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In an era of global customization, dominating the majority market with a single product has become
increasingly difficult and almost impossible for most companies. In contrast, they must provide various
product varieties that attract diverse customers, particularly when acquiring distinct market segments.
In practice, however, most companies cannot effectively reduce the gap between customer requirements
and design characteristics, although this impacts the profitability and future growth of companies. Mean-
while, companies often get stuck in the trade-offs between enhancing product varieties and controlling
manufacturing costs. Accordingly, this paper proposes a hybrid framework that combines fuzzy analyti-
cal hierarchy process (AHP), fuzzy Kano model with zero-one integer programming (ZOIP) to incorporate
customer preferences and customer perceptions into the decision-making process of product configu-
ration. Specifically, fuzzy AHP is used to extract customer preferences for core attributes while fuzzy
Kano model is utilized to elicit customer perceptions of optional attributes. Finally, by virtue of ZOIP, the
optimal product varieties (smart cameras) for distinct segments are determined by maximizing overall
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customer utility (OCU) and taking a firm’s pricing policy into account.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

Today, owing to dynamically changing business uncertainties,
achieving successful product development for multiple segments is
becoming much more challenging than before. Traditionally, com-
panies offered products with high quality, low cost, fast delivery
and courteous after-sales service at most to satisfy market majori-
ties. Nowadays, the concept of “mass customization” establishes a
new paradigm for modern manufacturing industries since it treats
each customer as an individual and provides “tailor-made” fea-
tured products that were only offered in the pre-industrial “craft”
era [13]. In practice, balancing the trade-off between enhancing
product varieties and controlling manufacturing cost, configuring
attractive but limited product alternatives and launching them
into niche segments has dominated the competition paradigm,
particularly when a transition has been shifting from “mass” mar-
keting to “target” marketing [5,13,15]. In particular, when the
market becomes saturated (i.e. digital cameras, LCD TVs, and smart
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phones), brand companies must differentiate themselves from
their main competitors.

Reuters News [34] reported one of the astounding news in
Eastman Kodak’s corporate bankruptcy in 2011 although it is one
of the biggest brands in the U.S. Kodak has filed with the U.S.
court in Manhattan for bankruptcy protection and plans to sig-
nificantly shrink its business in the future. Unfortunately, several
Taiwanese OEM/ODM camera manufacturers are now incurring
huge losses for “accounts receivable” because of Kodak’s bankruptcy.
The digital camera, an ultimate cause of Kodak’s decline, was
also invented by this company. Most business consultants ascribe
Kodak’s bankruptcy to one primary driver- “inability to adapt to
the rise of digital photography and the end of film”. Although Kodak
invented the digital camerain 1975, it had vacillated for a long time
and failed to rapidly switch to digital cameras.

As a matter of fact, four crucial terms are frequently indicated
to influence companies’ market shares: product, price, place and
promotion [17]. Among them, the first two “P”s (product and
price) are more significant than the latter pair (place and pro-
motion) because both are directly perceived by customers when
making their purchase decisions. To significantly lower manu-
facturing cost (similar to a pricing weapon), brand companies
have begun to outsource their manufacturing capacity and even
their design capability to Asian partners. Despite the fact that
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Table 1
An overall comparison listed in a chronological order.

Causalities between Customer Customer Product configuration Market segmentation
MRs and ECs preferences perceptions
Askin and Dawson [1] QFD Utility theory N/A Mathematical programming N/A
Liu and Hsiao [22] ANP N/A N/A Goal programming Customer requirements
Sireli et al. [28] QFD N/A N/A Statistical testing N/A
Chen and Chuang [7] N/A N/A Kano model Taguchi method + GRA N/A
Leeetal. [19] QFD N/A Fuzzy Kano N/A N/A
Linetal. [21] AHP N/A Not applicable TOPSIS ranking N/A
Delice and Giingor [11] QFD N/A Kano model Mixed integer programming N/A
Chaudhuri and Bhattacharyya [6] QFD Conjoint analysis N/A Integer programming N/A
Kwong et al. [18] QFD N/A Kano model Genetic algorithm N/A
Chanetal. 5] N/A N/A N/A NPCA +genetic algorithm Customer requirements
Wang and Chen [31] QFD +fuzzy DEMATEL N/A N/A Linear integer programming Affordable prices
Wang and Hsueh [32] DEMATEL AHP Kano model AHP Customer preferences
Wang and Shih [33] QFD + DEMATEL Conjoint analysis N/A TOPSIS ranking Affordable prices
This paper N/A Fuzzy AHP Fuzzy Kano Zero-one integer programming  Affordable prices

N/A represents not applicable.

greater “product” variety significantly stimulates product sales,
brand companies need to balance the trade-off between control-
ling manufacturing cost and enhancing product variety. In addition
to higher manufacturing cost, product varieties also result in sev-
eral adversities, such as larger inventory cost and longer cycle time
[22].

To the best of our knowledge, numerous schemes have been
proposed to balance the trade-offs, including product platform
architecture [14], product family design [13,24], and data-mining
based approaches [1,30]. Nevertheless, most of these merely
support manufacturers without taking customer preferences or
customer perceptions into account [3]. In a globally customized
economy, as it was previously mentioned, this “supplier-driven”
approach is too risky to achieve successful product development.
Consequently, to assist companies in fulfilling multiple product
design for distinct segments, this paper presents a framework
that quantitatively captures customer preferences and percep-
tions and fuses them into the overall customer utility (OCU).
For convenience, an overall comparison between the proposed
framework and other previous publications is summarized in
Table 1.

