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Abstract 

Customer relationship management (CRM) has gained lately widespread popularity in many industries. With the 
development of economy and society, customers are unsatisfied with the stereotyped products. As customers 
usually describe their demands in nature language, the demands are often conflicting with each other and are often 
imprecise. The paper studies the operation process of handling customer demand for modern service systems based 
fuzzy logic methods.  While in this mobile medium times, mobile service and CRM are rarely taken into unite study.  
This paper overviews the related theory likes business engineering, relationship marketing and mobile business, 
which can be used in mobile CRM (mCRM) and in the implement of mobile CRM. The paper analyzes the 
underlying technology and marketing issues of the initiation of mCRM  and integrat es various issues of mCRM. 
Moreover, the paper discusses the characteristics of useful mCRM as the implement of mCRM will help the 
enterprise enhance the customer relationship and customers’ loyalty will also gain more profit. A new stability 
criterion for the extended singular dynamic input-output model is given to ensure the stability of input-output 
model.  

Keywords: customer demands, fuzzy logic, mobile customer relationship management (mCRM), mobile service, 
stability. 
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1. Introduction 

Customer relationship management (CRM) has gained 
lately widespread popularity in many industries. 
Relying on the proposition that  customer relationships 
are a true source of competitive advantage , the objective 
of CRM is to build and maintain customer relationships 
by encompassing the sales, marketing, and customer 
service activities. 

The findings in Kalakota and Robinson show 
developing a new customer costs more than six times 
the effort of keeping a present one 1. Hence, any 
demand of the existing customer needs to be treated 
more positively, mining changes in customer behavior 

for the modern service systems are very important 2, 3, 4.  
While for most situations, due to insufficient technical 
knowledge and lack of awarenes s about specifications, 
customers may present demands with some inexact 
meanings. Many service managers revealed that the 
customer demands often received with verbally vague 
description and hard to handle. Thus, the fuzzy demands 
of the customers will lead to great difficulty in product 
design, for which two important issues need to be 
addressed. First, the existing customer demands the 
features of the current products. Second, customers’ 
expectations are new product features. However, the 
voice of the cust omer is generally expressed in layman’s 
language and not explicitly in terms of product features. 
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To process such expressions, a method is needed to 
decompose and classify these expressions to enable the 
new demands to be explored.  

To build and maintain long-term relationships with 
customers, companies should provide differentiated 
relationship values and communicate continuously and 
consistently with each of their customers. For this  
purpose, new digital marketing channels, such as the  
Internet and mobile phones, are considered powerful  
channels to reach customers because they allow 
personalization and interactivity of the content and the  
context of the messages  5, 6. Moreover, digital channels 
are seen to create unique and positive experiences to 
customers by mixing aspects of products, service, brand, 
and  communication 7, and making it possible for 
companies to develop  interactive and relationship-
building contacts with their potential and current 
customers 8. Despite the potential of digital channels, 
only the Internet as a channel to manage customer 
relationships has attracted a lot of attention among 
academics 9, 10. 

Now mobile services are more and more important 
for firms . However, firms can not invest all of resources 
in developing mobile services. In fact, customs  use 
mobile devices mainly for  the simplest services, such as 
text messaging or voice services. Then, understanding 
the amount  putting in mobile services and the quantity 
of output is very necessary. To prevent the spread of 
economic crisis, economists want ed to study the current 
state of a company and research how various policies 
can be used to move the system from its present status 
to a future more desirable state when they tried to deal  
with those dynamic systems. Furthermore, real 
economic systems have uncertain and unpredictable 
factors. These factors must be considered when input-
output problems are researched. In this paper, we will 
directly deal with a kind of extended singular input-
output  system on mobile services instead of convert ing 
them into general systems and consider the uncertainties 
existing in real companies. 

