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1. Introduction

Location selection is a multi-criteria decision making (MCDM) problem that includes both
tangible and intangible factors (Kahraman et al.,, 2003). Location problems involve the
determination of the location of one or more new facilities in one or several potential sites.
Obviously, the number of sites should be at least equal to the number of new facilities being
located (Heragu, 2006). The majority of research approaches for location selection focus on
heuristics (Berman et al, 2001) and mathematical programming, such as integer
programming (Melkote & Daskin, 2001), dynamic programming (Canel et al., 2001), and
nonlinear programming (Nanthavanij & Yenradee, 1999). However, the mathematical
programming cannot consider qualitative criteria. Moreover, the decision makers do not
contribute in decision making process, and the roll of experience is ignored. Another
problem is appeared when there are a lot of alternatives. In this condition, the decision
makers prefer to select a group of alternatives, called pre-qualified alternatives. Then,
decision makers will select the best alternative from the new group. A pre-qualification
stage decreases time and costs of the decision making process. In addition, the
characteristics of products affect on the location of factories. For instance, the location of a
factory that manufactures heavy products should be different from ordinary factories.
However in previous researches, the relationship between location criteria and product
criteria is ignored.

In this chapter, we propose a new model for location selection consisting of two phases. In
the first phase (i.e., pre-qualification stage), we propose a novel fuzzy based decision
making model to take into account both qualitative and quantitative criteria. In the second
phase (i.e., final selection), quality function deployment (QFD) is applied to select the best
location to establish a factory. Not only QFD is a planning tool used in quality control, but
also it is a useful tool in decision making. QFD enables us to consider the relationship
between product criteria and location criteria to select the best location. This feature
distinguishes QFD from other decision making tools. Moreover, the fuzzy sets theory,
linguistic variables, and triangular fuzzy numbers are utilized. A major contribution of the
fuzzy sets theory is its capability of representing vague data. In other words, it can
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overcome the uncertainty in human’s judgments. Finally, an illustrative example is
conducted to show the phases of location selection. In this example, eight potential
alternatives (locations) are assessed in the first phase in order to select three alternatives.
Then, fuzzy QFD is applied to select the best location. The implementation of the proposed
model is easy and does not need any optimization background.

This chapter is organized as follows. Section 2 gives a literature review. Section 3 presents a
description for the fuzzy sets theory. Section 4 describes the problem. Then, the proposed
model is presented in Section 5. Furthermore, an illustrative example is given in Section 6.
Finally, conclusions are provided in Section 7.

2. Literature review

Location selection is a multi-criteria decision making (MCDM) problem that includes both
qualitative and quantitative metrics. In this section, a literature review is presented in two
sections, called location selection and quality function deployment (QFD).

2.1 Location selection

In this section, we imply on the papers of location selection using MCDM techniques. Tzeng
& Chen (1999) proposed a location model based on a fuzzy multi-objective approach. This
model helps in determining the optimal number and sites of fire stations at an international
airport, and also determining the best location. Chen (2001) used triangular fuzzy numbers
to select the best distribution location. Furthermore, he proposed a stepwise ranking
procedure to rank fuzzy numbers. Kuo et al. (2002) proposed an algorithm for determining
the location of a store. The model is based on fuzzy analytical hierarchy process (AHP).
Kahraman et al. (2003) solved facility location problems using different solutions of fuzzy
multi-attribute group decision-making. They compared four fuzzy models. Chou et al.
(2008) presented a fuzzy multi-criteria decision making (FMCDM) model for location
selection of the international tourist hotel based on triangular fuzzy numbers. Furthermore,
they categorized hotels criteria as a hierarchy. Guneri et al. (2009) used the analytic network
process (ANP) to select the best location. However, in all of these models the relationship
between product characteristics and location criteria is ignored. QFD is a unique tool that
can overcome this drawback.

