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ABSTRACT

In competitive markets, companies are always under intense pressure to find ways to reduce production and
material costs to survive and sustain their competitive position in their respective markets. Since a qualified
supplier is a vital element for a buyer in reducing such costs, evaluation and selection of the potential suppliers
has become an important component of supply chain management. Most supplier selection models consider
various tangible and intangible characteristics of suppliers. AHP, FAHP, FUZZY TOPSI S DEA, ANP, ANN, FIS,
GA etc. are the supplier selection and evaluation approaches that have different process to select and evaluate a
supplier that has been focused in this paper and also classified individually and combined based on the previous
researches. To analysis the cost the MOLP method and the Multi Criteria Decision making tools (MCDM) have
been included in this paper to take the decision and to select the suppliers more accurately and makes a reflection
on the effective suppliers selection criteria like supplier reliability, product quality and supplier experience etc.
and also suggests on the most quantitative results on cost effective methods and supplier selection approaches.
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INTRODUCTION

In today’s competitive world, supplier selectiorsHzecome a complicated problem that undoubtedlgemed a
lot of academics and practitioners to scrutinize sabject matter. Now most companies are tryingttain the
goals of low cost, high quality, included flexiltyliand more customer satisfaction. For attainirgs¢ghgoals they
must work with their supply chain partners. Tradtitlly supply chain management is the integratibrkey
business processes from end user to original rgplprovides products, service and informationt #ua value
for customers. It is also very important to keeptdrerelations with some reliable suppliers. Budnir various
surveys it is found that in manufacturing industyithe cost of raw materials and components comphis major
portion of product’s final cost, sometimes it cagual up to 70% product cost. In this situation pbasing
department can play a key role in cost reductionthVihe increasing significance of the purchasingction,
purchasing decisions become more important. Asrizgtions become more dependent on suppliers teetdind
indirect consequences of poor decision- making imecmore severe. When comparing suppliers many finadse
the fundamental mistake of focusing only on thetgddrice, ignoring the fact that suppliers mayetin other
important dimensions that affect the total costusing a supplier. For instance suppliers have diffe
replenishment lead times. Does it pay to selectoeenexpensive supplier with a shorter lead timeZx@rsider
suppliers that have different on time performands.the more reliable supplier worth the few expennies it
charges per piece? In each of the aforementiorsdrines, the price charged by the supplier is onb/of many
factors that affect the supply chain surplus. Whkeoring and assessing suppliers the following factoher than
quoted price must be considered are replenishneeutt times, on time performance, supply flexibilityinimum
lot size, delivery frequency, supply quantity, inlpd transportation cost, pricing, information caoadion
capability, design collaboration capability, excharrates, taxes and supplier viability etc. Suppderformance
must be rated on each of these factors becaussfedit the total supply chain cost. Various supp$ielection
methods such as such as AHP, ANP, Fuzzy AHP, ANDR SIS, DEA, Integer programming, Genetic Algorithm
and combination of any two of this tools are obedrin the literature which have been classifietbia number of
broader categories. Fig. 1 presents various supg#iection methods.
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Fig. 1Various supplier selection techniques

Some of the most commonly used methods for suppkéection are discussed briefly here. This papeiews
articles on the multi-criteria supplier evaluatiand selection approaches from 2012 to 2015. Baseth® 53
articles following issues are analysed: (i) whigipaches are prevalently applied? (i) Which eatihg criteria
are paid more attention to? (iii) Is there any e@aacy of the approaches?

This paper is organized as follows- Firstly theiwidlial approaches and integrated approachesalhtibas been
discussed, in next part analyses the most prevalesed approaches, discusses the most popularativey criteria,
and find out the limitations of the approaches. Tsé section includes the conclusion of the paper.

