T.C.
BAHCE SEHIR UNIVERSITESI

THE GRADUATE SCHOOL OF NATURAL
AND APPLIED SCIENCES

INDUSTRIAL ENGINEERING

SUPPLIER SELECTION USING TOPSIS AND VIKOR
UNDER FUZZY ENVIRONMENT

M.Sc. Thesis
TUGBA ZINGIL

Supervisor: PROF. DR. ERTUGRUL KARSAK

ISTANBUL, 2009



T.C
BAHCE SEHIR UNIVERSITESI
The Graduate School of Natural and Applied Sciences

Program Name

Title of the Master’s Thesis
Name/Last Name of the Student

Date of Thesis Defense

The thesis has been approved by the Graduate SehNakural and Applied Sciences.

Signature

Director

This is to certify that we have read this thesid #mat we find it fully adequate in scope,

quality and content, as a thesis for the degrédasiter of Science.

Examining Committee Members:

Title Name/Last Name (Supervisor)

Title Name/Last Name

Title Name/Last Name



ACKNOWLEDGEMENT

I would like to thank to all those who gave me gussibility to complete this thesis. | am
deeply indebted to my supervisor Prof. Dr. Ertl Karsak from Galatasaray University
whose guidance, stimulating suggestions and engearant helped me in all the time of
research for and writing of this thesis. His m@a#bport and continuous guidance enabled me
to complete my work successfully. This thesis wontt have been possible without the

support of Assistant Prof. Tun¢ Bozbura.
I have furthermore to thank Purchasing Manageraif Bahat Hospital, Arif Cajland CEO
of Bati Bahat Hospital, Rat Bahat who gave and confirmed this permissionearwburaged

me to go ahead with my thesis.

| am as ever, especially indebted to my lovelynfd®, for their love and support throughout

my life.

Finally, I would like to thank to my parents foreihhelp and support during all my life.

ISTANBUL,2009 gha ZINGIL



ABSTRACT

SUPPLIER SELECTION USING TOPSIS AND VIKOR UNDER E@Y
ENVIRONMENT

ZINGIL, Tugba

Industrial Engineering Graduate Program

Supervisors: Prof. Dr. Ergiul KARSAK
Asst. Prof Dr. Tung Bozbura

December, 2009, Pages 67

Supplier selection is a very important multi-crigedecision making problem. In real world,
after determining the conflicting criteria, altetivas and opinions from different experts, a
group of decision-makers rate criteria and alteveat with respect to criteria with crisp
values or linguistic variables. In this study, shigap selection of a private hospital is
thoroughly analyzed. To solve the problem, firgraup of decision-makers are determined,
the criteria and alternatives are chosen and eaclsidn-maker rates the alternatives with
respect to criteria using linguistic variables. 3&elinguistic variables are shown with
trapezoidal fuzzy numbers and decision matricesf@am@ed. Then, problem is solved by

fuzzy VIKOR and fuzzy TOPSIS methods, and the tesare analyzed in a comparative way.

Keywords: supplier selection, multi-criteria decision makirgroup decision making, fuzzy
TOPSIS, fuzzy VIKOR.



OZET

BULANIK VIKOR VE BULANIK TOPSIS YONTEMLERI iLE TEDARIKCI
SEQMI

ZINGIL, Tugba

Endustri Muhendisgi YUksek Lisans Programi

Tez Dangmanlari: Prof. Dr. Ertgrul KARSAK
Y. Dog. Dr. Tung BOZBURA

Aralik, 2009, Sayfa 67

Tedarik¢i secimi 6nemli bir ¢ok o6lcutli karar verrpeoblemidir. Gergcek hayatta, gan
Olcutler, alternatifler ve farkli goslere sahip uzmanlar belirlendikten sonar kararcier
Olcutleri ve alternatifleri dlgltlere gore sayisdegerler veya soOzel dgskenler ile
derecelendirirler. Bu caimada, Istanbul’da bir 6zel hastanenin tedarik¢i se¢im |@noid
kapsamli birsekilde irdelenmektedir. Problemi ¢ozmek icin ilkamk karar verici grup
belirlenir, Olgutler ile alternatifler segilir veeh bir karar verici sozel gekenler ile
alternatifleri olgutlere gore derecelendirir. Buligamada sOzel dgskenler yamuk bulanik
sayllar ile gosterilmekte ve karar matrisi @uulmaktadir. Problem bulanik VIKOR ve

bulanik TOPSIS yontemleriyle ¢6zulge sonuclar karlastirilmali olarak irdelennstir.

Anahtar Kelimeler: tedarik¢i secimi, ¢cok olcutli karar verme, gruprd verme, bulanik
VIKOR, bulanik TOPSIS
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1. INTRODUCTION

A supplier manufactures or distributes or sellmgeto a customer and provides goods
or services to a company. Suppliers may functiordiagibutors of goods, or they
function as manufacturers of goods. If they manufac goods, they build to stock
rather than build to order. Selecting an approergtpplier is a serious and multi-
dimensional process. Supplier selection is not oebated with price; other factors

affect the opinions of managements, especiallytirehasing departments.

In today’s conditions for selecting a right supplii¢is necessary to take right steps. As
well as the purchasing department’s supplier s@agchthe good conclusion of the
research is also very important. If the intendeficiehcy is not achieved with the
suppliers, it needed to look for another supplleithe firms make a mistake while
choosing the right supplier, then unsuccessfulticelais guaranteed. This situation

means losing time, losing market and extra costhfermanagement.

Choosing the right supplier involves much more teaanning a series of price lists.
The choice depends on a wide range of factors aschalue for money, quality and
service. The importance of these factors dependsthenbusiness priorities and
strategies. There are number of key factors thatildhbe looked for when identifying
and short listing possible suppliers. Good supglsrould be able to demonstrate that
they can offer the benefits such as value for mpnaiability, quality, strong service

and clear communication, financial security, andrgaship approach.

The lowest price does not always mean the besevalumoney. If the reliability and

the quality from the supplier are expected, it tkmde decided how much money is
willing to be paid for the supplier, and the balarleat is wanted to strike between cost,
reliability, quality, and service. If the supplipdoduct lets the firm down, the firm may
have problems with their customers as a chain icgactThus, the products that are
supplied should be reliable. The quality of the @igs needs to be consistent. The
customers wait high quality from the firms. The gligs must be delivered on time. If

the delivered period gets longer then, the firmednt give the suppliers plenty of



warning. The best supplier wants to talk regulaolyind out what needs the firm have

and how they can serve the firm better in the futur

It is always worth to making sure that the suppltias sufficiently strong cash flow to
deliver what is wanted, when it is needed. A crebéck will help reassure the firm that
the supplier won't go out of business when the fineeds them most. A strong
relationship benefits both sides. The supplierghaknow how important of the firm’s
custom. Thus, they make every effort to provide libst service possible. A strategic
approach to choose suppliers can also help undédistahow the potential customers
weigh up their purchasing decision. The most effecsuppliers offer product or
services that match or exceed the needs of thedassi While searching for suppliers,
the needs of business have to be taken into coasioie For example, if the firm wants
to cut down the time it takes to serve its cust@nsuppliers that offer the firm faster
delivery rate higher than those that compete ocepaione. It has to be examined how
many suppliers that are really needed. Buying firoarefully targeted group could
have number of benefits;

« it will be easier to control the suppliers,

e the business will become more important to supglier

« the company may be able to make deals that givedhmpany an extra competitive

advantage.

It is very important to have a choice of sourcegyiBg from only one supplier can be
dangerous. If the supplier let the firm down, wheam the firms go? Equally, while
exclusitivity may spur some suppliers to offer thimn better service, other may simply

become complacent and drop their standards.

If the firm has got a clear idea of what it needstiy and identifies some potential
suppliers, the firm can build a shortlist of sogr¢kat meet the needs by asking these
questions:

e Can these suppliers deliver what is wanted, whenvitanted?

* Are they financially secured?

 How long they have been established?



* Has anyone used the items before and recommendet?th
* Are they on any approved supplier lists from trasdsociations, local or central

government?

Once a manageable shortlist is done, the potesugibmer can approach by asking for
a written quotation. It is best to provide themhwé clear brief summarizing what is
required, how frequently it is required and whaeleof business is hoped to place. It is
worth asking potential suppliers to give a firmcgrin writing for, say, two months. The
discounts can be asked for long term or high voleor@acts. When a quotation is got,
the management has to compare the potential supphiderms of what matters most.
For example, the quality and the reliability of {m@duct may be most important for a
firm, while the location of supplier may not matt@rice is important, but it shouldn’t
be the only reason to choose a supplier. Lowerepmnay reflect poorer quality goods
and services which, in long term, may not be thetncost effective option. The firm
has to be confident that its supplier can makefficent margin at the price quoted for

the business to be commercially viable.

Wherever possible it is always a good idea to megsitential supplier face to face and
see how their business operates. The firm may eeetle supplier's machines are, if
they are old or not, they can check out the stael and control if the conditions are
healthy, or not. It makes good business sensertsider the ethical and environmental
dimensions of the supply chain. The suppliers hawabey the environmental rules that
the government or international foundations areddr After setting on the suppliers, a

contract that includes negotiating terms and camditas to be drawn up.

Supplier evaluation and selection problem is aossrproblem and it has been studied
extensively. Various decision-making approachesehbgen proposed to tackle the
problem. In today’s supply chain management, thiopmance of potential suppliers is
evaluated against multiple criteria rather than stering a single factor. The
contemporary supply management is to maintain tengy partnership with suppliers,
and use fewer but reliable suppliers. Thereforechioose the right suppliers, it is

needed to scan a series of price list and alsahb&es have to depend on wide range



of factors, which involve both quantitative and lifative data. Extensive multi-criteria
decision-making approaches have been proposedipptier selection, such as analytic
hierarchy process (AHP), analytic network proc@dsR), case-based reasoning (CBR),
data envelopment analysis (DEA), fuzzy set theoggnetic algorithm (GA),
mathematical programming, and simple multi-attr@r#ting technique (SMART).

Normally, the supplier selection problem in supphain is a group decision-making
problem, under multiple criteria. The degree of artminty, the number of decision-
makers and the nature of the criteria have to kentanto account while solving this
problem. The decision-makers always express thefepgences on alternatives of
suppliers, which can be used to rank the suppbens selecting the most preferable
ones. The preferences on different suppliers acsida-maker’s subjective judgments.
Generally, decision maker’s judgments are not sedad cannot be estimated by exact
numerical values. Under many conditions, crisp @aainadequate to model real-life
situations; human judgments, including preferenees, often vague and preferences
cannot be estimated in exact numerical valuesetent years, fuzzy set approaches
have been proposed to deal with the supplier seteproblem under uncertainty [8]. A
more realistic approach may be to use linguistisessments, instead of numerical
values. In other words, ratings and weights ofdfieeria in the problem are assessed by
means of linguistic variables. In reality, therenis avoidance of the coexistence of
qualitative and quantitative data. In order to ragglthe conflicts and contradictions in
the reconciliatory process and act in responsédddck of flexibility while adopting
traditional multi-criteria methods to solve the Iplems with inherent fuzziness, this
study intends to use fuzzy VIKOR and fuzzy TOPSK&hnds to solve the fuzzy multi-
criteria decision-making problem. Fuzzy VIKOR medhprovides measurements of
determining the aggregate distance to the ideattpand aims to find the decision-
maker's preferable compromise that suits humarctbgecognition. On the other hand,
fuzzy TOPSIS is employed to rank the alternativessaering distances to ideal and
negative ideal solutions under a fuzzy environmémtthis thesis, the comparison of

fuzzy TOPSIS and fuzzy VIKOR is aimed via a realHdsupplier selection study.



2. SUPPLY CHAIN MANAGEMENT

Supply chain management (SCM) is the oversight aftenmls, information and

finances as they move in a process from suppliemémufacturer to wholesaler to

retailer to customer. [28]

Table 2.1: History of Supply Chain Management. [36]

1970’s 1980’s 1990’s-Now
The e Focus on customer * Market demands Throw away
Markets loyalty, variety, consumerism-
e Quality is king, e Costis king- product life
« Product engineeringis  technology drives measured of blink
competitive advantage.  manufacturing speed,
efficiencies, Cost is still king,
* Global market but manufacturing
developing. has nothing left to
give,
Global competition,
Global markets.
The * Vertically integrated « Deregulation, Technologically
Supply enterprises, » Learning to manage  enabled,
Chain  « Primarily domestic, global supply « Service explosion,

« Highly regulated, demand beginning « The network is the

* Not managed beyond of horizontal enterprise,

management craze, «

the extended Dynamic, agile and

enterprise, * Managed through reconfigurable,

functional .

* Rigid, stable, slow but Supply chain as a

collaboration (ERP

predictable, strategic imperative.

« Managed by function. hysteria),

* Fragmented and

unpredictable




In a supply chain system, all partners should Werimed simultaneously, and the
information they receive should be sufficient fomking their own decision. The

objective of a supply chain is customer satisfactio

In table 2.1, supply chain management is analyzedrding to market situation and
supply chain events that have been used for theepbrof supply chain management
over the last 40 years. In 1970’s, the essenc&CM #as understood, this first phase is
characterized as an inventory push era that focpgethrily on physical distribution of
finished goods. In 1980’s, productivity could ber@ased significantly by managing
relationships, information and material flow acresgerprise borders. And in 1990’s,
computers change the way business is done, inteevalutionized the information
pathway and the distribution system of the businessommerce has changed the
definition of business itself.

