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Abstracti Decision making is a mental process in which one of the different options is chosen. All dewkiog processes

end with a decision. In this thesis, site selection for a new project was examined. Investments requiring very higbumidgets,

as the cortsuction sector, need to be made more meticulously. AHP (Analytic Hierarchy Process) and TOPSIS methods wer:
used in decision making process. Expert Choice program was used for AHP analysis. The main criteria were determined durir
the selection processh@&se criteria were determined by the construction industry experts and individuals (potential customers)
by taking into consideration the marital status of the people, their children, their financial situation and their wag.of liv
Criteria have differst degrees of importance for people. Therefore, each criterion was compared with the other criteria by weight
method. In comparison, we worked very meticulously. Each comparison matrix was examined individually. During the
implementation, attention was pab the innovations around the candidate construction sites.

In this study site selection was made according to site selectiansportationcost, title deeds, cadastre and municipal
operations, and preference suggestions were given.

Keywordsi Decision making, Analytical Hierarchy Process, AHP, TOPSIS, expert choice, construction

I. INTRODUCTION selection is the land price of the area to be constructed and the
Decision making is a mental process in which one of t|Price of the product to be constructed for the customer. This
different options can be chosen. All decisimaking Mmeans that even if the constraints are the same for buyers and

processes come to a conclusion with a decision. This result sellers, they may differ.

be action or a chosen idea. )
Since the construction sector is an engive sector, the _ 1h€ are many studies on TOPSIS artdPA For example,

balance between consumer and producer should be yBased on AHPTOPSIS Method Supplier Selection
established. Minimization of risk and cost for consumersintl[Sup - i | | er , Thia papea s deal2witti supplier
short and longermand producers want to sell their services i selection problem. AHP and TOPSIS, multiple criteria
the shortest time with the most affordable price. Wk decision making methods, are applied together to select the
increase in the number of firms and the widespread use of most suitable supplier for a business firm. Quality, cost,
sector, the sale of the apartments takes a very long time. Tdelivery and service dgria that are mostly used in literature
disrupts the economic balance of the firms and causes the Iare defined as main criteria in the paper, and also their sub
works to take longer. Even small companies are makicriteria are defined. AHP method is used to determine the
detailed tudies to get their products out of their hands muGjn,1ance degree of main criteria and subcriteria, TOPSIS
faster, the sector has now required this need. One of thesmethool is developed to rank the sligs. In AHP method, the
multi criteria decision making methods. . o . . : !
weights of criterion and inconsistency rate are obtained by

Today, the construction sector will never end by people L . .
a sector. The reason for this is the ¢antly increasing Super Decision 2.0.8 program. Microsoft Excel 2007 is used

population and aging structures. In order to respond to {in TOPSIS m_ethod. Finally, the most impprtant criterion is
growing population, it is constantly able to make new spacd €t er mi ned as fqual it esofthed al
and new places. It is difficult to make decisions ofthese placb usi ness firm, AA2 suppliero

A site selection problem is to choose from aodgtoints for the highest scorg2]

the establishment of a particular facility, taking into accou ) . . )
different criteria and constraints, to meet the needs of use ~ Corporate Project with Ahpral Topsis methodsedection

Site selection models have a widmge of applications[1 ~ Of Management S etfalt2018]rTae a[mome r b
Many criteria and constraints arise when a constmcticthis study to choose the related software that can be used for

company decides to choose the site of the new constructdeveloping Corporate Project Management Software by

site. Location, price, distance to suppliers, customer potent Information Technology Department of a university. AHP and
etc. The most important criterion for the construction sitTOPSIS, the decision making processes with multiple ciriteria,
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have been used. The common key criteria suchuaplier ILIl. Analytical Hierarchy Process

firm, buying, usage, adaptatiortechnique infrastructure, The Analytical Hierarchy Process (AHP) is a muliieria
support ad secondary criteria of these key criteria have beefecisionmaking method developed by Thomas L. Saaty and
defined in the study. AHP technique has been used to find @sihow widely used to solve complex decision peals. AHP

the severity ofhe abovementioned criteria. TOPSIS has bednacilitates decisiormakers because it simplifies relations in a
used to evaluate the tools ofidgsian, HP, IBM and Microsoft hierarchical structure, especially in systems with complex
[3]. Evaluation andselectionof opensource EMR software rélationships between elemefis].