INDIVIDUAL APPROACHESUSED IN SUPPLIER SELECTION

Data Envelopment Analysis (DEA)

Data envelopment analysis is a unique techniquerfeasuring productive efficiency of decision makingts.
Amindoustet al applied a multiple attribute utility theory based Data Envelopments Analysis (DEA) to tackle
supplier selection problem with consideration ofmsoinputs and outputs. They implemented this ambroa a
telecommunication company for differentiating effict and inefficient suppliers and ranking them. [¥fa et al
considered the competition between the suppliedscamrent game cross efficiency which was base®BA to
assess supplier performance in their paper. Athest got a unique efficiency and it was a paretat®n [2]. Sahai
et al analyzed DEA for measuring supplier performancenaf firms: multi-national telecommunication corption
and a manufacturing firm [3]. Hafezalkotebal proposed DEA for the real application of DEA. histapproach,
uncertainties about incomes and outcomes of decisiaking units (DMUSs) were involved in the relatiseppliers
efficiencies. This approach was applied for theec#n of suppliers in Supplying Automotive Partsn@bany
(SAPCO) [4].
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Analytic Hierarchy Process (AHP)

The Analytic Hierarchy Process (AHP) is a multiteria decision-making approach and was introduge&dmty.

The AHP has attracted the interest of many reseaschainly due to the nice mathematical propemieshe

method and the fact that the required input dagaaher easy to obtain. The AHP is a decision augpol which

can be used to solve complex decision problemssds a multi-level hierarchical structure of ohijed, criteria,

sub criteria, and alternatives. The pertinent data derived by using a set of pairwise comparisdifsese
comparisons are used to obtain the weights of itapoe of the decision criteria, and the relativefggenance

measures of the alternatives in terms of each iddal decision criterion. If the comparisons are perfectly

consistent, then it provides a Shahroodi dealt wittrief review of the literature regarding AHPHeimjue and its
relevancy to its application in supplier selectiprocess. He analyzed multiple criteria and varioasstraints
related to supplier selection in manufacturing firmAfter analysis he suggested that supplier riditigbproduct

quality and supplier experience are the top thrgmléer selection problems that needs to be takepririty for

effective vendor selection [5]. Smart-Picker usddPASort instead of AHP for sorting problems thatuees the
number of comparisons. In this technique at finst $uppliers are classified into two groups- aajgind rejected
suppliers. Then a single supplier is selected ambagaccepted suppliers [6]. Jaiswal applied AHPragch for

selecting the best vendor out of available vendorspurchasing various computers, related equipnaand

maintenance of network of computers. He developedtP model and executed on computer using Expleoice

(EC), a software package. He concluded that the Apiftoach is most suited to vendor selection prolilecause
this does not require rigorous mathematics; it iregonly simple matrix manipulation [7]. Benjangnal evaluated
strategically suitable suppliers for High-Tech stgy firms based on the selected performance nsetrsing the
decision making framework AHP in their thesis w{Bk

Khendeket al focused on developing methods to sustain supgdilection have been used assortments of factors as
criteria for supplier selection. These criteria bm&ed to the nature of products, their targeteatkat, applicability,
uncertainty in business Environment. Analytic hiehy process (AHP) in a multi-period dynamic setactand
evaluation of suppliers in a supply chain is usadaichieving the goal using five major criteria:ality, Delivery,
Cost, Manufacturing Capabilities and Managemerdlulting functional and behavioural aspects, thelted this
study shows that such an AHP application can ass@magers to effectively improve supplier selectand
evaluation process even under complex economicittonsl [9]. Kocet al extended the application of AHP using
both tangible and intangible criteria’s In thisdy, three main criteria as cost, availability apdlity, additionally
six sub-criteria as product price, transportatiosts, quality assessment, technical capabilityiness improvement
and management approach and four suppliers intouatavere taken. The results that obtained weresidered
acceptable and feasible by the decision maker inglzess Turkey’s Supply Chain Management Team whieze
model was used [10]. The most acceptable locatiooughout the state has been selected using AHRoohg¢11]
and to find out a best area to establish an autdenotanufacturing hub by taking four potential lboas in Andhra
Pradesh state namely Kurnool, Vijayawada, Nellow \disakhapatnam the AHP method also used [12].

