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ABSTRACT ARTICLE HISTORY

In past years, the multi-attribute decision-making (MADM) Received 23 December 2016
approaches have been extensively applied by researchers to the Accepted 30 March 2017
supplier evaluation and selection problem. Many of these studies KEYWORDS

were performed in an uncertain environment described by fuzzy sets. Supplier evaluation; supplier
This study provides a review of applications of MADM approaches selection; fuzzy sets;

for evaluation and selection of suppliers in a fuzzy environment. To decision-making; MADM
this aim, a total of 339 publications were examined, including papers

in peer-reviewed journals and reputable conferences and also some JEL CLASSIFICATIONS
book chapters over the period of 2001 to 2016. These publications D70; D80; LOO; C44
were extracted from many online databases and classified in some

categories and subcategories according to the MADM approaches,

and then they were analysed based on the frequency of approaches,

number of citations, year of publication, country of origin and

publishing journals. The results of this study show that the AHP and

TOPSIS methods are the most popular approaches. Moreover, China

and Taiwan are the top countries in terms of number of publications

and number of citations, respectively. The top three journals with

highest number of publications were: Expert Systems with Applications,

International Journal of Production Research and The International

Journal of Advanced Manufacturing Technology.

1. Introduction

Supplier evaluation and selection is one of the most important processes to achieve an
efficient supply chain. Maintaining long-term partnerships with suppliers and using fewer
reliable suppliers can help to increase the value of the supply chain. This is due to the distinct
role of suppliers at all stages of the supply chain (Wisner, Tan, & Leong, 2008). Because of
the involvement of many factors in the evaluation and selection of suppliers, this problem
is usually considered as a multi-attribute decision-making (MADM) problem (Ho, Xu, &
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Dey, 2010; Keshavarz Ghorabaee, Zavadskas, Amiri, & Esmaeili, 2016). MADM problems
usually involve discrete decision variables and a limited number of alternatives for evaluation
(Buchanan & Vanderpooten, 2007; Liu, Liu, Liu, Zhou, & Zhang, 2015; Oliveira, Fontes, &
Pereira, 2015). Uncertainty is an inevitable part of information when the evaluation process
is performed by human judgement. The fuzzy set theory is one of the most efficient tools
to capture the uncertainty of evaluation processes. Due to this ability of fuzzy sets, many
MADM problems have been considered in fuzzy environments. The problem of evaluation
and selection of suppliers is one of these MADM problems.

There has been no attempt to review the applications of MADM approaches for fuzzy
evaluation and selection of suppliers, although some researchers have published reviews
on multi-criteria supplier evaluation and selection (Aissaoui, Haouari, & Hassini, 2007;
de Boer, Labro, & Morlacchi, 2001; Govindan, Rajendran, Sarkis, & Murugesan, 2015).
Therefore, the main goal of this paper is to review MADM approaches which have been
utilised for evaluation and selection in the context of fuzzy sets. This paper also attempts
to identify the most prevalent MADM approaches for fuzzy evaluation and selection of
suppliers. Moreover, we aim to analyse the articles with respect to their national context,
date of publication, number of citations and the journal title.

In this paper, we review a total of 339 scientific articles published in refereed journals
and reputable conferences over the period of January 2001 to May 2016. It should be noted
that some of the reviewed papers are published as book chapters. Data were sought through
various sources including Web of Science, Scopus, EBSCO, ProQuest, IEEE Xplore Digital
Library, Scientific.Net, ScienceDirect, Emerald, Springer, Taylor & Francis, CrossRef, DOA]
and ASME. The published papers were reviewed and categorised based on the type of
MADM approaches. Some MADM methods used by researchers for fuzzy supplier evalu-
ation and selection are presented in Table 1 with their abbreviations and a brief description.
According to these methods and their frequency in the reviewed papers, we classified the

Table 1. Summary of some methods included in the review.

Method Abbreviation for Description
AHP Analytic hierarchy process Structured technique for analysing MCDM problems according to
a pairwise comparison scale.

ANP Analytic network process Generalisation of the AHP method which enables the existence

of interdependences among criteria.

COPRAS Complex proportional assessment Stepwise method aimed to rank a set of alternatives according to

their significance and utility degree.

DEA Data envelopment analysis Non-parametric system for measuring the efficiency of a set of

multiple decision-making units.

EDAS Evaluation based on distance from An MADM approach which uses positive and negative distances
average solution from the average solution for appraising alternatives.

ELECTRE Elimination et choix traduisant la Group of techniques addressed to outrank a set of alternatives by
realité determining their concordance and discordance indexes.

MOORA Multi-objective optimisation by ratio  An outranking method using a ratio system. It became more
analysis robust as MULTIMOORA (MOORA plus the full multiplicative

form).

PROMETHEE  Preference ranking organisation Family of outranking methods based on the selection of a prefer-
method for enrichment of eval- ence function for each criterion forming a MCDM problem.
uations

TOPSIS Technique for order of preference by ~ Technique based on the concept that the best alternative to a
similarity to ideal solution MCDM problem is that which is closest to its ideal solution.

VIKOR Visekriterijumska Optimizacija | Method for determining the compromise ranking-list of a set of
kompromisno resenje alternatives according to the measure of closeness to the ideal

solution.

DEMATEL Decision-making trial and evaluation  An extended method for building a structural model and analyz-

laboratory

ing the influence relation among complex criteria.

Source: Authors’ conclusions.
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Figure 1. Categories and subcategories for fuzzy supplier evaluation and selection. Source: Authors
scheme.

papers into two main categories. The first category includes papers that applied single
MADM approaches and the second category contains articles which used hybrid MADM
approaches. Based on the reviewed papers and MADM methods presented in Table 1, we
defined some subcategories for these two categories. Figure 1 shows the categorisation
considered in this paper. As can be seen, the ‘Single approaches’ category includes 9 sub-
categories and the ‘Hybrid approaches’ category contains 11 subcategories.

The rest of this paper is organised as follows. In sections 2 and 3, we describe the single
and hybrid MADM approaches utilised for fuzzy evaluation and selection of suppliers,
respectively. Each of subcategories depicted in Figure 1 has a subsection in section 2 and 3.
In section 4, some analyses of the reviewed papers are made to show the most frequent
approach, the most influential articles, the national context of articles, the dates of publica-
tion and journals publishing in this field. Section 5 provides a discussion about the results
of this paper. Conclusions are presented in section 6.

2. Single approaches

In this section, single MADM approaches applied to supplier evaluation and selection
in fuzzy environment are reviewed. The AHP, ANP, TOPSIS, VIKOR, DEA, ELECTRE,
DEMATEL and MOORA methods, which appear more frequently in the literature, are
considered individually, and the other single approaches are reviewed in a separate section.
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2.1. AHP

The analytic hierarchy process is a structured MADM method for organising and analys-
ing complex decisions, based on mathematics and psychology. It was developed by Saaty
(1990) and has been extensively studied and refined until now. This method has also been
popular in the process of supplier evaluation and selection in fuzzy environments. Bottani
and Rizzi (2005) proposed a fuzzy multi-attribute framework for supplier selection in an
e-procurement environment based on fuzzy AHP, and applied it to an Italian company
operating in the food industry. Chan and Kumar (2007) developed a fuzzy extended AHP-
based approach for global supplier evaluation considering risk factors. Chan, Kumar, Tiwari,
Lau, and Choy (2008) studied the application of the fuzzy AHP to efficiently tackle both
quantitative and qualitative decision factors involved in the selection of global suppliers.
Lee, Kang, Hsu, and Hung (2009) presented a performance evaluation system based on
fuzzy AHP for green suppliers in a high-tech industry. Lee (2009b) proposed a fuzzy AHP
model, which incorporates the benefits, opportunities, costs and risks (BOCR) concept, to
evaluate various aspects of suppliers for a thin-film-transistor liquid-crystal display (TFT
LCD) manufacturer. Aydin and Kahraman (2010) proposed a modified fuzzy AHP and
applied it to supplier selection in an air conditioner firm. Kilincci and Onal (2011) inves-
tigated supplier selection problem of a well-known washing machine company in Turkey,
and a fuzzy analytic hierarchy process-based methodology was used to select the best sup-
plier firm providing the most customer satisfaction for the determined criteria. Koul and
Verma (2011) developed a dynamic model based on the fuzzy AHP method to support
supplier evaluation and selection in a multi-period planning horizon. T. R. Lee, Phuong
Nha Le, Genovese, and Koh (2011) studied factors in green supplier evaluation and used
the fuzzy AHP approach to select the most important criteria for green supplier selection
in the Taiwanese hand-tool industry. J. Rezaei and Ortt (2013) developed a methodology
that includes a fuzzy AHP based on fuzzy preference relations to incorporate the ambigu-
ities and uncertainties which usually exist in human judgement, and applied it to supplier
evaluation. Ayhan (2013a) applied the fuzzy AHP approach in a gear motor company for
determining the best supplier with respect to some selected criteria. Kaur (2014) proposed
an intuitionistic fuzzy analytic hierarchy process for the supplier evaluation and selec-
tion problem. Lo and Sudjatmika (2016) developed a new fuzzy analytic hierarchy process
method for the efficiency evaluation of suppliers with bell-shaped membership functions. V.
Yadav and Sharma (2015) proposed a fuzzy extended analytical hierarchy process approach
to select the best supplier in an Indian automobile company using triangular fuzzy num-
bers. Plebankiewicz and Kubek (2016) described the criteria employed in the evaluation of
building material suppliers and applied the fuzzy AHP approach to select the best supplier
in this industry.

