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ABSTRACT
With the development of credit card, the banks need to classify the credit card customers
with the advanced data mining technology, and then take different measures to target
different customers. An improved K-means algorithm based on pheromone is proposed,
which works with the transformation probability to realize the clustering and has reduced
the number of the parameters and improved the speed of clustering. At last, the proposed
algorithm is tested and used to analyze bank credit card customer spending behavior.
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INTRODUCTION
The phenomenon about “the data explode but knowledge is poor” caused by rapid development
of information technology and network technology is serious day by day. Under this environment, data
mining was put forward as a kind of new technology, which demonstrated its strong vitality more and
more[1,2]. In some domestic primary website, data mining technology was chosen one of the most
popular technologies in the future[3]. Data mining is a research field of crossing multi-disciplines, and its
development will influence the process of the global informatization greatly[4]. So it is the desirability of
informatization development to have a research on data mining technology in an all-round and
systematical way. Clustering analysis as one of data mining analysis methods is the performance is
prominent, including the pattern recognition, the data analysis, the imagery processing, as well as the
marketing research and so on many domains obtain the widespread application[5]. This dissertation
deeply studies and analyses the data mining technology, especially the one for clustering analysis. And
then some ideas and improvements have been proposed.
In the next section, we introduce basic idea of K-means clustering algorithm[6-7]. In section 3,
improved K-means scheme based on pheromone of ant colony algorithm [8] is proposed. In section 4,
cluster analysis of customer behavior is given. In section 5, the paper is concluded and some remarks is
given.
K-MEANS CLUSTERING ALGORITHM
The clustering algorithm based on division can be described as follows. Given a space of d
dimension, define a evaluation function C :{ X : X ⊆ S } → R + , which evaluate each clustering
quantitatively. For a object set S of input Ra and an integer. The output is a division of S , S1 , S2 ,L, Sk
, which makes target function minimum.
k

J = ∑ C ( Si )
i =1

The process of k-means algorithm is as follows.
(1) Random selection of k objects are taken as the initial clustering center.
(2) Repeat (3) and (4), until every clustering center has no longer any change;
(3) Calculate the distance between each object to the center of the cluster, the object is attributed
to the class, which has the nearest distance to the object.
(4) Calculate the new clustering center, that is calculate the average value of each class object.
Use average value point of the object as a new clustering center.
But the traditional K-means algorithm exists two inherent drawbacks.
(1)The random selection of the initial clustering center may lead to different clustering results,
and even there exists the situation of no solution.
(2)This algorithm is climbing mountain search algorithm, which is based on the tonsure decline
algorithm, thus it is inevitable to fall into local minima.
The two faults greatly limits its application scope. Here an improved K-means method based on the
pheromone is proposed.
IMPROVED K-MEANS ALGORITHM BASED ON PHEROMONE
When ants foraging, the process of information transmission is mainly done through the
pheromone diffusion, and pheromone determines the movement direction of the ants. When the front
ants affect the behavior of the back ants, the back ants are not on the trajectory of the front ants. They
keep a certain distance with this trajectory. When the distance is small, the behavior of back ant is
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affected greatly, and this feature is useful for data clustering. Using this principle, this paper proposes an
improved K-means algorithm based on pheromone. The algorithm takes data objects as ants with
different attributes, clustering center is taken as the food source that the ants what to look for, in this
way, data clustering process can be regarded as the process of ants looking for food.
Improved K-means algorithm based on pheromone uses the characteristics of the ant colony
distributed search to improve the traditional K-means algorithm, which is easy to fall into local
optimum. When the ants are on the way form food source i to food source j , if they find the right path,
they releases the corresponding concentration of pheromone. The pheromone on the one hand directly
affect the ants of the two clustering centers, on the other hand it will spread taking this path as the
center. It can affect the behavior of the other ants nearby, make them choose this path with greater
probability in the next step when looking for a path. Through this way of collaboration based on
pheromone, other data objects are affected slightly when choosing the clustering center, thus can
improve the convergence speed of the algorithm. In the next round of cycle, the clustering deviation is
introduced to update the clustering center, until deviation meets certain condition. The proposed
algorithm is as follows. X = { X i | X i = ( xi1 , xi 2 ,K, xin ), i = 1, 2,K, n} represents the data set for
clustering. C j represents clustering center, the initial value of which is randomly distributed. At time t ,
for other data object l , the amount of pheromone of the k-th ant from food source i to food source j is
τ ijk (t ) . At this time, ants spread pheromone taking i and j as the center. The information of data object

l produced by ant k is τ ilk (t ) , τ kjl (t ) .