2.2. QFD

Quality function deployment (QFD) has been widely used for numerous years. It was
originated in Japan in 1970s and became increasingly popular in the western world in the
1980s (Houser & Clausing, 1988). In general, it is used by many companies because of three
reasons: (1) it saves design and development time, (2) it focuses on the satisfaction of
customer, and (3) it improves communication at all levels of the organization (Myint, 2003).
Although QFD has a lot of advantages, it also has some drawbacks, such as the amount of
time required to implement QFD, and the qualitative and subjective decision-making
process (Cohen, 1995; Bouchereau & Rowlands, 2000). Because of the lack of precise
information from customer requirements, QFD team members usually determine the
relationships between customer requirements and engineering design requirements
subjectively (Chen & Weng, 2003). Fig. 1 shows the number of articles on QFD from 1999
until 2008, which is obtained by Scopus on 21 June 2009. The increasing trend shows that
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this field of study has a lot of opportunity for future research. QFD basically consists of four
matrixes: namely planning matrix, designing matrix, operating matrix, and control matrix as
shown in Fig. 2.

The house of quality (HOQ) is an important tool for QFD activities, containing information
on “what”(customer requirements), “how” (design requirements), relationship between
“what” and “how”, and the relationship between the “how” factors themselves (Chen & Ko,
2009). Fig. 3 illustrates a HOQ including customer requirements (CR), design requirements
(DR), parts requirements (PR), process operations (PO), and production characteristics (PC).
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Fig. 1. Numbers of scientific articles in the HOQ or QFD

DR PR PO PC

— —) —)

CR Phase 1 DR Phase 2 PR Phase 3 PO Phase 4

Fig. 2. QFD in four phases

Chan & Wu (2002) presented a literature review for QFD. They also reviewed historical
development of QFD, especially in Japan and USA. They categorized functional fields of
QFD as product development, quality management, customer needs analysis, design,
planning, decision-making, engineering, management, teamwork, timing, and costing.
Sharma et al. (2008) reviewed a literature on the topic and application of QFD. They implied
that intelligent quantitative methods, such as artificial neural networks, analytical heirarchy
process (AHP) and fuzzy logic, can be combined with the model to improve the reliability of
decisions.

QFD has been applied in several fields from manufacturing to service environments. Some
of researchers have combined fuzzy concepts or AHP to overcome the uncertainty in the
assessment process. Halog et al. (2001) utilized the QFD model to determine the emissions
that need to be analysed for environmental performance improvement. Partovi &
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A) Customer requirements (CR)

B) Prioritized CR

C) Design requirements (DR)

D) Relationship between CR and DR
E) Interrelationship between DR

F) Prioritized technical descriptors
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Fig. 3. House of quality

Corredoira (2002) presented a model for prioritizing and designing rule changes for the
game of soccer. The model is designed based on QFD. In addition, the AHP and analytic
network process (ANP) are used to determine the intensity of the relationship between the
row and column variables of three matrices. Myint (2003) provided a methodology for the
development of the intelligent quality function deployment (IQFD) application in the
discrete parts and assembly environment. The method consists of four matrices. Yang et al.
(2003) used the house of quality (HOQ) to meet the needs of buildable designs in the
construction industry and to develop a fuzzy QFD system for buildable design evaluation.
Chan & Wu (2005) used entropy method instead of using the quite subjective sales-point
concept, and derived competitive priority ratings. Furthermore, they utilized triangular
fuzzy numbers. Bevilacqua et al. (2006) suggested a new method that transfers the HOQ
approach and typical of QFD problems to the supplier selection process. Buyukozkan et al.
(2007) also used triangular fuzzy numbers in designing house of quality model. Li & Kuo
(2007) adopted the genetic chaotic neural network (GCNN) technique to identify customer’s
needs and their priorities and proposed the enhanced QFD. Lee et al. (2008) utilized the
fuzzy and Kano models simultaneously to determine the relationship between customer
requirements and technical characteristics. Raharjo et al. (2008) applied the ANP in the QFD
model to take into account uncertainty in human’s judgments. Liu (2009) stated that
previous researches have focused on the fuzzy HOQ; however, there are other matrices in
the QFD model. They proposed a new model for product planning and part deployment. In
addition, they used fuzzy clustering. Hassanzadeh Amin & Razmi (2009) proposed a general
framework for supplier selection, evaluation, and development. They applied a fuzzy HOQ
for selecting the best internet service provider (ISP). In addition, they integrated a
quantitative model with QFD in order to consider quantitative and qualitative criteria,
simultaneously. Utne (2009) applied the HOQ to improve the environmental performance of
the fishing fleet. However, he ignored the subjective assessment problem of QFD and used
crisp numbers.