The abovementioned research only represents some of the important studies that applied
AHP approach in the fuzzy environment. Table 2 presents all of the articles where we found
the application of the AHP method to fuzzy supplier evaluation and selection as a single
approach.

2.2. ANP

The analytic network process or ANP is a more general form of the analytic hierarchy process
used in MADM problems. AHP structures a decision problem into a hierarchy with a goal,
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decision criteria and alternatives, while the ANP structures it as a network (Saaty, 1996). This
method is one of the MADM approaches which have been used for fuzzy supplier evaluation
and selection. Razmi, Rafiei, and Hashemi (2009) developed a fuzzy analytic network pro-
cess model to evaluate the potential suppliers and select the best one with respect to some
important factors. B. Pang (2009) proposed a supplier evaluation approach based on the
fuzzy ANP and fuzzy synthetic evaluation. Instead of the classical eigenvector prioritisation
method, employed in the prioritisation stage of the ANP, a fuzzy preference programming
method was applied in his approach. Kang, Lee, and Yang (2010) presented a fuzzy ANP
model for supplier selection and applied it to selection of most appropriate IC packaging
supplier for a Taiwanese semiconductor manufacturer. X. Chen and Hu (2010) studied the
application of the fuzzy analytic network process in supplier selection based on the connec-
tion number. Vinodh, Anesh Ramiya, and Gautham (2011) used the fuzzy ANP approach
for the supplier selection process in an Indian electronics switches manufacturing company.
B. Pang and Bai (2011) developed an integrated fuzzy ANP and fuzzy synthetic evaluation
methodology for evaluating and selecting the most suitable suppliers. Giilgin Biiyiikdzkan
and Cifci (2012a) proposed an MADM approach based on fuzzy ANP for evaluation of
green supply chain management practices. Dargi, Anjomshoae, Galankashi, Memari, and
Tap (2014) presented a framework comprising the most critical factors for supplier selection
in the automotive industries and used the fuzzy ANP to weight the extracted measures and
determine their importance level. X. Zhang, Deng, Chan, and Mahadevan (2015) proposed
a fuzzy extended analytic network process-based approach for global supplier selection. Xu,
Elomri, Pokharel, and Ming (2015) developed a modified fuzzy ANP to reduce decision
information distortion in product-service supplier pre-evaluation processes. J. Wei and
Sun (2009) and J. Y. Wei, Sun, and Wang (2010) also used the fuzzy ANP approach for the
supplier evaluation and selection problem.

2.3. TOPSIS

The TOPSIS method is an MADM approach, which was originally developed by Hwang
and Yoon (1981). TOPSIS is based on the concept that the chosen alternative should have
the shortest distance from the positive ideal solution (PIS) and the longest distance from
the negative ideal solution (NIS). This method has been very useful in the evaluation and
selection of suppliers in fuzzy environments. Boran, Geng, Kurt, and Akay (2009) proposed a
fuzzy MADM approach for supplier selection based on the TOPSIS method and intuitionistic
fuzzy sets. Awasthi, Chauhan, and Goyal (2010) presented a fuzzy multi-attribute approach
based on the TOPSIS method for evaluating the environmental performance of suppliers.
Y. Deng and Chan (2011) employed the fuzzy set theory and Dempster Shafer theory of
evidence, and developed a TOPSIS-based approach for supplier selection. Luukka (2011)
used the fuzzy similarity and the TOPSIS method for supplier evaluation and selection in
supply chain management. Izadikhah (2012) proposed a TOPSIS method under interval-
valued intuitionistic fuzzy numbers for supplier selection. Yayla, Yildiz, and Ozbek
(2012) applied the fuzzy TOPSIS method for supplier selection in the garment industry.
Roshandel, Miri-Nargesi, and Hatami-Shirkouhi (2013) presented a hierarchical fuzzy
TOPSIS for evaluating and selecting the supplier in the detergent production industry.
L. Shen, Olfat, Govindan, Khodaverdi, and Diabat (2013) proposed a fuzzy multi-attribute
approach for evaluating green suppliers’ performance in a green supply chain using the
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Table 3. Publications using the TOPSIS method as a single approach.

Type of
No. Author(s) and year Type of publication  No. Author(s) and year publication
1 Chen, Lin, and Huang (2006) Journal paper 22 Roshandel et al. (2013) Journal paper
2 Wang, Chen, and Chen (2007) Conference paper 23 Shen et al. (2013) Journal paper
3 Wang and Wei (2008) Conference paper 24 Wuy, Lin, and Kung (2013) Journal paper
4 Xiao and Wei (2008) Conference paper 25  Ayhan (2013b) Journal paper
5 Tang, Liang, Ding, Shu, and Conference paper 26 Wen, Xu, and Wang (2013)  Journal paper
Wang (2008)
6 Boran et al. (2009) Journal paper 27 Kannan et al. (2014) Journal paper
7 Sreekumar (2009) Journal paper 28  Tadi¢etal. (2014) Journal paper
8 Kavita, Yadav, and Kumar (2009) ~ Conference paper 29 Zhao and Guo (2014) Journal paper
9 Wang, Lee, and Cheng (2009) Conference paper 30  Djordjevic et al. (2014) Journal paper
10 Awasthietal. (2010) Journal paper 31 Roghanian et al. (2014) Journal paper
1 Guo, Meiran, and Xin (2010) Conference paper 32 Eslamian Shiraz, Sengl, Journal paper
and Eren (2014)
12 Sevkli, Zaim, Turkyilmaz, and Conference paper 33 Otheman, Ghani, and Conference paper
Satir (2010) Abdullah (2014)
13 Dengand Chan (2011) Journal paper 34  Dowlatshahi et al. (2015) Journal paper
14 Luukka (2011) Journal paper 35 M. Li and Wu (2015) Journal paper
15  Zarbini-Sydani, Karbasi, and Journal paper 36 LimaJuniorand Carpinetti  Journal paper
Atef-Yekta (2011) (2015)
16 lzadikhah (2012) Journal paper 37  LiandWang (2015) Journal paper
17 Yaylaetal. (2012) Journal paper 38  Venkatesh etal. (2015) Journal paper
18 Kilic (2012) Journal paper 39 Awasthi (2015) Book chapter
19  Niyigena, Luukka, and Collan Conference paper 40  Chatterjee and Kar (2016)  Journal paper
(2012)
20  Qiansheng Zhang and Huang Conference paper 41 Sahu et al. (2016) Journal paper
(2012)

21 Y.J. Wang, Han, and Kao (2012)

Source: Authors’ calculations.

Conference paper

TOPSIS method and linguistic preferences. Kannan, Jabbour, and Jabbour (2014) applied
the fuzzy TOPSIS method for selecting green suppliers with respect to the green supply
chain management (GSCM) practices in a Brazilian electronics company. Tadi¢, Stefanovic,
and Aleksi¢ (2014) proposed a fuzzy TOPSIS method for evaluation and ranking of medical
device suppliers. Zhao and Guo (2014) developed a fuzzy TOPSIS method based on
entropy weighting and applied it to selecting green suppliers of thermal power equipment.
Djordjevic, Puskaric, and Djordjevic (2014) proposed a fuzzy TOPSIS for evaluation of
hip prosthesis suppliers. Roghanian, Sheykhan, and Sayyad Abendankashi (2014) applied
the fuzzy TOPSIS approach for supplier evaluation in the food industry. Dowlatshahi,
Karimi-Nasab, and Bahrololum (2015) developed a group decision-making approach for
supplier selection in configuration design based on fuzzy TOPSIS. M. Li and Wu (2015)
proposed an improved TOPSIS method with intuitionistic fuzzy sets for green supplier
selection. Chatterjee and Kar (2016) developed an interval valued fuzzy TOPSIS for supplier
evaluation in electronics supply chains with respect to risk-based criteria. Sahu, Sahu, and
Sahu (2016) proposed a modified interval-valued fuzzy TOPSIS method for selection of
appropriate suppliers in an agile supply chain. Some other studies also used the TOPSIS
approach as a single approach in the process of fuzzy supplier evaluation and selection. We
present all of the publications of this subcategory in Table 3.

2.4. VIKOR

The VIKOR method is an MADM approach proposed by Opricovic (1998). Like many
MADM methods, this method has also been extended for dealing with fuzzy decision-making
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problems. Supplier evaluation and selection is one of the problems that the VIKOR method
has been applied to. G. Biiyikdzkan and Feyzioglu (2008) extended the original VIKOR
method for evaluation of suppliers’ environmental management performances in a fuzzy
environment. Sanayei, Farid Mousavi, and Yazdankhah (2010) proposed a hierarchical
MADM model based on the fuzzy sets theory and VIKOR method to deal with supplier
selection problems in the supply chain system. Shemshadi, Shirazi, Toreihi, and Tarokh
(2011) employed Shanon entropy to extend the VIKOR method and applied it to fuzzy eval-
uation of suppliers. Amiri, Ayazi, Olfat, and Moradi (2011) applied the fuzzy VIKOR method
for fuzzy evaluation and selection of auto parts suppliers in Iran. Roostaee, Izadikhah, Lotfi,
and Rostamy-Malkhalifeh (2012) extended the VIKOR method for group decision-making
with intuitionistic fuzzy numbers to solve the supplier selection problem under incom-
plete and uncertain information. Mozafari, Asli, and Khanghah (2012) provided a model
for selecting a suitable outsourcing supplier based on the fuzzy VIKOR method. Wu and
Geng (2014) proposed an MADM approach for evaluation of coal suppliers based on intu-
itionistic fuzzy sets and the VIKOR method. You, You, Liu, and Zhen (2015) developed
a group multi-attribute supplier selection framework using an extended VIKOR method
with interval 2-tuple linguistic information. Reza Rostamzadeh, Govindan, Esmaeili, and
Sabaghi (2015) applied the fuzzy VIKOR method for evaluation of suppliers with respect
to green supply chain management practices. Sahu, Datta, and Mahapatra (2016) used the
VIKOR method for evaluation and selection of resilient suppliers in fuzzy environments.

