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ABSTRACT

The purpose of this thesis is to investigate the importance of distributor selection in
automation sector. A lot of criteria should be considered in selection process. In today’s
world, all companies take the risk minimization into consideration. As a result of
globalization, risk minimization is an effective tool in order not to face with negative
results in the future. For that purpose, some criteria should be applied in order to find the
right distributor or partner. Also, in other aspect, using these criteria in selection process
can increase the companies’ profits by selecting the most beneficial distributor. It is also
crucial to emphasize that this research study is a Multiple Criteria Decision Making
(MCDM) problem since it includes some criteria and the decision process of selection

among alternatives uses these criteria.

Distributor selection as a research study is not directly a popular topic in academic world.
When the previous research studies have been investigated, the obtained findings were
very limited. However, the topic, which is supplier selection and their risk factors, has a
lot of similarities with the distributor selection process. When the risk criteria were
examined, it was found that some parameters could also be used for distributor selection.
Besides the criteria which are related to the both topics, some criteria, proposed by the
experts, are also added. Moreover, the pre-existing criteria were reinterpreted according

to the current topic. In total, nine criteria were used for the selection and calculations.

In this work, the risk factors which were affecting the distributor selection were analyzed.
Also, the significance of applying the method on multi criteria distributor selection
problem was shown by the obtained findings. The risk factors were defined by literature
review and the expertise of the decision makers. Also, their importance degrees were
identified by decision makers. The final crisp weights of each criteria were also sorted

according to show their importance degrees. However, the crisp weights were not used in



calculations; the calculated aggregated fuzzy weights were used to find the most
appropriate alternative.

According to the criteria which were taken into consideration, the distributor which was
selected as a partner was found by the proposed fuzzy MCDM approach based on the
ordered weighted averaging (OWA) technique. For this purpose, as it is mentioned
before, the criteria were defined. Then, their importance levels were assigned by the
experts. The experts’ assessments on criteria were aggregated using OWA method and
the results were presented according to this model. Before the distributor alternatives
which met these criteria were determined, the final risk scores of all candidates were

calculated. Their risk levels were sorted from less risky to most risky alternative.

However, there was a constraint which affected the selection process. The constraint was
the margin rate that distributors requested from the main company. For this purpose, the
experts of the main company also defined a limit value for the margin that could be
demanded by distributors. If a distributor wants to sell the products with the margin that

exceeds the threshold value, it will be eliminated from the selection process.

According to the results, the less risky alternative which satisfies the margin rate

constraint was chosen as the most appropriate distributor among the other candidates.

The resulting model will help the companies who want to make a partnership with

distributor model in terms of business partner selection and risk minimization.

Key Words: Distributor Selection, Risk Criteria, Risk Minimization, OWA Technique



OZET

Bu ¢alismanin amaci otomasyon sektoriindeki bayi se¢iminin dneminin aragtirilmasidir.
Secim asamasinda birgok oSl¢iitiin diisiiniiliip, incelenmesi gerekmektedir. Giliniimiiziin
diinyasinda tiim firmalar risk faktorlerini ve riskin en aza indirilmesini dikkate
almaktadirlar. Globallesmenin bir sonucu olarak risk indirgenmesi gelecekteki kotii
sonuglarla kargilasmamak adina 6nemli bir ara¢ olup, bize se¢im yapilacak alternatiflerin
durumunu etiit yapma imkan1 saglamaktadir. Bu nedenden dolay1 bazi dlgiitlerin dogru
bayinin bulunmasi adina uygulanmasi gerekmektedir. Ayrica, baska bir agidan, se¢im
siirecinde bu olgiitleri kullanmak, en faydali distribiitorii secerek sirketlerin karini
artirabilmektedir. Bu ¢alismanin, farkli dlgiitler icermesi ve alternatifler arasindan segim
yapma asamasinda bu l¢iitlerden yararlanmas ile bir Cok Olgiitlii Karar Verme (COKV)

problemi oldugunu vurgulamak da 6nemlidir.

Bayi secim problemi daha 6nceden caligma alani olarak pek tercih edilmis bir konu
degildir. Bayi secimi ile ilgili daha 6nceki caligmalar arastirildiginda bulunanlarin ¢ok
sinirl oldugu goriilmiistiir. Bununla birlikte tedarik¢i se¢cimi ve tedarikei risk faktorleri
incelendiginde iki konu arasinda benzerlikler bulunduguna kanaat getirilmistir. Tedarik¢i
secimi i¢in risk faktorleri arastirilldiginda, bazi parametrelerin aym1 zamanda bayi
seciminde de kullanilabilecegi bulunmustur. Benzer bulunan o6l¢iitlerin disinda ayrica
uzmanlar tarafindan Onerilen farkli olgiitler de se¢im faktorii olarak igleme alinip,
degerlendirilmistir. Mevcut daha 6nceden de kullanilmis olan dlgiitler bu konuya uygun
olarak tekrar degerlendirilip, yorumlanmistir. Toplamda dokuz 6lgiit se¢im siirecine dahil

edilip, hesaplamalarda kullanilmistir.

Bu ¢alismada risk faktorlerinin tanimi1 ve bayi se¢imine olan etkisi analiz edilmistir. Ayni
zamanda yontemin ¢ok Olgiitlii bayi se¢im problemine uygulanmasindaki 6nemi elde
edilen bulgular ile gosterilmistir. Kullanilan risk faktorleri yayin taramasi ve karar

vericilerin uzmanlig: ile belirlenmistir. Ayrica risk faktorlerinin dnem dereceleri karar



vericiler tarafindan degerlendirilmistir. Risk faktorlerinin en son ulasilan kesin sayili
agirliklan Olgiitlerin 6nem derecelerini gostermek icin siralanmigtir. Ama kesin sayili
agirliklar hesaplamalarda kullanilmamis olup, bunun yerine birlestirilmis bulanik

agirliklar alternatifler arasindan se¢im agamasinda kullanilmistir.

Go6z Oniinde bulundurulan Olgiitlere gore, partner olarak secilen bayi, Onerilen Sirali
Agirliklandirilmis Ortalama (OWA-Ordered Weighted Averaging) teknigi temelli COKV
yaklasimi ile bulunmustur. Bu amagla, daha once de belirtildigi gibi, Olgiitler
tanimlanmistir.  Ardindan, Onem diizeyleri uzmanlar tarafindan belirlenmistir.
Uzmanlarin Olgiitlere iligkin degerlendirmeleri OWA yontemi ile birlestirilmis ve
sonuclar bu modele gore sunulmustur. Bu Oolgiitleri karsilayan bayi alternatifleri
belirlenmeden Once, tiim adaylarin net risk puanlari hesaplanmistir. Adaylarin risk

skorlar1 en az riskliden, en riskliyi gosterecek sekilde tablolarda sunulmustur.