⎧Q
⎪ ,
τ ijk ( t ) = ⎨ d ij
⎪ 0,
⎩

d ij ≤ R
d ij > R

⎧
⎛ d il ⋅ ( d il ) w
⎞
c tan θ ⎟ ,
d il ≤ R
⎪ r ⋅ Q / d ij ⎜ 1 −
k
w +1
Δτ il (t ) = ⎨
d
⎝
⎠
⎪
0,
otherwise
⎩
⎧
⎪ r ⋅ Q / d ij
Δ τ kjl ( t ) = ⎨
⎪
⎩

⎛
d jl ⋅ ( d jl ) w
c tan θ
⎜⎜ 1 −
w +1
d
⎝
0,

⎞
⎟⎟ ,
⎠

d jl ≤ R
otherw ise

d represents the Euclidean distance between the data object to clustering center C j , w
represents a constant, r is a constant less than 1, and R represents the preset clustering radius. Pij
represents the probability of data object X i belonging to clustering center C j .

τ ijα (t )η ijβ (t )
Pij =
∑ τ sjα (t )η sjβ (t )
s∈S
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S = { X s | d sj ≤ R, s = 1, 2,K , n} represents data object set which is near to the clustering center
C j . α represents relative important degree of residual information, and β represents relative important
degree of expected value. η ij represents some heuristic information of ant from i to j at time t .

CS j = { X i | dij ≤ R, i = 1, 2,K , J } represents data object set which belonging to clustering
center C j and J represents the number of object in the set. The deviation of the j-th clustering is
J

Cj =

1
J

∑X

ξJ =

1
J

∑ (X

ξ =

i =1

.

i

J

i =1

i

− C j)

k

∑ξ
J =1

J

CLUSTER ANALYSIS OF CUSTOMER BEHAVIOR
Customer behavior analysis is an important part of decision analysis in customer relationship
management (CRM). Customer behavior analysis analyzes the overall and specific customer group, and
natural social characteristics, the consumer behavior and the trend are known. The customer behavior
analysis of customer relationship management can be divided into overall behavior and group behavior
analysis. Overall behavior analysis is used to find all customers behavior rule, but only the overall
behavior analysis is not enough, customer differ in thousands ways, depending on the customer
behavior, they can be divided into different groups, and each group has obvious behavior characteristics.
Through customer behavior analysis, CRM users can better understand customers to find the group
customer behaviors. Based on the understanding and laws, market experts can develop the
corresponding marketing strategy. In customer analysis, it is obviously very important for large
customer analysis. In addition, the customer classification has an extreme case, and each category of
customer is only one, that is One To One marketing. In this section, clustering algorithm is applied to
the bank credit card customer consumption data sets, the described algorithm is used to realize the
customer segmentation. Data is taken from some province bank credit card users, that consume more
than 100 yuan in a month. Fee includes different purchases of users to use a credit card consumption.
Some user uses credit card frequently and consumption is large, some users uses card with low
frequency and low consumption. The number of sample is 1000. Because clustering algorithm has
characteristics of parallelism, robustness and automatically generated clustering number, combining
with bank credit card user consumption data analysis, the customer groups of different characteristics
are discovered. It can create conditions for bank to promote the new card and improve the contribution
rate of customers. It also can maximize profits of the bank.

Figure 1 : average consumption clustering results of proposed algorithm
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Figure 2 : average consumption clustering results of K-means algorithm

Average consumption clustering results of proposed algorithm is shown in Figure 1 and average
consumption clustering results of K-means algorithm is shown in Figure 2. When the number of
clustering centers is similar, the clustering algorithm based on ant colony is more clear and has better
clustering effect compared with K-means clustering algorithm.
Consumption average values above 8000 are category of 7, 8, 9, and 10. Above 10000 yuan,
there are two classes (9, 10). In Figure 2, the average consumption value above 8000 yuan is only class
10, and there is no class above 10000 yuan. Ant clustering algorithm is better for analysis of big
customer with large consumption. It will be good for analysis of the special customer in one to one
marketing, combining the customer's other natural attributes such as type of work and income, customer
group can be analyzed from multiple perspectives.
CONCLUSION
With the development of finance economy, the domestic credit card market has gradually grown
up and been more and more prosperous. In recent years, more and more people use credit card to make
payments and the credit card has become the most popular non-cash payment instruments in china. As a
result, the banks need to classify the credit card customers with the advanced data mining technology,
and then take different measures to target different customers, such as the different marketing, service,
risk control measures etc. At the same time, the banking system has accumulated a large scale of
business data which has provided a basis for the application of data mining. The local commercial bank
should seize the opportunity to apply the data mining technology to help the decision making and the
providing of different service.
An improved K-means algorithm based on the pheromone is introduced clearly. The algorithm
works with the transformation probability to realize the clustering. It has reduced the number of the
parameters and improved the speed of clustering. At last, the proposed algorithm is tested by some
datasets and used to analyze bank credit card customer spending behavior.
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