Ucgiincii Sektor Sosyal Ekonomi Dergisi
Third Sector Social Economic Review
57(2) 2022, 935-953
doi: 10.15659/3.sektor-sosyal-ekonomi.22.05.1726

Research Article

Enterprise Resource Planning Selection Using Fuzzy Entropy-Based Fuzzy MOORA
Method: Case Study in a Bearing Company

Bulanmik Entropi Tabanli Bulanik MOORA Yontemi ile Kurumsal Kaynak Planlamast Segimi:
Bir Rulman Sirketinde Ornek Olay Caligsmast

Beyzanur DURMUS Muhammet Enes AKPINAR
Izmir Bakirgay Universitesi Dr. Ogr. Uyesi, izmir Bakircay Universitesi
Endiistri Miihendisligi Bolimii Isletme Boliimii
beyzanur.durmus(@bakircay.edu.tr enes.akpinar@bakircay.edu.tr
https://orcid.org/0000-0003-1637-3111 https://orcid.org/0000-0003-0328-6107
Makale Gelis Tarihi Makale Kabul Tarihi
28.10.2021 10.05.2022

0z

Secim problemleri isletmeler agisindan siklikla karsilasilan ve karar vermesi zor olan problem tiplerindendir. Zor
problem olmasinin sebebi bir¢ok kriter ve alternatifin aym anda dikkate alimmasi gerektigi icindir. Bu
problemlerin ¢oziimii igin genellikle cok kriterli karar verme yaklasimlar: kullanilmaktadir. Se¢im problemleri
hayatin her asamasinda karsilastigi icin ¢ok fazla ¢esitlilik gosterebilmektedir. Bu ¢alismada bir isletmenin
kurumsal kaynak planlamasi (KKP) se¢im stireci ele alimmigtir. Yeni bir yazilim satin almak isteyen isletmenin
satin alma departmani bir¢ok kriter ve alternatif yazilim belirlemistir. Bu kriterlerin en uygun diizeyde karsilandigi
alternatif yazilimin se¢ilmesi planlanmistir. Bu problemin ¢éziimii igin kriter agirliklarin belirlenmesi asamasinda
bulanik Entropi yéntemi kullamilmistir. Yazilim alternatiflerinin degerlendirilmesi siirecinde bulanik Oran
Analiziyle Cok Amagh Optimizasyon (MOORA) yéntemi kullanilmig ve yazilimlardan en uygun olamina karar
verilmistir. Calisma sonucunda belirlenen ii¢ yazilim sisteminden en uygun olanin iigiincii yazilim sistemi oldugu
goriilmiistiir.

Anahtar Kelimeler: Cok Kriterli Karar Verme, Kurumsal Kaynak Planlamasi, Se¢im, Bulanik Entropi Yontemi,
Bulanik MOORA Yontemi.

Abstract

Selection problems are one of the types of problems that are often encountered from the point of view of companies
and are difficult to decide. The reason it is a difficult problem is that many criteria and alternatives must be
considered at the same time. Multi-criteria decision-making approaches are often used to solve these problems.
Selection problems can vary a lot because they are faced at every stage of life. In this study, the selection process
of enterprise resource planning (ERP) is discussed. The purchasing department of a company that wants to buy
new software has set many criteria and alternative software. It is planned to select alternative software where
these criteria are met at the most appropriate level. For the solution to this problem, the fuzzy Entropy method
was used at the stage of determining the criterion weights. In the process of evaluating software alternatives, the
Sfuzzy Multi-Objective Optimization by Ratio Analysis (MOORA) method was used, and the most appropriate
software was decided. As a result of the study, it was found that the third software system was the most suitable of
the three software systems identified.

Keywords: Multi-Criteria Decision Making, Enterprise Resource Planning, Selection, Fuzzy Entropy
Methodology, Fuzzy MOORA Methodology.
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1. Introduction

People are faced with many sorting, classification, and selection problems both in their private and
professional lives. In these problems faced at any time, it is expected to decide among the alternatives.
Decision makers should evaluate many criteria and alternatives together. The intensely competitive
environment created by the effect of changing and developing technology has increased the difficulty
of decision making. Multi-Criteria Decision Making (MCDM) methodologies are proposed to
strengthen the decision-makers. MCDM; is concerned with the selection of the most suitable decision
among the decision options based on quantitative and qualitative criteria (Cho, 2003, p. 1099). The
problems that MCDM methods deal with generally include three main components: alternatives, criteria,
and weights calculated for each criterion (Ozcan and Omiirberk, 2020, pp.77-98). MCDM approaches
provide the advantage of evaluating several criteria and alternatives at the same time (Chatterjee,
Athawale, and Chakraborty, 2010, pp. 484). This advantage also provides convenience in the selection
of ERP software for companies.

Companies must keep up with competitive elements such as fast customer response times, reduced
product lifetimes, and globalization (Bayraktar and Efe, 2006). Technological developments enable
companies to improve the competitive market conditions in their sector and develop innovative ideas.
Companies use ERP software to develop strategies based on information and technology, to gain a
competitive advantage over their competitors, and accordingly to increase quality and customer
satisfaction. ERP is a fully acquired computer-aided companies management system that covers the
entire functional area of an organization and enables these areas to gain the most competitive advantage
by providing wide-scale integration (Jacobs and Whybark, 2000). ERP software is very important in
terms of the benefits it provides to companies in matters such as reducing stock, raw material, and
production costs, reducing lead time and production times, and increasing productivity and customer
satisfaction (Per¢in and Gok, 2013). Companies should determine their needs correctly and choose the
ERP software that will provide the highest benefit among many alternatives in line with these needs.
The study's goal is to offer a two-stage method for calculating the weights of criteria using the fuzzy
Entropy method and ranking them using the MOORA method.

The rest of the study is organized as follows. Section 2 includes a literature review on enterprise resource
planning. Sections 3 and 4 discuss the fuzzy entropy and fuzzy MOORA techniques, respectively.
Section 5 explains how to apply these techniques to the problem. The final section contains the findings
as well as potential study directions.

