
See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/228085326

Customers Fuzzy Clustering and Catalog Segmentation In Customer

Relationship Management

Conference Paper · December 2009

DOI: 10.1109/IEEM.2009.5372997

CITATIONS

2
READS

325

4 authors, including:

Michel Fathi

University of North Texas

113 PUBLICATIONS   762 CITATIONS   

SEE PROFILE

Kamran Kianfar

University of Isfahan

15 PUBLICATIONS   330 CITATIONS   

SEE PROFILE

Amir Sadeghi

Islamic Azad University, South Tehran Branch

13 PUBLICATIONS   56 CITATIONS   

SEE PROFILE

All content following this page was uploaded by Kamran Kianfar on 06 March 2014.

The user has requested enhancement of the downloaded file.

https://www.researchgate.net/publication/228085326_Customers_Fuzzy_Clustering_and_Catalog_Segmentation_In_Customer_Relationship_Management?enrichId=rgreq-044d2d52afd0d07d20c038d2c066f2fc-XXX&enrichSource=Y292ZXJQYWdlOzIyODA4NTMyNjtBUzoxMDEwMTg1ODcxMDczNDJAMTQwMTA5NjExNzA0NA%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/228085326_Customers_Fuzzy_Clustering_and_Catalog_Segmentation_In_Customer_Relationship_Management?enrichId=rgreq-044d2d52afd0d07d20c038d2c066f2fc-XXX&enrichSource=Y292ZXJQYWdlOzIyODA4NTMyNjtBUzoxMDEwMTg1ODcxMDczNDJAMTQwMTA5NjExNzA0NA%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-044d2d52afd0d07d20c038d2c066f2fc-XXX&enrichSource=Y292ZXJQYWdlOzIyODA4NTMyNjtBUzoxMDEwMTg1ODcxMDczNDJAMTQwMTA5NjExNzA0NA%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Michel-Fathi?enrichId=rgreq-044d2d52afd0d07d20c038d2c066f2fc-XXX&enrichSource=Y292ZXJQYWdlOzIyODA4NTMyNjtBUzoxMDEwMTg1ODcxMDczNDJAMTQwMTA5NjExNzA0NA%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Michel-Fathi?enrichId=rgreq-044d2d52afd0d07d20c038d2c066f2fc-XXX&enrichSource=Y292ZXJQYWdlOzIyODA4NTMyNjtBUzoxMDEwMTg1ODcxMDczNDJAMTQwMTA5NjExNzA0NA%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University_of_North_Texas?enrichId=rgreq-044d2d52afd0d07d20c038d2c066f2fc-XXX&enrichSource=Y292ZXJQYWdlOzIyODA4NTMyNjtBUzoxMDEwMTg1ODcxMDczNDJAMTQwMTA5NjExNzA0NA%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Michel-Fathi?enrichId=rgreq-044d2d52afd0d07d20c038d2c066f2fc-XXX&enrichSource=Y292ZXJQYWdlOzIyODA4NTMyNjtBUzoxMDEwMTg1ODcxMDczNDJAMTQwMTA5NjExNzA0NA%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Kamran-Kianfar?enrichId=rgreq-044d2d52afd0d07d20c038d2c066f2fc-XXX&enrichSource=Y292ZXJQYWdlOzIyODA4NTMyNjtBUzoxMDEwMTg1ODcxMDczNDJAMTQwMTA5NjExNzA0NA%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Kamran-Kianfar?enrichId=rgreq-044d2d52afd0d07d20c038d2c066f2fc-XXX&enrichSource=Y292ZXJQYWdlOzIyODA4NTMyNjtBUzoxMDEwMTg1ODcxMDczNDJAMTQwMTA5NjExNzA0NA%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University_of_Isfahan?enrichId=rgreq-044d2d52afd0d07d20c038d2c066f2fc-XXX&enrichSource=Y292ZXJQYWdlOzIyODA4NTMyNjtBUzoxMDEwMTg1ODcxMDczNDJAMTQwMTA5NjExNzA0NA%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Kamran-Kianfar?enrichId=rgreq-044d2d52afd0d07d20c038d2c066f2fc-XXX&enrichSource=Y292ZXJQYWdlOzIyODA4NTMyNjtBUzoxMDEwMTg1ODcxMDczNDJAMTQwMTA5NjExNzA0NA%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Amir-Sadeghi-22?enrichId=rgreq-044d2d52afd0d07d20c038d2c066f2fc-XXX&enrichSource=Y292ZXJQYWdlOzIyODA4NTMyNjtBUzoxMDEwMTg1ODcxMDczNDJAMTQwMTA5NjExNzA0NA%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Amir-Sadeghi-22?enrichId=rgreq-044d2d52afd0d07d20c038d2c066f2fc-XXX&enrichSource=Y292ZXJQYWdlOzIyODA4NTMyNjtBUzoxMDEwMTg1ODcxMDczNDJAMTQwMTA5NjExNzA0NA%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Islamic_Azad_University_South_Tehran_Branch?enrichId=rgreq-044d2d52afd0d07d20c038d2c066f2fc-XXX&enrichSource=Y292ZXJQYWdlOzIyODA4NTMyNjtBUzoxMDEwMTg1ODcxMDczNDJAMTQwMTA5NjExNzA0NA%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Amir-Sadeghi-22?enrichId=rgreq-044d2d52afd0d07d20c038d2c066f2fc-XXX&enrichSource=Y292ZXJQYWdlOzIyODA4NTMyNjtBUzoxMDEwMTg1ODcxMDczNDJAMTQwMTA5NjExNzA0NA%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Kamran-Kianfar?enrichId=rgreq-044d2d52afd0d07d20c038d2c066f2fc-XXX&enrichSource=Y292ZXJQYWdlOzIyODA4NTMyNjtBUzoxMDEwMTg1ODcxMDczNDJAMTQwMTA5NjExNzA0NA%3D%3D&el=1_x_10&_esc=publicationCoverPdf