Structuring the supply chain requires an understgndf the demand patterns, service
requirements, distance considerations, cost elesvaard other related factors. It is easy
to see that these factors are highly variable itureaand this variability needs to be
considered during the supply chain analysis prop#8ks In addition, the interplay of

these complex considerations could have a signifib@aring on the outcome of the

supply chain analysis process.

A simple supply chain is made up of several eles\&mt are linked by the movement

of products along it. The supply chain elements are

 Location: It's needed to be known where production faciljt®cking points and
sourcing points are located; this information deiees the paths along which goods

will flow.

* Production: An organization must decide what products will weated at which

plants, which suppliers will service those plantdich plants will supply specific



distribution centers, and, sometimes, how goods geil to the final customer. These

decisions have a big impact on revenue, costs astdmer service.

 Inventory: Each link in the supply chain has to keep a ceriawentory of raw

materials, parts, subassemblies and other goodshawd as a buffer against
uncertainties. Shutting down an assembly plant imEaan expected part shipment
didn't arrive is expensive. But inventory costs eymoo, so it's important to manage
deployment strategies, determine efficient ordeangjties and reorder points, and set

safety stock levels.

 Transportation: How do materials, parts and products get fromlorkein the supply
chain to the next? Choosing the best way to tramgmwds often involves trading off
the shipping cost against the indirect cost of imgey. For example, shipping by air is
generally fast and reliable. Shipping by sea vikiélly be cheaper, especially for bulky
goods and large quantities, but slower and lesgbtel So if you ship by sea, you have
to plan further in advance and keep larger inveasahan you do if you ship by air.

Supply chain management includes coordinating atebrating the flows both within

and among companies. It is said that the main dinany effective supply chain

management system is to reduce inventory. Suppiyncmanagement flows can be
divided into three main flows:

e The product flow,
¢ The information flow,

* The finances flow.

The product from involves the movement of goodsnfra supplier to a customer, as
well as any customer returns or service needs. ififi@mation flow includes
transmitting orders and updating the status ofvdeli The financial flow consists of

credit terms, payment schedules, consignment dadtvnership arrangements.



|j RAW MATERIAL

Figure 2.1: Key Supply Chain Management Concepts {}

In the figure 1.1 each interface in the supply chapresents movement of goods,
information flows, transfer of title, purchase arsdle. Strategic supply chain
management consists of developing smarter waysdose, to buy from and to sell to

your business partners.

Global economies have marked that significant ehgkés to companies wanting to
fulfill the continuously changing requirements bktcost reduction, speedy time to-
market and customization; they place increasinghasis on SCM and establish a
sounder strategic alliance against competitors. Magr aims of SCM are to reduce
production costs, maximize revenue, improve custosgvice, optimize inventory

levels, business processes, and cycle times, aodting in increased competitiveness,

customer satisfaction and profitability.

SCM has recently received considerable attentiobath academia and industry. If
supply chain management is compared with matemadagement and logistics,
materials management describes the material hanglant of the movement of the
material and components within the factory or fiamd logistics describes the entire
process of material and products moving into, tghguand out of a firm however
supply chain management is conceptualized as samgetkien larger than logistics that
links logistics more directly with the user's totammunications network and with the

firm's engineering staff.



3. LITERATURE REVIEW

Nowadays, many firms give extra importance on sepgklection for maximizing their
revenue, reducing their total costs and improvinguasons. Thus, purchasing
department plays important roles on firm’s profairgng. In such situation academic
researches help industry and in academia suppdiectton problems are studied in
many different ways. Gaballa [47] is the first merswho applied mathematical
programming to a supplier selection in a real cdde. used a mixed integer
programming model to formulate this decision makpngblem. The objective of this
programming is to minimize the total discountedceriof allocated items to the
suppliers, under constraints of suppliers' capaity demand satisfaction. Sharma et al.
[48] proposed a non-linear, mixed integer, goalgpamming model for supplier
selection. They considered price, quality, delivang service in their model, in which
all criteria are considered as goals. The cost igodécreased in relation to the increase
in purchased quantity and is raised in relatioth®increase in quality level. Chaudhry
et al. [49] developed linear and mixed integer paogming for supplier selection. In
their model price, delivery, quality and quantiigabunt are included. The objective of
the model is to minimize aggregate price by conside both cumulative and

incremental discounts. Quality and delivery arduded as constraints.

In spite of the importance of supplier selectiomljpems only a few articles have
addressed the decision making. Weber and Curréht 48] stated that only a few
articles analyzed the problem up to the time oir tteiew. A comprehensive review of
the articles which have addressed the problem edound in Ghodsypour and O'Brien
[7]. The most important articles are as follows: Meand Current [50] used multi-
objective linear programming for supplier selectiorsystematically analyze the trade-
off between conflicting factors. In this model aggate price, quality and late delivery
are considered as goals, and two sets of con&rarattaken into account: (1) systems'
constraints, which are defined as the constraihistware not directly under the control
of the purchasing managers such as vendor caadignand satisfaction, minimum
order quantities established by the vendors andtdta purchasing budget; and (2)

policy constraints, including maximum and/or minimwrder quantities purchased



from a particular supplier, and the maximum andiarimum number of vendors to be
employed. Current and Weber [51] proposed that ema#ttical constructs of facility
location modeling can be applied to supplier sedectThey did not solve any special
supplier problem but they showed the similaritiestween the supplier selection
problem and facility layout models. The complexa¥ both location models and
supplier selection problems indicates that fittthgse two methods together cannot be
easy. Weber [20] developed a data envelopment sisalgrmulation for measuring
vendor efficiency and showed how a baby food mastufar applied DEA technique in
a just-in-time environment. Ghodsypour and O'Biffe2] developed a decision support
system for reducing the number of suppliers andagigy the supplier's partnership.
They used integrated analytical hierarchy proce8$iP) with mixed integer
programming and considered suppliers' capacitytcains and the buyers' limitations
on budget and quality etc. Ghodsypour and O'Brs) proposed a model to deal with
supplier selection, multiple sourcing, multiple teria and discounted price. They
considered the effects of limitations on budgetaliqy and suppliers' capacity.
Ghodsypour and O'Brien [54] developed an integra&edP and linear programming
model to help managers consider both qualitativd quantitative factors in their
purchasing activity in a systematic approach. Tprposed an algorithm for sensitivity
analysis to consider different scenarios in thigigien making. Ghodsypour and
O’Brien [22] introduced a mixed integer non-lingamogramming model to solve the
multiple sourcing problems, which takes into acdotime total cost of logistics

including net price, storage, and transportaticsh @ering costs.

Actually, the supplier selection problem is a gralgrision making problem, under
multiple criteria. The degree of uncertainty, thenter of decision-makers (DMs) and
the nature of the criteria have to be taken intmant while solving this problem. The
decision-makers always express their preferencesalt@nnatives or on attributes of
suppliers, which can be used to rank the suppbers selecting the most desirable
ones. The preferences on different suppliers andattnbutes are DMs’ subjective
judgments. In conventional multi-criteria decisioraking (MCDM) methods, ratings
and weights of the attributes are known precisdly, p7]. Barbarasiu and Yazgac

[21] used an analytic hierarchy process model teessupplier selection problem in

10



Turkish Electric Industry Inc. Shyur and Shih [28fmulated a vendor evaluation
problem with the combined use of the multi-critedecision making approach and
proposed five-step hybrid process which incorpardtee analytic network process
(ANP). Then the modified TOPSIS was adopted to ramkpeting products in their
overall performances. Bottani and Rizzi [24] foalis® a subject that a wide number of
vendors and purchased items exist, and these aiteza are needed to be reduced.
Their approach integrated cluster analysis and irorteria decision making

techniques.

Generally, DMs’ judgments are uncertain and carmgoestimated by exact numerical
values. Under many conditions, crisp data are igaae to model real-life situations;
human judgments, including preferences, are ofigue and preferences cannot be
estimated in exact numerical values. Decision-ngakin supplier selection problem
includes a high degree fuzziness and uncertainzyset theory is one of the effective
tools to handle uncertainty and vagueness. A meadistic approach may be to use
linguistic assessments, instead of numerical valmesther words, ratings and weights
of the criteria in the problem are assessed by me&hnguistic variables [58, 27]. The
fuzzy set theory offers a possibility of handingtadaand information involving
subjective characteristics of human nature in #@sion-making process. Zimmermann
[38] illustrated a fuzzy set approach to multi-aitjee decision-making. He has
compared some approaches to solve multi-attribetésabn-making problems based on
the fuzzy set theory. Yager [59, 60] presentedzayfumulti-attribute decision-making
method that uses crisp weights, and he introducedrdered weighted aggregation
operator and investigated its properties. To imprine fuzzy set, Gau and Buehrer [61]
proposed the vague set theory. Then, based oratingevset theory, Chen and Tan [62]
presented some new techniques for handling mutera fuzzy decision-making
problems. Chen et al. [33] presented a hierarchgahbased on fuzzy sets theory to
deal with the supplier selection problem. The lisga values were used to assess the
ratings and weights for the supplier evaluatingdexc These linguistic ratings could be
expressed by trapezoidal or triangular fuzzy nusbEhe proposed model was capable
of dealing with both qualitative and quantitativéeria. Kumar et al. [64] developed a

fuzzy multi-objective integer programming vendolestéion problem model and in the
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proposed model, various input parameters have Messted as vague with linear
membership function of fuzzy type. Jun [63] extaehdlee study on vague sets-based
MCDM method.

The foundation for compromise solution was establisby Yu and Zeleny [65, 41].
The compromise solution is a feasible solution,clhhis the closest to the ideal, and a
compromise means an agreement established by mutessions. TOPSIS
(technique for order preference by similarity taeatl solution) generates the best
compromise alternatives as the solution nearestagositive ideal solution [30]. The
TOPSIS method determines the solution with thetslbudistance to the ideal solution
and the greatest distance from the negative-idgatisn, but it does not consider the
relative importance of these distances. A multiecia intuitionstic fuzzy group
decision-making for supplier selection with TOP&i8thod was studied by Boran et al.
[25], they used the TOPSIS method combined withitionistic fuzzy set to select
appropriate supplier in group decision-making emvwinent. The VIKOR method was
introduced as one applicable technique to implematiin MCDM [32]. The VIKOR
method compromise ranking determines a compronaikgien, providing a maximum
“group utility” for the “majority” and a minimum ofan individual regret for the
“‘opponent”. Sanayei [8] used linguistic values $sess the ratings and weights for the
factors. These linguistic ratings can be expredsedrapezoidal or triangular fuzzy
numbers. Then a hierarchy MCDM model based on fusstg theory and VIKOR
method was proposed to deal with the supplier Seleproblems in the supply chain
system. Opricovic and Tzeng [5] made a comparatnaysis of TOPSIS method and
VIKOR method with a numerical example, showing thsimilarity and some

differences.
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4. MULTI-CRITERIA DECISION MAKING TECHNIQUES

Multiple criteria decision making (MCDM) was preset as an important field of study

in the early 1970's. Since then the number of dmumions to theories and models,
which could be used as a basis for more systeraaticrational decision making with

multiple criteria, has continued to grow at a steate. A number of surveys, e.g. Bana
e Costa [37], show the vitality of the field and tmultitude of methods which have
been developed. When Bellman and Zadeh [26], afelvayears later Zimmermann

[38], introduced fuzzy sets into the field, theyaled the way for a new family of

methods to deal with problems which had been irsstbke to and unsolvable with

standard MCDM techniques [2].

MCDM is a discipline aimed at supporting decisioakers who are faced with making
numerous and conflicting evaluations. MCDM aimsigihlighting these conflicts and

deriving a way to come to a compromise in a traresggorocess [1].

Unlike methods that assume the availability of measents, measurements in MCDM
are derived or interpreted subjectively as indiatof the strength of various
preferences. Preferences differ from decision-mékeltecision-maker, so the outcome

depends on who is making the decision and what ¢fozil and preferences are [1].

MCDM is one of the fastest growing fields of operatl research because many
concrete problems can only be solved by considesawgral conflicting criteria. It was
described as the most well known branch of decisi@king. The decision-making
process of selecting an appropriate alternativaallystnas to take many factors into
consideration, for instance, organizational needd goals, risks, benefits, limited
resources, etc. The selection process gets corapkéxhallenging if several qualitative

and quantitative criteria affect each other muguathile evaluating alternatives.
Decision matrix or decision table is used for atileg criteria outcomes of decision

alternatives and it comprises a set of columns wgs. The table rows represent

decision alternatives, with table columns reprasgntriteria. A value found at the
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intersection of row and column in the table repnésa criterion outcome - a measured
or predicted performance of a decision alternatinea criterion. The decision matrix is
a central structure of the MCDM because it contéesdata for comparison of decision

alternatives. A multi-criteria decision matrix ca@ expressed as follows;

1X X2 ... Xn

A X11 X12 ... X1n

D= A X21 X2 ... Xon
An Xm1 Xm2 ... Xmn

whereA represent thé" alternativej = 1,2,..m; X; represent th@" criterion, j=1,2,...n,
and x; is the performance of alternativ® with respect to the i criterion. The
procedure for determining the best solution to 8D problem includes computing
the utilities of alternatives and ranking thesditigs. The alternative solution with the
greatest utility is considered to be the optimdlson.

