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Abstract—Logistics centers represent areas that all national and
international logistics and activities related to logistics can be
implemented by the various businesses. Logistics centers have a key
importance in joining the transport stream and the transport system
operations. Therefore, it is important where these centers are
positioned to be effective and efficient and to show the expected
performance of the centers. In this study, the location selection
problem to position the logistics center is discussed. Alternative
centers are evaluated according certain criteria. The most appropriate
center is identified using the axiomatic design method.

Keywords—Logistic center, axiomatic design, facility location,
information systems.

1. INTRODUCTION

OGISTICS centers are the regions, which are situated in

the official institutions related to logistics and transport
companies, in possession of active links to all kinds of modes
of transport, the possibilities to perform activities such as
storage, maintenance and repair, loading and unloading,
handling, weighing, loads splitting, merging, packing, and
low-cost, fast, secure, transfer areas and equipment between
the transport modes. Due to the fact that the logistics centers
play a major role in unifying the transport stream and the
transport system operations, it is also important where these
centers will be positioned. One of the factors affecting the
choice of location is the requirement for the combined use of
different transport modes in these centers. Considering the
important logistics centers in Europe, it is seen that they are
close to the main rail, the highway and the sea way. A
logistics center established on a good location provides that
the logistics processes are made better quality and the
international trade services-more efficient, and all of the
bureaucratic procedures are completed in one spot. Thus,
productivity increases and contributes to the national economy
[1].

When defining the design of the logistics center, client
infrastructures, the post office/bank/insurance, offices,
intermodal terminals, warehouses, and other public services
should be defined. Infrastructure must be created for storage
and integrated service. There should be sales and leasing areas
of warehouse and office. Administration building should be
for the management of the logistics center. The objectives of
all businesses operating in the logistics centers should be to
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provide high quality such matters as the optimization of the
logistics chain, the optimization of the level of use of trucks
and warehouse, the optimization of labor organizations,
reduction of total transport activities and total industrial costs
with the personnel costs, the increase of total turnover of
transport operators [2]. In this study, by using axiomatic
design method, the most appropriate location selection is
made.

II. LITERATURE SURVEY

Determination of logistics centers can be evaluated as
facility location problems. Facility layout can be also
considered within the scope of the complex and multi-criteria
decision-making problems. There is a need to further analysis
to select the most appropriate location for a facility.

Many methods are used in the evaluation of logistics
centers and in the selection of alternative locations. The
appropriate location selection for logistic center from a lot of
alternative places requires multi-criteria decision-making
methods. Mathematical models are employed to select
location selection problem in literature [3], [4].

Multi-criteria decision-making techniques are also often
used [5]. The method of Fuzzy AHP and Electra is used also
in the example of the specific values discussed as fuzzy [6],
[7]. Kayikeci Y. found the optimal location by combining
Fuzzy AHP and the artificial neural network method for the
logistics center location selection [8]. Li used a TOPSIS
method for the logistics center location selection [9]. Liu
employed an AHP method for the logistics center location
selection [10]. A genetic algorithm method is applied by
Wang [7]. Also unlike them, Liu identified several methods
for the logistics center location selection. By using the method
of center of gravity, location selection is made [11].

When examining studies on axiomatic design, we see that
Suh and Do used the axiomatic design principles for software
design and to create a large software system by starting out
from the matters of software development for manufacturing
firms in their study done by them in 2000 [12]. Chen
established a decision support system based on knowledge to
improve the performance of the location centers converted
into a cell type created using the independence axiom in the
study [13]. Jengaand Yango used the axiomatic design
methods for the optimization of propeller design, the main
engine selection, and barge design in the ship design [14].