Fuzzy Analytic Hierarchy Process (FAHP)

Fuzzy analytic hierarchy process (FAHP) methodseduas the decision support system to help decisimkers
making better choices both in relation to tangitrigeria and intangible criteria. Fuzzy set thewiill be utilized to
provide an effective way of dealing with the unaérty of human subjective interpretation of tangildnd
intangible criteria. Mustafa Batuhan AYHAN examintb@ application of Fuzzy AHP in a gear motor compfor
determining the best supplier with respect to setécriteria. The contribution of this study wast mmly the
application of the Fuzzy AHP methodology for supplselection problem, but also releasing a commshe
literature review of multi criteria decision makimpgoblems [13]. Rezaedt al considered two dimensions- the
capabilities and the willingness of suppliers tooperate with a particular firm for supplier seleati These
dimensions cover almost all the existing suppliegmentation criteria mentioned in existing literatuFor each
particular situation, these dimensions can be fipdcusing a multi-criteria decision-making methdtdhe authors
proposed fuzzy Analytic Hierarchy Process (FAHP)iovhused fuzzy preference relations to incorpothe
ambiguities and uncertainties that usually exigtuman judgment. The proposed methodology was tesselgment
the suppliers of a broiler company. The result B2gmentation of suppliers based on two aggregiitednsions
[14]. Susantyet al applied FAHP in the supply chain of a basic indusind analysed its effect on the performance
of SMEs [15]. Digalwaret al performed a case study in a manufacturing compangelecting the most suitable
supplier for its product Anti-compounding relay wal(ACRV) based on FAHP and Tahrétial also analyzed the
efficiency of FAHP tool in a steel manufacturingmeany [16-17] and this also used for developinghiaosing the
Energetically Optimal Solution at the Early DesRjmase of a Building by Sts et al in [18].

Analytic Network Process (ANP)

Many decision-making problems couldn’t be struatiuréerarchically because they involve the intemactand
dependency of higher-level element. In these problaot only does the importance of the criterigexdeine the
importance of the alternatives, but also the imguré of the alternatives themselves determinestpertance of
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the criteria. To solve these problems, ANP candeluANP, developed by Saaty, is the first mathealatheory
that makes it possible for decision-maker to dgatesnatically with this kind of dependence and Beaxk. Two
papers proposed ANP to tackle the supplier selegiroblem. Agarwakt al presented a methodology to evaluate
suppliers using portfolio analysis based on thdyginal network process (ANP) and environmentalidas. Since
environment protection has been concern to puhlicthe traditional supplier selection did not caolesiabout this
factor; therefore, they introduced green critem#oithe framework of supplier selection criterighey also
considered intangible factors related to supplyirchia9]. Sadeghiet al used ANP in a group decision making
concerned with supplier selection [20]. Analytitdd#twork Process (ANP) was applied as a model farigizing
generated strategies based on the factors andastdrs within the SWOT analysis, in the case of Tieehnical
Faculty in Bor (TFB), University of Belgrade (UBSgerbia by Zivkou et al in [21].

Fuzzy-Technique of Order Preference by Similarity to Ideal Solution (Fuzzy TOPSIS)

Yayla et al utilized the fuzzy TOPSIS method to select the tnappropriate supplier of garment ‘X’ operating in
Turkey. The ranking were determined by firm imtsrof closeness index values: supplier 1, sup@lemnd supplier