2. Literature Review

In this section, previous studies in the field of ERP selection are mentioned. In addition, the methods
used in the study are given as a separate section of the literature.

2.1 ERP Selection Literature

Demydenko (2018) provides a method for using modeling to locate an ERP that fulfills the needs of
businesses in uncertain situations. A methodological guiding system was established as part of the
research. The study's method will automate the ERP selection process and allow businesses to choose
ERP systems from their mobile devices. Ecer (2019), evaluated different ERP software alternatives with
various ERP software selection criteria and selected the best ERP system with the ARAS method. His
study showed that the ARAS method is a method that can be used to selection of the most favorable
ERP software.

Jha, Saini and Jha (2018), provide a comprehensive, comparative analysis in their work. Shukla et al.
(2016) suggested an approach for selecting an ERP system based on the Stepwise Weighting Ratio
Analysis (SWARA) technique for evaluating the weight of criteria, along with the Preferred Ranking
Organization Method (PROMETHEE) to enrich assessments for alternative ranking. Elsoud, Gawich
and Hegazy (2020), will propose a model to help the ERP vendor decide to implement the ERP system
and suggest appropriate ERP modules based on the factors specified. Vatansever and Ulukdy (2013)
used a combination of fuzzy AHP and fuzzy MOORA approaches to find the best ERP software for the
manufacturing industry.
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Yildiz and Yildiz (2014) give a thorough framework for using the fuzzy TOPSIS technique to identify
an acceptable ERP system in their investigations. Kim et al. (2019) present in their study the factors that
influence how small companies consider ERP system options when replacing a legacy system. Haddara
(2018) noted the selection of an ERP in the overseas branch of an international company. The process
used a simple multi-attribute grading technique (SMART) for evaluation. In his study, Haddara shows
how cross-border data protection laws between core companies and branches affect the selection
process. Beskese, Corum and Anolay (2019) proposed a model using AHP and TOPSIS methods for
ERP selection for use in the automotive industry. They prioritized the determined criteria using the AHP
approach, and they ordered ERP systems using the TOPSIS method.

Kilic, Zaim, and Delen (2014) applied a three-step method in their research. A mixed model was used
in the study, using the strengths of different methods to overcome the complexity of multi-dimensional
decisions. The fuzzy AHP method was used to determine the priorities of these criteria in order to select
an ERP system for an airline company, and then the TOPSIS method was used to select alternative
systems. Noureddine and Oualid (2018) used the conceptual findings of the ERP selection issue, as well
as favorable expert recommendations, to determine the serious decisions that must be made prior to
implementation. They then presented a methodology based on serious decision analysis for determining
ERP selection criteria.

Based on quality function distribution (QFD), fuzzy linear regression, and zero-one goal programming,
Karsak and zogul (2009) proposed a novel perspective for ERP software selection. Rouyendegh and
Erkan (2011), Suggested five basic criteria for ERP system selection: Reliability, User Friendliness,
Functionality, Installation, and Total Cost. Meng, Wang, and Xu (2020) used Fuzzy Neutrosophic
Preference Relationships to express what decision-makers (DM) know about ERP Software selection.
They have defined a multiplicative consistency concept for TFNPRs to logically rank the evaluated ERP
systems. Chen, Wang, and Wang (2019) developed a novel two-step comparative method based on
probabilistic linguistic word sets for evaluating cloud-based ERP systems (PLTS). To accomplish the
class of cloud-based ERP suppliers, they offered multifunctional optimizations enhanced by the ratio
analysis method in PLTS. They used the probabilistic linguistic Choquet integral operator to collect the
ERP package assessment matrices, considering the interrelationships between the criteria.

Bal's (2020) goal was to raise awareness about the relevance of ERP, as well as to identify effective
system selection criteria and explore the relationship between these factors and business characteristics.
The AHP approach was used to determine the importance of selection criteria in order of importance.
To determine the relationship between the criteria, a Relationship Rules Analysis was used. Using the
AHP technique, Malindzakova and Puskas (2018) investigated the factors for selecting ERP software
for a manufacturing organization.

Zeng, Wang, and Xu (2017) revealed the criteria for evaluating the most appropriate ERP system in
China using group discussion and anonymous survey methods. A practical algorithm that combines
effective and modified Delphi, Fuzzy Comprehensive Evaluation (FCE), Gray Relational Analysis
(GRA), and AHP are among the methods they use to select the most ideal option in the event of
uncertainty. To evaluate an adequate ERP model, Elyacoubi, Attariuas, and Aknin (2017) developed a
three-stage BP neural network. Using the instances to train and examine the BP neural network, they
concluded that using BP neural networks to predict the proper ERP is an effective strategy.

Efe (2016) used fuzzy AHP to determine the weights for the criteria in the software selection issue and
Fuzzy TOPSIS to identify the best option in an uncertain environment. As a result, the group was able
to reduce ambiguity and information loss during decision-making phase. Giirbiiz, Alptekin, and Alptekin
(2012), worked on a mixed MCDM method implementation related to ERP system types. They
combined three methods in their work: Analytical Network Process (ANP), Choquet integral (CI), and
Categorically Based Assessment Technique (MACBETH). As a result, they suggested that ignoring
interactions can lead to erroneous decisions. In their ideas for a multi-criteria decision-making strategy,
Hinduja and Pandey (2019) used three common MCDM techniques, DEMATEL, IF-ANP, and IF-AHP,
at different stages of the process to get superior results. They carried out a case study in India on the
selection of a cloud-based ERP system for SMEs, demonstrating that the proposed four-step approach
efficiently handled the ERP selection challenge.
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2.2. Entropy and MOORA Literature

Liu, Gao, and Fujita (2021) presented a weighting method based on the correlation coefficient for
sustainable supplier selection criteria. For the ranking of the criteria, the Borda rule was developed by
taking the MOORA method into account. Wu et al. (2018), presented an MDCM method with
probabilistic linguistic MOORA. Zhang et al. (2019) revised the MOORA method for IFS and assumed
several scenarios for endurance testing. Wang, Tian, and Wu (2021) adopted PLTS as a trust scaling
method. They have considered the uncertainty and hesitation of unprofessional users when defining
benchmark weights and they did the final ranking using MOORA.