  
Abstract - This work is concerned with the fuzzy clustering 
problem of different products in k variant catalogs, each of 
size r products that maximize customer satisfaction level in 
customer relationship management (CRM). The satisfaction 
degree of each customer is defined as a function of his/her 
needed product number that exists in catalog and also 
his/her priority. To determine the priority level of each 
customer, firstly customers are divided to three clusters with 
high, medium and low importance based on his/her needed 
products list. Then, all customers have been ranked based on 
their membership level in each of the above three clusters. In 
this paper in order to cluster customers, fuzzy c-means 
algorithm is applied. The proposed problem is firstly 
modeled as a bi-objective mathematical programming 
model. The objective functions of the model are to maximize 
the number of covered customers and overall satisfaction 
level results of delivering service. Then, this model is 
changed to a single integer linear programming model by 
applying fuzzy theory concepts. Finally, the efficiency of the 
proposed solution procedure is verified by using a numerical 
example.     
 

 
Keywords - Catalog Segmentation, Customer Clustering, 

Fuzzy C-means, Customer Relationship Management 
 
 

I.  INTRODUCTION 
 
 Nowadays, one of the business and marketing 
organizations goals is customer attraction. Catalog design 
has known as the most common way in customer 
attraction, satisfaction, and retention cycle of customer 
relationship management. Meanwhile one of the 
challenges that companies using catalogs face is the 
optimization problem of available products; this means by 
the catalog which products are covered and for which 
cluster of customers is designed. The catalog optimization 
has an effective role in satisfying customers’ requirements 
and company profitability. 

 With the fast growing number of products offered by 
retailers and e-retailers alike, the design of one catalog 
that can contain all products is not feasible. In many 
cases, some customers are interested in only a small 
portion of the products the company carries. In today’s 
global competition, the catalog design has changed as one 
of the competitive tools for marketing among companies. 
The latest Benchmark Survey on Critical Issues and 
Trends conducted by Catalog Age magazine in 2003 
indicates that catalog companies that participated in the 
survey spent a mean 26.1% of their revenue on marketing 

expenses and that print and postage costs account for 
nearly half of those expenses. The number of catalogs that 
companies send to customers and potential buyers is 
increasing at a fast pace [1]. 

Efficiency and profitability of a catalog is evaluated by 
the number of available products of interest to customers 
that companies send to them. The companies seek 
optimum decision making on the customers clusters, not 
optimum decision making as individual.  

The classical catalog segmentation problem was 
introduced by Kleinberg et al.[8]. This problem consists 
of designing K catalogs, each of size r products that 
maximize the number of covered customers. In this 
problem, requirements of a customer are satisfied if at 
least the specified number of products of interest to 
her\him is covered in one of the catalogs. 

