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Abstract In this paper, we proposed a model for selecting
of the global supplier by analytical hierarchy process
(AHP) and analytical network process (ANP) based on
linguistic variable weight. The fuzzy AHP and fuzzy ANP
methods are suggested to be a good tool for solving our
proposed multiple-criteria decision-making problem. Fuzzy
AHP-based methodology evaluated different decision criteria
such as service quality, cost, risk factors, and supplier’s
characteristics involved in the selection of the best supplier in
a global supply chain and ANP represented an effective tool
for providing a suitable solution for managers. The linguistic
levels of comparisons produced by the experts with triangular
fuzzy numbers for constructing fuzzy pairwise comparison
matrices. The implementation of the systemwas demonstrated
by a problem having four stages of hierarchy which contains
four criteria and 28 attributes. In conclusion, the fuzzy AHP
and fuzzy ANP results were compared.

Keywords Supplier selection . Global supply chains .

Fuzzy logic . Fuzzy AHP. Fuzzy ANP

1 Introduction

The companies have to work with different suppliers to
continue their activities. In a competitive environment, to
work with a right supplier is a very important problem in
supply chain systems. The supply chain concept is based on
the formation of a value-chain network consisting of
individual functional entities committed to providing
resources and information to achieve the objectives of
efficient management of suppliers as well as the flow of
parts [1].

The success of a supply chain is highly dependent on
selection of good suppliers [2]. That is why the supplier
selection is a very important and multi-criteria problem.
Several factors may affect the selection decision of the
managers. In this respect, supplier selection problem
includes tangible and intangible factors.

Our research context focuses on global supply chains
and supplier selection problems. We analyzed the global
suppliers with the fuzzy AHP and fuzzy ANP methodologies
for our sample company in a textile industry. After the
calculations, we compared the results of both methods.

Since 1977, Saaty [3] proposed analytic hierarchy
process as a decision aid to help solve unstructured
problems in economics, social, and management sciences.
The AHP enables the decision-makers to structure a
complex problem in the form of a simple hierarchy and to
evaluate a large number of quantitative and qualitative
factors in a systematic manner under multiple criteria [4].
On the other hand, analytical network process is an
extension of analytical hierarchy process.

In literature, there are lots of researches about AHP and
ANP. Some of the researches are about crisp environment
and the others are about fuzzy environment. Whitaker [5]
used AHP/ANP for validation examples. Ismayilova et al.
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[6] weighted the differences by the same methods. Chang et
al. [7] evaluated digital video recorder by using AHP/ANP
and also Saaty [8] made a decision with the same methods.
Wong et al. [9] evaluated the system intelligence and
Yüksel and Dağdeviren [10] made SWOT analysis with
AHP/ANP. Wijnmalen [11] analyzed benefits, opportunities,
costs, and risks with the AHP/ANP. Yu and Tzeng [12] used
AHP/ANP in fuzzy environment for a decision-making
problem with the defense and feedback effects. Dağdeviren
et al. [13] identified faulty behavior risk in work system by
fuzzy AHP/ANP [5–13].

Supplier evaluation and selection has received consider-
able attention in the literature. Sanayei et al. [14] used
group decision-making process for supplier selection with
VIKOR under fuzzy environment, Amid et al. [15]
proposed weighted max–min model for fuzzy multi-
objective supplier selection problem, Lee [16] proposed a
fuzzy supplier selection model with the consideration of
benefits, opportunities, costs, and risks, Chang et al. [17]
used fuzzy DEMATEL method for developing supplier
selection criteria, Tsai et al. [18] proposed a dynamic
decision approach for supplier selection using ant colony
system, Amin et al. [19] used fuzzy SWOT analysis and
fuzzy linear programming for supplier selection and order
allocation, Lin et al. [20] proposed an ERP model for
supplier selection, and Liao and Kao [21] used Taguchi loss
function, analytical hierarchy process, and multi-choice
goal programming for a supplier selection problem [14–21].

Since we used the AHP and ANP methodologies under
fuzzy environment, we only focused on the supplier
selection literature related to these methods and similar
approaches. Some examples of the supplier selection
literature related to AHP and ANP are given as follows.
Chamodrakas et al. [22] used satisficing and fuzzy AHP for
a supplier selection problem in electronic marketplaces,
Ghodsypour and O’Brien [23] proposed an integration of
an AHP and linear programming to consider both tangible
and intangible factors in choosing the best suppliers,
Kokangül and Susuz [24] used integrated analytical
hierarch process and mathematical programming to supplier
selection problem with quantity discount, Chan and Kumar
[25] presented a fuzzy extended AHP-based methodology
for global supplier selection, Hsu and Hu [26] applied
hazardous substance management to supplier selection
using analytic network process, and Vinodh et al. [27] used
fuzzy analytic network process for supplier selection in a
manufacturing organization. Although there were a number of
publications selecting the most suitable supplier alternatives
in the literature and some of them have been prepared using
the multi-attribute/multi-criteria decision-making methods
considering human judgments, tangible, intangible, and
multiple criteria, there is no evidence in the literature that
any of them were prepared with the aim of the selection of the

suitable supplier using AHP and ANP methodology under a
fuzzy environment and their comparisons [22–27].

In our model for selecting the best supplier in a global
supply chain in a textile industry, we used analytical
hierarchy process method based on the linguistic variable
weight method to overcome some of the shortcomings of
the method, and we widened our analysis with analytical
network process method based on linguistic variable weight
method, too.