Wang, Li, and Li (2021) proposed different criteria specific to the supplier selection project for the
battery exchange station and solved it with the MOORA method. Fedajev et al. (2020) also used the
MOORA method for ranking and classification, as well as the Shannon Entropy Index. JunPing et al.
(2020) proposed for the first time a smart distribution room's health status assessment method based on
AHP - Entropy weight method. Liang et al. (2019) made a proposal to the problem of radar software
system security assessment based on the Entropy weight method and cloud model theory. Gong et al.
(2020) determined performance indicators with the correlation method for the evaluation of football
team cooperation. They used the Entropy method to weight performance indicators. Ozguner and
Ozguner (2021) used the Entropy method to evaluate renewable energy alternatives. An et al. (2020)
proposed a new prediction model for unstable growth load based on the Entropy weight method
combined with GM and the gray Verhulst model. Karaatli (2016), Turkey's tourism performance in the
study of Entropy method for examining the criteria weights, considering economic data, has many years
of use in the GRA for their performance evaluation.

As can be seen in the detailed literature review mentioned above, Entropy and MOORA methods have
not been applied to ERP selection problems before. Therefore, it has been observed that there is a gap
in the literature. In addition, the fact that this study is a real-life application reveals another originality
of the study.

3. Fuzzy Entropy Method

The idea of entropy was developed by Shannon (1948) as the measurement of uncertainty in information.
Criterion weights are calculated using the fuzzy entropy approach. The fuzzy entropy method's primary
premise is that information is derived from differences between data sets. As a result, the objective
weights of the criteria are decided by how distinct or distinct the alternatives' outputs are in relation to
each criterion, i.e., the "intensity of their contrasts." The higher the contrast, the more information the
relevant criterion covers and transmits (Cinar, 2004, p. 103-104).

3.1. Stages of Fuzzy Entropy Method

The solution of Shannon's fuzzy Entropy based on a-level clusters is explained as follows (Cavallaro,
Zavadskas, and Raslanas, 2016).

Step 1. The decision matrix ;ci ;j containing fuzzy data shown in Equation 1 is converted to interval data
according to cut sets.

xll xlz es xln
D =|%21 X22 . Xon
Xm1i Xm2 - Xmn

The fuzzy variables can be expressed in the following interval form in the a section. While the fuzzy
data is (a, b, c), the interval numbers are calculated according to Equation 2 (Lotfi and Fallahnejad,
2010).

(iph=a+ax(b—a),@)R=c+axb-c) (1)
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[(xij)(Lz» (xij)§] = [W;?Tl{xij € Ruy,; (xij) 2 aymax{x;j € Ruz; (xij) 2 a|0<a<1
ij 13}

The fuzzy data is transformed into different a-level clusters by setting different confidence levels,

iy xfi]  Defpaf] e [T, X1 ]
L R L R L R

B = [x31,x21]  [x22, %3] oo [%2, X2n] Q)
Lenn 2l Doma xiel o (X Xiim]

Step 2. The normalized values piLj and pf} are calculated as follows:

L= U _i=12 | =1,2

ph= g =12, mi=12,.......,m (3)
j=1%ij

R _ xS’ . .

PR =g =12,....... mi=12,....... n (4)
j=1%ij

Step 3. The lower bound e} and the upper limit e of intermittent entropy are calculated as follows:

el = min{ — e, Z;-":lpfj lnpiLj,—eO Z;"zlpf} lnpf}}i =1,2,....... ,n (5)

el = min{ — e, Xt piLj In piLj ,—€o N1 pfj In pf;-}i =12,....... ,n (6)

In this equation, the product of e, = (Inm)™2, p{“j In piLj and pfj In pf;-is 0. (If piLj = 0 and pf;- = 0).
Step 4. The lower limit range change dFand the upper limit range change dX are calculated as follows:
db=1-efi=12,....... N (7)
dR=1-eli=12,....... N (8)

I
[UnN
3]

e~
o~

I
!—\
N

Wt = tgmi=12,...... N 9)
j=14i
R af .
wi =i =12,...... ,n (10)
j=14i

Step 6. The arithmetic average of the lower and upper values are calculated using Equation 11.
wp = (Wi +w/)/2 (11)
4. Fuzzy MOORA Method

MOORA method was introduced by Willem Karel Brauers and Edmundas Kazimieras Zavadskas in
2008 with their work named "Control and Cybernetics". The feature that distinguishes this method from
other methods is that it takes all criteria into the evaluation framework, considers all interactions between
alternatives and criteria at the same time, and uses objective and non-directional values instead of
subjective weighted normalization (Brauers and Zavadskas, 2008).

4.1. Fuzzy MOORA Method Stages

The operation steps of the fuzzy MOORA method used in evaluating the alternatives in this study are
as follows:

Step 7. Constructing the fuzzy decision matrix using triangular fuzzy numbers.

— [l
xij = [xij xif, xij]
where
i=12,........ ,m; alternatives j = 1,2,....... ,n;criteriaand k = 1,2,....... , | denotes the number of

decision makers.
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x11 x12 ) xln
X=oy =21 22 e T (12)
Xm1 Xm2 - Xmn

x} » X111, X values in the fuzzy decision matrix; j. in terms of criteria i. represent the small, medium and

large Values respectively, in the triangular fuzzy number for the alternative.

Step 8. Normalizing a Fuzzy Decision Matrix (7;;)

l

- (13)
\/zl [z e+ ay?]
x
Tij = i o (14)
o [(xl,)2+(x H2 4+ (x)?]
it (15)

Jz [l 242+ (ety?]

Step 9. Considering the different importance of each criterion, the weighted normalized fuzzy decision
matrix is constructed using Equation 16, 17 and 18.

o= Wy (17)
vi; = Wir (18)

Step 10. Finding normalized performance values (S) in terms of benefit (max) and cost (min) criteria.

