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Quality function deployment (QFD) is a widely adopted customer-oriented product development methodology by translating 
customer requirements (CRs) into technical attributes (TAs), and subsequently into parts characteristics, process plans, and manu-
facturing operations. A main activity in QFD planning process is the determination of the target levels of TAs of a product 
so as to achieve a high level of customer satisfaction using the data or information included in the houses of quality (HoQ). 
Gathering the information or data for a HoQ may involve various inputs in the form of linguistic data which are inherently 
vague, or human perception, judgement and evaluation for the information and data. This research focuses on how to deal with 
this kind of impreciseness in QFD optimization. In this paper, it is assumed as more realistic situation that the values of TAs 
are taken as discrete, which means each TA has a few alternatives, as well as the customer satisfaction level acquired by each 
alternative of TAs and related cost are determined based on subjective or imprecise information and/or data. To handle these 
imprecise information and/or data, an approach using some basic definitions of fuzzy sets and the signed distance method for 
ranking fuzzy numbers is proposed. An example of a washing machine under two-segment market is provided for illustrating 
the proposed approach, and in this example, the difference between the optimal solution from the fuzzy model and that from 
the crisp model is compared as well as the advantage of using the fuzzy model is drawn.
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1. Instroduction1)

Quality function deployment (QFD) is a widely adopted 
customer-oriented product development methodology by ana-
lyzing customer requirements (CRs) [1]. It is the basic concept 
of QFD to make use of a set of charts called the houses 
of quality (HoQ) to translate CRs into technical attributes 
(TAs) and subsequently into parts characteristics, process 
plans, and manufacturing operations [11]. In the stage of trans-
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lating CRs into TAs, a HoQ typically includes information 
on the relationship between CRs and TAs, and among TAs 
and benchmarking data [16]. Based upon the information con-
tained in a HoQ, the optimal levels of the TAs of a product 
to achieve a high level of customer satisfaction is determined, 
which is a main activity in QFD planning process. Many 
studies have been carried out in the field of this kind of 
QFD optimization. 

In this paper, however, we are not proposing a new solution 
approach for selecting the optimal set of the TAs in the QFD 
planning process. Instead, we are interested in studying how to 
deal with imprecise data that would occur in practical circum-
stances. Gathering the information and/or data for a HoQ 
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may involve various inputs in the form of linguistic data 
which are inherently vague, or human perception, judgement 
and evaluation on the information and/or data [2]. To handle the 
impreciseness, many researches that combine fuzzy approaches 
with mathematical programming for QFD optimization have 
been carried out [3-10, 12-14, 16, 19, 20-23, 26, 27]. 

On the other hand, a review of the QFD analysis related 
literature reveals that in many studies, the values of TAs 
are assumed to be continuous. In the real world applications, 
however, they are often taken as discrete, which means each 
TA has a few alternatives [9, 17, 25]. Then, experienced 
engineers usually assign a single value to the customer sat-
isfaction level achieved by each alternative for TAs and re-
lated costs, respectively rather than clarify the precise rela-
tionships among them. However, these decisions are usually 
made based on their subjective experiences and/or vague 
(fuzzy) information. Thus, in this study, it is assumed that 
customer satisfaction level and cost for each TA’s alternative 
are imprecise, which may be in the vicinity of a fixed value, 
or substantially less than or greater than a fixed value. We 
will focus on how to deal with the imprecise information 
and/or data necessary for QFD optimization. To deal with 
this kind of imprecise data, we use some fundamental fuzzy 
set theory and the signed distance ranking method [15, 18, 
28] to model and solve the problem considered in this study. 

The proposed approach in this research can be depicted 
briefly as follows. Consider the cost for an alternative of 
TAs. Since each cost for TAs,  , ∀, is imprecise, the en-
gineers should determine an interval [   ],  ≤

    and   , to represent an acceptable range for 
the cost of each TA. This range is interpreted as follows. 
If an estimate of the cost is exactly  , then the acceptable 
grade for that cost will be 1; otherwise, the acceptable grade 
will get smaller when an estimate is approaching one of the 
ends of the interval, i.e.,   or  . Accordingly, 
the engineers need to determine an appropriate estimate for 
each cost from the interval [   ]. This leads to 
the use of fuzzy numbers,        , for the 
problem considered in this study. Obviously, the membership 
grade of a fuzzy number in the fuzzy set corresponds to 
the acceptable grade of an estimate in a given interval. Thus, 
after defuzzifying the fuzzy number   using the proposed 
ranking method, we obtain an estimate for each cost for TAs’ 
alternatives in the fuzzy sense, for example, 