In a few papers, QFD is utilized for location selection. Chuang (2002) presented approaches
including a single QFD matrix for relating customer wants to facility location. They
identified location requirements by sampling. Then, the location evaluating criteria are
established from location requirements, and central relationship matrix is filled. Partovi
(2006) presented a strategic solution to a facility location problem by using the AHP, ANP,
and QFD, concurrently. He considered internal and external criteria. However, these models
did not take into account the impression and vagueness of humans’ judgments.
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Some researchers have focused on the problem of subjective assessment in QFD. They
usually use mathematical models to decrease the imprecision in human’s judgements.
Temponi et al. (1999) proposed a mathematical model to identify relationships between
requirements and overcome the vague data. They utilized fuzzy logic. Kim et al. (2000)
developed mathematical models by determining the major model components, such as
objectives and constraints in a crisp or fuzzy way using multi attribute value theory
combined with the fuzzy regression and fuzzy optimization theory. Tang et al. (2002)
proposed two types of fuzzy optimisation models to cover the weaknesses of the QFD
model. They utilized a genetic-based interactive approach. Karsak et al. (2002) employed the
analytic network process (ANP) to fulfill the relationship between customer requirements
(CR) and engineering design requirements (DR). Furthermore, they took into account the
multi-objective nature of the problem by incorporating other goals, such as cost,
extendibility and manufacturability of PTRs.

Chen & Weng (2003) developed QFD model by using fuzzy programming to represent the
relationships between CR and DR. However, they did not provide a case study. Karsak
(2004) presented a multi-objective programming approach that incorporates imprecise and
subjective information inherent in the QFD planning process to determine the level of
fulfillment of design requirements. In addition, they used triangular fuzzy numbers.
According to the difficulties of prioritizing engineering characteristics, Han et al. (2004)
suggested a linear partial ordering approach for assessing the knowledge from participants
and prioritizing engineering characteristics. Fung et al. (2006) proposed a fuzzy linear
regression approach to estimate the functional relationships for product planning based on
QFD. In addition, they extended asymmetric triangular fuzzy coefficients to asymmetric
trapezoidal fuzzy coefficients using the basic concept of the fuzzy regression. Chen & Ko
(2008) extended the previous model. They presented a fuzzy nonlinear model to determine
the performance level of each DR for maximizing customer satisfaction considering Kano’s
category of design requirements. Delice & Gungor proposed a new QFD optimization
approach combining mixed-integer linear programming and Kano model to determine
levels of design requirements. Chin et al. (2009) presented an evidential reasoning (ER)
based methodology for synthesizing various types of assessment information provided by a
group of customers and multiple QFD team members. They stated that they can overcome
the uncertainty in QFD. Zhang & Chu (2009) proposed a group decision-making approach
including two optimization models (i.e., logarithmic and weighted least squares models) to
aggregate multi-format and multi-granularity linguistic judgments. They stated that this
method can handle subjective assessments. Ramanathan & Yunfeng (2009) used the data
envelopment analysis (DEA) for deriving the relative importance of DRs when several
additional factors are considered. They applied the model for the design of security
fasteners for a company. Chen & Ko (2009) proposed fuzzy nonlinear programming models
based on Kano’s concept to determine the fulfillment levels of part characteristics with the
aim of achieving the determined contribution levels of design requirements. Moreover, they
used fuzzy numbers.

3. Fuzzy sets theory

Nowadays, operations research is applied for solving decision making problems.
Unfortunately, real world situations are not often deterministic. As a result, precise
mathematical models are not enough to cover practical situations (Lai & Hwang, 1995). To
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deal with imprecision, the fuzzy set theory (FST) can be used. This concept was proposed by
Zadeh (1965). The FST considers the situations involving the human factor with all its
vagueness of perception, subjectively, attitudes, goals and conceptions. A membership
function of fuzzy sets and operators play a crucial role in the fuzzy set theory. A
membership function is a number between 0 and 1, which is denoted by # (Zimmermann,
2001).