packaes based on integrat&tHP andTOPSIS

GOAL
Zaidan et al., 2014, evaluated and selected MCDM based open

source EMR software packages using integrated -AHP m
TOPSIS in the group content consisting of open source EM

software options [4]Jayant et al. (2014) us8DPSISAHP Criterion1 Criterion 2 Criterion 3 Criterion 4

Based Approach in Reverse Logistics Service Provider

SelectonSocaciu (2015) , ara-ta 3 % ' < h =0 f or unu
sajlamak i-in AHPR ay[@retremi ni kul mew—x

Alternative 3

In this study, TOPSIS and Analytical Hierarchy Process Alternative 1 Alternative 2

(AHP) methods were usedtie selection of construction site.
Expert Choice program was used for AHP analysis. In
practice, the choice of construction site area is made according
to location, transportation, cost, land registry, cadastral and
municipal operationfn the second seion, the methods used
in practice are explained. According to Saaty, who developed the method, the method
Il. Materials and Method consists of the following;

In this study, AHP and TOPSIS methods which are multi '
criteria decision making techniques are used.

Figure 2 Example hierarchy structure for AHP model

LI AHP  Application Stages

A Creating a hierarchy model

A Formation of preference (binary matrix) matrices,
A Determination of superiorities,

A Integration (Synthesis)L]L].

Il.I Rational Decision Making

The rational decision making model is based tbe
assumption of the existence of economic and rational people
from a classical perspective; it assumes the assumption thdt.l.I Creating a Hierarchy Model
individuals (decisiormakers) act with this consciousness and ) ) .
make optimal decisions by knowing all the possible options The problems that will be solved by using AHP are defined
together \ith their results. According to the classical rationafs detailed as possible. These definitions are determined

approach, individuals who take individual economic interes@gcording to a certain priority hierarchy. The highest level of
at the forefront and act in rational choic@ [ hierarchy is the main target; decision making is the lowest

level[8].

I.I.I Multi Criteria Decision Making

Multicriteria decision making problems can be examined Ggg| G
under three main headings. These problems are selection,
classification and ranking. The aim of the selection problems
is to determine the best of the alternatives, or to make a good
selection from a cluster of difult or equal weights to Criteria Criterion 1 Criterion 2 Criterion3
compare with each other. Briefly, choosing the right
alternative from an alternative set. Alternatives in such
problems are classified according to specific criteria or
preferences. The aim is to bring together alternative shtioat
similar characteristics anbehaviours Sequencing Problem: Alternatives A B
Alternatives in sequencing problems can be measured or
defined from good to bad [9

/\L\ Figure 3. Creating a Hierarchy

Selection Classificat Sortin ] ) ] ]
Problems ion Probleg ILIL 11l . Formation of Binary Comparison Matrix and
1 AHP Problems ms Determination of Weights
T ANP T AHP 1 AHP Sort ' _ _ '
T MAUTIY T ANP 1 UTADIS The second stage of AHP is the matrix of binary comparisons.
™ T MAUTUT  Jfo - -~ After creating a hierarchical structure, the relative importance
Figure 1. Methods of multicriteria decision making of each criterion is calculated. The relative significance of the
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criteria is found only by making a binary comparison, ie by#
comparing the two criteria with each other. Binary comparison

is based on the decisionaker's experience and knowledge
The dual comparison method used by AHP was fir

introduced by Fechner in 18¢02].

E

calculated by the following formula.

Table 1. Creating a matrix of binary compariséwrscriteria 4 ]
Criterion | Criterion | Criterion Criterion ’ T
1 2 é j
Criterion 1 | Wo/W1 | Wi/ Wo | é W/
- Wh e n
Criterion 2 | Way/W; Wo/ W, | é W,/
Criterion | é é é e
é P
Criterion i | WyW1 | WeW2 | & WilW; ! T

~

cal

I
p

cul a

ti

n

g the

gp order to calculate the consistency ratio, the congigten
indicator should be known. The consistency indicator (Cl) is

consi ste

eigenvalue) is calculated by the following formula.