, which is in 
the interval [   ]. Similarly, this fuzzy logic can 
be applied to each customer satisfaction level achieved by 

TAs’ alternatives which is also assumed to be imprecise in 
this paper and we can obtain an estimate for each customer 
satisfaction level for TAs’ alternatives, for example, 

, ∀. 
Then we use 

 and 
 as the cost and the customer sat-

isfaction level for TA i for all i, respectively, to make the 
fuzzy model crisp, and then use the approach for solving 
the crisp problem to solve the fuzzy model. The advantage 
of the proposed fuzzy model in this study is that it is much 
easier to specify a range value than to give an exact value 
for each imprecise cost and customer satisfaction level of 
TAs’ alternatives.

The remaining of this paper is organized as follows. The 
second section introduces the crisp model and the model with 
fuzzy numbers including some basic definitions of fuzzy sets 
and the signed distance method for ranking fuzzy numbers. 
In the third section, an example is shown to illustrate the proposed 
approach. Finally, conclusions are drawn in the last section.

2. Model

Concisely speaking, the model is based on one proposed 
by Yoo [25], and in this paper, it extends to fuzzy model. 
In [25], the problem of determining the optimal levels of 
the TAs in QFD under a multi-segment product market is 
formulated as an optimization model. It is supposed that a 
product has I CRs and J TAs, and the product market is 
partitioned into T market segments. Based on the information 
provided in HoQs, an optimization model is built with the 
objective of maximizing the overall customer satisfaction 
(OCS) within limited budget under a multi-segment market. 
In this research, it is assumed that the two data in the above 
model, customer satisfaction level and cost for each TA’s 
alternative, are imprecise. To deal with these imprecise data, 
an approach using fundamental fuzzy set theory and the sign-
ed distance ranking method is proposed to build the fuzzy 
optimization model. 

Section 2.1, 2.2, and 2.3 briefly introduce the model built 
in [25]. In section 2.4, the proposed approach in this study 
to handle the imprecise data is illustrated.

2.1 Modelling the OCS for a Product Market

For market segment t, we can obtain the relative importance 

of CR i from the other CRs,  ( ≤  ≤  and 
  



  ), 
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and the relationship between CR i and TA j,  ( ≤  ≤  

and 
  



  ). Since the values of TAs are assumed to be 

discrete in this research,  represents alternative k of 
TA j in market segment t.  refers to the customer satisfaction 
level for CR i acquired by .  means the overall 
customer satisfaction for CRs in market segment t achieved 
by . Then,  can be defined as the following

  
  



         (1)

where  is equal to 1 if alternative k of TA j in market 
segment t, , is selected, and it is equal to 0 otherwise. 
The overall customer satisfaction for the customers in market 
segment t, , can be expressed as

  
  




  



  
  




  




  



  (2)

Assuming that the overall customer satisfaction of the 
whole market,  , is the weighted sum of each   over 
the multi-segment market, the objective function of this opti-
mization problem can be formulated as

   
  



  
  




  




  




  



 (3)

where  is the normalized weight of the importance of mar-

ket segment t (≤  ≤  and 
  



  ).

If the number of customers in market segment t is esti-
mated according to historical sales data of a firm,  can be 
obtained as

  
  



              (4)

where  is the estimated number of customers in market 
segment t.

2.2 Formulating the Development Budget Constraint

Various resources including technical engineers, advanced 
equipment, tools and other facilities are required to support 
the design of a new product. From the standpoint of strategic 
planning, these types of resources can be represented in fi-
nancial terms. Assuming that the cost of attaining alternative 
k of TA j in market segment t, , is  and the cost 

function for achieving the degree of attainment of  is 
scaled linearly to the degree of , the budget constraint 
can be described as 


  




  




  



 ≤          (5)

where B is the budget for the development of the product 
over the multi-segment market.

2.3 Optimization Model

The problem of selecting a set of alternatives of TAs for 
each segment in a multi-segment market so as to maximize 
the OCS of the multi-segment market while not exceeding 
budget available for the multi-segment market can be for-
mulated as a multiple choice 0-1 knapsack problem.

Problem (P) 

max   
  




  




  




  



 (6)

s.t. 
  




  




  



 ≤  (7)


  



       for all j, t (8)

∈    for all j, k, t (9)

In the formulation of Problem (P), the objective function 
(6) maximizes the OCS for the multi-segment market; the 
budget constraint (7) indicates that the capital consumption by 
the selected alternatives cannot exceed the available budget for 
the multi-segment market; the alternative selection constraint 
set (8) forces the problem to choose one and only one alter-
native for each TA in any market segment; and the constraint 
set (9) imposes the integrality of the decision variables.