2. Literature Review 

2.1. Semantic analysis and evaluation model 

The customer demands  are normally expressed using 
natural language mostly in layman’s terms. For example, 
customers may require “easy to handle” or “good 
performance” for a new car. When collecting 

information on product features from a large  group of 
customers, computerization of the data processing is 
needed to improve the understanding of customer 
demands and reduce the processing time. However, the 
use of computers can result in difficulties in directly 
extracting information from the customers’ expressions. 
Such difficulties have been frequently discussed, and 
many applications or techniques have been developed to 
solve this problem. Among them, Natural Language 
Processing (NLP) provides a feasible solution 11.  In the 
field of Artificial Intelligence (AI), the focus of NLP is 
on the knowledge necessary to understand natural  
language. AI deals with language as a phenomenon of 
knowledge representation and use. The objective of 
NLP can be achieved by using syntactically driven 
parsing and semantic grammar 12. 

Evaluation is a process that analyzes elements in 
order to achieve different objectives such as quality 
inspection, marketing and other fields in industrial 
companies 13. In these evaluation processes the 
information provided by the experts implies uncertainty, 
vagueness and imprecision. The use of the Fuzzy 
Linguistic Approach has provided successful results 
modeling such a type of information. In sensory 
evaluation it may happen that the panel of experts have 
more or less degree knowledge of about the evaluated 
items or indicators. So, it seems suitable that each 
expert could express their preferences in different 
linguistic term sets based on their own knowledge13. 

Success of an e-business company is strongly 
associated with the relative quality of its website 
compared to that of its competitors. The purpose of this 
study is to propose a multi-attribute e-business website 
quality evaluation methodology based on a modified 
fuzzy TOPSIS approach. In the proposed methodology, 
weights of the evaluation criteria are generated by a 
fuzzy AHP procedure. In performance evaluation 
problems, the judgments of the experts may usually be 
vague in form14. 

2.2. Ranking or prioritizing customer demands 

Two methods being used most to ranking the  customer 
demands: potential gain in customer value index, 
analytic hierarchy process. 

Hom  proposed the Potential Gain in Customer Value 
(PGCV) index, which is an extension of a common 
marketing analysis method 15. In such an analysis, a 
survey is designed to obtain customer ratings on the 
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importance of certain product features and their 
performance. Through the survey, the priority order of 
product features is measured based on two essential 
dimensions: (i) the customers’ perception of the 
importance of the product features; and (ii) the 
performances of the individual features. The two 
dimensions form an Importance/Performance (IP) chart.  
The location in the four quadrants (A, B, C and D) of an 
IP chart denotes the strategic implication of the product  
features. 

The customer requirements are decomposed into a 
hierarchical structure. The relative importance of 
customer requirements at each level is determined by a 
pair-wise comparison. The relative importance of each 
requirement at the lower level is multiplied by the 
priority weight of its upper level. The final priorities of 
the customer requirements are calculated using this 
bottom-up procedure. 

Classification based on association rules is 
considered to be effective and advantageous in many 
cases. However, there is a so-called "sharp boundary" 
problem in association rules mining with quantitative 
attribute domains. Aiming at proposing an associative 
classification approach, namely Classification with 
Fuzzy Association Rules (CFAR), where fuzzy logic is 
used in partitioning the domains. In doing so, the 
notions of support and confidence are extended, along 
with the notion of compact set in dealing with rule 
redundancy and conflict 16. 

The decision making problems may include 
preference information in different formats. A lattice-
based linguistic-valued weighted aggregation (LVWA) 
operator is proposed for multiple attribute group 
decision making with non-totally ordered linguistic-
valued information. Then some transformation functions 
for unifying different formats of preference information 
are reviewed and summarized17. 

2.3. Relationship marketing 

Several authors have clearly pointed towards a high 
level of  association between CRM and relationship 
marketing 18, 19, 20, and some authors do not even make  
any distinction between the terms 21,  22. This emphasis 
on relationships is redefining how companies are 
interacting with their customers 23, 24. On the other  hand, 
elements common to all definitions of CRM include 
leveraging technology to engage individual customers in 
a meaningful dialogue so that firms can customize their 

products and services to attract new customers, develop 
relationships, and retain existing customers 25. While 
CRM does not acknowledge the technology underlying 
the management of customers, CRM is described as 
using information technology (IT) in implementing 
relationship marketing strategies 26. As such, CRM 
unites the potential new technologies and RM thinking 
to deliver profitable, long term relationships 27. 