3 [22]. Shahroudet al applied TOPSIS to evaluate suppliers in supplyrchgcle based on various variables and
effective criteria [23]. Hlseyiret al performed a case study in a filter company to tifierthe best supplier
considering four criteria- quality, cost, deliveigne and institutionalization by applying the stepguzzy TOPSIS
[24]. Singhet al appied Fuzzy TOPSIS for selection of suppliarstipply chain cycle in an automobile industry.
They provided weights to each criterion. By usihgse weights every supplier were provided rank. [Ralset al
proposed an application of weighted type-2 fuzzytirattribute decision making method based TOPSiSupplier
selection in a risk oriented supply chain. Eigkksievaluative attributes namely, Performance iskmnand risk,
Environmental risk, Process risk and Logisticsgislere taken for selection among three supplierratives. The
proposed method remarkably reduced the degree mputation required for constructing the averageisiet
matrix and weighted decision matrix of attributedha@ncing Lee and Chen’ ranking value approachagfezoidal
interval type-2 fuzzy sets in selection of alteivieg [26]. Zaharet al proposed fuzzy TOPSIS method and
supporting software for the selection of approgriattificial hip prosthesis suppliers in the Orthegic Clinic of
Kragujevac Medical Center, Serbia. The proposedatketiealt with the rating of both quantitative anpdlitative
criteria and selected a suitable supplier effettivEhe relative importance of criteria was desedlby linguistic
expressions which are modelled by fuzzy sets. Thakes were calculated by using method of avevadige. All
uncertainties and imprecision were modelled byntridar fuzzy numbers [27]. Oztiigk al applied Fuzzy TOPSIS
method for the performance evaluation and seleaifoan appropriate sustainable supplier of an gneagnpany
[28]. Haoranet al mainly focused on the conceptual, descriptive sintulation. They attempted to identify the
factors which have impact on the distribution castd the selection for better distributors in anicadjural
enterprise in China based on quantitative methagyfTOPSIS [29].

Fuzzy Inference System (FIS)

A fuzzy inference system (FIS) is a system thasudsezy set theory to map inputs (features in thsecof fuzzy
classification) to outputs (classes in the casdunfy classification). Amindouatet al applied Fuzzy Inference
System (FIS) for sustainable supplier selectionfist the sustainable supplier selection critexia sub-criteria
were determined and based on those criteria andrifgia evaluation and ranking of suppliers wasfarmed
using FIS [30]. Asgharet al attempted to demonstrate the application of FI®valuating suppliers based on a
comprehensive framework of qualitative and quatniafactors besides the effect of gradual coverdigéance
[31]. Fuzzy inference system (FIS) also used teetigvya biomass for energy purposes which remaing@eersial
concerns their full environmental sustainability32].

Genetic Algorithm (GA)

Genetic Algorithms (GAs) are adaptive heuristicrekaalgorithm based on the evolutionary ideas dlinaé
selection and genetics. As such they representntiligent exploitation of a random search usedstive
optimization problems. Although randomized, GAs #ne no means random, instead they exploit histbrica
information to direct the search into the regiorbefter performance within the search space. Thi bechniques
of the GAs are designed to simulate processesturalaystems necessary for evolution; especiathge follow the
principles first laid down by Charles Darwin of fsival of the fittest’, since in nature, competiticamong
individuals for scanty resources results in theedit individuals dominating over the weaker onezd@gmehret al
explained that 70% of total cost occurred in indastdue to the cost of raw materials and produtsit is very
important to select appropriate supplier for redgcihe purchasing cost and also increasing thé dqotality of
product. They analyzed a Mall's supply chain thiowgpplying Genetic Algorithm (GA).Therefore, madisidied
using initiative Genetic Algorithm method since tbgeal of supplier selection is to decrease purcigasisk,
increase the value for customer. During the tavat of supply was determined first and then, amugdtvalue was
determined with respect to the production and #sand [33]. Rungreunganawh al calculated the optimal
inventory lot-sizing for each supplier and minimdzihe total inventory cost which includes joint ghaise cost of
the products, transaction cost for the suppliand, l@olding cost for remaining inventory. Genetigalthms (GAs)
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were applied to the multi-product and multi-perimarentory lot-sizing problems with supplier selectiunder
storage space. Also a maximum storage space fatabision maker in each period was considered.dBugsion
maker needs to determine what products to ordevhat quantities with which suppliers in which peiso The
authors assumed that demand of multiple productskwawn over a planning horizon. The problem wamtdated
as a mixed integer programming and is solved withGas [34]. To find the optimal configuration foistochastic
discrete events for computer simulation models Gerdgorithmic Approachhas been used in [35].