2.4 Optimization Model with Fuzzy Numbers

As mentioned previously in this paper, the customer sat-
isfaction level for CR i acquired by , , and related 
cost, , are assumed to be imprecise since these data are 
usually determined based on the subjective judgement and/or 
vague knowledge of the experienced engineers.

Now, consider . The engineers should determine ac-
ceptable ranges of values for each , which is an interval 
[   ],  ≤  ≤  and  ≤ . 
Then, they choose a value from the interval [  
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 ] as an estimate of each . We say that the 
acceptable grade is 1 if the estimate is exactly; otherwise, 
the acceptable grade will get smaller when the estimate ap-
proaches either   or  . It is clear that 
the acceptable grade for an estimate in an interval corre-
sponds to the membership grade of a fuzzy number in the 
fuzzy set. Thus, this leads to the use of fuzzy numbers. 

Let  be the fuzzy number denoted by 

         (10)
   ≤         for all i, j, k, t

The membership function of  is as shown below :


 











  
   ≤  ≤ 



  
  ≤  ≤  

 

(11)

<Figure 1> shows that when an estimate   equals , 
the membership grade of   in  is 1. However, the more 
away from the position of  an estimate  is, the less 
membership grade of   in  is obtained. The representation 
of imprecise data as fuzzy numbers is useful when those 
data are used in fuzzy systems.

<Figure 1> The Fuzzy Number 

Now, consider the problem of ranking fuzzy numbers. We 
will use the signed distance ranking method, which was de-
fined in [24] for ranking the fuzzy numbers in this research.

D efinition 1 : The signed distance of  is defined by  
    ∈ .

The signed distance is described as follows. If  ,  
lies to the right of the origin 0 and the distance between 

 and 0 is denoted by    . Similarly, if  ,  lies 
to the left of the origin 0 and the distance between  and 
0 is denoted by    . In summary,    stands 
for the signed distance of  measured from the origin 0.

We can see in <Figure 2> that a -cut of the fuzzy number 
      is an interval [ ],  ≤  ≤ , 
where   and   are the left endpoint and the right 
endpoint of the -cut, respectively. The membership func-
tion of       is as shown below :

 
 










   ≤  ≤ 

  ≤  ≤      

 

(12)

From (12) we have that     and   
 where   and   are the signed dis-
tances measured from 0. From Definition 1, we have that 
     and      ≤   
≤ . Hence, the signed distance of the interval [ 

] is defined by ([ ], 0)  




  ]  


   




. Since the function for   is continuous over the inter-
val, the integration can be used to obtain the mean of the 

signed distance, i.e. 




    

 






  


 In addition, for each

∈ , there is a one-to-one mapping between the interval 
  and   as shown in <Figure 
2>, where   is a fuzzy set on   ∞ ∞ , 
 ∈  and  ≤  ≤ , which is called a level   
fuzzy interval, if its membership function is as given below :

        ≤  ≤ 

 
  (13)

<Figure 2> A -cut of Fuzzy Number 

Thus, we have Definition 2 as follows.
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Definition 2 : Let     ∈, where        
∀ ≤  ≤    ∈ The signed distance 
of  measured from (-axis) is defined by 

      




  

            

 




 

            


 (14)

Thus, after defuzzyfying the fuzzy number  by Defini-
tion 2, we obtain an estimate of the customer satisfaction 
level for CR i acquired by  in the fuzzy sense from 
the interval [   ] as follows :


  

    


   (15)

The engineers can then make use of this equation to obtain 
a value as an estimate of the customer satisfaction level for 
CR i acquired by  for solving the imprecise data pro-
blem.

Similarly, when fuzzifying the cost of , , we ob-
tain as follows :

       , (16)
         ≤        for all j, k, t

The membership function of  is as shown below :


 











  
   ≤  ≤ 



  
  ≤  ≤  

 

(17)

From definition 2, we obtain an estimate of the cost of 
 in the fuzzy sense from the interval [   
] as follows :


  

    


  (18)

The engineers can also obtain a value as an estimate of 
the cost of  by using equation (18) to solve the fuzzy 
problem considered in this study. 

From Problem (P) and Definition 2, the defuzzified Pro-
blem (P) in the fuzzy sense is formulated as follows :

Problem (Q)

max   
  




  




  




  




  (19)

s.t. 
  




