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Abstract - The current data mining technology has the mismatch problem of mining keywords and
used words, which leads to low mining precision and low efficiency. In this paper, a new data
mining algorithm based on association rule algorithm is proposed. Firstly, the weight of the
keywords in the data mining process is calculated by using the TF-IDF function. Based on the
analysis of the association rules algorithm and the vector space model, the information retrieval
model is constructed. On the basis of this, the association rule algorithm including the initial mining
items is used to establish the rule database, and several words with the highest degree of relevance
to the mining words are selected as the extension words, which is combined with the initial mining
into a new mining. Finally, the clustering analysis of new mining results are carried out by K-means
clustering algorithm, and according to the descending order, the relevance is ordered, to output
mining results. The experimental results show that the algorithm is accurate and efficient.
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1. Introduction

At present, China is in the information age, with the
gradual increase of network users, large amount of
information and the information which is easy to
lose become the challenges in the process of mining
data [1, 2]. As the Internet is used on a large scale,
more and more people use search engines to
perform mining operations. However, many search
engines are mining through keywords, it often mines
a lot of unwanted information, resulting in reduced
mining rate [3, 4]. So, how to improve the recall ratio
and precision ratio of data mining, is the current
faced key issue [5-8].

In the mining of data, the optimized space-time
indexing algorithm is usually used to make the
mining effect better. The algorithm uses the
multidimensional indexing technique to transform
the index to the spatiotemporal dimension, and
realize the establishment and improvement of the
space-time index [9].

At present, R-Tree index and its expansion are
the most commonly used space-time indexing
technology. In the literature [10], the R-Tree and the
index structure of the inverted table are used to
index the same spatiotemporal attribute and time
dimension to achieve the purpose of mining. In the
literature [11], the MAH_TRP indexing algorithm is
used to realize the mining, to improve the
spatiotemporal index structure and the updating
algorithm, it is effective to deal with the problems

such as the spatiotemporal index reconstruction and
the poor mining effect caused by frequent updating.

In the literature [12], the R tree optimization
algorithm is used to achieve data mining. The
coverage area and the blank part of the node are
reduced by spatial clustering, and the efficiency of
data mining is improved. Compared with the
traditional R-tree algorithm, the performance of this
algorithm is improved. However, in the case of large
amount of data and increasing, it often consumes a
lot of resource cost to establish and maintain the
index. In the process of data mining, it will be due to
search for complex index information too much,
causing mining performance decline. In the
literature [13], the dynamic algorithm is used for
mining data.

The algorithm uses the method of constantly
correcting the size of the HASH bucket to suppress
the HASH barrel overflow and uses the HASH
function to divide the relationship into several small
HASH buckets. The size of all the buckets need to less
than the available storage capacity of the
corresponding processing nodes so as to implement
data mining. The processing speed of this algorithm
is fast, but the utilization rate of resources is not
satisfactory.

A new data mining algorithm based on
association rule algorithm is proposed to solve the
shortcomings of the above algorithm.

The experimental results show that the algorithm is
accurate and efficient.
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2. Key Technologies

This section first analyzes the weight calculation
process, the association rule algorithm and the
information retrieval model, and provides the basis
for the subsequent processing.

e  Weight calculation
The weight calculation method is more, this section
uses TF-IDF function to calculate the weight of the
keyword in the data mining process [14], the
formula is as follows:

w ; =TF x IDF =TF xIg[ D/DF (W)] M

Where TF is used to describe the word frequency of
the keyword W ; D is used to describe the amount

of mining; DF (W) is used to describe the mining

number of occurrence of the keyword W .

e Association rules algorithm
Association rules algorithm is widely used in
different fields, and is the most perfect and most
commonly used data mining algorithm. In the
association rule algorithm, D is used to describe the
set of all datas, and the set of data items is described
by X, Y, then the association rule algorithm can be
described as X =Y [15]. Where X represents
the predictor of the association rule algorithm, Y
represents the consequent of the association rule
algorithm, and —>represents the associated
operation. Through the support degree S and the
credibility C, the rules in the transaction set D are
limited. The credibility is the embodiment of the rule
strength, support is the rule frequency of the
embodiment. The transaction containing the project
set X in the transaction set D is called the number
of support for the project set X and is described by

o,.