Ancak, se¢im siirecini etkileyen bir kisitlama vardir. Kisit, distribiitorlerin ana sirketten
talep ettigi marj oranidir. Bu amagla, ana sirketin uzmanlar1 da distribiitorler tarafindan
talep edilebilecek marj i¢in bir sinir deger tanimlamaktadir. Eger bir distribiitor, tirlinleri

esik degerini asan marjla satmak isterse, se¢im siirecinden ¢ikarilir.

Elde edilen hesaplamalara gore, en kiigiik risk degerine sahip ve marj orani kisitini

saglayan en uygun bayi, alternatifler arasindan se¢ilmistir.

Ortaya ¢ikan model, bayi se¢imi ve risk azaltma konusunda bayi modeli ile ortaklik

yapmak isteyen firmalara yardimci olacaktir.

Anahtar Sozciikler: Distribiitér Secimi, Risk Olgiitleri, Risk Enkiiciiltme, OWA Teknigi



1. INTRODUCTION

This chapter introduces an overview of the study which is conducted on decision making
for distributor selection. Firstly, an overview of the theoretical framework is presented,
and then the problem statement and the significance of the study are provided. The
significance of the study is indicated in the end. Before deepening into details, the

meaning of distributor and selection criteria are explained below.

A distributor is a person or a company which buys or supplies some products, stores them,
and resells them to the retailers and customers. According to their territory, it is expected
from them to market these goods of the manufacturer. The selection criteria are lists of
the essential and desirable skills, attributes that an organization finds necessary for the

business. Various methods are employed for the selection process.

1.1. Theoretical Framework

Supply chain is a network which makes a connection between the facilities and
companies. Mainly, it aims to decrease costs while increasing the efficiency of system in
order not to face with negative situation in the future. One of the other purpose is to make
production and management cycle more faster. For this purpose, there are a lot of units
and sub-unit which contribute to the operations. In general, units are also known as
suppliers. In each part of the cycle, supplier maintains its own duties according to the
requirements. Most of the time, companies prefer to work with different suppliers for risk
diversification. If a problem occurs in a supplier, company can transfer the material or

products to other supplier in order to continue its operations.

The supplier’s profile and working principles play a vital role in order not to encounter

with problems. Therefore, supplier selection process should be managed carefully.



Supplier selection mainly consists of four phases. First stage is the realizing of the need
for a new supplier. Even if the main company has its own sales channel in the local
market, they may need a partner to increase its sales. For that reason, in the second stage,
the company determines the possible partner companies and forms a formulation for
selection criteria. After that, the final supplier selection is chosen by main company. At

the last part, the chosen distributor’s activities and approach are started to monitor.

There are a lot of research studies about the optimization of selection among alternatives.
When these articles are evaluated, it is noticed that there are a lot of similarities with the
distributor selection process. As it is indicated previously, the objective of this research
study is “Decision Making for Distributor Selection in Automation Sector”. At this part,

it will be beneficial to give details about automation sector.

Automation, which its roots start with the industrial revolution, is a demonstration of
machine and human cooperation. In most of the companies, task sharing has started to be
shared between man and machine with automation systems. The key issue is to keep
transactions automatically without any human intervention . It can also be defined as
manufacturing systems that perform operations and provide control without the need for
human intervention. PLC automation systems can be given as an example. The

significance of automation systems can be understood better in production systems.

Automation systems enable people to reach global market needs in today’s rapidly
developing world. As a result of globalization, it is necessary to be fast, safe and efficient
in order to maintain its lifecycle in competitive conditions of market. It is crucial to
emphasize that being safe, in other words, risk minimization is as important as being fast.
For the risk minimization, some risk criteria should be identified. The main purpose of
the thesis is to use the risk criteria in the selection of distributors, and an application has
been made on the automation sector. The automation sector or distributor selection have
not been addressed as a problem before. Therefore, the research study will shed light on

distributor selection in automation sector.

Concept of the risk in science and engineering areas is linked with supplier selection in

many previous studies. At this point, there is a crucial importance of explaining the real



meaning of the term ‘risk’. Risk is described as follows: “a situation involving exposure
to danger” according to the English dictionary. The danger can occur from predicted or
unpredicted reasons. In other words, risk is the possibility that an event can end up with
negative consequences. The main risk factors which are in supply chain are country of
origin, security, internal & external management process, social & economic conditions

of country, and the quantity & accuracy rate of shipment.

In procurement management, the main objective is to define factors which are significant
in selecting optimal suppliers. In supplier selection process, the other issue is to determine
which criteria should be included into process while evaluating suppliers’ performances.
According to the articles, each people who worked on this topic has emphasized different
criteria in terms of their importance. To illustrate, Stanley and Wisner (2001) have made
a survey on different industries to analyze which criteria are more crucial among the other
criteria. They has come up with an explanation that quality and delivery performance of
the company play a vital role in evaluation of purchasing activity. In addition, the other
factors might affect the supplier selection are price, technical capability, and
transportation cost. The view that generally accepted quality and price are the most
important factor is also supported by Ghodsypour and O’Brien (1998) and their
evaluation. Therefore, it is important to note that cost and quality dominated the supplier
selection process. One of the crucial studies is the Lee’s (2009) criteria in terms of the
supplier selection models with the consideration of benefits, opportunities, costs and risk.
The study approaches the possible risks that companies can face with in broad perspective
and helps the people in terms of giving an idea about how to deal with them.

1.2. Statement of the Problem

In today’s globalized world, people live in a competitive business environment, which
makes companies strive for maximum profit. However, those companies make wrong
decisions as they place importance on maximizing the profit rather than minimizing risks
while selecting distributors. In automation industry, risk factors must be taken into
consideration and distributors must be chosen accordingly. To this end, evaluating the

risk of distributors is seen as an effective way to be successful in local and global markets.



1.3. Purpose of the Study

In today’s world, the local and global companies are taking into consideration the risk
factors that can lead to the downfall in their supply chain system. There are a lot of criteria
that affect the supplier selection. The importance of distributor selection can be
understood from the responsibility that is given to distributor. When their success and
factors that affect their performance are considered, it is an undeniable fact that people

should be aware of the risk factors in distributor selection.

It is found that many factors affect supplier selection. In addition to the previous factors,
some criteria can be also listed as company profile, management philosophy,
organizational structure, service levels, quality on-time delivery, trust, transportation, and
communication (Verma & Pullman, 1998; Ghodsypour and O’Brien, 1998; Stanley &
Wisner, 2001). Risk factors must be given importance since rapid changes and
requirements of the materials make this issue more crucial in today’s competitive business
life. In the supply chain system, the companies should estimate the risk factors and
implement their strategies according to the risk assessment. Risk factors can be applicable
to each system which contains multiple criteria decision making (MCDM). For that
purpose, in this study, the adoptability of risk factors is analyzed, and then synthesized
considering the distributor selection. Finally, risk factors in selection of distributors and

their inclusion in selection procedure are discussed.