  




  




  ≤  (20)


  



       for all j, t (21)

∈    for all j, k, t (22)

where,


    


   ≤     ≤ 


    


   ≤     ≤ 

3. An Illustrative Example

In order to illustrate the application of the proposed ap-
proach in this research, a simple example modified from 
Yoo. (2015) is used [25].  The problem for the application 
is to determine the optimal levels of the TAs of a washing 
machine according to the CRs in the two market segments, 
in which it is assumed that customer satisfaction level and 
cost for each TA’s alternative are imprecise. To handle these 
imprecise data and/or information, the proposed approach in 
this research using some basic definitions of fuzzy sets and 
the signed distance method for ranking fuzzy numbers are 
applied to the example. To compare the results from this 
example with the one from the example used in [25], fuzzy 
and  crisp numbers for customer satisfaction level and cost 
for each TA’s alternative are used for this example.

According to the market survey in [25], the customers of 
the washing machine for the two market segments have five 
CRs as their biggest concern for the product which are 
“thorough washing”, “quiet washing”, “thorough rinsing”, 
“less damage to clothes” and “short washing time”. From 
the viewpoint of engineer’s design of the washing machine, 
five TAs are also identified to satisfy the five CRs, i.e. 
“washing quality (%)”, “noise level (dB)”, “washing time 
(min)”, “rinsing quality (%)” and “clothes damage rate (%).” 
In this example, each TA has three alternatives. The relation-
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ship between CRs and TAs, the relative importance of CRs, 
and the alternatives of each TA and corresponding customer 
satisfaction information for the market segment 1 and 2 are 
showed in the HoQs in <Table 1> and <Table 2>, respec-
tively. Since the customer satisfaction level for each TA’s 
alternative are assumed to be imprecise in this example, fuz-
zy numbers are used. To put these fuzzy numbers in the 
HoQ template, the range of the customer satisfaction levels 
for each alternative of TAs determined by the experienced 
engineers,  and  for , for all i, j, k, t, as well 
as the estimates of the customer satisfaction levels obtained 

by using 
    


  , for all i, j, k, t, are 

also shown in <Table 1> and <Table 2> for the two seg-
ments, respectively. <Table 1> and <Table 2> also include 
the crisp numbers for the customer satisfaction level for each 
TA’s alternative for the two segments, respectively.

The cost information related to the TAs’ alternatives and 
the total budget for the two market segments are given as 
follows. As the costs for each TA’s alternative are also as-
sumed to be imprecise in this example, the range for these 
costs,  and  for , for all j, k, t, as well as the 

estimates of the costs obtained by using 
    



( ) for all j, k, t, are shown in <Table 3> and 
<Table 4> for the two segments, respectively including the 
crisp numbers for , for all j, k, t,. The accumulative cus-
tomer satisfaction level achieved by each TA alternative for 
the two market segments is also shown in <Table 3> and 
<Table 4> for both cases of crisp numbers and fuzzy 
numbers. The total budget is assumed to be 24. We also 
assume that the numbers of customers in the two market 
segments,  and , were estimated as 12,000 and 9,000, 
respectively. These data are used to represent the importance 
of the two market segments. 

Based on these data given in this example, Problem (P) 
and Problem (Q) which are the crisp model in [25] and the 
fuzzy model, respectively are formulated as follows :

Problem (P)

max 0.1475+0.1716+0.1823+0.0769+0.0550 
+0.0335+0.0497+0.0425+0.0357+0.1444

+0.1130+0.0766+0.0829+0.0819+0.0782

+0.0945+0.0994+0.1036+0.0014+0.0020 

+0.0029+0.0593+0.0612+0.0635+0.0660 

+0.0792+0.1132+0.0903+0.0964+0.1083

s.t. 3+4+5+5+3+2+4+2

+1+3+2+1+4+2+1+3

+4+5+3+4+5+1+2+3

+1+2+4+1+2+3 ≤ 24

++ = 1

++ = 1

++ = 1

++ = 1

++ = 1

++ = 1

++ = 1

++ = 1

++ = 1

++ ≤ = 1

∈   for all j, k, t

Problem (Q)