In general, the customer-oriented catalog segmentation 
problem is a customer clustering problem where: 

• The task is to determine K clusters of customers 
where each cluster is defined by a set of products of 
interest to the customers and each customer is 
assigned to the cluster (equivalent to a catalog) that 
contains the largest number of products of interest to 
him/her. 

• An acceptable clustering should satisfy two 
constraints: 
1)  Each cluster includes r products, 
2) The need of a customer can be satisfied (i.e., 

covered) by a catalog only the catalog contains at 
least k products of interest to the customer. 
 

Amiri [2] presented a mathematical model that 
consists of designing K catalogs, each of size r products 
and maximizes the number of covered customers. In this 
paper, we have modeled the catalog design problem as a 
fuzzy mathematical programming model and efficiency of 
the proposed model has been verified through a numerical 
example.  

The remainder of the paper is organized as follows. In 
Section 2, we give the definition and formulation of the 
problem. In Section 3, circumstance of the priority degree 
determination on each customer and in section 4 
clustering algorithm of fuzzy c-means is described briefly. 
In section 5, a bi-objective mathematical programming 
model is proposed. This model has been changed to a 
single integer linear programming model by applying 
fuzzy theory concepts in section 6. In the following 
section, a numerical example has been used for better 
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understanding of the problem. Finally, section 8 has been 
addressed to present a general conclusion of the paper.   

 
 

II. Problem definition 
 
 Assume that customers and their product interests are 
known. The main input data for catalog segmentation is 
the customer interest database that contains the set of 
products that each customer is interested in. The product 
interests of a customer can be obtained either by 
aggregating all purchase transactions of the customer or 
by obtaining his/her explicit preferences from a set of 
products. The customer-oriented catalog segmentation 
problem consists of designing K catalogs, each of size r 
products that satisfy the defined objective function of the 
model at the best possible circumstance. It’s assumed the 
need of a customer is satisfied if at least the specified 
minimum number (t) of the products of interest to him/her 
is in one of the catalogs. 
 In this paper, the customers fuzzy clustering and the 
catalog segmentation problem are modeled as a bi-
objective programming model and then are solved. In this 
model, first objective function shows the number of 
customers that we want to satisfy their needs through the 
catalogs set and second objective function implies the 
marginal utility results of allocating the catalogs to the 
customers. In order to build second objective function, at 
first it’s necessary that a priority degree is defined per 
customer.  
 
 

III. Determining priority degree of each customer 
 

In order to determine the priority degree of the 
customers, initially they are divided into three clusters 
with high, medium and low importance based on their 
needed products list. Because of fuzzy nature of the 
problem and the fact that each of the customers may 
partially belong to each of three clusters noted above, 
fuzzy c-means algorithm has been used for clustering the 
customers. More details related to this algorithm have 
been addressed in section 4. If mij show the membership 
degree of the customer i in cluster j and cj  show the 
importance coefficient of cluster j, the priority degree of 
the customer i will be calculated as the following 
equation:  

)(. 1
3

1
j

j
iji cmp ∑

=

=  

 This problem can be modeled as what will be 
explained in section (5). 
 
 

IV. Fuzzy c-means clustering algorithm 
 
Fuzzy c-means (FCM) is a method of clustering which 
allows one piece of data to belong to two or more clusters. 
This method (developed by Dunn in 1973 and improved 
by Bezdek in 1981) is frequently used in pattern 

recognition. It is based on minimization of the following 
objective function: 
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Where m is any real number greater than 1, iju is the 

membership degree of ix in (delete the) cluster j, ix is the 

ith of d-dimensional measured data, jc  is the d-
dimension center of the cluster, and ||*|| is any norm 
expressing the similarity between any measured data and 
the center. 

Fuzzy partitioning is carried out through an iterative 
optimization of the objective function shown above, with 
the update of membership iju and the cluster centers 

jc by: 
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This iterative process will stop when || U (k+1) - U (k) ||< 
δ  
Where δ  is a termination criterion between 0 and 1, 
whereas k is the number of iteration steps. Finally, this 
procedure converges to a local minimum or a saddle point 
of mj .The algorithm is composed of the following steps: 

1. Initialize U=[uij] matrix, U(0). 

2. At step k: calculate the centers vectors C (k) =[cj] 
using U(k). 

3. Update U(k) , U(k+1). 
4. If || U (k+1) - U (k) ||< δ then STOP; otherwise 

return to step 2.  

 

V. Mathematical programming model 
 

The following variables and indices are used in the 
mathematical model definition. 

