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Abstract

Selection of an optimal facility location is a challenging decision for com-
panies, since it would be costly and difficult to change the location after
an installation has been already made. Existing numerical methods in the
decision-making process help companies to perform their operations with
minimum cost and maximum value based on their strategic objectives.

Decision making process requires the selection of relative processes among
several alternatives corresponding to a set of location factors. It can be per-
formed by multi criteria decision-making (MCDM) methods with the point
of individuals or a group of decision makers.

This study provides a suitable country selection process for a new packaging
facility location problem. The problem is formulated by using a combination
of fuzzy AHP and TOPSIS, which are the methods for MCDM problems.
Since the available information for weighting the factors is subjective and
imprecise, fuzzy AHP is used for determining the relative importance of the
factors. Afterwards to select the best suitable country, the scores of alter-
natives are quantified by means of TOPSIS method.

Later the results are presented, and the obtained solutions are discussed.
Latvia is found as the best country for the new packaging facility. Further,
using sensitivity analysis we found that the most stable countries according
to predetermined factors were Latvia and Poland.
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1 THESIS INTRODUCTION

1 Thesis Introduction

In this chapter, the authors give the reader a brief background of the research.
The problem definition and the purpose of thesis indicate what the authors
want to find out within the field of global facility location. Lastly, it provides
a limitation and a scope in order to outline the study.

1.1 Background

For the last few decades, manufacturing has been facing new challenges
related to the globalization of markets and growing demand. In order to
supply new markets at a low cost, international companies have adopted
new facilities across national borders. In doing so, the role of the manu-
facturers has changed. Formerly, it was to supply a domestic market with
local products, and then this turned to export the products for international
markets.

Now, the products that one can buy in different countries may not be made
in these countries. They are probably made in one country and are shipped
to other countries and continents for further processing, such as storage,
sales, repair, remanufacturing, recycle or disposal. Global manufacturing
is increasing in both industrialized and developing countries. Companies
should adopt foreign plants in order to enter new markets, support their
domestic factories, generate new knowledge, and bring needed skills and
talented people to the company. Those factories are strategically used as a
part of a robust global network to deal with risks associated with the global
markets, i.e. foreign exchange risks, regime changes, etc. (Ferdows, 1997b)

For a foreign company, the choice of location is highly significant to reach
international markets. If the company does not select a suitable location; it
may have inadequate access to customers, transportation, materials, work-
ers, and so on. Therefore, facility location plays a critical role in the strategy,
profit generation and general success of the company.

1.2 Problem definition

In 2009, Mirko Eterovic, in collaboration with Kenneth Bringzén (who was
professor at Linkoping University in industrial design), wrote a bachelors
thesis about the utilization of rattan, a natural, environmental friendly ma-
terial, to create a walking support/serving trolley (hereafter ws/st). The
thesis includes a study of the rattan material, the design of a ws/st and
finally the development of ws/st prototype using this material.

After finishing the thesis, Mirko and Kenneth continued developing the
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1 THESIS INTRODUCTION

project. Between the years 2009 and 2011, Kenneth Bringzén searched for
reliable companies, able to produce the different components for the ws/st.
One company in Finland was contacted to produce the wheels, another in
England to produce the handles, and another one in Indonesia to produce
the rattan material for ws/st.

Now, the production and forming of the rattan material has started in a
factory, in Indonesia. The company in Indonesia has developed two ws/st
final products, which were brought to Sweden in order to install the wheels
and handles. They are to be shown to the possible future clients in Holland,
Germany and Sweden in the beginning, and later to expand to the rest of
Europe, USA, Canada and Japan.

To sum up, this product has mainly three main components from differ-
ent countries. Therefore, it is necessary to find a facility/warehouse where
these components meet and are put together in a flat box (IKEA style), and
then they are delivered to the different markets. Since the initial market is
in Europe, some area choices close/in Europe will be considered in order to
locate the facility.

1.3 Purpose

The purpose of this thesis is to find the most appropriate location among
several alternatives for a packing facility of the ws/st product. The al-
ternatives will be taken in account on a comprehensive level, but also an
understanding for factor details is necessary in order to find a better and
practicable solution. This study will consider the following restrictions:

1. The new facility location must be in/close to the headquarter office in
Sweden, the principal markets of Germany, Holland and Norway and
in a Schengen and EU country close to a harbour. Therefore, only the
regions member of the Schengen agreement and the EU in north and
central Europe will be considered as location alternatives.

2. According to a decision made, the company will rent an existing build-
ing for the new facility instead of constructing a new one.

Here, the basic question is: “Where the new packaging facility should be
located in order to satisfy the market with the best quality, at the low
cost and on time delivery?” The manner in which this question should be
answered will be explained in the preceding sections. In order to achieve the
aim of this thesis the following objectives are necessary to review:

• Identify the different methods in the literature about facility location
decision.

2



1 THESIS INTRODUCTION

• Identify the factors affecting location decisions of ws/st project.

• Quantify the importance of these factors.

• Score of the alternatives for each factor.

• Evaluate the different alternatives.

1.4 Limitations

Our study is substantially based on the review of literature as well as the
related case study of ws/st project. Two significant constraints in the study
are the cost and time limitations. Since the subject is very broad and has
many different specified areas depending on the decisions methods, it is hard
to consider all of them in the limited of time. The other methods, which
require high cost software programs such as simulation and mathematical
modelling programmes, are not used as solution methods.

Besides, the field of this research can be examined into many kinds of in-
dustries and conditions. Facility location selection process falls into several
phases starting from country selection to an exact site selection. This study
focuses only factors and methods used in production location decisions es-
pecially in a level of country selection process. The other phases such as
selection of a community and the site can be a further research to this
study. Besides, the decision of the company is to hire the building for the
new facility location. Therefore, the factors including land cost, construc-
tion cost will not be considered in location factors.

The methods used for this study are chosen based on a classification ta-
ble of multi criteria decision making methods, explained in Chapter 3 and
4. This table is divided in two main parts, with the methods suitable for
this case study presented in the second part. Other methods in the table are
excluded. Further to selection of factors, some qualitative criterions such as
quality of life, existing of utilities are also excluded since their situation is
suitable in given alternative countries.

Additionally, significant amount of facility location criteria are uncertain
and can easily fluctuate before and after decisions are made (Snyder, 2006).
Since uncertainty of information in the decision-making environment exists,
the results may be under human subjective judgement that is particularly
critical, especially if the decision makers need to make an assessment when
there are limited and incomplete data (Dogan, 2012). Therefore, the qual-
itative criteria in the decision-making are based on the manager’s strategic
decision, thereby human perception. Uncertainty of choosing alternative

3



1 THESIS INTRODUCTION

countries is also a consideration as a human judgment. Limitations of our
ability, which may affect the quality of this work, can also be another con-
straint in order to understand the complex models in other existing studies.

1.5 Scope of the paper

In order to present an overall structure of this research, Figure 1 is given
demonstrating the way of study from the first chapter to the conclusion and
discussions in last chapters.

Chapter 2
Introduction to
the Company

Chapter 1
Thesis Introduction

Chapter 3
Theoretical
Framework

Chapter 4
Research

Methodology

Chapter 5
Selection and

weighting factors

Chapter 6
Weighting and

ranking alternatives

Chapter 7
Results and
Discussions

Chapter 8
Conclusions and

Recommendations

Figure 1: Thesis structure

Chapter 1: In this chapter, the authors give the reader a brief background
of the research. The problem definitions and the purpose of thesis indicate
what the authors want to find out within the field of global facility location.
Lastly, it provides a limitation and a scope in order to outline the study.

Chapter 2: In this second chapter, the reader gets a presentation of how
the product and the company are initiated. Besides, it provides the reasons,
why the company will consider the European zone for the particular facility
location.
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1 THESIS INTRODUCTION

Chapter 3: In this chapter, a frame of theoretical knowledge and refer-
ences related to the facility location selection is described. Besides, decision-
making theory and tools are explained. The theories derived from literature
reviews the structure, the methodology and analysis of this study.

Chapter 4: In this chapter, a methodology gives the reader a comprehen-
sive picture of how the thesis is made. An explanation of research strategy
and research approaches is demonstrated. Then, the data collection, and
analysis procedures are explained and examined. Lastly, the trustworthi-
ness measurement of data and its limitations are discussed in the last section.

Chapter 5: In this chapter, the factors affecting facility location selec-
tion are determined based on the company objectives. Afterwards, they are
assessed by making pairwise comparison with the point of the manager by
conducting several group discussions. Finally, the importance weights of the
factors are calculated by following fuzzy AHP procedure.

Chapter 6: In this chapter, the authors analyse the collected data of par-
ticular countries corresponding to predetermined factors. The weights of
countries are calculated and ranked by using TOPSIS method.

Chapter 7: As a result of the analysis, the authors present the solutions
upon the issues identified in Chapter 1. A sensitivity analysis is run to com-
plement the results, and the ranking of the alternatives are provided.

Chapter 8: In this chapter, the conclusion is drawn based on the anal-
ysis. Response of the research questions is given, and research purposes are
affirmed. Besides, the authors give more suggestions for further research.

5



2 INTRODUCTION OF THE COMPANY AND THE PROJECT

2 Introduction of the Company and the Project

In this second chapter, the reader gets a presentation of how the product and
the company are initiated. Besides, it provides the reasons, why it is decided
to consider the European zone for the particular facility location.

As following in this chapter we are going to explain the ws/st product, how
the suppliers were identified, the possible markets and the operation manage-
ment of the company. As mentioned in the first chapter, this project started
back in 2009 when Mirko Eterovic in collaboration with Kenneth Bringzén
developed a prototype and wrote a bachelor thesis about the design of walk-
ing support/serving trolley (hereafter ws/st) using rattan material (Figure
2). The vision of this thesis was always to establish in the near future a
company capable to produce and commercialize the ws/st made of rattan.
Therefore, in the past three years Mirko Eterovic and Kenneth Bringzén
have contacted to different suppliers, distribution centres, and possible final
costumers.

Figure 2: Walking support/Serving trolley

6



2 INTRODUCTION OF THE COMPANY AND THE PROJECT

2.1 Product: Walking support/Serving trolley

The walking support made of rattan was developed with the aim to replace
the traditional walking support made of aluminium used in indoor environ-
ments. The big advantages of this new product are: use of environmental
friendly material, innovative design, and the most significant advantage is
that the product matches perfectly with the rest of the furniture in the
house, since it looks more like furniture than a strange object as the tradi-
tional one looks.

Kenneth Bringzén and Carmen Biel Sanchis (assistant of Kenneth in 2008)
aimed to design a more effective product for users that replaced the tradi-
tional walking support products. In their project, they replaced aluminum
used extensively in traditional products and changed the design of the walk-
ing support to appeal to the aesthetic tastes of the customers. Instead of
aluminum, the walking support was made of laminated wood. The results
of this project were favorable in the esthetical point of view, but very ex-
pensive to produce. Therefore in the thesis of Mirko Eterovic the idea of
using rattan came up. Rattan was identified as a substitute to laminated
wood natural and environmental friendly that was cheaper to produce.

Since people in a few countries use walking support, the market of this
product is relatively low. Therefore, the idea to use the product for another
function as a service trolley - emerged. This new use of the product in-
creases the market of people who may not be old, but need to carry things
from one place to another. Both products are basically the same with few
changes in the handles and wheels; thus the idea to merge these two prod-
ucts was deemed feasible. This product is divided in three parts: the main
structure made of rattan. The wheels made of plastic and the handles made
of EVA material.

2.2 Selection of the suppliers

As can be seen in Figure 2, the main part of the product is the rattan struc-
ture, and for this reason, the first task was to find a company capable to
manufacture it. Thus, the search was focused in Southeast Asia and Oceania
particularly Indonesia, as this region provides 80% of the rattan in the world
trade market including harvesting, production and commercialization of the
rattan as well as providing the most skilled workers in the rattan business- .

Kenneth travelled two times to Indonesia to have negotiations. During the
first trip, he showed the prototype to different companies and the people
involved in the rattan production, and asked the possibilities to manufac-
ture it. After having a positive answer from one company, the next step was

7



2 INTRODUCTION OF THE COMPANY AND THE PROJECT

to find the other two parts of the final products - the wheels and the han-
dles. Since the production of main rattan part is in Indonesia, one option
was to purchase these products from Indonesia, as well. However after an
extensive search he found that the quality of the parts does not fulfill the
requirements. Thus, two companies were contacted in other countries, the
first one is in Finland to produce the wheels, and the second one is in UK
for the handles.

2.3 Product Market

Since the initial objective of the company was to enter the market of the
traditional walking support, Kenneth considered some countries, where their
habitants are more used to using a walking support. These countries are
mainly located in Northern and Western Europe. In addition, he showed the
product to people in the field, from Germany and Holland, which were truly
interested in commercializing the products in their countries. Moreover,
companies from Sweden and Norway contacted him in order to purchase
the products. The vision of the company is not only to sell the product in
Europe, but also in other countries like USA, Canada, and Japan, which
could be also interested in the future.

2.4 Company

Once the market and the suppliers are selected, the next step is to establish
the operation strategy of the company. First of all, since the current share-
holders live in Sweden, they decided to manage the company from there,
but this does not mean that the new facility must be in Sweden. The new
facility can be located in another country, which may have better character-
istics than Sweden in terms of cost, quality, labour, or transportation.

This future facility will do quality control checks for the three different
parts of the ws/st, namely the rattan structure, the wheels and the han-
dles. Moreover, this new packaging facility will test all the joints whether
they are in a good condition for assembling the product. After everything
is checked, the different parts will be packaged and stored until the delivery
of the product.

2.5 Facility location alternatives

Selecting a new facility is not an easy task, due to the great quantity of
alternatives and factors involved. Thus, to decrease the complexity of the
facility location decision, it is necessary to decrease the number of alterna-
tives and factors. However, this reduction should be done very carefully,
since the solution will only be as good as the set of alternatives and factors
considered and thus it is fundamental to select the right set of alternatives

8



2 INTRODUCTION OF THE COMPANY AND THE PROJECT

and factors, tailored for the problem at hand, as not doing so would result
in a bad decision (Abu, 2009).

For our set of alternatives, we have consider the following criteria.

1. Proximity to market to reduce delivery time.

2. Proximity to parent company to increase the quality control.

3. Customs benefits and proximity to a harbour.

Considering those criteria we narrowed down the alternatives to:
Denmark, Estonia, Finland, Germany, Holland, Latvia, Lithuania, Poland,
Sweden.

We have not considered Norway, Great Britain and Russia because of the
lack of customs benefits since they are not Schengen and EU members. In
addition, France and Belgium are not considered due to their location that
is far from the parent company and principal markets. Other countries are
not in this set of alternatives, because they do not fulfill at least one of the
criteria mentioned before.