Customer preference for a product, by definition, is a reflection
of an individual’s inner perception [4], especially when a product’s
capability can be hierarchically decomposed in advance. With-
out loss of generality, this study partitions the entire market into
several ad-hoc segments in which consumers’ affordable prices
and desires for products are jointly considered and quantitatively
defined. In particular, this paper offers a systematic approach that
allows a company to determine the optimal product varieties with
respect to the recognized segments. The contribution of this work
is summarized as follows:

e Without loss of generality, product attributes are functionally
decomposed into multiple-level core attributes and dichotomous
optional attributes for simplifying product complexity,

Table 2
An overall comparison among QFD, CA, AHP, and Kano model.

¢ A market-oriented approach is presented to quantitatively incor-
porate customer preferences and customer perceptions into the
decision-making process of product development,

¢ The optimal product varieties for multi-segments are systemat-
ically determined with consideration of overall customer utility
and a firm’s pricing policies.

The remainder of this paper is organized as follows. Section
2 overviews several representative techniques including quality
function deployment, conjoint analysis, and Kano model. Section
3 presents the details of the proposed framework. An industrial
example for optimizing product varieties of smart cameras for
multi-segments is illustrated in Section 4. Conclusions are drawn
in Section 5.

2. Literature review

In an era of mass customization, companies must understand
what customers need in order to avoid fatal mistakes before
product strategies are implemented [10,21]. In practice, ensuring
customer satisfaction by offering appropriate product varieties sig-
nificantly stimulates product sales [29]. A new paradigm named
mass customization tries to offer products or services that best fit
customer requirements while maintaining near mass production
efficiency [15]. In reality, incomplete marketing information or a
poor understanding of customers usually result in worse product
design, higher manufacturing costs, and longer cycle time. Several
common techniques including quality function deployment (QFD),
conjoint analysis (CA), and Kano model (KM) have been proposed
to reduce the gaps between customer requirements and product
varieties (also see Table 2).

Quality function deployment originally proposed by Akao [2]
has been widely applied to various industries for translating
marketing requirements (MRs) into engineering characteristics
(ECs). By considering the inter-dependences between MRs and ECs

QFD

Conjoint analysis

AHP Kano model

Basic principle Transforming MRs

into ECs
Handling a hierarchical tree structure Difficult Difficult
Handling numerous attributes on a hierarchy Limited Limited
Handling multiple-level core attributes Difficult Good
Handling dichotomous optional attributes Difficult Limited

Balancing the trade-offs
among design alternatives

Conducting pair-wise
comparisons among
alternatives

Expressing two-dimensional
perceptions

Good Difficult
Limited Good
Good Limited
Limited Good

MRs stand for marketing requirements and ECs represent engineering characteristics.
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Fig. 1. An illustration of the Kano model.

and their inner-dependences, the conventional QFD generates the
priorities of ECs in terms of the weights of MRs. Nevertheless, when
a product is characterized by multiple-level core attributes associ-
ated with dichotomous optional attributes, the QFD is deficient in
optimizing product configuration [31].

Conjoint analysis [23] is, by far, the most popular method used
to measure customer preferences for multi-attributed products,
brands, service plans. It assumes that the utility of an alternative
perceived by a respondent is linearly additive and quantitatively
decomposed into observable and random components as:

Uni = Bo + Z,Bjxhij + & (1)
Jj

where Uy; is respondent is utility of alternative h, &j; is a random
component, Xp; denotes attribute js partial worth for alterna-
tive h for respondent i, By and B; are regression coefficients. In
reality, CA requires a respondent to make trade-offs among vari-
ous alternatives that are characterized by multiple attributes and
a state-of-the-art review is referred to [12,33]. Obviously, when
either product attributes or the associated levels are not limited, it is
problematic for a respondent to rank numerous alternatives at the
same time. Hopefully, the ranking process of CA can be simplified
through fractional factorial design.

The Kano model [16], as shown in Fig. 1, provides a two-
dimensional nonlinear approach that expresses customer
perceptions: delight for functional presence and disgust for

Table 3
An illustrated questionnaire applied to the conventional Kano model.

dysfunctional absence. Based on a so-called Kano questionnaire,
an invited respondent needs to select one of the following five
linguistic terms: “like”, “must-be”, “neutral”, “live-with”, and “dis-
like”, for both the functional and the dysfunctional sides (see
Table 3). According to Table 4, all possible combinations of these
customer assessments are classified into one of the Kano cate-
gories, including attractive, one-dimensional, must-be, indifferent,
reverse, and questionable. To understand more details, the readers
are suggested to refer to a state-of-art review by Rashid [25]. The
properties of Kano categories are briefly explained as follows:

e Must-be (M): an attribute in this category causes extremely dis-
satisfaction if it is absent, but its presence does not increase the
satisfaction level since customers take its presence for granted.

e One-dimensional (0): the functional presence of an attribute in
this category increases the satisfaction level and its absence pro-
portionally decreases the satisfaction level.

e Attractive (A): the functional presence of an attribute generates
absolutely positive satisfaction while customers are not be dis-
satisfied when it is absent.

e Reverse (R): an attribute in this category must be removed from

a product since its presence is harmful to customer satisfaction.

Indifferent (1): an attribute in this category does not significantly

contribute to customer satisfaction no matter they are present or

absent in a product.

Questionable (Q): this outcome indicates that either the question

is described incorrectly, or an illogical response is given by an

evaluator.