There are four major families of methods in MCDM:

i.  the outranking approach based on the pioneeringg WpBernard Roy [56],
and implemented in the ELECTRE and PROMETHEE method

ii.  the value and utility theory approaches mainlytethby Keeney and Raiffa
[55], and then implemented in a number of methadsyecial method in this
family is the Analytic Hierarchy Process (AHP) diyped by Thomas L.
Saaty [39] and then implemented in the Expert Ghewftware package;

iii.  the largest group is the interactive multiple objecprogramming approach
with pioneering work done by P.L.Yu [40], Milan 2Zely [41], and a number
of others; the MOLP family has been built aroundityttheory-based
tradeoffs among objectives, with reference poiohteques, ideal points, etc
and the models have had a number of features imgustochastic and
integer variables; one of the best interactive m@shavailable is the VIG
software package developed by Pekka Korhonen [42];
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Iv. group decision and negotiation theory introducedv ngays to work
explicitly with group dynamics and with differences knowledge, value

systems and objectives among group members.

In many cases, the decision-maker does not haverigihe information about the
alternatives with respect to an attribute. The sitsd MCDM methods cannot
effectively handle problems with such impreciseoiniation. This has led to the
development of fuzzy set theory by Zadeh, who psedothat the key elements in
human thinking are not numbers but labels of fuztg. Fuzzy set theory is a powerful
tool to handle imprecise data and fuzzy expressibasare more natural for humans

than rigid mathematical rules and equations. tithgious that much knowledge in the

real world is fuzzy rather than precise [3].
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5. FUZZY SET THEORY

5.1 CRISPNESS, VAGUNESS, FUZZINESS, UNCERTAINTY

Most of the traditional tools for formal modelinggasoning and computing are crisp,
deterministic and precise in character. By crigp iheasured dichotomous, that is, yes-
or-no type rather than more-or-less type. In cotiveal dual logic, for instance, a
statement can be true or false and nothing in bEtwin set theory, an element can
either belong to a set or not, and in optimizatesplution is either feasible or not.

Real situations are often uncertain or vague inuanber of ways. This type of

uncertainty or vagueness, stochastic uncertaintpirrast to the vagueness concerning
the description of the semantic meaning of evemisenomena or statements
themselves, which can be called fuzziness. Fuzzioaa be found in many areas of
daily life such as in engineering, medicine, mettmgy, manufacturing, etc. It is

particularly frequent, however, in all areas in @thhuman judgment, evaluation and
decision are important. These are the areas ofideemaking, reasoning, learning and

SO on.

5.2 PRELIMINARIES

A fuzzy set is a class of objects with a continuningrades of membership. Such a set
is characterized by a membership function whichgassto each objects a grade of
membership ranking between zero and one [26]. Zadebduced fuzzy sets as an
extension of the classical notion of set [26]. lassical set theory, the membership of
elements in a set is assessed in binary terms dingoto a bivalent condition that
means an element either belongs or does not bdtrige set. However, fuzzy set
theory allows the gradual assessment of the meimpeod elements in a set; this is
shown with the membership function valued in thal mnit interval [0,1]. Fuzzy set
approaches are suitable to use when the modelihgro&n knowledge is necessary and

human evaluations are needed.
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While making a satisfactory decision if there exismprecise and multi-criteria
situations a decision-maker has to use fuzzy nuwiiteria decision making method.
Fuzzy MCDM presents fuzzy multi attributes and molbjective decision making
methodologies differentiated MCDM researchers. kuget theory found a large
application area in MCDM. Most popular fuzzy mudtiteria methods are fuzzy AHP,
fuzzy TOPSIS, fuzzy VIKOR, interactive fuzzy multbjective stochastic linear
programming, fuzzy multi-objective dynamic programgj grey fuzzy multi-objective

optimization, etc. [4].
If X is a collection of objects then a fuzzy deinh X is a set of ordered pairs:

A={(x, ua (9) X| € x}

The range of the membership function is a subsehefnonnegative real numbers
whose suprenum is finite. $fup,cxuz (x) = 1, then the fuzzy set is called normal.
The height of a fuzzy set is the largest memberghggle obtained by any element in
that set. A fuzzy set in the universe discourseis called normalized when the height
of A is equal to 1. A fuzzy number is a fuzzy subsah@muniverse of discourséthat

is both convex and normal [8].

up(x) 4

0 X
Figure 5.1 A Fuzzy number4

Some other definitions are presented as followk [68
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« WhenXis continuous rather than a countable or finitethe fuzzy sefl is denoted

as:
(X))
A= [~— wherexe X.

« WhenXis countable rather than a continuous or finitethe fuzzy sefl is denoted

as:
b))
A= ZT where xe X.

+ Thea-cut4, and strongr-cutA,, of the fuzzy sefl in the universe of discourse

is defined by:
Ag = {x;: h7(x;) = a,x; € X}, wherea € [0,1]
Agy = {xi Uyz(x;) > a, x; € X}, wherea € [0,1]

A fuzzy numberd is a fuzzy set whose membership functioni¢x) is called the
membership value of € X and it represent the degree of certainty thaelongs to
fuzzy set [43]. The type of representation of themmbership function depends on the
base set. If this set consists of many valuessaheé base set a continuum, then a
parametric representation is appropriate. Thesetifurs are adapted for the changing
of the parameters. Piecewise linear membershigitumgare preferred, because of their
simplicity and efficiency with respect to computléipi Mostly these are trapezoidal or
triangular functions, which are defined by four ahdee parameters. The triangular

fuzzy number is denoted a6 = (a, b, c) and its membership function is shown as,
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xX—a
x € [a, b]

)

b—a
#A(x) - c X x E [b, C]

b )
k 0, otherwise

Wherea andc stand for lower and upper bounds of the fuzzy remdb respectivelyb

for the modal value. A positive triangular fuzzynmioer can be defined ds, b, ¢),

shown inFig 5.2.

iz (x)

v

0 a b c X

Figure 5.2 Triangular Fuzzy Number 4

The trapezoidal fuzzy numbdr= (a, b, ¢, d) is denoted with the membership function

as follows:

f 0, x<aor x>d
X

) a<x<b
~(x)=4b—a
Ha 1, b<x<c
ld —x <y <d
kd—c' c<x<

A positive trapezoidal fuzzy number (PTRENRaN be defined &, b, ¢, d) shown inFig
5.3
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»

pa ()

Figure 5.3 Trapezoidal Fuzzy Numberd

For a trapezoidal fuzzy number biEc, then the number is called a triangular fuzzy

number.

Trapezoidal fuzzy number shows different pattenmdeun different conditions shown in
Table 5.1

Table 5.1: Trapezoidal Fuzzy Number under DifferentPatterns

Different patterns Trapezoidal fuzzy
Numbers
a=b<c=d interval (crisp interval)
a=b=c=d number (crisp number, scalar)
a<b<c or b<c<d fuzzy interval
a<b=c or b=c<d fuzzy number

Let X;= (a, by, ¢, d), X,= (&, by, &, &) are two fuzzy numbers then, some basic

arithmetic operators on fuzzy intervals are aofed:

e XitXo =(@ta b+t at+o d+d) (5.1)

° )?I' Y;:(&L'dz.bl'Cz,Cl'bz,dl'az) (5.2)
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o X.+X;= (Min( aa, a0y, dige, didy), min ( by, bicy by, ¢iCy)
max ( bz, biCy ciby, €1C), max (ad, aydy, dide, didh)) 3P

e X,/ X,-(min(a/a a/dhd/a, d/d), min(k/b,bl/c2c/ by, clc)
max (k/ by bl/c2ci/ by, ¢/ &), max (al e al/ dh di/ &, dh/ d)) (5.4)
[ax, d] (i.e., defined if the support &f, does not contain 0)

Special case: (a, b, c, d), b = c (triangular fuzagnber), in this case (since b c; b=

C2). X1 + X, reduces to;

© X;+X; =(min( &g, aud,, thae, thdy), bibz bib,, max (aa, adz, dhap, chdy))

Since b = c, the fuzzy number can be representedtaple (a,b,d). By this notation,
)F(: *FX; = (min( acp, aldzy tha, didy), bib,, max (aaz, ald2, dha, didy)). In this way all

operators (+, -, *, /) are reduced to triple.

Let X; = (a, by, c1, dh), X, = (&, by, &, th) are two trapezoidal fuzzy numbers. Then

the distance between them can be calculated by tisenvertex method as: [45]

AT, )= (21 — @) + (by = b)? + (6 — ) 4(d — A7) (5.5)

Also the crisp value of the fuzzy numb@&rbased on Center of Area method can be

expressed as:

_ [ x.u(x)dx

defuzz A) [ aodx

1 1
—aya3+azast; (as—az)’——(az—ay)?

= (5.6)
—aq{—0a +a3+a4
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6. DECISION MAKING TECHNIQUES

6.1 FUZZY VIKOR

The VIKOR method was developed for multi-criterf@imization for complex systems,
to find a compromise priority ranking of alternasvaccording to the selected criteria
[31]. A compromise solution for a problem with clicting criteria can help decision-

makers identify an acceptable answer [32].

The VIKOR method solves multiple criteria decisimaking (MCDM) problems with
conflicting or non-commensurable criteria. This hoet assumes that compromising is
acceptable for conflicting resolution. Although ¥ilKOR method is a popular method

applied in multi-criteria analysis, it has somelpems when solving MCDM problems.

According to Opricovic [5][29] the multi-criteria @asure for compromise ranking is
developed from the gmetric used as an aggregating function in a compE®
programming method. The various alternatives are denoted ag X,....%. For
alternativex;, the rating of the th aspect is denoted by denotedkpyi.e.x; is the value
of j th criterion function for the alternativg n is the number of criteria. Development
of the VIKOR method started with the following forwh L,-metric:

1
n p
Lyi= 4wy (% = x)/ (= 7 )P
j=1
1<p<o (6.1)

The number of alternatives and the number of daitre respectively denoted msand

n. The compromise-ranking algorithm has the follayviteps:
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1. Calculatex; and determine the maximum and the minimumx. values of all
criterion functions,j=1,2,..n x; is the value ofj" criterion function for the

alternativex;.

" =max[ () |j=1,2,.n]

x =min[ () |j=1,2,.n]

2. Compute the valueSandR;,i=1...m.

S=2wi(x %) /(% -%)
R =max[wi(x -%)/(x -%x)|j=12.n] (6.2)

where§ and R respectively presents the utility measure andetegreasure for the

alternativex. w; is the weights for the criteria.
3. Compute the valugg;, i=1...m.

Q=Vv(§-S)/(S-S)+(1¥) (R-R)/(R-R)
S=min[(S) | i =1,2,.m]
S =max[(S) | i=1,2,.m]
R =min[(R) | i=1,2,.m]

R=max[(R) | i=1,2,.m| (6.3)

4. Rank the alternatives b9 index. The smaller the valu@ whereQ represents the

VIKOR value is the better decision of the alternatis.

In fuzzy VIKOR method;

Step 1: In a problem the inputs are expressedatnixrform as;
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X21 X22 Xon
D= :

Xm1 Xm2 Xmn
W = [W1, Wy, .., Wy]

where x;; is the rating of alternative, jAwith respect toC; andw; represents the
importance weight of thej™ criterion holds, x;; = (x;j1, X2, Xij3, %;j4) and
w; = (wjy, wjz, wis,wj,) fori =1,2,..m, j = 1,2,...n, are linguistic variables can be

approximated by positive trapezoidal fuzzy numbers.

Step 2: Calculate the aggregated fuzzy ratiagg) of alternatives with respect to each
criterion;

Let the fuzzy rating and importance weight of tkB decision maker bex;; =
(xijl,xijz,xij3,xij4) and wj = (leiijJWj3JWj4) for i = 1,2,...m, J = 1,2,...n

respectively. Aggregated fuzzy ratings of alteneix;;) are;

Xij = (xijllxijZinjs;xiH) where,
Xij1 = ming ijuh Xije = % Yie=1Xijiczs Xijs = % Yk=1Xiji3s Xija = MAXy {Xijka}
(6.4)
The aggregated fuzzy weigtits;) of each criterion can be calculated as:

Wi = (le'WjZij3:Wj4), where
=mi —1lyx 1 g 3
Wij = ming (Wi W2 = ~ Lk=1Wijkz: Wij3 = © Lk=1Wijks Wija = MaXy {(Wijka}
(6.5)

Step 3: Defuzzification of the fuzzy decision matand fuzzy weight of each criterion

into crisp values as follows:

defuzz (A) :%
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1 1
—a,a, t+ aza, + 3 (ay —as )2 - ?(az —a )2

—a;—a; taz+ta,
(6.6)

Step 4: Determine the best and the worst;” vales of all criterion rating$= 1,2,...n

* __ .
.X'j = maxixij ,

X; = mingx;; (6.7)

Step 5: Calculate the valugsandR; by the relations

S=2 wi(x =)/ (X -%)

R =max[w(x - %)/ (x -%)]j=12.n] (6.8)

Step 6: Compute the valu€gs by the relations
Q=v(§-S)/(S-S)+ (%) (R-R)/(R-R) 6.9
Step 7: Rank the alternatives, sorting by the \&8jeRandQ in ascending order.

Step 8: Propose as a compromise solution the atteen(A™) which is the best ranked
by the measur® (minimum) if the following two conditions are sdiexl

C1. Acceptable advantage:

QAP -Q A" >DQ (6.10)

where A? is the alternative with second position in thekiag list by Q;DQ=1/(J -1)

C2. Acceptable stability in decision making:
The alternative & must also be best ranked 8pr/andR. This compromise solution is
stable within a decision making process, which ddod the strategy of maximum group
utility (whenv > 0.5 is needed), or “by consensus* 0.5, or “with veto” (v < 0.5).