9



3 THEORETICAL FRAMEWORK

3 Theoretical Framework

In this chapter, a frame of theoretical knowledge and references related to
the facility location selection is described. Besides, decision-making theory
and tools are explained. The theories derived from literature reviews frame
the methodology and analysis of this study.

3.1 Facility Location

3.1.1 Definition and importance of facility location

An ordinary initial step for the analysis of location choices is to ask where
a particular economic activity will be located as long as we know the lo-
cations of all other activities (Beckmann, 1968). This problem has been
comprehensively studied in the literature for years, and it is referred as the
plant location problem, or facility location problem. A basic facility location
problem requires locating a number of facilities to supply a set of customers
and the objective is to minimize the cost of locating process and to assign
the customers to them with respect to some set of constraints (Kodali and
Routroy, 2006). In other words, according to Aswathappa et. al., (2010)
“Plant location is the function of determining location for a plant for max-
imum operating economy and effectiveness.”

Facility location is a component in operations management related to the
location of new facilities in order to optimize at least one objective such as
cost, profit, distances, service, or waiting time. There is no restriction for
location choice from an application point. It can be used for many areas
including public and private facilities, military environment, national and
international scopes. (Farahani et. al., 2010)

The “location problem” refers to modelling, formulation, and solution of a
group of problems that are defined as locating the facility in a given space.
Deployment, positioning, and locating are often used as synonymous. There
are four components that describe location problems: customers, who are
already located at points, facilities that are to be located, a place in which
customers and facilities are to be located, and a measure that refers to dis-
tances or time between customer and facilities. (Farahani and Hekmatfar,
2009)

Facility location selection plays an important role in the strategic design
of international companies (Owen and Daskin, 1998; Melo et. al. 2009).
It is not easy to change the location very often. Selecting the appropriate
facility among a given set of alternatives is a difficult work requiring both
qualitative and quantitative factors (Athawale and Chakraborty, 2010). It
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3 THEORETICAL FRAMEWORK

is a broad and enduring subject, affecting several operational and logistical
decisions, and the location projects generally involve long-term investments.
For instance, the location of a very expensive automobile factory cannot be
changed due to changes in demands, transportation, and raw material price.
Hence a successful facility location process would enable a leading edge to
the company (Kodali and Routroy, 2006). On the other hand, a bad facility
location is a burden, and it may bankrupt the company. Once a mistake is
made for the location of facility, it becomes extremely difficult and costly to
change it especially in large facilities (Aswathappa et. al., 2010). Therefore,
decision makers must select not only a well performing facility for the cur-
rent situation, but also a profitable facility for the lifetime of the company
(Farahani and Hekmatfar, 2009).

3.1.2 General Procedures for Facility Location

Considering a company’s long-term objectives, a company should follow
the next 5 steps for locating new organizations (Kumar and Suresh, 2009;
Aswathappa et. al., 2010):

I. The choice of particular country: The first step is to decide
whether the plant will be located domestically or internationally. This
step would be handled with little consideration a few years ago, but
now it is gaining a lot importance by increasing international business.
The country selection is based on some factors like political stability,
export and import quotas, currency and exchange rates, cultural and
economic peculiarities, and natural or physical conditions.

II. Selection of region: Selection of a region out of many national alter-
natives in a country is the second step for facility location. The factors
effecting region selecting are; availability of raw materials, nearness
to the market, availability of power, transport facilities, suitability of
climate, government policy, and competition between states.

III. Selection of locality/community: Selection of locality or commu-
nity in a region is effected by those factors: availability of labour, civic
amenities for workers (recreation facilities, theatres, parks and so on.),
existence of complementary and competing industries, finance and re-
search facilities, availability of water and fire-fighting facilities, local
taxes and restrictions, momentum of an early start, and personal fac-
tors.

IV. Choice of a site: The selection of the site is influenced by more
specific factors such as soil, size and topography of the site, and disposal
of waste. Leather and chemical companies choose the places where
there is a proper condition for the disposal of waste.
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The alternative communities/sites are evaluated based on tangible and in-
tangible costs. The site location problem can be solved by using cost-
oriented non-interactive model, such as dimensional analysis.

V. Dimensional analysis: In Dimensional analysis, if all the costs were
tangible and quantifiable, then it is easy to make the comparison of
alternatives by selecting least cost. We need to consider both tangible
and intangible factors. Intangible costs are mostly explained in relative
terms than absolute terms, thereby comparing the merits and demerits.
Dimensional analysis consists of calculating the relative merits for each
of the cost items for two alternative sites.

The first two steps are more important for company’s long-term strategies
and objectives. These objectives are more about marketing, technology, in-
ternal organizational strengths and weaknesses, region-specific sources and
business environment, legal governmental environment, social environment,
and geographical environment suggest an appropriate region for the facil-
ity location. For example, climate conditions are very important for cot-
ton/textile companies. If a company greatly depends on raw materials, it
should be located nearer to availability of raw materials, or if the firm wants
to reduce transportation cost, the facility should be located near market.
Any company that looks for subsidy or incentives should be located in the
states or countries, which provide them. Those are all related to what kind
of strategy the company pursues. Once the proper region is selected, the
next step is choosing the community and the best possible site in the region.
Those are less dependent on companys strategic objectives. (Kumar, 2008)

3.2 Decision Making

3.2.1 Decision Analysis

While some decisions are quite easy to make, other decisions can be very
difficult to make, and mostly causes a loss of energy and strength. Simi-
larly, the information that we need for a good decision-making varies very
much. In some decision conditions, we may require a great deal of informa-
tion whereas in other situation not so much. Sometimes there might not be
much information available and, therefore, the decision can be made intu-
itively. Apart from subjective and intrinsic aspect to decision making, there
are also systematic ways to help the decision makers. The aim of decision
analysis is to build up techniques and help decision makers, but not replace
the decision maker. Hence decision analysis can be identified as the process
and methodology of modelling, evaluating, and choosing a proper action for
a given decision problem. (Abu, 2009)

Decision analysis process often takes into account a broad range of tools
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and a basic approach in which decision maker breaks the problem down into
manageable parts in order to make it easier. During this process, the deci-
sion makers should also get a good insight into the problem, analyse complex
conditions, and determine an action, which is compatible with their values
and knowledge. (Abu, 2009)

Decisions are classified into three categories (Giri, 2010):

i. Decision-making under the condition of certainty.

ii. Decision-making under the condition of uncertainty.

iii. Decision-making under the condition of risk.

These three groups indicate the level of available information about the state
of nature. The state of nature means that the conditions of decision making
environment that the decision maker has no control over, and it identifies
the level of success for implementation of given purpose (Giri, 2010). The
states of nature are exclusive events, and only one state of nature occurs
and that all possible states are considered (Abu, 2009).

The kind and amount of available data helps decision maker to identify
which analytical methods are more suitable for the model of the decision.
Business decision makers have always had to work with incomplete or uncer-
tain data. In some situations decision maker may have complete information
about decision variable, but in other situation he may have to work with no
data. Figure 3 shows the level of objective and subjective info under certain
and uncertain conditions. (Kumar and Suresh, 2009)

Complete certainty Extreme uncertainty

All data No data

Objective info Subjective info

Large samples Small sample

Figure 3: Information continuum for decision makers. Source: Kumar and
Suresh, (2009)

The suitability of a given analysis depends on (Kumar and Suresh, 2009):

• Important or long lasting decisions

• Time availability and the cost of analysis
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• The level of complexity in the decision

The important and long lasting decisions require more attention than routine
ones. Facility location problem, which is a long term decision, may need
more deep analysis. Besides, the time availability and the cost of analysis
also affect the amount and deepness of analysis.

3.2.2 Decision Making Steps

Decision-making is an organized and scientific process that depends of a well
prepared methodology. The steps for a decision-making (Giri, 2010):

i. Define the problem.

ii. List out the possible alternatives.

iii. Identify the possible outcomes.

iv. List the pay-off or profit of each combination of alternatives and out-
comes in a decision table.

v. Select one of the decision-making models.

vi. Formulate the model.

vii. Evaluate the alternatives and make the decision.

In 1977 by Herbert Simon systematic decision making process is graded into
4 phases. (Figure 4) First one, is intelligence phase, where the problem
is defined, second, is the design phase where the model is constructed and
verified, and the third one is choice phase where the selection is made in
alternatives by means of created model. The last one, implementation phase
is realized in case the decision is reasonable for execution. (Zhang et al.,
2007)
Different kinds of methods are required for different kinds of problems. For
example, most used methods are analytic hierarchy process (AHP), math-
ematical programming, decision matrix analysis, and decision trees. Each
method has its specific advantages. For instance, AHP is a method, which
can consider both tangible and intangible factors and decrease the com-
plexity of the problem by comparing the attributes. Mathematical pro-
gramming enables assigning different values to variables by means of max-
imum/minimum functions and finds the best solution by repetition of this
process. Now these mathematical programming models are improved in
order to adapt to complicated real life problems.
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Intelligence Phase
Problem definition
Data collection
Requirements analysis

Design Phase
Model formulation
Identification of alternatives
Identification of factors

Choice Phase
Model formulation
Selection of Alternatives
Identification of factors

Reality of
situation

Implementation Phase

Output

Problem definition

Alternatives

Model validation

Solution

Testing of the solution

SuccessFailure

Figure 4: Framework of a decision-making process. Source: Zhang et. al.,
(2007)

3.3 Decision Methodology

In order to determine which methods are most appropriate for establishing
the model of a decision, we should consider the kind and amount of the
available information. Decision making methods can be listed under three
conditions that are explained before; certainty, uncertainty, and risk. Fig-
ure 5 represents some quantitative methods that are classified according to
amount of certainty in decision information. (Kumar and Suresh, 2009)
The current information we have is not certain; therefore, we can assume
that the decision will be made under risk and uncertainty condition. The
methods suitable for this study are in the second category, which includes
statistical analysis, queuing theory, simulation, heuristic methods, network
analysis techniques, and utility theory.

In the studies that we looked through, the most common methods were
mathematical programming, statistical analyses and some heuristic meth-
ods. We mostly came across multi-criteria mathematical programming mod-
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Risk &
Uncertainty

Complete
certainty

Extreme
uncertainty

(All information) (Some information) (No information)

Algebra: Statistical analysis: Game theory

Break- even • Objective and subjective probabilities Flip coin

Benefit/cost • Estimation and tests of hypothesis

Calculus • Bayesian statistics

Mathematical • Decision theory

programming: • Correlation and regression

Linear • Analysis of variance

Non-linear • Non-parametric methods

Integer Queuing theory

Dynamic Simulation

Goal Heuristic methods

Network analysis techniques:

Decision trees

PERT and CPM

Utility theory

Figure 5: Quantitative methods as a function of degree of certainty. Source:
Kumar and Suresh, (2009)

els that are used by making several assumptions in input data depending on
perceptions of decision makers. It is known that facility location selection
problem is a multi-criteria decision problem; therefore, the mathematical
models are used in multi-criteria decision making, which is more based on
certain data. On the other hand, the conditions under uncertainty/risk are
handled by using multi-attribute decision-making methods, which will be
explained in the following part.

Utility theory, which allows decision makers to incorporate their own ex-
periences, can also be used in the decision making process. Yet in our case,
it is a new facility location with no background experiences. Simulation is
also not possible to be used due to high cost of analysis and lack of time in
the project. In case of heuristic methods, we do not consider our problem
very complicated as it is solved by means of heuristic methods, since we only
handle the first phase (selection of countries) of facility location process.

3.3.1 Multi-criteria decision making (MCDM)

Since the problems that are faced in companies are not generally single and
simple, simple decision-making methods are not sufficient for companies’
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complicated problems. In that point multi-criteria decision-making is very
suitable in order to consider and compare many factors and alternatives.
Multi-criteria decision making is the most well known decision making, and
it is a branch of Operations Research, which deal with decision problems
under a number of decision criteria (Triantaphyllou et al., 1998).

MCDM is a normative way of decision-making where there is one decision
maker with multiple criteria problem. Its aim is to consider the way the
decision maker looks at the multi-criteria problem. In order to do that, a
mathematical model must be constructed, since the amount of information
in multi-criteria problem is too much for a human to make the whole process.
This can be best done by letting decision maker focus on smaller parts of the
problem. The way the decision maker looks at the multi-criteria problem
is also defined as the decision maker specific data. (Keyser and Springael,
2010)

Maximize [C1(x), C2(x)...Ck(x)] ∀, x ∈ X

where
x is any specific alternative,
X is a set representing the feasible region or available alternatives, and
Cj is the lthe evaluation criterion.

According to many authors multi-criteria decision-making is divided into two
categories as multi-objective decision-making (MODM) and multi-attribute
decision-making (MADM), which is relatively more popular. MADM prob-
lems can be broadly described as “selection problems” and MODM as “math-
ematical programming problems.” MADM depends on selecting the best
possible alternative from a finite set of predetermined alternatives. It can
also be referred as the multiple criteria methods for finite alternatives.
MADM is often represented in terms of a pay-off table. MODM problems
based on creating an alternative when there are a very high number of alter-
natives and all alternatives are not predetermined. MODM problems used
for identifying the best alternative in a MCMP, and it can also be referred
as the multiple criteria mathematical programming (MCMP) or a vector
optimization problem. (Abu, 2009)

3.3.1.1 Multi Objective Decision Making Problem

MODM problems deal with decision problems in which the decision space
is continuous (Triantaphyllou et al., 1998). That is why multi objective
decision-making problem usually assumes that a decision maker should select
an alternative among infinite alternatives involving decision variables, con-
straints and objective function. The decision alternatives are not given and
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not predetermined. Therefore, a MODM problem is concerned with finding
the optimal solution through mathematical programming. Once each alter-
native is found, it is judged whether the alternative is close to satisfying the
objective. Many problems in MODM are formulated as multiple objective
linear integers, non-linear mathematical programming problems, and many
of the algorithms.(Dyer et al., 1992)

MODM focuses on continuous decision space aimed at finding the best so-
lution, which can include and achieve several objective functions simultane-
ously. To find the best solution, various interactions within the constraints
must satisfy the acceptable levels of quantifiable objectives. Since the model
has deterministic data, it cannot help the decision maker deal with ambigu-
ities, uncertainties, and vagueness. In this case, the fuzzy approach allows
the decision maker to associate with unquantifiable data, incomplete infor-
mation, non obtainable information, and some ignorant facts in the decision
model. (Kahraman, 2008)

Some typical mathematical programming methods that can be used in fa-
cility location selection encompasses shortest-route problem, minimal span-
ning tree problem, transportation problem, assignment problem, dynamic
programming, linear programming, and goal programming. (Schniederjans,
1998)

3.3.1.2 Multi Attribute Decision Making Problem

MADM is a well-known branch of decision-making. It differs from MODM
problems, which design a best alternative by considering the trade offs within
a set of constraints whereas MADM makes the selection among several
courses of action by considering multiple but usually conflicting attributes
(Kahraman, 2008). MADM focuses on problems with discrete decision
spaces with finite number of alternatives, explicitly known in the begin-
ning of the process (Triantaphyllou et al., 1998). Many MADM problems
are considered with both quantitative and qualitative attributes. In many
cases, the qualitative attributes, can only be evaluated by human judgment,
which is subjective and related to uncertainty (Guo et. al., 2009).