The rest of the thesis is organized as follows;

Chapter 2 contains a literature review which shows the articles, research studies which
are made on this topic previously. Chapter 3 contains risk criteria which are used in
distributor selection and their explanations. In Chapter 4, there is information about the
used method and the application of the method on defined criteria. Chapter 5 concludes

the thesis and explains the further works which can be done in the future.



2. LITERATURE REVIEW

While reviewing the literature on decision making for distributor selection, the Web of
Science and Google Scholar are used to choose appropriate research studies. When
“Distributor Selection” is searched on these websites’ databases, nothing is found related
to the research and criteria. However, many studies are found for supplier selection. When
the aim, criteria and methods of the research are compared with the studies which are
made for supplier selection, it is noticed that similarities can be also used for distributor
selection. The articles and journals which were found are in the reference part. According

to these journals and articles, the risk criteria and factors are explained below.

This chapter is the review of literature related to the selection of supplier, risk factors, and
criteria. As it is indicated in the previous part, supplier selection criteria and their risk

factors can be used for the distributor selection and its risk factors.

During the literature review, it is found that a lot of research studies focus on techniques
that contribute how to determine the right criteria. One of the most well-known studies is
written by Dickson (1966) in which he represents 23 criteria which should be considered
regarding evaluating a supplier. Chronologically, it is also one of the oldest articles in the
supplier selection area. In his research, he prepared a questionnaire for the people who
are responsible for supplier selection. According to managers’ answers, he sorted the risk
factors in four groups in terms of their importance (Benyoucef et al., 2003). His selection
criteria are shown in Table 2.1. In today’s world, it is still accepted as one of the most
fundamental approaches. The approach helps the other researchers in terms of future

developments.



Table 2.1: Dickson’s Supplier Selection Criteria (Dickson, 1966)

Rank |Factor Mean Rating |Evolution
1|Quality 3.508 Extreme Importance
2|Delivery 3.417
3|Performance History 2.998
4|Warranties and Claim Policies 2.849
5|Production Facilities and Capacity 2.775| Considerable Importance
6|Price 2.758
7|Technical Capability 2.545
8|Financial Position 2.514
9|Procedural Compliance 2.488
10|Communication System 2.426
11{Reputation and Position in Industry 2.412
12|Desire for Business 2.256
13|Management and Organization 2.216
14{Operating Controls 2.211
15|Repair Services 2.187
. Average Importance
16|Attitude 2.120
17|Impression 2.054
18(Packaging Ability 2.009
19|Labor Relations Record 2.003
20|Geographical Location 1.872
21{Amount of Past Business 1.597
22|Training Aids 1.537
23|Reciprocal Arrangements 0.610 Slight Importance

After Dickson’s (1966) analysis of supplier selection, another study which is also
profound is Weber et al. (1991)’s study. It basically covers vendors’ selection criteria and
methods. Weber et al. (1991) reviews Dickson’s work and seventy-four different articles
which are written on selection criteria and published between 1966 and 1990. According
to the ranked criteria and findings, the research claims that the price, delivery, and quality
are the most significant criteria as it can be seen in their article. Weber et al. (1991) also
indicates the difficulty of producing low cost and getting high quality products. However,
using the appropriate suppliers increases the possibility of meeting the demand of
producing low cost and getting high quality products. Deshmukh & Chaudhari (2011)
reviewed articles from 1992 to 2007 and made a comparison with Weber’s findings. In
addition, the different usage rates of criteria stress that the importance of selection criteria

can be changeable and supplier selection decisions are multi-objective.



Besides the research study mentioned above, there is another research study which makes
a comparison criteria usage between the years 1966-2001 and 2001-2010. Thiruchelvam
and Tookey (2011) developed the study in terms of the frequency of criteria usage in
articles. This research is also valuable in terms of showing all criteria that are used related
to this topic in the history. Additionally, it gives an idea about parameter changes in
researchers’ significance level lists. The last but not least, overall column shows the

criteria which are used the most, and also the criteria used rarely in the literature.

During the years, it can be seen that some criteria usage has been decreased while the
other criteria usage increased. When the frequency values of both time periods compared
with each other, it can be easily understood that criterion usage amount of 2001-2010
years are higher than 1966-2001 years. It can be briefly calculated as follows: when the
value in the specified year range for each criterion is divided by the total number of
specified years’ ranges, in most of them, the unit values become higher for the dates which
are closer to today

The other supplier evaluation process was made by Cebi and Bayraktar (2003) which is
a more combined model for supplier evaluation. The classified factors are technology,
relationship, business, and logistics. However, in addition to the previous models, the
criteria base on the factors which consist of qualitative and quantitative. Therefore,
according to the companies’ priorities, the selection of the factors which are more crucial

leads to a decrease in the number of categories.

The other article which belongs to Karsak and Dursun (2016) is also significant in terms
of summarizing the criteria which are used in supplier selection. They reviewed articles
using non-deterministic analytical methods between 2001 and 2013. According to their
findings about the criteria which are mostly chosen, cost still comes at the top of

supplier’s preference lists. The quality and delivery criteria follow the cost criterion.

During the literature review part, a lot of contribution has been made by research studies.
As it is mentioned in the introduction part, there is a connection between supplier
selection and distributor selection. Therefore, the supplier selection, the supplier selection
criteria, and risk factors have been searched in literature. The articles which are related to

the research study are combined. The results can be seen in the Table 2.2.



Table 2.2: Studies on Supplier Selection incorporating Risk Factors

Author(s)

Publication Year

Risk Factors

Quality, Cost, Long-term cooperation, Bankruptcy, On-time delivery, Supply

Alikhani, Reza; Torabi, S. Ali; Altay, Nezih 2019 constraints, Supplier's profile, Continuity, Second-tier supplier, Contractual
and opportunism

Hansen, Carsten; Mena, Carlos; Aktas, Emel 2019 Political risk factors

. . - . Financial credibility, location, environmental requirement, business loyalty,

Phumchusri, Naragain; Tangsiriwattana, Supasit 2019 -
supply chain resilience
Critical risk factors in relations with suppliers: Timely deliveries, Quality

Urbaniak, Macj 2019 defects of products, Financial.situa?ion1 Con_munication prgblems, F!exibility
of supply, Assortment errors in deliveries, Limited production capacity,
Technological problems, No emergency delivery plans

Yoon, Jiho; Talluri, Srinivas; Yildiz, Hakan; Ho, 2018 Provides a literature review on supplier selection studies with risk

William consideration

Song, Wenyan: Ming, Xinguos Liu, Hu-Chen 2017 fParcc;\(:ir(ies a literature review about sustainable supply chain management risk

Chatterjee, Kajal; Kar, Samarjit 2016 EnWronmqal risk, Demand Risk, Supply Risk, Control Risk, Process Risk,
Insurance Risk

Fang, Chao; Liao, Xiangxiang; Xie, Min 2016 Disruption risks, Operational risks

Govindan, Kanran; Jepsen, Marti Brandt 2016 Provi(?es a list that contains risks in manufacturing supply chains collected
from literature

Moghaddam, Kamran S. 2015(a) Economic risk

Moghaddam, Kamran S. 2015(b) Economic risk

Nekooie, Mohammad Ali: Sheikhalishati Supplie.r bankruptcy, Man—rmde disa§ters, E>fcessive handnling, Cost .