Once the hierarchy is established, it is necessary to calculatéAfter multiplying the relative priorities with the columns of

how many times the relative importance of the criteria (relativihe comparison matrix, the weighted total vector is generated.

severity). The decision maker determines the degree After dividing the elements of the weighted total vector by the

importance among theriteria based on the scale9ITable 2

shows the&le 19 used in binary comparisoh?].

Table 2. Scale-® used in Binary Comparison Method

resultgi ves
matrix size are shown in Table BJ.

DEGREES DEFINITION
1 Equally Important
3 Somewhat More Important
5 Strong Degree Important
7 Very Strong Degree Importar
9 Extremelylmportant
2-4-6-8 Average Values

ILILLI. Integration (Synthesis)

corresponding relative priority, the arithmetic mean of the

& ma x of RITrhties agcarding ¢osthe

Table 3. Stability Indicators

3

4

5

6

7

10

RI | O

0,58

0,90

1,12

1,24

1,32

1,41

1,45

1,49

ILIII Topsis Method

The TOPSIS method is a very simple method that does not
include complex algorithms and complex mathematical
models. In TOPSIS, our aim is return, which means closeness
to the ideal solution and maximization of the return, and the
distance to the negativedal solution means the minimization

of the cost. While the proximity of the desired alternative to

itegratiol . ~_the ideal solution is expected, it is expected to be as far from
Consolidation is the stage of resolution of the decisiothe negative ideal solution. In other words, with TOPSIS, one

problem. At this stage, a mixed priorities vector is createsf the alternatives close the ideakolution and the one away
which gives a complete ranking of the options in realizing thigom the negative ideal solution is selegtks].
main objective of the problem, and this vector represents the
intensity ofjudgmental perceptions of decisiomakers about

the choice of optiongs].

ILILII. Determination of Relative Weights of Criteria

(Sub-criteria) and Calculation of Consistency Ratio

The eigenvector is calculated by the following formula.

ILIILI Steps of TOPSIS

Below are the steps of TOPSIEormation of the decision

matrix,

A Obtaining
A Obtaining
AObtaining ideal and negative ideal solution values,

t he

weighted

from wlgalaandc negativeaideal e s

P A A Obtaining
7 T B A points,
A Calculating the
After determining the significance of the criteria after the Il.1ll.1.I Obtaining Decision Matrix

eigenvector calculation, the consistency of the comparison o o _
matrix (CR) is calculated. The purpose of calculating CR is to The decision matrix ia matrix that musbe created by the
determine whether these comparisons are consistent whendggision maker. This matrix will be mxp size matrix. The

compare the deria with each other. If CR exceeds 0.10, thiglecision maker shows the decision points in the rows and the

nor mal i zed

nor mal

dl3ktance

comparison is inconsistent. Consistency calculation is maéetors in the columns. The decision matrixsigown below
with the following formula.

[13].
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A A A Ideal distance formula3 B 6 6°v¢
! A A A —
2 ~ ~ . . v
& & & Negative distance formuld3 6 6 V¢
A A A
I1111.1.11 Obtaining the Normalized Matrix ILIILLVI Calculating the Distance to the Ideal Solution

After the decision matrix ibrmed, the squares of each aij The distances to ideal and noeal points are used to

p calculate the relative proximity of each decision point to the
valuesA ,A ¢ aml) are taken aj soﬁ.lt[%r‘? coPamn %SG a7ceen P

are obtained from the sum of these valuesmalization is - e jgeal solution is symbolized by the relative proximity to
performed by dlyldlnghe square root of the column total#z Here the value AAAtakesavae | n t HWedD1lr amgle
to which each aij belongs [Topsis, 2018]. #°= 1 indicates the absolute solution proximity of the
respective decision point to the ideal solutibis 0 indicates

the absolute proximity of the relevardecision point to the
negative ideal solutiorip]

—) —)
—) —)
—) —)