2.5. MOORA

The MOORA method is an efficient MADM method which was proposed by Brauers and
Zavadskas (2006) and extended to the MULTIMOORA (MOORA plus the full multiplica-
tive form) by Brauers and Zavadskas (2010). This method has been applied to many real-
world MADM problems in certain and uncertain environments. Some researchers have also
used the MOORA method for fuzzy supplier evaluation and selection problems. BaleZentis
and Balezentis (2011) developed an innovative multi-attribute supplier selection approach
based on 2-tuple MULTIMOORA and hybrid data. Dey, Bairagi, Sarkar, and Sanyal (2012)
proposed an extended fuzzy MOORA method for supplier evaluation and selection prob-
lems. Pérez-Dominguez, Alvarado-Iniesta, Rodriguez-Borboén, and Vergara-Villegas (2015)
developed a fuzzy MADM approach for evaluation and selection of suppliers based on
intuitionistic fuzzy MOORA. S. Mishra, Sahu, Datta, and Mahapatra (2015) presented the
application of a fuzzy integrated MULTIMOORA method for supplier and partner selection
in an agile supply chain.

2.6. ELECTRE

The ELECTRE method was first proposed by Roy (1968) and has been extended to some
versions like ELECTRE II, ELECTRE III, ELECTRE IV, ELECTRE IS and ELECTRE TRI
(Govindan & Jepsen, 2016a). Extended fuzzy versions of the ELECTRE method have been
applied to fuzzy supplier evaluation and selection in some studies until now. Montazer,
Saremi, and Ramezani (2009) designed a new mixed expert decision aiding system using
the fuzzy ELECTRE IIT method for supplier evaluation and selection. Mehmet Sevkli (2010)
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compared the results of the crisp and fuzzy ELECTRE methods for supplier selection in
a manufacturing company in Turkey. Fahmi, Kahraman, and Bilen (2016) extended the
ELECTRE I method with hesitant linguistic term sets and applied it to the supplier selection
problem. Govindan and Jepsen (2016b) proposed an MADM approach based on trapezoidal
intuitionistic fuzzy numbers and ELECTRE TRI-C for service supplier risk assessment.

2.7. DEMATEL

The DEMATEL method was first conducted by the Battelle Memorial Institute through
its Geneva Research Centre (Gabus & Fontela, 1972). DEMATEL is an extended method
for building and analysing a structural model for analysing the influence relation among
complex criteria. This method has been used in some studies for evaluation of suppliers
in a fuzzy environment. Chang, Chang, and Wu (2011) used the DEMATEL method to
evaluate supplier performance and find key factor criteria for improving performance, and
provided a novel approach of decision-making in supply chain management (SCM) supplier
selection. R.-J. Lin (2013) examined the influential factors among some criteria of three
main GSCM practices, namely practices, performances, and external pressures by using
fuzzy DEMATEL. Reza Kiani Mavi, Kazemi, Najafabadi, and Mousaabadi (2013) devel-
oped a framework for identification and assessment of logistical factors to evaluate green
suppliers using the fuzzy DEMATEL method. Routroy and Sunil Kumar (2014) proposed a
methodology to identify, quantify and establish relationships (i.e. cause and effect) among
various supplier development programme enablers in an Indian manufacturing company.
R. K. Mavi and Shahabi (2015) applied the fuzzy DEMATEL method for evaluating supplier
selection criteria in manufacturing industries.

2.8. DEA

Data envelopment analysis is a linear programming (LP) methodology to measure the efficiency
of multiple decision-making units (DMUs) when the process presents a structure of multiple
inputs and outputs. The fuzzy DEA method has been widely used in various types of problems
(Hatami-Marbini, Emrouznejad, & Tavana, 2011). Some studies have also been performed
by applying this method to the process of supplier evaluation and selection with fuzzy data.
Azadeh, Alem, Nazari-Shirkoohi, and Rezaie (2009) performed a Monte Carlo simulation
analysis of DEA, fuzzy DEA and chance constraint DEA for supplier selection problems
in the supply chain and presented a decision-making plan for choosing the appropriate
model. Azadeh and Alem (2010) proposed flexible deterministic, stochastic and fuzzy DEA
approaches for supply chain risk and supplier selection problems. Costantino, Dotoli, Epicoco,
Falagario, and Sciancalepore (2012b) developed a novel fuzzy data envelopment analysis
methodology for performance evaluation of suppliers in a two-stage supply chain. Costantino,
Dotoli, Epicoco, Falagario, and Sciancalepore (2012a) presented a cross-efficiency fuzzy data
envelopment analysis technique for supplier evaluation under uncertainty and applied it to
an Italian small and medium-sized enterprise (SME) case study. Ahmady, Azadi, Sadeghi, and
Saen (2013) proposed a novel fuzzy data envelopment analysis model with double frontiers for
supplier selection problems. A. Amindoust, Ahmed, and Saghafinia (2013) applied the data
envelopment analysis for green supplier selection in manufacturing under fuzzy environments.
Atefeh Amindoust and Saghafinia (2014) proposed a fuzzy DEA approach based on alpha cuts
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for supplier selection. Azadi, Jafarian, Farzipoor Saen, and Mirhedayatian (2015) developed
a new fuzzy DEA model for evaluation of the efficiency and effectiveness of suppliers in the
sustainable supply chain management context.

2.9. Othersingle approaches

In addition to the single approaches stated in previous sections, some other methods have
also been applied to supplier evaluation and selection problems in the fuzzy environment.
Some of these single approaches only use simple fuzzy methods, and some others developed
an extended fuzzy approach. Chou and Chang (2008) and Sandeep, Kumanan, and Vinodh
(2011) applied the fuzzy simple multi-attribute rating technique (SMART) approach for
supplier selection. W.-P. Wang (2010) proposed a fuzzy linguistic computing approach for
supplier evaluation. Lam, Tao, and Lam (2010) presented a material supplier selection model
for property developers using fuzzy principal component analysis (PCA). Aydin Keskin,
Ilhan, and Ozkan (2010) developed a categorisation method for supplier evaluation and
selection based on the fuzzy adaptive resonance theory algorithm. B.-M. Hsu, Chiang, and
Shu (2010) proposed a method for supplier selection using fuzzy quality data. Vahdani and
Zandieh (2010) introduced a new fuzzy multi-criteria decision model based on the fuzzy
balancing and ranking method. Tan, Wu, and Ma (2011) developed a model for supplier
selection using fuzzy measures and linguistic preference relations. Wibowo (2011) proposed
a fuzzy multi-attribute group decision-making approach for improving the degree of confi-
dence in supplier selection. Chu and Varma (2012) presented a multiple-level multi-criteria
decision-making method for evaluating suppliers. Ferreira and Borenstein (2012) proposed
a fuzzy-Bayesian model for supplier selection. Atefeh Amindoust, Ahmed, Saghafinia, and
Bahreininejad (2012) developed a ranking model based on a fuzzy inference system for sus-
tainable supplier selection. Garcia, Puente, Fernandez, and Priore (2013) proposed a fuzzy
decision support system for supplier selection of commodities procurement. Nourianfar
and Montazer (2013) developed a fuzzy MADM approach based on the COPRAS method to
solve supplier selection problems. Kumar, Singh, Singh, and Seema (2013) proposed a fuzzy
logic-based decision support system for evaluation of suppliers in supply chain management
practices. Zhang et al. (2013) and Bai, Li, and Yang (2014) presented two dynamic fuzzy
group decision-making approaches for supplier selection. Senvar, Tuzkaya, and Kahraman
(2014) proposed a multi-attribute supplier selection approach using the fuzzy PROMETHEE
method. Lee and Omar (2014) and Kannan, Govindan, and Rajendran (2015) used the
fuzzy axiomatic approach for supplier selection. Yu, Li, and Merigo6 (2016) developed a dual
hesitant fuzzy group decision-making method and applied it to the supplier selection prob-
lem. Chai and Ngai (2015) proposed a soft decision model for multi-perspective strategic
supplier selection based on hesitant fuzzy sets. Davis, Shipley, and Stading (2015) presented
a fuzzy supplier selection model using large survey datasets of delivery performance. Yu
(2015) applied the triangular Atanassov’s intuitionistic fuzzy Bonferroni mean to supplier
selection. Tosun and Akytiz (2015) developed a fuzzy TODIM (an acronym in Portuguese
for iterative multi-criteria decision making) approach for the supplier selection problem.
Xu, Patnayakuni, Tao, and Wang (2015) utilised the incomplete interval fuzzy preference
relations for supplier selection in supply chain management. Qin and Liu (2016) presented
an MADM approach based on the 2-tuple linguistic Muirhead mean and applied it to the
supplier evaluation process. Ghorabaee, Zavadskas, Amiri, and Turskis (2016) developed an
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extended EDAS method for fuzzy multi-attribute supplier selection. Heidarzade, Mahdavi,
and Mahdavi-Amiri (2016) proposed a clustering method for supplier selection problems
based on a new distance measure for interval type-2 fuzzy sets. We also found some other
studies which used single approaches for evaluation and selection of suppliers in a fuzzy
environment. Table 4 represents all of the reviewed publications in this subcategory with
their approaches.