For the benefit criterion;

SL:H = ] lvl] |} E]max (19)
si™ =20 vt |j € jm (20)
st =2 1vl, |] € jmex Q1)
For the cost criterion;

sﬂ=2?15Ueﬁm (22)
sp = e jmn (23)
sit = Z, 1%, |J € jmin (24)

Step 11. Performance scores are calculated for all alternatives. For the performance scores, the benefit
and cost criteria values for the alternatives are clarified with the help of the vertex method.

$is757) = (A7 = 57+ (57 = 5T + (57 = 57 (25)

Step 12. Alternatives are ranked according to their performance scores. The alternative with the highest
performance score is preferred (Karande and Chakraborty, 2012)

5. Application of fuzzy Entropy and fuzzy MOORA Methods

The study consists of six parts in total. In the first part, information was given about the purpose and
scope of the study. In the second part, literature review has been made on the case studies on ERP
selection, fuzzy Entropy method and MOORA method. In the third part of the study, the calculation
steps and explanations of the fuzzy Entropy method are included. In the fourth chapter, the steps of the
MOORA method are explained. The criteria selected based on the literature review and studies in the
literature for the criteria selection of the study are presented in Table 1. Problem definition is provided
in section 5.1. Fuzzy Entropy method has been applied and explanations are given in section 5.2. Section
5.3 contains the application steps and detailed explanations of the MOORA method. Finally, in the sixth
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section, the result of the study and the conclusion section where the obtained data are interpreted are
included.

5.1. Problem Definition

In this part of the study, the ERP selection problem of a bearing company located in Izmir Kemalpasa
is discussed. It is difficult for companies to meet the requirements of the developing world. In order not
to fall under this requirement, ERP software is important for companies. ERP selection is a very stressful
and difficult process. Different departments should be involved in the selection process along with the
management staff. Companies should choose software that meets their company’s needs and fits their
strategic plans. The criteria used in the study were determined by considering three purchasing experts’
opinion and literature (Rouyendegh and Erkan, 2011; Zeng, Wang and Xu, 2017; Beskese, Corum and
Anolay, 2019). These criteria and their short forms are presented in Table 1. The hierarchical
presentation of the problem is presented in Figure 1. The fuzzy linguistic evaluation values are provided
in Table 2. Detailed explanations of these 6 criteria are given below.

Table 1: Codes and units of the criteria

Code Criterion Units of

Price C Turkish Lira (TL)
Reliability C Value
Compatibility Cs Value

Service and Support Cs Value

Ease of Customization Cs Value

Usability Cs Value

Price: Price; includes software purchase, installation, training services, hardware, service and upgrade
costs. Many costs will occur in the process of integrating the ERP software to the companies.
Minimizing these costs is very important for companies.

Reliability: Reliability is one of the important factors in ERP software selection. Reliability refers to a
system’s capability to maintain its service and functionality under specified conditions for a stated period
of time (Beskese, Corum and Anolay, 2019).

Compatibility: This criterion is of critical importance in the selection of ERP software for companies
to make the right choice according to the needs of the sector they operate in, investment success and
user satisfaction. The fact that ERP software can be integrated into all departments of an enterprise
positively affects future improvements.

Service and Support: Consultancy is a critical issue as it has an important role in preparation,
implementation, privatization and after implementation (Cebeci, 2009; Tsai et al., 2012; Wei and Wang,
2004). The vendor should deal with potential problems encountered during the life cycle of ERP
software in companies. Thus, the service life of the software will be longer. Providing the specific
training required for ERP software is part of the service offered by the vendor.

Ease of Customization: This criterion can be evaluated individually for each companies. The time
required for customization, the necessary development tools, budget, durability, and proven reliability
of close customizations should be evaluated together with the criteria for ease of customization.

Usability: This criterion represents the ability of the employees who will use the program to run the
program without difficulty. The user interface of the selected ERP software should be quite plain,
understandable, and simple. Shortcuts, the fluency, and speed of the transactions will determine the
productivity of the employees.
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Table 2. Linguistic variable

Linguistic Expression Code Triangular Fuzzy Number
Extremely Hight EH (0.8, 1,1)

Very Hight VH (0.7,0.8,0.9)

Hight H (0.5,0.7,0.8)

Medium M (04,05, 0.6)

Low L (0.2,0.4,0.5)

Very Low VL (0.1,0.2,0.3)

Extremely Low EL (0,0,0.2)

Source: Ecer, 2007

—>< Price

5 Reliability

/SYSTEM 1

Best Entreprise
. Resource Planning
selection

—> Compatibility

—> Service and Support

e Ease of
\_ Customization

—»K Usability

Figure 1. The hierarchical structure of the problem

5.2. Calculation of Criteria Weights by using Fuzzy Entropy Method

The calculation of the criterion weights with the fuzzy Entropy method is performed with the following
steps.

Step 1. The decision matrix is created by the purchasing experts considering Table 2 and this matrix is
presented in Table 3. Linguistic evaluations are also provided in Table 3.

Table 3. Evaluation of alternatives by decision-makers

Criteria Alternatives DM1 DM2 DM3
System 1 H VH M
Price (Cy) System 2 VH H H
System 3 EH VH VH
o System 1 VL L VL
Reliability (C,)

System 2 H VL M
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System 3 EH H EH
System 1 M M M
Compatibility (Cs) System 2 H M VH
System 3 H VL M
System 1 H H VH
Service and Support (Cs) System 2 M VH L
System 3 L M VL
System 1 EH EH H
Ease of Customization (Cs) System 2 VH H VH
System 3 VH EH H
System 1 VH EH VH
Usability (Ce) System 2 EH VH EH
System 3 EH VH EH

Triangular values are provided in Table 4. Fuzzy decision matrix is provided in Table 5 and range values
are provided in Table 6.