INTEGRATED APPROACHESUSED IN SUPPLIER SELECTION

AHP & ANP

In AHP, the criteria are considered independently m ANP interdependencies between criteria amo al
considered. For achieving better results two methade combined applied. Ali GORENER provided the
appropriate operational actions for the right mexka the correct time. They proposed to enhanc®¥%\ahalysis
with multi criteria decision making techniques edllAnalytic Hierarchy Process (AHP) and AnalytictiMerk
Process (ANP). AHP approach achieves pair wise aoisgns among factors or criteria in order to ptiie them
at each level of the hierarchy using the Eigen evalalculation. In addition to AHP, ANP techniqueaigieneral
form that allows interdependencies, outer deperiderand feedbacks among decision elements in drarbhical
or nonhierarchical structures [36]. Azitial applied two approaches, namely, Analytical HiengrBrocess (AHP)
and Analytical Network Process (ANP) to proposeaanework for recognizing the most agile automofaetory in
supply chain. Five criteria, which are involvedthmat study, were: response to changes, flexibiitynpetency,
economical optimization, and speed. The relatedcsitéria were identified by industrial experts aBelphi
method. Two models are elaborated using two AHP ANE& approaches considering four suppliers: A, BPDC
factories. Pairwise comparison matrixes were desigim questionnaires for determining the importadegree
between criteria and sub-criteria based on Saathe €&¢-9). The validity of questionnaires was atsafirmed by
industrial experts using Cronbach’s alpha. The getdoal mean was used to summarize the evaluatidresresults
of models were valid because the overall inconststeof models were lower than 0.1 in all matricEmally,
regarding to the obtained ultimate weights, thepfigps were ranked. It was identified that factéryvith ultimate
weight of 50.4% in AHP and weight of 54.2% in ANPaels has been selected as the most agile supphethe
other hand, factory D with 7.2% in AHP and 7.1%ANP was recognized as the least agile supplier. [37]

AHP/FAHP & Fuzzy TOPSIS

The weights of criteria are calculated by analytidararchical process (AHP) and the final rankis@chieved by
fuzzy technique for order preference by similatiyan ideal solution (TOPSIS). TOPSIS helps obtajrthe best
solution close to ideal solution. Golam Kalkeiral proposed fuzzy analytic hierarchy process (FAHB)raach
based on technique for order preference by sirtyltoiideal solution (TOPSIS) method for evaluatingl selecting
an appropriate logistics service provider, where thtings of each alternative and importance weagheach
criterion were expressed in triangular fuzzy nureli@8]. Sarfaraz edl solved problem of selecting a person in
human resource management. Analytic Hierarchy éa®¢AHP) and the Technique for Order Preference by
Similarity to Ideal Solution with Grey Relations @PSIS grey) were applied for this aim. AHP was ufked
identifying the importance of each criterion whetesting a group member. TOPSIS grey was appliedaioking
of alternatives, i.e. particular personnel, chaazed by a set of criteria that are determinedytey relations and
expressed in intervals. They performed a case sibdyt process of selecting a new drummer for & band to
demonstrate the applicability and the effectivenafsthe proposed model. Criteria as technical ghikbility of
accommodation to band and genre, discipline, gbitit work with band (teamwork), general issues ldge,
behaviour, ideology and etc., ability of composargl motivation were prioritized from the most imiaoit to the
least important, respectively, based on AHP res@itair potential candidates were considered. Onharhh was
selected as the best drummer for the band amongadpplicants based on TOPSIS grey results. Findigy
proposed that AHP is useful for determining the amipnce of each criterion and calculating weighteath
criterion, while the second part with TOPSIS greyseful for evaluating alternatives more precisbbn usual
crisp TOPSIS [39]. Wangcheat al developed a methodology to evaluate suppliersipply chain cycle based on
Technique for Order Preference by Similarity todld8olution method (TOPSIS). They considered sanpoitant
criteria which affect the process of supplier sédgcsuch as product quality, service quality, ety time and price
and calculated the weights for each criterion based\nalytic Hierarchy Process (AHP) and then itgaitthese
weights to the TOPSIS method to rank suppli€fey also made a trade-off between these tangitdrdangible
factors, some of which were conflict able [40]. Alghahet al solved supplier selection problem of a well-known
ship & sea structures manufacturer company in Fazzy AHP model was used to determine weightsirfiteria &
sub criteria. Then the technique of TOPSIS was dsegbrioritizing suppliers. Finally they determthéhe best
supplier for the most important device of the stafled main engine in the production of MPSV SHifi][ Yazdani
et al intended to present a reliable and applied patternassessment of their own organization's indiaed
selecting suitable suppliers for raw materials bynbining group AHP approach and the TOPSIS teclidihey
performed a case study in Mazandaran wood & paykrstries (MWPI), which is the largest producepaper in
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the Middle East and uses a continuous productim fior producing its products [42]. Yazdani focusedfinding
the right supplier based on fuzzy multi criteriacid®on making (MCDM) process. They applied this tdmed
techniques in an automobile manufacturing supphircf43].