Herev is the weight of decision making strategy of maximgroup utility.
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If one of the conditions is not satisfied, therea& compromise solutions is proposed,

which includes;

= Alternatives A and A? if only the condition C2 is not satisfied, or
= Alternatives AY, A®_.. AM if the condition C1 is not satisfied A is
determined by the relatic@ (A™) - Q (A®) < DQ for maximumM [8].

As many multi-criteria decision making tools, ThéK@R method has the following
characteristics,

1. The best alternative determined by the VIKOR metisaithe closeness to the ideal
solution.

2. The best alternative according to the VIKOR methas the maximum group
utility for decision makers and ensures the leagtet.

3. The VIKOR method considers two distance measuresneptandL.; , based on
the L, metric in the compromising programming method tovfe information
about the utility and regret.

4. The VIKOR method considers two weights in decismaking. One is that of the

criteria, the other that of the maximum group tyili
6.2 FUZZY TOPSIS

TOPSIS, the shortened name of the Technique foetOrdeference by Similarity to
Ideal Solution, is developed by Hwang and Yoon[3UPPSIS is used for ranking the
preference order of alternatives and determiniegagbtimal choice. TOPSIS is a useful
method for multi-attribute decision making and st simply deal with the chosen
alternative’s having of the shortest distance fribra positive ideal solution and the
farthest distance from the negative ideal solutidhe ideal solution is formed as a
composite of best performed values exhibited by aternative for each attribute. The
negative ideal solution is the composite of the st@erformance values. Proximity to
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each of these performance poles measured in théidéaic sense with options

weighting of each attribute.

Table 6.1: Some applications of TOPSIS

Application Number of  Number of Published Authors
Areas attributes  alternatives year

1  Manufacturing plant 5 attributes, 5 alternatives 1985 Yoon and
location analysis Hwang[9]

2 Robot selection 4 attributes 27 1999 Parkan and

alternatives Wu [10]

3  Company financial 4 attributes 7 alternatives 2000 Deng et al.
ratios comparison [11]

4  Facility location 5 attributes 4 alternatives 2002 Chu [12]
selection

5 Solid waste 12 attributes 11 2002 Cheng et al.
management alternatives [13]

6  High-speed 15 attributes 3 alternatives 2003 Janic [14]
transport system
selection

7  Expatriate host 6 attributes 10 2004 Chen and
country selection alternatives Tzeng [15]

8  Gear material 5 attributes 9 alternatives 2005 Milani et al.
selection [16]

9  Multiple response 2 attributes 18 2005 Yang and
selection alternatives Chou [17]

10 Rapid prototyping 6 attributes 6 alternatives 2005 Byun and Lee

process selection

[18]

There are so many articles related with TOPSIS atetRor example, Opricovic and

Tzeng conducted a comparative analysis VIKOR an&31S [5], Abo Sinna and Amer
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extended TOPSIS methods for solving multi-objectil@rge scale nonlinear
programming problems [6]. Jahashahloo develope@lgorithmic method to extend
TOPSIS for decision making problems with intervatad[7].

Fuzzy TOPSIS is an extension of conventional TOP&I&zy TOPSIS assigns the
importance of attributes and the performance ddriaditives with respect to various
attributes by using fuzzy numbers instead of peeciambers. TOPSIS needs some
steps for involving numerical measures of the nadaimportance of attributes and the
performance of each alternative on these attributeseal life conditions, that's why

exact data may be difficult to be precisely deteedi Thus, TOPSIS is extended

naturally to fuzzy environment.
TOPSIS includes the following steps:

1. Firstly, calculate the normalized decision matriXie normalized value;j is

calculated as;

= —2_i=1..mj=1.,n (6.11)

Some normalization methods for TOPSIS are aevidi

i.  Vector normalization

Xij . .
Tij =m—2,l =1,..mj=1,..,n

i=1%ij

ii.  Linear normalization (1)

_ X
rij =

v i=1,..m;j =1,..,mx; = max;{x;;} for benefit attributes

xl-j

Tij = 1-— x;, i=1.m;j=1,..,n; Xj = maxi{xij} for cost

attributes.
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lii.  Linear normalization (2)

Xij—Xj . .
Tij = o for benefit attributes
i
Xj=Xij :
1;; = ———, for cost attributes
Yo xj-xj

2. Calculate the weighted normalized decision maffbxe weighted normalized value
v is calculated as;

v =wjr, 1 =1...mj=1,.n, (6.12)

where,w; is the weighof ™ criterion andyi_; w; = 1.

3. Determine the ideal and negative-ideal solutions as

A" = {v],..,v}

= {(maxl-vl-j lj € i), (min ;v 1] € I)}

A™ = {v, .., }

= {(mini vij 1JE i), (max; v;; 1] € I)} 6.13)

Where, I is related with benefit criteria, arids related with cost criteria.

4. Calculate the separation measures, usingHtiienensional Euclidean distance. The
separation of each alternative from the ideal smhus given as;

D; = \/Z;‘zl(vij - vj*)z i=1,..,m.

Similarly, the separation from the negative idedliBon is given as;

_ N2 .
D = \/Z?zl(vij —v7) i=1,..,m (6.14)
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5. Calculate of the relative closeness to the idelaitism. The relative closeness of the

alternativea; with respect ta\ is defined as;

L i=1,..,m (6.15)

6. Rank the preference order according to decreasings ofC;" .

In the fuzzy TOPSIS procedure, the criteria weigind characteristic values of criteria
(xij3i=12,..,m, j=12,..n ) are inputs and placed in matrix form;j" be the
score which kth expert have allocated to ith al@ue with respect to jth attribute, as
shown in Step 1[35][27].

Step 1: Inputs are expressed in matrix form as;

~k ~k ~k
[*177 x12 o xq5]
~k ~k ~k
DNk — xz xzz e xzj |
~k ~k ~kJ
lxil X X

Wk = [wkws* .ow ]

Step 2: Aggregate the results of decision makdess.

Aggregated fuzzy ratings of alternatives;) are;
Xij = (xijllxijz;xij3;xij4) where,
— i 1 g 1wk ~
Xij1 = miny {xijkl}. Xij2 =% k=1 Xijk2» Xij3 = ¢ D=1 Xijk3, Xija = Maxy {xijk4}

(6.16)

For the importance weight of criteria the aggregatnatrix is:
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W = [wyw, ... w;] where,

i _ 1 vk _ 13k _
Wij1 = ming {Wijkl}s Wij2 = = Yk=1 Wijk2, Wijz = 7 k=1 Wijk3: Wija = MaXy {Wijk4}
K K

(6.17)
Step 3: The normalized decision matrix is conseuatsing; [35][18].
rij = al (6.18)
?=L1xi2j

Assume that the trapezoidal fuzzy numberjis= (a;,b;,cj,d;) and use linear scales
transform normalization function which preserves tproperty that ranges of
normalized TrENSs to be included in [0,1] intervBlhe normalized decision matrixis;

i T2 T1in
T T T
N= |2t T2 2n
"m1 Tm2 Tmn
Where,
( [QA;:: b . Cis d .
(5454 %. 22 ) is a benefit atribute
A B | J
a ai 4 4 e . +
riji=3\57F 0 —F if j is a cost attribute and d;"is not zero
dl]- Ci; bl-j a;;
i b, Ci: d::
(1 - d;‘]“ 1- d—li, 1- 0;—]+, 1- d—lf) if j is a cost attribute and d"is zero
\ 7 7 7 7
Where, d =max @), a7 =min (dy), i=1,2...,m (6.19)

Step 4: The weighted normalized decision matrix is,

Ui]' = Ti]' ® W] (620)
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Note thatx;;; is the performance rating of th8 alternative A, with respect to th¢"
criterion, Cj andw; represents the weight of thf@ criterion, C;. The normalized fuzzy

decision matrix denoted WByis shown;
R = [1ij]mxn

The weighted fuzzy normalized decision matrix ievsh;

V11 V12 U1in
Va1 V22 Uon
V == H
Um1 Um2 Umn
WiT11  WoTip .o WpTiy
WiT1  WalTaa .. WpThy
Witm1i W2Tm2 -« Wplmn

Step 5: Determine the fuzzy positive-ideal solut{&i#|S) and fuzzy negative ideal
solution (FNIS). According to the weighted normalized fuzzy decisimatrix, it is
known that the elementg are normalized positive fuzzy numbers and themges
belong to the closed interval [0, 1]. Then, it isfided the FPISA" and FNISA as

following formula:

A" = (v{,v3, ..., Vp) 46)
A™ = (v{,v3, .., V) (6.22)
Wherev; = (1, 1, 1, 1) and;” = (0, 0, 0, 0)j=1, 2,...n.

Step 6. Calculate the distance of each alternative fronSFiId FNIS

The distancesd{ andd;) of each alternativA’ from andA™ can be currently calculated

by the area compensation method.
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di = Z’;:ld(vl-j, v), i=12,...m; j=12,..,n 28)

L
di =Yi1dyv), i=12,..,m; j=12,..,n (6)2

Where,
Let X;= (a, by, &, &), X,= (&, by, &, &) are two trapezoidal fuzzy numbers. Then the

distance between them can be calculated by usegdtiex method as [45];

(T3, 5) = [H (@1 = 002 + (by = b,)? + (1 — €)4(d = d,)7]

Step 7: Obtain the closeness coefficient and raekorder of alternatives. THeG is
defined to determine the ranking order of all al&tives once thé; andd; of each
alternative have been calculated. Calculate siitidarto ideal solution. This step solves

the similarities to an ideal solution. Thed§; calculated using the equation below:

CC;=—— i=1,.m (6.25)

According to the , the ranking order of all alteéimas can be determined and the best

one from among asset of feasible alternatives.

6.3 COMPARING VIKOR AND TOPSIS

The decision-makers may reach a final decision Wiéhhelp of a compromise solution
for a problem with conflicting criteria. The compnese solution is a feasible solution
which is closest to the ideal solution. The VIKORthod introduces the multi-criteria
ranking index based on the particular measure aderiess to the ideal solution [32].
The TOPSIS method determines a solution with thetskt distance from the ideal

solution and the farthest distance from the negateal solution [30].
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Multi-criteria decision making methods VIKOR and PSIS involves other differences.
The VIKOR method is based on aggregating functigrmetric as follows:

=

Ly = {Z[Wj (% — x5)/Cx— x7 )P
=

L=

1< p< . The measuré represents the distance of alternaty® the ideal solution

[66]. However, TOPSIS method introduces an aggnegétinction for ranking as:

Ci* == *l_, l=1,m
d;+d;

The VIKOR method and the TOPSIS method use difteremmalization techniques.

The VIKOR method uses a normalized value as:

di () =04 -%) /(X -%).

On the other hand, the normalized valpée the TOPSIS method is calculated as:

Linear normalization was subsequently introduced the TOPSIS method by Lai and
Hwang [67];

(X)) =% /(X -%),j€ I (benefits),
and
i () =% /(X - >q*),j € I” (costs).

Lastly, the differences between VIKOR and TOPSEKsarmmarized in Table 6.2.
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Table 6.2: Comparison of VIKOR and TOPSIS

VIKOR TOPSIS
Aggregating function Q function ofL; andL., C; function ofL,
Normalization Linear normalization Vector normalization

Solution

Closeness to the ideaBhortest distance from the
solution ideal solution and farthest
distance from the negative

ideal solution

35



7. PROBLEM DEFINITION

For the case study, supplier selection procesa foivate hospital is analyzed. Supplier
selection process is a very important issue fopials since they procure many types
of equipment from the outsourcing firms. The menieats, the medical equipments,
high technology medical machines, foods and chdnttzaning products are all

supplied from different suppliers. The hospitalsénéo be careful while choosing their
suppliers. The products that have low quality ntagat the people’s life. For example,
medical equipments that are exported from Chinavary cheap but they are not
reliable, the hospitals should prefer European oreAcan medical equipments. The

purchasing department plays a big role for selgdtie suitable supplier.

In Turkey, the hospitals have to use National DBtk to buy the certificated
equipments supplied from the officially allowed plier. National Data Bank was
developed in 2006, and the purpose of the data isaokput a standard in health sector.
In the beginning, into the National Data Bank dats the suppliers enter the codes of
the products that they sell, their own addresses,tkhe names of the retailers that sell
the same product. The purchasing manager of athbspiter an appropriate code of a
product and list the name of the all suppliers tbalt this product, in addition, a
purchasing manager have chance to check out trstitsities of the products and decide
between each product. So, from the National DatakBthe supplier alternatives and
substitute products can be listed and a decisibnda® the each supplier can be made

by the hospital management.

Hospital purchasing decisions are very complex, tilfaoeted and involve many

different decision maker’s priorities or objectivédost of the hospital management,
when faced with such problems, will attempt to useitive and heuristic approaches to
simplify the complexity until the problems seemsrenmanageable. In such situation,
important information may be lost, opposing pomityiew may be discarded and some
elements may be ignored. In this case multi catstpplier selection methods step in
and help the hospital management to choose the efilesitive supplier according to

hospital management’s criterion. For applying a MCprocess in a supplier selection
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problem, firstly decision-makers are identifieditenion are selected, alternatives are
defined, criterion are weighted, performance o€raldtives against the criterion are
assessed, if required, the criteria performanceieglto commensurable units are

transformed, and lastly final decision is made.

