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Abstract
According to the present CRM customer information clustering analysis algorithm still has poor 
clustering effect in the actual operation, this paper proposes a hybrid clustering algorithm based on 
constraint optimization RMVHC algorithm. First of all, the method based on the examination index 
and point figure matrix, analysis of main factors to comprehensive comparison and to determine the 
final number of classification is more objective and more comprehensive. Then the CURE algorithm 
is introduced with the concept of information gain, to improve the CURE algorithm and then mixed 
with RMVHC algorithm, to improve the fine of the clustering. Finally from three aspects as the rough 
classification of clustering, elimination of isolated point and fine cohesion of clustering to cluster 
analyze hybrid clustering algorithm which based on constraint optimization RMVHC algorithm. 
Simulation experiments show that the proposed hybrid clustering algorithm based on constraint 
optimization RMVHC algorithm has a better accuracy in analysis of CRM customer information 
clustering, and its performance is better than the Ward’s method and the constrained optimization 
RMVHC algorithm.
Key words: RMVHC Algorithm, Constrained Optimization, Hybrid 
Clustering, Information Gain, CRM Customer Information Clustering

1. Introduction
Customer information is the fastest growing cate-

gory in the enterprise database data, such data main-
ly comes from the following two aspects. First of 
all, the accumulation from enterprise own customer                            
information, the number of enterprise with informa-
tion system and customer management system is over 
70% , and 30% of the enterprises to enter the digital 
management integration phase  with the combination 
of the commercial automation technology, modern 
communication technology and network information 
technology, in these systems, record the customer’s 
personal information and consumer behavior every 
day, and form a vast amounts of information [1]. In 
addition with the evolution of marketing, enterprise 
information is collecting and purchasing a lot of po-
tential customers, then form the target customer da-

tabase, and do precision marketing campaign on the 
basis of the database [2].

The research and application of the data mining 
technology has a long history in worldwide, many 
data mining prototype system and the development of 
practical tools are proposed constantly, widely used in 
the market sales forecast, financial investment, med-
ical research and social insurance and other fields of 
the CRM system [3]. KDD - R used in market analy-
sis of telecom industry, for example, the AI center de-
velopment system of the Lock Head Martin Company 
is applied to the auxiliary to predict the trend of the 
stock and changes such as the emergence of possibi- 
lity [4]. And, there are a variety of tools based on the 
structure of client/server software in the field: IBM 
Intelligent Miner and SAS Enterprise Miner, SPSS 
Clementine, etc, they have high processing capaci-
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ty, and with support of multiple platforms operating 
[5]. Another characteristic of this kind of data mining 
tool is that it usually offers a variety of data mining 
algorithm, support to solve the problem of wide ap-
plication, and is a data mining software platform for 
the needs in various applications [6]. At home, the 
application of data mining technology in CRM sys-
tem is also received extensive attention of academia. 
Many scholars, based on China’s national conditions, 
developed a new data mining tools, relevant software 
products have been mature [7]. For example, Sadie 
data that provide mature data mining solutions for the 
financial industry can realize the function analysis 
of OLAP, embedded in a variety of commonly used 
statistical analysis methods, support for multiple rela-
tional database and OLAP Server [8]. The enterprise 
intelligence analysis platform Dminer Enterprisei Suit 
is put forward by Shuanghai Fudan DE door software 
company, the platform is a tool sets for data mining 
algorithm, integrates a variety of popular data mining 
algorithm, can handle various types of data sources, 
analyze huge amounts of data, and at the same time 
provide visual tools to observe and interpret the data 
mining results [9]. As companies growing demand 
for in-depth analysis of the CRM data, data mining 

technology will play a greater role [10].
In this paper, according to the need of the CRM 

data analysis, we propose a hybrid clustering algo-
rithm based on constraint optimization RMVHC                  
algorithm, improve RMVHC algorithm, and is hybrid 
clustered with CURE.