3. Hybrid approaches

In this section, we categorise the hybrid MADM approaches which were utilised for the
process of evaluation and selection of suppliers in fuzzy environments. This categorisation
is based on the popularity of the approaches, and some hybrid approaches which have less
frequency in the literature are categorised in a separate section.

3.1. AHP-TOPSIS

Many studies have used a combination of the AHP and TOPSIS methods for fuzzy sup-
plier evaluation and selection. Wang, Cheng, and Huang (2009) proposed a fuzzy hier-
archical TOPSIS for supplier selection based on fuzzy TOPSIS and fuzzy AHP methods.
Gnanasekaran, Velappan, and Manimaran (2010) developed an integrated model for sup-
plier evaluation in a steel plant based on fuzzy AHP and TOPSIS methods. Chen and Yang
(2011) proposed a new method for multi-attribute group decision-making which uses a
constrained fuzzy analytic hierarchy process to measure the relative importance of attrib-
utes and a fuzzy TOPSIS to rank the alternatives. Zeydan, Colpan, and Cobanoglu (2011)
developed a two-stage MADM approach for selecting suitable supplier(s) in an automotive
factory in Turkey by using fuzzy AHP, fuzzy TOPSIS and DEA methods. Wittstruck and
Teuteberg (2011) presented an integrated fuzzy AHP-TOPSIS approach for sustainable
supplier selection in the electrics and electronics industry. Zouggari and Benyoucef (2012)
applied fuzzy AHP and a simulation-based fuzzy TOPSIS for the evaluation and selection
of suppliers. Li, Liu, and Chen (2012b) used axiomatic fuzzy set clustering to cluster the
potential suppliers and employed fuzzy AHP and TOPSIS methods to select the best sup-
pliers. Giil¢in Biiylikozkan (2012) applied the fuzzy AHP, fuzzy axiomatic design and fuzzy
TOPSIS approaches for green supplier evaluation processes. Muralidhar, Ravindranath,
and Srihari (2012) developed an MADM approach for evaluation of green supply chain
management strategies using fuzzy AHP and TOPSIS. Wittstruck and Teuteberg (2012)
proposed a fuzzy AHP-TOPSIS approach for integrating the concept of sustainability into
the partner selection process. Ghorbani, Mohammad Arabzad, and Shahin (2013) presented
a novel approach for supplier selection based on the Kano model, fuzzy analytic hierarchy
process and fuzzy TOPSIS. Lima Junior, Osiro, and Carpinetti (2014) performed a compar-
ison between fuzzy AHP and fuzzy TOPSIS methods for supplier evaluation and selection.
Asemi, Baba, and Asemi (2014) employed the fuzzy analytic hierarchy process, fuzzy infer-
ence system (FIS) and fuzzy TOPSIS approaches for supplier selection in a steel company.
Rostamzadeh (2014) used the fuzzy AHP and TOPSIS methods for evaluation of criteria
and selection of suppliers in a tractor manufacturing company. Yazdani (2014) presented
an integrated fuzzy AHP-TOPSIS approach for green supplier selection in an automobile
manufacturing supply chain. Lee, Cho, and Kim (2015) applied fuzzy AHP and TOPSIS
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approaches for assessing the business impacts of agility criterion and order allocation strat-
egies in a multi-attribute supplier selection process. Beikkhakhian, Javanmardi, Karbasian,
and Khayambashi (2015) developed a model based on interpretive structural model (ISM)
and fuzzy TOPSIS-AHP methods for evaluating agile supplier selection criteria and rank-
ing suppliers. Bronja and Bronja (2015) proposed a two-phase selection procedure of an
aluminised sheet supplier by applying fuzzy AHP and fuzzy TOPSIS methodology. Sultana,
Ahmed, and Azeem (2015) developed an integrated approach for multi-attribute supplier
selection using fuzzy Delphi, fuzzy AHP and fuzzy TOPSIS approaches. Wang Chen, Chou,
Luu, and Yu (2016) presented a fuzzy MADM approach for green supplier selection with
respect to economic and environmental criteria by using the AHP and TOPSIS methods.
This hybrid approach was also applied in the research of Tadic, Milanovic, Misita, and Tadic
(2011), Bhayana, Kaur, and Jha (2015) and Hamdan and Cheaitou (2015).

3.2. AHP-LP

Combination of the AHP method with linear programming is another hybrid approach
utilised by researchers for fuzzy supplier evaluation and selection. Kumar, Shankar, and
Yadav (2008) proposed an integrated approach using an analytic hierarchy process and
fuzzy linear programming for supplier selection and order allocation problems. Sevkli,
Lenny Koh, Zaim, Demirbag, and Tatoglu (2008) applied integration of the AHP method
and fuzzy linear programming for supplier evaluation in a Turkish appliance manufacturer.
T.-Y. Wang and Yang (2009) used the analytic hierarchy process and fuzzy compromise
programming and proposed multi-objective linear programming for supplier selection in
quantity discount environments. Chamodrakas, Batis, and Martakos (2010) developed a
two-stage approach based on fuzzy AHP and a modified variant of the fuzzy preference pro-
gramming (FPP) method. $en, $en, and Basligil (2010) presented an approach for selection
of suppliers through an integrated fuzzy AHP and max-min linear programming. Shaw,
Shankar, Yadav, and Thakur (2012) proposed a supplier selection model based upon fuzzy
AHP and fuzzy multi-objective linear programming for developing a low carbon supply
chain. Kannan, Khodaverdi, Olfat, Jafarian, and Diabat (2013) developed an integrated fuzzy
MADM approach using AHP and multi-objective programming for supplier selection and
order allocation in a green supply chain. Peri¢, Babi¢, and Veza (2013) presented a hybrid
approach for supplier selection and supply quantities determination in a bakery based on
AHP and fuzzy linear programming. . Shaw, Shankar, Yadav, and Thakur (2013) integrated
the AHP and multi-objective fuzzy linear programming approaches for global supplier
selection considering sustainability and carbon footprint issues. Kar (2014) developed a
two-stage multi-attribute model for supplier selection using fuzzy AHP and fuzzy goal
programming. Amir Hossein Azadnia, Saman, and Wong (2014) proposed an integrated
multi-objective decision-making process for sustainable supplier selection and order lot-siz-
ing based on fuzzy AHP and linear programming. Liao, Fu, and Wu (2016) presented an
integrated MADM approach using fuzzy AHP, fuzzy ARAS and multi-segment goal pro-
gramming for green supplier evaluation and selection. Han, Luo, Chen, and Yang (2015)
proposed an integrated MADM approach based on the AHP method and fuzzy zero-one
programming for supplier evaluation. Ulutas, Shukla, Kiridena, and Gibson (2016) proposed
a utility-driven approach to supplier evaluation and selection based on fuzzy AHP, fuzzy
COPRAS and linear programming, and applied it to a Turkish textile company. Asgari,
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Abbasi, and Alimohamadlou (2016) compared the integrated fuzzy AHP-goal programming
approach with the adaptive neuro-fuzzy inference system (ANFIS) method for supplier
selection problems. Kumar, Rahman, and Chan (2017) developed a fuzzy AHP and fuzzy
multi-objective linear programming model for supplier evaluation and order allocation in
a sustainable supply chain and applied it to an Indian automobile company. Some other
researchers also utilised this hybrid approach in their studies (Kenarroudi, 2012; Ketata,
Ben Mahmoud, & Romdhan, 2008; Ku, Chang, & Ho, 2009).

3.3. AHP-DEA

Some researchers have used the integration of the AHP with data envelopment analysis for
evaluation and selection of suppliers in fuzzy environments. Yuan, Liu, Tu, and Xue (2008)
presented a hybrid approach by modifying DEA and using fuzzy AHP for evaluation of
suppliers. Kuo, Lee, and Hu (2010) developed a supplier selection system through integrating
fuzzy AHP and fuzzy DEA and applied it to an auto-lighting system company in Li, Liu, and
Chen (2012a) proposed an integrated MADM approach to supplier evaluation using fuzzy
axiomatic clustering, fuzzy AHP and DEA methods. Awasthi, Noshad, and Chauhan (2014)
proposed an integrated approach for supplier performance evaluation based on Delphi,
AHP and fuzzy DEA. Yadav and Sharma (2015) presented a supplier selection procedure
in an automobile company based on AHP, the data envelopment analytic hierarchy process
and fuzzy AHP approaches.