Mohammad: Hosnavi, Reza 2015 uncertalnty, Exchange rate risk, Data information security risks and legal risks,
Natural disasters
Port congestion, Equipment inefficiency at port, Custom inspection, Incorrect

Nepal, Bimal; Yadav, Om Prakash 2015 bill of lading, Supply chain length, Labor strikes, Price inflation; Currency
fluctuation, Wage fluctuations, Supplier quality
Demand flexibility, Defective items, Delivery delay, Increment in price,
Adequacy of transport & inventory management & disruption management,

. Supplier environmental performance, Financial stability, Response to

Paul, Sanjoy Kumar 2015 technological change, Reputation, Compliance standard, Information
technology system, Commitment to quality & continuous improvement, Lead
time, Ability to respond to unexpected demand & meet specifications

Sivakumar, R.; Kannan, Devika; Murugesan, P. 2015 Risk. factors in ve?d_or selection r_nining ingustry: Demar?d. fulfillment,
Environmental training, OHS policy, Environmental activity control

Aghai, Shima; Mollaverd, Naser; Sabbagh, 2014 Late items, Rejected items, Environment conditions, Vendor rate

Mohammad Saeed
Supplier bankruptcy, War and terrorism, Excessive handling, Cost

Sheikhalishahi, Mohammad; Torabi, S. Al 2014 uncertainty, Exchange rate risk, Data information security risks and legal risks,
Natural disasters

Viswanadham, Nukala; Samvedi, Avinash 2013 Supply chain, Resources, Institutional, Delivery infrastructure

'F\eﬁaizgiﬁinéh(;amﬁﬁ:;;;fil,nly\ﬂiaht:cri:;si"Vatanpour, 2012 Quality, !Delivery, Technology, R_eputation, EnWronmntaI affairs, Flexibility,

Hossein Information systems, Costs, Environmental risks
Rejection rate of the product, On-time delivery rate, Product qualification
ratio, Remedy for quality problem, Response to changes, Technological and

Xiao, Zhi; Chen, Weijie; Li, Lingling 2012 R&D support, Ease of communication, Financial status, Customer base,
Performance history, Production facility and capacity, Supplier’s delivery
ratio, Management level, Technological capability

Yucenur, G. Nilay; Vayvay, Ozalp; Demirel, 2011 Order delays, Political stability, Economy, Customer complaints,

Nihan Cetin Geographical structure, Terrorism, Climate conditions, Cultural differences

Wu, Desheng Dash; Zhang, Yidong; Wu, ) . " . .

Dexiang; Okon, David L. 2010 Cost, Quality, Logistics, Economic environmental factors, Vendor ratings

Lee, H. 1. Amy 2009(3) Detailed ri_skl criteria concerning Supply constraint, Buyer-supplier constraint,
and Supplier's profile

Lee, H. I. Amy 2009(b) Management, Market, Cash Flow

Chan, T. S. Felix; Kumar, Niraj; Tiwari, K. Geographical location, Political stability and foreign policies, Exchange rates

. 2008 ; I . .
Manoj; Lau, C. Hoong; Choy, K. Lun and economic position, Terrorism and crime rate
Chan, Felix T. S.; Kumar, Niraj 2007 Geographical location, Political stability, Economy, Terrorism




The articles cover risk factors which are used for supplier selection by decision makers.
As it can be seen from the risk definitions, most of the articles are influenced by each
other. On the other hand, in many aspects, they have exclusive focusing points related to
the topics and applied areas. In the articles, even the definitions of the same named risk
factors are made independently from each other, the used methods are chosen from more
limited area and applied more similarly. Some methods which are used in these articles
are analytic hierarchic process (AHP), Fuzzy AHP, TOPSIS, Analytic Network Process
(ANP) methodology, DEMATEL, DEMATEL-ANP approach, and VIKOR.
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3. RISK CRITERIA USED IN DISTRIBUTOR SELECTION

The risk criteria which are used in the calculation should be defined properly. For this
reason, decision makers defined the risk criteria. While they are arguing about the
factors, the risk criteria which were used in previous research studies are taken into

consideration.

The decision makers consist of the people who had an experience in automation sector.
Moreover, they have the knowledge about dealing with the customer and the distributor.
Having an experience in this sector facilitates managing distributors. Since they can
understand the demands of the distributors better, it helps them to have stronger
relationships. On the other hand, they are also able to guess how to guide distributors and

which distributors can be good business partners.

The used risk criteria are defined by the committee of five decision-makers who have the
knowledge in this field. Some risk factors which belong to the supplier selection problems
are transformed and rearranged to the distributor selection problem. The ones who
evaluate the problem consist of the sales engineers, business development and technical
support engineers, and the general manager. Each decision maker contributes to the
problem according to his/her proficiency. It is also beneficial in terms of gathering

different perspectives of people who are expert in their own fields.

One of the sales engineers has been working for sixteen years in Bursa where it is accepted
as the heart of automotive industry in Turkey. In the company, he is especially responsible
for automotive industry and the distributors which operate in that region. The other sales
engineer has an extensive experience in distributor and subsidiary management. His ten
years of experience in this company plays an important role in determining what should

be considered in the selection from both the distributors and company’s perspectives. One
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of the business development and technical support engineers especially gives technical
support to the customers who encounter with a problem while establishing a connection
between the product and the system. In addition, the sales team is supported by him in
terms of equivalent product selection. The other business development and technical
support engineer is always getting in touch with R&D departments of the companies.
Presenting optimum products and solutions to their projects plays a vital role in terms of
sales. Their evaluations for the distributors bring different points of view by considering
the importance of technical solution. Finally, the general manager is responsible for
managing sales activities of his team. Furthermore, he has an experience in automation
sector more than thirty years. In the selection process, his opinion about distributors is

valuable in terms of assessing distributors' attitudes and working principles.

As a consensus of the five decision makers, the names of the criteria have been defined.
Furthermore, some articles have been added next to the Name of the Criteria column to
show articles which help to assign risk criteria of the research study. The risk criteria can
be seen in the Table 3.1.