The hospital supplier selection problem is a mediieria decision making problem that
deals with subjectiveness and vagueness. In sughtisn, the multi-criteria fuzzy
decision making model is a useful technique. Fummynbers are very useful to
represent evaluating values of criteria to deahwiuizzy multi-criteria decision making
problems. For the supplier selection problem of ltespital, the fuzzy multi criteria
decision making techniques fuzzy VIKOR and fuzzyP<IS are proposed and these

techniques are involved to the problem.

VIKOR is a helpful multi-criteria decision makingahnique where the group of
decision-makers have difficulties at the beginnoighe system design. The obtained
compromise solution could be accepted by the graugecision-makers because it
provides a maximum “group utility” of the “majoritand a minimum of the individual

regret of the “opponent” [5].

TOPSIS is a useful technique in dealing with matiieria decision making problems in
real world. It helps decision-makers organize thebjems to be solved, and carry out
analysis, comparisons and ranking alternativeshigicase, TOPSIS is extended into a
group decision environment for fitting the real Vdor

7.1 MODEL DESCRIPTION

After many interviews with the hospital managemeamd many investigations about the
supplier selection problem, the model of the proble structured. Firstly the opinions
of the hospital management about the supplier sefecporoblem are received.
According to these opinions the frameworks of tleeision matrices are formed. For
ratings of decision matrices appropriate linguist@riables are defined and these

linguistic terms are converted to positive trapdabfuzzy numbers.
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Supplier selection problem is not only related wpilrchasing department, the other
people who use or responsible from the suppliedymbin the hospital should have a
decision for choosing the right supplier. Therefdremogeneneous group of decision-
makers are defined. The alternatives and the ierigee determined and the decision-
maker group rates the decision matrix by answaeuitlg linguistic variables. Hence, the
aggregated fuzzy weights of individual attributee aonstructed and the aggregate
fuzzy ratings are calculated. Congruently with wesght of individual attribute, fuzzy
ratings of alternatives with respect to individobjective are computed and fuzzy rating
matrix is constructed. With regarding the typehad attribute, (if it is a cost attribute or
benefit attribute) total fuzzy scores of individuddernatives computed. Lastly, for the
selection state, the fuzzy decision matrix and yuzeights of attributes are defuzzified
and crisp values are determined. For ranking pbasee problem, fuzzy VIKOR and

fuzzy TOPSIS methods are proposed and the bestaitees are found.
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RATING STATE

Collection of decision opinons and
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Computing the aggregate fuzzy ratings

Computing fuzzy ratings of alternatives

with respect to individual objective

The type of
attributes
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Constructing a fuzzy rating matrix.

Computing total fuzzy scores of individua

alternatives.

v

SELECTION STATE

Defuzzification Phase

Ranking Phase

Figure 7.1: The conceptual model of the proposed gpoach
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7.1.1 Supplier's Selection Criteria

The criteria must be defined according to the ca®o strategies, company’s
competitive situation, and the level of buyer sigipintegration. In 1966, Dickson
made a survey with buyers to identify the facttwsytconsidered in awarding business
to competing suppliers [43]. Although some suppsietection criteria were found to
vary in different situations, three common criteeilmerged as important regardless of
the situation. These are quality, on time delivang supplier performance history. In
1982, Lehmann and O’Shaughnessy made an anothdy siud found that, in a
fundamental sense, the key factors generally thoughaffect supplier selection

decisions were price, quality, delivery and seryitg.

In the presents study similar to the two studieg #re mentioned, the basic decision
criteria in purchasing situations are chosen. Thaseon time delivery, quality, and
price. The other criteria are chosen according e bhecessities of the hospital

management. These criteria are paying conditicogumt life and certificates.

1. On Time Delivery
Hospitals race with time to save the people’s IB¢ocking so many equipments is
costly and need extra area. In addition to thesejesof the equipments have to
consume before the last consumption date. Forréaeston, the suppliers have to reach

the products that are sold on time. (On time dejivethe ' criteria. (C1))

2. Product Quality
In hospitals main important subject is life so gvkospital has to take care about the
quality of the products that they use. The productsst not be damaged or broken. If
we talk about the medicine, the medicine must retspoilt. The hospitals have to
supply their necessities from the suppliers thay tiust their quality. (Product quality
is the 29 criteria. (C2))
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3. Price
Lower price is directly related with cost savingdaprofitability. The suppliers have to
determine the price discounts. For competing with other private hospitals, the

hospitals prefer low cost and high technology.d®is the % criteria. (C3))

4. Paying Condition
Today in every sector paying conditions are varioimstead of paying cash the
customer may choose paying on credit. The suitedgldit conditions help the financial

situation of the customer. (Paying Condition is 4fecriteria. (C4))

5. Product Life
The equipments have life span and the equipmeatdast long times are preferable by
the customers. The time of usability turns as amemic benefit to the customer. If it is
talked about the medicines, the fresher medicirgragerable and the products that are
bought have not to be waited long time at the srelyProduct life is the"5criteria.
(C5))

6. Certificates
For the wanted service performance, the experiege@m important tool, the supplier
have to meet this expectation. The candidate sengplmight have national and

international certificates for better interpreti@ertificate is the ® criteria. (C6))
7.1.2 Decision-Makers and List of Suppliers

1. Decision-Makers
Purchasing department in a hospital managemengsigonsible from the supplying
process but in reality, they don’'t use or test ftreducts. Therefore only one
department’s decision is not enough to choose plienpThat’s why in this case, there
is not only a single decision-maker, decision mgkis done by group of decision-
makers and number of decision-makers are arrangedidn as four people that decide
the purchasing item. After interview, a group otiden-makers is settled on, in daily
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life these decision-makers use the product, cheelptoducts and have chance to be the
witness of the patient’s satisfaction. These decisnakers are:

D1: Doctor,
D2: Head Nurse,
D3: Head Doctor,

D4: Purchasing Department

2. List Of Suppliers
Suppliers are listed from the National Medicine aviddical Equipment Data Bank
[19]. All the name of the suppliers that supplieé product appears on the list and the
names of the suppliers are found from that listerig\supplier on that list has official

authorization from the Ministry of Health. Thesepliers are;

S1: Bigakgllar,
S2: Telefex,
S3: Ad Tech,
S4: Calmed,
S5: Busse,
S6: Inhealth,
S7: Serres.

7.1.3 Appropriate Linguistic Variables

The appropriate linguistic variables are definedft@zy importance weight of criteria
and the fuzzy rating for alternative for each cram. In this case the linguistic variables
are expressed with positive trapezoidal fuzzy nusib&he decision makers use
linguistic variables for the importance weight ofiterion and ratings of each
alternative. For example, “Medium Low” for the inrpeEnce weight of criteria can be

expressed as (0.2, 0.3, 0.4, 0.5), the membershgiibn of “Medium Low” is:
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F 0 x < 0.2,

x—0.2 02 < x <03
03-02 —C=F=E
Umedium Low (X) = 3 1, 03<x<04
x—0.5 04<x <05
04-05" XU
\ 0, x > 0.5.

Very Low (VL) Medium Low (ML) Mediumdigh (MH) Very High (VH)
A . .
u (X) Low (L) Medium (M) High (H)

»
»

0 0.1 0.2 0.3 0.405 06 0.7 08 09 1 x

Figure 7.2 Linguistic variables for importance weidpt of criteria.

“Good” for ratings of alternatives can be expressed (0.7, 0.8, 0.8, 0.9), the
membership function of “Good” is:

(x—07 07 < x < 0.8
l08—07 T¥=TO
HGood (x) = 09 —x
——, 0.8<x<0.9,
09-108 x
0, otherwise.

Very Poor (VP) Medium Poor (MP) Mediunodal (MG) Very Good (VG)
n(x)4 Poor (P) Fair (F) Good (G)

v

0 0.1 0.2 0.3 0.0.5 0.6 0.7 08 09 1 «x

Figure 7.3 Linguistic variables for ratings
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7.1.4 Fuzzy Decision Matrices

Four decision makers use the linguistic variablesva and determine the importance
weight of criteria matrix and ratings of the sewappliers’ matrix under the various
criteria. For example, in Table 7.1, decision maklector” is shown with “D1” and the
criteria “on time delivery” is shown with “C1”, aoading to the doctor’s decision on
time delivery is very highly important because plaients may not have chance to wait

for a medical equipment.

Table 7.1: Importance weight of criteria from decison-makers.

Criteria Decision Makers

D1 D2 D3 D4
C1 VH VH H H
C2 H H H H
C3 M M H VH
C4 M M M VH
C5 H H H H
C6 H H H VH

As it was mentioned before every linguistic vareald represented by fuzzy numbers.
For example, in Table 7.2, doctor's decision aboattime delivery is very highly
important. Very high linguistic variable is reprased by fuzzy number (0.8, 0.9, 1, 1)

Table 7.2: Importance fuzzy weight of criteria fromdecision-makers.

Criteria Decision Makers
D1 D2 D3 D4

C1 (0.8,0.9,1,1) (0.8,0.9,1,1) (0.7,0.8,0.8,0.9) (0.7,0.8,0.8,0.9)
C2 (0.7,0.8,0.8,0.9) (0.7,0.8,0.8,0.9) (0.7,0.8,0.9) (0.7,0.8,0.8,0.9)
C3 (0.4,0.5,0.5,0.6) (0.4,05,05,0.6) (0.7,08,0.9 (0.8,0.9,1,1)

C4 (0.4,0.5,0.5,0.6) (0.4,0.5,0.5,0.6) (0.4,05,0.6) (0.8,0.9,1,1)

C5 (0.7,0.8,0.8,0.9) (0.7,0.8,0.8,0.9) (0.7,0.8,0.9) (0.7,0.8,0.8,0.9)
C6 (0.7,0.8,0.8,0.9) (0.7,0.8,0.8,0.9) (0.7,0.8,0.9) (0.8,0.9,1,1)
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After determining the importance weight of criteeaery decision-maker rates the
seven suppliers under different criteria. Everyislen-maker knows the qualifications
of each supplier. Thus, the decision-makers ratestippliers with regard to their past
experience. Firstly, they rate each supplier witiguistic variables as it is shown in
Table 7.3, then every linguistic variable that green by four decision-makers are
transformed into fuzzy numbers and fuzzy ratings strown in Table 7.4, Table 7.5,
Table 7.6 and Table 7.7.

Table 7.3: Ratings of the seven suppliers by fouretision-makers under various

criteria.

Decision Maker Suppliers  Criteria
ClL C2 C3 C4 CC5 C6

D1 S1 MG G G MG G VG
S2 G MG VG VG MG MG
S3 G G MG MG G G
S4 F MG G G MG MG
S5 VG G F F VG VG
S6 G MG G G G MG
S7 MG MG G G MG MG
D2 S1 MG G G G G G
S2 MG F G G MG MG
S3 G VG G G G G
S4 MG MG MG MG MG MG
S5 G G MG MG G G
S6 G MG G G MG MG
S7 MG MG MG MG MG MG
D3 S1 G G G G G VG
S2 MG MG G MG MG MG
S3 G G G G G G
S4 MG MG G MG MG MG
S5 G G MG G G VG
S6 G G G G G MG
S7 MG MG MG MG MG MG
D4 S1 G G MG G G VG
S2 G MG G MG MG MG
S3 G G MG G G G
S4 F MG MG F F MG
S5 VG G MG VG VG VG
S6 MG MG MG MG MG

G
S7 MG G MG MG MG MG
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Table 7.4: Fuzzy ratings of the seven suppliers bthe first decision-maker (D1)

under various criteria.

Supp. Criteria
C1 C2 C3 C4 C5 C6

S1 (0.5,0.6,0.7,0.8) (0.7,0.8, 0.8,0.9) (0.8,00.8,09) (0.50.6,0.7,08) (07,08 08) (0.80.9,1,1)
S2 (0.7,08, 0.8,0.9) (0.5 0.6,0.7,0.8) (0.8,0,1) (0.8,0.9,1,1) (0.5,0.6,0.7,0.8) (@5, 0.7, 0.8)
S3 (0.7,0.8, 0.8,0.9) (0.7,0.8, 0.8,09) (0.5,0.7,0.8) (0.5,0.6,0.7,0.8) (0.7,0.8, 0.8) (0.7,0.8, 0.8,0.9)
sS4 (0.4,05,05,0.6) (0.5 06,0.7,08) (0.7,008,0.9) (0.7,0.8, 0.8,0.9) (0.5 0.6,08) (0.5 06,0.7,0.8)
S5 (0.8,0.9,1,1) (0.7,0.8, 0.8,0.9) (0.4,05,0.6) (0.4,05,05,06) (0.8009,1,1) (09, 1,1)
S6 (0.7,08, 0.8,09) (0.5 0.6,0.7,0.8) (0.8,00.8,09) (0.7,08, 0.8,09) (0.7,0.8,,0.8) (0.5 0.6,0.7,0.8)
S7 (0.5,0.6,0.7,0.8) (0.5,06,0.7,0.8) (0.7,008,0.9) (0.7,0.8, 0.8,0.9) (0.506,08) (0.5 0.6,0.7,0.8)

Table 7.5: Fuzzy ratings of the seven suppliers iye second decision-maker (D2)

under various criteria.