Solving a MADM problem requires sorting and ranking. MADM approaches
can be deemed as alternative method to combine the information in prob-
lem solving matrix together with the information coming from the decision
maker for making a last ranking, sorting, screening, and selection among
several alternatives. (Kahraman, 2008)

In order to see the ranking of alternatives MADM uses a decision table
which includes four main parts, namely: (a) alternatives, (b) attributes
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(factors), (c) weight of relative importance of each attribute, and (d) mea-
sures of performance of alternatives with respect to attributes. The decision
table demonstrates alternatives, Ai (for i = 1, 2, ..., N), attributes, Bj (for
j = 1, 2, ..., M), weights of attributes, wj (for j = 1, 2, ..., M) and measures
of performance of alternatives, mij (for i = 1, 2, ..., N ; j = 1, 2, ..., M).
They can be seen in Table 1. The task of the decision maker is to find the
best alternative in the rank of set of alternatives. In order to compare all
kinds of attributes, the table may need to be normalized. (Rao, 2007)

Table 1: Decision table in MADM methods Source: Rao (2007)

Alternatives Attributes
B1 B2 B3 - - BM

(w1) (w2) (w3) (-) (-) (wM )

A1 m11 m12 m13 - - m1M

A2 m21 m22 m23 - - m2M

A3 m31 m32 m33 - - m3M

- - - - - - -
AN mN1 mN3 mN3 - - mNM

For classification of MADM methods there could be many ways, one classi-
fies them according to the data they use. Those are deterministic, stochastic,
fuzzy MADM methods, or a combination of the data types. Other way of
classification is based on the number of decision makers in the decision pro-
cess. For example, the single decision maker deterministic MADM methods
are WSM, AHP, revised AHP, WPM, and TOPSIS that will be explained
below.(Triantaphyllou et. al., 1998)

In their book, Hwang and Yoon (1981) have given 14 MADM methods, and
Kahraman (2008) added five more methods in his book. Those are Dom-
inance Method, MaxiMin Method, Maximax Method, MiniMax (Regret)
Method, Conjunctive (Satisfying) Method, Compromise Programming, Dis-
junctive Method, Lexicographic Method, Lexicographic Semi-order Method,
Elimination by Aspects, Linear Assignment Method, Simple Additive Weight-
ing (SAW) Method, Weighted Product Method, Non-traditional Capital In-
vestment Criteria, TOPSIS (Technique for Order Preference by Similarity to
Ideal Solution), Distance from Target, Analytic Hierarchy Process (AHP),
Outranking Methods (ELECTRE, PROMETHEE, ORESTE), Multiple At-
tribute Utility Models, Analytic Network Process (ANP), Data Envelopment
Analysis (DEA), Multi Attribute Fuzzy Integrals.
Since there are so many number of methods, we will introduce the three
most common methods.

Simple Additive Weighting (SAW) Method
Simple additive weighting method it is one of the simplest method. Every
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alternative is ranked according to the sum of their cardinal weights prefer-
ence. In order to find the attribute weights, it is necessary to multiply the
performance score with attribute importance. (Kahraman, 2008)

TOPSIS (Technique for Order Preference by Similarity to Ideal
Solution)
TOPSIS chooses the best attributes of the decision matrix among all the al-
ternatives to create an ideal solution. Then the alternative that is closest to
the ideal solution and at the same time farthest from the non-ideal solution
is chosen (Kahraman, 2008). To make this selection TOPSIS method cre-
ates an index that combines the closeness and remoteness of an alternative
to the ideal solution and to the negative-ideal solution respectively (Abu,
2009). An example of the use of TOPSIS can be found in the research of
Farahani and Hekmatfar (2009), where they apply a fuzzy TOPSIS to solve
problems with inaccurate qualitative and quantitative data.

Analytic Hierarchy Process (AHP)
Analytic Hierarchy Process (AHP) is a highly flexible application in group
decision-making that can be applied in a wide variety of situations. It pro-
vides a simple hierarchy structure for complex problems and helps us to
assess contrary quantitative and qualitative factors in a systematic way.
AHP enables consistent assessment, weighting and ranking of location al-
ternatives, and helps factor analysis method in making location decisions.
(Ko, 2005)

3.3.1.3 Fuzzy Multi Attribute Decision Making Problems

In real life applications, multi attribute decision-making can face some prac-
tical problems because of the existence of vagueness and uncertainty in
decision-making process. For those cases, fuzzy multi attribute decision
making methods are developed to provide an easy way to deal with vague,
imprecise data or knowledge. To understand the fuzzy multi criteria meth-
ods, firstly we will explain the fuzzy logic below, then, as an example fuzzy
AHP process will be defined.

Fuzzy Set
Fuzzy set is utilized to deal with vagueness and uncertainty of human
thought in industry, nature and humanity. Zadeh first introduces the fuzzy
set theory in 1965. In this theory a fuzzy set M in a universe of discourse
X is represented by a membership function µM (x), which assigns to each
object x in X a grade between [0,1]. A triangular fuzzy set can be repre-
sented by (l,m, u) Figure 6 where l indicates the lowest possible value, m the
middle value, and u the upper possible value. (Bashiri and Hosseininezhad,
2009)
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x

µM (x)

1

l m u

M

Figure 6: A triangle fuzzy number M

Thus, µM (x) can be defined the as:

µM (x) =


0, x < l,
x−l
m−l , l ≤ x ≤ m,
u−x
u−m , m ≤ x ≤ u,
0, x ≥ u,

(1)

There are several operations on triangular fuzzy numbers. Here, we will
illustrate the most important for our study. Given two triangular fuzzy
number A (a,b,c) and B (d,e,f) the four main operations are shown as follows:

A+B = (a, b, c) + (d, e, f) = (a+ d, b+ e, c+ f) (2)

A−B = (a, b, c)− (d, e, f) = (a− f, b− e, c− d) (3)

A⊗B = (a, b, c)⊗ (d, e, f) = (a · d, b · e, c · f) (4)

A/B = (a, b, c)/(d, e, f) = (
a

d
,
b

e
,
c

f
) (5)

In addition, the distance between two fuzzy numbers can be calculated by
vertex method: (Ertugrul and Karakasoglu, 2008)

dv(A,B) =

√
1

3

[
(l1 − l2)2 + (m1 −m2)2 + (u1 − u2)2

]
(6)

Fuzzy AHP
The degree of possibilities of each alternative is based on the fuzzy AHP of
Changs extent analysis. According to the results of pair-wise comparisons,
the corresponding triangular fuzzy numbers are replaced with the linguistic
evaluations. The steps for AHP process are given in following steps. (Chang,
1996)
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The value of fuzzy synthetic extent with respect to the ith is defined as:

Si =
m∑
j=1

M j
gi ⊗

[ n∑
i=1

m∑
j=1

M j
gi

]−1

(7)

To obtain
∑m

j=1M
j
gi, the fuzzy addition operation ofm extent analysis values

for a particular matrix is performed such as:

m∑
j=1

M j
gi =

( m∑
j=1

lj ,

m∑
j=1

mj ,

m∑
j=1

uj

)
(8)

and to obtain

[∑n
i=1

∑m
j=1M

j
gi

]−1

, the fuzzy addition operation of M j
gi

(j = 1,2, . . . , m) values is performed such as:

n∑
i=1

m∑
j=1

M j
gi =

( n∑
i=1

li,
n∑

i=1

mi,
n∑

i=1

ui

)
(9)

and then the inverse of the vector above is computed, such as:

[ n∑
i=1

m∑
j=1

M j
gi

]−1

=

 1
n∑

i=1

li

,
1

n∑
i=1

mi

,
1

n∑
i=1

ui

 (10)

As M1= (l1,m1, u1) and M2= (l2,m2, u2) are two triangular fuzzy numbers,
the degree of possibility of M2= (l2,m2, u2) ≥ M1= (l1,m1, u1) is defined
as:

V (M2 ≥M1) = sup(y ≥ x)[min(µM1(x), µM2(y))] (11)

and can be expressed as follows:

V (M2 ≥M1) = hgt(M1 ∩M2) = µM2(d) (12)

=


1, ifm2 ≥ m1,

0, if l1 ≥ u2,
l1−u2

(m2−u2)−(m1−l1) , otherwise

(13)

In Figure 7 we can observe that d is the ordinate of the highest intersection
point D between µM1 and µM2. To compare M1 and M2, we need both the
values of V (M1 ≥M2) and V (M2 ≥M1)
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The degree possibility for a convex fuzzy number to be greater than k convex
fuzzy M1 (i=1, 2, k) numbers can be defined by

V (M ≥M1,M2, . . . ,Mk) (14)

= V [(M ≥M1) and (M ≥M2) and . . . and (M ≥Mk)] (15)

= min V [(M ≥M1), i = 1, 2, 3, . . . , k (16)

1

l2 m2 u2l1 m1 u1d

V (M2 ≥M1)

M2 M1

D

Figure 7: The intersection between M1 and M2

Assume that d(Ai) = minV (Si ≥ Sk) for k = 1, 2, . . . , n; k 6= i.

Then the weight vector is given by

W ′ = (d′(A1), d′(A2), . . . , d′(An))T (17)

where Ai = (i = 1, 2, . . . n) are n elements.

Via normalization, the normalized weight vectors are

W = (d(A1), d(A2), . . . , d(An))T (18)

where W is a non-fuzzy number.

3.3.2 Classification Table

Table 2 gives the overview of some MCDM methods and their classification
from Keyser and Springael (2010) according to the dimensions that are given
in Chapter 4. This table does not give the complete overview of existing
methods. Those four dimensions are helpful in narrowing down the area
for a suitable MCDM method, but not enough to determine best suitable
method. Therefore, we have also added following MADM methods that are
observed in the literature in order to view other existing applications of
methods. Added methods are shown in red colour in Table 2.
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An analytic network process (ANP) technique is used by Tuzkaya et al.
(2008) to site a new facility. The method includes qualitative and quantita-
tive factors in order to evaluate and select suitable facility locations based on
a number of criteria (which are benefits, costs, opportunities, and risks) and
their sub-criteria. Interdependencies between these criteria and their weights
are calculated based on interviews with some organizations. Analytic Hier-
archical Process (AHP), which is a different case of ANP technique, is very
popular in facility location selection problems. Chen (2006) constructed and
tested a case study by using AHP. Yang and Lee (1997) first determined some
alternatives and then evaluated and compared them under both quantita-
tive and qualitative factors by using an AHP method. The study allowed
managers to incorporate managerial experience and judgement in the solu-
tion process. Ko (2005) proposed the use of decision factor analysis and the
AHP in making distribution location decisions by considering both qualita-
tive and quantitative factors. Erkut and Moran (1991) also used AHP in
order locate a municipal sanitary landfill based on qualitative, quantitative,
and engineering criteria. The results indicate that the AHP approach is a
practical tool to support decision-making in site selection.

The qualitative factors are generally indefinite and vague; thus fuzzy multi
attribute group decision-making is getting a very useful approach (Farahani
et al., 2010). Chou et al. (2008) describe a fuzzy multi attribute decision-
making approach for qualitative and quantitative attributes in a facility
location problem under group decision-making circumstances. The system
is a combination of fuzzy set theory, the factor rating system and simple
additive weighting to evaluate the facility location alternatives. Chu and
Lai (2005) also use a fuzzy MCDM for a distribution centre location se-
lection problem. By using fuzzy SAW method, they establish an improved
fuzzy preference relation matrix to rank alternatives. Other authors like
Ko (2005), Ertugrul and Karakasoglu (2008) and Farahani and Hekmatfar
(2009) mentioned how fuzzy AHP and fuzzy TOPSIS can be used to solve
problems with inaccurate qualitative and quantitative data. A comparison
of fuzzy AHP and fuzzy TOPSIS is presented by Ertugrul and Karakasoglu
(2008) and applied in a textile facility location selection. According to re-
sults each of them may give a good answer.

Canbolat et al. (2007) modelled a three level methodology in order to find a
location of an international manufacturing facility for new auto supplier in
one of five countries. Firstly they used influenced diagrams for identification
of factors and uncertainties. Secondly a decision tree method is used in or-
der to see the uncertainties regarding to the cost. Three decision makers are
interviewed to determine the weights of factors, which are both quantitative
and qualitative. Lastly a Multi Attribute Utility Theory (MAUT) is used to
see cumulative risk profile and evaluate the alternative countries. MAUT,
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when compared to AHP, may have more data intensive and structured mea-
sures and scaling, for example, while AHP uses ratio scale, MAUT works
with range scale (Canbolat et al., 2007).

Authors like Athawale and Chakraborty (2010) and Brans and Mareschal
(2005) describe how to use PROMETHEE II method when we have a MADM,
qualitative and quantitative data, and a trade off among criteria. In this
example, Athawale and Chakraborty (2010) use as an example the data of
Rao, who utilize the graph theory and matrix approach (GTMA) for indus-
trial application. Thus, Athawaleand Chakraborty (2010) achieves to prove
the capability of PROMETHEE II method in a MCDM problem. This ex-
ample considers three alternative facility locations and eight criteria that
except the cost are represented in linguistic terms.

Barda et al. (1990) used ELECTRE III method in a hierarchical decision
process in order to select the best sites in three coastal regions to locate
thermal power plants. The qualitative and quantitative criteria are exam-
ined and quantified by opinions of management units in the company. The
case study is achieved by using the ELECTRE III method, and this study
enabled consideration of numerous aspects in the problem and their inte-
gration to the decision making process. They showed that this method is
entirely suitable for industrial location problems.

Another hybrid study from Bashiri and Hosseininezhad (2008), they pro-
posed a methodology for multi facility location problem, based on using
Fuzzy AHP and multi objective linear programming (MOLP) by applying a
fuzzy set theory. Firstly, the problem is modelled as a fuzzy multi objective
model. In order to compare alternatives, group decision-making and fuzzy
AHP are used by investigating decision makers comments. For reaching the
final solution a two-phase fuzzy linear programming is solved. This solution
method considers the concept of satisfaction degree and brings more actual
results.