2.4. Mobile business  

Technological advancements in mobile communications 
enable new ways of doing business 28, often referred to 
as “mobile business” (MB) or “mobile commerce” 
(MC). While Turowski/Pousttchi 29 do not distinguish 
between the two but rather use the term “mobile 
commerce”, Lehner  30 defined “mobile business” as the 
application of mobile technologies to improve or extend 
business  processes and open new market segments. 
They differentiated between “mobile business” and 
“mobile commerce”, the latter being a rather 
subordinate MB field focusing on the handling of 
transactions. We follow Lehner and Zobel’s more 
general understanding and concentrate on mobile 
technologies’ application to support CRM processes 
(mCRM). Typical examples of mCRM are mobile 
marketing (MM), mobile sales force automation (MSA) 
and mobile field service (MFS), or mobile customer 
service (MCS). MM takes advantage of mobile devices’ 
pervasiveness and the very personal nature that is  
typical of communication when using those devices 31.  
MSA and MFS support sales agents and field service 
agents whose work is generally spread  across multiple 
locations by giving them access to CRM systems and 
other required information from any location. MCS 
usually gives customers ubiquitous access to services to 
which they  have subscribed 32, 33. 

3. Processing the Customer Demand 

T here are four characters of customer  demands: 
• Fuzzy. The demands are usually fuzzy and 

indeterminate. C ustomers’ demands about the 
production are ambiguous and unspecific. 
Customers often use words like “less than”, “in 
some sort” to express their demands. 

• Dynamic. T he demands change all the time. On the 
one side, the customer demands will impenetrate 
the whole life cycle,  which  shows different forms in 
the different phases. On the other side, most 
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customers change their demands with the different 
entironment. 

• Multiformity. T he multiformity of customer 
demands lay on two sides: (1) from the overlay 
point of view. The customer demands include  
demands in product designing, manufacturing, 
management and performance etc. (2) from the 
expressing method. The customer demands express 
not only in natural language, sometimes also use 
figure, table and symbol to express the demands. 

• Priority. T he demands ranking different among 
each other. The importance and satisfaction of 
customer demands are different. Some basic 
function demands are extremely important and 
some technology  parameters are slightly important.  
According to the characteristics of the customer 

demands, we use the following method to processing 
the demands. 

3.1. Demand unit analysis tree 

As we discussed above, the customer demand are fuzzy, 
inexact and some times antinomy. We should 
decompose the demands into sub-demands. The  
decomposition of demands will help to set the demands 
model, define the customer demands information and 
made it easy to understand. Here, we defined demand 
unit as the smallest information unit which is 
indivisibility and can describe the customer demand 
unambiguously 34.   

Customer demands have hierarchy. The customer 
demands model can be constructed by decomposing the 
demands according to hierarchy relations 35. In this 
paper, we use analysis tree to express the connections 
between demands hierarchy structure. We define the 
demand root, demand unit and sub-demand as follows 
(see Fig.1): 

 

Sub-Deman

Demand  

Unit  

Demand  

Unit 

Demand  

Unit 

Demand  

Unit  

Demand  

Unit 

Sub-Demand Sub-Demand 

Customer Demands 

 
Fig.1. Demand unit analysis tree 

3.2. Demand decomposition 

We should decompose the original fuzzy and 
unambiguous customer demand   to model the analysis 
tree. There are two important questions: How to control 
the decompose dimension, when should we stop 
decomposition. How to decompose demands?  
T he process of demand decomposition can be figured as  
(see Fig.2) : 
 

 

Semantic analysis 

Expression 

Customer Mind 

Fuzzy demands 

Exact and clear demands 

Demand Unit 

Decompose Rules 

 

 Fig.2. Process of Demand Decomposition 

If nddd ..., 21  are the demand unit s, Φ  means 
there are no repetition between the demand units. The 
rules of decomposition  can be expressed as: 
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Customers usually use natural language to describe 
their expectation. These describe language includes the 
customers ’ demands for the products. We can mine the 
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demand in the words through semantic rules. For 
example, the customer demands for clothes (see Fig.3): 
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Brand 