Supp. Criteria
C1 C2 C3 C4 C5 C6

S1 (0.5,0.6,0.7,0.8) (0.7,08, 0.8,0.9) (0.8,00.8,09) (0.7,0.8, 0.8,09) (0.7,0.8, 0.8,0.9) (0.7,0.8, 0.8,0.9)
S2 (0.5,0.6,0.7,0.8) (0.4,05,0.5,06) (0.7,0088,0.9) (0.7,0.8, 0.8,0.9) (0.5 0.6,07,0.8) (0.5 0.6,60.7,0.8)
S3 (0.7,0.8, 0.8,0.9) (0.8,09,1,1) (0.7 ,0088,0.9) (0.7,0.8, 0.8,0.9) (0.7,0.8, 0.8,0.9) (0.7,0.8, 0.8,0.9)
sS4 (0.5,0.6,0.7,0.8) (0.5,0.6,0.7,08) (0.5,08,0.8) (0.5 0.6,0.7,0.8) (0.5 0.6 0.8)0. (0.5, 0.6, 0.7, 0.8)

S5 (0.7,0.8, 0.8,0.9) (0.7,0.8, 0.8,09) (0.5,0.7,0.8) (0.5,0.6,0.7,0.8) (0.7,0.8, 0.8) (0.7,0.8, 0.8,0.9)
S6 (0.7,08, 0.8,09) (0.5 0.6,0.7,0.8) (0.8,00.8,09) (0.7,0.8, 0.8,0.9) (0.50.6 038) (0.5,0.6,0.7,0.8)

S7 (0.5,0.6,0.7,0.8) (0.5,06,0.7,0.8) (0.5,0.4,0.8) (0.50.6,0.7,0.8) (0.5, 0.6,0.8)0. (0.5, 0.6,0.7,0.8)

Table 7.6: Fuzzy ratings of the seven suppliers bihe third decision-maker (D3)

under various criteria.

Supp. Criteria

C1 C2 C3 C4 C5 C6
S1 (0.7,0.8, 0.8,0.9) (0.7,0.8, 0.8,09) (0.B,00.8,0.9) (0.7,0.8, 0.8,09) (0.7,08, 0.8,09) (0.8,a,1)
S2 (0.5,0.6,0.7,0.8) (0.5,0.6,0.7,0.8) (0.7,0088,0.9) (0.5 06,0.7,0.8) (0.50.6,0.7,0.8) (0.5,08,0.8)
S3 (0.7,0.8, 0.8,0.9) (0.7,0.8, 0.8,0.9) (0.B,00.8,0.9) (0.7,0.8, 0.8,0.9) (0.7,0.8, 0.8,0.9Y0.7,0.8, 0.8, 0.9)
sS4 (0.5,0.6,0.7,0.8) (0.5,0.6,0.7,0.8) (0.7,0088,0.9) (0.5, 06,0.7,0.8) (0.5, 0.6, 0.7,0.8) (0.5, 0.6, 0.7, 0.8)
S5 (0.7,0.8, 0.8,0.9) (0.7,0.8, 0.8,09) (0.5,0.6,0.7,0.8) (0.8,00.8,0.9) (0.5,0.6,0.7,0.8) (0.8,009,1,1)
S6 (0.7,08, 0.8,0.9) (0.7,08, 0.8,09) (0.7,0.8, 0.8,0.9) (0.8,00.8 09) (0.7,0.8, 0.8,0.9) (0.5 0.6,0.7,0.8)
S7 (0.5,0.6,0.7,0.8) (0.5,06,0.7,0.8) (0.5,0.4,0.8) (0.50.6,0.7,0.8) (0.5, 0.6,0.8)0. (0.5, 0.6,0.7,0.8)
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Table 7.7: Fuzzy ratings of the seven suppliers he fourth decision-maker (D4)

under various criteria.

Supp. Criteria

C1 C2 C3 C4 C5 C6
S1 (0.7,0.8, 0.8,0.9) (0.7,0.8, 0.8,09) (0.5,0.7,0.8) (0.5,06, 0.7,08) (0.7,0.8, 0.8,0.9) (0.8,a,1)
S2 (0.7,0.8, 0.8,0.9) (0.5,0.6,0.7,0.8) (0.8,00.8,0.9) (0.7,0.8,0.8,0.9) (0.5 0.6,0.7,0.8) (0.5,08,0.8)
S3 (0.7,0.8, 0.8,0.9) (0.7,0.8, 0.8,0.9) (0.5,0.7,0.8) (05,06, 0.7,0.8) (0.7,0.8, 0.8,0.9) (0.8,00.8,0.9)
sS4 (0.5,0.6,0.7,0.8) (0.5,0.6,0.7,08) (0.5,06,08) (0.5 06,0.7,0.8) (0.4,0.5,0.5, 0.6)(0.5, 0.6, 0.7, 0.8)
S5 (0.7,0.8, 0.8,0.9) (0.7,0.8, 0.8,09) (0.50.6,0.7,0.8) (0.5,0.7,0.8) (0.8,0.9,1,1) (0.8,0.9,1,1)
S6 (0.7,0.8, 0.8,0.9) (0.5,0.6, 0.7,0.8) (0.7,0.8, 0.8,0.9) (0.6,0.7,0.8) (0.5 0.6, 0.7,0.8) (0.5, 0.6,0.7,0.8)
S7 (0.5,0.6,0.7,0.8) (0.7,0.8,0.8,0.9) (0.7,0.8,09) (0.5,0.6,0.7,0.8) (0.5, 0.6,0.8)0. (0.5, 0.6,0.7,0.8)

7.2 PROPOSED METHOD

The fuzzy VIKOR and fuzzy TOPSIS methods are predo® solve this supplier

selection problem.

In reality; supplier selection in supply chain ystis a group multiple criteria decision
making (GMCDM) problem, which may be described bgams of the following sets:

a set oK decision makers calldg={D,, D,,...,D«};

2. aset oimpossible suppliers called={ S, S,...,S};

a set ofn criteria, C={ C;, C,,...,G}; with which supplier performance are
measured,;

a set of performance ratings & (i= 1,2,..,m) with respect to criteria
Ci(j=1,2,...n), calledX={x;, i=1,2,....m, F1,2,...n}

7.2.1 VIKOR under Fuzzy Environment

Step 1: Calculate the aggregate fuzzy weight @éiga and aggregate fuzzy ratings of

alternatives with the help of the equatiéd, 6.5. The aggregating process represents

the distance from the ideal solution:
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Table 7.8: Aggregated fuzzy weight of criteria andaggregated fuzzy rating of

alternatives
Criteria
C1 C2 C3 C4 C5 C6

F (0.7, 0.85, 0.9, (0.7, 0.8, 0.8, (0.4, 0.68, 0.7, (0.4,0.6,0.63,1) (0.7, 0.8, 0.8, (0.7, 0.83, 0.85,

Weight 1) 0.9) 1) 0.9) 1)

Sl (0.5, 0.7, 0.75, (0.7, 0.8, 0.8, (0.5, 0.75, 0.78, (0.5, 0.7, 0.75, (0.7, 0.8, 0.8, (0.7, 0.88, 0.95,
0.9) 0.9) 0.9) 0.9) 0.9) 1)

82 (0.5, 0.7, 0.75, (0.4, 0.58, 0.65, (0.7, 0.83, 0.85, (0.7,0.83,0.85,1) (0.5, 0.6, 0.7,(0.5, 0.6, 0.7,
0.9) 0.8) 1) 0.8) 0.8)

83 (0.7, 0.8, 0.8, (0.7, 0.83, 0.85, (0.5, 0.7, 0.75, (0.5, 0.7, 0.75, (0.7, 0.8, 0.8, (0.7, 0.8, 0.8,
0.9) 1) 0.9) 0.9) 0.9) 0.9)

S4 (0.4, 0.55, 0.58, (0.5, 0.6, 0.7, (0.5, 0.7, 0.75, (0.5, 0.7, 0.75, (0.4, 0.58, 0.65, (0.5, 0.6, 0.7,
0.8) 0.8) 0.9) 0.9) 0.8) 0.8)

85 (0.7, 0.83, 0.9, (0.7, 0.8, 0.8, (0.4, 0.58, 0.65, (0.4, 0.58, 0.65, (0.7, 0.85, 0.9, (0.7, 0.88, 0.95,
1) 0.9) 0.8) 0.8) 1) 1)

86 (0.7, 0.8, 0.8, (0.5, 0.65, 0.73, (0.7, 0.8, 0.8, (0.7, 0.75, 0.78, (0.5, 0.7, 0.75, (0.5, 0.6, 0.7,
0.9) 0.9) 0.9) 0.9) 0.8) 0.8)

S? (0.5, 0.6, 0.7, (0.5, 0.65, 0.73, (0.5, 0.75, 0.78, (0.5, 0.65, 0.73, (0.5, 0.6, 0.7, (0.5, 0.6, 0.7,
0.8) 0.9) 0.9) 0.9) 0.8) 0.8)

Step 2: Calculate the crisp value of decision madnd weight of criterion with the

equation 5.6.

Table 7.9: Crisp values for decision matrix and wehts of each criterion

Criteria

C1l C2 C3 C4 C5 C6
Weight 0.86 0.80 0.70 0.67 0.80 0.85
S1 0.71 0.80 0.72 0.71 0.80 0.88
S2 0.71 0.61 0.85 0.85 0.65 0.65
S3 0.80 0.85 0.71 0.71 0.80 0.80
S4 0.59 0.65 0.71 0.71 0.61 0.65
S5 0.86 0.80 0.61 0.61 0.86 0.88
S6 0.80 0.70 0.80 0.79 0.68 0.65
S7 0.65 0.70 0.72 0.70 0.65 0.65

Step 3: Determine the maximuxy and the minimunx values of criterion functions,

j=1,...n. Thus, the best and the worst values of all coteratings are:

Table 7.10: The best and the worst values of all iteria ratings

X, =0.86

X1 =0.59

X, =0.85

X2 =0.61

X3 = 0.85

X3=0.61

X, =0.85

X4=0.61

Xs =0.86 xg =0.88

xs=0.61 xs=0.65

48



Step 4: Compute the values of S, R, and Q withetlpgation: 6.8, 6.9, wherg, &
represent the utility measure and regret measgpecotively for the alternative andv
is the weight for the strategy of maximum grougditytiand 1-v is the weight of the

individual regret.

Table 7.11: The values of S, R and Q for seven supgrs

Suppliers

S1 S2 S3 S4 S5 S6 S7
1.62 2.83 1.49 4.00 1.59 2.45 3.50
0.48 0.85 0.41 0.87 0.71 0.85 0.85
0.90 0.22 1.00 0.00 0.67 0.33 0.12

v=0.5

QT W

Step 5= Rank the suppliers by S, R and Q decreasdey. The less the valuesi®the
better decision of the alternative is. Since itvyilles a maximum group utility of the
majority and minimum individual regret of the oppeom, the compromise solution is

acceptable by decision-makers.

Table 7.12: The ranking of the suppliers by S, R ahQ decreasing order.

RankingSuppliers

1 2 3 4 5 6 7
S S3 S5 S1 S6 S2 S7 S4
R S3 S1 S5 S2 S6 S7 S4
Q S4 S7 S2 S6 S5 S1 S3

According to the equation 5.10:&Qs4 is not greater or equal @Q=1/(1-J)where J is
the number of alternativesDQ=1/(J-1)) Thus the conditions C1 and C2 are not
satisfiedQ (AM) - Q (AY) < DQ for maximumM is satisfied by $.50S; is the best

choice.
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7.2.2 TOPSIS under Fuzzy Environment

Step 1: Calculate the aggregate fuzzy weight @éiga and aggregate fuzzy ratings of

alternatives with the help of the equation 6.1&76.

Table 7.13: Aggregated fuzzy weight of criteria andaggregated fuzzy rating of

alternatives
Criteria
C1 C2 C3 C4 C5 C6

i (0.7, 0.85, 0.9, (0.7, 0.8, 0.8, (0.4, 0.68, 0.7, (0.4,0.6,0.63,1) (0.7, 0.8, 0.8 (0.7, 0.83, 0.85,

Weight 1) 0.9) 1) 0.9) 1)

Sl (0.5, 0.7, 0.75, (0.7, 0.8, 0.8, (0.5, 0.75, 0.78, (0.5, 0.7, 0.75, (0.7, 0.8, 0.8, (0.7, 0.88, 0.95,
0.9) 0.9) 0.9) 0.9) 0.9) 1)

82 (0.5, 0.7, 0.75, (0.4, 0.58, 0.65, (0.7, 0.83, 0.85, (0.7,0.83,0.85,1) (0.5, 0.6, 0.7,(0.5, 0.6, 0.7,
0.9) 0.8) 1) 0.8) 0.8)

83 (0.7, 0.8, 0.8, (0.7, 0.83, 0.85, (0.5, 0.7, 0.75, (0.5, 0.7, 0.75, (0.7, 0.8, 0.8, (0.7, 0.8, 0.8,
0.9) 1) 0.9) 0.9) 0.9) 0.9)

S4 (0.4, 0.55, 0.58, (0.5, 0.6, 0.7, (0.5, 0.7, 0.75, (0.5, 0.7, 0.75, (0.4, 0.58, 0.65, (0.5, 0.6, 0.7,
0.8) 0.8) 0.9) 0.9) 0.8) 0.8)

85 (0.7, 0.83, 0.9, (0.7, 0.8, 0.8, (0.4, 0.58, 0.65, (0.4, 0.58, 0.65, (0.7, 0.85, 0.9, (0.7, 0.88, 0.95,
1) 0.9) 0.8) 0.8) 1) 1)

86 (0.7, 0.8, 0.8, (0.5, 0.65, 0.73, (0.7, 0.8, 0.8, (0.7, 0.75, 0.78, (0.5, 0.7, 0.75, (0.5, 0.6, 0.7,
0.9) 0.9) 0.9) 0.9) 0.8) 0.8)