Table 4. Triangular fuzzy numbers of alternatives

Criteria Alternatives D1 D2 D3
System 1 (0.5,0.7, 0.8) (0.7, 0.8, 0.9) (0.4,0.5, 0.6)
Price (C)) System 2 (0.7,0.8, 0.9) (0.5,0.7, 0.8) (0.5,0.7, 0.8)
System 3 0.8,1,1) (0.7,0.8, 0.9) (0.7,0.8, 0.9)
System 1 (0.1,0.2,0.3) (0.2,0.4,0.5) (0.1,0.2,0.3)
Reliability (C2) ~ System 2 (0.5,0.7, 0.8) (0.1,0.2,0.3) (0.4, 0.5, 0.6)
System 3 0.8,1,1) (0.5,0.7, 0.8) (0.8,1,1)
System 1 (0.4,0.5, 0.6) (0.4,0.5, 0.6) (0.4,0.5, 0.6)
f&‘;lpaﬁbﬂ“y System 2 (0.5,0.7,0.8) (0.4,0.5, 0.6) (0.7, 0.8, 0.9)
System 3 (0.5,0.7, 0.8) (0.1,0.2,0.3) (0.4, 0.5, 0.6)
System 1 (0.5,0.7, 0.8) (0.5,0.7, 0.8) (0.7, 0.8, 0.9)
Siggft € and g ctem 2 (0.4, 0.5, 0.6) (0.7, 0.8, 0.9) (0.2, 0.4, 0.5)
System 3 (0.2,0.4,0.5) (0.4, 0.5, 0.6) (0.1,0.2,0.3)
Ease of System (0.8, 1, 1) (0.8, 1, 1) (0.5,0.7, 0.8)
Customization System 2 (0.7, 0.8, 0.9) (0.5,0.7,0.8) (0.7, 0.8,0.9)
(Cs) System 3 (0.7, 0.8, 0.9) 08,1, 1) (0.5,0.7,0.8)
System 1 (0.7 0.8 0.9) 0.8, 1, 1) (0.7, 0.8, 0.9)
Usability (Cs) System 2 (0.8, 1, 1) (0.7,0.8, 0.9) (0.8, 1,1)
System 3 0.8,1,1) (0.7,0.8, 0.9) (0.8,1,1)




Table 5. Fuzzy decision matrix
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Criteria

System 1

System 2

System 3

0.533, 0.667, 0.767
0.133, 0.267, 0.367
0.400, 0.500, 0.600
0.567, 0.733, 0.833
0.767, 0.900, 0.867
0.733,0.867, 0.933

0.567, 0.733, 0.833
0.333, 0.467, 0.567
0.533, 0.667, 0.767
0.433,0.567, 0.667
0.667, 0.800, 0.733
0.767,0.933, 0.967

0.733, 0.867, 0.933
0.700, 0.900, 0.933
0.333, 0.467, 0.567
0.233, 0.367, 0.467
0.700, 0.867, 0.867
0.767, 0.933, 0.967

Table 6. Range values

Criteria  System 1 System 2 System 3 Total
Cy 0.600, 0.717 0.650, 0.783 0.800, 0.900 2.400
C 0.200, 0.317 0.400, 0.517 0.800, 0.917 1.750
Cs 0.450, 0.550 0.600, 0.717 0.400, 0.517 1.783
Csy 0.650, 0.783 0.500, 0.617 0.300, 0.417 1.817
Cs 0.833, 0.883 0.733, 0.767 0.783, 0.867 2.517
Cs 0.800, 0.900 0.850, 0.950 0.850, 0.950 2.800

Step 2. To normalize fuzzy decision matrix is as shown in Table 7.

Table 7. Normalized range values
Criteria  System 1 System 2 System 3

Py PR Py PR Py PR

G 0.250 0.299 0.271 0.326 0.333 0.375
C: 0.114 0.181 0.229 0.295 0.457 0.524
Cs 0.252 0.308 0.336 0.402 0.224 0.290
C,y 0.358 0.431 0.275 0.339 0.165 0.229
Cs 0.331 0.351 0.291 0.305 0.311 0.344
Cs 0.286 0.321 0.304 0.339 0.304 0.339

Step 3. Calculation of lower and upper bound range Entropy values are provided in Table 8

Table 8. The fuzzy Entropy of the lower and upper bound range

Criteria eil el

Ci 0.971 0.996
C: 0.858 0.918
Cs 0.955 0.990
C4 0.929 0.971
Cs 0.991 0.998
Cs 0.985 1.000
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Step 4. Lower and upper limit range change values are provided in Table 9.

Table 9. Lower and upper limit range change values

Criteria di" d®

Cy 0.029 0.004
C; 0.142 0.082
Cs 0.045 0.010
C, 0.071 0.029
Cs 0.009 0.002
Cs 0.015 0.000

Step 5. Lower and upper values of criterion weights are provided in Table 10.

Table 10. Lower and upper values of criterion weights

Criteria wit Wik

(O 0.231 0.032
C 1.119 0.650
Cs 0.355 0.076
Cs4 0.564 0.226
Cs 0.072 0.014
Cs 0.121 0.002

Step 6. Average criteria weight are calculated in this step and the final values are provided in Table 11.

Table 11. Values of average criterion weights

Criteria Weight
Ci 0.131
C: 0.884
Cs 0.216
Csy 0.395
Cs 0.043
Cs 0.062

5.3. Application of fuzzy MOORA Method

The fuzzy MOORA method application steps are provided in this section. The weights related to the
criteria are calculated using the fuzzy Entropy method. The calculation steps for the solution of the fuzzy
MOORA method are given below.