3.4. Other AHP-based approaches

The AHP method has been integrated with some other approaches by researchers for fuzzy
supplier evaluation and selection. Kong, Zhang, and Liu (2008) proposed an integrated
approach based on the fuzzy AHP and grey relation model for logistics supplier evalua-
tion. Zhongwei and Jianzhong (2008a) presented a decision model for supplier selection
in a SCM based on the AHP and fuzzy comprehensive evaluation. Cheng and Tang (2009)
proposed an MADM approach by integration of fuzzy Delphi and fuzzy AHP for supplier
evaluation in bicycle industry supply chains. Deng and Hu (2010) integrated the ELECTRE
method with fuzzy AHP and applied it to supplier selection in an airline company. Yiicenur,
Vayvay, and Demirel (2011) presented an approach based on fuzzy AHP and fuzzy ANP
methods for selection of the best supplier in a global supply chain. Ertay, Kahveci, and
Tabanli (2011) developed a model for evaluating and monitoring suppliers’ performance
using fuzzy analytic hierarchy process and ELECTRE III methods. Azadnia, Ghadimi, Mat
Saman, Wong, and Sharif (2011) proposed an integrated approach based on fuzzy AHP,
ELECTRE and fuzzy c-mean (FCM) clustering methods. Raut, Bhasin, and Kamble (2011)
proposed a new approach for evaluation of supplier selection criteria by a combination of
AHP and fuzzy DEMATEL methods. Li, Wong, and Kwong (2013) developed an integrated
model of material supplier selection and order allocation using extended fuzzy AHP and
dynamic programming. Alinezad, Seif, and Esfandiari (2013) presented a supplier evalua-
tion and selection approach using quality function deployment (QFD) and fuzzy AHP, and
applied it to a pharmaceutical company. Pitchipoo, Venkumar, and Rajakarunakaran (2013)
proposed an integrated decision model for evaluating suppliers by combining the fuzzy
analytic hierarchy process and grey relational analysis. Rezaei, Fahim, and Tavasszy (2014)
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developed a decision-making approach for supplier selection in the airline retail indus-
try based on the conjunctive screening method and fuzzy AHP. Hashemian, Behzadian,
Samizadeh, and Ignatius (2014) proposed a fuzzy hybrid group decision support system
approach to supplier evaluation using fuzzy AHP and fuzzy PROMETHEE methods. Kar
(2015) presented a hybrid group decision support system for supplier selection using the
analytic hierarchy process, fuzzy set theory and neural network. Wang (2015) proposed
an integrated MADM approach based on QFD, fuzzy Delphi, fuzzy DEMATEL and fuzzy
AHP methods for supplier evaluation. Mavi (2015) developed a hybrid method using fuzzy
AHP and fuzzy ARAS approaches for green supplier selection. Nallusamy, Sri Lakshmana
Kumar, Balakannan, and Chakraborty (2016) used the fuzzy logic, AHP and artificial neural
networks for supplier evaluation and selection. The other AHP-based hybrid approaches
include the studies of Zhongwei and Jianzhong (2008b), Cheng, Lee, and Tang (2009) and
Lee (2009a).

3.5. ANP-TOPSIS

Some studies have applied the integration of the ANP and TOPSIS methods. Oniit, Kara,
and Isik (2009) developed a fuzzy supplier evaluation approach based on the analytic net-
work process and the TOPSIS methods to help a telecommunication company in the global
system for mobile communications (GSM) sector in Turkey. Shirinfar and Haleh (2011)
proposed a hybrid approach based on fuzzy ANP, fuzzy TOPSIS, fuzzy PROMETHEE and
fuzzy goal programming for the evaluation and selection of suppliers. Shemshadi, Toreihi,
Shirazi, and Tarokh (2011) presented an MADM model for supplier risk evaluation by using
the ANP and fuzzy TOPSIS methods. Jajimoggala, Kesava Rao, and Beela (2011) proposed
a hybrid model, which incorporates the ANP and TOPSIS techniques to rank competing
suppliers in terms of their overall performances. Biiyiikozkan and Cif¢i (2012b) devel-
oped a novel hybrid MCDM approach based on fuzzy DEMATEL, fuzzy ANP and fuzzy
TOPSIS to evaluate green suppliers. Wu, Hsieh, and Chang (2013) proposed an MADM
model for supplier selection by using a combination of the fuzzy Delphi method, ANP, and
TOPSIS, and applied it to a real case. Sinrat and Atthirawong (2014) presented a concep-
tual framework by integration of fuzzy ANP and TOPSIS for supplier selection based on
supply chain risk management. Kuo, Hsu, and Chen (2015) identified 13 criteria of carbon
management under four dimensions and developed a framework for the supplier evaluating
process for carbon management by integrating fuzzy ANP and fuzzy TOPSIS approaches.
Govindaraju, Akbar, Gondodiwiryo, and Simatupang (2015) applied an integrated fuzzy
ANP-TOPSIS approach for selecting strategic suppliers. Rouyendegh (2015) developed an
integrated model for supplier selection based on the ANP and intuitionistic fuzzy TOPSIS.

3.6. ANP-LP

Integration of the ANP and linear programming is another hybrid approach that has been
used by researchers. Lin (2009) proposed an integrated fuzzy ANP and multi-objective linear
programming approach for supplier evaluation and order allocation. Lin (2012) integrated
fuzzy ANP and fuzzy multi-objective linear programming for supplier evaluation and selec-
tion. Palanisamy and Abdul Zubar (2013) developed a hybrid MADM approach by inte-
grating fuzzy QFD, ANP and linear programming for evaluating and selecting appropriate
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suppliers in automotive component manufacturing. Huang and Hu (2013) presented a
two-stage solution approach for supplier selection using the fuzzy analytic network process,
goal programming and De Novo programming (DNP). Bakeshlou, Khamseh, Asl, Sadeghi,
and Abbaszadeh (2017) studied a fuzzy five-objective green supplier selection model using
an integrated approach based on fuzzy ANP and fuzzy multi-objective linear programming.

3.7. Other ANP-based approaches

Some of studies have integrated the ANP approach with some other techniques for fuzzy
supplier evaluation and selection. Tseng, Chiang, and Lan (2009) proposed a model for
selection of optimal suppliers in a supply chain management strategy using the analytic
network process and Choquet integral. Tuzkaya, Ozgen, Ozgen, and Tuzkaya (2009) devel-
oped an integrated fuzzy MADM approach based on fuzzy ANP and fuzzy PROMETHEE
methods for environmental performance evaluation of suppliers. Biiyiikozkan and Cifci
(2011) presented a novel fuzzy multi-attribute decision framework for sustainable supplier
selection with incomplete information based on fuzzy ANP and fuzzy preference relations.
Bhattacharya et al. (2014) proposed an intra-organisational collaborative decision-making
approach for green supply chain performance measurement of suppliers using the fuzzy ana-
lytic network process and a green-balanced scorecard. Lee, Kang, Lin, and Wu (2013) devel-
oped a hybrid model for supplier selection based on fuzzy ANP and DEMATEL approaches.
Rezaei, Abedini Naeeni, and Sabet Motlagh (2013) presented an integrated approach based
upon fuzzy ANP, fuzzy VIKOR and multi-objective mixed integer non-linear programming
to determine the appropriate suppliers in a cable industry supply chain. Liou, Chuang,
and Tzeng (2014) introduced a model for supplier evaluation and improvement using the
fuzzy integral, ANP and DEMATEL approaches. Sinrat and Atthirawon (2015) proposed an
integrated factor analysis and fuzzy analytic network process model for supplier selection
based on supply chain risk.

3.8. TOPSIS-LP

The TOPSIS method has also been integrated with linear programming in the literature.
Razmi, Songhori, and Khakbaz (2009) proposed a framework for supplier evaluation and
order allocation based on fuzzy TOPSIS and multi-objective integer programming. Guneri,
Yucel, and Ayyildiz (2009) developed an integrated fuzzy TOPSIS-LP approach for supplier
selection and order allocation processes. Liao and Kao (2011) presented an integrated model
based on fuzzy TOPSIS and multi-choice goal programming (MCGP) approaches to solve
the supplier selection problem. Soner Kara (2011) proposed an integrated methodology
for supplier selection problems using a two-stage stochastic programming model and the
fuzzy TOPSIS method. Jolai, Yazdian, Shahanaghi, and Azari Khojasteh (2011) introduce
a two-phase model by integrating fuzzy TOPSIS and multi-objective mixed integer lin-
ear programming for purchasing multiple products from multiple suppliers. Kilic (2013)
integrated the fuzzy TOPSIS method with mixed integer linear programming for supplier
selection in a multi-item multi-supplier environment. Singh (2014) presented a hybrid
TOPSIS-LP approach for supplier evaluation and demand allocation problems. Rouyendegh
(Babek Erdebilli) and Saputro (2014) developed a model for supplier evaluation based
on fuzzy TOPSIS and multi-choice goal programming. Igoulalene, Benyoucef, and Tiwari
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(2015) proposed two hybrid models based on a fuzzy consensus-based possibility measure,
fuzzy TOPSIS, fuzzy consensus-based neat ordered weighted averaging (OWA) and goal
programming for the strategic supplier selection problem.

3.9. Other TOPSIS-based approaches

The TOPSIS method could be combined with many approaches for supplier selection in
fuzzy environment. Fan, Hong, and Liu (2008) integrated the rough set theory with the
fuzzy TOPSIS method to deal with supplier selection problems. Biiyiikézkan and Ersoy
(2009) proposed a hybrid approach to supplier evaluation based on fuzzy axiomatic design
and fuzzy TOPSIS methods. Chen (2011) developed a structured methodology for supplier
selection and evaluation using strengths-weaknesses-opportunities-threats (SWOT) anal-
ysis and the TOPSIS and DEA methods under fuzzy environments. Dalalah, Hayajneh, and
Batieha (2011) introduced a fuzzy MADM approach based on a modified DEMATEL and
fuzzy TOPSIS approach for supplier selection and applied it to a real case study. Govindan,
Khodaverdi, and Jafarian (2013) proposed a fuzzy multi-attribute approach for measur-
ing sustainability performance of suppliers based on triple bottom line and fuzzy TOPSIS
approaches. Mukherjee and Kar (2013) developed a novel three-phase hybrid approach to
supplier evaluation and selection based on fuzzy preference degree and TOPSIS methods.
Arabzad, Ghorbani, Razmi, and Shirouyehzad (2015) integrated SWOT analysis with fuzzy
TOPSIS and linear programming for supplier selection and order allocation problems.
Arshadi Khamseh and Mahmoodi (2014) proposed a new hybrid fuzzy TOPSIS-TODIM
method for green supplier selection using fuzzy time functions. Orji and Wei (2014) applied
fuzzy logic, DEMATEL and TOPSIS to effectively analyse the interdependencies between
sustainability criteria and to select the best sustainable supplier in a fuzzy environment.
Kar, Chatterjee, and Kar (2014) integrated fuzzy extent analysis, fuzzy cognitive map, fuzzy
decision map and fuzzy TOPSIS to select the appropriate supplier in a supply chain. Cao,
Wu, and Liang (2015) proposed a hybrid MADM approach based on an intuitionistic fuzzy
judgement matrix and TOPSIS method multi-criteria decisions for green supplier selection.
Wood (2016) developed a multi-attribute decision-making technique using fuzzy and intui-
tionistic fuzzy TOPSIS with flexible entropy weighting to select the appropriate supplier for
development of petroleum industry facilities. Lima-Junior and Carpinetti (2016) combined
the SCOR (Supply Chain Operations Reference) model with fuzzy TOPSIS for supplier
evaluation and management and applied it to an automobile supply chain.