Triangular fuzzy numbers (TFN) are utilized in the decision making process. A triangular
fuzzy number can be denoted by E = (f, g, h) as shown in Fig. 4. In addition, the membership
function is given by Eq. (1). The related results of applying fuzzy arithmetic on the fuzzy
numbers, A = (a, b, ¢) and E = (f, g h), are as follows (Lai & Hwang, 1995; Zimmermann,
2001).

w(x) A

1

. >
f g h x
Fig. 4. A triangular fuzzy number
4 0, x<f
x:;’ f<x<g
H)= < 8 (1)
hox g<x<h
h-g'
0, x>h
-
i.  Addition of two fuzzy numbers
A®E=(a+f,b+g,c+h) (2)
ii. Multiplication of two fuzzy numbers
AQ®E=(ax f,bxg,cxh) 3)
iii. Multiplication of any number k and a fuzzy number
k®E=(kxf,kxg,kxh) 4)

4. Problem definition

A manufacturer wants to establish a new factory. One of the most important factors of this
decision is to select the most suitable location. Each location can be considered as an
alternative. In addition, the suitable location should be chosen based on several metrics,
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such as facilities and the cost of land. The related criteria consist of both qualitative and
quantitative ones. Furthermore, it is important to take into account product characteristics as
well as location criteria because product criteria have influence on location selection. For
instance, the location of a factory producings heavy products should be close to customers
in order to decrease transportation costs.

5. Proposed model

In this section, we propose an integrated model to select the best location. The model
includes two phases. In the first phase, a collection of alternatives (i.e., locations) is selected
based on a set of criteria. The new fuzzy method is applied to overcome the uncertainty. The
pre-qualification stage can decrease the time and costs of assessment when a lot of
alternatives exist. In the second phase, a fuzzy QFD method is proposed to select the best
location. QFD is a unique tool considering the relationship between product and location
criteria.

5.1 Phase 1

In this pahse, a new method based on linguistic variables and triangular fuzzy numbers
(TFNSs) is proposed. The output of this stage is a set of qualified locations. First, the members
of a decision making group should be selected. Three or five managers can contribute in the
decision making process. Suppose that there are N decision makers (n =1, 2,..., N), M criteria
(m=1,2,., M), and K qualified locations (k =1, 2,..., K). The steps of the proposed algorithm
are as follows:

Step 1: Define the proper criteria: the decision making group organizes meeting and
determines the appropriate criteria consisting of qualitative and quantitative factors.

Step 2: Let U = {VL, L, M, H, VH} be the linguistic set used to express opinions on the group
of criteria. The linguistic variables of U can be quantified using triangular fuzzy numbers
(please refer to Fig. 5). Each decision maker establishes a level of importance for each
criterion by using linguistic variables and TFNs. Then, they are combined by Eq. (5), and the
weights of criteria are computed.

_ Wi @wmz D.d W,uN

" N
A
1
VL (0,0,2)
L (025
>< M (258)
H (58 10)
. VH  (8,10,10)
o 1 2 3 4 5 6 7 8 9 10

VL L M H VH
Fig. 5. A linguistic scale for triangular fuzzy numbers

Step 3: Location k (Ay) is assessed based on qualitative criteria. This process is carried out for
all alternatives. In other words, decision makers establish the level of importance. Then
results are combined by Eq. (6), and aggregated weights are computed that are TFNs.
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A ®A ®.PA
Amk — “mkl mkI2\] mkN (6)

Step 4: In this step, the required data are collected for quantitative attributes, such as the cost
of land. Then, the numbers are normalized by Egs. (7) and (8). The purpose of normalization
is to unify the scales of the key factors.

Benefit-criteria normalization:

A Bk 10 m=12,.M  k=1,2,.K 7)
max kBmk
Cost-criteria normalization:
A =T06Buk 10 10 M k=12, (8)
Bmk

Step 5: In this step, the weights of criteria are multiplied by the aggregated weights that are
computed in Steps 3 and 4. Eq. (9) displays the formula. In this equation, ax is a TFN. Now,
the numbers should be defuzzified. In this chapter, a simple method is applied to defuzzify
the numbers. A deffuzzified number of ax = (a, b, ¢) is calculated by Eq. (10). Now, the
locations can be ranked. The result of this step is a collection of the best locations.

A = (w1 ® Agp) @ (wy ® Agy ) ®...® (wpy ® Apge) )

e =2+ 2b+¢ (10)

5.2 Phase 2

In phase 2, the best location is selected. QFD enables us to consider relationship between
product and location characteristics. The main steps of our proposed model are as follows:
Step 1: List customer requirements (CR or product criteria).