Semantic 
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Fig.3. Demand semantic segmentation 

3.3. Customer demand priority rating 

To determine the priority of demand units, the fuzzy IF-
Then rules should be customer driven. T he action part 
of the rules should be able to reflect customer needs for 
a specific demand unit. T he demand unit with high 
importance ratings should have higher priorities than 
those with low importance rating. The priority should be 
discussing together with the customer satisfaction. We 
can represent the relationship between importance, 
satisfaction and priority: 

        Table 1. The relationship between importance, 
satisfaction and priority. 

 

Satisfaction 
Importance 

Low Medium High 

High Extremely 
high  

Very high High 

Medium  Slightly 
high  

Medium Slightly 
low 

Low Low Very low Extremely 
low 

 
According to the table, the rules are developed: 
(1) IF importance is high AND  degree of 

satisfaction is low, THEN priority is extremely high. 
(2) IF importance is high AND degree of 

satisfaction is medium, THEN priority is very high. 
(3) IF importance is high AND degree of 

satisfaction is high, THEN priority is slightly high. 

(4)IF importance is medium AND degree of 
satisfaction is low, THEN priority is high. 

(5) IF importance is medium AND degree of 
satisfaction is medium, THEN priority is medium. 

(6) IF importance is medium AND degree of 
satisfaction is high, THEN priority is slightly low. 

(7) IF importance is low AND degree of satisfaction 
is low, THEN priority is low. 

(8) IF importance is low AND degree of satisfaction 
is medium, THEN priority is very low. 

(9) IF importance is low AND degree of satisfaction 
is high,  THEN priority is extremely low. 

4. The Implement of MCRM 

4.1. Technology issues of mCRM 

T echnology plays the substantial role in CRM. Because 
this kind of information system development often 
includes major uncertainties, the technological issues 
have an even more vital role in the initiation of mCRM. 
In addition, customers will not  begin using their mobile 
phones for new functions simply because new 
technology exists. Despite, the key challenge  is to get 
the customers to open and use the company’s mobile 
portal. To sum up, to start the mCRM companies have 
to build the technology underlying mCRM and, 
accordingly, solve the technological uncertainties 
related to it. T here are four critical issues to discuss  (see 
Fig.4). 

Technology 

Issues 

Server 

Campaign 

Logic 

Number 

Price 

 

Fig.4. Technology Issues of mCRM  

• Server. The company had to acquire mCRM server 
to be capable of handle, send, receive and store 
amount of SMS and MMS messages. Company has 
to decide either to build in-house expertise or rely 
on partners, and whether to use a managed or a 
hosted solution. In this case, the company decided 
to start mCRM with a hosted mobile marketing 
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platform provided by one of leading companies in 
the mobile marketing and mCRM applications 
market.  

• Number. The company had to decide how to 
acquire a short message service number which 
directs SMS messages from mobile phones to 
mCRM server. Basically, the target audience for 
every campaign will span all major networks of a 
particular country. Consequently, the campaign 
must connect to all networks. 

• Campaign Logic. Campaign logic refers the details 
that customers are supposed to answer the details 
that asked from the customers during the campaign. 
Without the campaign logic, the server cannot 
receive and store messages sent  by the service users. 
In addition, the data received from customers is 
almost impossible to turn into customer information 
without the logic. To be sure that relevant  
information will be saved to the databas e, an 
accurate plan will have to be made. 

• Price. B asically there are three options for setting 
up the price per message sent by service user: 
normal SMS price, free SMS and premium -rate 
SMS message. T he company should decide which 
service to use. 