Additionally Yoon and Hwang (1995) categorized a set of MADM meth-
ods by the information received from the decision maker. The information
is classified as pessimistic, optimistic, standard level, ordinal, and cardinal,
which are shown in Appendix A. Some methods in Table 2 are taken from
this classification of MADM methods, which are shown in blue colour.
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Table 2: Classification of multi criteria decision-making methods. Source Keyser and Springael,(2010)
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3.4 Factors Affecting Facility Location Decision

The factors effecting facility location choice are based on economical and
environmental factors. Economical factors generally involve in the area of
company control and can be affected by the decisions of company manage-
ment. Their economical results, in other words, their influence on the cost
and profit is highly significant and severe. Economic factors involve facil-
ity costs, such as construction, utilities, insurance, taxes, depreciation, and
maintenance; operating costs, including fuel, direct labour, and adminis-
trative personnel; and transportation costs related to moving goods to the
final destinations (Collier and Evans, 2012). On the other hand, economical
factors are not always the most significant factors. Sometimes location de-
cisions should be depend on companys strategic objectives. Environmental
factors are economic, political, and strategic factors deriving from interna-
tional affairs, political, financial and legal regulations of national or regional
institutions. They also include the availability of labour, transportations
services and utilities; climate, community environment, and quality of life
(Collier and Evans, 2012). These factors occur out of the company control.
(Ozdamar, 2007)

There are tens of factors with an impact on the selection of facility loca-
tions. Factors may change depending on the facility type, and whether the
level of a particular location problem is international, national, state wide,
or communitywide. It is hard to distinguish which factor is more important
for the particular company. For instance if we determine the location of a fa-
cility in another country, factors such as political stability, foreign exchange
rates, business climate, duties and taxes are more important. If the level
of the location problem is narrowed down to choose the community then
factors like community services, tax incentives, local business climate, and
local government regulations are more considerable. Besides, if we consider
each factor for facility location selection, it will make the problem even more
complicated. They actually depend on the kind of company; small, medium
or big-scale organizations. Therefore, factors must rank according to their
importance level and most important ones should be considered as facility
location selection factors. (Ertugrul and Karakasoglu, 2008; Farahani and
Hekmatfar, 2009)

Additionally product life-cycle stage is also important to consider important
factors for the company. For example during the new product development
stage, companies prefer to be placed in major R&D centres. Those centres
usually include high facility costs, but it is good for the new product intro-
duction. Conversely, after reaching a certain growth level, companies prefer
to be located close to main market places to minimize transportation costs
and delivery time. (Yang and Lee, 1997)
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As it is mentioned before, global facility location decision process is con-
ducted in four steps; global (country) location decision, region location de-
cision, community location decision, and site location decision. The factors
in each phase are given below.

3.4.1 Global location decision factors

The global location decision includes evaluating the product portfolio, new
market opportunities, changes in regulatory laws and procedures, produc-
tion and delivery economics, sustainability, and the cost to locate in different
countries. Many international companies must handle the issues of global
operations like time zones, foreign languages, international funds transfer,
customs, tariffs and other trade restrictions, packaging, international mone-
tary policy, and cultural practices. By assessing those factors, the company
can decide to locate domestically or in another country. If it is in another
country, what countries are most suitable to locate the facility and how im-
portant is to do that. (Collier and Evans, 2012)

The candidate country for facility location may propose several advantages
as well disadvantages. So it is important to analyse them together in the de-
cision making process. This process requires three steps: (1) Determination
of candidate countries, (2) Analysis of these countries based on a generic lo-
cation factors list and (3) Final decision. So many researchers are dealt with
this subject and assessed the factors for facility location. (Ruan et al., 2010)

MacCarthy and Atthirawong (2003) described 13 comprehensive factors
and several sub-factors that influence in the international location decision.
These factors can be observed in Figure 8 below.

The first factor is cost, which is one the most important factor for many
companies in order to make a location decision. This factor includes some
important sub-factors like transportation cost, manufacturing cost or fixed
cost just to mention some. Other factors are also important when a company
is planning to establish facilities abroad. Those are labour characteristics,
infrastructure, and proximity to suppliers and market. Those factors present
important sub-factors, which are quality of the employees, quality and re-
liability of modes of transportation (seaport, airport, roads), close to raw
material and suppliers, or other way around close to the market in order to
decrease the lead time. Among the other factors we can highlight: Legal and
regulation framework, which include the legal system, economic factors as
taxes, and financial incentives, or government and political factors like gov-
ernment stability. Using the Delphi method, MacCarthy and Atthirawong
(2003) stated that cost, infrastructure, and labour are the three most im-
portant factors, with social and cultural factors, proximity to competition,
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Location
Decision
Factors

Costs

Social and
cultural factors

Proximity
to suppliers

Economic factors

Government and
political factors

Legal and regu-
latory framework

Quality of life

Infrastructure

Characteristics of
a specific location

Proximity
to markets

Proximity to parent
company’s facilities

Proximity to
competition

Labour Char-
acteristics

Figure 8: Factors affecting international location decisions. MacCarthy and
Atthirawong (2003)

and proximity to parent companys facilities being of much lower concern to
managers.

Another study, from Jungthirapanich and Benjamin(1995), used data from
previous studies for the classification of factors that affect manufacturing
location decisions. They are categorized into eight categories, which include
almost same criteria as in MacCarthy and Atthirawong (2003). These are
market; transportation; labour; site consideration such as cost of land and
construction; raw materials and services; utilities; governmental concerns;
and community environment.

Hoffman and Schniderjans (1994) present a two-phase model, which is a
combination of strategic management concepts, goal programming, and mi-
crocomputer technology to develop a facility location selection model on a
global scale. They apply a case study, which requires the selection of a fa-
cility site in Europe for a US brewery expansion. In the first phase, they
assess twenty potential countries in Europe. The evaluation of each country
is based on eight criteria; demand in the country, total competitive capacity,
average price per square foot, growth rate of market, number of potential
facility sites, accessibility to suppliers, labour costs, and property tax rates.
After country selection, in the second phase, the model considers all avail-
able facilities within the country and chooses the best one.

Yang and Lee (1997) considered some location factors from Levine (1991).
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The factors that have been widely used in industrial location research are
in the following categories: Market, Transportation, Labour, Site considera-
tions, Raw materials and services, Utilities, Governmental regulations, and
Community environment. There are shown in Appendix B.

Chai et al. (2009) identified 16 factors in a production allocation deci-
sion, in the pharmaceutical industry. The factors are; ability to produce the
product, maintain good quality, deliver the product, be flexible, produce in
terms of know-how, access favourable production and economic factors, ac-
cess strategic targets, maintain close proximity to suppliers and customers,
achieve economies of scale, achieve economies of scope, network learning
ability, obtain network flexibility, lower costs, manage cash flows, provide
positive net present value, and lastly legislation requirements.

Yurimoto and Masui (1995) also involve many global location factors in their
study. They study the Japanese manufacturers plant location and catego-
rize location factors for selecting countries and sites. For country selection
process, they identify five main factors; labour, markets, transportation, fi-
nancial inducement, and living conditions. The authors use an AHP model
to assess the countries and then the sites within the preselected countries.

It is not mandatory to analyse all the factors and sub-factors in order to
make a decision. The decision and the importance of the factors will differ
between companies. Multinational companies may consider more factors
than small companies and their decision will be more complex. (Kodali and
Routroy, 2006)

3.4.2 Regional location decision factors

After selection of the right country, the region within that country must be
decided, such as northeast or south part of the country. Factors that affect
the regional decision can be considered as the size of the target market,
the locations of major customers and sources; labour availability and costs;
degree of unionization; land, construction, and utility costs; quality of life;
and climate (Collier and Evans, 2012). Those all factors for selection of
country and region can be overlap, since it may require considering some
factors again depending on the strategy and kind of company.

3.4.3 Community location decision factors

The community location decision requires selecting a specific city or commu-
nity in a particular region. Further to the factors stated for regional location
decision, the company also consider managers preferences, community ser-
vices, taxes and tax incentives, available transportation systems, banking

30



3 THEORETICAL FRAMEWORK

services, and environmental aspects. (Collier and Evans, 2012)

3.4.4 Site location decision factors

After determining the community, the appropriate site of location is se-
lected in a particular location within the chosen community. In this level
more specific factors are considered such as site costs, proximity to trans-
portation systems in the city, utilities, payroll and local taxes, sustainability
and recycling issues, and zoning restrictions. (Collier and Evans, 2012)
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4 Research Methodology

In this chapter, a methodology gives the reader a comprehensive picture of
how the thesis is made. An explanation of research strategy and research
approaches is demonstrated. Then the data collection and analysis proce-
dures are explained and examined. Lastly, the trustworthiness measurement
of data and its limitations are discussed in the last section.

The main interest of this study is to determine best possible packing fa-
cility location for ws/st product with the focus of good quality, low cost
and on time delivery. In this report, we intended to make a review of the
state of the art of knowledge in global facility location, and to evaluate the
criteria/factors and the suitable methods for the particular facility location
decision. A literature review is done to identify the methods, factors and
variables. The developed framework is yet to be empirically tested with a
case study of ws/st product.

4.1 Research Design and Strategy

In this thesis, the research design is based on a case study. Since it is a real
life problem, this research will help us to investigate, demonstrate, analyse
and answer the research questions about facility location. Case studies are
valuable at the level of theory building - in which theory testing is the end
of theory building process - in which given theories are tested and validated
(Bergh and Ketchen, 2009). Since, in this study, a particular decision mak-
ing tool from the literature review will be applied and tested in order to find
a real case facility location problem, the aim of the study can be considered
as theory testing.

The research strategy used to reach the purpose of this master’s thesis is
presented in Figure 9. The first phase is to define the purpose, research
questions, the problem area and observations about the company and the
problem as explained in Chapter 1 and 2. In the second phase, a literature
study is done in order to find and select the factors affecting facility location
decisions and the methods to evaluate the existing alternatives. Based on
findings of the literature review, research and data collection methods are
selected for our particular case study. Then the data is collected by conduct-
ing meetings with the manager, observations, public statistics, and existing
studies. In the third phase, an analysis of factor weights is conducted by
combining the information from previous studies and the group discussions
with the owner/manager of the company. After taking these into account, a
combination of two MCDM tools is implemented to select the best possible
country for the packaging facility. Finally, we will finish the study with the
results and conclusions by applying sensitivity analysis.
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Figure 9: Research Strategy

4.2 Research Variables

Research variables are measurable concepts in research studies, and they are
logical grouping of attributes, characteristics or features of the phenomenon,
problem or the issue (Brink, 2006). The variables that we consider in this
study are the factors that affect facility location selection process. They
are selected based on literature review, and the strategic objectives of the
company. Besides, in the group discussions with Kenneth Bringzén, who
can be regarded as the key actor in the company, gave practical data for
the identification and importance of those factors. Public statistics and
governmental publications are also used for scoring the factors in different
alternatives. Then those results will be numerical input for the decision-
making methods that will use in this study.

4.3 Data Collection

Here, we will describe, as their name say, how we are going to collect data
in order to test and validate our research. This process includes in most of
the cases interviews, observation, documentary analysis and questionnaires,
which can be divided into two broad groups; primary data and secondary
data. (Mark et. al, 2007).

4.3.1 Primary data

In this research, we consider the factors that are specifically selected with
the manager according to the companys strategic objectives. To measure the
importance of those factors we had a group discussion with the manager in
three sessions. Each session is conducted for one hour every day, and all are
finished in three days successively. This enabled us to evaluate objectively
the comments from the previous day and to make a new overview over
the decisions that have already been made. Even though, there were three
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people in the group discussions, it was very important to have the manager’s
opinion since he plays an important role when a facility is selected. The
weight of the factors will be considered in order to apply decision making
methods.

4.3.2 Secondary data

In this case, we use secondary data to identify the factors affecting facility
location selection, and the methods to solve facility location problems. The
score of the factors for each country is founded by using different sources.
For instance, taxes and customs data were collected from the European
commission website, other factors like having a harbour were collected from
maritime cargo companies. Delivery time, proximity to market and proxim-
ity to supplier data were estimated using Google maps. Economic factors
like inflation, currency stability and economic growth rate were collected
from a website for business and financial market, which is Trading Eco-
nomics and Bloomberg. In addition, government and political factors like
government stability, consistency of government policy and foreign direct in-
vestment (FDI) were collected from organizations like Standard and Poor’s,
Transparency International, and the CIA. Labour quality, productivity, and
cost factors were collected from the Statistical Office of the European Com-
munities (Eurostat). Thus, the factors such as proximity to parent company
and transportation cost from Surabaya to Europe are collected from airline
companies (Scandinavian Airlines) and the freight transportation companies
like Mediterranean Shipping Company S.A. (MSC). The detailed address of
the data is given in Appendix D, which shows the raw data taken from
mentioned sources.

4.4 Data Analysis Techniques

4.4.1 Selection of the suitable method

Abu (2009) defines several methods to use in operations research and man-
agement, like linear programming, nonlinear programming, integer program-
ming, network optimization, multiple criteria decision making, decision anal-
ysis, dynamic programming, stochastic processes, and queuing theory. Since
the facility location is a strategic decision making for a company and requires
both tangible and intangible factors as an input, we will focus on multiple
criteria decision making tools and decision analysis.

It is difficult to identify and evaluate positive and negative qualities of one
alternative compared to other one. The need to identify the standards in
order to determine the best facility location is increasing. Besides, many
other potential factors, such as closeness to inhabited area, distance from
the high ways, climate, land characteristics, etc. should be considered in the
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process of a facility location selection. Therefore, multiple-criteria decision-
making (MCDM) problem can be properly applied in facility location prob-
lem. (Tuzkaya et al., 2008)

There are so many aspects to identify before choosing a proper method
to solve the problem. In order to determine characteristics of this multi
criteria problem and to find an appropriate method for this, we follow a
classification tool of multi criteria decision making methods in the book of
Keyser and Springael (2010). Their classification is constructed in four di-
mensions by using a user-friendly question for each dimension. The answers
for each dimension provide an indication of one of the possible outcomes of
that dimension.

First dimension: number of alternatives
Question: Is the number of alternatives small enough to make two by two
comparisons?

Answer: Yes? Multiple Attribute Decision Making (MADM) methods. Pair-
wise comparison of the alternatives is possible.

No? Multiple Objective Decision Making (MODM) methods.
Our study presumes that there are a few decision makers who evaluate the
factors or attributes and make the decision among a set of alternatives. In
this study, the set of alternatives is small, since we consider only countries
with harbours and close to market and headquarter in Europe. So this
means that we will focus on MADM methods. MADM is very important in
location science, and it depends on the data type, which is sometimes vague,
fuzzy (Farahani et al., 2010).

As it is explained in Chapter 3, there are four main procedures for solv-
ing facility location selection problems; factor rating system, break-even
analysis, centre of gravity method and transportation method. Only factor
rating system is in MADM class (Chou et.al, 2008). Therefore, we can focus
on the methods (AHP, SAW, TOPSIS, ELECTRE, PROMETHEE and so
on) that are reflected factor rating system procedure.

Second dimension: determinism or not
In real situations, the data that are often obtained through a measuring
procedure are not essentially deterministic. They can be stochastic or given
by a fuzzy number.