Recently, several techniques were fused to solve different
domain problems (see Table 1 again). For instance, Sireli et al.
[28] integrated Kano model with the QFD for multiple product
design. Lee et al. [19] suggested using QFD in conjunction with
fuzzy Kano model for product lifecycle management. Chauduri
and Bhattachayya [6] integrated QFD with integer programming
to determine the attribute levels for conjoint study. To enhance
customer satisfaction, Chen and Chuang [7] integrated Kano model
with GRA (gray relational analysis) into a robust product design.
Kwong et al. [18] combined Kano model with nonlinear program-
ming to increase customer satisfaction. Delice and Giingor [11]
combined MLIP (mixed integer linear programming) with Kano
model to optimize the parameters of QFD in which design require-
ments are discrete values. As a result of these studies, this paper

How doyou feel about this attribute? I like it that way It must be that way I am neutral I can live with it [ dislike it that way
Attribute 1 Functional v
Dysfunctional J
Functional
Dysfunctional
Attribute n Functional i
Dysfunctional J
Table 4
An evaluation summary for classifying Kano categories.
Functional presence Dysfunctional absence
Like (L) Must-be (M) Neutral (N) Live-with (W) Dislike (D)
Like (L) Q A o
Must-be (M) R I I I M
Neutral (N) R 1 I I M
Live-with (W) R ) I I M
Dislike (D) R R R R Q

A=attractive, I = indifferent, M= must-be, O = one-dimensional, R=reverse and Q= questionable.
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Product decomposition of smart cameras by

characterizing core attributes and optional attributes

/\

Using fuzzy Kano to elicit customer

Using fuzzy AHP to extract customer

preferences for core attributes perceptions of optional attributes

i

Conducting zero-one integer programming to

optimize product varieties for multi-segments

Fig. 2. The proposed approach to optimize product varieties.

proposes a hybrid fuzzy framework and the details are described
in Section 3.

3. The proposed techniques

Fig. 2 shows various schemes including fuzzy AHP, fuzzy Kano
model and ZOIP to accomplish market-oriented product design. For
simplicity, the details are described as follows:

e Fuzzy AHP is used to efficiently extract customer preferences for
core attributes that have multiple-level specifications.

e Fuzzy Kano model is utilized to effectively elicit customer per-
ceptions (i.e. delight and disgust) of optional attributes that have
dichotomous outcomes.

e Zero-one integer programming is conducted to optimize prod-
uct varieties by maximizing overall customer utility as well as
considering manufacturing costs.

3.1. Using fuzzy AHP to extract customer preferences for core
attributes

AHP (analytic hierarchy process) was originally proposed by
Saaty [26] back in the early 1970s to address the allocation of scarce
resources for the military. In order to accommodate the linguistic
nature of human judgments, fuzzy concept is incorporated into the
AHP to measure the relative importance degrees (customer prefer-
ences) of core attributes and associated levels. Generally, fuzzy AHP
[8,9] comprises the following steps:

e Firstly, pairwise comparisons between criteria (core attributes)
and sub-criteria and (detail levels) are undertaken. A 5-point
fuzzy scale (i.e. E (equally), S (slightly ), M (moderately), T (strongly ),
and X (extremely)) expresses uncertain and imprecise preferences
for core attributes.

e Secondly, different experts’ judgments are aggregated. Suppose
S evaluators assess m core attributes and expert k conducts pair-
wise comparisons by using a fuzzy scale. The relative importance
of ; over Cj is shown by the following fuzzy matrix:

Ellk Elzk Blmk
EZlk EZZk T Bka
Sk = 1= 17 27 m,
Em]k EmZk Bmmk
j:1725"'m7 k:1,2,~--5, (2)

Table 5
A random index used by fuzzy AHP.

Order of matrix (number of criteria)

n 2 3 4 5 6 7 8
RI 0 0.58 0.90 1.12 1.24 1.32 1.41

where Eiik represents the fuzzy preference of C; over (; assessed
by evaluator k. Then, experts’ decisions are aggregated through

Egs. (3)-(5):

~ - 1 1 1

by = (Lij, My, Ui) by = b1 = | —, —, — 3)

y ) y» =Y/ ij Uij Mij Lij

Lj = mkil'l(Bijk), My = megian(B,-jk), Uy = mkax(B,]k) (4)
L+ M:: + Us:

by=(“+ R ’J), (5)

where B,-j denotes an aggregated fuzzy number and b;; represents
its defuzzified crisp value using the scheme of “center of area”
[31].

Thirdly, the maximum eigenvalue and its corresponding eigen-
vector are computed in order to estimate the weights of m
criteria:

b1 b1z - bim
b1 by -+ by

A= (6)
bml me bmm

AW = AmaxW (7)

where A is an m x m crisp matrix among m attributes, Apnax is the
largest eigenvalue of matrix A, and W denotes its corresponding
eigenvector. In this study, the eigenvector is treated as customer
preference (importance weights).

Finally, the consistency of the matrix is verified. The property of
transitivity implies that if C1 is preferred to C2, and C2 is preferred
to C3, then C1 is preferred to C3. The consistency index (CI) and
consistency ratio (CR) shown below are used to determine the
consistency of the decision quality:

_ Amax—1
a="T ®)
(0]
R= . (9)

where CI represents the inconsistency index (a value closer to
zero indicates greater consistency), and Rl is a random index (see
Table 5). If the value of CR exceeds 0.1, the decision process is
deemed to be inconsistent and evaluators must revise their judg-
ments.