87 (0.5, 0.6, 0.7, (0.5, 0.65, 0.73, (0.5, 0.75, 0.78, (0.5, 0.65, 0.73, (0.5, 0.6, 0.7, (0.5, 0.6, 0.7,
0.8) 0.9) 0.9) 0.9) 0.8) 0.8)

Normalization eliminates anomalies with differenéasurement units and scales of the

raw data in several MCDM problems.
Step 2: Normalize the aggregated fuzzy ratings raloeg to the equation 6.19 Note:
C1, C2, C4, C5 and C6 are benefit attribute, C8 é®st attribute)d = 1,d7 =1,df

=1,d? =1,d{. 1 anda; = 0.8, whered;” = max () , a; = min (dy))

Table 7.14: Normalized fuzzy rating of alternative

Criteria
C1 C2 C3 C4 C5 C6
i (0.7, 0.85, 0.9, (0.7, 0.8, 0.8, (0.4,0.68 0.7, (0.4,0.6,063,1) (0.7, 0.8, 0.8, (0.7, 0.83, 0.85,

Weight 1) 0.9) 1) 0.9) 1)

Sl (0.5, 0.7, 0.75, (0.7, 0.8, 0.8, (0.44,0.51, (0.5, 0.7, 0.75, (0.7, 0.8, 0.8, (0.7, 0.88, 0.95,
0.9) 0.9) 0.53, 0.8) 0.9) 0.9) 1)

82 (0.5, 0.7, 0.75, (0.4, 0.58, 0.65, (0.4,0.47,0.48, (0.7,0.83,0.85,1) (0.5, 0.6, 0.7,(0.5, 0.6, 0.7,
0.9) 0.8) 0.57) 0.8) 0.8)

83 (0.7, 0.8, 0.8, (0.7, 0.83, 0.85, (0.44,0.53, (0.5, 0.7, 0.75, (0.7, 0.8, 0.8, (0.7, 0.8, 0.8,
0.9) 1) 0.57, 0.8) 0.9) 0.9) 0.9)

S4 (0.4, 0.55, 0.58, (0.5, 0.6, 0.7, (0.44,0.53, (0.5, 0.7, 0.75, (0.4, 0.58, 0.65, (0.5, 0.6, 0.7,
0.8) 0.8) 0.57, 0.8) 0.9) 0.8) 0.8)

85 (0.7, 0.83, 0.9, (0.7, 0.8, 0.8, (0.5,0.62,0.69, (0.4, 0.58, 0.65, (0.7, 0.85, 0.9, (0.7, 0.88, 0.95,
1) 0.9) 1) 0.8) 1) 1)
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S6 (0.7, 0.8, 0.8, (0.5, 0.65, 0.73, (0.44,0.5,0.5, (0.7, 0.75, 0.78, (0.5, 0.7, 0.75, (0.5, 0.6, 0.7,

0.9) 0.9) 0.57) 0.9) 0.8) 0.8)
S7 (05, 0.6, 0.7, (0.5, 0.65, 0.73, (0.44, 0.51, (0.5, 0.65, 0.73, (0.5, 0.6, 0.7, (0.5, 0.6, 0.7,
0.8) 0.9) 0.53, 0.8) 0.9) 0.8) 0.8)

Considering the different weight of each criteridine weighted normalized decision
matrix can be computed by multiplying the imporamweights of evaluation criteria
and the values in the normalized fuzzy decisiorrimat

Step 3: Construct the fuzzy weighted matrix acaggdo equation 6.20:

Table 7.15: Fuzzy weighted matrix

Criteria
C1 C2 C3 C4 C5 C6

Sl (0.35, 0.6, 0.68, (0.49, 0.64, (0,18, 0.35, (0.2,0.42,0.47, (0.49, 0.64, (0.49, 0.73,
0.9) 0.64, 0.81) 0.37,0.8) 0.9) 0.64, 0.81) 0.81,1)

82 (0.35, 0.6, 0.68, (0.28, 0.46, (0.16, 0.32, (0.28, 0.5, 0.54, (0.35,0.48, (0.35,0.5, 0.6,
0.9) 0.52, 0.72) 0.34, 0.57) 1) 0.56, 0.72) 1)

83 (0.49, 0.68, (0.49, 0.66, (0.18,0.36, 0.4, (0.2,0.42,0.47, (0.49,0.64, (0.49, 0.66,
0.72, 0.9) 0.68, 0.9) 0.8) 0.9) 0.64, 0.81) 0.68, 0.9)

S4 (0.28, 0.47, (0.35, 0.48, (0.18,0.36, 0.4, (0.2,0.42,0.47, (0.38,0.46, (0.35, 0.50, 0.6,
0.52, 0.8) 0.56, 0.72) 0.8) 0.9) 0.52, 0.72) 0.8)

85 (0.49, 0.71, (0.49,0.64, 0.4, (0.3,0.43,0.48, (0.16, 0.35, (0.49, 0.68, (0.49, 0.73,
0.81, 1) 0.81) 1) 0.41, 0.8) 0.72, 0.9) 0.81, 1)

86 (0.49, 0.68, (0.35, 0.52, (0.18, 0.34, (0.28, 0.45, (0.35, 0.56, 0.6, (0.35,0.5,0.6,
0.72, 0.9) 0.58, 0.81) 0.35, 0.57) 0.49, 0.9) 0.72) 0.8)

87 (0.35, 0.51, (0.35, 0.52, (0.18, 0.35, (0.2,0.39,0.46, (0.35,0.48, (0.35,0.5,0.6,
0.63, 0.8) 0.58, 0.81) 0.37,0.8) 0.9) 0.56, 0.72) 0.8)

Step 4: Calculate the distance of each altern&tora FPIS and FNIS by the equations:
6.23 and 6.24. The distance (andd; ) of each alternativé” from andA™ can be
currently calculated by the area compensation neetMherev; = (1, 1, 1, 1) ana; =
(0,0, 0, 0)j=1, 2,...m.

Table 7.16: Separation Measures

E3

di di

S1 2.65 3.79
S2 3.07 3.32
S3 2.58 3.81
S4 3.18 3.25
S5 2.50 4.01
S6 2.91 3.42
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S7 3.07 3.35

An alternative with indexCC; indicates that the alternative is close to thdtpesideal
reference point and far from the negative ideatnexice point. A large value of index
CCi indicates a good performance of the alternative

Step 5: Calculate the similarity to the ideal solotusing equation 6.25

Table 7.17: Similarity to the Ideal Solution

Supp. CG
S1 0.59
S2 0.52
S3 0.60
S4 0.51
S5 0.62
S6 0.54
S7 0.52

Step 6: Rank order the solutions as shownahle 7.18

Table 7.18: Rank order of the suppliers

Supp. CG

S5 0.62
S3 0.60
S1 0.59
S6 0.54
S2 0.52
S7 0.52
S4 0.51

S5is the best choice according to the fuzzy TOP Séghod.
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7.3 RESULTS AND DISCUSSION

The MCDM methods VIKOR and TOPSIS are applied eghpplier selection problem
of a hospital. Firstly, for two methods a perforro@anmatrix is obtained by the
evaluation of all alternatives in terms of eachtetion. For eliminating the units of
criterion values, normalization is used and fohboft the methods aggregating function
is applied. The difference between two methods m@cdn the normalization and

aggregation process.

VIKOR method uses linear normalization and the ralired value does not depend on
the evaluation unit of criterion. TOPSIS methodadduces vector normalization and the

normalized value could be different for differenbiiation unit of a particular criterion

[5].

For aggregation process VIKOR method introduces #ggregating function
representing the distance from the ideal solufidns ranking index is an aggregation
of all criteria, the relative importance of theteria and the balance between total and
individual satisfaction. TOPSIS method introducasking index including the distance
from the ideal and the negative ideal point.

The two of the methods provide a ranking list. Thighest ranked alternative by
VIKOR, S7,is the closest alternative to the ideal solutiorthaf problem. The highest
ranked alternative by TOPSI®hich considers both thehortest distance from the ideal
solution and the farthest distance from the negatieal solution, i$5. The alternative
S7 is a real compromise, as something betweenmetreThe TOPSIS method with
vector normalization selects S5 as a solution. Hewéhe highest ranked alternative by
TOPSIS is the best in terms of the ranking indexictv does not mean that it is always
the closest to the ideal solution. In additiondaking, the VIKOR method proposes a

compromise solution with an advantage rate.
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8. CONCLUSION

Today, while healthcare expenditures are risingtl,profit margins are continuously
declining. This trend forces the health system rgarsto think operational based and
to increase the system performance. For gainingpetitive advantage, it is necessary
to give importance on supply chain management. [Sugmain management for health
sector means satisfaction of every person thatfitednem health care services. The
constituent of supply chain management in hospagdscustomer relation management,

in sourcing supply chain management and suppliatioea management.

Purchasing is essential constituent of supply clmaamagement. In the hospitals that
have only doctor oriented purchasing decisiors iery difficult to say the purchasing
department works well and instituonization of thésspitals are not completed. The
importance that is given to the purchasing acasitdirectly affects the cost, service

quality and profit.

In hospitals the services that are presented top#tents and healthy persons are
gradually changed. In addition to recumbent patient standing treatment, for
continuous healthy situation, the number of pedplat benefit from the tests or
protective services increase. Together with thallEggislation, the hospitals must focus
on the purchasing. The right choice at the righmietiand the right service diminish the

supply chain costs.

The hospitals are places where continuous expeeditof medicaments, medical
products and other managerial issues are occukdatitionally, the medical devices get
more complex day by day and the sum paid for tlmégle technology devices highly
augment. Choosing the right device, buying it,isgtand repairing necessities become
more complex. For that reason it is very necessaay the suppliers and hospital
managements need an arrangement. Applying the pasidples should be necessary
for progressing of professional and ethical supgi@spital relations. In this step,
academic studies are very important. Traditionaiema management philosophy only

focuses on product choosing, purchasing and digin¢p. However in real conditions
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the cost of stocking, the price, quality of produeind paying conditions should be
evaluated. Hospital supply chain management shodhlide purchasing, inventory
control and stocking. With the help of the acadestialies the purchasing strategies,

supplier selection, price, cost and quality analgsin be examined totally.

In practice, supplier selection problem for a hiadps a decision making problem and
many quantitative and qualitative factors with iegision are considered in this type of
problems. This makes the decision process very toatgd and unstructured. In this
thesis, the process of decision making is the Befeof a supplier among different
alternatives and the selected supplier will prodojggmal result under some criteria of
optimization. Thus the decision making processesgelon information about the
alternatives. The goal of the supplier selectiarbfgm of the hospital is to select a good
choice from a number of available choices and ¢ual is put forth by a group of

people.

In the multi-criteria decision-making (MCDM) contexhe selection is facilitated by
evaluating each choice on the set of criteria. driteria must be measurable, even if the
measurement is performed only at the nominal s(faleexample: yes/no) and their
outcomes must be measured for every decision atteen Criterion outcomes provide
the basis for comparison of choices and consequéatilitate the selection of one,
satisfactory choice. Criterion outcomes of decisaternatives are collected in a table
called decision matrix comprised of a set of colamand rows. In this thesis, the table
rows represent decision alternatives of differenppdiers, with table columns
representing criteria. A value found at the intetie& of row and column in the table
represents a criterion outcome, a measured perfar@naf a decision alternative on a
criterion. The decision matrix is a central struetof this thesis since it contains the

data for comparison of decision alternatives.

At a practical level, under many situations, théuga for the qualitative criteria are
often imprecisely defined for the decision-makérgs not easy to precisely quantify the
rating of each alternative supplier and the preaidiased methods are not adequate to

deal with the supplier selection problem. Since anrjudgments including preference
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are often vague and cannot estimate his preferaitbean exact numerical value. A
more realistic way such as; linguistic terms aredu®r describing the desired value and
important weight of criteria, e.g. “very low”, thedium”, “high”, “fair’, “very
high”, etc. Due to this type of existing fuzzineeshe supplier selection process, fuzzy
set theory is used as an appropriate method fdrvddauncertainty and the subjective
evaluation data can be more adequately expresdedag linguistic variables. VIKOR
method under fuzzy environment and TOPSIS methaigufuzzy environment are the
methods have emerged as powerful tools to assisteirprocess of searching for best

supplier alternatives of the problem.

A comparative analysis of the VIKOR and TOPSIS rodthare adapted to the supplier
selection problem of the hospital and the resutess @ompared. Mainly there are
differences between VIKOR and TOPSIS, for examghie,VIKOR method is based on
the ranking index of “closeness” to the ideal solut however the result of TOPSIS
method introduces the chosen alternative have shertest distance” from the ideal
solution and the “farthest” distance from the nagaideal solution. These two MCDM
methods, VIKOR and TOPSIS are based on aggregatimggion representing closeness
to the reference points. The VIKOR introduces agatieg function (-metric) for
ranking that is different compared to the TOPSI&OR introduces Qfunction of Ly
and L. On other hand TOPSIS introduc€s function of L,. VIKOR and TOPSIS use
different kinds of normalization, whereas The VIK@Rthod uses linear normalization

and the TOPSIS method uses vector normalization.

As a result, the solution of fuzzy VIKOR and fuZzE®PSIS methods are highlighted
the management of the hospital. By working withr@ug of decision-makers and using
fuzzy set theory, the solutions are able to refileetreality. At the end of this study, it is
shown that applying MCDM methods for supplier setet problem of a hospital is

useful.