The support degree S of the project set X , that is,
sup port(X ) can be obtained by the following

formula: sup port(X)=o,/|D| (2)
The credibility C confidence(X = Y) of the project

set X can be described as follows:

confidence (X =Y) =sup port(X LY )/sup port(X ) (3)
The basic idea of data mining using association rule
algorithm is as follows: firstly, the frequency set of
the transaction set D without exceeding the
minimum support degree is filtered, and then all the
rules that do not exceed the minimum confidence
from the frequency set is filtered to obtain the
association rule algorithm [16].
This section considers all databases as transaction
databases, treats the data in the database as a set of
items, and calculates the correlation between them

by obtaining the association rule algorithm among
the keywords in the database.

e Construction of information data retrieval
model

The vector space model (VSM), developed by Saltond

et al,, describes any piece of text in a set of terms

(tl,tz,---tj,---tn) [17], assigning it corresponding

weight W, through the criticality of each term tj,
and at the same time it is converted to N-
dimensional coordinate system, W,,W,,---W,_ is the

corresponding coordinate value.
Assuming that the user mining vector is described by

(Wq'l,quz,---Wq’n), the mined vector is described

by d. :(vvi’l,wyz,---vvi’n), then the computational

expression of the information retrieval model is:

n
zwik X Wek

Sim(q,d;)=cos(q,d;) =—F—— (4)
DLW D W
k=1 k=1

3. Data Mining Technology Based on
Association Rules Algorithm

The association rules algorithm is used to mine the
first N document data pair of the initial mining
result. First, the association rule algorithm
containing the initial mining item is selected to
establish the rule database, and then the K words
with the largest relevance are selected and mined, to
combine the initial mining and form a new mining.
Finally, the new mining results are clustered by K-
means clustering algorithm. The correlation is
ranked in descending order to output the mining
result.

Through the association rule algorithm to achieve
the data mining needs two processes [18], the first
process is as follows: for the first N pieces of the
initial mining results, the association rule algorithm
is collected by local feedback, and the rule base is
established to select K words with the closest
degree of mining words, as the expansion words
combining with the initial mining to form a new
mining, and then circulate the above process, the
detailed steps are:

(1 The initial mining vector
Qinitial = (qul, Wy o0 Wy ) and all vectors
d, :(\Nil'\Ni e W n) are constructed;

(2) According to the formula (4), the initial mining is

completed, to access to the relevance of SIM, i doc
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of each text and the initial mining, and obtain the set
arranged from the large to the small according to the
close degree of relevance;

(3) The pre- N texts in the set are picked out, and
the words are mined by using association rules
algorithm [19]:

a. Through the association rule algorithm, the above
N piece of data collection is completed, and the
frequent item sets including the initial mining items
are selected, to establish the rule base [20].

b. The extended words in the rule base are picked
out, to find its weight, the K words with the
maximum weight in the operation results are as the
mining expansion word, and combining the initial
mining to form a new mining. The new mining vector

Opey 1s calculated.

(4) According to formula (4) the new mining is
performed, to access to the correlation degree of

S | mnew—doc

degree of correlation, the text set arranged from
large to small can be obtained [21].

The second process is as follows: complete the
clustering analysis of the new text set, get the
correlation degree of each data, and re-arranged [22-
24], the implementation steps are:

(1) The mining results obtained by the new mining
are clustered to solve the corresponding center

of each data, and according to the close

vector C, for each cluster. The detailed process is:

a. K vectors are randomly selected, as a starting
center vector.

b. each mining vector and the interval between it
and K class-center vectors are solved, and the
minimized interval is included in this class.

c. all the mining results are clustered, and each type
of center vector is solved once again.

d. step b and step c are running cycling until all
cluster center vectors remain unchanged;

(2) The correlation between the new mining vector
and each cluster can be described by the COSine -

angle between the new mining vector (., and each
cluster center vector C, , which is calculated as:
— qnew[tk

|qneW| X |Ck|

Where C, is used to describe the central vector of

Simnew—class = Cos(qnew Ck ) (5)

each cluster.