Our study proposes an AHP and ANP methodology for
evaluating and selecting the most suitable suppliers for a
textile company as a real-world application under a fuzzy
environment. Fuzzy AHP and fuzzy ANP are used to select
a supplier alternative and they are applied to calculate
criteria weights. In both methodologies, decision makers’
linguistic evaluations in fuzzy forms are used to performed
pairwise comparisons. In these methodologies, we use
triangular fuzzy numbers in all pairwise comparison
matrices. Hence, criteria weights are calculated as the
triangular fuzzy numbers and then these fuzzy criteria weights
are inserted to the fuzzy AHP and ANPmethodologies to rank
the alternatives.

The rest of the paper is organized as follows. Section 2
describes supply chain management and global supply
chains. Section 3 identifies the selection criteria for a
supplier selection problem. Section 4, fuzzy theory is
briefly reviewed and the basics of the fuzzy AHP and
fuzzy ANP described, respectively. Sections 5.1 and 5.2
present application of the integrated model to the supplier
selection problem as a real-world case with fuzzy AHP and
fuzzy ANP, respectively. The results of the application are
discussed and main findings and contributions are drawn
and future developments are suggested in Section 6.

2 Supply chain management and global supply chains

The supply chain is an integrated business model for
logistics management. It covers the flow of goods from
suppliers through manufacturing and distribution chains to
the end consumer [28]. Supply chain management is an
increasingly applied operations paradigm for enhancing
overall organizational competitiveness [29].

The concept of logistics outsourcing has generated
considerable interest in organizations worldwide during
the past several years and logistics outsourcing represents
an organization’s decision to enter into a contract that
allows an external supplier to perform all or part of the
company’s logistic functions [30]. Logistics outsourcing
involves the use of external companies to perform logistics
functions that have traditionally been performed within an
organization and a key rationale for this form of outsourcing
is that with intensified global competition, firms are

824 Int J Adv Manuf Technol (2011) 56:823–833



concentrating their energies on core activities that are critical
to survival and leaving the rest to specialized firms [31].

Supply chain management is a holistic and a strategic
approach to demand, operations, procurement, and logistics
process management [32]. In literature, there are lots of
definitions of the supply chains and the objective of the
supply chain management. In general, a supply chain is
defined as “a process that transforms materials into
products and delivers them to customers through specific
activities,” and the objective of the supply chain manage-
ment is to improve the efficiency of the product delivery
process by delivering the right product at the right time to
the end customers by the suppliers while keeping the
handling and storage cost low [33]. Furthermore, supply
chain management incorporates the entire exchange of
information and movement of goods between suppliers and
end customers, including manufacturers, distributors,
retailers, and any other enterprises within the extended
supply chain [34].

Companies and manufacturers are now seriously exploring
the potential of the concept of supply chain management to
improve their revenue growth. Because the companies know,
with the supply chain management, supply chain risk and
uncertainty can be reduced. This improvement gives a chance
to supplying high-level customer service, customer satisfac-
tion, and profitability. In light of the most of researches, it is
clear that an effective supply chain management is an essential
strategy for success in the both local and global markets.

In today’s rapidly changing world, supply chain manage-
ment becomes global supply chain management with the
international transportation possibilities. The manufacturers
look for the best supplier for their global transportation
activities. Because they know that they have to attempt the
global supply chain management activities to develop agile
supply chains to get their product to market faster at a
minimum total cost in a global environment. In Fig. 1, the
elements of the global supply chain management are
represented.

With the global transportation, the manufacturers have to
configure their production and distribution systems and
strategies to provide the desired customer service at the
lowest possible cost while maximizing their after tax profit
[35]. The maximization of the profit is as important as for
all sectors and activities in a global supply chain management
concept.

Under conditions of global competition, forces oriented
either upstream from global supply resources or downstream
from global markets have made numerous international
manufacturing enterprises perceive the urgent necessity of
developing competitive global logistic modes [36].

A global supply chain is a network of supply chain
facilities and material sourcing on a worldwide basis and is
concerned with the flow of information, material, and funds

through different stages across countries [37]. For many
global supply chain networks that can comprise hundreds
of companies with over several tiers of suppliers and
intermediate customers, there are numerous presenting risks
to consider and tackle [38]. That is why the selection
process of the supplier is very important in a global supply
chain. With the incapable suppliers, lower job commitment
and greater job dissatisfaction are shown in supply chain
management systems.

Successful execution of coordinated marketing strategies
in global supply chains will depend partially on free
flowing information on such sensitive data as customer
satisfaction levels, customer complaint data, new product
ideation and development, account management plans,
marketing communication plans, and planned operational
changes [39]. Furthermore, for being successful and having
no problem for the companies, they have to consider that
the suppliers’ production capacity and quality levels are
more at risk. Because risk factors seriously threatens the
global supply chain’s performance.

Supplier selection decisions change the global supply
chain design problem in fundamental ways, in part because
they are based on more broadly defined criteria and
suppliers are typically selected based on the buyer’s
perception of the supplier’s ability to meet quality, quantity,
delivery, price, and service needs of the company [40].

3 Selection criteria for a supplier selection problem

The problem has a hierarchy with four levels, and the
different decision criteria, attributes. The decision alter-
natives will be further discussed. In the hierarchy, the
overall objective is placed at level 1, criteria at level 2,
attributes at level 3, and the decision alternatives at level 4.

The main objective here is the selection of the best
supplier in a global supply chain for our sample company
in textile industry. Our company is in Istanbul, and it is
committed to offering real value for money for fashion and
up-to-date casual and jeans wear. The company exports
their product from Turkey to Russia, Cyprus, Ukraine,
Albania, and Azerbaijan, and it works with global suppliers
for supply needs. The hierarchy of the selection criteria,
attributes, and decision alternatives can be seen in Fig. 1.
The criteria and attributes identified and analyzed in this
paper can be seen in previous researches in literature.

