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ABSTRACT: Text information is increasing at an ex-
plosive speed with the advent of the Internet. However,
this situation has given rise to the problem of abundant
information with relative deficiency of knowledge. There-
fore, finding a way to seek target information rapidly
and accurately has become a research hotspot. This
study presented a method to improve web text cluster-
ing accuracy and integrity. First, the dk-means algo-
rithm was modified, and the k-means algorithm based
on average density optimization was proposed. Sec-
ond, a web text clustering model was designed, and in-
depth research on the key technology of web text clus-
tering was conducted. Finally, the k-means algorithm
based on average density optimization (Adk-means al-
gorithm) was applied to the web text clustering model,
and clustering and classification of web text were com-
pleted. Experiment showed that the purity and mutual
trust values of the Adk-means algorithm are higher than
those of the dk-means algorithm, and the modified al-
gorithm is greatly improved in terms of accuracy, integ-
rity, and performance of partitioned clusters. When clus-
tering text, the Adk-means algorithm has high polymer-
ization and similarity within classification. Research
results were applicable to text clustering. When used
in Internet text searching, the Adk-means algorithm is
a highly efficient information retrieval technology that
can improve searching speed and accuracy.
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1. Introduction

The Internet has been rapidly developing in recent years,
and increasing numbers of organizations, groups, and
individuals are delivering and searching information. Find-
ing accurate information that people want is time and
energy consuming, and difficult. One approach to this
problem is web mining. K-means algorithm based on par-
tition is a research hotspot in web mining. Local and
foreign researchers have conducted extensive research
to develop schemes to improve this algorithm. However,
these improved methods still retain some inherent de-
fects of the original algorithm. This study mainly improved
the dk-means algorithm and proposed the concept of
average density. This study partitioned the isolated points
of data concentration when the algorithm began, searched
among sets that were greater than the average density
for selecting clustering centers, and finally distributed
the isolated points to the clustering center closest to it-
self until complete classification of datasets was achieved.
The results are helpful for utilizing World Wide Web re-
sources and assisting users to accurately find the data
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they need. This study also helps users to save retrieval
time and improve the utility value of web documents.

2. Literature Review

In terms of clustering analysis algorithms, local and for-
eign experts and scholars have conducted numerous
studies, most of which focus on improving the traditional
k-means algorithm. For example, for displacement be-
tween two iterations in the application center, a compre-
hensive method that is faster than the traditional k-means
algorithm is proposed, and it can be applied to medical
diagnosis and customer analysis [1–2]. The simple k-
means clustering and information classification algorithms
are applied to a cloud system [3]. The k-means cluster-
ing algorithm itself is a global optimization problem, and
its target function has multiple local minimum values with
only one global minimum value; this algorithm easily gets
stuck in the local minimum iteration process. A new l-
means clustering algorithm based on dynamic mining
system is proposed, and this algorithm can skip over
local minimum value points and obtain a good initial point
to enter the dynamic optimization process [4–5]. The al-
gorithm accuracy of the program executed in different
input data points is studied, and an algorithm is proposed,
which can make the k-means algorithm highly effective
and efficient to obtain considerable clustering and re-
duce complexity [6-7]. An effective method is suggested
to address the difficulty in selecting the k value and the
initial clustering center. According to the important fea-
tures of a complicated network, a network model of fail-
ure data is established, and the maximum value of differ-
ent partitioning results is the same as the k value; impor-
tant nodes are selected as the initial clustering center by
calculating the correlation degree of complicated net-
work nodes [8–9]. Given that document data are unsuit-
able for statistic analysis and machine-learning method,
directly analyzing the document is difficult, and docu-
ment data need to be transformed into structural data.
However, structural data are sparse, thereby making them
difficult to analyze. A joint clustering method is estab-
lished by using dimension reduction k clustering based
on support vector clustering and profile measurement,
and this method solves the problem of sparse document
clustering. This method is applied to the news data of a
machine learning library in the Irvine Branch of the Uni-
versity of California [10–11]. A new fingerprint image
segmentation algorithm called k-means clustering algo-
rithm of dynamic particle swarm optimization (DPSOK)
is proposed.

Experimental results show that the DPSOK algorithm can
effectively improve the global searching function of k-
means clustering [12]. The relevant concept of transac-
tional database clustering is defined, and a clustering
strategic transaction database based on k-means is pro-
posed [13]. An updating method of obtaining a dataset
with suitable association rules is proposed, and this
method can synthesize data evaluation and explanation
[14]. An effective in-cluster algorithm is proposed, which

can update the random step length of apothem incre-
ment and save operation time [15].