Step 7 and Step 8. Fuzzy decision matrix (Table 5) is normalized, and the values are provided in Table
12.
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Table 12. Normalized decision matrix

Criteria System 1 System 2 System 3

C 0.080, 0.101, 0.116 0.085,0.111, 0.126 0.111,0.131, 0.141
C 0.029, 0.057, 0.079 0.071, 0.100, 0.121 0.150, 0.193, 0.200
Cs 0.083, 0.103, 0.124 0.110, 0.138, 0.159 0.069, 0.097,0.117
Csy 0.116, 0.151,0.171 0.089, 0.116, 0.137 0.048, 0.075, 0.096
Cs 0.107, 0.126, 0.121 0.093,0.112, 0.102 0.098, 0.121, 0.121
Cs 0.093, 0.110,0.119 0.097,0.119, 0.123 0.097,0.119, 0.123

Step 9. The fuzzy Entropy criterion weights are used in order to calculate weighted fuzzy decision

matrix and the obtained values are provided in Table 13.

Table 13.Creating a weighted fuzzy decision matrix

g :;':n % - System 1 System 2 System 3
£ 3 £8

o B =- TN

C, 0131 -1 0.011,0.013,0.015  0.011,0.015, 0.016 0.015,0.017,0.018
C: 0884 1 0.025,0.051,0.069  0.063, 0.088, 0.107 0.133,0.171,0.177
G 0216 1 0.018, 0.022, 0.027  0.024, 0.030, 0.034 0.015, 0.021, 0.025
Cs 0395 1 0.046, 0.059, 0.068  0.035, 0.046, 0.054 0.019, 0.030, 0.038
Cs 0043 1 0.005, 0.005, 0.005  0.004, 0.005, 0.004 0.004, 0.005, 0.005
Ce 0.062 1 0.006, 0.007, 0.007  0.006, 0.007, 0.008 0.006, 0.007, 0.008

Step 10, Step 11 and Step 12: All these steps are applied to Table 13 and the obtained values are
provided in Table 14.

Table 14. Performance ranking of alternatives

Alternative S* S S Ranking
1 m u 1 m u

System 1 0.099 0.145 0.176 0.011 0.013 0.015 0.131 3

System 2 0.132 0.176 0.208 0.011 0.015 0.016 0.161 2

System 3 0.177 0.234 0.253 0.015 0.017 0.018 0.207 1

As seen in Table 14, fuzzy MOORA results were calculated. As a result of the calculations, it was tried
to decide the most suitable one among three different ERP systems. As can be seen in this table, it has
been seen that System 3 is the alternative that meets all the criteria at the most appropriate level in
terms of company. Secondly, System 2 can be preferred. Finally, System 1 was the alternative ERP that
could be preferred.
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6. Conclusion

ERP software consists of a whole system in which companies can execute all processes in a virtual
environment. The fact that there are many suppliers related to the purchase process of this system reveals
different alternatives. Since this software are worth millions of dollars, the initial selection stage is quite
important. Accurate determination of their actual requirements at this decision stage and opinions on the
extent to which the software to be selected meets these expectations in the industry are the most
important elements of the decision process. The inability of most organizations in the industry to
properly express their own requirements and the exaggerated expectations of software suppliers are the
most important obstacles to the success of such projects, which are put forward in large numbers.

In this study, the problem of ERP software selection process faced by a company was discussed. This
problem was solved by fuzzy Entropy and fuzzy MOORA methods. 6 criteria and 3 alternative software
determined by purchasing experts by considering the literature review and company needs. Criterion
weights were determined by the fuzzy Entropy method and the most appropriate of the software was
selected by the fuzzy MOORA method. As a result of the study, the third most suitable software system
was decided. The fact that the number of criteria and alternatives considered in the study is sufficient
for this problem is important in terms of being a real-life application. However, these numbers may
increase or decrease according to the companies. Therefore, not considering the similar problem with a
complex number of alternatives and criteria can be said as a limitation of the study. This study considers
a problem evaluated in a fuzzy environment. Different MCDM methods that can be used in the absence
of uncertainty can be considered in terms of future studies to enlarge this study.
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Genisletilmis Ozet

Insanlar hem 6zel hayatlarinda hem de profesyonel hayatlarinda birgok siralama, siiflandirma ve segim
problemleriyle karsi karsiya kalirlar. Her an karsi karsiya kalinan bu problemlerde alternatifler
icerisinden karar verilmesi beklenir. Karar vericiler ¢ok sayida kriter ve alternatifi birlikte
degerlendirmelidir. Degisen ve gelisen teknolojinin etkisi ile olusan yogun rekabet ortami karar
vermenin zorlugunu arttirmistir. Karar vericiyi desteklemek i¢in Cok Kriterli Karar Verme (CKKYV)
metotlart gelistirilmistir. CKKV metotlari nitel ve nicel kriterleri dikkate alarak alternatifler arasindan
en uygununa karar vermeyle ilgilenir (Cho, 2003, s. 1099). CKKV metotlar1 ii¢ bilesen olarak
alternatifler, kriterler ve kriterlerin her birine ait agirlik degerlerini hesaplama asamasini igerir. (Ozcan
ve Omiirberk, 2020).

Isletmeler; kiiresellesme, miisteri yanit siiresi, kisalan {iriin yasam dongiileri gibi rekabet faktorlerine
ayak uydurmalidir. (Bayraktar ve Efe, 2006). Teknolojik gelismeler, isletmelerin bulundugu sektérdeki
rekabet¢i piyasa kosullarini iyilestirmeye ve yenilik¢i fikirlerle gelismesine imkan saglamaktadir.
Isletmeler bilgi ve teknolojiye dayal: stratejiler gelistirebilmek, rakipleri karsisinda rekabet avantaji
yakalayabilmek buna bagl olarak kalite ve miisteri memnuniyetini arttirabilmek amaciyla kurumsal
kaynak planlama (ERP) yazilimlar1 kullanmaktadirlar. ERP, bir kurulusun tiim fonksiyonel alanlarini
kapsayan, kapsamli entegrasyonu ile en biiyiik rekabet avantajina sahip bilgisayar destekli bir ig yonetim
sistemidir (Jacobs ve Whybark, 2000). ERP yazilimlari; envanterlerin, hammaddelerin ve {iretim
maliyetlerinin azaltilmasi, teslimat ve iiretim siirelerinin kisaltilmasi, verimlilik ve miisteri
hosnutlugunun arttirilmasi gibi firmalara sagladigi faydalar agsindan dnemlidir (Per¢in ve Gok, 2013).
Isletmeler ihtiyaglarini dogru belirleyip bu ihtiyaglar dogrultusunda ¢ok sayida alternatifin arasinda en
yiiksek fayday1 saglayacak ERP yazilimini segmesi gerekmektedir.