3.2. Using fuzzy Kano model to elicit customer perceptions of
optional attributes

The original Kano model forces an evaluator to select a sin-
gle answer that reflects his/her feelings for an attribute, such as
“like”, “must-be”, “neutral”, “live-with”, and “dislike”, in a crisp
manner. By contrast, fuzzy Kano model (see Table 6) is good at
processing human vagueness and uncertainties, particularly when
arespondent has multiple feelings for either functional presence or
dysfunctional absence [19,20]. Here, human ambiguity or complex
feelings (uncertainties) are expressed by the possibility degrees for
deriving positive delight and negative disgust of optional attributes.
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Table 6
An illustrated questionnaire applied to fuzzy Kano model.

How much possibility do you feel 1 like it that way It must be that way I am neutral I can live with it 1 dislike it that way
about this attribute?
Attribute 1 Functional 75% 25%
Dysfunctional 10% 80% 10%
Functional
Dysfunctional
Attribute n Functional 30% 55% 15%

Dysfunctional

35% 65%

Let us use a five-element row vector to display an evaluator’s
feeling for both functional presence and dysfunctional absence. For
the Kano model, a crisp scale is described by fun=(1, 0, 0, 0, 0)
and dys=(0, 0, 0, 1, 0) while for the fuzzy Kano, a linguistic scale is
depicted by fun=(0.75, 0, 0.25, 0, 0) and dys=(0, 0, 0.1, 0.8, 0.1). By
virtue of matrix algebra, a 5 x 5 fuzzy relation matrix R is obtained
via (fun)f x (dys), where the superscript t denotes the transpose
operation:

0 0 0.075 0.6 0.075
0 0 0.025 0.2 0.025

R=|{00 0 0 0O (10)
00 0O 0 0
00 O 0 0

when the relation matrix R is obtained, a two-dimensional Kano
classifier is represented by the following matrix form (see also
Table 2):

Kano =

(11)

TR R
— — =~ >
—_— = >
—_— - >
©@X=XXo

R R R R

The possibility degrees for various Kano categories (i.e. attractive,
must-be, one-dimensional, indifferent, reverse, and questionable) are
derived as follows:

possibility {0.675 0.025 0.075 0.225 0 9}

A’ M’ 0’ I RQ
Notice that the possibility degrees are reserved rather than using
the alpha-cut to immediately identify its crisp Kano category.
Unfortunately, Kano model has been criticized to be difficult to
quantify customer perceptions [27]. In this context, both positive
delight (Di*) and negative disgust (D;~) are slightly modified and
quantitatively derived as follows [11,32]:

(12)

Ai+0; —R;
+ i i i 13
t Ai+O,»+Mi+Ri+Ii’ ( )

pr = QitMi-R (14)

T A+ 0+ M +R + 1

where A;, O;, M;, R;, and I; represent the corresponding percent-
ages of responses for various Kano categories. It is noted that the
quantitative degrees of delight or disgust are respectively applied to
measure customer satisfaction/dissatisfaction with two scenarios:
functional presence/dysfunctional absence.

3.3. Using ZOIP to conduct optimal product configuration for
various segments

Two critical terms involving customer preferences for core
attributes and customer perceptions of optional attributes are fused
to maximize overall customer utility (OCU). For simplification, the

objective for a specific segment, decision variables, and cost con-
straints are described as follows (see Eqs. (15)-(19)):

Max OCU = Zwikxik + Z(dj*yj + d]T(l -¥)) (15)
i J
subject to x;; € {0, I}ink =1, i e {core attributes} (16)
k
yj € {0, 1}, j € {optional attributes} 17)
Xk + X < 1,1, m e {core attributes}) (18)
Zcikxik + chyj < Bs, s € {low, medium, high} (19)

i j

where wy, is customer preference for level k of core attribute
i (extracted via fuzzy AHP), and d}’ /dj‘ represents positive
delight/negative disgust with optional attribute j (elicited via fuzzy
Kano model). Eq. (18) implies that level k of core attribute [ cannot
be compatible with level k’ of core attribute m in a practical design
(exclusive constraint). The manufacturing costs of core/optional
attribute i/j are expressed by cji/cj, respectively, and Bs represents
the pricing policy for a specific segment (e.g. the low/medium/high
end segment). Specifically, if x;, =1, level k is selected for core
attribute i. Similarly, if y;=1, optional attribute j is included to fit
the target segment.

4. An industrial example

Inrecent years, owing to the popularity of smart phones, growth
in digital cameras has almost ceased or decreased. In the past, brand
companies focused on enhancing image resolution or shrinking vol-
ume size to improve photo quality or portability. In order to further
differentiate themselves from other competitors, companies now
attempt to include more attractive features to acquire a greater
market share. In the current business environments, it is found
that several famous companies, such as Konica-Minolta (merged by
Sony in 2006), Kodak (which announced bankruptcy in 2011) and
Pentax have gradually withdrawn from this intensively competitive
market.

However, Samsung has now become one of the top five cam-
era suppliers by developing various smart cameras. Obviously,
the speed with which new products are launched and the ability
of controlling manufacturing costs still dominate the key com-
petition rule for these brand companies. To exploit its ability in
cost-controlling and manufacturing flexibility, a Taiwanese elec-
tronics company is now planning to develop various types of smart
cameras to gain more OEM/ODM orders from Japanese or Korean
brand companies.