3.1 Service quality (C1)

The high level of service quality is a source for competitive
advantage. With the service quality, there are differences
among the supplier alternatives. The quality of the products
affects the customers’ impression. That is why, the high
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quality of the products are very important in a global supply
chain. The performance of the supplier in providing service
to the manufacturer also affects the service quality
performance. The high service quality given by the supplier
may help increasing the customer satisfaction and customer
loyalty. The factors affecting service quality criteria can be
stated as follows:

Reliability (A1) The suppliers have to keep their words
about the transportation condition such as transport place,
transport time, transportation capacity, and all the cost
about transportation, their managerial structure, communica-
tion features, technological conditions, and the others. The
managers can tend to choose the suppliers with their attributes
about reliability.

Just in time delivery (A2) The suppliers have to follow the
predefined delivery schedule for achieving on-time delivery.
All the manufacturers want to work with the supplier who can
manage the supply chain system on time and has the ability
for following the exact delivering schedule table.

Supply capacity (A3) The transportation capacity is very
important for evaluating of the supplier alternatives. It
depends on transportation vehicles and different warehouses
capacities. Probably the companies go towards to select the
supplier with more capacity.

Innovative properties (A4) Technology is changed with an
unbelievable speed. To being the best in today’s competitive
world, the companies have to have innovative properties in
their management activities. The transportation innovations
and research-development studies have to be supported by the
supplier companies.

Quality of transport place (A5) This attribute is very
important for the managers. The quality of the transport
place affects the product directly. Poor in quality places can
cause the damaged products. That is why the supplier who
has a transport place with a high quality has a priority than
its rivals.

Flexibility and agility (A6) In today’s business world,
everything changes rapidly. The customers’ demand, order
frequencies, and business structures can also be changed
with a high speed. More flexible suppliers can be chosen by
the company managers, because managers want to manage
the urgent and uncertain demands successfully. That is why
the flexibility and agility characteristics are very important
for evaluating the supplier alternatives.

Non-damaged transport (A7) The companies which out-
source their logistic activities have to transport own
products correctly. The damaged transport products can
increase the rejection rate of the product. With the increased

A1: Reliability    A9: Product price   A15: Order delays            A23: Management and organizational  
A2: Just in time delivery  A10: Lead cost    A16: Political stability                    structure 
A3:  Supply capacity   A11: Shipping and distribution cost A17: Economy    A24: Financial status 
A4: Innovative properties  A12: Quality cost   A18: Customer complaints  A25: Reputation 
A5: Quality of transport place  A13: Tariff and custom duties  A19: Geographical structure  A26: Experience 
A6: Flexibility and agility  A14: Delay cost    A20: Terrorism    A27: Relationship closeness 
A7: Non-damaged transport       A21: Climate conditions   A28: Legality 
A8: Communication easiness       A22: Cultural differences 

Global Supplier Selection 

Service Quality (C1) Cost (C2) Risk Factors (C3) Supplier’s Characteristics (C4) 

1 2 3 4

5 6 7 8

9 10 11

12 13 14

15 16 17 18

19 20 21

23 24 25

26 27

Supplier I (S1) Supplier III (S3) Supplier II (S2) 

22 28

Fig. 1 The hierarchy of the supplier selection problem
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rejection rate of the product, the profitability of the
company can decrease.

Communication easiness (A8) Communication easiness
system contains communication, commitment, and trust.
The relationships between suppliers and managers can
be affected by ease of communication in a long-term
work life. The languages, ethics, and customs demon-
strate differences from country to country. For having
good relationships, the suppliers have to provide easier
and more successful communication systems and ways
than their rivals. They have to work their customers’
special features.

3.2 Cost (C2)

Every time, in every country, and for every sector, cost is
very important. Especially in global supply chains, cost is
one of the most important criteria which affect the supplier
selection problem directly. Every company wants to work
with the supplier who can serve the transportation activities
with high quality and low cost, because as all of us know,
the condition for the profit maximization can be achieved
with the cost minimization. The factors which affect the
cost can be stated as follows:

Product price (A9) Having the minimum price of the
product is very important for all companies’ profitability.
The company managers have to find the low-cost suppliers
for their companies’ logistic activities. The manufacturing
cost, maintenance cost, and the other cost about the
manufacturing process constitute the total product price.

Lead cost (A10) In global sourcing, the lead cost is as
important as the product price. The distribution channel
length and the other transportation type style characteristics
form the lead cost. Lead cost can be affected by lead time
of the products. The defective parts, which are not detected
in quality control process but noticed during production,
can increase the lead time of the production [25].

Shipping and distribution cost (A11) In global supply chain,
the supplier alternatives can be analyzed by shipping and
transportation cost. These costs are usually high in context
with international suppliers, because of the inventory cost,
damages cost in the transportation time, and insurance cost.

Quality cost (A12) Having the high transportation cost is
important. Wishing for being more profitable does not
tolerate the high cost on transportation. Non-damaged
products depend on transportation. The number of non-
damaged products and high-quality product manufacturing
affect quality cost directly.

Tariff and custom duties (A13) The different countries have
different tariff and custom duties. When analyzing the
suppliers, this attribute is important in global supply chains
with company managers desires about working with the
best supplier with less duty and taxes.

Delay cost (A14) After the transport plans, some of the
transportation orders can be delayed. This order delays are
reflected to the company as an order delay cost. All the
companies have to work eliminating this cost for achieving
profit maximization.

3.3 Risk factors (C3)

The global supplier selection decision is most strongly
affected by the risks. This selection process is more
complicated and riskier than domestic supplier selection
process. The risk factors criteria have the following
attributes:

Order delays (A15) The order delays are the risk for all
companies which outsource their logistics and transportation
activities. The weather conditions, overloaded transport
vehicles, and some other factors are the reasons of order
delays.