Calismanin amaci isletmelerin ERP yazilimi se¢im problemlerinin ¢6ziimiinde kriterlerin bulanik
Entropi yontemiyle agirliklarinin hesaplanmasi ve bulanik MOORA yontemiyle siralanmasina iligkin
iki agamal1 bir yaklagim sunmaktir.

Entropi fikri, bilgideki belirsizligin 6l¢limii olarak Shannon (1948) tarafindan gelistirilmistir. Kriter
agirliklari, bulanik Entropi yaklagimi kullanilarak hesaplanir. Bu yontemin temel dayanagi, bilginin veri
kiimeleri arasindaki farkliliklardan tiiretilmesidir. Sonu¢ olarak, kriterlere ait nesnel agirliklarin,
alternatiflere ait ¢iktilarin her bir kriteri dikkate alarak farkliligina, yani "karsitliklarinin yogunluguna"
karar verilir. Karsitlik ne kadar yiiksekse, ilgili kriter o kadar fazla bilgiyi kapsar ve iletir (Cinar, 2004,
s. 103-104).

Bulanik MOORA yontemi ise, 2006 yilinda Brauers ve Zavadskas tarafindan "Kontrol ve Sibernetik"
adli caligmalariyla ortaya atilmistir. Bu yontemin digerlerine gore avantajlarina bakilirsa, tiim kriterler



Durmus, B. — Akpinar, M. E., 935-953

ve alternatifler arasindaki etkilesim dikkate alinmasi ve objektif degerlendirmenin yapilabilmesidir. Bu
yontemin uygulanma asamasinda giincel verilerle ¢alisilmasi 6nemlidir (Karaca, 2011, s. 24).

ERP yontemi literaiitiiriine bakildiginda; Demydenko (2018), belirsiz durumlarda isletmelerin
ihtiyaglarin1 karsilayan bir ERP'yi bulmak i¢in modellemeyi kullanmak i¢in bir yontem saglamustir.
Arastirma kapsaminda metodolojik bir yonlendirme sistemi kurulmustur. Caligmanin yontemi, ERP
secim silirecini otomatiklestirecek ve isletmelerin mobil cihazlarindan ERP sistemlerini se¢gmelerine
olanak taniyacak. Ecer (2019), farkli ERP yazilim alternatiflerini ¢esitli ERP yazilim se¢im kriterleri ile
degerlendirmis ve ARAS yontemi ile en iyi ERP sistemini segmistir. Arastirmasi, ARAS yonteminin en
uygun ERP yaziliminin se¢iminde kullanilabilecek bir yontem oldugunu gostermistir.

Zeng, Wang ve Xu (2017), grup tartismasi ve anonim anket yontemlerini kullanarak Cin'deki KOBI'lerin
en uygun ERP sistemini degerlendirme kriterlerini ortaya koydu. Etkili ve degistirilmis Delphi, Bulanik
Kapsamli Degerlendirme, Gri Iliskisel Analiz ve AHP'yi bir araya getiren pratik bir algoritma, belirsizlik
durumunda en ideal se¢enegi segmek igin kullandiklar1 yontemler arasindadir. Yeterli bir ERP modelini
degerlendirmek i¢in Elyacoubi, Attariuas ve Aknin (2017) {i¢ asamali bir BP sinir ag1 gelistirdi. BP sinir
agin1 egitmek ve incelemek i¢in 6rnekleri kullanarak, dogru ERP'yi tahmin etmek i¢in BP sinir aglarim
kullanmanin etkili bir strateji oldugu sonucuna vardilar.

Liu, Gao ve Fujita (2021), siirdiiriilebilir tedarik¢i se¢im kriterleri i¢in korelasyon katsayisina dayali bir
agirhiklandirma yontemi sunmustur. Kriterlerin siralanmasi igin MOORA yontemi dikkate alinarak
Borda kurali gelistirilmistir. Wu et al. (2018), olasiliksal dilbilimsel MOORA ile bir CKKV yontemi
sundular. Zhang et al. (2019), IFS icin MOORA yo0ntemini revize etmis ve dayaniklilik testi i¢in gesitli
senaryolar iistlenmistir. Wang, Tian ve Wu (2021), kiyaslama agirliklarin1 tanimlarken profesyonel
olmayan kullanicilarin belirsizligini ve tereddiitlerini hesaba katmislardir. Ve son siralamayt MOORA
kullanarak yaptilar.

Wang, Li ve Li (2021), pil degisim istasyonu icin tedarik¢i se¢im projesine 6zel farkli kriterler onermis
ve MOORA yontemi ile ¢ozmiistiir. Fedajev et al. (2020), Shannon Entropi Endeksinin yani sira
siralama ve smiflandirma icin MOORA yontemini de kullanmislardir. JunPing et al. (2020), ilk kez
AHP-Entropi agirhk yontemine dayali bir akilli dagiim odasmin saglik durumu degerlendirme
yontemini 6nerdi. Liang et al. (2019), Entropi agirlik yontemi ve bulut modeli teorisine dayali olarak
radar yazilimi sistem giivenlik degerlendirmesi sorununa bir dneride bulunmustur. Gong et al. (2020)
futbol takimi isbirliginin degerlendirilmesi ig¢in korelasyon yontemi ile performans gostergeleri
belirlemistir. Performans gostergelerini agirliklandirmak igin Entropi yéntemini kullandilar. Ozgiiner
ve Ozgiiner (2021), yenilenebilir enerji alternatiflerini degerlendirmek icin entropi ydntemini
kullanmiglardir. Karaatli (2016), Tiirkiye'nin turizm performansinin Entropi yonteminin incelenmesinde
kriter agirliklarinin ekonomik verileri dikkate alarak, performans degerlendirmeleri i¢in GRA'da uzun
yillardir kullanilmaktadir.