B ~ ~ ~
) e Ae Ae H = _
I I I
o . _ . . ANALYTIC HIERARCHY PROCESS AND
ILIILLIIT Obtaining Weighted Normalized Matrix TOPSIS METHODS OF CONSTRUCTION SITE
o _ _ SELECTION
Each value is weighted to the normalized matrix with a
value such as wij. The weighting process reveals the subjectivey n a | Knkaat has identified t
aspect of the TOPSIS method. _ _ construction site in Kajéthan
Because weighting is done according to the importance fe | | kt epe, Sanayi a mdhis&egtbrt, epe
factors. The only subjective parameter of the TCP8ethod AHP and TOPSIS have been used to make deeisiking
is weights [L.3]. work for this construction company.
x1  x1 8 x1 6 O EO o
| x 1 x 1 8§ x] o0g=0 O EO [1l.1 Criteria for AHP and TOPSIS
é é é € & é L o :
i $ 1 x1 6 6 4 O The criteria to be used in this study were determined by

taking the opinions of Civil Engineers, contractors,
ILIILLIV Obtaining ideal and negative ideal solution ~ congruction company owners and experts.
values
Once the weightechormalized matrix isobtained, the Proximity to Public Transport: This subcriterion was taken
maximum valuesf each column are determined, provided thanto consideration because transportation has a great place in
the objective is maximization, depending on the nature of tieople's lives. The importance of transportation alternatives
problem. These maximum valuae our ideal solution values. such as bus, minibus, metrobus anmetro has been considered.
Then the minimum valueer each column are obtained. This
is the negative ideal solution valuds)]. Car park: One of the biggest problems of people in a place
like Istanbul is undoubtedly that they can timid parking
I.111.1.V Obtaining the Distance to Ideal and Negative space to pull their cars. With this in mind, the car parking sub
Ideal Points criterion is included in the decision making solution.

Euclidean distance is used to calculate the distance to idadpximity to Schools and Hospitals:Proximity to schools is
and nonideal points. seen as a priority for families with children. Hospitals are
considered as a priority area for people of all ages and ages.

Euclidean distance formarl A B (%) () Proximity to Street: It has been determined as the sub
criterion considering the fastest way to reach every wish of the
people.

Xik i. Observation k. Variable value
Xkj . G°zlemin k. Dej i kken

Price: Since jt is a property that should be considered first i
I
p:The number of variables

$&inl 6r'pdrchasing transactions, it has been determined as
subcriteria.
Environment: The environment is very important for people.
The social environment, proximity to the people living in the
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environment and the public living areas are importantHfer matrix. This ensures that the data received by the expert is
buyer and seller. Proximity to green spaces is important faeviewed when the consistency ratio is outside the acceptable
people. With this in mind, the weighted score was determindinit. In the formation of the first stage of AHP, the
hierarchical structure, the main criteria and-suteria are
Project Costs: Architectural project costs, static project costsmodeled as in the program screenshot given in Figure.
electrical project costs, machine project costs can be divide
into. The weighted score was determined by taking in. ... .00
consideration the costs of this project. R :

) % &) amen) i
| 2]Goal: INSAAT YERT SECIMIL Gultepe Mahalles 200

Building Construction Costs: Construction costs on a SIOpPe “sos s s . |

W Otopark (L:,750)

and on a flat surface vary. Workspaces prevent so[ ®em

. R A ) - 1 Okullara ve Hastanelere Yakinlik (L: ,064)
operations from being carried out quickly. $hincreases zmiam

Cevre (L:,279)

costs. The cost of building construction is directly related -E«wu»um

Proje Malyetler (L: 833)

the class of construction and excavation. i opliunlyspirmet i
il
1 Tapu Ozellikderi (L: ,105)

Reconstruction: The shape of the structure to be built in «
specific plot and the purpose it can be used in the zoning plans,

the buildirg conditions of the subject matter of the land, whatigure 4. Hierarchii structure of decisiorproblem

should be the technical conditions, how many storeyed

building should be built on the plot, the floor session of the

building, the total covered area, how many square metelhen the Figure 4 examined, it is seen that the criteria that
garden, the front and Sid@a‘:es show all the Constructionmake up the hierarchical structure on the left side and the
conditions [Kmar, 2018]. alternatives on the right side.