Kulak, Kahraman employed together with AHP and
axiomatic design method for selection of multi-criteria
transportation company for an efficient supply chain in their
study. The criteria for selection of the company (cost, time,
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damage/loss, flexibility, the ability of the documentation) have
been determined. Software for axiomatic design and fuzzy
axiomatic design to make the most appropriate choice has
been developed [15]. Gu and Rao have combined the
axiomatic design approach with the systematic design
approach for product design in their study and adapted it to a
furniture manufacturing system [16]. Kulak and Kahraman
evaluated a production system according to pre-selected
performance criteria based on axiomatic design principles in
the studies and presented the results by applying a
manufacturing company [17]. Kulak developed a decision
support system (fuzzy multi-criteria material handling
selection) considering such factors as efficient use of labor,
ensuring system flexibility, increasing productivity, reducing
lead times and costs for material handling selection. Finally,
the final decision was given for selecting the most appropriate
equipment from among the same type alternatives by using the
information axiom of axiomatic design [18]. Due to the fact
that transport costs and drive health significantly are affected
depending on the selected route in this study, Murat and Kulak
provided an approach using the information axiom in the
evaluation and in the selection of the most appropriate route
for drivers by considering criteria required for being taken into
account in the choice of such route as travel time, the level of
obstruction, safety and environmental factors. For precise
(crisp) criteria values and also for the classical knowledge
axiom and fuzzy criteria values, they performed an application
including the fuzzy information axiom [19]. Ozel and Ozyériik
compared the two methods using fuzzy axiomatic design and
weighted fuzzy axiomatic design method for supplier selection
problem for a company being white goods manufacturer in
their study [20]. Durmusoglu and Kulak showed the axiomatic
design method on an application including the actual data for
the design of an effective office operation in their study [21].
Celik used the axiomatic design and TOPSIS methods in order
to determine the competitive conditions of the container ports
in Turkey in the study. He also benefited from the SWOT
analysis to evaluate data entry and the results. Besides, a
hybrid approach was presented in order to contribute to the
maritime sector in Turkey and applied to izmir, Haydarpasa,
Mersin, Ambarli, Gemport ports [22]. Kahraman and Cebi
applied the hierarchical fuzzy axiomatic design method on the
assistant selection problem by evaluating alternatives in a
fuzzy environment in their study [23]. Pecka and Kum used
the axiomatic design principles for the design and
optimization of the health system in their study [24]. Kulak
applied the fuzzy axiomatic design method for a bank to be
compared the characteristics of IT systems [25]. Kulak, Cebi
and Kahraman made a compilation by examining studies
conducted about the axiomatic design in their study. They
classified according to the methods and application fields [26].
Cebi and Kahraman used the axiomatic design principles for
the design of the instrument paneling for vehicles in their
study in 2010 and stated that they determined the most
appropriate instrument paneling design using also the fuzzy
axiomatic design method from among 18 alternatives [27].
Biiyiik and Ozkan made an assessment of logistics vehicles

under different criteria in their study [28]. Tath applied the
fuzzy axiomatic design method for the selection of logistics
companies [29]. Taha and others investigated the ergonomic
design principles using axiomatic design principles in their
study. Customer requests and suggestions were taken through
questionnaires in the virtual environment and they developed
the design principles of robotic manufacturing system [30].
Yazgan et al. used the fuzzy axiomatic design method to add
the fuzzy values encountered in the solution of scheduling
problems to the problem. The application was conducted for a
company operating in the food industry [31]. Kannan et al.
made a choice by using also the fuzzy axiomatic design
method in order to make the best choice of green suppliers for
a plastics company in their studies [32].

III. THE METHODS

A. Axiomatic Design

Axiomatic design is defined by the interaction of questions
“What do we want to achieve?” and “How do we make it?” It
is a design method developed by Suh. The design method with
the axioms allows early destruction of the undesirable features
of design, the focus on the intended purpose, and
determination of the criteria used in the delivery of design
decisions [33]. There are two axioms of design method with
the axioms.

The first one is the Independence Axiom, and the second is
the Information Axiom [33].

e Independence axiom: In a suitable design, a parameter of
the design is the arrangement to provide the related
functional requirement without affecting other functional
needs. Normally, engineers are trying to independently
solve by separating a problem into sub-problems.

When two or more functional are required, the design must
ensure each functional requirements without affecting other
functional need. This happens only with the selection of the
correct parameter set.

e Information Axiom: A possibility to ensure a given
functional need. Here is taken into account the
information content. When functional of series of n is
required, total information content is the sum of all these
possibilities. If the total is equal to 1, information content
is 0. If the sum of probabilities is greater than 1, the
required knowledge is infinite. Data content is determined
by the interaction between the tolerances specified by the
designer. Information content is calculated according to:

Common Range
( System Range ) (1)

I =log,
where, I: Information Content, As= System Area, Ac=
Intersection Area. While A. in this connection shows how
much the properties possessed by the system provide the
expected ones, A, system area allows us only to know the
properties of the system.