Table 3.1: Risk Criteria & Risk Criteria in Literature

Criteria Number Name of the Criteria Articles

Criteria 1 Financial Power (Dickson, 1966), (Yoon et al., 2018), (Paul, 2015), (Xiao et al., 2012), (Chan et
al., 2008), (Chan and Kumar, 2007), (Wu et al., 2010), (Sheikhalishahi and
Torabi, 2014), (Deshmukh and Chaudhari, 2011), (Urbaniak, 2019)

Criteria 2 Transparency / Cooperation (Alikhani et al., 2019), (Yoon et al., 2018), (Song et al., 2017), (Nekooie et al.,
2015), (Sheikhalishahi and Torabi, 2014), (Xiao et al., 2012)
Criteria 3 Technological Capability (Lee, 2009), (Yoon et al., 2018), (Song et al., 2017), (Paul, 2015), (Mehralian et

al.,, 2012), (Xiao et al., 2012), (Chan et al., 2008), (Chan and Kumar, 2007),
(Deshmukh and Chaudhari, 2011), (Urbaniak, 2019)

Criteria 4 Stock Capacity / Late Delivery (Ghodsypour and O"Brien, 1998), (Lee, 2009), (Verma and Pullman, 1998),
(Dickson, 1966), (Benyoucef et al., 2003), (Wu et al., 2010), (Alikhani et al.,
2019), (Phumchusri and Tangsiriwattana, 2019), (Yoonetal., 2018),
(Moghaddam, 2015), (Nepal and Yadav, 2015), (Paul, 2015), (Viswanadham
and Samvedi, 2013), (Mehralian et al., 2012), (Xiao et al., 2012), (Chan et al.,
2008), (Chan and Kumar, 2007), (Deshmukh and Chaudhari, 2011), (Urbaniak,
2019)

Criteria 5 Geographical Location (Dickson, 1966), (Hansen et al., 2019), (Yoon et al., 2018), (Chan et al., 2008),
(Chan and Kumar, 2007), (Wu et al., 2010), (Deshmukh and Chaudhari, 2011)

Criteria 6 The Number of Sales Responsible  |(Benyoucef et al., 2003), (Cebi and Bayraktar, 2003), (Deshmukh and
Chaudhari, 2011), (Sheikhalishahi and Torabi, 2014)
Criteria 7 Marketing Activity (Dickson, 1966), (Song et al., 2017), (Paul, 2015), (Mehralian et al., 2012),

(Chan et al., 2008), (Deshmukh and Chaudhari, 2011)

Criteria 8 Maturity Date
Criteria 9 Sales of Competitors’ Products



https://tureng.com/en/turkish-english/equivalent%20product
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As it is shown in the Table 3.1, while the definition of risk criteria are being made, some
similarities have been found with the previous studies. Moreover, the articles which
match with the used risk criteria include some terms that contribute this matching
operation. The following terms which are used in previous research studies explain why

the defined criteria are matched with the previous research studies.

For instance, financial power also includes supplier bankruptcy risk or economic factors
that pose high risks to an organization. In the same way, transparency and cooperation
contain the terms which are information, information security, and data. Likewise the
examples which are given above, stock capacity and late delivery are also related with
the factors that are unavailability of raw material, supply chain length, inventory cost
(inventory holding cost at plant), adequacy of inventory management, supplier’s capacity
limit, and supply chain delay. Furthermore, “the number of sales responsible” criterion is
also related with the topic which is the after sales services. The last but not least,
“marketing activity” parameter can be also thought as the marketing reputation.

The determined risk criteria have been selected from literature and adapted to this
research study’s content. At first glance, the name of the risk criteria might be understood
differently; therefore, the explanations have been provided to show what they refer to.

At this part, it is crucial to indicate that the criteria 8 and the criteria 9 are added by the
committee of decision makers while the other criteria's definitions are taken or inspired
from other research studies. The importance of these criteria can be explained in detail.
“Maturity Date” is significant in terms of the time period of getting the sales activity’s
worth. In general, people just focus on sales. However, getting the monetary value of
sales on pre-agreed day is more important. If the one who receives a service or goods
does not make a payment to the seller on maturity date, it leads to many problems in
managing the seller’s payment cycle. “Sales of Competitors’ Products” creates a risk
factor in terms of the sales of the company who gives its distributorship. The main issue
Is that the distributor might choose to sell other companies’ products instead of the main
company’s. The main company can’t be 100% sure about whether they are the first choice
of the distributor’s sales people. If the distributor firstly suggests other companies’
products to the customers, this leads to a decrease in the sales of the main company’s

product range.
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After the risk factors from different articles are analyzed, some similarities are also found
with the topic of this article. The Table 3.2 shows that the criteria that are taken into
consideration for risk minimization calculations. Moreover, it facilitates explaining the
necessity of the supplier selection and the contribution of supplier selection criteria to the

identification of distributor selection risk factors that forms an important part of this
article.

By using risk criteria which are listed with their explanations in Table 3.2, the

distributor’s attitude can be segmented. The definitions of the factors are given in the
Table 3.2.
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Table 3.2: Risk Criteria & Definitions

Risk Criteria Number

Name of the Criteria

Definitions

Risk Criteria 1 (RC1)

Financial Power

The criteria can be thought as turnover greatness. If the
distributor have a smaller turnover, it means the distributor have
more restricted financial power. This situtaion creates a more
risky distributor profile. In crisis or in the economic shrinkage,
the distributor should have other economical sources of income
to provide its life cycle in order not to the inability to payback
its debt. It also refers to the product variety of the distributor.
The products that the distributor will sell should not create a
rivalry with the products that have been owned by the main
distributed products. It creates risky situation for sustainability.
Furthermore, unsafe financial conditions(such as liquidiy) or
instability increases the risk.

Risk Criteria 2 (RC2)

Transparency / Cooperation

It refers to the attitude of the distributor in terms of information
sharing. The information includes sales amounts, customer
information and customer visit reports. If distributor would not
prefer to share data which are taken from market, it leads
lacking of information by main company side. Each company
would like to access these data as much as possible. On the
contrary, it creates a risk. As a result, it can be considered as a
risk factor.

Risk Criteria 3 (RC3)

Technological Capability

The criterion includes selecting the right product. We can
expand the criterion as an equivalent product selection or right
product selection for projects. In this process, if failure occurs,
the sales activity will be affected negatively.As a result, it
cretaes a risk.

Risk Criteria 4 (RC4)

Stock Capacity / Late Delivery

The bigger and varied stocked products that the distributor
have, the more positive effects in terms of supplying the
products to the customer fast. On the contrary, the risk of
delayed delivery leads to failure, and financial lose. Therefore,
the stock should be taken into consideration in order to
minimize risk.

Risk Criteria 5 (RC5)

Geographical Location

The location of the distributor should be considered properly
before the selection of local and global partner. In today's
world, regional instability affects sustainability of business. In
order to minimize risk, the selection of headquarter of the
distributor plays a vital role for sales. Also, more branch offices
increase the responsiveness of the demand.

Risk Criteria 6 (RC6)

The Number of Sales Responsible

If the distributor has more sales responsible people, it increases
market popularity, and the relationship with customer. The
distributors should regularly visit their customers in order not to
lose their awareness or popularity. In other words, if company
has more sales people, it reduces sales risk.