4.2.  Marketin g issues of mCRM 

From technically implemented point of view, the key 
challenge is to find marketing means to attract 
customers’ attention and gain them to initiate dialogue 
with the company in question. At this marketing level, 
there are two issues to discuss  as in Figure 5. 
• Customers ’ attention. How to attract the attention 

of the potential customers to use mobile medium in 
communication. Because the attraction is pursued 
by the aid of the other mediums, the initiation of 
mCRM for the very first time has, therefore, the 
same basic principles as any other traditional  
marketing campaign.  
The company must identify the target audience, 

determine communication objectives, design the 
message, choose the medium through which to lure 
customers’ attention, and finally collect feedback to 
measure the promotion’s results. When considering 
mCRM after the initiation, a concept should be  
incorporated into the overall marketing strategy. To 
undertake a new series of campaigns based merely on 
the  mobile medium or integration mobile medium to 
existing marketing channels, the latter option, where the 
mobile medium is integrated to existing marketing 

campaigns on other media has proven to be the most 
effective and efficient. In other words, mCRM 
campaigns complement other media, such as television, 
print and Internet, and vice versa. In this case, the 
newspaper was used to attract the customer to join into 
the mCRM  campaign. 
• Data processing. Where they obtained the details of 

the target group from and whether they are in fact 
able to send mCRM messages to these people 
because of legal constraints. Basically, there are 
three different ways to obtain a database of opt-in 
mobile numbers; purchasing, renting or developing 
the  database of your own. The company in question 
decided to develop or collect the database 
independently, in order to get prior permission to 
start mobile dialogue with its customers.  

The collection of the database was organized around 
a marketing campaign, where the company was  asking 
customers to send their personal information, such as 
mobile phone numbers, as well as names and addresses,  
preferences and a permission to send messages to end 
user’s mobile phone via SMS to the retailer. The 
customers could also sign up to the loyalty program. By 
signing in for the loyalty program, customers 
automatically opt-in to the company’s permission based 
mCRM database. The campaign was successful as 
almost 18 000 out of over 22 000 respondents 
(approximately over 80 percent) signed up to the loyalty 
program and gave their permission. The incentive for 
the customers to give their personal information was a 
chance to win a brand new car in a lottery. In addition, 
valuable information and special offers promised to 
send via SMS those, who gave permission. 

4.3. Integrating  issues 

In addition to these technology and marketing related 
issues discussed above, mCRM has to be integrated 
with existing CRM system, as the mCRM solution 
chosen must have ability to provide complete 
integration with the existing CRM system. This system 
integration is necessary condition for achieving 
effective management of interactions across and 
information coordination between different customer 
touch points (e.g., Internet,  direct mail, sales call, and 
mobile medium). Naturally, the integration is necessary 
prerequisite for mCRM upon the existing CRM 
database. Nowadays, extending CRM to mobile medium 
is not as complicated and many CRM systems already 
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support the extension of CRM to mobile medium (see 
Fig.5) . 
 

Marking 

Issues 

Customers’ 

Attention 

Data processing 

 

Fig.  5.  Marketing Issues of mCRM 

4.4. Characteristics for successful mCRM 

The success of mCRM is not only depending on 
technological maturity of mobile technology and the 
penetration of mobile devices. The predictions are hard 
to be made, but there are certain factors that have to be 
considered when developing a mobile service. Mobile 
CRM should provide added value arising from the 
mobility of the new medium. K ey drivers for mCRM 
today are: 
• Ubiquity---communication anywhere, independent  

of the user’s location. 
• Reachability---users can be contacted anywhere 

anytime or they can limit their  reachability to 
particular persons or times. 

• Security- mobile security technology is emerging in 
terminal providing identification of the owner. 

• Convenience---devices store data, are always at 
hand and are increasingly easy to use. 

• Enhanced functionality which is already partially 
available must support the following factors: 

• Localization of services and applications 
• Instant Internet Connectivity from a mobile phone 
• Personalization 

The value of mobile CRM in business sector is 
studied extensively, since this significance of mobile  
business applications is predicted to increase in the near  
future. Eight core benefits of the mobile business 
applications are summarized in: Connectivity, 
Flexibility, Ubiquity, Location Awareness, Interactivity, 
Efficiency, Effectiveness and Business Transformation.  