Most research from both home and abroad emphasizes
theoretical research on algorithms, while a few studies
focus on the application of web text mining and infor-
mation retrieval. The existing k-means algorithm based
on the initial clustering center of density optimization
has problems, such as a large searching scope, long
consumption time, and sensitivity of clustering results
to isolated points. A k-means algorithm (Adk-means)
based on average density optimization and initial clus-
tering center is proposed to address these problems.
This algorithm has a fast convergence rate, strong sta-
bility, and high clustering precision, and it eliminates
the sensitivity of clustering results to isolated points.

The remaining sections of this paper are organized as
follows: Section Two presents the literature review,
concludes the research status, analyzes the deficiencies
in research, and points out the specific key problems
solved by this study. Section Three describes the
preprocessing and clustering modules and the process
of the Adk-means algorithm. Section Four presents the
experimental measurement and evaluates the
performance of the Adk-means algorithm. Section Five
concludes this study.

3. Methodology

The system model is divided into three parts. The first
part is the text preprocessing module that is used to
complete data preprocessing, word segmentation,
selection of eigenvalues, and construction of
eigenvectors. The second part is the text clustering
module that acquires the clustering center through the
text eigenvectors obtained in the first part. The third
part uses the clustering results in the second part to
classify the given corpus.

Figure 1. System flow

3.1 Preprocessing Model
(1) Constructing an appropriate stop word list is a key
step in the text processing process. The stop word list
used in this thesis is the commonly used stop word list
downloaded from the Internet, and the text after segmen-
tation uses this list to filter stop words.

(2) Chinese Word Segmentation: This study uses the
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ICTCLAS word segmentation system to conduct word
segmentation on the obtained corpus. The main function
of this system is completing the recognition of Chinese
word segmentation and new words, the annotation of parts
of speech, and the recognition of named entities. This
system was researched and developed by the Chinese
Academy of Sciences. The ICTCLAS word segmenta-
tion system also supports user dictionary, and the sepa-
rator is a blank space by default.

(3) Feature Selection: This study adopts document
frequency (DF), which is a commonly used dimension
reduction method. DF refers to the specific frequency
that one feature item presents in multiple documents. The
DF algorithm principle is that the DF of one feature item
in the given training set is calculated, and some feature
items with a low DF are eliminated according to the
predefined threshold value. One feature item t appears
in documents with a low frequency, and it has no effect
on classification. This feature is deleted, and the
dimension is reduced. This method can be used in any
corpus with a rapid calculation velocity. The time
complexity of DF has a linear correlation with the number
of documents; hence, this method is applicable to feature
selection in large-scale text datasets.

(4) Weight Calculation: The importance degree of each
feature item in documents is calculated. This study adopts
the term frequency–inverse document frequency (TF-
IDF) calculation formula, which is expressed as follows:

             

whereas, : weight of word t in ; : frequency
of word t in ; N: total number of samples; ni: number of
documents where word t appears; the denominator in
the calculation formula is the normalization factor.

(5) Establishment of Eigenvectors: Vector property is
a feature word selected by the DF method. A vector space
model (VSM) is saved in the form of a matrix, and the
rows represent the document vectors, that is, each row
represents one document.

3.2 Clustering Model
The clustering model is as follows:

Figure 2. Clustering model

Step 1: The text that needs to be clustered is read into
the internal storage.

Step 2: The text is preprocessed, word segmentation is
conducted, and the TF-IDF formula is used to calculate
the weight of each feature word in each article according
to the word frequency of each document.

Step 3: Eigenvectors are established. Then, the VSM of
document sets is saved in the form of a matrix. Matrix
row refers to one document vector and represents one
article.

Step 4: The Adk-means algorithm is used to output the
clustering center.

3.3 Text Clustering Model
A document vector model is established. This model is
used to calculate the cosine similarity between a
document vector and a clustering center. The document
is then partitioned to the clustering center that is most
similar to it according to the size of cosine similarity, and
the article classification is finally completed.

3.4 Motion Constrained Importance Resampling
Basic definition

We set , and p is the number of
dimensions.

Definition 1: Distance between two sample objects

Definition 2: Average distance between sample points
in the dataset

N: total number of sample points, : number of sets of
the two samples randomly extracted from n sample sets.

Definition 3: Density parameter  of samples

represents the density parameter of sample , where

 calculates the density parameters of all
samples in D.

Definition 4: Average sample density

Definition 5: Isolated points: samples in set D; if
, then this point is called an isolated

point, where  .

Definition 6: Square error criterion function

E: sum of the square errors of samples; x: data samples
that belong to class  average value of samples in
class .