Calismada Izmir Kemalpasa'da bir rulman firmasinin ERP se¢im problemi ele alinmustir. Sirketlerin
gelisen diinyanin gereksinimlerini karsilamast zordur. Bu zorunlulugun altinda kalmamak adina ERP
yazilimlari firmalar i¢in 6nemlidir. ERP sec¢imi oldukga stresli ve zor bir siiregtir. Zira bu siirecin dogru
bir sekilde yonetilmemesinin telafisi ¢ok agir olabilmektedir. Se¢im siirecine yonetim kadrosu ile
birlikte farkli departmanlar dahil edilmelidir. Calismada kullanilan kriterler satin alma uzmanlarimin
goriisleri ve literatiir dikkate alinarak belirlenmistir (Rouyendegh ve Erkan 2011; Zeng, Wang ve Xu,
2017; Beskese, Corum ve Anolay, 2019). Bu kriterlerin agiklamalar1 asagida verilmistir.

Fiyat: Fiyat; yazilim satin alma, kurulum, egitim hizmetleri, donanim, servis ve yiikseltme maliyetlerini
icerir. ERP yazilimlariin firmalara entegrasyonu siirecinde birgok maliyet olusacaktir. Bu maliyetleri
minimize etmek firmalar i¢in olduk¢a 6nemlidir.

Giivenilirlik: Giivenilirlik, ERP yazilim se¢iminde 6nemli faktorlerden biridir. Giivenilirlik, bir sistemin
belirli kosullar altinda belirli bir siire boyunca hizmet ve iglevselligini siirdiirebilme kabiliyetini ifade
eder (Beskese, Corum ve Anolay, 2019).

Uyumluluk: Firmalarin faaliyet gosterdikleri sektdriin ihtiyaclarina, yatirim basarisina ve kullanici
memnuniyetine gore dogru tercih yapabilmeleri i¢in ERP yazilimi1 se¢iminde bu kriter kritik 6neme
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sahiptir. ERP yazilimlarinin bir igletmenin tim departmanlarina entegre edilebilmesi, gelecekteki
iyilestirmeleri olumlu etkiler.

Hizmet ve Destek: Danigmanlik, hazirlik, uygulama, 6zellestirme ve uygulama sonrasinda énemli bir
role sahip olmasi nedeniyle kritik bir konudur (Cebeci, 2009; Tsai vd., 2012; Wei ve Wang, 2004).
Satici, sirketlerde ERP yaziliminin yagam dongiisii boyunca karsilasilan olasi sorunlarla ilgilenmelidir.
Boylece yazilimin hizmet omrii daha uzun olacaktir. ERP yazilimi igin gereken &zel egitimin
saglanmasi, satici tarafindan sunulan hizmetin bir pargasidir.

Ozellestirme Kolayligi: Bu kriter her firma igin ayr1 ayr1 degerlendirilebilir. Ozellestirme icin gereken
siire, gerekli gelistirme araglari, biitce, dayaniklilik ve yakin 6zellestirmelerin kanitlanmis giivenilirligi,
Ozellestirme kolayligi kriterleri ile birlikte degerlendirilmelidir.

Kullanilabilirlik: Bu kriter, programi kullanacak calisanlarin programi zorlanmadan g¢aligtirabilme
becerisini temsil eder. Secilen ERP yaziliminin kullanici arayiizi oldukca sade, anlasilir ve basit
olmalidir. Kisayollar, iglemlerin akiciligi ve hizi ¢alisanlarin verimliligini belirleyecektir.

ERP yazilimi, sirketlerin tiim siireclerini sanal bir ortamda yiiriitebilecekleri bir sistem biitiiniinden
olusur. Bu sistemin satin alma siireci ile ilgili cok sayida tedarik¢inin olmasi farkli alternatifleri ortaya
cikarmaktadir. Bu yazilimlar milyonlarca dolar degerinde oldugu icin ilk se¢cim asamasi oldukca
onemlidir. Bu karar verme agamasinda en 6nemli unsur, gergek gereksinimlerin dogru belirlenmesi ve
secilecek yazilimin, bolimiin bu beklentilerini ne kadar karsiladigina dair gortslerdir. Cogu
organizasyonun ihtiyaglarini dogru bir sekilde aktaramamasi ve yazilim saticilarinin abartili beklentileri
bir¢ok projenin basarisinin 6niindeki en biiyiik engellerdir.

Bu ¢aligmada, bir firmanin karsilastigi ERP yazilim segim siireci problemi ele alinmistir. Bu problem
bulanik Entropi ve bulanikk MOORA yontemleri ile ¢oziilmiistiir. Literatiir taramasi ve firma ihtiyaglart
dikkate alinarak satin alma uzmanlari tarafindan belirlenen 6 kriter ve 3 alternatif yazilim belirlenmistir.
Kriter agirliklart bulanik Entropi yontemi ile belirlenmis ve yazilimlardan en uygun olani bulanmik
MOORA yontemi ile segilmistir. Caligma sonucunda alternatif yazilimlardan en uygun olaninin {i¢iincii
yazilim sistemi oldugu goriilmiistiir. Calismada dikkate alininan kriter ve alternatif sayisinin bu problem
icin yeterli olmasi bir gergek hayat uygulamasi olmasi bakimindan 6nemlidir. Ancak, igletmelere goére
bu sayilar artabilir veya azalabilmektedir. Dolayisiyla benzerli problemin karmasik sayida alternatif ve
kriterle dikkate alinmamasi g¢alismanin kisiti olarak soylenebilir. Bu calisma bulanik ortamda
degerlendirilen bir problemi dikkate almistir. Belirsizligi olmadigi durumlarda kullanilabilen farkli ¢ok
kriterli karar verme yontemleri bu ¢alismay1 zenginlestirmek adina gelecekte yapilabilecek ¢aligmalar
acisindan dikkate alinabilir.
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