5. Stability of Input-output Model for Mobile 
Services 

5.1.  Economics model 

In this section, the classic dynamic Leontief input-
output model will be extended to a kind of singular and 
stochastic input -output model to describe the input-
output amount of firms on mobile services. 

Consider the classic Leontief input-output model 
described by 

( ) ( ) [ ( 1) ( )] ( )x k Ax k B x k x k Y k= + + − + .              (1) 

The vector [ ]1
( ) ( ) ( ) ( )

i n

T
x k x k x k x k= L L  

is the total output vector and xi(k) is the total output 
from sector i . Y(k) is the final net product vector. The 
matrix A is the direct consumption coefficient matrix, B 
is the capital coefficient matrix.  This model is discret e-
time input -output system. The discrete-time input-
output models are used widely because nations make the 
economic plans one time every year or every month. 
However, some economic actions, such as the 
production of a factory, are often continuous. So the 
continuous-time dynamic input -output model should be 
investigated. If we replace the difference 
[ ( 1) ( )]x k x k+ −  with the differential ( )x t& , the 
classic Leontief input -output system (1) will be turned 
into continuous-time dynamic Leontief input -output 
model: 

( ) ( ) ( ) ( )x t A x t B x t Y t= + +&   (2) 
T he vector Y(t) can be considered as the Leontief 

input-output model’s control vector because we can 
affect the quantity of final net product by many 
economic management methods such as controlling the 
scale of investment. Then x(t) can be treated as  the state 
vector. Thus the dynamic Leontief input-output model 
(2) can be turned into a state space model. In real 
companies on mobile services, capital coefficient matrix 
B is not always invertible, because the products of some 
sectors  of companies, such as after-sale service 
departments, can not be treat as capital product and 
applied to invest. So the dynamic Leontief  input -output 
model (2)  can be rewritten as 

( ) ( ) ( ) ( )B x t I A x t Y t= − −&     (3) 

where rankB r n= < .  
In real economic systems, there are many 

unpredicted factors. When the disturbing factors are 
considered, the traditional input-output model should be 
extended to describe the real economic systems. The 
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parameter uncertainty is introduced and the parameters 
are considered as the Markovian jumping parameters. In 
other words, the coefficient matrices A and B will be 
considered to Markovian jumping parameters.  
Furthermore, the investment to a company can not have 
the effect at once. So the time lag need be considered. 
Then the system (3) turns into 

( ) ( ) ( ( )) ( ) ( ( )) ( 1) ( )B x t I A x t Ad r t x t Y t= − + − −&r(t) r(t)                                 
(4) 

The vector function r(t) is a random function 
representing a continuous-time discrete-state Markovian 
process which takes value in a finite set 

{1,2,3 , }M s= L . In economic society, one 
important problem is about the quantity of final net 
product. Sometimes, the final net product is hoped to 
increase to a higher level several years later. However, 
the qu antity of final net product should not increase 
forever because resources of the earth are scarce. 
Scarcity means that society has limited resources and 
therefore can not put all of resources to one sector. So it 
is hoped that the quantity of the final net  product 
remains in a quite stable level. So, we need research the 
stability of the extended uncertain Leontief input-output 
model (4) on mobile services-system . 

Where, nR is the n-dimensional Euclidean 
space; m n×R denotes the m n× real matrices space; I is 
the n n× identity matrix; TA denotes the matrix 
transposition; “*” is used as the term that are introduced 
by symmetry; when matrices X and Y are symmetric,  
X Y>  means that matrix ( )Y X− is positive-definite; 
Ω is a compact set. 

5.2. Stability of input-output model 

This section will investigate the stability of the system 
(4). To discuss this problem, the following definition is 
necessary. 

Definition 1: The extended Leontief input-output 
model is described by equation (4). r(t) can be rewritten 
as ( )i r k= . 
1) System (4) is called to be regular 
if det( )i isB I A− + and det( )i i isB I A Ad− + − is not 
identically zero for any i. 
2) System (4) is impulse-free 
if deg(det( ))i i isB I A rankB− + =  and 

deg(det( ))i i isB I A Ad− + −  irankB= . 
3) System (4) is asymptotically stable if 
equation ( )iB x t& ( ) ( ) ( 1)i iI A x t A d x t= − + − is 
asymptotically stable for any i. 