 
A. Sets and indices 

 
{ }Nk ,...,1=  Nk∈  Set of customers 
{ }MM ,...,1=Mi∈  set of products 
{ }TT ,...,1=  Tj∈  set of catalogs 
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B. Model parameters 
 

Parameter’s 
notation Description 

r Number of available products on each catalog 

t Minimum customer interest threshold (product 
number) 

pi Priority degree of customer ith 

 
C. Decision variables 

 
Variable Description 

kx  1 if catalog k is chosen, otherwise 0. 

kjv  1 if need of customer k is covered by catalog j, otherwise 0.  

jiy  1 if catalog j includes product i, otherwise 0. 

kia  1 if customer k needs to product i, otherwise 0. 

 
The mathematical programming model is presented as 
follows: 

1 k
k N

Max Z X
∈

= ∑                                                     (5) 

2 k k
k N

Max Z p X
∈

= ∑                                                 (6) 

..ts  

ji
i M

Y r j T
∈

= ∀ ∈∑                                           (7) 

,kj kj ji
i M

tV a Y k N j T
∈

≤ ∀ ∈ ∈∑                           (8) 

k kjX V k N≤ ∀ ∈∑                                         (9) 

{ }, , 0,1 , ,k ji kjX Y V k N j T i M∈ ∀ ∈ ∈ ∈        
(10) 
 

The existing relations in the model can be described as 
follows: 
Objective function (Z1) maximizes the number of 
customers covered by the catalogs. Objective function 
(Z2) maximizes overall satisfaction level results of the 
catalogs. Constraints (7) ensure that each catalog includes 
r products. Constraints (8) guarantee that the need of each 
customer should be satisfied by at least one catalog. 
Constraints (9) state that if the customer need is satisfied 
by a catalog, this catalog needs to be chosen. Constraints 
(10) impose the binary nature on sets of decision 
variables. Note that if the sizes of the catalogs are 
different, then the right-hand sides of constraints (7) 
should be set. As following, the above multi-objective 
mathematical programming model will be changed to a 
single ILP model by applying decision making methods 
based on fuzzy theory. 
 

VI. Fuzzy Multi-objective Decision Making (FMODM) 
 

In the recent decades, Fuzzy Multi-objective Decision 
Making (FMODM) methods are considered by 
researchers. In these methods, instead of using an 
optimization criterion, several optimization criteria are 
used. Two major areas have evolved, both of witch 
concentrate on decision making with several criteria: 
Multi Objective Decision Making (MODM) and Multi 
Attribute Decision Making (MADM). Fuzzy set theories 
can be used beside each of them. In MODM problems, we 
don’t have a single optimal solution, what we have is a set 
of efficient solutions that we should choose one of them 
as an optimal compromise solution with respect to the 
preference that decision maker attributes to different 
objective functions.       

In order to model a multi objective problem on fuzzy 
method, function hi can be defined as follows:  

]1,0[: →Rhi  
Where hi is a function of real numbers set on domain 
[0,1]. In this function, value of )(thi  implies the 
satisfaction degree of the decision maker from function 
ith for a specific value t. One of the applied functions 
used in function definition hi is as follows: 

( )
( ( )) 1 i i

i i
i i

M f x
h f x

M m
−

= = −
−

                   (11) 

Where Mi and mi respectively represent maximum and 
minimum values of the function on space of the variable 
decisions. In order to obtain values of Mi and mi , the 
problem should be solved by considering only objective 
function ith and model constraints. Following figure 
shows the satisfaction degree of objective function ith. It’s 
noted that maximization of the objective function is 
considered. 

 

Fig. 1.  Utility function related to decision variables 
 

In Fig. 1.  , it’s obvious that the satisfaction degree equals 

1 for some solutions ( )i if x M≥   (ideal solution for 
objective function ith) and the satisfaction degree equals 0 

for some solutions ( )i if x m≤  (non-ideal solution for 
objective function ith). Also the satisfaction degree in 
interval (mi,Mi) tend to 1 in term of objective function 
bigness. Thus a good compromise solution for a multi 
objective problem can be defined as “a solution that best 

 
Satisfaction 

Degree     
     

        1     
     
     
     
     
     
  mi             Mi       fi(x) 
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serves our cause with respect to set of objective 
functions”. 
Another one of applied functions that also used in this 
paper is as follows:      

1
( )