4.1. Using fuzzy AHP and fuzzy Kano to capture customer
preferences and perceptions

For simplification, it is assumed that a smart camera is
functionally decomposed into multiple-level core attributes and
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Table 7
Functional decomposition of a smart camera.

Specifications Costs ($TWD)

Core attributes A1 Static pixels 550/750/1000
(1400 M/1600 M/1800 M)
A2 optical zoom 500/1000/1800
(4-6x/7-10x/12-18x)
A3 wide angle 400/800/1500
(28-35mm/25-27 mm/22-24 mm)
A4 dynamic video 450/750/1250
(VGA/720P/1080P)
A5 screen size (2.7”/3"/3.3”in.) 600/950/1300
Optional attributes A6 high-speed shutter 1400
A7 touch panel 1000
A8 dust/water proof 1200
A9 shock/freeze proof 1100
A10 GPS tagging 950
A11 Wi-Fi connectivity 700
A12 digital compass 650
A13 barometer 550
Table 8
The extracted customer preferences through fuzzy AHP.
Specifications Weights Priorities
A1 static pixels A11-1400M (0.17) 0.014 13
(0.08) A12 - 1600 M (0.387) 0.031 11
A13 - 1800 M (0.443) 0.036 10
A2 optical zoom A21-3-5x(0.11) 0.040 9
(0.365) A22 - 7-10x (0.309) 0.113 4
A23 - 12-18x (0.581) 0.212 1
A3 wide angle A31 -28-35mm (0.143) 0.043 8
(0.304) A32 - 25-27 mm (0.286) 0.087 5
A33 - 22-24mm (0.571) 0.174 2
A4 dynamic video A41 - VGA (0.106) 0.019 12
(0.179) A42 - 720P (0.26) 0.047 6
A43 - 1080P (0.633) 0.114 3
A5 screen size A51 -2.7in.(0.175) 0.013 15
(0.072) A52 -3in.(0.192) 0.014 13
A53 -3.3in.(0.633) 0.045 7

dichotomous optional attributes (see Table 7). During the process
of product configuration, core attributes must be selected from the
limited specifications but optional attributes are fully flexible to fit
the target segment. Prior to demonstrating empirical results, the
invited respondents need to be confirmed that they have sufficient
knowledge to assess product attributes of smart cameras. To ensure
the reliability and credibility of the questionnaires, they undergo
a consistence test to filter out self-conflicting samples (using Eqs.
(8)-(9)).

As indicated in Table 8, fuzzy AHP is used to extract customer
preferences for core attributes and the priorities are in an order:
A2 - A3 > A4 - A1 > A5 (see the values in parentheses). Apparently,
customers are concerned more about “optical zoom”, “wide angle”,
and “dynamic video” than “static pixels” and “screen size”. Then,
fuzzy Kano questionnaires (see Table 6 again) are sent to elicit

Table 10
Optimizing product varieties for three market segments.
M1: Low-end M2: Medium-end M3: High-end
($TWD 6000) ($TWD 9900) ($TWD 16,000)
Core A1l * *
attributes Al2
A13 *
A21  *
A22 *
A23 *
A31 *
A32 *
A33 *
A41 *
A42 *
A43 *
A51 * *
A52
A53 *
Optional A6 *
attributes A7 * *
A8 * * *
A9 * * *
A10 * *
Al1 * *
A12 * *
A13  * * *

asymmetric perceptions of optional attributes. Table 9 shows the
percentages for Kano categories, which are used to derive the cor-
responding degrees of delight and disgust (see Egs. (2)-(3)). Using
the range that is defined by “delight less disgust” (Di+ -D;7), itis
seen that the order: A8 ~ A9 ~ A7 ~ A10, shows the top four priori-
ties. In other words, four optional attributes like “dust/water proof”,

“shock/freeze proof”, “touch panel”, and “GPS tagging”, are more
attractive to stimulate product sales.

4.2. Optimizing product varieties through conducting zero-one
integer programming

Depending on customers’ affordable prices, the entire market
is specifically divided into three segments: low-end, medium-
end and high-end. In order to satisfy diverse requirements for
multi-segments, manufacturing companies must provide different
product varieties. Again, as shown in Eq. (15), “overall customer util-
ity” consists of two components: customer preferences (obtained
via fuzzy AHP) and customer perceptions (obtained via fuzzy Kano).
By means of ZOIP (see Egs. (16)-(19)), the optimal product varieties
can be systematically determined with consideration of manufac-
turing cost constraints. The results for three market segments are
summarized in Table 10.

For core attributes, all of the lowest and highest specifications
are suggested in the low-end and high-end segments, respectively.
However, the medium segment requires the lowest specifications
for both “static pixels” (A1) and “screen size” (A5) and the medium
specification for the other core attributes. Four optional attributes
“dust/water proof” (A8), “shock/freeze proof” (A9), “digital

Table 9
The elicited customer perceptions through fuzzy Kano model.
A (0] M I Delight Disgust Range Priorities

A6 32% 28% 14% 26% 0.6 -0.42 1.02 7
A7 25% 47% 13% 15% 0.72 -0.6 1.32 3
A8 25% 40% 32% 3% 0.65 -0.72 1.37 1
A9 18% 45% 27% 10% 0.63 -0.72 1.35 2
A10 25% 33% 20% 22% 0.58 -0.53 1.11 4
A1l 22% 34% 14% 30% 0.56 -0.48 1.04 5
A12 27% 30% 15% 28% 0.57 -0.45 1.02 7
A13 29% 31% 12% 28% 0.6 -0.43 1.03 6
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compass” (A12), and “barometer” (A13) are concurrently required
by three segments. However, three optional features including
“touch panel” (A7), “GPS tagging” (A10) and “WiFi communication”
(A11) are only required in the higher segments. Very interestingly,
“high-speed shutter” (A6) is only configured in the high-end seg-
ment. In the future, more optional attributes can be appended and
shifted from the high-end to the low-end when manufacturing
costs are decreased.