max 0.153+0.1700+0.1820+0.07693+0.05365

+0.04082+0.0499+0.0427+0.0363+0.1447

+0.1144+0.0823+0.0815+0.0800+0.0793

+0.0950+0.0988+0.1043+0.0015+0.0021

+0.0029+0.0598+0.0614+0.0644+0.0677

+0.0804+0.1130+0.0867+ 0.0927+0.1027

s.t. 2.7425+3.9825+5.0575+5.0625+3.0825

+1.775+4.07+2.23+1.2425+2.6025

+2.36+1.155+4.21+2.08+1.035

+3.025+4.495+4.58+2.84+3.585

+5.26+1.1225+1.9425+2.595+0.8475

+1.835+3.7075+1.225+2.1775

+2.645 ≤ 24

++ = 1

++ = 1

++ = 1

++ = 1

++ = 1

++ = 1

++ = 1

++ = 1

++ = 1

++ = 1

++ = 1

∈   for all j, k, t
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<Table 3> Cost and Customer Satisfaction Level for Market

Segment 1

Washing
Quality

Value (%) 90 95 98

Cost

Crisp 3 4 5

Fuzzy
c* 2.7425 3.9825 5.0575

(△1, △2) 1.12, 0.09 0.12, 0.05 1.67, 1.9

Accumulative 
Satisfaction

Crisp 0.1475 0.1716 0.1823

Fuzzy 0.1530 0.1700 0.1820

Noise
Level

Value (db) 45 50 60

Cost

Crisp 5 3 2

Fuzzy
c* 5.0625 3.0825 1.775

(△1, △2) 1.67, 1.92 0.06, 0.39 0.91, 0.01

Accumulative 
Satisfaction

Crisp 0.0769 0.0550 0.0335

Fuzzy 0.07693 0.05365 0.04082

Washing
Time

Value (min) 30 35 40

Cost

Crisp 4 2 1

Fuzzy
c* 4.07 2.23 1.2425

(△1, △2) 0.81, 1.09 0.03,0.95 0.08, 1.05

Accumulative 
Satisfaction

Crisp 0.0497 0.0425 0.0357

Fuzzy 0.0499 0.0427 0.0363

Rinsing
Quality

Value (%) 95 90 80

Cost

Crisp 3 2 1

Fuzzy
c* 2.6025 2.36 1.155

(△1, △2) 1.59, 0 0.01, 1.45 0.33, 0.95

Accumulative 
Satisfaction

Crisp 0.1444 0.1130 0.0766

Fuzzy 0.1447 0.1144 0.0823

Clothes
Damage

Rate

Value (%) 0.5 0.7 1

Cost

Crisp 4 2 1

Fuzzy
c* 4.21 2.08 1.035

(△1, △2) 0.14, 0.98 0.23, 0.55 0.03, 0.17

Accumulative 
Satisfaction

Crisp 0.0829 0.0819 0.0782

Fuzzy 0.0815 0.0800 0.0793

<Table 4> Cost and Customer Satisfaction Level for Market

Segment 2

Washing 
Quality

Value (%) 92 94 96

Cost

Crisp 3 4 5

Fuzzy
c* 3.025 4.495 4.58

(△1, △2) 0.56, 0.66 0.01, 1.99 1.69, 0.01

Accumulative 
Satisfaction

Crisp 0.0945 0.0994 0.1036

Fuzzy 0.0950 0.0988 0.1043

Noise 
Level

Value (db) 54 50 46

Cost

Crisp 3 4 5

Fuzzy
c* 2.84 3.585 5.26

(△1, △2) 1.65, 1.01 1.77, 0.11 0.41, 1.45

Accumulative 
Satisfaction

Crisp 0.0014 0.0020 0.0029

Fuzzy 0.0015 0.0021 0.0029

Washing 
Time

Value (min) 39 36 33

Cost

Crisp 1 2 3

Fuzzy
c* 1.1225 1.9425 2.595

(△1, △2) 0.03, 0.52 0.42, 0.19 1.65, 0.03

Accumulative 
Satisfaction

Crisp 0.0593 0.0612 0.0635

Fuzzy 0.0598 0.0614 0.0644

Rinsing 
Quality

Value (%) 81 83 85

Cost

Crisp 1 2 4

Fuzzy
c* 0.8475 1.835 3.7075

(△1, △2) 0.67, 0.06 0.75, 0.09 1.23, 0.06

Accumulative 
Satisfaction

Crisp 0.0660 0.0792 0.1132

Fuzzy 0.0677 0.0804 0.1130

Clothes 
Damage

Rate

Value (%) 1 0.8 0.6

Cost

Crisp 1 2 3

Fuzzy
c* 1.225 2.1775 2.645

(△1, △2) 0.01, 0.91 0.01, 0.72 1.49, 0.07

Accumulative 
Satisfaction

Crisp 0.0903 0.0964 0.1083

Fuzzy 0.0867 0.0927 0.1027

From Problem (P) and Problem (Q), the optimal solutions 
of Problem (P) (crisp model) and Problem (Q) (fuzzy model) 
are obtained using MS Excel Solver as shown in <Table 
5>. All the optimal solutions for these two problems are the 
same except four decision variables which are , , 
, and . In Problem (P),   ,   ,   , 
and   , while   ,   ,   , and    
in Problem (Q). Thus, it is showed in <Table 6> that the 
optimal solutions for the two problems mean that for both 
crisp model and fuzzy model, 95% is taken as level for wash-
ing quality, 40min for washing time, 95% for rinsing quality, 
and 1% for clothes damage rate in segment 1, and 54dB 