3.10. VIKOR-based approaches

The VIKOR method is also one of the MADM methods that have been integrated with some
other approaches for the process of fuzzy evaluation and selection of suppliers. Dai, Liu,
and Zhang (2008) integrated the fuzzy AHP and fuzzy VIKOR methods for application to
supplier selection problems. Mohammady and Amid (2011) proposed a hybrid approach
based on fuzzy AHP and fuzzy VIKOR methods for supplier selection in an agile and mod-
ular virtual enterprise. Wu and Liu (2011) developed a supplier selection model based on
fuzzy VIKOR and fuzzy TOPSIS methods. Kuo, Shia, Chen, and Ho (2011) presented an
MADM framework for evaluating the green suppliers of the printed circuit board factories
based on the fuzzy AHP and VIKOR methods. Mishra, Samantra, Datta, and Mahapatra
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(2012) proposed a multi-attribute group decision-making approach for supplier evaluation
by integration of fuzzy linguistic modelling and the fuzzy VIKOR method. Chaghooshi,
Fathi, Faghih, and Zarchi (2012) presented an integrated model for supplier evaluation based
on the DEMATEL, fuzzy ANP and VIKOR methods and applied it to a tyre manufacturing
company. Jiang and Yao (2013) developed an integrated approach using fuzzy AHP and
interval-valued intuitionistic fuzzy VIKOR methods for selection of a supplier of automobile
parts. Ayazi, Moradi, and Paksoy (2014) presented a model for supplier selection and order
allocation based on the fuzzy VIKOR method and fuzzy multi-objective programming
approach. Akman (2015) proposed a hybrid approach for evaluation of suppliers using
fuzzy c-means clustering and VIKOR methods. Awasthi and Kannan (2016) developed an
integrated approach based on a fuzzy NGT (nominal group technique) and the VIKOR
method for evaluating green supplier development programmes.

3.11. Other hybrid approaches

In addition to the abovementioned hybrid approaches, some researchers have integrated
other approaches for evaluation of suppliers in fuzzy environments. Bevilacqua, Ciarapica,
and Giacchetta (2006) proposed a hybrid approach based on fuzzy QFD and the fuzzy suit-
ability index (FSI) for supplier selection. Lee (2006) integrated the fuzzy preference relation
and linear programming to select suppliers. Amin and Razmi (2009) developed an integrated
fuzzy approach based on the QFD for supplier management, and applied it to internet ser-
vice provider selection. Shen and Yu (2009) presented a hybrid fuzzy approach considering
the strategic and operational factors for enhancing the efficacy of supplier selection deci-
sion-making at the initial stage of new product development. Leng and Zhang (2010) used
an integrated model based upon fuzzy set theory and grey-based rough set theory for sup-
plier evaluation. Xiao, Chen, and Li (2012) integrated the fuzzy cognitive map (FCM) with
a fuzzy soft set model for solving the supplier selection problem based on risk evaluation.
Mirhedayatian, Azadi, and Farzipoor Saen (2014) proposed a novel network DEA model
for evaluating green supply chain practices in the presence of dual-role factors, undesirable
outputs and fuzzy data. Dursun and Karsak (2013) developed an integrated approach based
on fuzzy QFD and the fuzzy weighted average (FWA) method for evaluation of suppliers.
Sepehriar, Eslamipoor, and Nobari (2013) presented a hybrid approach for supplier selection
and order allocation based on the fuzzy ELECTRE method and linear programming. Tseng
and Chiu (2013) proposed a model for evaluating firms’ green supply chain management
based on the fuzzy set theory and grey relational analysis. Omurca (2013) developed a hybrid
approach based on fuzzy c-means and rough set theory as a new solution for supplier selec-
tion, evaluation and development problems. Karsak and Dursun (2014) introduced a fuzzy
integrated methodology using DEA, QFD and fuzzy weighted average for supplier evalu-
ation in a private hospital in Istanbul. Dursun and Karsak (2014) proposed an integrated
approach for supplier selection based on 2-tuple fuzzy representation and the QFD model.
Tahriri, Mousavi, Hozhabri Haghighi, and Zawiah Md Dawal (2014) applied a hybrid fuzzy
Delphi and fuzzy inference system to the supplier ranking and selection problem. Mehregan,
Hashemi, Karimi, and Merikhi (2014) analysed the interactions between sustainability sup-
plier selection criteria using ISM and fuzzy DEMATEL. Karsak and Dursun (2015) employed
the OWA operator to develop an integrated methodology for supplier evaluation based
on 2-tuple fuzzy sets and QFD. Mahmoudi, Sadi-Nezhad, and Makui (2015) proposed an
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extended fuzzy PROMETHEE founded on a fuzzy rule-based system for supplier selection
problems. Keskin (2015) used an integrated fuzzy DEMATEL and fuzzy c-means algorithm
for supplier evaluation and selection. Fallahpour, Olugu, Musa, Khezrimotlagh, and Wong
(2016) developed an integrated model for green supplier selection under fuzzy environments
based on the data envelopment analysis and genetic programming approach.

4. Analysis of the reviewed papers

In this section, we analyse the reviewed papers with respect to some important aspects. First
of all, the papers are analysed based on the frequency of MADM approaches used in them,
and the most frequent approaches are identified. Then, the most influential journal articles
are determined according to the number of citations of the reviewed journal papers. Number
of publications in each year, journal and country of origin are also analysed in this section.

4.1. Most frequent approaches

We analysed the frequency of the MADM approaches within two categories: single
approaches and hybrid approaches. Table 5 shows the frequency of single approaches
according to the type of the paper (journal paper, book chapter or conference paper). As can
be seen in this table, 26.77% of published papers in the single approaches category used the
AHP method for supplier evaluation and selection. Therefore, the AHP method is the most
frequent single approach (without considering the ‘Other single approach’ subcategory).
The TOPSIS method is the second most popular single approach with 20.71% of papers.
In the hybrid approaches category, the AHP-TOPSIS approach is the most frequent with
16.31% of studies. Also, 13.48% of the studies in this category used the integrated AHP-LP
approach, and 14.18% applied the AHP method integrated with other methods. These
facts show that the AHP method is also the most prevalent method in hybrid approaches.
The ANP-TOPSIS, TOPSIS-LP and other TOPSIS-based approaches account for 22.69%

Table 5. Frequency of single and hybrid approaches in the reviewed papers.

Journal Book Conference % of single/
Approach paper chapter paper Total hybrid % of total
Single  AHP 29 3 21 53 26.77 15.63
ANP 7 0 5 12 6.06 3.54
TOPSIS 28 1 12 41 20.71 12.09
VIKOR 10 0 0 10 5.05 2.95
MOORA 4 0 0 4 2.02 1.18
ELECTRE 4 0 0 4 2.02 1.18
DEMATEL 5 0 0 5 2.53 1.47
DEA 4 1 3 8 4.04 2.36
Other single approaches 47 1 13 61 30.81 17.99
Hybrid  AHP-TOPSIS 19 0 4 23 16.31 6.78
AHP—LP 19 0 0 19 13.48 5.60
AHP-DEA 3 2 0 5 3.55 1.47
Other AHP-based 15 0 6 21 14.18 5.90
ANP—-TOPSIS 9 0 1 10 7.09 2.95
ANP—LP 5 0 0 5 3.55 1.47
Other ANP-based 7 0 1 8 5.67 236
TOPSIS—LP 8 0 1 9 6.38 2.65
Other TOPSIS-based 1 0 2 13 9.22 3.83
VIKOR-based 8 0 2 10 7.09 2.95
Other hybrid approaches 16 0 3 19 13.48 5.60

Source: Authors’ calculations.
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of papers in the hybrid approaches category. Thus, the TOPSIS method can be considered
as the second most frequently used method in the hybrid approaches. Total percentages
show that using the AHP method as a single approach constitutes a considerable number
of papers on the evaluation and selection of suppliers in the fuzzy environment.

4.2. Most influential articles

In this analysis, we only consider the reviewed journal papers (without considering jour-
nal papers published in 2016), and book chapters and conference papers are excluded.
For this purpose, the number of citations of the reviewed journal papers was extracted
from Scopus to analyse their degree of influence in the literature. Where there are articles
with the same publication date, the number of citations could be an appropriate measure
to compare their influence in the literature. However, this is not rational if the dates of
publications are different. For this reason, we use a measure that normalises the num-
ber of citations of a paper by its publication date. In other words, it gives an estimate
of the average citations per year (ACPY) of a paper. This measure is defined as follows:
ACPY = Total number of citations of the paper

Current year - Year of publication of the paper

In the above formula, the value of the current year is 2016. Using the ACPY formula and
the number of citations of the reviewed journal papers, the top 50 influential articles were
determined. The results, which are sorted according to ACPY values, are represented in
Table 6. The author(s), year of publication, journal, subcategory, number of citations and
ACPY measure of the papers are included in this table.