Political stability (A16) The supplier’s country’s economic
situation is very important. The political stability of the
supplier may affect relationships between supplier and
manufacturer. The manufacturer prefers to work with a
supplier who has a political stability in his country. Due to
the changing of the political leadership or government
structure, the relationships between manufacturer and
supplier can be affected badly.

Economy (A17) The supplier’s country’s economic situation
is as important as its political status because the economic
status affects the country’s currency exchange rate and
estimating a price for products and transportation activities.
In global supply chain systems, managers have to take
economic situation into account before deciding which
supplier they will work with.

Customer complaints (A18) Customer satisfaction is the key
factor of the success for all companies in all sectors. All
customers want to have their needs on time, with low price,
with high quality, etc. If they cannot have their needs with
their expectations, they start to complain about the
company. That is why the managers have to evaluate their
supplier alternatives about the customer complaints.

Geographical structure (A19) The supplier’s mother coun-
try’s geographical structure may affect the relationships
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between manufacturer and supplier. When the manufacturer
chooses his global supplier, he has to take the supplier’s
location plant, geographical conditions, and natural activities
into account.

Terrorism (A20) This factor firstly was introduced for a
global supplier selection problem by Chan and Kumar [25].
The probability of the terrorism activities is very important
for both manufacturer and supplier. The terror activities can
be occurred in supplier’s country, in manufacturer’s
country, or the country which the products are transported
to. Furthermore, the terror activities can be occurred in
transportation ways such as in a plane, in highways, in
railways, or in seaways.

Climate conditions (A21) The products can be affected by
the climate conditions. The supplier’s mother country’s
climate and the country which the manufacturer wants to
transport his products to can affect the products. The
suppliers who are selected by the manufacturers have to be
flexible for changeable climate conditions for products’
transportation quality.

Cultural differences (A22) In a global supplier selection
process, understanding each other is a key factor for both
manufacturer and supplier. The same idea structure and the
similar cultural structure can help them to communicate
with each other easily and also have good relationships.

3.4 Supplier’s characteristics (c4)

The history of the supplier and supplier’s characteristics are
very important for selecting of the best supplier. Companies
want to work with high-value suppliers. They can decide that
which supplier work with by the performance and past history
of the alternatives. Some of the important characteristics of
suppliers are summarized below:

Management and organizational structure (A23) The man-
ufacturers want to work with a supplier which has a stable
and correct management and organizational structure. The
organizational structure of the supplier affects the supplier’s
relations with manufacturer. The manufacturers do not
prefer to work with a supplier who has a problem with
his organizational structure. The problematic managerial
structure can discombobulate all relations.

Financial status (A24) The financial stability is as important
as economic structure and stability of the supplier’s country.
In a global supplier selection process, manufacturers have to
take the suppliers financial status into account. They can
analyze the supplier’s financial status with annual earnings
and lost reports.

Reputation (A25) The reputation of the companies can be
occurred with customers’ satisfactions and dissatisfactions.
All manufacturers want to work with a supplier who has a
good reputation. With their advertisement based on customers’
opinions, suppliers can find customer for transporting his
products.

Experience (A26) The history of the supplier probably may
affect his future performance. In the selection process of the
supplier, manufacturer has to analyze supplier’s experiences
such as business references, response to market, and on-time
delivering.

Relationship closeness (A27) Suppliers with a good
customer-based structure should be preferred than the other
alternatives. These suppliers with this ability can satisfy
their customers. Response to changes, being flexible, taking
care with the manufacturer’s needs and expectations, and
adopting the new situations rapidly are important factors for
a closer relationship between manufacturer and supplier.

Legality (A28) In a global environment, legality is very
important in all sectors. In transportation activities, manu-
facturers have to examine the suppliers’ legality licenses,
transportation permissions for changing country transport,
and overseas transportation.

4 The method of fuzzy AHP and fuzzy ANP

Chang [41, 42] developed a fuzzy extent analysis for AHP,
which has similar steps as that of Saaty’s crisp AHP [43]. In
this paper, we used Chang’s fuzzy extent analysis.

In the following, first, the outlines of the extent analysis
method on fuzzy AHP are given and then in the other
section, the method is applied to a supplier selection
problem.

NOTATION DESCRIPTION

X ¼ x1; x2; :::; xnf g Object set

U ¼ u1; u2; :::; umf g Goal set

Mj
gi

j ¼ 1; 2; :::mð Þ Triangular fuzzy number

M Extent analysis values for each object

Si Value of fuzzy synthetic extent with respect
to the ith object

V Degree of possibility

D The ordinate of the highest intersection pointD

W′ The weight vector

N Number of elements

W Normalized weight vector

Let X ¼ x1; x2; :::; xnf g be an object set, and U ¼
u1; u2; :::; umf g be a goal set. According to the method of
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Chang’s [25] extent analysis, each object is taken and
extent analysis for each goal is performed, respectively.
Therefore, m extent analysis values for each object can be
obtained, with the following signs:

M 1
gi
;M 2

gi
; :::;Mm

gi
i ¼ 1; 2; :::; n ð1Þ

where all the Mj
gi

j ¼ 1; 2; :::mð Þ are triangular fuzzy
numbers.The value of fuzzy synthetic extent with respect
to the ith object is defined as:

Si ¼
Xm
j¼1

Mj
gi
�

Xn
i¼1

Xm
j¼1

Mj
gi

" #�1

ð2Þ

The degree of possibility of M1≥M2 is defined as:

V M1 � M2ð Þ ¼ sup
x�y

min mM1
ðxÞ;mM2

ðyÞ� �� � ð3Þ

When a pair (x, y) exists such that x≥y and mM1
ðxÞ ¼ mM2

ðyÞ,
then we have V(M1≥M2)=1. Since M1 and M2 are convex
fuzzy numbers we have that:

V M1 � M2ð Þ ¼ 1 ifm1 � m2 ð4Þ

V M1 � M2ð Þ ¼ hgt M1 \M2ð Þ ¼ mM1
ðdÞ ð5Þ

where d is the ordinate of the highest intersection point
D between mM1

and mM2
.When M1=(l1, m1, u1) and

M2=(l2, m2, u2), the ordinate of D is given by:

V M2 � M1ð Þ ¼ hgt M1 \ M2ð Þ ¼ l1 � u2
m2 � u2ð Þ � m1 � l1ð Þ ð6Þ

To compare M1 and M2, we need both the values of
V(M1≥M2) and V(M2≥M1).The degree possibility for a
convex fuzzy number to be greater than k convex fuzzy
numbers Mi (i=1, 2, …, k) can be defined by:V(M≥M1,
M2, …, Mk)=V[(M≥M1) and (M≥M2) and … and
(M≥Mk)]=minV(M≥Mi),

i ¼ 1; 2; :::; k: ð7Þ
Assume that

d0 Aið Þ ¼ minV Si � Skð Þ ð8Þ
For k=1, 2, …, n; k 6¼ i. Then the weight vector is given
by:

W 0 ¼ d0 A1ð Þ; d0 A2ð Þ; :::; d0 Anð Þð ÞT ð9Þ

where Ai (i=1, 2,…, n) are n elements.Via normalization,
the normalized weight vectors are:

W ¼ d A1ð Þ; d A2ð Þ; :::; d Anð Þð ÞT ð10Þ
where W is a non-fuzzy number.

ANP provides a general framework to deal with
decisions without making assumptions about the indepen-
dence of higher-level elements from lower-level elements
and about the independence of the elements within a level
[44, 45]. The ANP is the general form of the analytic
hierarchy process, which has been used for multi-criteria
decision making to release the restriction of hierarchical
structure and has been applied to project selection, product
planning, strategic decision, and optimal scheduling [12].
Whereas AHP represents a framework with a uni-directional
hierarchical AHP relationship, ANP allows for complex
interrelationships among decision levels and attributes [46].

ANP comprises four major steps [7]:

& Step 1: Model construction and problem structuring:
The hierarchical structure is established. The model is
formed with a goal, criteria, attributes, and alternatives
like AHP.

& Step 2: Pairwise comparisons matrices and priority
vectors: Like AHP, pairwise comparison in ANP is
performed in a matrix framework, and a local priority
vector can be determined as an estimate of the relative
importance of the elements being compared

& Step 3: Super matrix formation: If the criteria are
interrelated, then a network replaces the hierarchy.

& Step 4: Selection of the best alternatives: At the end of
the study, the alternative with the highest overall
priority should be selected.

5 Case study

The logistic sector is a very popular in Turkey. It is a
developing sector. That is why; the logistic firms which
supplied the companies’ logistic activities have to be very
competitor. In this paper, three alternative suppliers are
evaluated. Suppliers I, II, and III are compared to select the
best supplier among the three.

5.1 Application and discussion of Fuzzy AHP in supplier
selection problem

The fuzzy evaluation matrix relevant to the goal is given in
Table 1. After this, the decision-making group compares the
attributes with respect to criteria. First, they compare the
attributes of service quality and then the other matrices of
pairwise comparisons are made and the weight vector of
each matrix is calculated. All the attributes are compared
under each of the criteria separately by following the same
procedure as below.

Finally, the priority weights of each supplier can be
calculated by weights per alternative multiplied by weights
of the corresponding criteria. The combination of priority
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weights of alternatives to determine priority weights for the
best supplier is given in Table 2.

Evaluating the combination of priority weights for
attributes, criteria, and alternatives to determine priority
weights, we find that the Supplier II is the best supplier for
our sample company.

5.2 Application and discussion of Fuzzy ANP in supplier
selection problem

After all calculations, we start to develop the fuzzy AHP
methodology due to its needs. While the AHP represents a
framework with a uni-directional hierarchical AHP rela-
tionship, the ANP allows for complex interrelationships
among decision levels and attributes. Now, we continue our
calculations with the inner dependence matrix of all factors.
Firstly, in Table 3, the inner dependence matrix of the
factors with respect to service quality is represented. The
other inner dependence matrices are shown in Tables 4, 5,
and 6.

Now, all the inner dependence matrices are formed.
Interdependent weights of the factors are computed by
multiplying the dependence matrix of the factors which we
obtained with the local weights of factors provided in

Table 1. The interdependent weights of the factors are
calculated as follows:

servicequality
cost
risk

characteristics

2
664

3
775 ¼

1:00 0:81 0:70 0:77
0:33 1:00 0:15 0:02
0:09 0:17 1:00 0:21
0:58 0:02 0:15 1:00

2
664

3
775�

0:21
0:14
0:64
0:01

2
664

3
775 ¼

0:39
0:15
0:34
0:12

2
664

3
775

Significant differences are observed in the results
obtained for the factor weights when the interdependent
weights of the factors calculated. The results change from
0.21 to 0.39, 0.14 to 0.15, 0.64 to 0.34, and 0.01 to 0.12,
for the weight values of factors service quality, cost, risk
factors, and supplier’s characteristics, respectively.

Using interdependent weights of the criteria and local
weights attributes, global weights for the attributes are
calculated. Global attributes weights are computed by
multiplying local weight of the attributes with the interde-
pendent weight of the criteria to which it belongs.