(1)

 (2)

 (3)

 (4)

 (5)
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In the Adk-means algorithm, the set is divided into two
parts according to the conditions of isolated points. The
points that satisfy the condition of isolated points are
included in set Noise, other points are placed in another
set U, and the density parameters that correspond to U
are placed in set T. To find the maximum density param-
eter in set T, as described in Step 4 of the dk-means
algorithm, , where S is the set with a density pa-
rameter greater than the average density, and S1 is the
density parameter set between the average density and
the density of isolated points. In the dk-means algorithm,
whenever a clustering center is selected, a global search
is conducted in set T. The searching scope greatly in-
creases the searching time. To address the problem, in
the dk-means algorithm, we propose a solution, that is,
the initial clustering center is selected on the basis of
average density. The average density of the sample sets
is calculated first. In accordance with the definition of
isolated points, isolated points are partitioned to set Noise.
In accordance with the solved average density, the pa-
rameters that are greater than the average density are
placed in set S, and the initial clustering center is se-
lected in set S. The situation in which the maximum value
of density parameters is non-unique is processed. This
method reduces the searching scope and time while pre-
venting an isolated point from being selected as cluster-
ing center.

The algorithm idea is as follows:

Input: sample set , where
, : number of cluster;

Output: k clustering centers

Steps:

(1) The distance between two samples and the average
distance of the entire set are calculated according to
Formulas (1) and (2).

(2) The sample density and the average density of the
entire set are calculated according to Formulas (3) and
(4).

(3) The samples that satisfy the conditions of isolated
points are placed in set Noise according to Formula (5),
whereas other samples are placed in set U.

(4) Step 2 is executed for set U, and the density param-
eters that are greater than the average density are placed
in set S.

(5) The maximum value Si of density parameters is found
in set S, and the number maxi of the maximum density
parameter is checked.

(6) If maxI = 1, then the sample xi that corresponds to the
sample set U of Si is the clustering center, and Step (10)

is performed.

(7) If , then the sample xi of the maximum density
parameter Si that corresponds to the sample set U in S is
determined, and i = 1, 2…n.

(8)  is solved, where  and
j = 1,2…n, and they will be placed in set SUM.

(9) , and the sample in set U is selected
as the clustering center.

(10) All density parameters that correspond to the sample
of  are deleted from set S.

(11) Steps (4)–(10) are repeatedly executed until k clus-
tering centers are selected.

4. Result Analysis and Discussion

The corpus of this thesis is the Sogou corpus with title,
main body, and class, which is downloaded from http://
www.sogou.com. This corpus includes nine classes,
which are information technology (IT), health, educa-
tion, finance, military, tourism, culture, sports, and en-
tertainment. This thesis selects 30 texts for each class.

4.1 Analysis of Experimental Results
For the experiment, thirty texts are selected for each
class of the above corpus, i.e., 1–30 are about IT
classification numbers, 31–60 are health classification
numbers, and the rest is selected in a similar way.

The dk-means and Adk-means algorithms are used to
cluster the 270 texts. The text number of each class is
given in Table 1, and the pre-clustering number k = 9.
The clustering results of the dk-means and Adk-means
algorithms are shown below.

Table 1. Text classification number

The clustering results of the dk-means and Adk-means
algorithms in Table 2 are compared with the accurate
classification numbers in Table 1. The accuracy and in-
tegrity of the dk-means algorithm in actual text clustering
are higher than those before improvement.

4.2 Evaluation of the Clustering Effect
To compare the clustering results in Table 2, F is used to
measure the clustering effect, and results are shown in
Table 3.

Two evaluation parameters—accuracy and recall rate—
of the Adk-means algorithm are higher than those of the
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Table 2.  Clustering algorithm results

dk-means algorithm. The high accuracy rate indicates
that the improved Adk-means algorithm is more accurate
than that before the improvement. The recall rate indi-
cates that the integrity of the Adk-means algorithm is
higher than that before the improvement. The improved
clustering algorithm not only improves its own clustering
performance but also considers the weight of the same
part of speech, and this improved algorithm enhances
the performance of web text clustering. Hence, the im-
proved Adk-means algorithm greatly advances the text
clustering performance when clustering web text.

Other indexes that measure the clustering effect are com-
pared. Figure 3 shows that the purity and mutual infor-
mation values of the improved algorithm are obviously
higher than those of the dk-means algorithm, thereby
indicating that the accuracy, integrity, and performance
of partition cluster of this algorithm are greatly improved.

Table 3.  F measurement value

The entropy of the improved algorithm is lower than that
of the original algorithm, which indicates that the poly-
merization of the Adk-means algorithm is higher with
higher similarity within class. Overall, the performance
of the improved algorithm is obviously higher than that of
the original algorithm.