2. The comparison between the ward’s method 
and other clustering method

The sum of squared residuals method is put for-
ward by Ward, so people call it Ward’s method [11].

n  samples can be divided into k  categories: 
1 2, ,..., kG G G . No. i  sample in tG  is represented as the 

first as t
iX  , at this time t

iX  for p  dimensional vector, 
tn  represents the number of samples in tG , tX  as the 

center of gravity tG , get the samples from the sum of 
squared residuals in tG  is shown in equation (1).
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Figure.1. The geometric meaning of each factor in ward’s method

General observation, can be found that the 
Ward’s method seems to be difference to early sev-
en methods, but in fact Ward’s method and in the 
seven kinds of system clustering methods can be

unified, the distance between pG  and qG  is de-
fined as equation (3).

2
pq r p qD S S S= − −                                                           (3)
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And r p qG G G= ∪ , in addition to use clustering 
distance of Ward’s method as shown in equation 
(4).
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The geometric meaning of each factor in Ward’s 
method is shown in the Figure 1.

The traditional method of clustering is mainly 
manifested in two different aspects: is contraction 
or expansion, or is properly centered. Due to the 
low accuracy of classify method with over con-
traction, maybe causes the samples together in a 
class but with great difference in actual; otherwise, 
too expansion is also lead to difficult classify, and 
go against to obtain practical conclusion.

3. The RMVHC algorithm based on con-
strained optimization

3.1. Constrained optimization
Set the number of observed as n , the number 

of variable as m , and the number of classes of a 
clustering level as G , and ix  is observed of No. i  
, is the current (level G ) No. k  class, kN  is the                                           
observed number in kC , X  is the mean vector, kX  is 
the mean vector in class kC , x  is European length,
 22
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2

k

K i
i C

W x X
∈

= −∑  is the sum of squared residuals in 
the class of class kC , G JP W= ∑  is the sum of cluster 
level corresponding to all kinds of classes with the 
sum of squared residuals. Suppose that one step of 
cluster combining class KC  and class LC  to the next 
level class MC , then define KL M K LB W W W= − −  as the 
decrease of the sum of squared residuals in class from 
merge result. ijD  reperents the distance between the 
two observations, KID  as the distance between the 
class KC  and the class LC  of No. G .

Common used distance algorithm are shown as 
follows.

1) Minkowski distance 
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2) Mahalanobis distance
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3) Portland’s distance 
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4) Oblique distance 
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In the equation, klr  is the correlation coefficient 
between variable kx  and variable lx .

System clustering eventually get a clustering tree, 
can put all the observations together for a class. How 
many categories should the observation divide is a 
difficult problem, because the classification problem 
is not a certain standard, should be comprehensive 
analysis based on the specific situation.

According to this problem, we adopt the method 
of inspection index combining principal factor ana- 
lysis to comprehensive comparative judgement.The 
specific method is: take a few more variables to clus-
tering; determine contribution rate the larger number 
of variables; according to the test values in the pro-
cess of clustering fluctuation situation preliminarily 
determine the class number;Make inspection value 
curve, peak according to the correct class number; as 
a variable scatterplot matrix and the 3D figure, find 
out the main factors; according to main factors of 
scatter plot, and ultimately determine the class num-
ber of clustering.

To determine the test index of class number, as 
follows.

1) 2R statistics

2
21 GPR

T
= −                                                                (9)

GP  is classification number of the sum of squared 
residuals within the total class of  G , 2T  is the total 
sum of squared residuals of all variables. 2R is larger, 
but that divided into G  class from the sum of squared 
residuals in each class are small, which divided into 
G  class is appropriate. However, the more clearly 
classification, each class is smaller, the 2R  is greater, 
so  can only take G  to make 2R  small enough, but the 
G  is small itselfe, and 2R  no longer increases greatly.

2) A partial correlation coefficient
Classe KC and class LC   merge into the next level 

of class MC , define a partial correlation coefficient as 
equation (10).