Finally, the overall priorities of the alternative suppliers,
reflecting the interrelationships within the criteria are calcu-
lated by multiplying weight vectors of attributes and global
weights of attributes. The calculation is shown as follows:

weight
vectors
of

attributes

2
664

3
775�

global
weight
of

attributes

2
664

3
775 ¼

0:22
0:54
0:24

2
4

3
5

Table 1 The fuzzy evaluation matrix with respect to the goal

Service quality Cost Risk factors Supplier’s characteristics

Service quality (1, 1, 1) (3/2, 2, 5/2) (2/5, 1/2, 2/3) (5/2, 3, 7/2)

Cost (2/5, 1/2, 2/3) (1, 1, 1) (2/7, 1/3, 2/5) (3/2, 2, 5/2)

Risk factors (3/2, 2, 5/2) (5/2, 3, 7/2) (1, 1, 1) (7/2, 4, 9/2)

Supplier’s characteristics (2/7, 1/3, 2/5) (2/5, 1/2, 2/3) (2/9, 1/4, 2/7) (1, 1, 1)

From Table 1, SSQ=(5.40, 6.50, 7.67) � (1/26.09, 1/22.42, 1/18.99)=(0.21, 0.29, 0.40); SC=(3.19, 3.83, 4.57) � (1/26.09, 1/22.42, 1/18.99)=(0.12,
0.17, 0.24); SR=(8.50, 10.00, 11.50) � (1/26.09, 1/22.42, 1/18.99)=(0.33, 0.45, 0.61); SSC=(1.91, 2.08, 2.35) � (1/26.09, 1/22.42, 1/18.99)=(0.07,
0.09, 0.12) are obtained. Using these factors, V(SSQ≥SC)=1.00, V(SSQ≥SR)=0.33, V(SSQ≥SSC)=1.00, V(SC≥SSQ)=0.22, V(SC≥SR)=0.45, V(SC≥SSC)=
1.00, V(SR≥SSQ)=1.00, V(SR≥SC)=1.00, V(SR≥SSC)=1.00, V(SSC≥SSQ)=0.73, V(SSC≥SC)=0.02, V(SSC≥SR)=1.00 are obtained. Thus, the weight
vector from Table 1 is calculated as WG=(0.21, 0.14, 0.64, 0.01)

T

Table 2 Combination of criteria of the goal

Service
quality

Cost Risk
factors

Supplier’s
characteristics

Alternative
priority weight

Weight 0.21 0.14 0.64 0.01

Alternative strategies

Supplier I 0.09 0.64 0.20 0.22 0.23

Supplier II 0.64 0.15 0.56 0.65 0.52

Supplier III 0.27 0.21 0.24 0.13 0.25

From Table 6, [(0.09×0.21)+(0.64×0.14)+(0.20×0.64)+(0.22×0.01)]=
0.23; [(0.64×0.21)+(0.15×0.14)+(0.56×0.64)+(0.65×0.01)]=0.52;
[(0.27×0.21)+(0.21×0.14)+(0.24×0.64)+(0.13×0.01)]=0.25 are
obtained

Table 3 The inner dependence matrix of the factors with respect to
service quality

Cost Risk factors Supplier’s
characteristics

Cost (1, 1, 1) (3/2, 2, 5/2) (2/7, 1/3, 2/5)

Risk factors (2/5, 1/2, 3/2) (1, 1, 1) (2/9, 1/4, 2/7)

Supplier’s
characteristics

(5/2, 3, 7/2) (7/2, 4, 9/2) (1, 1, 1)

W1=(0.33, 0.09, 0.58)
T
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5.3 Comparisons of the results

The fuzzy ANP analysis results indicate that Supplier II is
the best supplier with an overall priority value of 0.54. The
results obtained from the fuzzy AHP and fuzzy ANP are
compared in Table 7.

In both methods, Supplier II is the best one among the
alternatives. In fuzzy AHP method, risk factor is the most
effective criterion on this result. Service quality, cost, and
supplier’s characteristics follow this criterion. On the other
hand, in fuzzy ANP method, the most effective criterion is
service quality. Risk factor, cost, and supplier’s characteristics
follow this criterion.

6 Conclusion

In a global supply chain management, selecting the most
appropriate partners is the crucial first step. That is why the
main objectives of this paper are to highlight the importance
of both supply chain management and the biggest problem
selection of the best and the most suitable supplier in global
supply chain systems. In the competitive world, global
corporations need a methodology to evaluate the suppliers
and to configure global logistics systems efficiently.

In this paper, we proposed a model for selecting of the
best supplier in a global supply chain. We use linguistic
variable weight methods to solve our problem and to avoid
the mistake of decision-making.

Multi-criteria decision-making techniques have the advan-
tage that they can assess a variety of options according to a
variety of criteria that have different units. This is a very
important advantage over traditional decision aiding methods
where all criteria need to be converted to the same unit.
Another significant advantage of multi-criteria decision-
making techniques is that they have the capacity to analyze
both quantitative and qualitative evaluation criteria together
[47]. With these advantages, the both multi-criteria decision-
making techniques such as analytical hierarchy process and
analytical network process were used in this paper.

In the world, every country’s situation may be
different and would need to be understood by both
supplier and manufacturer for managing the supply
chain effectively. There may be different perceptions
from country to country on how to effectively manage a
supply chain. In this paper, we analyzed the criteria
which directly and indirectly affect the supplier selection
problem. With this process, the manufacturers can
manage their supply chains properly.

In future research, the model can be improved than the
model was presented in this paper and also in the future
researches for evaluating the suppliers and deciding to the
most suitable suppliers other evaluation methodologies can
be used.

In conclusion, the managers do not forget the supply
chain competences’ positive effects on their companies’
organizational performance and profitability. Furthermore,
the managers need to focus on developing such competencies
to selecting the best supplier and building the global supply
chain system successfully.