5. Conclusions

In order to survive in a wide range of market segments, com-
panies must offer sufficient product varieties to satisfy diverse
customer needs while maintaining controllable manufacturing
complexities. Consumers are usually scattered in the whole mar-
ket in affordable prices, preference patterns, and their buying
behaviors. Consequently, a cost-effective approach that incorpo-
rates customer preferences and customer perceptions into the
decision-making process of product development has become
much more difficult to achieve. Unlike most previous studies, this
paper proposes a systematic, quantitative, yet, feasible framework
thataddresses the aforementioned issues. More importantly, it con-
tributes to this domain by demonstrating the following merits:

e Fuzzy AHP is efficient to extract customer preferences for core
attributes associated with multiple levels of specification when a
product is functionally characterized.

e Fuzzy Kano model is effective to assist product designers in elic-
iting customer perceptions of optional attributes that correspond
to dichotomous outcomes (i.e. functional presence and dysfunc-
tional absence).

e For acquiring distinct segments, zero-one integer programming
is capable to optimize product varieties by maximizing overall
customer utility as well as considering a firm’s pricing policies.

Depending on consumers’ affordable prices, the entire market
is partitioned into three distinct segments (low/medium/high). In
future studies, market segmentation might be carried out according
to customer demographic profiles (i.e. age, gender, occupation, and
social status) or preferences for affective features (i.e. form style,
body material, and color). Furthermore, other data-mining or soft-
computing techniques such as association rule mining, decision
tree and rough set could be fused to accomplish multiple product
design for the recognized niche segments.

Acknowledgements

The authors greatly thank two anonymous referees for giving
their constructive comments on improving the quality of this paper.

References

[1] B. Agard, A. Kusiak, Data-mining based methodology for the design of product
families, Int. J. Prod. Res. 42 (15) (2004) 2955-2969.

[2] Y. Akao, Quality Function Deployment: Integrating Customer Requirements
into Product Design, Productivity Press, Cambridge, MA, 1990.

[3] R.G. Askin, D.W. Dawson, Maximizing customer satisfaction by optimal speci-
fication of engineering characteristics, IIE Trans. 32 (1) (2000) 9-20.

[4] D. Cao, Z. Li, K. Ramani, Ontology-based customer preference modeling for
concept generation, Adv. Eng. Inform. 25 (2011) 162-176.

[5] K.Y.Chan, C.K. Kwong, B.Q. Hu, Market segmentation and ideal point identifica-
tion for new product design using fuzzy data compression and fuzzy clustering
methods, Appl. Soft Comput. 12 (2012) 1371-1398.

[6] A. Chaudhuri, M. Bhattacharyya, A combined QFD and integer programming
framework to determine attribute levels for conjoint study, Int. J. Prod. Res. 47
(23)(2009) 6633-6649.

[7] CE. Chen, M.C. Chuang, Integrating the Kano model into a robust design
approach to enhance customer satisfaction with product design, Int. J. Prod.
Econ. 114 (2008) 667-681.

[8] M.F.Chen, G.H. Tzeng, C.G. Ding, Combining fuzzy AHP with MDS in identifying
the preference similarity of alternatives, Appl. Soft Comput. 8 (2008) 110-117.

[9] Y.C. Chiu, B. Chen, J.Z. Shyu, G.H. Tzeng, An evaluation model of new product
launch strategy, Technovation 26 (2006) 1244-1252.

[10] M. Crawford, A.D. Benedetto, New Products Management, ninth ed., McGraw-
Hill, New York, 2008.

[11] E.K. Delice, Z. Giingor, A new mixed integer linear programming model for
product development using quality function deployment, Comput. Ind. Eng. 57
(2009) 906-912.

[12] P.E. Green, A.M. Krieger, Y. Wind, Thirty years of conjoint analysis: reflections
and prospects, Interfaces 31 (3) (2001) S56-S73.

[13] S.W. Hsiao, E. Liu, A structural component-based approach for designing prod-
uct family, Comput. Ind. 56 (2005) 13-28.

[14] J. Jiao, M.M. Tseng, A methodology of developing product family architecture
for mass customization, J. Intell. Manufac. 10 (1999) 3-20.

[15] J. Jiao, Q. Ma, M.M. Tseng, Towards high value-added products and services:
mass customization and beyond, Technovation 23 (2003) 809-821.

[16] N.Kano, Attractive quality and must-be quality, J. Jpn. Soc. Qual. Control 14 (2)
(1984) 39-48.

[17] P.Kotler, G. Armstrong, Principles of Marketing, twelfth ed., Prentice Hall, New
York, 2007.

[18] CK. Kwong, Y. Chen, K.Y. Chan, A methodology of investigating marketing
with engineering for defining specifications of new products, J. Eng. Des. 22
(3)(2011) 201-213.

[19] Y.C. Lee, L.C. Sheu, Y.C. Tsou, Quality function deployment implementation
based on fuzzy Kano model: an application in PLM system, Comput. Ind. Eng.
55 (2008) 48-63.

[20] Y.C. Lee, S.Y. Huang, A new fuzzy concept approach for Kano’s model, Expert
Syst. Appl. 36 (2009) 4479-4484.