2
2

KLBR
T

=
                            

                                                                              (10)
In the equation, KLB  is the increment of the sum 

of squared residuals cause by merger, if partial cor-
relation coefficient is greater, then shows these two 
classes should not be merged, so when the class 1G +  
into classe G  should take class 1G +  if the partial 
correlation coefficient is very big.

3) Bimodality coefficient 
2 2
3 4( 1) / ( 3( 1) / (( 2)( 3)))b m m n n n= + + − − −            (11)

3m  is skewness, 4m is kurtosis. The value b                 
greater than 0.555 may be indicate bimodal or multi-
modal marginal distribution. The maximum 1.0 only
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take two value of overall.

4) False F  statistic  
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False F  statistic evaluation is divided into G  
classes effect. If it is divided into G  kinds of reasona-
ble from the sum of squared residuals in class should 
be small, between the sum of squares is opposite big-
ger. So we should take the false F  statistic clustering 
level and the class number is smaller.

5) False 2t  statistic 
2 / (( ) / 2)KL K L K Lt B W W N N= + + −  

                                        (13)
With this statistic to evaluate the effect of the 

combination of class KC  and class LC , the big value 
shows that should not combine the two classes, so we 
should take the level before the merger.

In traditional clustering method, there is no uni-
fied pattern to determine class number, this paper put 
forward based on the examination index and point 
figure matrix, analysis of main factors to compre-
hensive comparison, finally determine the number 
of classification method is more objective and more 
comprehensive.

3.2. Fine optimization based on hybrid cluste- 
ring

Compared with other clustering algorithm, CURE 
algorithm can very good support for different size and 
complex clustering, and also be applied to large data 
sets, and in the presence of isolated point can also 
perform well. In view of the above advantages, we  
introduce CURE algorithm, and introduce the con-
cept of information gain, to improve the CURE algo-
rithm, and mixed with RMVHC algorithm, in order to 
improve the fine of the clustering.

Before precisely to define information gain, first 
we define a concept of entropy in information theory, 
it as a measure widely used, for any the purity of a 
data set is described. When there is a given data set 
S , the data collection has  c  different target attribute 
values, there are S  relative to the state c  of  category
( )c wise−  of entropy as shown in equation (14).
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In the equation, the proportion belongs to the ca- 
tegory i of in the data set S  is expressed as ip . As 
entropy is adopt code length by the number of bits to 
measure, so the logarithm base is 2 in the equation. 
Under the condition of the target attribute has c  pos-
sible values, the maximum entropy is 2log c .

So the entropy as a standard to measure the purity 
of the training data set, then we use the standard to

define the attribute of the measure of the ability to 
classify the training data standards. This metric is 
“information gain”. Popular, an attribute of informa-
tion gain is to choose the attribute partition to the data 
collection in order to reduce the information entropy. 
The information gain ( , )Gain S A  of attribute A  for a 
data set S  can be defined as equation (15).
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In the equation, ( )Values A  is a collection of all 
possible value of attribute A . vS  is the subset of va- 
lue v  of attribute A  in data set S . 

{ }( )vS s S A s v= ∈ =
 
                                                (16)

The first item in equation (14) is the entropy of the 
original data set, the second is the expected entropy 
after classifying data set S  with A , the expected en-
tropy is the entropy of each subset of the set ta- king 
the processing of a weighted sum, and weight in the 
original data set S , the percentage of the samples be-
long to the vS  is occupy vS

S
. So ( , )Gain S A  can fur-

ther understand that because the given value of the 
attribute A  to get information about the objective 
function value.

4. The algorithm simulation
To verify the effectiveness of the proposed                    

improved algorithm in this paper, simulation                             
experiments on it. The customer information data of 
a company as an example, using the proposed hybrid 
clustering algorithm based on constraint optimization 
RMVHC algorithm for data analysis of CRM.

First of all, from the customer potential spending 
power, potential consumption frequency and poten-
tial index, the three aspects of clustering analysis, 
CRM customer information below for hybrid clus-
tering algorithm based on constraint optimization                           
RMVHC algorithm for four of the CRM customer 
cluster analysis results.