Table 4 The inner dependence matrix of the factors with respect to cost

Service
quality

Risk
factors

Supplier’s
characteristics

Service quality (1, 1, 1) (3/2, 2, 5/2) (5/2, 3, 7/2)

Risk factors (2/5, 1/2, 3/2) (1, 1, 1) (3/2, 2, 5/2)

Supplier’s
characteristics

(2/7, 1/3, 2/5) (2/5, 1/2, 3/2) (1, 1, 1)

W2=(0.81, 0.17, 0.02)
T

Table 5 The inner dependence matrix of the factors with respect to
risk factors

Service quality Cost Supplier’s
characteristics

Service quality (1, 1, 1) (3/2, 2, 5/2) (3/2, 2, 5/2)

Cost (2/5, 1/2, 3/2) (1, 1, 1) (2/3, 1, 3/2)

Supplier’s
characteristics

(2/5, 1/2, 3/2) (2/3, 1, 3/2) (1, 1, 1)

W3=(0.70, 0.15, 0.15)
T

Table 6 The inner dependence matrix of the factors with respect to
supplier’s characteristics

Service quality Cost Risk factors

Service quality (1, 1, 1) (7/2, 4, 9/2) (2/7, 1/3, 2/5)

Cost (2/9, 1/4, 2/7) (1, 1, 1) (2/9, 1/4, 2/7)

Risk factors (5/2, 3, 7/2) (7/2, 4, 9/2) (1, 1, 1)

W4=(0.77, 0.02, 0.21)
T

Table 7 Weights and ranking of the strategies with AHP and ANP

S1—Supplier I S2—Supplier II S3—Supplier III

Weights in AHP 0.23 0.52 0.25

Ranking in AHP 3 1 2

Weights in ANP 0.22 0.54 0.24

Ranking in ANP 3 1 2

Int J Adv Manuf Technol (2011) 56:823–833 831



References

1. Ketikidis PH, Koh SCL, Dimitriadis N, Gunasekaran A, Kehajova
M (2008) The use of information systems for logistics and supply
chain management in South East Europe: current status and future
direction. Omega 36:592–599

2. Ng WL (2008) An efficient and simple model for multiple criteria
supplier selection problem. Eur J Oper Res 186:1059–1067

3. Saaty TL (1980) The Analytic Hierarchy Process. McGraw-Hill,
New York

4. Cheng CH, Yang KL, Hwang CL (1999) Evaluating attack
helicopters by AHP based on linguistic variable weight. Eur J
Oper Res 116:423–435

5. Whitaker R (2007) Validation examples of the Analytic Hierarchy
Process and Analytic Network Process. Math Comput Modell
46:840–859

6. Ismayilova NA, Sağir M, Gasimov RN (2007) A multiobjective
faculty–course–time slot assignment problem with preferences.
Math Comput Modell 46:1017–1029

7. Chang CW, Wu CR, Lin CT, Lin HL (2007) Evaluating digital
video recorder systems using analytic hierarchy and analytic
network processes. Inf Sci 177:3383–3396

8. Saaty T (2007) Time dependent decision-making; dynamic priorities
in the AHP/ANP: Generalizing from points to functions and from
real to complex variables. Math Comput Modell 46:860–891

9. Wong J, Li H, Lai J (2007) Evaluating the system intelligence of
the intelligent building systems Part 2: Construction and validation of
analytical models. Autom Constr. doi:10.1016/j.autcon.2007.06.003

10. Yüksel İ, Dağdeviren M (2007) Using the analytic network
process (ANP) in a SWOT analysis – A case study for a textile
firm. Inf Sci 177:3364–3382

11. Wijnmalen DJD (2007) Analysis of benefits, opportunities, costs,
and risks (BOCR) with the AHP-ANP: A critical validation. Math
Comput Modell 46:892–905

12. Yu R, Tzeng GH (2006) A soft computing method for multi-
criteria decision making with dependence and feedback. Appl
Math Comput 180:63–75

13. Dağdeviren M, Yüksel İ, Kurt M (2007) A fuzzy analytic network
process (ANP) model to identify faulty behavior risk (FBR) in
work system. Saf Sci. doi:10.1016/j.ssci.2007.02.002

14. Sanayei A, Mousavi SF, Yazdankhah A (2010) Group decision
making process for supplier selection with VIKOR under fuzzy
environment. Expert Syst Appl 37:24–30

15. Amid A, Ghodsypour SH, O’Brien C (2010) A weighted max–min
model for fuzzy multi objective supplier selection in a supply chain.
Int J Prod Econ. doi:10.1016/j.ijpe.2010.04.044

16. Lee AHI (2009) A fuzzy supplier selection model with the
consideration of benefits, opportunities, costs and risks. Expert
Syst Appl 36:2879–2893

17. Chang B, Chang C-W, Wu C-H (2010) Fuzzy DEMATEL method
for developing supplier selection criteria. Expert Syst Appl.
doi:10.1016/j.eswa.2010.07.114

18. Tsai YL, Yang YJ, Lin C-H (2010) A dynamic decision approach
for supplier selection using ant colony system. Expert Syst Appl
37:8313–8321

19. Amin SH, Razmi J, Zhang G (2011) Supplier selection and order
allocation based on fuzzy SWOT analysis and fuzzy linear
programming. Expert Syst Appl 38:334–342

20. Lin C-T, Chen C-B, Ting Y-C (2010) An ERP model for supplier
selection in electronics industry. Expert Syst Appl. doi:10.1016/j.
eswa.2010.07.102