4) System (4) is called to be asymptotically admissible 
if it is regular, causal and asymptotically stable. 
T hen we have the following result. 
Theorem 1: System (4) is asymptotically admissible if 
there exist matrices Pi>0, Qi>0, Z>0, X11i=0, X 12i=0, 
X22i=0, N1i, N 2i  (i=1,2,⋯,s), such that the following 
inequality holds: 
 

0T T
i i i iB P P B= ≥                                                   (5) 

11 12

22* 0
* *

T
i

T
i

Z A Z

Ad Z
Z

φ φ

φ

 −
 Φ = < 
 − 

                     (6) 

11 12 1

22 2* 0
* *

i i i

i i

X X N
X N

Z

 
 Ψ = ≥ 
  

                        (7) 

where 

11 1 1 11
1

2
s

T T T T
i i i i i i i i i i i ij i j

j

P P A A P Q N B B N X B Pφ π
=

= − + + + + + + ∑
 

1 2 1 1 1 2
T T

i i i i i i iP A d N B B N Xφ = − + +  

2 2 1 1 2 2
T T

i i i i i iN B B N X Qφ = − − + − . 

The  proof can be shew in reference 36. 

5.3.   Numerical example 

For the purpose of simulating the run of the discrete 
singular input-output model, a numerical example is 
provided. Consider the dynamical input-output model 
(1), parameters are assumed as followed: 
 

0.5 0.6
0 0

B
 

=  
 

, 0.3 1.4
3.45 4

A
− − 

=  
 

. 

When ( ) 0Y k = , in other words, all products are 
treat ed as capital product and applied to invest, the 
open-loop economic system (1) turns into 
 

0.5 0.6 1.8 2
( 1) ( )

0 0 3.45 3
x k x k

   
+ =   − −   

.  (8) 

 
Obviously the open -loop system (8) is unstable (see Fig. 
6). Our goal is the design of a state feedback. It can be 
verified that as follows: 
 

[ ]0 1 TS =     [ ]1 1 TQ =  
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Fig. 6. State curve of open-loop system  

1.014 0
0 1.0055

P
 

=  
 

, 4.7 4
3 3

R
− − 

=  
 

. 

Therefore, a state feedback controller can be 
designed as follows: 

4 .7 4
( ) ( )

3 3
Y k x k

− − 
=  

 
. 

When applying this controller, the system (1) turns 
into 
 

0.5 0.6 6.5 6
( 1) ( )

0 0 6.45 6
x k x k

   
+ =   − −   

.        (9) 

 
It is easily to show that the closed-loop discrete-time 

singular dynamic input -output system (9) is stable (see 
Fig.  7). 

 
Fig. 7. State curve of closed- loop system 

6. Conclusions 

This research mainly achieved in processing of 
customer demands for the modern service systems. 
Firstly, defined the demand unit and modeling the 
demand unit analysis tree. Secondly, use semantics  to 
decompose the demands. Thirdly, we determined the 
priority of demand units. The result shows that although 
customer demands are usually described in layman’s 
terms, they can still be processed by using semantics  
analyses. And given the ratings of importance and 
degree of satisfaction for cust omer demands, the fuzzy 
method can be used to determine their priority. Based 
on the priority of demands, the manufacturer can adjust 
their product design and reduce the risk of customer 
dissatisfaction. 

In this paper we also discussed about mobile CRM. 
We first mentioned some related theory such as business 
engineering, relationship marketing and mobile business. 
Based on the related theory, the paper discussed the 
main technology and marketing issues of mCRM and 
put forward the characteristics for a succe ssful mCRM. 
T he future studies could develop the present conceptual 
mCRM and use it to help the company enhance the 
customer relationship, customers’ loyalty, also gain 
more profit . A new stability criterion for the extended 
singular dynamic input -output model is given to ensure 
the stability of input-output model.   
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