Question: Are the data of the problem deterministic or not?
Answer: Yes? Deterministic
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No? Non-deterministic (e.g. stochastic, fuzzy)

In this case, the criteria of each alternative might involve risks and uncer-
tainties. For example, in the economy of the country is not always stable,
and it may grow in a strong or weak way.

Third dimension: aggregation
Every MCDM method must aggregate in some way the existing data across
the multiple criteria. This can be determined through two questions.

Question 1: Do you, as decision maker, want to take all factors into account?

Answer: No? A hierarchy among the factors does exist. This means achiev-
ing a better value on a factor is positioned higher in the hierarchy. No
compensation is accepted.

Yes? Go to question 2.

Question 2: Can you express differences in importance in the factors on
an ordinal scale, on a ratio or is it impossible to express this?

Answer: Yes, on an ordinal scale? An order amongst the factors. The
decision maker can rank the factors in categories ranging from little impor-
tance to great importance. The decision maker wants to take all factors into
account. Some kind of compensation is accepted.

Yes, on a ratio scale? Trade-offs between the factors. The decision maker
can give numerical values on a ratio scale as weights for the factor. These
weights indicate trade-offs between achieved values on the factors.

No? No a priori inter-criteria information. The decision maker is not able
to give a prioritization and not sure about the compensation.

After meetings and discussions with Kenneth, we have realized there is not
explicitly a trade-off between criteria. We can use a hierarchical order in
order to express the importance of factors. Therefore, we have used a pair-
wise comparison between factors in order to determine the importance of
them.

Fourth dimension
This dimension depends on the outcome of the first dimension: MODM or
MADM. In this case, the question belongs to MADM class is taken into
account.

36



4 RESEARCH METHODOLOGY

Question: Are those factors with qualitative data?

Answer: Yes? Qualitative data.

Yes, but also with quantitative data? Qualitative and quantitative data.

No? Quantitative data.

The factors affecting facility location selection are both qualitative and quan-
titative; therefore in this study we consider both quantitative and qualitative
techniques. However, in many of them qualitative data can be transformed
to quantitative data by using linguistic assessment. Therefore, making the
qualitative data into quantitative let us use other quantitative techniques as
well.

Classification table
The classification table of Keyser and Springael (2010) does not include ad-
equate methods in order to find a relevant method for this case. Therefore,
we had added a few more examples from the literature in Chapter 3. Ac-
cording to the answers of above questions, the methods are suitable for this
study is marked in Table 3.

According to the classification table and based on the theory that we found
about facility location factors, the suitable factor rating and assessing meth-
ods that we can use are fuzzy AHP, fuzzy SAW, and fuzzy TOPSIS to find
the best selection among several alternatives. According to the book “Deci-
sion Making in the Manufacturing Environment” (Rao, 2007) SAW, AHP,
TOPSIS, and fuzzy versions of those methods are important methods that
have a higher potential to solve decision making problems in the manufac-
turing environment.

Since, SAW method is explicitly similar to AHP method it will be suffi-
cient to consider one of them in order to avoid redundancy. Thus, we select
AHP, because since its invention, is one of the most widely used multi cri-
teria decision making methods (Vaidya and Kumar, 2006). However, it is
often criticised due to lack consistent of human judgment. Determination
and evaluation of the factors can be affected by characteristics of the deci-
sion makers. For example, some pessimistic people may avoid giving sharp
answers like giving the maximum point in comparisons. On the other hand,
a very optimistic person can easily give highest point even though it is not
that much important. Thus, these conditions create fuzziness in decision
making process. Therefore, fuzzy AHP is developed to overcome all these
weaknesses. Fuzzy AHP is an extension of classical AHP method in case the
fuzziness of the decision makers is considered. In this study, AHP method
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will be handled due to its help for well structured group discussion with
pair-wise comparison. FAHP is more popular compared to AHP method,
since it provides a pair-wise evaluation between alternatives by using fuzzy
numbers, which gives more sensitive results. Therefore, FAHP is more suit-
able for this case, since the location factors are determined based on human
decisions.

A study from Balli and Korukoglu (2009) developed a fuzzy decision model
for selection an appropriate operating system for a firm’s computer system.
Their decision model is based on FAHP and TOPSIS methods. The weights
of the factors are determined by FAHP method, whereas TOPSIS is used
for ranking of the operating systems. The combination of FAHP and TOP-
SIS provided an efficient selection of alternatives for specific purpose and
requirements. Cinar and Ahiska (2010) also used the same decision model
for bank branch location selection because of the multi-criteria structure of
the problem and the fuzziness in the comparisons of the criteria.

In this study, the same decision model will be used. Since the location
factors are weighted by taking subjective judgments of manager into con-
sideration, FAHP is very suitable to weight them by pair-wise comparison.
Then TOPSIS method will be used in order to rank the alternatives and
select the best possible location. The reason for not using fuzzy TOPSIS is
that the measurement tools of factors and sub-factors are established based
on governmental publications and previous studies. This means a human
perception will not be used to measure those factors corresponding to coun-
tries. TOPSIS method is also very popular compared to other methods
mentioned in Chapter 3, due to its consideration of negative and positive
ideal solution.

As it is stated, FAHP is superior to other methods in terms of determin-
ing the weights of the location factors. However, in FAHP the weights of
location factors can be zero (0) value. Since the 0 value is not included
into decision making process of factors, the difference between alternatives
cannot explicitly seen in FAHP. The reason why a combination of two meth-
ods is that TOPSIS method considers factors in a scale without comparing
the alternatives as pair-wise. TOPSIS is superior to other methods due to
the consideration of distance to positive ideal solution and negative ideal
solution. Therefore in this research fuzzy AHP and TOPSIS methods will
be used together in order to determine a better facility location for the
company. (Balli and Korukoglu, 2009)
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Table 3: Classification of multi criteria decision making methods. Source Keyser and Springael, (2010)
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4.5 Trustworthiness

This section presents a discussion about the credibility of data and methods
being used in this thesis. In order to construct a relevant research concept,
reliability and validity of research methodology are necessary and important.
Otherwise, the research conclusion, which is drawn from data collection and
research methods, will be useless.

We will achieve trustworthiness and quality of the study with describing
these two necessary aspects and also objectivity of the study. Besides, the
accuracy of defining research questions and objectives will be validated.

4.5.1 Reliability

The aim of considering reliability is to minimize the errors and bias, and
increase dependability or consistency in the study. Reliability refers to the
level of your data collection techniques or procedures that will provide reli-
able findings (Mark et al., 2007).

To provide a high reliability of this thesis, many sources of secondary data
are used and crosschecked before included in the thesis. The meetings and
the group discussions with the manager are made in several sessions to gain
insightful data. The managers perception in factor assessment and the sec-
ondary data in the existing literature are compared to confirm the liability
of primary data. In order to improve reliability, the meeting results are sent
to the manager to confirm the answers again. After getting the results by
using sensitive analysis, we test the robustness of the results. Then we ob-
tain similar results. Hence, we can say that this study is reliable. However,
the reliability of this thesis can still be improved because of the bias that
may occur indecision-making during the group discussions.

4.5.2 Validity

Validity concerns whether the findings are related to what they are supposed
to be (Mark et al., 2007). According to Thietart (2001), the main issue of
validity is firstly related to the measured data which is relevant and precise,
and secondly to the degree of generalization of the results. In this study,
this makes the question of whether the methods are chosen properly; factors
for facility location are measured in the right way, and all the meetings went
well with the objective of the study.

In order to assure the validity of this study, all the secondary data, concepts,
procedures and theories are referred to relative literatures and corresponding
documents in this area. Both of the authors have been studying in the field of
manufacturing management, and they have a background of manufacturing
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working experiences, and this thesis has a focus with manufacturing facil-
ity location. Since this area is a branch of Operations Research, they have
enough related education background with the taken courses both Opera-
tions Research and Operations Strategy. Therefore, the authors are familiar
with the topic of this thesis. Furthermore, the manager of the company has
a good understanding of assessment and making decisions since he has a
background of giving lectures in the university. This simplified the way of
meetings and group discussions. Additionally, since this is a causal study,
testing the results of analyses in the case study can also be made to check
the validity.

4.5.3 Objectivity

In this study, the responsibility of making choices is conducted by the the-
sis workers and the manager. We are aware that those individuals affect
the choices made in the study, but the objectivity is assured by making
reflections and motivations of the choices in the thesis.
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5 Selecting and Weighting Location Factors

In this chapter the factors affecting facility location selection are determined
based on the company objectives. Afterwards, they are assessed by making
pair-wise comparison with the point of the manager by conducting several
group discussions. Finally, the importance weights of the factors are calcu-
lated by following fuzzy AHP procedure.

Selection of location factors is based on the facility type, level of facility
location problem, and product life-cycle stage, as it stated before. For in-
stance, the industries that have more focus on labour will consider more
labour related factors such as labour availability and rate, whereas a high-
tech industry is more likely to handle the factors with highly skilled labours
and quality of life concerns (Yang and Lee, 1997). Those factors mostly
depend on the strategic objectives of the company. Managers prioritize fac-
tors according to those objectives for locating a new manufacturing facility;
therefore we made group discussions with the manager in order to determine
location factors based on strategic goals of the company.

As the level of facility location problem proceeds, the relative importance
of location factors also changes. As it is explained, there are four stages of
facility location process starting from country selection until site selection.
In the early stage of the decision process, only a few factors are considered,
such as the availability of labour or proximity to market. In the last stage
of location selection, more site-specific factors, such as land costs and access
to roads are considered. Since this study includes country selection for a
facility location, we will focus on the factors that are considered in this level
of decision process. (Yang and Lee, 1997)

According to the product life-cycle stage, the walking support is a one-
kind-of product designed by its owner. Therefore, it is not very important
to be close to the main R&D centres. The aim of the company is to locate
close to the main market places in order to minimize the cost and delivery
time.

5.1 Strategic goals of the company

The overall goal of the company is to maximize the total value. It requires
following four objectives in order to fulfil the goal: minimize total cost,
maximize product quality, maximize customer satisfaction with delivery on
time, and maximize stability of company’s trade based on the solidity of
the selected country. Thus, in order to maximize the total value, the com-
pany should be located in a country with skilled workers, lower wages, and
lower transportation cost, in addition, the country must be stable and close
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to market. It may be the case that a country alone cannot hold all the
requirements, if this is the case, the country with the best score will be
selected.

5.2 Selecting the location factors based on literature review

In the literature, we have come across tens of different location factors from
several authors. The set of factors that we consider in this study is derived
through an extensive literature review. Considering the facility type, level
of facility location problem, and product life-cycle stage, a set of location
factors is selected in order to score the alternatives and make the best deci-
sion.

Most set of factors in different studies are very similar in the phase of
country selection. Cost, labour, access to market and suppliers, utilities,
governmental issues, quality of life, transportation, raw materials and ser-
vices, are the most common factors that can be seen in all the location factor
studies. Based on the strategic objectives, a set of factors is chosen, and their
sub-factors are determined. In doing so, we are inspired by Canbolat et al.
(2007) and established a structure of location factors into a hierarchy of four
levels in Figure 10. These four objectives are related to group of factors and
further the factors are decomposed into sub-factors. Finally, at the lowest
level each factor is associated with a specific measure.

The set of factors are mainly taken from In MacCarthy and Atthirawong
(2003), since it provides a general group of main factors, and then their
sub-factors. We have excluded some set of factors which are infrastructure,
proximity to competition, quality of life, legal and regulatory framework,
social and cultural factors, and characteristics of a specific location.

The infrastructure sub-factors are existence of mode of transportation; qual-
ity and reliability of transportation; and quality of utilities e.g. water supply,
waste treatment, power supply, etc. We assume that all those sub-factors
exist in potential European countries, and quality of them will not differ too
much since the choices are close to each other. They can be considered as
the main needs of facility location problem. It can be thought, as the ground
level of Maslow’s hierarchy of needs model. They are the requirements for
the facility survival. Other factor, which is proximity to competition, is not
an essential factor for this study since the product is not in a big manufac-
turing sector, thereby fewer producers and fewer competition.

Based on the port issues the alternative region will be chosen according
to countries, which are in the Schengen agreement. Due to this issue, we
assume that quality of life, legal and regulatory framework, social and cul-
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Figure 10: Goals, hierarchy of location factors, and their specific measure

tural factors are not crucial to consider in decision making, and their level
of difference, are considered similar in those countries.
Since this study includes only the choice of the country, characteristics of a
specific location will be handled in further analysis, after a country selection
decision is made.

Costs (CO)
In the study of MacCarthy and Atthirawong (2003), cost factor consists of
several sub-factors. The objective is to select a site with the lowest cost. In
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this research, we have included the sub-factors of transportation cost, rent-
ing cost, energy cost, and labour cost since the new plant would serve the
global market. The land cost is not included due to renting of the facility
and storage.

Transportation cost only includes the cost from Indonesia to the selected
country. Transportation costs to market and to suppliers will not be in-
cluded here. They will be evaluated in other factors such as proximity to
market and proximity to suppliers, where the total distance from alterna-
tive country to market and suppliers will be compared between alternative
countries.
Manufacturing cost mostly includes direct labour cost; thus we eliminated
the others such as material cost, and overhead costs. The materials that are
used for packing such as card-board, cling film, and bubble wrap are less
important to consider while comparing the countries.
Renting cost and energy cost will be measured by the average cost per square
meter for a warehouse and the cost of kWh, respectively.

Labour Characteristics (LC)
Labour characteristics consists of quality of labour force, availability of
labour force, unemployment rate, labour unions, attitudes towards work
and motivation of workers. Comparing to the previous sub-factors, these
sub-factors are not easy to measure with quantitative numbers, since they
present more qualitative characteristics. In this study, we will consider qual-
ity, availability and productivity of labour force.
Skills and the educational levels of the labour pool should match with the
companys needs. Since the particular packaging process requires not highly
skilled employer, quality of labour will be measured by considering the per-
centage of people between the ages of 20-24 that had completed at least an
upper secondary level of education. Availability of labour will be measured
by the percentage of unemployment in each alternative.
Productivity of labour force will be measured by the GDP per hour worked,
where the GDP is divided by the average hour worked as it is mentioned in
the study of Yang and Lee (1997).

Government and political factors (GP)
Government and political factors are, for example, incentives for interna-
tional companies, record of government stability, consistency of government
policy, political risks of the selected country. In this study, we will consider
the record of government stability, consistency of government policy, and
incentives for foreign companies. These sub-factors will be measured with
credit ratings, corruption perception, and FDI (foreign direct investment)
as they are used in the studies of Conbolat et al. (2007) and Cheng and
Stough (2006).
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Economic factors (EF)
Economic factors for a government can be considered as tax structure, cus-
tom duties, tariffs, inflation, strength of currency against (SEK, EURO, and
Dollar), countrys debt, exchange rates (PPP), GDP growth, and income per
capita. In this research, we will considere custom duties, inflation, currency
stability and gross domestic product (GDP) at purchasing power parity per
capita (PPP).
Since rattan furniture is free of custom duties, the import cost will be con-
sidered by the VAT of the freight from Indonesia to the chosen country
plus the price of the product in Indonesia. The stability of the currency
will be calculated by the strength of the alternative currency against a neu-
tral currency like the American dollar (MacCarthy and Atthirawong, 2003;
Tombari, 1979).