[21] M.C. Lin, C.C. Wang, ML.S. Chen, C.A. Chang, Using AHP and TOPSIS approaches
in customer-driven product design process, Comput. Ind. 59 (2008) 17-31.

[22] E. Liu, S.W. Hsiao, ANP-GP approach for product variety design, Int. J. Adv.
Manufac. Technol. 29 (2006) 216-225.

[23] R.D. Luce, J.W. Tukey, Simultaneous conjoint measurement: a new scale type
of fundamental measurement, J. Math. Psychol. 1 (1964) 1-27.

[24] S.K.Moon, T.W. Simpson, S.R.T. Kumara, A methodology for knowledge discov-
ery to support product family design, Ann. Oper. Res. 174 (2010) 201-218.

[25] M.M. Rashid, A review of state-of-art on Kano model for research direction, Int.
J. Eng. Sci. Technol. 2 (12) (2010) 7481-7490.

[26] T.L.Saaty, The Analytical Hierarchy Process, McGraw-Hill, New York, 1980.

[27] AM.M. Sharifullah, J. Tamaki, Analysis of Kano-model-based customer needs
for product development, Syst. Eng. 14 (2) (2011) 154-171.

[28] Y. Sireli, P. Kauffmann, E. Ozan, Integration of Kano’s model into QFD for mul-
tiple product design, IEEE Trans. Eng. Manage. 54 (2) (2007) 380-390.

[29] G.C. Smith, S.S. Smith, Latent semantic engineering - a new conceptual user-
oriented design approach, Adv. Eng. Inform. 26 (2012) 456-473.

[30] Z. Song, A. Kusiak, Optimising product configuration with a data-mining
approach, Int. J. Prod. Res. 47 (1) (2009) 1733-1751.

[31] C.H.Wang,].N. Chen, Using quality function deployment for collaborative prod-
uct design and optimal selection of module mix, Comput. Ind. Eng. 63 (4)(2012)
1030-1037.

[32] C.H. Wang, 0.Z. Hsueh, A novel approach to incorporate customer preference
and perception into product configuration: a case study on smart pads, Comput.
Stand. Interfaces 35 (5) (2013) 549-556.

[33] CH. Wang, C.W. Shih, Integrating conjoint analysis with quality function
deployment to carry out customer-driven concept development for ultrabooks,
Comput. Stand. Interfaces 36 (1) (2013) 89-96.

[34] http://www.reuters.com/article/comments/idUSTRE80108G20120119,
photography pioneer Kodak files for bankruptcy.