In the future, the globalization and competitivenesgill make supply chain more

efficient compared to today. The appropriate choicie supplier will be relevant for a
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product of good quality and low cost. Inadequatect®n of suppliers will bring

dissatisfaction to customer and prejudice to comawell.

Multi-criteria decision making methods are applfed the supplier selection problem.
In this thesis, the supplier selection problenoised by the two multi-criteria methods,
namely fuzzy TOPSIS and fuzzy VIKOR. In the hodpsigpplier selection problem the
importance weight of criteria are defined by thegliistic variables that the decision-
makers decide. In the future research works, thgortance weight of criteria may be
determined by the AHP method. In addition, the nemif decision-makers and the
criteria may be increased. The selected problewirgpimethod is only applied for one

hospital; however, it may be applied to a groupaspitals.

57



REFERENCES
[1] Multi Criteria Decision Analysis (2009 Retrieved from:_http://en.wikipedia.org.

[2] Carlsson, C., Fuller, R., (1999). Fuzzy mukiptriteria decision making: Recent
developmentd-uzzy Sets and Systems, Volume 78, Pages 139-153.

[3] Olger, Al., Odabg, A.Y., (2004). A new fuzzy multiple attributive gup decision
making methodology and its application to propulsmanoeuvring system selection
problem.European Journal of Operational Research, Volum@ Bages 93-114.

[4] Kahraman, C., (2009)uzzy Multi Crtiteria Decision Makindspringer.

[5] Opricovic, Tzeng (2004). Compromise solutionMZDM methods: A comporative
analysis of VIKOR and TOPSI&uropean Journal of Operational Research, Volume
156, Pages 445-455.

[6] Abo, S., Amer, H., (2005). Extension of TOPSt8 multi objective programming
problemsAppl. Math. Comput. Volume 163, Pages 243-256.

[7] Jahanshahloo, G., Zadeh, L., (2006). Extensiothe TOPSIS method for decision
making problems with fuzzy datAppl. Math. Comput. Volume 181, Pages 1544-1551.

[8] Sanayei, A., Mousavi, S.F., Yazdankhah, A., Q@20 Group decision making
process for supplier selection with VIKOR underZyznvironmentExpert System
with Applications.

[9] Yoon, K., Hwang, C.L., (1985). Manufacturingapk location analysis by multiple

attribute decision making: Part 1-single-plant tsg&. International Journal of
Production Research. Volume 23, Pages 345-359.

58



[10] Parkan, C., Wu, M.L., (1999). Decision-makiagd performance measurement
modes with application to robot selectioGomputers and Industrial Engineering.
Volume 36, Pages 503-523.

[11] Deng, H., Yeh, C.H., Willis, R.J., (2000). émtcompany comparison using
modified TOPSIS with objective weightSomputers and Operations Research. Volume
27, Pages 963-973.

[12] Chu, T.C., (2002). Facility location selectiasing fuzzy TOPSIS under group
decision. International Journal of Uncertainty, Fuzziness armkhowledge-Based

Systems. Volume 10, Pages 687-70.

[13] Cheng, S., Chan, C.W. Huang, G.H., (2002).ngsmultiple criteria decision
analysis for supporting decision of solid waste agamentJournal of Environment
Science and Health. Volume 37, Pages 975-990.

[14] Janic, M., (2003). Multi-criteria evaluatiorf bigh-speed rail, trans-rapid maglev,
and air passenger transport in Europeansportation Planning and Technology.
Volume 26, Pages 491-512.

[15] Chen, M.F., Tzeng, G.H., (2004). Combiningygralation and TOPSIS concepts
for selecting an expatriate host countdathematical and Computer Modeling. Volume
40, Pages 1473-1490.

[16] Milani A.S., Shanian A. Madoliat R. (2005). deffect of normalization norms in
multiple attribute decision making models: A casedg in gear material selection.
Structural Multidisciplinary Optimization. Volumé&2Pages 312-318

[17] Yang, T., Chou, P., (2005). Solving a multspense simulation-optimization

problem with discrete variables using a multi-atite decision-making method.
Mathematics and Computers in Simulation. VolumeP@gjes 9-21.

59



[18] Byun, H.S., Lee, K.H., (2005). Decision-makiagd performance measurement
models with applications to robot selectiddomputers and Industrial Engineering.
Volume 36, Pages 503-523.

[19] Medicine and Medical Equipment National Data Ba(®009). Retrieved from:

www.huap.org.tr/ubb/

[20] Weber, C., (1996). A data envelopment analggiproach to measuring vendor
performanceSupply Chain Management. Volumel, Pages 28-39.

[21] Barbarasglu, G., Yazgag, T., (1997). An application of theakytic hierarchy
process to the supplier selection probl&rduction and Inventory Management. Page
14-21.

[22] Ghodspour, S.H., Brien, C.O., (2001). The ltatast of logistics in supplier
selection, under conditions of multiple sourcingultiple criteria and capacity

constraintinternational Journal of Production Economics. Viole 73, Pages 15-27

[23] Shyur, H.J., Shih, H.S., (2006). A hybrid MCDModel for strategic vendor
selection. Mathematicalnd Computer Modeling. Volume 44, Pages 749-761.

[24] Bottani, E., Rizzi, A., (2008). An adapted ringriteria approach to suppliers and
products :Selection an application oriented to li@e reductioninternational Journal

Production Economics. Volume 111, Pages 763-781.
[25] Geng, S., Kurt, M,, Akay, D., (2009). Amultiiteria intuitionistic fuzzy group
decision making for supplier selection with TOPSt&thod. Expert System with

Application. Volume 36, Pages 11363-11368.

[26] Zadeh, L.A., (1965). Fuzzy Setsformation and Control. Volume 8, Pages 338-
353

60



[27] Chen, (2000). Extensions of the TOPSIS forugralecision-making under fuzzy
environmentFuzzy Sets and Systeiislume 114, Pages 1-9

[28] Supply Chain Management (200Retrieved from:_http://searchmanufacturingerp.

techtarget.com.

[29] Yu, P.L. and Leitmann, G., (1974). Compronsséutions, dominations structures,
and Salukvadze's solutiodournal of the Optimization Theory and Applications
Volume 13, Pages362

[30] Hwang, C.L. and Yoon, K., (1981 Multiple Attribute Decision Making Methods
and ApplicationsSpringer, Berlin Heidelberg.

[31] Opricovic S., Tzeng G.H., (2003). Fuzzy multiteria model for post- earthquake

land use planningNatural Hazards Review .Volume 4, Pages 59-64

[32] Opricovic, S., (1998)Multi-criteria Optimization of Civil Engineering Stems
Faculty of Civil Engineering, Belgrade.

[33] Chen, S.J. et al.,, (2006). A new method fondlmg the similarity measure
problems of interval-valued fuzzy numbels.Proceedings of the second international
conference on natural computation and the thirceinational conference on fuzzy

systems and knowledge discovery. Pages 325-334
[34] Linkov, I., Seager, T.P., Kiker, G. (2004). Mucriteria decision analysis: A
framework for structuring remedial decisions atteomnated sitesComparative Risk

and Environmental Decision Making. Pages 15-54.

[35] Sen, P., Yang, J.-B., (1998)ultiple Criteria Decision Support in Engineering
Design London, Great Britain: Springer-Verlag London [igal.

61



[36] Georgevitch, S., (2005)Supply Chain ManagemenRetrieved from:_www.
stincma.org

[37] Bana e Costa, C.A., (199@eadimgs in Multiple Criteria Decsision Ai8pringer
Verlag, Berlin Heidelberg.

[38] Zimmermann, J., (1987ruzzy Sets, Decision-Making and Expert Syst&tasver

Academic Publisher, Boston.

[39] Saaty, T. L., (1980)The Analytical Hierarchy ProcesMc Grow Hill, New York.

[40] Yu, P.L., (1992). To be a Great Operations daesher from a MCDM Scholar.
Computers & Operations Research , Volume 19, P8§8s561

[41] Zeleny, M., (1982)Multiple Criteria Decision-MakingMc Grow Hill, New York.

[42] Korhonen, P., (1986). A hierarchical intergetimethod to ranking alternatives
with multiple qualitative criteriaEuropean Journal of Operations Research. Volume
24, Pages 256-276

[43] Dickson, G.W., (1966). An analysis of suppléeiection systems and decisions.
Journal of Purchasing. Volume 2, Pages 5-17.

[44] Lehmann, D., 0’'Shaughnessy, (1982). Decisiagterga used in buying different
categories of productdournal of Purchasing and Materials Management.uviod 18,
Pages 9-14.

[45] Chen, T.C., Huang, S.F., (2006). A fuzzy ammio for supplier evaluation and

selection in supply chain managementernational Journal of Production Economics.
Volume 102, Pages 289-301.

62



[46] Group, R.C., (1999).Supply chain ManagemenRetrieved from Rockford
Consulting:_http://rockfordconsulting.com

[47] Gaballa, A.A., (1974). Minimum cost allocatioh tendersOperational Research.
Volume 25, Pages 389-398.

[48] Sharma, D., Benton, W.C., Srivastava, R., @9&ompetitive strategy and
purchasing decision, Proceedings of the 1989 Anr@ahference of the Decision
Sciences Institute. Pages 1088-1090.

[49] Chaudhry, S., Forst, F., Zydiak, J., (1993endor selection with price breaks.
European Journal of Operational Research. VolumeP&yes 52-66

[50] Weber, C., Current, J.R., (1993). A multi-atijee approach to vendor selection.
European Journal of Operational Research. VolumeFéftjes 173-184

[51] Weber, C., Current, J.R., (1994). Applicatiaf facility location modeling
constructs to vendor selectidéuropean Journal of Operational Research. Volumg 76
Pages 387-392.

[52] Ghodsbury, S.H., O'Brien, C., (1997). A deoisisupport susytem for redusing the
number of suppliers and managing the supplier peship in a JIT/TQM environment.
Proceedings of the Third International SymposiumLogistics, University of Padua,
Italy.

[53] Ghodsbury, S.H., O'Brien, C., (1997). An intated method using the analytical
hierarchy process with goal programming for muétipburcing with discounted prices.
Proceedings of the 14 th International ConferenceRyoduction Research, Osaka,

Japan.

63



[54] Ghodspour, S.H., Brien C.0O., (1998). A deaisisupport system for supplier
selection using an integrated analytical hierarghgcess and linear programming.

International Journal of Production Economics. folel 56, Pages 199-212

[55] Keeny, R. and Raiffa, H., (197@ecisions with Multiple Objectives : Preferences
and Value TradeoffNew York. Wiley.

[56] Roy, B., (1990).The Outranking Approach and the Foundations of ELRE
Methods Readings in Multiple Criteria Decision Aid, BaraCosta, Springer, Pages
155-183.

[57] Delgado, M., Verdegay, J.L., and Vila, M.A1902). Linguistic decision-making
models.International Journal of Intelligent Systems. Voify Pages 479-492

[58] Bellman, B.E., and Zadeh, L.A., (1970). Deaisimaking in a fuzzy environment.
Management Science. Volume 17, Pages 141-164

[59] Yager, R.R., (1978). Fuzzy decision makingluding unequal objectivesuzzy
Sets and Systems. Volume 1, Pages 87-95

[60] Yager, R.R., (1988). On ordered weighted agieig aggregation operators in
multi-criteria decision makinglEEE Transactions on Systems Man and Cybernetics.
Volume 18, Pages 183-190

[61] Gau, W.L., and Buehrer, D. J., (1993). Vagats.IEEE Transactions on Systems
Man and Cybernetics.Volume 23, Pages 610614

[62] Chen, S.M., and Tan, J.M., (1994). Handing tradteria fuzzy decision-making

problems based on vague set theéiyzzy Sets and Systems. Volume 67, Pages 163—
172.

64



[63] Jun, Y., (2007). Improved method of multicritefuzzy decision-making based on
vague setsComputer-Aided Design. Volume 39, Pages 164-169

[64] Kumar, M., Vrat, P., and Shankar, R., (2008)uzzy programming approach for
vendor selection problem in a supply chalnternational Journal of Production

Economics. Volume 101, Pages 273-285

[65] Yu, P. L., (1973). A class of solutions faogp decision problem#lanagement
Science. Volume 19, Pages 936-946.

[66] Duckstein, L., Opricovic, S., (1980). Multi-metive optimization in river basin

developmentWater Resources Research. Volume 16, Pages.14-22

[67] Lai, Y.J., Hwang, C.L., (1994Fuzzy multiple Objective Decision Makirigecture

Notes in Economics and Mathematical System.Spriryerlag. Berlin.

[68] Zimmermann, J., (1991)Fuzzy Sets Theory and its Applicatiorisluwer
Academic Publisher, Boston.

[69] Dubois, D., Prade, H., (1978). Operations awzel numberlnternational Journal

of System Science. Volume 9, Pages 613-626.

[70] Logistics Systems, Course Notes: http://dspaiteedu/handle

65



CURRICULUM VITAE

Name Surname:ZINGIL Tugba

Adress:. Otlukbeli sok. Renk Apt. No:51 Floryiatanbul

Date and Place of Birth:istanbul, 1984

Foreign Language:English, French

Primary Education: Cavwoglu Primary School

Secondary Education:Lycee Saint Benoit 2003

Undergraduate Program Isik University 2008

Graduate Program: Bahg¢aehir University 2009

Name of Institute: The Graduate School of Natural and Applied Scisnce
Name of Program: Industrial Engineering Graduate Program

Publication: -

Professional Experience:

66



67