Proximity to market/customers (PM)
Proximity to customers helps to ensure that customer needs are integrated
with the products being developed. The sub-factors in proximity to cus-
tomers are proximity to demand, proximity to potential customers, and
delivery time to the market. In this study, we will consider proximity to
demand and delivery time. Proximity to demand will be measured by the
distance from the facility to the initial markets of Germany, Holland, Swe-
den and Norway, and delivery time will be measured by the time that takes
to transport the product from the chosen country to the initial markets.
(MacCarthy and Atthirawong, 2001; Feng et. al., 2010)

Proximity to suppliers (PS)
Proximity to suppliers includes quality of suppliers, closeness to other sup-
pliers, alternative suppliers. In this case, the packaging materials will be
supplied from the chosen country, since a company well known by the man-
ager is present in all countries. Besides, being close to suppliers in UK and
Finland may affect the delivery time of the product. For future scenarios,
the possibility to find other suppliers for handles and wheels in the selected
country may be worth to taking into account. (Kuo and Liang 2011; Chen
and Moore, 2010)

Proximity to parent company (PP)
Closeness to the parent company, namely Sweden, is one of the factors that
may be important in case of a priori problem in the new facility. In order
to get involved in the situation in a short time, it is necessary to keep the
facility close to the headquarters. In this case since the control of the plant
is assured, it can be easy to keep track of the quality of the process and the
product. This factor will be measured by the time that takes a plane from
Stockholm to chosen country. (MacCarthy and Atthirawong, 2003; Cuervo
and Pheng, 2003)
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5.3 Group Discussion for Importance of Location Factors

MADM problems require information about the relative importance of at-
tributes, which is usually obtained by assigning a weight to each attribute.
At this point, human decisions play an important role as a measurement
instrument.

The numbers supplied by human beings are generally considered as values as
a ratio scale. If the person is capable of supplying numbers, it can be worth
considering him as a robust and reliable measurement tool. Nevertheless a
reliable measurement tool has to give same result under similar conditions
while measuring specific characteristics. In order to assume the person as
reliable, he must possess following properties (Keyser and Springael, 2010):

• A human being must be quantitatively strong, and he/she should be
able to make good estimates.

• A human being must have a memory that can store all the elements
related to the assessment of the specific situation, and compare those
stored elements.

• A human being must be consistent, so he/she can assign the same
value when he/she faces with the same situation.

However, none of those three requirements is reliable for a human being to
be a reliable measurement tool. As a matter of fact, the methods can take
humans limited capacity into account and create a data that can be given by
human decision maker. Human decision makers are unsuccessful in making
quantitative predictions, whereas they are efficient in qualitative forecasting
(Kulak and Kahraman, 2005). Therefore, this can be done by a nominal or
an ordinal scale only if the number of possible values is limited to no more
than seven (Keyser and Springael, 2010)

Therefore, there are several attribute weighting methods in order to reduce
the possibility of inaccurate data from decision makers, such as including
verbal statement instead of numbers, and less number of comparison values.
Many attribute weighting techniques are applied by determining the relative
importance, rate, or rank of the factors.

5.4 Attribute Weighting Techniques

A couple of methods exist to establish the weights. Malczewski (1999)
grouped several techniques to create the weights:

Ranking techniques
These are the simplest methods for assessing the importance of weights.
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Every attribute under consideration is ranked in the order of the decision
maker’s preferences. Either straight ranking or inverse ranking can be used
such as the most important, second important... or the least important,
next least important... respectively. The most important techniques in
this group are rank sum, rank reciprocal, and the rank exponent technique.
Those ranking techniques are very attractive because of their simplicity.

Rating techniques
Rating techniques require the estimation of weights on the basis of prede-
termined scale, for instance a scale from 0 to 100 can be used. One of rating
techniques is direct weighting in which the decision maker gives numbers to
describe the attribute weights. The decision maker is asked to divide 100
points among the attributes. Nevertheless it is very hard to do this since a
human cannot consider 100 different qualifications in his mind in order to
score an attribute (Keyser and Springael, 2010).

Trade-off analysis techniques
The trade-off procedure makes direct trade-off assessments between pairs of
alternatives. The comparison is made only in two, and the other attributes
are kept on the same, fixed levels.(Pöyhönen and Hämäläinen, 1997)

Pair-wise comparison techniques
The pair-wise technique is developed by Saaty (1977) in the context of de-
veloping Analytical Hierarchy Process (AHP). In this method, the pair-wise
comparison is used to create a ratio matrix. For comparison, several ques-
tions can be asked to the decision maker to compare the importance of two
attributes at a time, such as “Which one of these two attributes is more
important, and how much more important?” (Pöyhönen and Hämäläinen,
1997). They are mostly asked in a verbal expressed scale. Verbal expressions
range from equal to extreme as equal, moderately more, strongly more, very
strongly more, and extremely more (Saaty, 1990). According to the answers
of decision makers the weight ratios are determined by translating verbal
expressions corresponding integers from 1 to 9 as 1, 3, 5, 7, and 9. They are
shown and explained in Table 4.

Pöyhönen and Hämäläinen(1997) made an assessment of five attribute weight-
ing techniques; one version of the Analytic Hierarchy Process (AHP), Di-
rect weighting, Simple Multi-attribute Rating Technique (SMART), Swing
weighting and Trade-off weighting. According to their results, there are
no fundamental differences between the weighting techniques since they
have the same theoretical background. They conclude that practitioners
can choose whatever method they like for weight development. In this re-
search, we focus on a pair-wise comparison technique since it provides a well
structured group discussion and helps the decision makers to focus on areas
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of agreement and disagreement when setting attribute weights (Drobne and
Lisec, 2009).

Table 4: The scale of linguistic evaluations. Source: Saaty (1990)

Intensity of impor-
tance on an abso-
lute scale

Definition Explanation

1 Equal importance Two activities contribute equally to
the objective

3 Moderate importance of one
over another

Experience and judgment strongly
favour one activity over another

5 Essential or strong importance Experience and judgment strongly
favour one activity over another

7 Very strong importance An activity is strongly favoured, and
its dominance demonstrated in prac-
tice

9 Extreme importance The evidence favouring one activity
over another is of the highest possible
order of affirmation

2,4,6,8 Intermediate values between
the two adjacent judgments

When compromise is needed

Reciprocals If activity i has one of the above number assigned to it when compared
with activity j, then j has the reciprocal value when compared with
i.

Rationals Ratios arising from the scale If consistency were to be forced by ob-
taining n numerical values to span the
matrix

This study uses the fuzzy AHP’s procedures as mentioned previously to
calculate the weight for each factor. For the group discussions, we have
constructed some questions based on the fuzzy AHP concept. The goal of
questions is to compare pairs of factors in a sequence. Saaty (1990) recom-
mended nine-point scale. However, due to consideration of easy answering,
this study only uses five different degrees of evaluation, without considering
intermediate values 2, 4, 6, and 8. They are (1) extremely more impor-
tant, (2) very strongly more important, (3) strongly more important, (4)
moderately more important, and (5) equal.

5.5 Calculating the Weights of Location Factors

Fuzzy AHP is a popular multi criteria decision making and has been used
widely in the literature (Chang, 1996; Chou et al., 2008; Bashiri and Hos-
seininezhad, 2009; Cinar and Ahiska, 2010; Balli and Korukoglu, 2009; Kuo
et al., 2002; Tolga et al., 2005). Chang (1996) studied the fuzzy AHP, which
is an extension of Saaty’s theory (1980).

In this study, the fuzzy AHP is used according to the way of Chang’s (1996)
analysis. Let X = (x1,x2, x3, ..., xn) an object (factor) set, and Gi = (g1, g2,
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g3, ..., gn) be a goal set. Each factor is taken and then extent analysis for
each goal is performed. Therefore, m extent analysis values for each object
can be obtained with the following signs:

M1
gi,M

2
gi,M

3
gi,M

4
gi,M

5
gi, .................,M

m
gi

Where all the M j
gi (j = 1, 2, 3,...m) are Triangular Fuzzy Numbers (TFN).

The steps are as following.

Step 1: The first step of fuzzy AHP, also for the classical AHP is to prepare
pair-wise questions and ask them to the related persons in order to rank the
location factors hierarchically as we did group discussions in the first phase
of this study. The questions are given in Appendix C. The manager only
selected the related linguistic variable by comparing every possible pairing.
The result of discussions is given in Table 5. Then the ratings are entered
into a pair-wise comparison matrix or ratio matrix. Since the matrix is sym-
metrical, one triangle needs to be filled in, then the other triangle is filled
with inverse proportion of the values as in the table 6. To see how the rat-
ings are evaluated, for example, labour characteristics (C2) is 3 times more
important than proximity to market, as it can be seen in both tables 5 and 6.

Since, the ratio matrix includes comparing all possible pairing, it is possible
to determine the degree of consistency that is used in developing the rat-
ings. Saaty (1990) describes a procedure with an index of consistency, and
a consistency ratio (CR). The consistency ratio (CR) shows the probability
that the ratings were randomly generated, and this should not be greater
than 0.10, otherwise the ratings should be re-evaluated. The CR is defined
as:

CR =
CI

RI
(19)

Where CR is the random index, and CI is the consistency index which
provides a measure of departure from consistency.
The consistency index is calculated as:

CR =
λ− n
n− 1

(20)

Where λ is the eigenvalue of the consistency vector, and n is the number of
criteria.
The random index is the consistency index of the randomly. It is generated
by pairwise comparison matrix and depends on the number of elements being
compared. Table 7 shows random inconsistency indices (RI) for different
numbers of criteria.
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Table 5: Results of pair-wise comparisons
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9 7 5 3 1 3 5 7 9
C1 (Cost) X C2 (Labour)

C1 (Cost) X C3 (Prox. to market)

C1 (Cost) X C4 (Economic factors)

C1 (Cost) X C5 (Gov. & pol. factors)

C1 (Cost) X C6 (Prox. to par. comp.)

C1 (Cost) X C7 (Prox. to suppliers)

C2 (Labour) X C3 (Prox. to market)

C2 (Labour) X C4 (Economic factors)

C2 (Labour) X C5 (Gov. & pol. factors)

C2 (Labour) X C6 (Prox. to par. comp.)

C2 (Labour) X C7 (Prox. to suppliers)

C3 (Prox. to market) X C4 (Economic factors)

C3 (Prox. to market) X C5 (Gov. & pol. factors)

C3 (Prox. to market) X C6 (Prox. to par. comp.)

C3 (Prox. to market) X C7 (Prox. to suppliers)

C4 (Economic factors) X C5 (Gov. & pol. factors)

C4 (Economic factors) X C6 (Prox. to par. comp.)

C4 (Economic factors) X C7 (Prox. to suppliers)

C5 (Gov. & pol. factors) X C6 (Prox. to par. comp.)

C5 (Gov. & pol. factors) X C7 (Prox. to suppliers)

C6 (Prox. to par. comp.) X C7 (Prox. to suppliers)

Table 6: Pair-wise comparison matrix

C1(CO) C2(LC) C3(PM) C4(EF) C5(GP) C6(PP) C7(PS)

C1(CO) 1 3 3 5 5 5 5
C2(LC) 1/3 1 3 3 3 3 5
C3(PM) 1/3 1/3 1 3 3 3 3
C4(EF) 1/5 1/3 1/3 1 1 1 1
C5(GP) 1/5 1/3 1/3 1 1 1 1
C6(PP) 1/5 1/3 1/3 1 1 1 1
C7(PS) 1/5 1/5 1/3 1 1 1 1

By following the formulas, we have found CR value as 0.0241, which is given
in Table 8. Since it is less than 0.10 we can say that the ratio matrix is
consistent, and so all of the judgments are accepted as reliable.

Step 2: The second level includes the structuring the pair-wise ratio ma-
trix with the triangular fuzzy numbers. The ratings are converted into the
following scale including triangular fuzzy numbers developed by (Bozbura
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Table 7: Random inconsistency indices (RI) for different number of criteria. Source
Saaty (1990)

n RI n RI n RI

1 0.00 6 1.24 11 1.51

2 0.00 7 1.32 12 1.54

3 0.58 8 1.41 13 1.56

4 0.90 9 1.45 14 1.57

5 1.12 10 1.49 15 1.59

Table 8: Consistency ratio

CI 0.031833333

RI 1.32

CR 0.0241

and Beskese, 2007), which is given in Figure 11 and Table 9.

µM (x)

0

0.5

1

1 3 5 7 9

Equally ExtremelyModerately Strongly Very

Figure 11: “Linguistic variables for the importance weight of each criterion”

Table 9: “Linguistic variables describing weights of the criteria and values of ratings”.
Source: Bozbura & Beskese, (2007)

Linguistic scale for Fuzzy Membership function Domain Triangular fuzzy
Importance numbers scale (l,m,u)
Just equal

1
(1, 1, 1)

Equally important µM (x) = (3 − x)/(3 − 1) 1 ≤ x ≤ 3 (1, 1, 3)

Weakly important 3
µM (x) = (x− 1)/(3 − 1) 1 ≤ x ≤ 3

(1, 3, 5)
µM (x) = (5 − x)/(5 − 1) 3 ≤ x ≤ 5

Essential or Strongly
5

µM (x) = (x− 3)/(5 − 3) 3 ≤ x ≤ 5
(3, 5, 7)

important µM (x) = (7 − x)/(7 − 1) 5 ≤ x ≤ 7

Very strongly important 7
µM (x) = (x− 5)/(7 − 5) 5 ≤ x ≤ 7

(5, 7, 9)
µM (x) = (9 − x)/(9 − 7) 7 ≤ x ≤ 9

Extremely Preferred 9 µM (x) = (x− 7)/(9 − 7) 7 ≤ x ≤ 9 (7, 9, 9)

If factor i has one of the above numbers assigned to it when compared
to factor j, then j has the reciprocal value when compare to i

Reciprocals of above M1
gi

−1
=

(1/u1, 1/m1, 1/l1)

By using those fuzzy numbers the ratio matrix is developed again, as it is
seen in Table 10.
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Table 10: Ratio matrix with fuzzy numbers

C1(CO) C2(LC) C3(PM) C4(EF) C5(GP) C6(PP) C7(PS)

C1(CO) (1, 1, 1) (1, 3, 5) (1, 3, 5) (3, 5, 7) (3, 5, 7) (3, 5, 7) (3, 5, 7)

C2(LC) ( 1
5

, 1
3

, 1) (1, 1, 1) (1, 3, 5) (1, 3, 5) (1, 3, 5) (1, 3, 5) (3, 5, 7)

C3(PM) ( 1
5

, 1
3

, 1) ( 1
5

, 1
3

, 1) (1, 1, 1) (1, 3, 5) (1, 3, 5) (1, 3, 5) (1, 3, 5)

C4(EF) ( 1
7

, 1
5

, 1
3

) ( 1
5

, 1
3

, 1) ( 1
5

, 1
3

, 1) (1, 1, 1) (1, 1, 1) (1, 1, 1) (1, 1, 1)

C5(GP) ( 1
7

, 1
5

, 1
3

) ( 1
5

, 1
3

, 1) ( 1
5

, 1
3

, 1) (1, 1, 1) (1, 1, 1) (1, 1, 1) (1, 1, 1)

C6(PP) ( 1
7

, 1
5

, 1
3

) ( 1
5

, 1
3

, 1) ( 1
5

, 1
3

, 1) (1, 1, 1) (1, 1, 1) (1, 1, 1) (1, 1, 1)

C7(PS) ( 1
7

, 1
5

, 1
3

) ( 1
7

, 1
5

, 1
3

) ( 1
5

, 1
3

, 1) (1, 1, 1) (1, 1, 1) (1, 1, 1) (1, 1, 1)

Step 3: In the third phase, we calculate the value of synthetic extent with
the Equations (7), (8) and (10)

An example how Si is calculated, SC1 is given below. The whole calcu-
lation results with lower bound (l), mean (m), and upper bound (u) vales
are given in Table 11.