(3) By calculating, the final correlation Sim of

final—doc
all text and mining is obtained, the formula is:
Simfinall—doc :axSim +(1_a)><8imnew—doc (6)

Where « is used to describe the adjustment
factor.

(4) The final relevance is the arranged from large to
small, and the output is the result of mining.

new—class

4. Experimental Results Analysis

e Selection of test sets

In this experiment, 10 authoritative databases
are selected as the test samples, to orderly mine in
the above database and then 10 mining

(ql,qz,m,qlo) are established, and the small

capacity database and large capacity database are
established by two rounds collection. Firstly, in each
database, a keyword is used to mine, to get 800 x 10
data, which will be defined as a small capacity
database D1. And then in each database 1300 x 10
data are collected, which will be defined as large-
capacity database D2.

The results of the word segmentation in each
database are sorted from large to small, the first 100
characteristic words with high frequency are as a
mining database.

The details of test set are described in Table 1.

Table 1. Details of test set

Data volume Data
Database of D1 voh]l)r;e of
number database
database
/pcs /pes
Database 1 766 1332
Database 2 811 1294
Database 3 712 1421
Database 4 814 1312
Database 5 798 1265
Database 6 605 1364
Database 7 764 1289
Database 8 836 1318
Database 9 637 1158
Database 10 751 1220
Total 7494 12973

o The mining results of using the proposed
algorithm

In this paper, the mining experiments are carried
out on the small-capacity database D1 and the large-
capacity database D2 respectively to verify the
effectiveness of the proposed algorithm. In this
section, the mining time of two different capacity
databases by using the proposed algorithm in case of
the support degree of 30%, 20%, 15%, 10% and 5%.

The results are described in Table 2.

As shown in Table 2, we can see that the total
number and running time of the association rules are
higher than those of the small-capacity database
when using the proposed algorithm for mining the
data of large-capacity database, and the running time
of the algorithm increases with the support degree
gradually.
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Table 2. The mining results of using the proposed algorithm

Small Capacity Database D1 Large Capacity Database D2
Support The total number of Operation The total number of Operation
degree/% association rules time/s association rules time/s
30 38 37 56 39
20 104 45 165 47
15 201 49 236 50
10 258 54 295 56
5 399 62 342 58

e Mining efficiency test

In order to further verify the performance of the
algorithm in mining efficiency, the R-Tree algorithm
and the dynamic algorithm are compared, and the
mining efficiency is evaluated by mining time,
mining speed and acceleration ratio.

The mining time is calculated as follows:
T

o ©0*d*log N +0*log N (7)

Where O represents the time required to mine

the unit number; d represents the data dimension;
N represents the total amount of mining.

The mining algorithm is based on the following
formula:

Mining speed calculation formula of the mining
algorithm is as follows:

9)

The proposed algorithm, R-Tree algorithm and
dynamic algorithm are used to mine the small-
capacity database D1 and the large-capacity
database D2 respectively.

The mining time, mining acceleration ratio and
mining speed in the mining process are statistically
compared. The results are described in Table 3.

S =Topum ! (Toomn +0*(d +1)) 8)
Table 3. Comparison of mining efficiency of three algorithms
Small Capacity Database D1 Large Capacity Database D2
algorithm | \jipjng Mlnlng Mining Mining Mlnlng Mining
Time/s acceleration speed/n-ms-! Time/s acceleration speed/n-ms-!
ratio/n-ms-2 ratio/n-ms-2
The
proposed 41.5 14.2 5.92 50.3 16.7 5.37
algorithm
R-Tree 49.6 10.68 437 55.6 12.93 492
algorithm
dynamic | 55 8.35 425 61.5 10.56 3.88
algorithm

As shown in Table 3, it can be seen that the
mining time of the proposed algorithm is always
lower than that of R-Tree algorithm and dynamic
algorithm, whether it is for small-capacity database
D1 or large-capacity database.

The mining acceleration ratio and mining speed
are always higher than that of R-Tree algorithm and
dynamic algorithm, indicating the overall mining
efficiency of this algorithm is higher.

e Mining accuracy test

Data mining is through mining algorithms to find
more and more information which are relevant to
mining. So in this section, on the basis of the test data
in the above section, for the different databases,
some irrelevant data are collected, to constitute the
test data set.