Step 2: List design requirements (DR or location criteria).

Step 3: Determine prioritized customer requirement. Each decision maker determines a
weight for each CR. Triangular fuzzy numbers are used to quantify the linguistic variables.
Step 4: Determine a weight of each decision maker. Suppose the weight of DM, is r,, This
parameter can be determined by a manager of company. These variables are designed
according to authority, experience, and the responsibilities of different DMs. In addition, Eq.
(11) should be satisfied where N is the number of decision makers (n =1, 2,..., N).

N
Yo, =1 (11)
n=1

Step 5: Calculate the aggregated weight for CR: The assigned weights by the decision makers
for customer requirement should be aggregated. The aggregated weight (w)) is calculated by
Eq. (12) where P is the number of CR (p =1, 2,..., P).

w, =(1 @wy)®(rn®w,)®..& (ny ®w,y) (12)

p
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Step 6: Determine the relationship between CR and DR. Each decision maker is asked to
express opinion by using the linguistic variables on the impact of each DR on each CR. Here
again, triangular fuzzy numbers are used to quantify the linguistic variables.

Step 7: Calculate the aggregated weight between CR and DR. The aggregated weight (a,) is
calculated by the Eq. (13) where N is the number of decision makers (n =1, 2,..., N), P is the
number of CR (p =1, 2,..., P), and M is the number of DR (m =1, 2,..., M).

Ay = (n® apml) D(rn, ® apmz) D.D(ry® apmN) (13)

Step 8: Determine prioritized technical descriptors. Now we can complete the matrix by
calculating the weights of the DR (f,), from the aggregated weight for CR (w,), and the
aggregated weight between CR and DR (a,1) according to Eq. (14). These variables also are
triangular fuzzy numbers.

fn =(w1 ®a1,,)®...® (wp ®apy,) (14)

Step 9: Determine the impact of each location on the attributes: It is necessary to evaluate
locations according to the attributes and combine said assessments with the weight of each
attribute in order to establish a final ranking. In the same way as before, the linguistic
variables are used to quantify triangular fuzzy numbers, then the location rating (LR) is
calculated based on Eq. (15) where K is the number of locations (k=1, 2, ..., K).

Lka = (7’1 ® lrkml) @ (7’2 ® lrkmz) D.® (T’N ® lrkmN) (15)

Step 10: Calculate the fuzzy index (FI) that expresses the degree to which a location satisfies
a given requirement. The FI is a triangular fuzzy number, which is obtained from the
previous scores. Eq. (16) illustrates the formula.

Fl =~ ®[(LRx © f1)®...® (LRigy © fi)] (16)

Step 11: Defuzzifiy the numbers and rank the alternatives. Eq. (10) is applied to defuzzify the
numbers. Now, the locations can be ranked.

6. lllustrative example

In this section, an illustrative example is conducted to show the proposed model. A famous
company that manufactures bicycle components, such as cranks, hubs, rims, and so forth
wants to establish another factory to expand its supply chain. Therefore, this company
should focus on product design during the location selection process. Preliminary
investigation shows that eight sites are considered as the most desirable locations. The
required data are collected by means of interviews with three experts. Fig. 6 shows the
appropriate criteria selected by decision makers for the first phase.

In the first step, decision makers determine the importance of criteria. The results are
illustrated in Table 1. Then the alternatives are assessed based on qualitative factors. Table 2
shows the output of assessment for Location 1. Other locations are assessed in the same
way. Then, the required data for quantitative criteria are collected. Table 3 illustrates the
assessment process. In the next step, final scores are calculated. The score of Location 1 is
illustrated in Table 4. Then, the triangular fuzzy numbers are defuzzified, and finally the

www.intechopen.com



196

Decision Support Systems, Advances in

Criteria

Land

Transportation

Site location

(©)

- Sitting on a flat land (Ci)
- Easily expandable (Cz)
- Land price (quantitative)

- Construction cost (Ca)

- Near main roads (Cs)

- Transportation infrastructure

(&)

- Labour availability (Co)
- Low employee salary (Cio)

- Facilities such as water and

(quantitative) - Close to suppliers and buyers electricity (Ci1)

- Surrounding environment (GCs)

(S)