Floor Easement: The easement is a title deed showing théhe values(L; 0.262) or (L; 0.565) appearing next to the

shares of the people for the houses to be built on the land aftémes of the main criteria and scifiteria are the priority

l eaving the basement [ Krt i fvalugsofthose critgrigln other words, if we take the cost main
criterion as an example, it is found that the cost main criterion

Deed Proper[ies:The type of title éed is of great importance value of 0.118 is Co_nsidered to be important at this raitea_A

in matters such as trading and credit usage. The title deed tyfRs/lt of the solution made out of the four alternatives

are divided into three as condominium, floor easement afidet er mi ned based on these cri:

shareholder deed. Each type of title deeds gives the owhgighborhood alternative was chosen with a priority value of

different legal rights [Tapu, 2018]. 0.416.

& oy

I1.I.I Determination of Main and Sub-Criteria

ki
In order to select the best alternative site for the ne
construction site of ¥nal ( (o AT YRR SE a2 dec]

hierarchy was formed by the experts and criteria were define

The implementation steps of thdHR, which started with the

creation of the hierarchy and the pairwise comMpParisO N | T b il 1l i b ok e o o e Do 6 T ol
ended with the determination of the best alternative, we

solved by the Expert Choice program. Figure 5. Analytical hierarchy structure for buildisige selection in Expert
Choice
lILLII Transferring and Evaluating Data to Expert Choice  j1.1.11I  Comparison of Main Criteria
Program
o ) When we look at the hierarchical order, our main criteria are:
ExpertChoice is a handy program thanks to its etasy Location, Cost, Transportation, Land RegigtrR) and
understand structure. Cadastre and Municipal Operations

After the matrices are transferred to the program, the program
will calculate the consistency ratio for each comparison
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Table 4. Binary comparison matrix of main criteria

Main Criteria Locaiton | Cost | Transportation| LR and Cadastre
Location 1 5 3 7
Cost 0.2 1 0.3333 3
Transportation| 0.3333 3 1 5
Cadastre 0.14285 | 0.33 0.2 1

The consistency ratio of the binary comparison matrix in
Table 4. was measured as 0.04, and since this value was
less than 10%, it was decided that the matrix was
consistent. The comparison of the main criteria based on
the herarchy: Location 56.5%; Transportation is 26.2%;
Costs have a priority value of 11.8% and Land Registry

Table 5 Binary comparison matrix of location striteria

and Cadastre and Municipal Operations have a priority
value of 0.55%

IILLI.IV  Comparison of Subcriteria

In the table below, the sutyiteria are compared with each
other.

o . . - Proximity to School and
Criteria Price | Environment | Proximity to street yto
hospital
Price 1 3 5
Environment 0.333 1 5
Proximity tostreet 0.25 0.3333 3
Proximity to € and tos | 0.2 0.2 0.3333 1
Gdlda
Okullra v Hastnslers Yok R bl E
N St | L T i
‘ e
(ompare the elstve impaeence wih respect: Lovum ‘Goak INSAAT YERI SECINI
tlasm
Toph Tasima Araclarma Taknlk
Caddeye Yaknik
e o i . o i - —
[ [ R mm,‘
- (S bt

Figure 5. Binary comparison matrix of location striieria in Expert
Choice

Figure 6. Expert Choice results in a binary comparison of

. ) . ) o alternatives in terms of proximity to pubti@nsport
The consistency ratio of the binary comparison matrix in

Table 4.2 was measured as 0.07, and since this value was . c
less than 10%, it was decided that the matrix was consistent. .
Based on the hierarchy, the price is 0.527, environment is
0.279, proximity tole street is 0.113, proximity to schools o Tt o 50
and hospitals is 0.064.