ANP & Fuzzy TOPSIS

ANP is used to calculate the weights of each ¢oiteof the model and for the sake of complexityeiraluation to
prepare exact numerical values for the criteri@yuEOPSIS may be used for selecting the best optiahyaet al
proposed an integrated method using Analytic Neitwnocess (ANP) and Fuzzy-Technique for Order Peefse

by Similarity to the Ideal Solution (FTOPSIS) [4&hahroudket al presented an integrated model and a supporting
approach for effective supplier selection decisiongheir research paper. Therefore, an integrajgoroach of
ANP- TOPSIS (Analytic Network Process and TechniftpreOrder Preference by Similarity to Ideal Saduafi was
proposed in choosing the best suppliers. They densil seven main criteria for supplier selectidmeyrdiscovered
that applying a two phase ANP-TOPSIS methodologysea to some important advantages such as: Lomg-ter
relationship, consist quality, lower cost, speeitiention and etc. [45]. Kassaeteal employed fuzzy approach for
achieving more accurate results in uncertain enwirent. In their research paper they proposed tituetgral
relationships and the interrelationships amongttadl evaluation’s dimensions based on the Analytetwerk
Process (ANP) method determining appropriate waighktto each sub-criterion and then alternativesripy were
determined which can aid the decision making. Rar purpose, the TOPSIS (technique for order pevdmce by
similarity to ideal solution) was used to rank@impeting alternatives in terms of their overalifpemances. They
applied these techniques in an Iranian automotigistry for solving of vendor selection problem J[48lam-
Tabriz et al also proposed integrated Fuzzy ANP and TOPSIS adefitr solving supplier selection problem and
provided a numerical analysis regarding this fldld].

Fuzzy AHP and ANN

Tanget al developed a hybrid approach between the Analytardtichical Process (AHP) and Artificial Neural
Network (ANN) to evaluate and select the best Sepgbr shoes manufacturing. Firstly, questionnaites setup
based on previous study to obtain supplier selectidgteria for shoes manufacturing. The proposedtridy
methodology used the AHP to determine the localglatal weights of criteria, and the ANN methodsedect the
best supplier [48]. Lakshmanpriya al presented a hybrid model using Analytic Hieraréhpcess (AHP) and
Neural Networks (NNs) theory to review vendor periance in their research paper. The model consfstao
sections: Section 1 applies AHP using pair wise anison of criteria for all vendors, Section 2 agplthe results
of AHP into NNs model for vendor selection. Theulesgive up the best vendor [49].

Fuzzy ANP and ANN

Goztepeet al selected the best supplier through considerinfgrdifit qualitative and quantitative criteria. Thesed
analytic network process (ANP) method for definthg relationship between the criteria themselveger@ and
alternatives. To overcome the delay of decisionintakn each consideration ANN was used. They atamd
another superiority of ANN model was that the wésgbearch by pair wise comparison matrix can bedoly
ANN without a need for fuzzy extent analysis metfte@].