A As As A4 As As Az As
Fig. 6. Location criteria
Criteria DM; DM, DM; ' eightsof
criteria (w,y)
Cq M M L (1.3 ,4,7)
C M H H 4,7,9.3)
Cs VH VH H (7,9.3,10)
Cs M L M (1.3,4,7)
Cs M L M (1.3,4,7)
Cs VH H H (6,8.7,10)
C; H H H 5, 8,10)
Cs H M M (3,6,87)
Co H H H 5, 8,10)
C1o M M M (2,5,8)
Cn H VH VH (7,9.3,10)
Table 1. Importance of criteria
Aggregated

A; DMi; DM, DM; We%gfltf Ao
C M L M (1.3,4,7)
G L VL M (0.7,2.3, 5)
Cs H H M 4,7,9.3)
Cs VH H VH (7,9.3,10)
C L L VL 0, 1.3, 4)
Cs M M L (1.3,4,7)
Cy H H M 4,7,9.3)
C1o H VH H (0, 8.7, 10)
Cu L VL L 0,1.3,4)

Table 2. Assessment of location 1
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Data Az As As Ayg As Ag A7 Asg
Cs 26 30 31 30 40 25 30 28
Cq 12 15 12 14 10 15 13 13
Normalised data
Cs 9.6 8.3 8.1 8.3 6.3 10 8.3 8.9
Cs 8.3 6.7 8.3 7.1 10 6.7 7.7 7.7

Table 3. Assessment of all locations based on quantitative criteria

Defuzzified
C1 Cz C3 C4 C5 C6 C7 Cs C9 C1o C11 Score
score
o~ S 8 B A o A =)
N ) S B~ SN = ) N o ) —
o ~ ~ — o0 i
o N o 0 g © 2 S -
Wn o & X © © ¢ L < 2 =
—~~ —~ “5
< 2 9 @ 9 5 0«8 4 2 5 a4 *g 4
@ o AR N o T e N e T xd a
A1 : N ) N = = N s 9 : =
~ o 0 g ~ = ~ ~ ~ o
= @) [e'e) ~—~— ~ Yo
p— A——g H
N
Table 4. Score of Location 1
A1 As A3 Ay As As A7 Ag
Defuzzified
42529 42350 43247 45422 43145 459.73  442.07 455.66
score
Rank 7 8 5 3 6 1 4 2

Table 5. Final ranking for the first phase

locations are ranked. It can be inferred from Table 5 that the best three locations are Ag, As,
and A4 The decision makers evaluate these three alternatives in the second phase.

In the second phase, locations A4, Ag, and Ag are evaluated by the fuzzy QFD method to
select the best alternative. Reasonable Cost, Nice Finish, Lightweight, Strength and Durable
are chosen as customer requirements. Now, the decision makers should define suitable
location criteria. The location criteria include Economic (EC), Technological (TE), Social
(SO), Political (PO), and Environmental (EC) factors. The linguistic set is utilized to express
the opinions of experts. Each of three decision makers established the level of importance or
weight for customer requirements. The related results are shown in Table 6.

The manager of the company has determined a weight for each decision maker. In this
example, there are three decision makers. However, one of them has more experience.
Therefore, the manager has devoted the weights as r; = 0.4, r, = 0.3, and r3 = 0.3. The
aggregated weights are calculated in Table 7, where P = 5, M =5, and K = 3. The opinions of
three decision-makers, on the impact of each DR on each CR are shown in Table 8.
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Customer requirements (CR) DM; DM, DM;
Reasonable Cost H L M
Nice Finish L M H
Lightweight H VH H
Strength H M H
Durable M L L

Table 6. Importance of CR

CR DM; DM, DM;
i 0.4 0.3 0.3 Aggregated weights
Reasonable Cost 5, 8,10) 0, 2,5) (2,5,8) (2.6,5.3,7.9)
Nice Finish 0, 2,5) (2,5,8) (5, 8,10) (2.1,4.7,74)
Lightweight 5, 8,10) (8,10, 10) (5, 8,10) (5.9, 8.6, 10)
Strength (5, 8,10) (2,5, 8) (5, 8,10) (4.1,7.1,94)
Durable (2,5,8) 0, 2,5) 0, 2,5) (0.8,3.2,6.2)