Figure 2. CRM cluster analysis
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Seen from the figure, the four customer consump-

tion potential comprehensive score are 0.781, 0.756, 
0.731 and 0.781 respectively, so the first customer has 
the highest potential consumption ability.

Then, using the constrained optimization                          
RMVHC algorithm to check the sum of squares of 
CRM customer information clustering method to 
cluster analysis, and compared with the actual result, 
test the error of clustering, the result is as follows:

Figure 3. Comparison of the results from 
the constrained optimization algorithms and search 

RMVHC square and clustering method

Then, using the constrained optimization RMVHC 
clustering algorithm and hybrid clustering algorithm 
to cluster analysis of CRM customer information, and 
compared with the actual result, test the error of clus-
tering, the result is as follows:

Figure 4. Constrained optimization RMVHC clustering 
algorithm comparison result mixed clustering algorithm

Seen from the simulation results, the proposed 
hybrid clustering algorithm based on constraint                       
optimization RMVHC algorithm has a better accura-
cy analysis of CRM customer information clustering, 
its performance is better than the sum of squared re-
siduals clustering method and the constrained optimi-
zation RMVHC algorithm.

5. Conclusion
Customer relationship management (CRM), 

as a means of advanced management ideas and 
technology, all customers such as the enterprise’s                
ultimate customers, distributors and partners as 
the most important resources, in the process of 
customer management, found the value of its long-
term profit contribution, fundamentally improve

enterprise’s core competitiveness, make enterpri- 
ses in an impregnable position in the current fierce 
competition environment. In this paper, according 
to the need of the CRM data analysis, we propose 
a hybrid clustering algorithm based on constraint 
optimization of RMVHC algorithm. The simula-
tion experimental results show that the improved 
model proposed has better analysis accuracy of 
CRM customer information clustering, its perfor-
mance is better than the Ward’s method and the 
constrained optimization RMVHC algorithm.

      References
1.	L ifang Lu (2014) Study on Logistics Sup-

ply Chain Systems Based on Analytic CRM. 
Logistics Technology, 33, p.p.394-396.

2.	Y anhua Wu (2014) Application of Data Mi- 
ning in CRM System in Modern Open Dis-
tance  Education. Information Science, 32, 
p.p.141-144.

3.	L iu Tao (2014) The Empirical Research on 
CRM Strategy Micro-Mechanism of City 
Commercial Banks. Journal of Shanghai Lixin 
University of Commerce, 28, p.p.04-112.

4.	Y an Wang (2014) The Correlation Empiri-
cal research on City Commercial Bank CRM 
and Core Competent. Finance and Economy, 
26,p.p.68-72.

5.	D ongmei Zheng (2013) Function design of 
CRM system in refining company. Computers 
and Applied Chemistry, 30, p.p.1355-1358.

6.	  Zhiying Dai (2013) Study on Development of 
Logistics Information System Based on CRM. 
Logistics Technology ,32,p.p.446-448.

7.	  Liping Wang (2013) Applied Research on 
Data Mining Technology in Coal  Enterprise 
CRM Construction. Coal Technology, 32, p.p. 
243-244.

8.	     Xiaoya Shang (2013) Integration Model of 
Customer Knowledge Management and Cus-
tomer  Relationship Management: An Empiri-
cal Study of Chinese Enterprise. International 
Business: Foreign Economic and Trade Uni-
versity, 5, p.p. 102-111.

9.	     Lijun Chen (2013) CRM Research Based 
on Knowledge Management in Electric Power 
Enterprises. Science and Technology Manage-
ment Research, 33, p.p. 155-158.

10.	 Humeng Yang (2013) Exploration and Appli-
cation of an Analytical CRM System for Fi-
nancial Enterprise. Computer Applications and 
Software, 30, p.p. 259-261.

11.	 Ronghui Liu (2013) Operator’s Comprehen-
sive Intelligent CRM System --Basing on 
the Design Case of CMCC. Industrial Engi-               
neering and Management, 18, p.p.117-121.