ANP & MOLP

Malmir et al incorporated an integrated decision making mo@skd on Multi-objective linear programming and
Analytic Network Process under benefits, opportasjt costs and risks (BOCR) concept. In the fitspsthe
decision model was constructed by 20 decision r@itand 4 strategic criteria, obtained from SCMchional
strategies, and the priorities of suppliers wasl usethe parameters of the first objective funciiothe second step.
The allocation process was completed by considdhneg objective functions: supply value, finanaialue, and
delivery time value. The study which was condudteéd major Asia car manufacturers, contributes amdy to
select the best suppliers but also to determinatheunt of purchase to each high-priority supgbéiy.

AHP/FAHP -TOPSISand MOLP

Analytical Hierarchy Process (AHP), Fuzzy Analytiekerarchy Process (FAHP), Technique for Ordesf@ence
by Similarity (TOPSIS) process is not suitable lmtermining the allocation of order for suppliesnfr various
suppliers that can be easily solved using MOLP.h&hali et al introduced an integrated model for supplier's
selection and order allocation in an automotive gany by dividing their research into two phases¢eptual
modeling and mathematical modeling) with four stapd solved by Analytic Hierarchy Process and Tieghnfor
Order Preference by Similarity to Ideal SolutiorHA-TOPSIS) and Multi-Objective Linear ProgrammihgJLP)
[52]. Kannanet al presented an integrated approach, of fuzzy mititibate utility theory and multi-objective
programming, for rating and selecting the bestmyeopliers according to economic and environmeartadria and
then allocating the optimum order quantities amtram. At first, the fuzzy analytic hierarchy prosemd fuzzy
technique for order preference by similarity to ablesolution (TOPSIS) was applied in order to analyhe
importance of multiple criteria by incorporatingpexts’ opinion and to determine the best green lgngp Next,
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multi-objective linear programming is used to coesiand to formulate various constraints such aditgjucontrol,
capacity, and other objectives [53].

The articles that have been analysed for separatetpmbined are shown briefly by the following Tk where
the authors used different approaches as the ppstach to select the suppliers.

Table -1 Focus on the Resear ches of Supplier Selection Approaches|ndividually and Combined

Supplier Selection

Approaches Approaches Analysed By Analysed In
Data Envelopment Analysis| Atefeh Amindouset al[1], Ruimin Maet al [2], Manjari Sahaéet
(DEA) al [3] and Ashkan Hafezalkotod al [4]. 2012, 2014, 2014 & 2014

Shahroodgt al [5], Alessio Ishizakat al [6], Umesh Chandra

Analytic Hierarchy Process| Jaiswal [7], Benjamin and Birger [8], Mohamed Khende#l 5013
(AHP) [9], Eylem Kocet al [10], Zeljko Stewvt et al [11] and 2014 2015 ’& 2015

Sreenivasulu Reddy .& al [12]. '

2012, 2012, 2012, 2013,

Fuzzy Analytic Hierarchy Mustafa Batuhan AYHAN [13], Jafar Rezatial [14], Aries 2013, 2013, 2014, 2014,

Susantyet al [15], Abhijeet K. Digalwaret al [16], Farzad Tabhriri 2014
Process (FAHP) etal [17] and Andras Sitset al [18]. & 2015
Analytic Network Process | Gopal Agarwakt al [19], Mohammadreza SADEGHt al [20]
(ANP) and Zivan Zivkov [21]. 2012, 2012 & 2015

Fuzzy-Technique of Order | A. Yesim Yaylaet al [22], Kambiz SHAHROUDIet al [23], Dr.
Preference by Similarity to Huseyin [24], Ravendra Singhal [25], Pritha Da%t al [26],
Ideal Solution (Fuzzy Marija Zahar Djordjeviet al [27], Burcu Avci Oztiirket al [28]
TOPSIS) and Shi Haorast al [29].

2012, 2012, 2012, 2012,
2013,
2014, 2014 & 2014

Atefeh Amindoust et al [30], Mohammad Asghast al [31] and

q
Fuzzy Inference System (FIS Fausto Cavallaret al [32].

~

2012, 2014 & 2015

Ardeshir Bozorgmehet al [33], Vichai Rungreunganatet al

Genetic Algorithm (GA) [34] and Chandrashekhar Meshram [35].