Risk Criteria 7 (RC7)

Marketing Activity

The term represents the distributor’s marketing performance. If
the distributor gives an advertisement to the magazines,
websites or attends a fair, it creates an awareness and increases
its popularity. On the contrary, it can damage the company
reputation in terms of sales. As a result, it can be considered as
a risk factor.

Risk Criteria 8 (RC8)

Maturity Date

The term represents the payment period of the sales activity.
Generally, shorter maturity is better and it is preferred by the
companies for arranging their payment cycle. If the payment is
not made on maturity date, it brings about obstacles in
cashflow. Therefore, it can be thought as a risk factor.

Risk Criteria 9 (RC9)

Sales of Competitors’ Products

Selling the other firms’ products creates a risk factor in terms of
the sales of the company who gives its distributorship.
Distributor might choose to sell other companys’ products
instead of main company. This leads to decrease in product
range’s sales.
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4. MCDM APPROACH FOR DISTRIBUTOR SELECTION IN
AUTOMATION SECTOR

This paper considers the problem of evaluating risk criteria for distributor selection with
the involvement of a group of experts. The OWA operator is employed for aggregating

the ratings of multiple decision makers which are represented by linguistic variables.

There are various types of methods. In order to analyze the given problem, each of the
mentioned methods might be more appropriate than others for achieving the goal;
however, the ordered weighted averaging (OWA) approach has been chosen in order to
solve the multiple criteria decision-making problem. Basically, the OWA method extracts
two extreme values, and then, the weights are shared between the other criteria. After the
calculations are done, the most significant criteria are indicated according to the threshold
that is defined. As a result, the less risky distributor can be chosen among the given

distributors
The OWA operators introduced by Yager (1988) provide aggregations which lie between
two extreme cases of using and and or operators to combine the criteria functions in

multiple criteria decision making problems.

An OWA operator of dimension n is a mapping F : R" — R which has an associated
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F(a,a,8,,.....8,) = Y Wb, (4.1)

A key aspect of the OWA operator is the ordering of arguments by value; in particular,
a, is not associated with a particular weight w, but rather a weight w, is associated with
a particular ordered position p of the arguments (Filev & Yager, 1998).

The determination of weights is critical when applying OWA operator in decision
making. The weights of the OWA operator from a regular increasing monotone (RIM)

quantifier are generated as,
Wp:Q[Bj—Q(pT_lj, p=123...n. (4.2)

Because of the non-decreasing structure of Q, the weights couldn’t be negative. It takes

positive values. The non-decreasing relative quantifier Q is defined as (Herrera et al.,

2000).

0, y<a,
—a
Q(y) = ty)— a<y<b, (4.3)
—a
1, y>b,

with the terms, respectively, “most”, “at least half’, or “as many as possible”, with

parameters (a, b) given as (0.3, 0.8), (0, 0.5), and (0.5, 1) define some RIM quantifiers.
(Dursun et al., 2011).

In multiple criteria decision-making problems, the linguistic terms reflect the opinions of

decision-makers because the values of the attributes might not be defined precisely
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(Bevilacqua et al., 2006). In this work, opinions of the experts about the importance levels
of risk criteria are collected using linguistic variables. The linguistic term set can be
shown in mathematical form where VL. (0.000, 0.000, 0.250), L: (0.000, 0.250, 0.500),
M: (0.250, 0.500, 0.750), H: (0.500, 0.750, 1.000), VH: (0.750, 1.000, 1.000). Their
mathematical graph is shown in Figure 4.1. Furthermore, the linguistic variables which
are used are given in Table 4.1.

Hiz

A

1

VL L M H VH

0 >

0 0.25 05 0.75 1 z
Figure 4.1: Linguistic term set (Dursun et al., 2011)
Table 4.1: Linguistic Variables Expressed by Fuzzy Numbers
Linguistic Variables / Triangular Fuzzy Number

Very Low (VL) (0.000, 0.000, 0.250)
Low (L) (0.000, 0.250, 0.500)
Moderate (M) (0.250, 0.500, 0.750)
High (H) (0.500, 0.750, 1.000)
Very High (VH) (0.750, 1.000, 1.000)

As it is explained at the previous part, the weights of the OWA operator should be
generated in order to combine different ideas of decision makers. A term should be chosen

among the terms; “most”, “at least half”, or “as many as possible” because of the RIM

quantifier’s identification.

This paper uses the RIM quantifier “most” to create the weights of the OWA aggregation

operator. The following Figure 4.2 facilitates the explanation of RIM quantifier “most”.
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Hipa

Figure 4.2: Weights obtained from the RIM quantifier “most”

The weights obtained from this linguistic quantifier by using Equation (4.2) and (4.3)

should be calculated and the representation of the proposed algorithm is shown below:

W, =Q(1/5)-Q(0)=0-0=0, w,=0

2 3 1
w2:Q(2/5)—Q(1/5)=Q(2/5)—0:g—1g—0:%:0.2, w, =0.2
10 10 10

3 3 2 3 3 1

w, =Q(3/5)-Q(2/5) = g 18, - g 1g :%—%:0.4, w, =0.4

10 10 10 10 10 10
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4.3 3.3 5 3
W4:Q(4/5)_Q(3/5):g 12_2 12 :%—%:0.4, w, =04

10 10 10 10 10 10

4 3

W5=Q(5/5)—Q(4/5)=1—%=1—1=0, W =0

10 10

Using the linguistic quantifier “most” and the Equation (4.2) and (4.3), the OWA weights
for five decision-makers are calculated as w = (0, 0.2, 0.4, 0.4, 0). The weights and their

results are depicted in Table 4.2.

Table 4.2: Weights obtained from the RIM quantifier “most”

Weights Values
W1 0.00
W> 0.20
W3 0.40
W4 0.40
W5 0.00
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The experts graded distributor selection’s nine criteria with their significance degrees
according to their opinions. As it is indicated previously, the evaluation is conducted by
a committee of five decision-makers, two of which are field sales engineers, two of them
are business development and technical support engineers, and the fifth person is a
general manager in automation industry. The linguistic variables which are ‘‘very low
(VL)’, ““low (L)’, ‘“‘moderate (M)’’, ‘‘high (H)’’ and ‘‘very high (VH)’’ are used in
order to evaluate the importance of the risk criteria by the decision-makers. The
evaluations of five experts (Expert 1, Expert 2, Expert 3, Expert 4, and Expert 5) are given

in Table 4.3. All the answers of assessments are gathered from each expert separately.