SC1 = (15, 27, 39)x(1/127.67, 1/78.33, 1/42.71) = (0.12, 0.34, 0.91)

Table 11: Lower, mean, and upper bound of synthetic extent values

SCi(l) SCi(m) SCi(u)

SC1 0.12 0.34 0.91

SC2 0.06 0.23 0.68

SC3 0.04 0.17 0.54

SC4 0.03 0.06 0.20

SC5 0.02 0.06 0.15

SC6 0.03 0.06 0.24

SC7 0.04 0.06 0.27

Step 4: In this step, the values of synthetic extent (SCi) are compared
based on Equation 13 below.

=


1, if m2 ≥ m1;

0, if l1 ≥ u2;
l1−u2

(m2−u2)−(m1−l1) , otherwise.

The comparison of SC1 and SC2(V (SC2 ≥ SC1)) can be calculated as below.

SC1 = (

l1︷︸︸︷
0.12,

m1︷︸︸︷
0.34,

u1︷︸︸︷
0.91)

SC2 = (

l2︷︸︸︷
0.06,

m2︷︸︸︷
0.23,

u2︷︸︸︷
0.68)
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V (SC2 ≥ SC1) =
0.12− 0.68

(0.23− 0.68)− (0.34− 0.12)
= 0.835

Step 5: After comparing the SCi, the smallest value among calculated val-
ues is chosen and then priority weights are calculated. All the elements of
priority weight vector are calculated by dividing them into the sum of values
in the vector. Thereby normalized priority weights are obtained.

d’(C1) = min (1,1,1,1,1,1) = 1
d’(C2) = min (0.835,1,1,1,1,1) = 0.835
d’(C3) = min (0.712,0.888,1,1,1,1) = 0.712
d’(C4) = min (0.215,0.432,0.576,1,1,1) = 0.215
d’(C5) = min (0.098, 0.328, 0.485,1,1, 1) = 0.098
d’(C6) = min (0.306, 0.508, 0.640,1,1, 1) = 0.306
d’(C7) = min (0.354, 0.546, 0.669, 0.993, 0.993, 0.993) = 0.354
W’ = (1, 0.835, 0.712, 0.215, 0.098, 0.306, 0.354) −→ Priority weights vector

W = (0.284, 0.237, 0.202, 0.061, 0.028, 0.087, 0.100) −→ Normalized weights

vector

⇒ 0.284 = 1 / (1 + 0.835 + 0.712 + 0.215 + 0.098 + 0.306 + 0.354)

After finding the relative weights of main factors, the next step is to calculate
the weights of sub-factors. In the table 12 the calculation of factor weights
are demonstrated. Since making a pair-wise comparison between all possi-
ble sub-factors could take so much time during the group discussions, we
have asked direct weighting method which only requires dividing 10 points
among sub-factors for each main factor as they are shown in Appendix C.
Those are also included below in the Table 12.

Table 12: Weights of factors and their sub-factors

Factors
Priority of

Sub-factors
Priority of Final Priority of

Factors sub-factors sub-factors

C1(CO) 28.40%

Renting cost 0.1 2.84%
Energy cost 0.1 2.84%
Labour cost 0.5 14.20%
Transportation cost 0.3 8.52%

C2(LC) 23.73%
Quality of labour 0.4 9.49%
Availability of labour 0.2 4.75%
Productivity of labour 0.1 9.49%

C3(PM) 20.23%
Proximity to customer 0.4 8.09%
Delivery time 0.6 12.14%

C4(EF) 6.12%

Tax and customs 0.4 2.45%
Inflation 0.2 1.22%
Currency stability 0.2 1.22%
Economic growth rate 0.2 1.22%
Record of Gov. stability 0.3 0.84%

C5(GP) 2.79% Consistency of Gov. policy 0.3 0.84%
Incentives for foreign companies 0.4 1.12%

C6(PP) 8.68% Closeness to Sweden 1 8.68%

C7(PS) 10.05%
Availability of Packaging company 0.4 4.02%
Closeness to suppliers 0.6 6.03%
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5 SELECTING AND WEIGHTING LOCATION FACTORS

MacCarthy and Atthirawong (2003) stated that cost, infrastructure, and
labour are the three most important factors, with social and cultural fac-
tors, proximity to competition, and proximity to parent company’s facilities
being of much lower concern to managers. In this study, the most impor-
tant sub-factors are labour cost, delivery time, quality and productivity of
labour, closeness to parent company, transportation cost, and proximity to
customers. The infrastructure factor was not included, since it is an impor-
tant necessity as a default and in general Europe has good infrastructural
conditions.

In the next phase, the decision matrix is weighted, and the distances from
negative ideal solution and positive ideal solution are calculated with the
TOPSIS method. This last phase will be demonstrated in the next chapter.
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6 Analysis of the Countries Based on the Location
Factors

In this chapter, the authors analyse the collected data of particular countries
corresponding to predetermined factors. The weights of countries are calcu-
lated and ranked by using TOPSIS method.

Alternatives are the potential choices to solve the given problem. Abu
(2009) states that decision makers should find a set of alternatives with
which they are satisfied, and then stop there. They should not try to find
the best alternative in the beginning. The alternatives should be based on
the main objectives, and high aspirations. As it is explained before, we have
decided 9 alternative countries for the facility location selection problem.
They are with diverse economies: Denmark, Estonia, Finland, Germany,
Latvia, Lithuania, Netherlands, Poland, and Sweden. These countries were
initially selected depending upon some company objectives, and the goal is
to select a country for a new facility in order to maximize the total value.

6.1 Model of the problem

Now that the problem has been defined, and factor weights are determined,
we need to develop scores of alternatives and determine which alternative
is the best. This is done by looking at the consequences of the alternatives
related to the location factors. Figure 12 gives an overview of the facility
location selection problem, with factors, sub-factors, and alternative coun-
tries.

6.2 TOPSIS method for calculating the weights of alterna-
tives

The weights of location factors were already found in the previous chapter
by using fuzzy AHP method.

W = (0.284, 0.237, 0.202, 0.061, 0.028, 0.087, 0.100)

TOPSIS (Technique for Order Preference by Similarity to Ideal Solution) is
very simple and easy to implement. We use this method to calculate the
weights of alternatives and make the decision of the best alternative. The
steps will be used as it was proposed by Hwang and Yoon (1981).

The corresponding data for each alternative are collected by reviewing the
government publications and actual investigations. The table of data ac-
cording to the factors (decision matrix) is given in Appendix D.
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Determining
the best facil-
ity location

Denmark

Estonia

Finland

Germany

Latvia

Lithuania

Netherlands

Poland

Sweden

Goal Factors Sub-factors Countries

Cost

Labour char-
acteristics

Proximity to par-
ent company

Government &
political factors

Economic factors

Proximity to market

Proximity
to suppliers

Rent Cost

Energy Cost

Labour Cost

Transportation Cost

Quality of labour

Availability of labour

Productivity
of labour

Close to Sweden

Record of gov-
ernment stability

Consistency of
government policy

Incentives for for-
eign companies

Tax and customs

Inflation

Currency stability

Economic
growth rate

Proximity to
customers

Delivery time

Availability of Pack-
aging company

Closeness
to suppliers

Figure 12: Hierarchical demonstration of the problem

Step 1 Decision matrix is normalized via the following equation:

rij =
wij√∑J
j=1w

2
ij

j = 1, 2, 3, . . . , J i = 1, 2, 3, . . . , n (21)

The normalized decision matrix is given in Table 13.
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Table 13: Normalized decision matrix

Factors Sub-factors
Objective of Final Weights of

Denmark Estonia Finland Germany Latvia Lithuania Netherlands Poland Sweden
sub-factors sub-factors

C1(Cost)

Renting cost Min 2.84% 0.3804 0.2492 0.4984 0.3115 0.2295 0.2099 0.3541 0.2754 0.3869
Energy cost Min 2.84% 0.3381 0.2459 0.2595 0.4269 0.3347 0.3586 0.3517 0.3449 0.3039
Labour cost Min 14.20% 0.5088 0.1036 0.3887 0.4086 0.0848 0.0802 0.4118 0.0947 0.4692
Transportation
cost

Min 8.52% 0.3259 0.3473 0.3388 0.3131 0.3473 0.3431 0.3131 0.3431 0.3259

C2(Labour)
Quality of labour Max 9.49% 0.2792 0.3401 0.3442 0.3041 0.3266 0.3552 0.3172 0.3724 0.3511
Availability of
labour

Max 4.75% 0.1367 0.3712 0.2768 0.2409 0.4656 0.4526 0.1921 0.4330 0.2507

Productivity of
labour

Max 9.49% 0.3994 0.2480 0.3991 0.3772 0.1954 0.2233 0.4052 0.2391 0.4098

C3(Proximity to market)
Proximity to cus-
tomer

Min 8.09% 0.2222 0.4418 0.4283 0.2275 0.3986 0.3407 0.3164 0.3024 0.2319

Delivery time Min 12.14% 0.1853 0.4505 0.4848 0.1852 0.4066 0.3797 0.2463 0.2933 0.1929

C4(Economic factors)

Tax and customs Min 2.45% 0.3700 0.3154 0.3538 0.2701 0.3469 0.3271 0.2701 0.3582 0.3700
Inflation Min 1.22% 0.2901 0.4728 0.3116 0.2149 0.3546 0.3868 0.2686 0.4190 0.1612
Currency stabil-
ity

Min 1.22% 0.3944 0.0025 0.0025 0.0025 0.3538 0.4049 0.0025 0.6368 0.3871

Economic growth
rate

Max 1.22% 0.0628 0.0082 0.0598 0.9373 0.0105 0.0186 0.2144 0.2326 0.1153

Record of Gov.
stability

Max 0.84% 0.3786 0.3270 0.3786 0.3786 0.2065 0.2409 0.3786 0.2753 0.3786

C5(Gov. and political factors)

Consistency of
Gov. policy

Max 0.84% 0.4129 0.2811 0.4129 0.3514 0.1845 0.2108 0.3909 0.2416 0.4085

Incentives for for-
eign companies

Max 1.12% 0.1126 0.0132 0.0662 0.7959 0.0088 0.0106 0.5179 0.1497 0.2420

C6(Proximity to parent
company)

Closeness to Swe-
den

Min 8.68% 0.3794 0.2644 0.3932 0.3696 0.2258 0.2500 0.3902 0.2624 0.4004

C7(Proximity to suppliers)

Availability of
Packaging com-
pany

Max 4.02% 0.3333 0.3333 0.3333 0.3333 0.3333 0.3333 0.3333 0.3333 0.3333

Closeness to sup-
pliers

Min 6.03% 0.3242 0.3295 0.3223 0.3247 0.3624 0.3420 0.3293 0.3230 0.3404
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Step 2 Decision matrix is normalized via the following equation:

vij = wij ∗ rij , j = 1, 2, 3, . . . , J , i = 1, 2, 3, . . . , n (22)

After normalizing the decision matrix, weighted decision matrix is obtained.
The weighted decision matrix is achieved by multiplying factor weights and
decision matrix.

Step 3 Positive ideal solution (PIS) and negative ideal solution (NIS) are
determined:

A∗ = {v∗1, v∗2, . . . , v∗n, } Maximum values (23)

A− = {v−1 , v
−
2 , . . . , v

−
n , } Minimum values (24)

We have created positive and negative ideal solutions by choosing the max-
imum and minimum values respectively.

A∗ = {0.00596, 0.00698, 0.01139, 0.02668, 0.03534, 0.02209, 0.038896, 0.01125,
0.00317, 0.00346, 0.00888, 0.00661, 0.00197, 0.00003, 0.01147, 0.01798, 0.02248,
0.0134,0.01943}

A− = {0.01416, 0.01212, 0.07226, 0.029597, 0.026498, 0.00649, 0.01855,
0.050623, 0.00173, 0.00154, 0.000098, 0.00906, 0.005787, 0.00779, 0.00010,
0.03574, 0.05883, 0.0134, 0.02185}

Step 4 The distance of each alternative from PIS and NIS are calculated:

d∗i =

√√√√ n∑
j=1

(vij − v∗j )2 , j = 1, 2, . . . , J (25)

d−i =

√√√√ n∑
j=1

(vij − v−j )2 , i = 1, 2, . . . , J (26)

As an example, the distance of Estonia from positive and negative ideal
solution is given below:

S∗2 =
√

(0.0071− 0.0060)2 + (0.0070− 0.0070)2 + (0.0147− 0.0114)2 . . . = 0.0432

S−2 =
√

(0.0071− 0.0001)2 + (0.0070− 0.0000)2 + (0.0147− 0.0033)2 . . . = 0.0715

Distances from positive ideal solution and negative ideal solution are given
for each alternative country in Table 14 below.
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Table 14: Distances from positive and negative ideal solutions

Country d+ d-

Denmark 0.0653 0.0588
Estonia 0.0432 0.0715
Finland 0.0622 0.0490
Germany 0.0541 0.0523
Latvia 0.0403 0.0735
Lithuania 0.0435 0.0670
Netherlands 0.0648 0.0412
Poland 0.0393 0.0677
Sweden 0.0580 0.0607

Step 5 The closeness coefficient of each alternative is calculated:

CCi =
d−i

d∗i + d−i
, i = 1, 2, . . . , J (27)

At the end, the closeness coefficient to positive ideal solution and negative
ideal solution for each alternative is calculated. As an example, it is calcu-
lated for Estonia below:

CC∗2 =
0.0715

0.0432 + 0.0715
= 0.624

Step 6 By comparing CCi values, the ranking of alternatives are deter-
mined.