21. Liao C-N, Kao H-P (2010) Supplier selection model using
Taguchi loss function, analytical hierarchy process and multi-
choice goal programming. Comput Ind Eng 58:571–577

22. Chamodrakas I, Batis D, Markatos D (2010) Supplier selection in
electronic marketplaces using satisficing and fuzzy AHP. Expert
Syst Appl 37:490–498

23. Ghodsypour SH, O’Brien C (1998) A decision support system for
supplier selection using an integrated analytic hierarchy process
and linear programming. Int J Prod Econ 56–57:199–212

24. Kokangül A, Susuz Z (2009) Integrated analytical hierarch
process and mathematical programming to supplier selection
problem with quantity discount. Appl Math Model 33:1417–
1429

25. Chan FTS, Kumar N (2007) Global supplier development
considering risk factors using fuzzy extended AHP-based approach.
Omega 35:417–431

26. Hsu C-W, Hu AH (2009) Applying hazardous substance manage-
ment to supplier selection using analytic network process. J
Cleaner Prod 17:255–264

27. Vinodh S, Ramiya RA, Gautham SG (2011) Application of fuzzy
analytic network process for supplier selection in a manufacturing
organisation. Expert Syst Appl 38:272–280

28. Gunasekaran A, Ngai EWT (2004) Virtual supply chain manage-
ment. Int J Prod Plan Control 15(6):584–595

29. Gunasekaran A, Ngai EWT (2004) Information systems in
supply chain integration and management. Eur J Oper Res
159:269–295

30. Knemeyer M (2000) Logistic Outsourcing Relationships: An
Examination of Interorganizational Trust Over the Life of the
Relationship. University of Maryland, College Park

31. Işıklar G, Alptekin E, Büyüközkan G (2007) Application of a
hybrid intelligent decision support model in logistics outsourcing.
Comput Oper Res 34:3701–3714

32. Chow WS, Madu CN, Kuei CH, Lu MH, Lin C, Tseng H (2008)
Supply chain management in the US and Taiwan: An empirical
study. Omega 36:665–679

33. Si YW, Edmond D, Dumas M, Chong CU (2007) Strategies in
supply chain management for the trading agent competition.
Electron Commer Res Appl 6:369–382

34. Gunasekaran A, Lai KH, Cheng TCE (2008) Responsive supply
chain: A competitive strategy in a networked economy. Omega
36:549–564

35. Goetschalckx M, Vidal CJ, Dogan K (2002) Modeling and
design of global logistics systems: A review of integrated
strategic and tactical models and design algorithms. Eur J
Oper Res 143:1–18

36. Sheu JB (2007) A hybrid neuro-fuzzy analytical approach to
mode choice of global logistics management. Eur J Oper Res.
doi:10.1016/j.ejor.2006.06.082

37. Balan S, Vrat P, Kumar P (2007) Multi-criteria decision making in
global supply chain network environments. Int J Prod Econ.
doi:10.1016/j.ijpe.2007.02.041

38. Goh M, Lim JYS, Meng F (2007) A stochastic model for risk
management in global supply chain networks. Eur J Oper Res
182:164–173

39. Flint DJ (2004) Strategic marketing in global supply chains: Four
challenges. Ind Mark Manage 33:45–50

40. Meixell MJ, Gargeya VB (2005) Global supply chain design: A
literature review and critique. Transp Res E 41:531–550

41. Chang DY (1992) Extent analysis and synthetic decision.
Optimization Techniques and Applications World Scientific
Singapore 1:352

42. Chang DY (1996) Applications of the extent analysis method on
fuzzy AHP. Eur J Oper Res 95:649–655

43. Erensal YC, Öncan T, Demircan ML (2006) Determining key
capabilities in technology management using fuzzy analytic
hierarchy process: A case study of Turkey. Inf Sci 176:2755–
2770

832 Int J Adv Manuf Technol (2011) 56:823–833

http://dx.doi.org/10.1016/j.autcon.2007.06.003
http://dx.doi.org/10.1016/j.ssci.2007.02.002
http://dx.doi.org/10.1016/j.ijpe.2010.04.044
http://dx.doi.org/10.1016/j.eswa.2010.07.114
http://dx.doi.org/10.1016/j.eswa.2010.07.102
http://dx.doi.org/10.1016/j.eswa.2010.07.102
http://dx.doi.org/10.1016/j.ejor.2006.06.082
http://dx.doi.org/10.1016/j.ijpe.2007.02.041


44. Gencer C, Gürpinar D (2007) Analytic network process in
supplier selection: A case study in an electronic firm. Appl Math
Model 31:2475–2486

45. Yang CL, Chuang SP, Huang RH (2009) Manufacturing evalua-
tion system based on AHP/ANP approach for wafer fabricating
industry. Expert Syst Appl 36:11369–11377

46. Dağdeviren M, Yüksel İ (2010) A fuzzy analytic network process
(ANP) model for measurement of the sectoral competititon level
(SCL). Expert Syst Appl 37:1005–1014

47. Bozbura FT, Beskese A, Kahraman C (2007) Prioritization of
human capital measurement indicators using fuzzy AHP. Expert
Syst Appl 32:1100–1112

Int J Adv Manuf Technol (2011) 56:823–833 833


	Supplier selection problem in global supply chains by AHP and ANP approaches under fuzzy environment
	Abstract
	Introduction
	Supply chain management and global supply chains
	Selection criteria for a supplier selection problem
	Service quality (C1)
	Cost (C2)
	Risk factors (C3)
	Supplier’s characteristics (c4)

	The method of fuzzy AHP and fuzzy ANP
	Case study
	Application and discussion of Fuzzy AHP in supplier selection problem
	Application and discussion of Fuzzy ANP in supplier selection problem
	Comparisons of the results

	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