Table 4.3: Importance Degrees of Risk Criteria

Risk Criteria | Expert 1 | Expert 2 | Expert3 | Expert4 | Expert5
RC1 VH VH VH VH VH
RC2 H H M L L
RC3 M M H M L
RC4 H VH H H M
RC5 M M M L M
RC6 H VH H M M
RC7 M L M L VL
RC8 H M M H M
RC9 H H VH H M

After the importance degrees are collected from experts, their evaluations are aggregated
using Equation (4.1) to obtain the aggregated fuzzy weights of criteria. The calculations

are made according to the algorithm and the calculation steps can be seen below:

The decision-makers’ linguistic variable scores are multiplied by the weights in order to
find each criteria’s aggregated fuzzy weight. The calculations of the each criterion has

been made and shown in the following part:
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0.000 |
0.750 0.750 0.750 0.750 0.750 | 0.200 0.750

RCluggregaes =| 1000 1.000 1.000 1.000 1.000 || 0.400 |=|1.000 | =(0.750, 1.000, 1.000)
1.000 1.000 1.000 1.000 1.000 | |0.400 | |1.000
0.000 |
[0.000]
0500 0500 0.250 0.000 0.0007|0.200| [0.200
RC2,ppgreques =| 0750 0.750 0500 0.250 0.250 |.| 0.400 | = | 0.450 | = (0.200, 0.450, 0.700)
1.000 1.000 0.750 0.500 0.500 | |0.400| |0.700
0.000 |
[0.000]
0500 0.250 0.250 0.250 0.000]|0.200| [0.250
RC3,gyeques =| 0-750 0500 0.500 0.500 0.250 |.| 0.400 =| 0.500 |=(0.250, 0.500, 0.750)
1.000 0.750 0.750 0.750 0.500]|0.400| |0.750
1 0.000 |
[0.000]
0.750 0500 0.500 0.500 0.2507|0.200| [0.500
RC4 pygregues =| 1000 0.750 0.750 0.750 0.500 |.| 0.400 | = | 0.750 | = (0.500, 0.750, 1.000)
1.000 1.000 1.000 1.000 0.750|0.400 | |1.000
0.000 |
[0.000]
0.250 0.250 0.250 0.250 0.000]|0.200| [0.250
RC5,ggeqmes =| 0500 0.500 0.500 0.500 0.250 |.| 0.400 |=| 0.500 | = (0.250, 0.500, 0.750)

0.750 0.750 0.750 0.750 0.500 | |0.400 | |0.750
0.000 |




22

[0.000 |
0.750 0.500 0.500 0.250 0.250||0.200 0.400

RC6,yqreqaea =| 1000 0.750 0.750 0.500 0.500 |.| 0.400 | =|0.650 | = (0.400, 0.650, 0.900)
1.000 1.000 1.000 0.750 0.750 ||0.400| |0.900
0.000
[0.000]
0250 0.250 0.000 0.000 0.0007|0.200| [0.050
RC7 pygreques =| 0:500 0.500 0.250 0.250 0.000 |.| 0.400 | = | 0.300 | = (0.050, 0.300, 0.550)
0.750 0.750 0500 0.500 0.250||0.400| |0.550
0.000 |
[0.000]
0500 0.500 0.250 0.250 0.2501|0.200| [0.300
RC8,yeqaes =| 0.750 0.750 0500 0.500 0.500 |.| 0.400 |=|0.550 | = (0.300, 0.550, 0.800)
1.000 1.000 0.750 0.750 0.750||0.400 | |0.800
10.000
[0.000]
0.750 0500 0.500 0.500 0.250][0.200| [0.500
RC9,yrequea =| 1000 0.750 0.750 0.750 0.500 .| 0.400 [=| 0.750 | = (0.500, 0.750, 1.000)

1.000 1.000 1.000 1.000 0.750]|0.400 | |1.000
0.000

When the linguistic quantifier “most”, linguistic variables, and the weights obtained from
the RIM quantifier “most” are used, the aggregated weights of distributor selection
criteria are found. Table 4.4 shows the fuzzy weights of distributor selection criteria

which are obtained by aggregation.
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Table 4.4: Aggregated Fuzzy Weights of Risk Criteria

Risk Criteria | Aggregated Fuzzy Weight
RC1 (0.750, 1.000, 1.000)
RC2 (0.200, 0.450, 0.700)
RC3 (0.250, 0.500, 0.750)
RC4 (0.500, 0.750, 1.000)
RC5 (0.250, 0.500, 0.750)
RC6 (0.400, 0.650, 0.900)
RC7 (0.050, 0.300, 0.550)
RC8 (0.300, 0.550, 0.800)
RC9 (0.500, 0.750, 1.000)

After the aggregated fuzzy weights of the distributor selection criteria are found, crisp
weights can be computed. For that reason, in order to get crisp weight, the method which
is explained in the article of Bevilacqua et al. (2006) can be applied. It is basically based

on fuzzy number (a,b,c), and their score which is calculated as (a+2b+c)/4.

The crisp weights of nine criteria are calculated and calculation can be shown as follows:

a+2b+ cj _ (0.750+ 2.000+1.000

]:0.938
4 4

RC:I'Crisp = (

a+2b+ Cj B (0.200 +0.900+0.700

j: 0.450
4 4

RC 2Crisp = (

RC3, :(a+ 2b+cj _ (0.250+1.000+0.750

j: 0.500
4 4
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a+2b+ CJ B (0.500 +1.500+1.000

j: 0.750
4 4

F\)C‘]'Crisp = [

a+ 2b+c} B (0.250+1.000+0.750

j: 0.500
4 4

F\)C5(Zrisp = (

a+2b+ cj B [ 0.400+1.300+0.900

): 0.650
4 4

RC 6Crisp = [

a+2b+ Cj B (0.050 +0.600+0.550

j: 0.300
4 4

RC 7Crisp = (

RCBq, :(a+ 2b+Cj _ (0.300+1.100+O.8OO

j: 0.550
4 4

RO, = ( a+2b+ cj _ (0.500 +1.500+1.000

j: 0.750
4 4

The following Table 4.5 shows the crisp weights of distributor selection criteria.
According to the importance degrees, the crisp weights are sorted from greater to smaller.

The result can be seen in the Table 4.6.
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Table 4.5: The Crisp Weights of Distributor Selection Criteria

Risk Criteria | Crisp Weight
RC1 0,938
RC2 0,450
RC3 0,500
RC4 0,750
RC5 0,500
RC6 0,650
RC7 0,300
RC8 0,550
RC9 0,750

Table 4.6: The Sorted Crisp Weights of Distributor Selection Criteria

Risk Criteria | Crisp Weight
RC1 0,938
RC4 0,750
RC9 0,750
RC6 0,650
RC8 0,550
RC3 0,500
RC5 0,500
RC2 0,450
RC7 0,300

The crisp weights of distributor selection criteria are calculated in order to show the
significance levels of criteria. In fact, the distributor has been chosen among the
alternatives using the aggregated fuzzy weights of distributor selection criteria which
their values are shown on Table 4.4. Before the calculation part, it is beneficial to indicate
the risk degrees of distributors. The mutual evaluations of five experts about distributors
are given in Table 4.7. In other words, the following Table 4.7 shows risk degrees of

distributors in terms of the given criteria.
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Table 4.7: The Risk Degrees of Distributors

Alternatives | RC1 | RC2 | RC3 | RC4 | RC5 | RC6 | RC7 | RC8 | RC9
Alternative 1 | L L L M L M M L H
Alternative 2 | VL M VL L VL L M L VL
Alternative3 | M M H L M M H M M
Alternative 4 | L VL | M M L M M | VL L

The aggregated fuzzy risk scores are calculated with the multiplication of the linguistic
variables of the distributors’ risk degrees and aggregated fuzzy weights of distributor
selection criteria. In the research study, the operations used on triangular fuzzy numbers

are:

(1) Let A =(c,a,d,) and A, =(c,,a,,d,) be two triangular fuzzy numbers: the
addition A ® A, =(c, +c,,a +a,,d, +d,) where c,a,d,c,,a,d, are real

numbers.