The Information Axiom being the second one primarily
argues that the designs having the minimum information
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content from the designs providing the independence axiom
are the best [26].

E design range
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Fig. 1 System range Design range, common range and system
probability distribution function of the functional needs

B. Fuzzy Axiomatic Design

Data being specific for certain is expressed with real
numbers. But in real life, data can sometimes be represented
by linguistic variables, not by numbers. Such data must be
converted to digital form adhering to certain rule base. For
this, fuzzy set theory is used.

Fuzzy Axiomatic Design allows us to make decisions even
when data is qualitative. When data is given as a linguistic,
triangular or trapezoidal fuzzy membership functions are used
in the situations, where the probability density function is
specific. The intersection area of triangular or trapezoidal
fuzzy numbers is the common area in Fig. 2. Information
content is calculated according to (2) [34]:

Triangular Fuzzy Area of System Design
I[=1lo 2
82 Common area ( )

Common range

M

Systems range Design range

=

a b c d

Fig. 2 Common area of system and design ranges

IV.THE PROPOSED APPROACH

1-  First, determination of the alternative lands is identified
by forming a team of experts.

2- Treasury lands are selected by examining the ownership
conditions of the determined lands.

3- A literature research for the evaluation of alternative
locations are performed and 9 criteria are identified.

4- The axiomatic design method is employed to evaluate
alternative locations.

V. AN APPLICATION

Defining the location of the logistics center is very
important for using the center efficiently. Having the
possibility of using different transportation modes at the same
time by choosing the location of the logistics center is one of
the prior criteria. The connection to the railways, highways,

airlines and maritime lines are taken into consideration by
choosing the location of the center. In order to make a
convenient decision and prevent facing irreversible difficult
problems the choice criteria must be defined for making the
decision [35].

Location choice are made within the context of this study in
order to have an efficient and affective usage of the logistics
center, which is being planned to be built in Kayseri. A model
is developed for the choice of the location using axiomatic
design method. By taking the expert opinions into
consideration and by meeting firstly the managers of five
logistics company in Kayseri, which are making international
transportation and leading the setup of the center,
Metropolitan Municipality of Kayseri Department of
Settlement and Planning, Municipality of Melikgazi
Department of Settlement and Planning and Vice President of
UND, the locations are defined. Property conditions are
searched together with Metropolitan Municipality of Kayseri
Department of Settlement and Planning. Taking especially the
public lands or the ones that are not being zoned for
construction into consideration four alternative locations are
defined as shown in the Fig. 3. Alternative locations are:

v" Incesu Location
v Anbar Location
v Bogazkopru Location
v" Mimarsinan Location

For the evaluation of these four locations literature search is
made and thus nine criteria are decided. These criteria and
their explanations are given in Table I.

In order to choose a location by axiomatic design, the first
thing to do is to calculate the information content of each of
the alternatives. Thus the design intervals of the functional
needs are to be calculated. A questionnaire is prepared for this
purpose and a survey is done to the 38 companies connected
with the International Transportation Association of Kayseri
and thus the design intervals of the functional needs are
defined. Design intervals are given in the Table II. Questions
of the questionnaire are given in the Appendix.

TABLE I
CRITERIA
Criteria Explanation
Land Expresses the land where a logistics center is to be setup.

Expansion Field The part giving expansion possibilities to the logistics
center except the setup area.

Cover ability of the needs such as electricity, water,
internet etc for the lands that are chosen for the setup of
the logistics centers.

Closeness of the logistics center to the city as mileage,
where the center is to be setup
Closeness of the logistics center to the industry and trade
zones as mileage

Infrastructure
Possibilities

Closeness to the
Province
Closeness to
industry and trade
zones
Closeness to the  Closeness of the logistics center to the harbor as mileage

port
Closeness to the Connection of the logistics centre to the highways
highways
Connection to the Connection of the logistics centre to the railways
railways
Area costs m? costs of the area where the logistics center to be built
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Fig. 3 Alternative Locations

TABLE II
DESIGN INTERVALS OF THE FUNCTIONAL NEEDS

Criteria Design Intervals
Area 1000000-3000000
Expansion Field (%) 10-25
Infrastructure Possibilities Very Good
Closeness to the province 10-30
Closeness to industry and trade zones 3-10
Closeness to the port 319-450
Connection to the highway Very Good
Connection to the railway Very Good
Area costs 50-100

The system characteristics of the criteria equals belonging
to the alternative locations are given in the Table III. System
data is expressed both as numeric and linguistic. Numeric
system data is defined as minimum and maximum.
Information and structure data and the center costs of the areas
are received from Metropolitan Municipality of Kayseri
Department of Settlement and Planning, Municipality of
Melikgazi Department of Settlement and Planning. Other
system characteristics are received via the results of the
questionnaire applied to the 38 companies connected with the
International Transportation Association of Kayseri.