The algorithm is tested if it can effectively get
more relevant results in the same time period.

In ensuring the recall ratio and the precision ratio
at the same time, the mining algorithm needs to have
higher performance.
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The test data set is described in Table 4.

Table 4. Testing Data Set

Name N umb'er. of relevant Numbe'r .of irrelevant T:&Eg%?%?iﬁgggée
mining/pcs mining/pcs mining to total /%

Database 1 499 2482 16.74
Database 2 514 2411 17.57
Database 3 402 2426 14.21
Database 4 536 2344 18.61
Database 5 529 1995 20.96
Database 6 511 2334 17.96
Database 7 339 2716 11.10
Database 8 471 2127 18.13
Database 9 552 2753 16.70
Database 10 339 1051 24.39

Total 4692 22639 100

The efficiency of the mining algorithm is
measured by the recall ratio and the precision ratio.
The calculation formulas are as follows:

Recall ratio= % (10)

Precision ratio= % (11

Where |R| is used to describe the number in the
relevant R; |RA| represents that the test set is

related to the initial mining (; |A| is used to

describe the number of set A.

In the process of mining the database, the recall
ratio and the precision ratio is generally regarded as
two contradictory indicators. In some cases, the
precision ratio will decrease with the increase in the
recall ratio, that is, in order to achieve the
information recall, it will produce some useless
information to a large extent.

And in the case of that the recall rate is gradually
increased, the mining speed will be greatly reduced.

Therefore, in the precision testing process of the
mining algorithm, it is necessary to test the recall
ratio of the algorithm for various recall ratios.

In order to facilitate the analysis, the precision
ratio under the level of recall ratio is made treatment
in this section, the formula is described as follows:

) RO)

P(r)=2-<" (12)
iz Ng

Where P (r) is used to describe the average

precision ratio when the recall ratio is I'; NQ is

used to describe the total amount of mining; P, (r)

is used to describe the precision ratio of the I-th
mining when the recall ratiois I .

In this section, the test data in Table 4 are used to
compare the accuracy of the proposed algorithm, R-
tree algorithm and dynamic algorithm at the level of
each recall rate. After the treatment of the precision
ratio by the above equation, the obtained results are
described in Table 5.

Table 5. Comparison results of the average of precision ratio by three algorithms at different recall ratio levels

Recall ratio/% z?;ogii%l;sj(%j R-tree algorithm/% Dynamic algorithm/%
10 83.2 80.7 81.1
20 77.8 62.2 65.3
30 69.3 50.4 52.6
40 53.8 32.6 41.5
50 51.5 27.8 36.2
60 48.9 25.1 31.1
70 39.2 23.2 25.7
80 31.2 17.9 229
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From Table 5, we can see that in the same recall
rate to ensure that the state, the precision ratio of
the proposed algorithm is significantly higher than
that of the R-tree algorithm and the dynamic
algorithm.

At the same time, with the gradually increasing of
the recall ratio, the proposed algorithm can
effectively control the noise data caused by mining,
so that the precision rate is kept at a very high level,
indicating that the algorithm has the highest
accuracy.

In this paper, a new data mining algorithm based
on association rule algorithm is proposed. Firstly, the
weight of the keywords in the data mining process is
calculated by using the TF-IDF function.

Based on the analysis of the association rules
algorithm and the vector space model, the
information retrieval model is constructed. On the
basis of this, the association rule algorithm including
the initial mining items is used to establish the rule
database, and several words with the highest degree
of relevance to the mining words are selected as the
extension words, which is combined with the initial
mining into a new mining.

Finally, the clustering analysis of new mining
results are carried out by K-means clustering
algorithm, and according to the descending order,
the relevance is ordered, to output mining results.
The experimental results show that the algorithm is
accurate and efficient.

5. Conclusions

In this paper, a new data mining technology based on
association rule algorithm is proposed. The weight
calculation process, association rule algorithm and
information retrieval model are analyzed.

The K-means clustering algorithm is used to
make clustering analysis of the new mining results,
and according to the descending order, the
correlation is ordered, to output the mining results.

The experimental results show that the algorithm
is accurate and efficient.
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