(2) If ¢,a,,d,,c,,a,,d, are all positive real numbers, then A ® A, =(c,c,,a,.a,,d,.d, ).
Assuming that A =(c,,a,,d,) and B, =(qg;,0,,1,) where c,a,d,,q,o0,r are all

positive real numbers, where i=1,....,n, then:

A®B®ARB,®..®A ®B, :(iciqi,iaioi,zn:diri) (4.4)
i=1 i=1 i=1

After the importance degrees are collected from experts, their evaluations are aggregated
using Equation (4.4) to obtain the risk scores of alternatives. The results of the aggregated

fuzzy risk scores can be seen in the Table 4.8.
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ALTL, opmeq = (0.488, 2.163, 4.838)

ALT 2, egues = (0.063, 0.863, 3.163)
ALT3,  epues = (0.750, 2.738, 5.663)
ALT 4, omes = (0.300, 1663, 4.150)

Table 4.8: The Aggregated Fuzzy Risk Scores of the Distributors

Alternatives | Aggregated Fuzzy Risk Score
ALT1 (0.488, 2.163, 4.838)
ALT?2 (0.063, 0.863, 3.163)
ALT3 (0.750, 2.738, 5.663)
ALT4 (0.300, 1.663, 4.150)

After the aggregated fuzzy risk scores of the distributor are found, crisp risk scores can
be computed. For that reason, in order to get crisp risk scores, the method which is
explained in the article of Bevilacqua et al. (2006) can be applied. It is basically based on
fuzzy number (a,b,c), and their score which is calculated as (a+2b+c)/4.

The crisp risk scores of four distributors are calculated and calculation can be shown as

follows:

ALTI,,,, = ( a+2b+ cj _ (0.488 +4.325+4.838

j: 2.413
4 4
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ALT2,,, = (a+ 2b+cj _ (0.063+1.725+3.l63

j=1.238
4

ALT3,,, = ( a+ 24b + C] _ (0.750 + 5.175+ 5.663

j: 2.972

ALT4,,,, = ( a+2b+ cj _ (0.300+ 3.325+4.150

j:1.944
4 4

The following Table 4.9 shows the crisp risk scores of the distributors.

Table 4.9: The Crisp Risk Scores of the Distributors

Alternatives Crisp Risk Score
ALT2 1.238
ALT4 1.944
ALT1 2.413
ALT3 2.972

In contrast to the crisp weights, the distributor which has a minimum risk score should be

chosen among the alternatives. At first glance, Alternative 2 seems the best option

according to the calculations; however, the constraint should be taken into consideration.

At this point, it is crucial to explain the constraint which is defined by experts. The

restriction is the minimum margin rate which is acquired from the regular forwarded

sales. In other word, it means that margin which will be added to products by distributors.

The margin requests of the distributors are shown on Table 4.10.
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Table 4.10: Margin Requests of the Distributors

Alternatives Margin Rate
ALT1 %20
ALT2 %18
ALT3 %12
ALT4 %14

According to the experts’ consensus, the margin rate should be smaller than %15. After
the constraint is applied, Alternative 2 is eliminated from the list. Finally, it is concluded

that the Alternative 4 is the most appropriate distributor among the others.
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5. CONCLUSION

It was concluded in the present study that distributor selection and the evaluation of its
risk factors had a positive effect on automation sector. Moreover, the distributor selection
is also crucial for other sectors’ distributor selections. The criteria which are used can
support other research studies. Companies can apply these criteria in order to minimize

their risk in terms of bankruptcy, sustainability, maturity of payments, etc.

Choosing the most suitable distributor from a wide range of alternatives is a commonly
faced problem by the multinational firms. Risk criteria are needed to be evaluated in
distributor selection processes in addition to benefit criteria. Globalization makes the
firms evaluate all possible risks and to take necessary precautions on time. The rapid
changes in economy can also affect the companies’ economical structures in many
aspects. For that reason, companies should minimize the risk of loss of incomes by

choosing the most appropriate partners and distributors.

This study presents a fuzzy approach to evaluate risk factors that should be considered in
the distributor selection problem in automation industry. For that reason, related to the
risk factors designation, the risk criteria of the supplier selection give an idea to make this
research study more comprehensible. Furthermore, in order to solve MCDM problem, the
OWA operator is used for aggregating the opinions of decision makers about the
importance degrees of risk criteria. This technique is applied on nine criteria which are

described.

In this research study, there is a goal which aims the risk minimization, and, in addition
to the risk minimization, the constraint is applied to find the most appropriate distributor
among the alternatives. The first step of this research study begins with the definitions of
criteria. These criteria are described and reinterpreted according to the needs of this topic.
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After these definitions are made, the OWA technique is used to specify aggregated fuzzy
weights of these criteria. At this point, the significance levels of the each criteria is also
calculated according to the inputs of the experts. Therefore, as a result of experts’
assessments, the crisp weights of the risk factors are found and sorted respectively. It
shows which criteria is more important and which is less important. Through this
information, it is aimed to give an idea about criteria that should not be ignored. This
calculation can be adapted to other studies in determining the most important or less
important criteria among the criteria to be used. After the crisp weights are found, the
calculation is continued with the aggregated fuzzy risk scores of the distributors. During
the calculation of the fuzzy risk scores, the fuzzy weights of the criteria are used instead
of the crisp weights. Then, the crisp risk scores of the distributors are calculated. As a
result of this calculation, the Alternative-2 has the minimum risk score among the

alternatives. The Alternative-4 has the second minimum risk score.

The constraint represents the margin requests of the distributors. In other words, it refers
to the margin which will be added to products by distributors. When the threshold value
which is defined by the experts of main company is compared with the request of
distributors, Alternative-2 is eliminated from the selection. After the constraint is
evaluated properly, it can be concluded that the Alternative-4 is the most appropriate

distributor among the other alternatives.

In brief, the present study contributed to the existing literature by investigating the impact
of distributor selection and risk factors on automation sector’s development. Future
research will focus on applying fuzzy group decision making approaches to distributor
selection problems by using the obtained ranking of risk criteria. In addition, it can be
evaluated whether the selected distributor is compatible with the actual received
theoretical data or not. The assessments can be reviewed and new criteria can be added

to current system.
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