( ) ( ) 1

0

i

i i
i i i i

i i

i

t R
R f x

h t u t r t R
R r

t r

⎧ ≥
⎪ −⎪= = − ≤ <⎨ −⎪
⎪ <⎩

     (12)    

  Where  
m ax { ( )}

m in { ( )}
i i i

i i

R M f x x X
r m f x x X

≤ = ∈
≥ = ∈

   (12) 
ri , Ri respectively represent at least satisfaction level and 
perfect satisfaction level of objective function ith. This is 
shown in Fig. 2: 

 
Satisfaction 

Degree 
 

     
      

          1      
      
      
      
      
      
 

   
  

     mi   ri                     Ri     Mi  fi(x)  
 

Fig. 2.  Revised utility function  
 

    In the next stage, the objective functions are changed to 
a unique utility function by using one of integration 
operators. In this paper, standard integration operator of 
max-min is used. Here, we should point out that instead of 
the operator max-min, each other combination of T-norms 

and S-norms can be used; but if other operators are used, 
the model constraints are changed to non-linear form that 
will increase the complexity of the model. 

The multi-objective mathematical programming model 
can be changed to an ILP model as explained below: 
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         (13) 

In above equation, λ  shows the marginal utility results 
of solving the model that always its value is between 
[0,1]. 
 
 

VII. Numerical Example 
 

A supplier with 10 different products and 15 
customers is considered. The sale price for each of these 
products is presented in table 1. In table 2 the products of 
interest to each customer and in addition value summation 
of the products of interest to him/her are shown.

 
TABLE 1 

 The prices of available products  
 

Product 1 2 3 4 5 6 7 8 9 10 

Price 4100 6200 5400 4700 5800 6900 4000 5200 3900 5000 
 

TABLE 2 
 The products of interest to each customer and in addition value summation of them 

 

Customer Interest products Value of interest 
products Customer Interest products Value of interest 

products 
1 1,10 9100 9 1,4,6,7,9 23600 

2 2,4 10900 10 2 6200 

3 1,3,4,5,7 24000 11 4,9 10600 

4 1,2,3,4,6,7,9,10 40200 12 1,2,5,7 20100 

5 2,9 10100 13 4,5,10 15500 

6 1,2,4,6,9 25800 14 5,6,7 16700 

7 3,5 11200 15 1,2,3,7 19700 

8 5,6,7,8 21900    
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After clustering the customers by fuzzy c-means algorithm, the membership degree of each customer on each of three 
clusters was obtained as shown table 3. In the next stage, the priority of each customer was calculated according to (1) as 
table 4.  

   
TABLE 3  

The membership degree of the customers in each group 
 

Customer 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Low 0.99 1 0.02 0 1 0.06 0.99 0 0.02 0.93 1 0.03 0.58 0.39 0.05 
Medium 0.01 0 0.96 0 0 0.88 0.01 1 0.98 0.06 0 0.96 0.39 0.59 0.94 

High 0 0 0.02 1 0 0.07 0 0 0.01 0.01 0 0.01 0.03 0.03 0.01 

 
TABLE 4 

The priority degree of each customer  
 

Customer 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Priority degree 1.04 1.02 4.98 9 1 5.04 1.04 5 4.98 1.35 1 4.9 2.77 3.58 4.85 

 
Assume that we want to design three catalogs which 

each of them include 5 different products. The results of 
solving the integer linear programming model is given 
as table 5. 

 
TABLE 5 

 The results of solving the integer linear programming model 
 

Catalog number Available products in catalog 

1 1-2-4-6-9  

2 2-5-6-7-8 

3 1-3-4-5-7 

 
If it’s given that at least necessary utility level for 

satisfying the customers need equals 75% of products 
needed by each customer, according to catalogs 
achieved from solving the mathematical programming 
model, the need of 13 customers are satisfied. Note the 
marginal utility degree is equal to 82%. To solve the 
above model, a PC with processor P4-2.4 GHz was 
used and integer linear programming problem was 
modeled and solved by using Lingo optimization 
software. 

 
 

VIII. CONCLUSION 
 
In the paper, we have studied the fuzzy clustering 

problem of different products in k variant catalogs, each 
of size r products that maximize the customer 
satisfaction level in customer relationship management. 
The proposed problem is firstly modeled as a bi-
objective mathematical programming model. Then this 
model is changed to a single integer linear 
programming model by applying the fuzzy theory 
concepts. Finally, the efficiency of the proposed 
solution procedure is examined by using a numerical 
example. 
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