Gultope Mahailosi 200
‘Sanay Mahallesi 384
Colklope Mahalles: A16

All criteria were compared in this way. Each is solved in
export choice. 02
1 Tapu Ozellikleri (1: ,105)
.1V Comparison of Alternatives _ _
Figure 7. Expert Choice program general results
In the tables below, alternatives are compared.
All alternatives were compared according to criteFiable

Table 6. Binary comparison ofttarnatives in terms of 6 is an example.

proximity to public transport

According to the Expert Choi
- - - - first place with 41.6%, Sanayi takes second with 38.4% and
Options | G¢ | t] Sanayij ¢ el i K G¢ltepe takes third with 20%
Gl t 1 1 0.3333 was deemed appropriate to carry out the construction in
¢Sar:a)_/|k é é 0'31)33 teli ktepe Neighborhood.
el i
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lIlLII Construction Site Selection Application with TOPSIS

Table 7. Decision matrix based on TOPSIS method

Construction Site Selection

Ma}m . Location Transportation Cost LR and Cadastre
Criteria

ag | 3 S35 £ | 8 8. 3 |.E| S8

sub | 28 o 3 c |ag|l & 2 | 8| & | 8E| 0%

Criterai | « = - x = = 5 o | £8 2 | 28| 8¢g

) X S 58 S o | T 3 L o S

o< & LI o a |3 ke
Criterai
Degree 0,036 | 0,074 | 0,296 | 0,157 | 0,065| 0,196 | 0,098 | 0,019 | 0,035| 0,014 | 0,006
Cr,'\tke)”a K1 K2 K3 K4 K5 K6 K7 | K8 | K9 | K10 | K11
G¢ | t1]0,01354 0,048 0,073 | 0,051 |0,029| 0,150 | 0,009 | 0,007 | 0,025| 0,002 | 0,002
Sanayi | 0,02370 0,036 | 0,221 | 0,086 |0,029| 0,075 | 0,078 | 0,012| 0,014 | 0,011 | 0,004
¢el il 0,023 | 0,042|0,18465 0,1211|0,051| 0,102 | 0058 | 0,012 | 0,019 | 0,00 | 0,003

In TOPSIS application, the solution process is handled with
this method provided that the criteria and alternatives are
kept constant. All TOPSIS application steps are formulated

Analytical Hierarchy Proess analysis is adapted to the
matrix format in TOPSIS. Criteria and soliteria are
obtained from AHP method.

in Excel and solved. The structure discussed in the

Table 8 Weighted normalized decision matrix

Construction Site Selection
Ma_un . Location Transportation Cost LR and Cadastre
Criteria
S = © = o %) o 5
= e £ o S x a 5 k3 = 3
o2 | 5| 8| E|28| 8] ¢ |Cg| 2 |s8|3%
SubCriterai| F 2 | ¥ 2 S . 2 .y S 23 2 | og 88
X5 < o S X © © = 5 O S Lg| OO
o c o g o= O 2 = 3] L o
o< & L a o a L
Criterai
Degree 0,036 | 0,074/ 0,296 | 0,157 | 0,065 | 0,196 | 0,098 | 0,019 | 0,035| 0,014 | 0,006
Criteria No | K1 K2 K3 K4 K5 K6 K7 K8 K9 K10 | K11
G¢ltg 4 8 2 3 4 6 1 3 5 1 2
Sanayi 7 6 6 5 4 3 8 5 3 7 5
cel ik 7 7 5 7 7 4 6 5 4 6 4

I11.11.1 Formation of Decision Matrix

ILIL1II Creating Ideal and Negative Ideal Solutions

In termsof decision matrices, the difference of TOPSIS

method from AHP method is that the TOPSIS method is not
a binary comparison but rather a scoring or value
assignment methodAfter The decision matrix was

normalized.

IILILIL. Creation of Weighted Normaliz ed Decision

Matrix

In order to calculate the discrimination measures, the
highest and lowest value$ each criterion were
determined and the most preferred and least preferred
alternatives were created for all criteria. In finding ideal
solution values, the largest onetbé normalized matrices
is selected.As a final step, proximity to ideal solution was
calculated.

In the table below, a weighted normalized decision matrix
is established.
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Table 9. Proximity to ideal solution

st S #
G¢ | t | 0,027284| 0,010655| 0,280857
Sanayi | 0,012330| 0,023215| 0,653116
¢ el i K0,006378 0,018784| 0,746520

ILILIV Importance Ranking

¢teli ktepe takes first place with 75%, Sanayi takes secor
with 65% and G¢ltepe takes second with 28% According

to these results, the new construction site should be in

¢teli ktepe Neighborhood.
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