Figure 3.  Experimental analysis

5. Conclusion

A large quantity of information on network is semi-struc-
tured or non-structured data in the advent of the Internet.
Text information needs to be clustered to ensure conve-
nient information search for users. This study proposes
a k-means algorithm (Adk-means) based on average
density optimization to improve the accuracy and integ-
rity of web text clustering. Experimental results show that
the Adk-means algorithm has a higher convergence rate,
stronger stability, and higher clustering precision than
the k-means algorithm based on density, and it elimi-
nates the sensitivity of clustering results to isolated points.
This algorithm is applied to a web text clustering model,
and it completes the clustering and classification of web
texts with high polymerization and similarity within class
to improve the accuracy and integrity of web text clus-
tering. The proposed algorithm can obtain target infor-
mation rapidly and accurately. Thus, it is a highly effi-
cient information retrieval technology. The main results
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of Chongqing Normal University, 26 (1), 73-77.

[5] Napoleon, D., Ganga Lakshmi, P.J(2010). An En-
hanced k-means algorithm to improve the Efficiency Us-
ing Normal Distribution Data Points. International Jour-
nal on Computer Science and Engineering, 2 (7), 2409-
2413.

[6] Zhiyong, Zhou D. (2007). Study on Clustering Analy-
sis Algorithm. Master’s thesis of Hebei University,
Shijiazhuang, China.

[7]  Changzheng, Xing.,Hao, Gu, J. (2014). K-means
algorithm based on average density optimizing initial clus-
ter centre. Computer Engineering and Applications, 50
(20), 135-138.

[8] Chen, Anhua., Pan, Yang. Jiang. Lingli, J. (2013).
Improving K-means Clustering Method in Fault Diagno-
sis based on SOM Network. Journal of Networks, 8 (3),
680-687.

[9] Bharti, Kusum., Jain, Shweta., Shukla, Sanyam, J.
(2010). Fuzzy K-mean Clustering Via Random Forest
For Intrusiion Detection System. International Journal
on Computer Science and Engineering, 2 (6), 2197-2200.

[10] Jun, Sunghae., Park, Sang-Sung., Jang, Dong-Sik
J(2014). Document clustering method using dimension
reduction and support vector clustering to overcome
sparseness. Expert Systems with Applications, 41 (7),
3204–3212.

[11] Vinh, La The.,  Lee, Sungyoung., Park, Young-Tack.,
d’Auriol, J, Brian J. (2012). A novel feature selection
method based on normalized mutual information. Applied
Intelligence, 37 (1), 100-120.

[12] Li, Haiyang.,  He, Hongzhou.,  Wen, YonggeJ(2015).
Dynamic particle swarm optimization and K-means clus-
tering algorithm for image segmentation. Optik - Inter-
national Journal for Light and Electron Optics, 126 (24)
, 4817–4822.

[13] Wang, Qinglei., Qian, Yanan., Song, J.
Ruihua(2013). Mining subtopics from text fragments for
a web query. Information Retrieval, 16 (4), 484-503.

[14] Kumar, Ajay.,  Kumar, Shishir., Saxena, Sakshi
J(2012). An Efficient Approach for Incremental Asso-
ciation Rule Mining through Histogram Matching Tech-
nique. International Journal of Information Retrieval Re-
search (IJIRR), 2 (2), 29-42.

[15]  Cheng,  Hong.,  Zhou, Yang.,   Huang, Xin  J.(2012).
Clustering large attributed information networks: an effi-
cient incremental computing approach. Data Mining and
Knowledge Discovery,  25 (3), 450-477.

are as follows:

(1) A web text mining system model was constructed.
The system model is divided into three parts. The first
part is the text preprocessing module that is used to com-
plete data preprocessing, word segmentation, selection
of eigenvalues, and construction of eigenvectors. The
second part is the text clustering module that obtains the
clustering center. The third part is corpus classification.

(2) The basic definition, idea, and realization flow of the
Adk-means were provided. Data on network are semi-
structured or non-structured. Text information needs to
be clustered to ensure convenient information search
for users. The Adk-means algorithm is an efficient web
text clustering method.

(3) Experimental verification. This study selected the data
in the Sogou corpus to conduct an experimental test.
Results showed that the Adk-means has high accuracy
and integrity in actual text clustering, thereby verifying
the effectiveness of this algorithm.

Further research will be conducted in the future. We
aim to find better methods to further improve system effi-
ciency and conduct intelligent web text mining applica-
tion research to make progress for Internet applications.
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