2013, 2013 & 2015

AHP & ANP Ali GORENER [36] and Amir Azizet al [37] 2012 & 2014
Golam Kabir [38], Sarfaraz Hashemkhanhal [39], Pema 2012, 2012, 2012, 2013,
AHP/ FT%HPPS‘IE‘SF“ZZV Wangchen Bhutiat al [40], Mohammad ABDOLSHAHt al 2014
[41], Amir Abbas Yazdanét al [42] and Morteza Yazdani [43]. & 2014

Ali A. Yahya Tabaret al [44], K. Shahroudét al [45], Massoud

ANP & Fuzzy TOPSIS Kassaee [46] and Akbar Alam-Tabatzal [47].

2012, 2012, 2013 & 2014

Fuzzy AHP and ANN S. H. Tang al [48] and C. Lakshmanpriya al [49], 2013 & 2013
Fuzzy ANP and ANN Kerim Goztemt al [50]. 2012
ANP & MOLP Reza Malmir [51] 2013

AHP/FAHP -TOPSIS and

MOLP Kambiz Shahroudi [52] and Devika Kannan [53]. 2@12013

RECOMMENDATIONS

MOST PREVALENTLY USED APPROACHES

In this paper 53 articles are collected which apgean the period from 2012 to 2015 for solving spplier
evaluation and selection problem using the muiteda decision making approaches. The first oljecof this
paper is to find out the most popular approach tbjn supplier evaluation and selection literaturee most
popular approach is Fuzzy TOPSIS, followed by DEE&P, FAHP, ANP, FIS and GA. Fuzzy TOPSIS has
attracted more attention mainly because of its lo#ipato evaluate suppliers in supply chain cybksed on various
variables and effective criteria. This method pded weights to each criterion and by using thesghts every
supplier are ranked. In past it is used to meathareelative efficiencies of homogeneous DMUs basedumerical
data only. As the supplier selection problem ineshboth qualitative and quantitative criteria. RUZDPSIS has
been modified to handle both of these criteriactifely. By this method relative importance of tlusteria are
described as linguistic expressions and all unceita and imprecision are modelled by triangulazly numbers.
Besides this tool AHP and Fuzzy AHP are also useltly. There are various integrated approachesdpplier
selection. It is noticed that the integrated AHPHRAand Fuzzy TOPSIS are more prevalent. The wigécability
is due to its flexibility, ease of use and abiltty provide a measure of the consistency of thes@tmtimaker’s
judgement. It is one of the best ways for evalgpind selecting appropriate logistics service mtewiwhere the
ratings and importance weight of each alternatieeexpressed in triangular fuzzy numbers. By usiagiP and
Fuzzy TOPSIS uncertainty and vagueness from subgegerception and experiences of the decision nsat@n be
effectively represented and more effective decigian be easily obtained. Besides this it is fourat ANP and
Fuzzy TOPSIS method is widely used for supplieectn problem. But for quantitative results suchcast
analysis purposes MOLP is most suitable.
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CONCLUSIONS

This paper is based on a literature review on théi+oriteria decision making approaches for sugpkvaluation
and selection from 2012 to 2014. First, it was fbuhat numerous individual and integrated approschiere
proposed to solve the supplier selection problefmeyTare all capable of handling multiple quantatiand
qualitative factors. The most prevalent individapproach is FUZZY TOPSIS, whereas the most popuiegrated
approach is AHP-FUZZY TOPSIS. Second, it was oleskrthat price or cost is not the most widely addpte
criterion. Instead, the most popular criterion uB®devaluating the performance of suppliers isligg&aollowed by
delivery, price or cost, and so on. This proves tha traditional single criterion approach basedawest cost is
not supportive and robust enough in contemporapplsumanagement. The traditional cost-based approannot
guarantee that the selected supplier is globalm@dtibbecause the customer-oriented criteria (quatiflivery,
flexibility, and so on) were not considered. Besideome recommendations were made based on thequnacies
of some approaches. This can definitely aid thearhers and decision makers in solving the suppéection
problem effectively.
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