Table 15: Ranking of the operating systems according to CCi values

Rank Country CCi

1 Latvia 0.646
2 Poland 0.633
3 Estonia 0.624
4 Lithuania 0.606
5 Sweden 0.511
6 Germany 0.492
7 Denmark 0.474
8 Finland 0.440
9 Netherlands 0.389

The result of each weight of alternatives is shown in Table 15. They will be
discussed in the next chapter by considering sensitivity analysis.
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7 Results and Discussions

As a result of the analysis, the authors present the solutions upon the issues
identified in Chapter 1. The ranking of alternatives is discussed with a
sensitivity analysis to see how the changes in input influence the output of
the model.

7.1 Results

After carrying pair-wise comparisons of factors with AHP, decision matrix
is created and all the data were calculated by using TOPSIS method. The
results of those steps are shown in Table 16. As it can be seen, the order for
the weights of the alternatives is:

Latvia > Poland > Estonia > Lithuania > Sweden > Germany > Den-
mark > Finland > Netherlands

Table 16: Scores of alternatives

Country Results

Denmark 0.474
Estonia 0.624
Finland 0.440
Germany 0.492
Latvia 0.646
Lithuania 0.606
Netherlands 0.389
Poland 0.633
Sweden 0.511

Latvia is ranked in the first place (0.646) as the most attractive location
alternative for our facility location selection problem. Poland (0.633) is the
nearest alternative to Latvia, following by Estonia (0.624) on the third place
in the rank of alternative. Since these first three weights of the best countries
are very close numbers, we have carried the study one step further by doing
sensitivity analysis. Sensitivity analysis can effectively contribute to making
accurate decisions after problem solving (Alinezhad and Amini, 2010).

7.2 Sensitivity Analysis

As it is mentioned before, the data used in MADM models is unstable and
changeable. To see the sensitive changes on the final score of alternatives,
the weights of factors should be changed, and the effect of change should be
observed. In this study, the weights of the factors are already calculated by
using AHP method. Then the ranking of the alternatives are done based
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on the TOPSIS method. Since the data for alternatives are changeble, we
have considered a method for sensitivity analysis of MADM problems. The
steps of sensitivity analysis are adapted from Alinezhad and Amini (2010).
They considered how the change in the weight of one factor can affect the
final score of alternatives in TOPSIS method. This can be done in two steps.

Step 1: Firstly the change in the weight of one factor affects the weight of
other factors. Therefore, we need to find the new weights of other factors,
each time when we change the weight of a factor. The weights of factors are
already found as:

W = (0.284, 0.237, 0.202, 0.061, 0.028, 0.087, 0.100)

For example, if the weight of 2nd factor is changed by 0.2, then it will be
w′2 = w2 + 0.2 =0.437. Based on the equation below, the weight of other
factors change as:

w′j =
1− w′2
1− w2

∗ wj ; j = 1, 3, 4 (28)

w′j =
1− 0.437

1− 0.237
∗ wj

w′j = 0.7379 ∗ wj

W ′ = (0.210, 0.437, 0.149, 0.045, 0.021, 0.064, 0.074)

By changing each factor from 0 to 1 with the interval of 0.2, we have calcu-
lated the weights of all other factors.

Step 2: Secondly the final score of all alternatives will change after chang-
ing the weights of the factors. By using the TOPSIS method, the each order
of alternatives is found according to the each change in the factors. Then
the graphs of those changes are created to see the relationships clearly, and
the values of the graphs are given in Appendix E.

When the relationships between the cost factor, the most important cri-
teria for this study, and set of alternatives is considered depending on the
weight of the cost increase, it can be seen clearly that the share of Latvia,
Poland, Lithuania, and Estonia increase while Sweden, Denmark, Germany,
and Netherlands decrease (Figure 13). This means that Latvia, Poland,
Lithuania, and Estonia have positive features, and the rest alternatives have
negative features in terms of costs. The main reason for this is the higher
level of labour cost in Sweden, Denmark, Germany, and Netherlands and
the lower level of this cost in other alternatives.
According to the labour characteristics, the sensitivity analysis shows that
the results are sensitive to the changes in the labour. Based on graph (Fig-
ure 14) we can see that Sweden, Netherlands, Germany, and Finland have
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Figure 13: Sensitivity of location alternatives to costs factor.

an increasing trend. It can be understood that they have positive features
and are affected positively while the weight of the labour factor increases.
On the other hand, Latvia, Lithuania, and Estonia have negative features
in terms of labour. The rank of alternatives changes from Sweden > Den-
mark > Germany > Finland > Latvia > Estonia > Netherlands > Poland
> Lithuania (for %0 cost weight) to Latvia > Lithuania > Estonia > Poland
> Finland > Germany > Netherlands > Sweden > Denmark (for %100 cost
weight). The main reason for this is the lower level of quality and produc-
tivity of labour in descending alternatives. Denmark is not very sensitive to
the changes in the weight of the labour factor.

Figure 14: Sensitivity of location alternatives to labour characteristics.

Based on the proximity to market factor, it can be indicated that the share of
Denmark and Germany increase sharply, while Netherlands increases slowly
(Figure 15). Conversely, the advantage of Latvia, Lithuania, Estonia, and
Finland decreases when the weight of the proximity to market increases.
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It is mainly because of the delivery time from a particular country to the
market. Poland is not sensitive to the changes in the weight of the market
factor.

Figure 15: Sensitivity of location alternatives to proximity to market.

According to the weight of economic factors, it can be seen that only Ger-
many sharply increases, while Netherlands gradually increases (Figure 16).
The rest of the alternatives except Finland have a decreasing trend when
the weight of economic factors increases. Finland is not much sensitive to
the changes in the weight of the economic factor. All those trends are based
on customs, inflation, economic growth rate, and stability of the country.

Figure 16: Sensitivity of location alternatives to economic factors.

For the governmental and political factors which is the least important fac-
tor for this study, we can again see that the share of Germany increases and
is affected positively with the change of weights in governmental and polit-
ical factors (Figure 17). Following Germany, Netherlands also has positive
features for these factors. The rest of alternative countries are gradually
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decreasing with the decrease in governmental and political factors.

Figure 17: Sensitivity of location alternatives to Gov. and political factors

When the sensitivity analysis is done according to the weight of proxim-
ity to parent company, it can be seen that the results are very sensitive to
the changes in the factor (Figure 18). The analysis shows that the coun-
tries, Denmark, Estonia, Finland, Latvia, and Sweden have positive features,
whereas Latvia, Netherlands, and Poland have negative features. Germany
has also negative features, but with fewer changes. These results are mea-
sured by flight duration to Sweden.

Figure 18: Sensitivity of location alternatives to proximity to parent com-
pany

According to the proximity to supplier factor (Figure 19), the shares of
Latvia and Lithuania decrease while the weight of the proximity to supplier
factor increases. The rest of the alternatives have positive features and are
affected positively by the increase in the weight of proximity to supplier
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factor. The results are based on how the particular country is close to the
handle and wheel producers.

Figure 19: Sensitivity of location alternatives to proximity to supplier.

After calculating all the changes in weights of factors and the scores of al-
ternatives, we have considered the ranks of alternatives in case of 0% and
100% weights of each factor as it can be seen in Table 17. The reason to use
either 0 or 1 for importance level of the factor is to see the best country even
in the extreme scenarios. For those two extreme conditions, the countries
are ranked for each main factor. At the end, the ranking numbers for each
country are summed. The least value shows how the particular country was
in the top orders for each factor. At last a final ranking of the countries
gives us the best alternatives, which are Latvia and Poland, followed closely
by Estonia, Sweden and Germany respectively. By using sensitive analysis,
we can observe that the first three countries are the same before and after
the sensitive analysis, validating our previous results.
Thus, we can also observe the ascent of Sweden and Germany and the de-
scent of Lithuania. Before the sensitive analysis Sweden and Germany were
almost discarded, but now they are very strong options for the new facility.
Lithuania, on the other hand, has descent until almost the last positions,
showing that this country was only a valid option, because their lower cost
factors. In the next step of facility location selection, the manager will de-
cide one of them according to his experience. The rank of the countries
here is not same as the ranking we have done before, because of the differ-
ent importance level of the factors are used as inputs. However, the best
alternatives are still the same; therefore this implies a consistent result for
choosing most suitable country.
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Table 17: Final ranking of alternatives

Factors Weights for ranks Denmark Estonia Finland Germany Latvia Lithuania Netherlands Poland Sweden

C1(Cost)
Rank (0%) 2 6 4 3 5 9 7 8 1

Rank (100%) 9 3 5 6 1 2 7 4 8

C2(Labour)
Rank (0%) 7 3 8 6 1 4 9 2 5

Rank (100%) 5 8 1 4 9 7 3 6 2

C3(Proximity to market)
Rank (0%) 7 1 5 8 2 3 9 4 6

Rank (100%) 1 8 9 2 7 6 4 5 3

C4(Economic factors)
Rank (0%) 7 3 8 6 1 4 9 2 5

Rank (100%) 6 4 3 1 7 8 2 9 5

C5(Gov. and political factors)
Rank (0%) 7 3 8 6 1 4 9 2 5

Rank (100%) 4 7 5 1 9 8 2 6 3

C6(Proximity to parent company)
Rank (0%) 9 4 8 5 3 2 6 1 7

Rank (100%) 4 3 2 6 5 7 9 8 1

C7(Proximity to suppliers)
Rank (0%) 7 3 8 6 1 4 9 2 5

Rank (100%) 3 6 1 4 9 8 5 2 7
Sum 78 62 75 64 61 76 90 61 63

Final ranking 7 2 5 4 1 6 8 1 3
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8 Conclusion and Recommendations

In this chapter the conclusion is drawn based on the analysis. Response of
the research questions is given, and research purposes are affirmed. Besides,
the authors give more suggestions for further research.

To find the most suitable country for a facility location problem is a compli-
cated issue since it is not easy change the long-term decisions of the prob-
lem. Therefore, the companies need to use computational methods, which
are improved for this area in order to fulfil the purposes for suitable facility
location problem. The methods for facility location problem involve both
quantitative and qualitative factors from the point of several people who
can affect the decision making. Such decisions can be made for the ranking
of alternative locations or for weighting the factors, such as cost, labour,
governmental issues.

In the literature, many studies are performed on facility location selection
problem, and various methods are developed to find the best location. Stud-
ies mostly applied multi criteria decision making methods such as AHP,
ANP, SAW, TOPSIS, and many others. In this study, a classification table
of multi criteria decision making methods is considered to narrow down the
area for choosing suitable methods for our specific facility location prob-
lem. After eliminating several methods, a combination of fuzzy AHP and
TOPSIS method is decided to be used for decision making. This combi-
nation will depend on seven factors, namely, costs, labour characteristics,
economic factors, governmental and political factors, proximity to market,
proximity to parent company, and proximity to suppliers. Those factors are
created based on the literature, and the goals and objectives of the company.

To make good decisions requires developing a systematic and good pro-
cess to decision making, applying the process to all decisions. In this study,
the weights of the factors are determined by using AHP method, and the
scores of alternatives are calculated by TOPSIS method for the purpose of
evaluating and selecting the best suitable facility location effectively. Even
though it has the probability of giving 0 value in its evaluations, fuzzy AHP
is a very helpful method for assessing complex multi criteria problems in-
volving subjective and uncertain judgment. It provides a decision hierarchy
and requires pair-wise comparison among factors and superior to other multi
attribute decision methods. TOPSIS is one of the most popular methods
and can be easily implemented for ranking the alternatives, because of the
consideration of the distance to positive ideal solution and negative ideal
solution. The reason of not using fuzzy TOPSIS is that the data for alter-
native countries are taken from previous research, and they are not based
on human judgments. Besides the results from fuzzy AHP are crisp values,
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which means only one sharp value. Therefore, this does not allow matching
the weights of factors and the data in the decision matrix. The combination
of fuzzy AHP and TOPSIS methods provides an efficient location selection
process for specific purposes. This model requires more effort and time to
implement, but the results are sensitive and effective compared to applying
each method alone.

The results of this study indicate that the best suitable country for the
specific facility location problem is Latvia, and following that Poland is also
ranked very close to it. Since the scores of first a few countries are found
very close, a sensitivity analysis is done to see the changes in the results,
when the input data is changed. According to the results of sensitivity
analysis, the decision process has been found consistent, and the best pos-
sible countries are decided as Latvia and Poland. With the selection of the
best suitable facility location, the company will have some positive results
in an international environment, which are decreased costs, time-efficiency,
increased quality and increased work performance.

Further research can make several extensions of this study. For future study,
it is necessary to determine the suitable communities or sites in the selected
country. This can be done by selecting and evaluating new factors cor-
responding to level of the facility location process. Then several decision-
making methods can be used to find the appropriate site for the new facility.
The method can be used for also similar companies (low demand, low tech-
nology, low product range), which have similar facility location selection
problems.

As an alternative, the problem can be viewed from different points by using
different techniques, such as other fuzzy multi criteria evaluation methods
like fuzzy SAW or fuzzy outranking methods. Those methods can be used,
and the obtained results can be compared with the ones found in this paper.
Besides the model that is used in this paper can be run with new alternative
countries and the results can be compared with the current solutions.

In the sensitivity analysis that we have used in this study, the change in
the score of alternatives is calculated for a given change in the weight of one
factor. In the literature, other type of sensitivity analyses, which only focus
on the most sensitive factors, could also be used to compare the consistency
of the model. Additionally by changing the weights of factors simultaneously
the changes in the rank of alternatives can be observed.
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Appendix A

Multiple At-
tribute Deci-
sion Making
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Figure 20: A classification of MCDM methods. Source: Yoon and Hwang
(1995)
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Appendix B

Major facility location factors
1 Access to markets/distribution centres

Cost of serving markets
Trends in sales by areas
Ability to penetrate local market by plant presence

2 Access to supplies/resources
Transportation costs
Trends in supplier by area

3 Community/government access
Ambience/cost of living
Co-operation with established local industry
Community pride
Housing/churches
Schools and colleges

4 Competitive considerations
Location of competitors
Likely reaction to the new site

5 Environmental factors
Community attitude
State/local governmental regulations

6 Labour
Prevailing wage rates
Extent and militancy of unions in the area
Productivity
Availability
Skill levels available

7 Taxes and financing
State income tax/local property and income taxes
Unemployment and compensation premiums
Tax incentives concessions
Industrial pollution control revenue bonds

8 Transportation
Trucking service
Rail service
Air freight service

9 Utilities services
Quality and price of water and sewerage
Availability and price of electricity and natural gas
Quality of police, fire, medical services
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Appendix C

Which factor do you think is important for the selection of the new facility?
Compare each of the following pair of the factors, and mark the place along
the segment.
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