System Intervals for the alternative locations are given in
Table III.

The system data include the exact and linguistic information
as seen in Table III. For the exact data “Exact Data Axiom
Approach”, and for the linguistic data “Fuzzy Information
Axiomatic Approach Method” are used. The information
content of the exact data is calculated by using (1) and the
information content of the lingual data is calculated by using
2).

It will be expressed in this study how the information
content is calculated for just one alternative location. Incesu
Location is chosen for this purpose and shown in the
following calculations. Area, expansion field (%),
infrastructure  possibilities, closeness to the province,

closeness to industry and trade zones, closeness to the harbor,
connection to the highway connection to the railway and area
costs are the criteria taken into consideration, design and
system intervals are uniform ranges included low and top
values. Information content calculation methods are illustrated
in figures.

TABLE III
SYSTEM INTERVALS FOR THE ALTERNATIVE LOCATIONS
Criteria Incesu Anbar Bogaz Mimarsinan
Kopru
Area 500000-  700000-  500000- 2000000-
: 2500000 2000000 1500000 3500000
Expansion Field (%) 5-15 10-15 10-20 10-30
Infrastructure Possibilities Very Good g:(r))(li Good Good
Closeness to the province ~ 25-35 10-15 10-20 15-30
Closeness to industry and 515 3.5 46 7.15
trade zones
Closeness to the port 300-425  315-440  315-446 300-430
Connection to the Very
highway Very Good Good Good Good
Connection to the railway ~ Good Good  Very Good Poor
Area costs 80-120 50-70 60-100 80-150
Area structure Very Good ~ Bad Good Very Good
E system range design range
L
.E, 0.8
E 0,6
= 0.4 COMMAN range
£ 02 ]
£ 0
500 1000 1500 2000 2500 3000 3500
Area

Fig. 4 Information content account for the criteria area

2500 — 500

liarea = l0g> (2500 - 1000) = 0411
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Fig. 5 Information content account for the criteria of the expansion
space of Incesu location

Due to the fact that system range related to the expansion

15-5
Iiexpan.f. = log, (m) =1

space is within the design range, the result is 1.
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Fig. 6 Information content account for the criteria of proximity of
Incesu location to the city
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Fig. 7 Information content account for the criteria of proximity of
Incesu location to the industrial and commercial center
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Fig. 8 Information content account for the criteria of proximity of
Incesu location to the port
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Fig. 9 Information content account for the criteria of proximity of
Incesu location to the land costs

120 — 80
jianacost = 1092 (m) =

Infrastructure facilities, the highway connections and rail
links for Incesu location, is expressed as linguistic. Linguistic
expressions are defined as fuzzy data. Such data must first be
converted into fuzzy numbers. The phrases used for
conversion are given in Table IV and Fig. 10.

TABLE IV
NUMERICAL EXPRESSION OF THE LINGUISTIC VARIABLES
0 0 6 BAD
3 7 11 MEDIOCRE
8 12 16 GOOD

13 17 21 VERY GOOD
18 25 25 PERFECT

BAD MEDIOCRE GOOD VERY GOOD PERFECT
1
08
06
04
02
0

123 4356 7 8 910111213 1415 16 17 18 19 20 21 22 23 24 23
Fig. 10 Triangular Fuzzy Number
According to the survey, it is defined as triangular fuzzy
numbers that the design range of infrastructure facility for

Incesu is 14, 20, 25; the highway connection is 13, 21, 24 and
the rail link is 8, 15, 22. The system ranges are also
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represented by the triangular fuzzy numbers and the
information content is calculated for uncertain data. The
common area being intersection of the design and system
ranges gives the possibility of meeting the functional
requirement. Information content is calculated using Fig. 11
and (2) and the common area is found.