According to this table, the first influential paper applied the TOPSIS method as a single
approach, was published in the International Journal of Production Economics and cited 626
times in the literature. The second paper used the AHP method as a single approach, was
published in Ormega and cited 486 times. The third paper also used the TOPSIS method as
a single approach, was published in Expert Systems with Applications and cited 354 times.
Moreover, Expert Systems with Applications accounts for 48% (24 papers) in this list, which
shows the high level of influence of this journal in the field of the evaluation and selection
of suppliers within fuzzy environments.

4.3. Year of publications

Table 7 presents the number of journal papers, book chapters and conference papers in dif-
ferent years (over the period 2001 to 2016), and Figure 2 shows the graphical representation
of the data. As can be seen, although there have been some fluctuations in the total number
of papers in some years, the overall trend shows the increase in the number of studies on
application of multi-attribute decision-making approaches in the evaluation and selection
of suppliers within the context of fuzzy sets. As previously stated, the AHP and TOPSIS
methods are the most frequent approaches in both single and hybrid approaches. In Figure 3,
we depict the number of papers which applied these methods in their studies (as a single
or hybrid approach) according to the year of publication. It can be seen that the overall
patterns of using these methods in different years are similar, and the variations are relatively
consistent with the variations in the total number of papers. Also, the linear trend lines
related to the AHP and TOPSIS methods show an increasing trend in using these methods.
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Table 7. Distribution of publications by year.

Year Journal papers Book chapters Conference papers Total
Before 2005 5 0 0 5
2006 3 0 3 6
2007 4 0 3 7
2008 8 0 12 20
2009 23 0 7 30
2010 15 1 7 23
2011 36 0 8 44
2012 30 0 9 39
2013 38 0 8 46
2014 34 4 " 49
2015 43 3 5 51
2016 (Up to May) 19 0 0 19

Source: Authors’ calculations.
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Figure 2. Graphical distribution of publications by year. Source: Authors’ graph.

e AHP
TOPSIS

Linear (AHP)
—— Linear (TOPSIS)

Figure 3. Trend of publications using the AHP and TOPSIS methods. Source: Authors’ graph.

4.4. National analysis of studies

We also analysed the distribution of the reviewed papers according to the country of origin.
Table 8 presents countries with more than two papers in the field of fuzzy evaluation and
selection of suppliers. Also, this table includes the period of the publications and the total
number of citations of the journal papers from each country. As can be seen, more than
70% of publications (248 publications) are from five countries (China, Iran, Turkey, Taiwan
and India), and China with 67 publications is the leading country in terms of number of
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publications followed by Iran with 50 publications. On the other hand, Taiwan with 2314
citations has the first place with respect to the citations of its journal papers, followed by
Turkey with 1657 citations and Hong Kong with 724 citations.

4.5. Analysis of publishing journals

The reviewed papers were also analysed based on the journals which published them.
Figure 4 shows the journals with more than two publications (0.5% of publications) on the

Table 8. Distribution of publications by country.

Country Number of publications Citations Years

China 67 433 2006-2016
Iran 50 563 2008-2016
Turkey 47 1657 2003-2016
Taiwan 43 2314 2006-2016
India 41 484 2006-2016
Malaysia 14 86 2011-2015
Canada 8 205 2007-2016
USA 8 254 2001-2015
Denmark 6 235 2013-2016
Italy 6 256 2002-2012
Brazil 5 76 2012-2016
Hong Kong 5 724 2007-2015
UK 5 100 2008-2016
Serbia 4 1 2011-2015
Australia 3 1 2011-2016

Source: Authors’ calculations.
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Int. J. Comput. Intell. Syst.
Int. J. Oper. Res.
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Math. Probl. Eng.

Prod. Plan. Control
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Int. J. Logist. Res. Appl.
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Abreviated title of journal

Figure 4. Graphical distribution of publications by journal. Source: Authors’ graph.
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evaluation and selection of suppliers using MADM approaches within fuzzy environments.
The titles of the journals are abbreviated in this figure. With respect to this analysis, Expert
Systems with Applications is the leading journal in this field with 36 published papers (10.62%
of publications). Moreover, the International Journal of Production Research is in the sec-
ond place with 14 publications (4.13%), followed by The International Journal of Advanced
Manufacturing Technology with nine publications (2.65%). As can be seen in Figure 4, the
top six journals have published almost 24% of all papers which applied MADM approaches
in fuzzy supplier evaluation and selection. Moreover, the top 16 journals account for almost
38% of all publications.

5. Findings and discussion

Regarding supply chain management practices, the process of supplier evaluation and selec-
tion has been identified as an important problem which could affect the efficiency of a supply
chain. This process could be considered as a multi-criteria decision-making problem. Hence,
many MADM and multi-objective decision-making (MODM) approaches have been applied
to this problem up to now. Because the information in the evaluation process is usually
uncertain, the fuzzy approaches have been widely utilised for decision-making problems.
Many studies can be found that applied the fuzzy MADM approaches to various fields of
science and engineering (Celik, Gul, Aydin, Gumus, & Guneri, 2015; Kahraman, Onar, &
Oztaysi, 2015; Mardani, Jusoh, & Zavadskas, 2015). One of the fields that the fuzzy MADM
approaches have been applied to is the evaluation and selection of suppliers. Although some
studies have considered a review of applications of MADM approaches in this field, no study
has focused on this problem in a fuzzy environment. Accordingly, this study considers
the fuzzy supplier evaluation and selection problem for the first time in the literature. For
this purpose, the reviewed papers were classified in terms of different approaches in two
categories: single approaches and hybrid approaches. In the single approaches category,
the AHP and TOPSIS methods, and in the hybrid approaches category, AHP-TOPSIS were
the most frequently used approaches. These facts show the importance of the AHP and
TOPSIS methods in this field of research. According to analysis of the year of publication,
the total number of papers in this field has an increasing trend. This increasing trend is also
reflected in the number of papers used the AHP and TOPSIS methods or both of them.
The popularity of the AHP method could be because of the hierarchical structure of the
supplier evaluation and selection problems which could be handled by this method. On the
other hand, the simplicity and robustness of the TOPSIS method for decision-making are
probably the main reasons for using this method in many studies in the literature. The most
cited articles also confirmed that these two methods have been very useful in other studies.

6. Conclusion

Because of consequential role of supplier evaluation and selection in the efficiency of a sup-
ply chain, this problem has been widely studied by researchers in past years. The MADM
approaches have been the most commonly used to deal with this problem. Due to the
uncertainty of information in the process of decision-making, the supplier evaluation and
selection problem could be considered in the context of fuzzy sets. This paper has presented
a review of the publications using the MADM approaches for the problem of evaluation
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and selection of suppliers in fuzzy environments. We reviewed a total of 339 publications in
this field and classified them in two categories according the applied MADM approaches.
The first category includes single approaches which consist of subcategories such as AHP,
ANP, TOPSIS, VIKOR. Hybrid approaches such as AHP-TOPSIS, AHP-LP, TOPSIS-LP are
included in the second category. The analyses showed that the AHP and TOPSIS methods
are the prevalent approaches in both single and hybrid approaches. Moreover AHP-TOPSIS
is the most popular integrated approach applied by researchers. There is an increasing trend
in the total number of publications in this field which can also be seen in the trend-line
of the AHP and TOPSIS methods. The results of the national analysis show that China
accounts for most of the papers; however Taiwan has the highest number of citations. Also,
in analysis of publishing journals, Expert Systems with Applications, International Journal of
Production Research and The International Journal of Advanced Manufacturing Technology
were identified as the leading journals in this field.

Disclosure statement

No potential conflict of interest was reported by the authors.

ORCID

Edmundas Kazimieras Zavadskas "= http://orcid.org/0000-0002-3201-949X
Jurgita Antucheviciene "= http://orcid.org/0000-0002-1734-3216

References

Aggarwarl, R., & Sharma, S. (2014). Prioritization of supply chain risk assessors using fuzzy analytic
hierarchy process. International conference on machine intelligence research and advancement
(pp- 100-104). doi:10.1109/ICMIRA.2013.26

Ahmady, N., Azadi, M., Sadeghi, S. A. H., & Saen, R. E (2013). A novel fuzzy data envelopment
analysis model with double frontiers for supplier selection. International Journal of Logistics
Research and Applications, 16, 87-98.

Aissaoui, N., Haouari, M., & Hassini, E. (2007). Supplier selection and order lot sizing modeling: A
review. Computers & Operations Research, 34, 3516-3540. doi:10.1016/j.cor.2006.01.016

Akman, G. (2015). Evaluating suppliers to include green supplier development programs via fuzzy
c-means and VIKOR methods. Computers & Industrial Engineering, 86, 69-82. doi:10.1016/j.
cie.2014.10.013

Aktepe, A., & Ersoz, S. (2011). A fuzzy analytic hierarchy process model for supplier selection and
a case study. International Journal of Research and Development, 3, 33-37.

