the effectiveness by effectively using closed
patterns in text mining. In addition, a two-stage model that
used both term-based methods and pattern based methods
was introduced in to significantly improve the performance
of information filtering.

11l. PATTERN TAXONOMY MODEL

In order to use the semantic information in the pattern
taxonomy to improve the performance of closed patterns in
text mining, we need to interpret discovered patterns by
summarizing them as d-patterns in order to accurately
evaluate term weights (supports).

The rational behind this motivation is that d-patterns include
more semantic meaning than terms that are selected based
on a term-based technique (e.g., tf*idf). As a result, a term
with a higher tf*idf value could be meaningless if it has not
cited by some d-patterns (some important parts in
documents). The evaluation of term weights (supports) is
different to the normal term-based approaches. In the term-
based approaches, the evaluation of term weights are based
on the distribution of terms in documents. In this research,
terms are weighted according to their appearances in
discovered closed patterns.

IVV. PROPOSED SYSTEM

This section presents the results for the evaluation of the
proposed approach PTM (IPE), inner pattern evolving in the
pattern taxonomy model. The results of overall comparisons
are presented in Table 5, and the summarized results are
described in Fig. 5. We list the result obtained based only
on the first 50 TREC topics in Table 5 since not all methods
can complete all tasks in the last 50 TREC topics. As
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aforementioned, itemset-based data mining methods
struggle in some topics as too many candidates are
generated to be processed.

In addition, results obtained based on the first 50 TREC
topics are more practical and reliable since the judgment for
these topics is manually made by domain experts, whereas
the judgment for the last 50 TREC topics is created based on
the metadata tagged in each document. The most important
information revealed in this table is that our proposed PTM
(IPE) outperforms not only the pattern mining-based
methods, but also the term- based methods including the
state-of-the-art methods BM25 and SVM. PTM (IPE) also
outperforms CBM Pattern Matching and CBM in the five
measures. CBM outperforms all other models for the first 50
topics. In our experiments, all models used 702 terms for
each topic in average. Therefore, there is no significant
difference between these models on time complexity in the
testing phase.

V. CONCLUSION

Many data mining techniques have been proposed.in the last
decade. These techniques include association rule mining,
frequent itemset mining, sequential pattern mining,
maximum pattern mining, and closed pattern mining.
However, using these discovered knowledge (or patterns) in
the field of text mining is difficult and ineffective. The
reason is that some useful long patterns with high specificity
lack in support (i.e., the low-frequency problem). We argue
that not all frequent short patterns are useful. Hence,
misinterpretations of patterns derived from data mining
techniques lead to the ineffective performance.
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