http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0005
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0005
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0005
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0005
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0005
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0005
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0005
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0005
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0005
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0005
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0005
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0005
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0005
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0005
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0005
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0005
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0005
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0005
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0005
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0005
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0005
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0005
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0005
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0010
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0010
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0010
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0010
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0010
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0010
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0010
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0010
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0010
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0010
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0010
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0010
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0010
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0010
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0010
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0010
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0015
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0015
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0015
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0015
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0015
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0015
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0015
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0015
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0015
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0015
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0015
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0015
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0015
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0015
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0015
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0015
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0015
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0015
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0015
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0015
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0015
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0015
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0020
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0020
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0020
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0020
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0020
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0020
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0020
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0020
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0020
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0020
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0020
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0020
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0020
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0020
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0020
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0020
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0020
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0020
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0020
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0020
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0020
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0025
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0025
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0025
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0025
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0025
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0025
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0025
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0025
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0025
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0025
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0025
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0025
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0025
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0025
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0025
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0025
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0025
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0025
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0025
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0025
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0025
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0025
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0025
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0025
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0025
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0025
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0025
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0025
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0025
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0025
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0025
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0025
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0025
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0030
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0030
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0030
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0030
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0030
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0030
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0030
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0030
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0030
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0030
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0030
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0030
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0030
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0030
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0030
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0030
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0030
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0030
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0030
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0030
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0030
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0030
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0030
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0030
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0030
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0030
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0030
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0030
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0035
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0035
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0035
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0035
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0035
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0035
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0035
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0035
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0035
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0035
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0035
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0035
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0035
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0035
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0035
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0035
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0035
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0035
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0035
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0035
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0035
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0035
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0035
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0035
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0035
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0035
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0035
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0035
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0035
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0040
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0040
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0040
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0040
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0040
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0040
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0040
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0040
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0040
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0040
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0040
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0040
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0040
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0040
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0040
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0040
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0040
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0040
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0040
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0040
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0040
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0040
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0040
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0040
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0040
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0040
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0045
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0045
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0045
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0045
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0045
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0045
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0045
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0045
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0045
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0045
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0045
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0045
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0045
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0045
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0045
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0045
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0045
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0045
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0045
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0045
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0045
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0045
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0050
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0050
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0050
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0050
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0050
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0050
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0050
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0050
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0050
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0050
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0050
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0050
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0050
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0050
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0055
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0055
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0055
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0055
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0055
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0055
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0055
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0055
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0055
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0055
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0055
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0055
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0055
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0055
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0055
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0055
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0055
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0055
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0055
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0055
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0055
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0055
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0055
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0055
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0055
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0055
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0060
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0060
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0060
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0060
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0060
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0060
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0060
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0060
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0060
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0060
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0060
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0060
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0060
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0060
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0060
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0060
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0060
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0060
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0060
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0060
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0060
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0065
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0065
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0065
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0065
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0065
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0065
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0065
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0065
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0065
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0065
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0065
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0065
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0065
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0065
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0065
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0065
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0065
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0065
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0065
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0065
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0070
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0070
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0070
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0070
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0070
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0070
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0070
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0070
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0070
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0070
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0070
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0070
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0070
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0070
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0070
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0070
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0070
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0070
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0070
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0070
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0070
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0070
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0075
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0075
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0075
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0075
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0075
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0075
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0075
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0075
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0075
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0075
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0075
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0075
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0075
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0075
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0075
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0075
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0075
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0075
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0075
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0075
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0075
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0075
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0080
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0080
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0080
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0080
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0080
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0080
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0080
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0080
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0080
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0080
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0080
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0080
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0080
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0080
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0080
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0080
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0080
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0080
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0085
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0085
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0085
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0085
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0085
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0085
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0085
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0085
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0085
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0085
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0085
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0085
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0085
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0085
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0090
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0090
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0090
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0090
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0090
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0090
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0090
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0090
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0090
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0090
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0090
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0090
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0090
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0090
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0090
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0090
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0090
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0090
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0090
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0090
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0090
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0090
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0090
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0090
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0090
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0090
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0090
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0090
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0095
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0095
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0095
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0095
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0095
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0095
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0095
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0095
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0095
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0095
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0095
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0095
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0095
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0095
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0095
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0095
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0095
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0095
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0095
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0095
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0095
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0095
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0095
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0095
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0095
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0095
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0095
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0095
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0100
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0100
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0100
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0100
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0100
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0100
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0100
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0100
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0100
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0100
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0100
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0100
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0100
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0100
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0100
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0100
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0100
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0100
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0100
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0100
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0105
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0105
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0105
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0105
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0105
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0105
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0105
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0105
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0105
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0105
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0105
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0105
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0105
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0105
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0105
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0105
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0105
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0105
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0105
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0105
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0105
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0105
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0105
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0105
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0105
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0110
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0110
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0110
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0110
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0110
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0110
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0110
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0110
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0110
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0110
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0110
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0110
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0110
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0110
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0110
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0110
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0110
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0110
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0110
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0110
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0115
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0115
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0115
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0115
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0115
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0115
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0115
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0115
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0115
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0115
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0115
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0115
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0115
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0115
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0115
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0115
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0115
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0115
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0115
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0115
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0115
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0115
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0120
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0120
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0120
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0120
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0120
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0120
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0120
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0120
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0120
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0120
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0120
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0120
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0120
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0120
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0120
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0120
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0120
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0120
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0120
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0120
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0120
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0120
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0120
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0120
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0120
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0125
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0125
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0125
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0125
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0125
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0125
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0125
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0125
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0125
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0125
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0125
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0125
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0125
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0125
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0125
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0125
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0125
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0125
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0125
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0125
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0125
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0125
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0125
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0130
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0130
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0130
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0130
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0130
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0130
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0130
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0130
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0130
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0130
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0135
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0135
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0135
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0135
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0135
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0135
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0135
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0135
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0135
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0135
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0135
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0135
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0135
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0135
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0135
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0135
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0135
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0135
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0135
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0135
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0140
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0140
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0140
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0140
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0140
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0140
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0140
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0140
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0140
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0140
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0140
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0140
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0140
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0140
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0140
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0140
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0140
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0140
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0140
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0140
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0140
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0140
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0140
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0140
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0140
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0140
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0140
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0145
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0145
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0145
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0145
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0145
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0145
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0145
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0145
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0145
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0145
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0145
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0145
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0145
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0145
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0145
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0145
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0145
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0145
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0145
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0145
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0145
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0145
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0145
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0150
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0150
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0150
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0150
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0150
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0150
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0150
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0150
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0150
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0150
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0150
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0150
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0150
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0150
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0150
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0150
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0150
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0150
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0150
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0150
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0150
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0155
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0155
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0155
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0155
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0155
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0155
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0155
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0155
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0155
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0155
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0155
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0155
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0155
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0155
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0155
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0155
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0155
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0155
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0155
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0155
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0155
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0155
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0155
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0155
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0155
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0155
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0155
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0155
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0160
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0160
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0160
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0160
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0160
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0160
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0160
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0160
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0160
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0160
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0160
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0160
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0160
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0160
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0160
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0160
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0160
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0160
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0160
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0160
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0160
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0160
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0160
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0160
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0160
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0160
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0160
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0160
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0160
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0160
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0160
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0165
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0165
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0165
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0165
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0165
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0165
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0165
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0165
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0165
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0165
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0165
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0165
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0165
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0165
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0165
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0165
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0165
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0165
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0165
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0165
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0165
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0165
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0165
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0165
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0165
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0165
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0165
http://refhub.elsevier.com/S1568-4946(14)00178-1/sbref0165
http://www.reuters.com/article/comments/idUSTRE80I08G20120119

	Combining fuzzy AHP and fuzzy Kano to optimize product varieties for smart cameras: A zero-one integer programming perspec...
	1 Introduction
	2 Literature review
	3 The proposed techniques
	3.1 Using fuzzy AHP to extract customer preferences for core attributes
	3.2 Using fuzzy Kano model to elicit customer perceptions of optional attributes
	3.3 Using ZOIP to conduct optimal product configuration for various segments

	4 An industrial example
	4.1 Using fuzzy AHP and fuzzy Kano to capture customer preferences and perceptions
	4.2 Optimizing product varieties through conducting zero-one integer programming

	5 Conclusions
	Acknowledgements
	References