for noise level, 39min for washing time, 85% for rinsing 
quality, and 1% for clothes damage rate in segment 2, while 
noise level in segment 1 takes 50dB and 60dB for crisp and 

fuzzy model, respectively and washing quality in segment 
2 takes 92% and 94% for crisp and fuzzy model, respec-
tively. 

Also, a comparison of the OCS obtained from the fuzzy 
model with that of the crisp case is given as follows:  




×   .

The OCS obtained from the fuzzy model may be slightly 
worse or better than that in the crisp case, depending on 
what values the ranges for the customer satisfaction level 
and the cost for each alternative of TAs have. The advantage 
of using the fuzzy model is that ranges for customer sat-
isfaction levels and cost value of TAs’ alternatives are al-
lowed in the problem.
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<Table 6> Summarization of Results

Segments
Technical 
attributes

Crisp Model Fuzzy Model

Alternatives
Customer 

satisfaction level
Cost Alternatives

Customer 
satisfaction level

Cost

1

Washing quality (%) 95% 0.1716 4 95% 0.1700 3.9825
Noise level (dB) 50dB 0.0550 3 60dB 0.0408 1.7750
Washing time (min) 40min 0.0357 1 40min 0.0363 1.2425
Rinsing quality (%) 95% 0.1444 3 95% 0.1447 2.6025
Clothes damage rate (%) 1% 0.0782 1 1% 0.0793 1.0350

2

Washing quality (%) 92% 0.0945 3 94% 0.0950 3.0250
Noise level (dB) 54dB 0.0014 3 54dB 0.0015 2.8400
Washing time (min) 39min 0.0593 1 39min 0.0598 1.1225
Rinsing quality (%) 85% 0.1132 4 85% 0.1130 3.7075
Clothes damage rate (%) 1% 0.0903 1 1% 0.0867 1.2250

OCS 0.8436 0.8271

<Table 5> The Optimal Solutions of Problem (P) and (Q)

Problem (P) Problem (Q )

 0 0
 1 1
 0 0
 0 0
 1 0
 0 1
 0 0
 0 0
 1 1
 1 1
 0 0
 0 0
 0 0
 0 0
 1 1
 1 0
 0 1
 0 0
 1 1
 0 0
 0 0
 1 1
 0 0
 0 0
 0 0
 0 0
 1 1
 1 1
 0 0
 0 0

OCS 0.8436 0.8271

4. Conclusions

This study deals with the more realistic situation in the 
QFD planning process where the values of TAs are taken 
as discrete as well as the ranges for customer satisfaction 
levels and cost value of TAs’ alternatives are allowed since 
it is difficult to assign exact values to these data due to vague 
and/or imprecise information. In this research, the approach 
to deal with these imprecise data was proposed using some 
basic definitions of fuzzy sets and the signed distance method 
for ranking fuzzy numbers. By using the approach, the multi-
ple choice 0-1 knapsack model for selecting a set of alter-
natives of TAs for each segment in a multi-segment market 
was extended to the fuzzy multiple choice 0-1 knapsack 
model.

In order to illustrate the proposed approach in this study, 
the QFD optimization problem for a washing machine with 
five CRs and five TAs under the two market segments in-
cluding the fuzzy numbers was introduced. It was shown 
from this example that the difference between the optimal 
solution from the fuzzy model and that from the crisp model 
may occur depending on what the set of values the ranges 
for the customer satisfaction level and the cost of TAs’ alter-
natives have, as well as the advantage of using the fuzzy 
model is that the imprecise data are allowed in the problem.

As future research in this area, more constraints such as 
technical difficulty, developing time and precedence relation 
for TAs’ alternatives may be added to the model.  Also, 
it should be interesting to incorporate a fuzzy theory into 
the model with the additional constraints.
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