Table 7. Aggregated weight
DR Economic (EC) Technical (TE) Social (SO)
CR DM; DM, DM; DM; DM, DM; DM; DM, DM;
Reasonable VH H H M H H H H H
Cost
Nice Finish M H M H L M L M L
Lightweight M H L VH VH H VL VL M
Strength M H H M M H L M L
Durable L M M H H H L M M
DR Political (PO) Environmental (EN)
CR DM; DM, DM; DM; DM, DM;
Reasonable Cost L M M H M H
Nice Finish H H VH L VL L
Lightweight H M H L L L
Strength VH H H VL L L
Durable H VH H L M L

Table 8. Impact of each design requirement (DR) on each customer requirement (CR)

The aggregated weights between CR and DR are calculated. Here again, the a,,, elements are
triangular fuzzy numbers (Fig. 7). Besides, prioritized technical descriptors are obtained.
The fuzzy values are shown in matrix F of Fig. 7. Then, the impact of each potential location
on the attributes is considered. Table 9 shows each decision maker’s opinions on the various
locations in relation to each attribute. Then, location rating is calculated. The FI is calculated
by using Eq. (16). The related results are written in Table 10. Furthermore, triangular fuzzy
numbers have defuzzified by Eq. (10). Now, the alternatives can be ranked. Ultimate
ranking and scores are given in Table 11. According to this table, the eighth alternative (i.e.,
Ag) is the best one to establish a new factory.
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Economic Technical Social Political Environmental
(EC) (TE) (SO) (PO) (EN)
Cost (6.2, 8.8, 10) (38,68,92) (5 8,10) (1.2,3.8,6.8) (4.1,7.1,9.4) (2.6,5.3,7.9)
Nice Finish | (2.9,5.9, 8.6) (26,53,7.9)  (0.6,2.9,59) (5.9,8.6,10) (0,1.4,4.1) (2.1,4.7,7.4)
Lightweight | (2.3,5,7.7) (71,94,10)  (06,15,38)  (41,7.1,94)  (0,2,5) (5.9,8.6,10)
Strength (38,68,92)  (29,59,86) (0.6,2.9,59) (6.2,8.8,10) (0,1.2,3.8) 41,7.1,9.4)
Durable (12,38,68)  (58,10) (12,38,68)  (5.9,8.6,10) (0.6,2.9,5.9) (0.8,3.2,6.2)
fi f2 f3 fa fs
(52.3,177.8,348.2) (21.2,101.6, 258.2) (11.1,79.2, 226.9)
(73.1,209.2, 373.9) (69.8, 211.6, 377.7)
Fig. 7. Completed fuzzy HOQ
DR Economic (EC) Technical (TE) Social (SO)
CR DM; DM, DM; DM; DM, DM; DM; DM, DM;
Ay L VL L H VH H H M H
Ag L L M L M H M L M
Ag M H M H H VH H M H
DR Political (PO) Environmental (EN)
CR DM;: DM, DM; DM;: DM, DM;
Ay H H H M H M
As M M L H H H
Ag H H H VL L L
Table 9. Impact of each location on the attributes
FI a b c
Ay 179 985 2664
Ag 73 683 2321
Ag 203 1071 2759
Table 10. Calculation of the FI index
Score Rank
Ay 1204 2
Asg 940 3
Ag 1276 1

Table 11. Defuzzification

7. Conclusions

Location selection is a multi-criteria decision making (MCDM) problem. In this chapter, this
selection is performed in two phases. In the first phase (i.e., pre-qualification selection), a set
of alternatives are selected by the proposed fuzzy method. This method can handle
qualitative and quantitative criteria. In the second phase (i.e., final selection), quality
function deployment (QFD) is utilized to select the best location. QFD is a unique tool
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considering the relationship between product and location criteria. In addition, linguistic
variables and triangular fuzzy numbers are used to overcome the vagueness in human’s
thought.

In this study, the matrix of the house of quality (HOQ) is applied to select the best
alternative. Future research can be performed based on two or more QFD matrices. For
instance, the roll of process operations can also be taken into account. Besides, the fuzzy set
theory can be replaced by some methods, such as robust and stochastic optimization for
determining the relationship between product criteria and engineering design
characteristics. It is worth to apply these methods in QFD and compare the efficiency of
them.
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