Triangular fuzzy numbers
that the system range
BAD MEDIOCRE GOOD VERY GOOD PERFECT
! |
Triangular fuzzy numbers
A that the design range

0 A C
123435678 3NURBUGETBBNARDBLY

Fig. 11 Information content account for the criteria of the
infrastructure facilities of Incesu location. The area of triangle ABC
refers to the common area between the design and the system areas.

A(ABC)=2.8

25— 14) x 1/2
I, = log, <%> =0971

Triangular® fuzzy numbers
that the system range
VERY GOOD
E A

BAD MEDIOCRE GOOD PERI'ECT

Trlangularfuzzy numbers

' thatthe design range

1234567 80MUDBUBBITB8NANB UL

e R

Fig. 12 Information content account for the criteria of the highway
connection of incesu location. The area of triangle DEF refers to the
common area between the design and the system areas. A(DEF)=3.05

(24-13)+1/2
Ifhighway con. = 10g3 305 = 0.85

Triangular fuzzy numbers Triangular fuzzy numbers

that the system range that the design range

BAD MEDIOCRE

VERY GOD/ PERFECT

1 23456 78 910“12131413161“1819202112232423

R R

Fig. 13 Information content account for the criteria of the railway
connection of Incesu location. The area of triangle KLM refers to the
common area between the design and the system areas. A
(KLM)=3.32

(22-8)x1/2
Ifrailway con. = l0g3 ~ 332 =1.075
Similar calculations have been made also for the other
alternative places and the information content determined in
Table IV is given.

TABLE V
INFORMATION CONTENT REPRESENTATION

CRITERIA Li Ia Is Im
Area 0,41 0,378 1 0,584
Expansion Area (%) 1 0 0 0,422
Infrastructure facilities 0,971 0971 2577 2,577
Proximity to the town 1 0 0,485 1,584
Pt g 00 e
Proximity to the port 0,238 0 0 0,226
Highway connection 0,85 0,85 3,67 3,67
Railway connection 1,075 1,075 0,799 3,896
Land Costs 1 0 0 1,807
Total 8,352 3,274 8,531 16,18

According to the results of the information content in Table
V, warehouse location with minimum information content
should be chosen. Because according to the axiomatic design
principle, the design with less information content is the best
design. The location with less information content is
warehouse. The location of Mimarsinan with maximum
information content is the last place to be selected.

VI.RESULTS AND CONCLUSION

Axiomatic design technique is one of the multi-criteria
decision-making methods used in the evaluation together with
the definite and indefinite data. It helps decision maker by
evaluating precise and uncertain data. In our study four
alternative locations for logistics center were identified and 9
criteria identified for the optimal location from among these
four locations. Such criteria as area, expansion space,
proximity to the city, proximity to industrial and commercial
centers, and the cost of land were expressed in absolute terms
and such criteria as the infrastructure facilities, highway
connection and rail connection as fuzzy. The design ranges for
criteria were determined by applying questionnaire to 38
logistics companies. When the design ranges and systems
ranges change, the total of information content will be also
change. The results minimizing the information content would
be the most appropriate results. According to the data, the
information content was calculated and the location with the
minimum information content selected as the most suitable
place.

APPENDIX

This survey study is being conducted by the logistic firm
owners in order to model the most appropriate location which
will be used as the center of the Logistics village/center being
planned to be created in Kayseri. Thank you for your time.
Alternative locations
v"Incesu Location
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Anbar Location
Bogazkoprii Location
Mimarsinan Location

Firm Name and Address:

[10]

(1]

[12]

Question 1. Which one of the alternative locations above
would you prefer for the establishment of the Logistics
center/village?

Question 2. How many square meters should the logistics
village/center cover?

Question 3. How much should the enlargement area be
after the logistics center/village is established? (In %)
Question 4. Would you evaluate the infrastructure
opportunities of a logistics center/village as bad, average,
very good, perfect?

Question 5. How many kilometers should the closeness of
a logistics center be to a city?

Question 6. How many kilometers should the closeness of
a logistics center to industrial and commercial centers?
Question 7. How many kilometers should the closeness of
a logistics center to a port?

Question 8.Would you evaluate the highway connection
opportunities of a logistics center/village as bad, average,
very good, perfect?

Question 9.Would you evaluate the railway connection
opportunities of a logistics center/village as bad, average,
very good, perfect?

Question 10.What should be the land area costs of a
logistics center?
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