Alinezad, A., Seif, A., & Esfandiari, N. (2013). Supplier evaluation and selection with QFD and FAHP
in a pharmaceutical company. The International Journal of Advanced Manufacturing Technology,
68, 355-364. doi:10.1007/s00170-013-4733-3

Altinoz, C., & Winchester, S. C. (2001). A fuzzy approach to supplier selection. The Journal of The
Textile Institute, 92, 155-167. doi:10.1080/00405000108659605

Amin, S. H., & Razmi, J. (2009). An integrated fuzzy model for supplier management: A case study
of ISP selection and evaluation. Expert Systems with Applications, 36, 8639-8648. doi:10.1016/j.
eswa.2008.10.012

Amindoust, A., & Saghafinia, A. (2014). Supplier evaluation and selection using a FDEA model.
In A. Emrouznejad & M. Tavana (Eds.), Performance measurement with fuzzy data envelopment
analysis (pp. 255-269). Berlin, Heidelberg: Springer, Berlin Heidelberg.


http://orcid.org
http://orcid.org/0000-0002-3201-949X
http://orcid.org
http://orcid.org/0000-0002-1734-3216
https://doi.org/10.1109/ICMIRA.2013.26
https://doi.org/10.1016/j.cor.2006.01.016
https://doi.org/10.1016/j.cie.2014.10.013
https://doi.org/10.1016/j.cie.2014.10.013
https://doi.org/10.1007/s00170-013-4733-3
https://doi.org/10.1080/00405000108659605
https://doi.org/10.1016/j.eswa.2008.10.012
https://doi.org/10.1016/j.eswa.2008.10.012

1100 M. KESHAVARZ GHORABAEE ET AL.

Amindoust, A., Ahmed, S., Saghafinia, A., & Bahreininejad, A. (2012). Sustainable supplier selection:
A ranking model based on fuzzy inference system. Applied Soft Computing, 12, 1668-1677.
doi:10.1016/j.as0¢.2012.01.023

Amindoust, A., Ahmed, S., & Saghafinia, A. (2013). Using data envelopment analysis for green
supplier selection in manufacturing under vague environment. Advanced Materials Research, 622,
1682-1685. doi:10.4028/www.scientific.net/ AMR.622-623.1682

Amiri, M., Ayazi, S. A., Olfat, L., & Moradi, J. S. (2011). Group decision making process for supplier
selection with VIKOR under fuzzy circumstance case study: An Iranian car parts supplier.
International Bulletin of Business Administration, 10, 66-75.

Arabzad, S. M., Ghorbani, M., Razmi, J., & Shirouyehzad, H. (2015). Employing fuzzy TOPSIS and
SWOT for supplier selection and order allocation problem. The International Journal of Advanced
Manufacturing Technology, 76, 803-818. doi:10.1007/s00170-014-6288-3

Arshadi Khamseh, A., & Mahmoodi, M. (2014). A new fuzzy TOPSIS-TODIM hybrid method for
green supplier selection using fuzzy time function. Advances in Fuzzy Systems, 2014, Article ID
841405, 10 pages. doi:10.1155/2014/841405.

Asemi, A., Baba, M. S., & Asemi, A. (2014). Intelligent MCDM method for supplier selection under
fuzzy environment. International Journal of Information Science and Management, 12, 33-40.
Asgari, M. S., Abbasi, A., & Alimohamadlou, M. (2016). Comparison of ANFIS and FAHP-FGP

methods for supplier selection. Kybernetes, 45, 474-489. doi:10.1108/K-09-2014-0195

Awasthi, A. (2015). Supplier quality evaluation using a fuzzy multi criteria decision making approach.
In Q. Zhu & T. A. Azar (Eds.), Complex system modelling and control through intelligent soft
computations (pp. 195-219). Cham: Springer International Publishing.

Awasthi, A., & Kannan, G. (2016). Green supplier development program selection using NGT and
VIKOR under fuzzy environment. Computers & Industrial Engineering, 91,100-108. doi:10.1016/j.
cie.2015.11.011

Awasthi, A., Chauhan, S. S., & Goyal, S. K. (2010). A fuzzy multicriteria approach for evaluating
environmental performance of suppliers. International Journal of Production Economics, 126,
370-378. doi:10.1016/j.ijpe.2010.04.029

Awasthi, A., Noshad, K., & Chauhan, S. S. (2014). Supplier performance evaluation using a hybrid
fuzzy data envelopment analysis approach. In A. Emrouznejad & M. Tavana (Eds.), Performance
measurement with fuzzy data envelopment analysis (pp. 271-285). Berlin, Heidelberg: Springer,
Berlin Heidelberg.

Ayazi, S. A., Moradi, . S., & Paksoy, T. (2014). Supplier selection and order size determination in a
supply chain by using fuzzy multiple objective models. Journal of Multiple-Valued Logic and Soft
Computing, 23, 135-160.

Aydin, S., & Kahraman, C. (2010). Multiattribute supplier selection using fuzzy analytic hierarchy
process. International Journal of Computational Intelligence Systems, 3, 553-565. doi:10.1080/18
756891.2010.9727722

Aydin Keskin, G., Ilhan, S., & Ozkan, C. (2010). The Fuzzy ART algorithm: A categorization
method for supplier evaluation and selection. Expert Systems with Applications, 37, 1235-1240.
doi:10.1016/j.eswa.2009.06.004

Ayhan, M. B. (2013a). A fuzzy AHP approach for supplier selection problem: A case study in a Gear
motor company. International Journal of Managing Value and Supply Chains, 4, 11-23.

Ayhan, M. B. (2013b). Fuzzy topsis application for supplier selection problem. International Journal
of Information, Business and Management, 5, 159-174.

Azadeh, A., & Alem, S. M. (2010). A flexible deterministic, stochastic and fuzzy Data Envelopment
Analysis approach for supply chain risk and vendor selection problem: Simulation analysis. Expert
Systems with Applications, 37, 7438-7448. doi:10.1016/j.eswa.2010.04.022

Azadeh, A., Alem, S. M., Nazari-Shirkoohi, S., & Rezaie, K. (2009). An integrated computer simulation-
DEA and its extension models for vendor selection problem. International Journal of Simulation:
Systems, Science and Technology, 10, 72-76.

Azadi, M., Jafarian, M., Farzipoor Saen, R., & Mirhedayatian, S. M. (2015). A new fuzzy DEA model
for evaluation of efficiency and effectiveness of suppliers in sustainable supply chain management
context. Computers ¢ Operations Research, 54, 274-285. doi:10.1016/j.cor.2014.03.002


https://doi.org/10.1016/j.asoc.2012.01.023
https://doi.org/10.4028/www.scientific.net/AMR.622-623.1682
https://doi.org/10.1007/s00170-014-6288-3
https://doi.org/10.1155/2014/841405
https://doi.org/10.1108/K-09-2014-0195
https://doi.org/10.1016/j.cie.2015.11.011
https://doi.org/10.1016/j.cie.2015.11.011
https://doi.org/10.1016/j.ijpe.2010.04.029
https://doi.org/10.1080/18756891.2010.9727722
https://doi.org/10.1080/18756891.2010.9727722
https://doi.org/10.1016/j.eswa.2009.06.004
https://doi.org/10.1016/j.eswa.2010.04.022
https://doi.org/10.1016/j.cor.2014.03.002

ECONOMIC RESEARCH-EKONOMSKA ISTRAZIVANJA 1101

Azadnia, A. H., Ghadimi, P., Mat Saman, M. Z., Wong, K. Y., & Sharif, S. (2011). Supplier selection:
A hybrid approach using ELECTRE and fuzzy clustering. In A. Abd Manaf, A. Zeki, M. Zamani,
S. Chuprat & E. El-Qawasmeh (Eds.), Informatics engineering and information science: International
conference, ICIEIS 2011, Kuala Lumpur, Malaysia, November 14-16, 2011. proceedings, Part 1I
(pp. 663-676). Berlin, Heidelberg: Springer Berlin Heidelberg.

Azadnia, A. H., Ghadimi, P,, Saman, M. Z. M., Wong, K. Y., & Heavey, C. (2013). An integrated
approach for sustainable supplier selection using fuzzy logic and fuzzy AHP. Applied Mechanics
and Materials, 315, 206-210. doi:10.4028/www.scientific.net/ AMM.315.206

Azadnia, A. H., Saman, M. Z. M., & Wong, K. Y. (2014). Sustainable supplier selection and order lot-
sizing: An integrated multi-objective decision-making process. International Journal of Production
Research, 53, 383-408. doi:10.1080/00207543.2014.935827

Bai, R, Li, E, & Yang, J. (2014). A dynamic fuzzy multi-attribute group decision making method
for supplier evaluation and selection. Chinese control and decision conference (pp. 3249-3256).
doi:10.1109/CCDC.2014.6852735

Bakeshlou, E. A., Khamseh, A. A,, Asl, M. A. G., Sadeghi, J., & Abbaszadeh, M. (2017). Evaluating
a green supplier selection problem using a hybrid MODM algorithm. Journal of Intelligent
Manufacturing, 28, 913-927. do0i:10.1007/s10845-014-1028-y

Balezentis, A., & BaleZentis, T. (2011). An innovative multi-criteria supplier selection based on two-
tuple MULTIMOORA and hybrid data. Economic Computation and Economic Cybernetics Studies
and Research, 45, 37-56.

Bayrak, M. Y., Celebi, N., & Tagkin, H. (2007). A fuzzy approach method for supplier selection.
Production Planning & Control, 18, 54-63. d0i:10.1080/09537280600940713

Beikkhakhian, Y., Javanmardi, M., Karbasian, M., & Khayambashi, B. (2015). The application of ISM
model in evaluating agile suppliers selection criteria and ranking suppliers using fuzzy TOPSIS-
AHP methods. Expert Systems with Applications, 42, 6224-6236. doi:10.1016/j.eswa.2015.02.035

Benyoucef, M., & Canbolat, M. (2007). Fuzzy AHP-based supplier selection in e-procurement.
International Journal of Services and Operations Management, 3, 172-192.

Bevilacqua, M., & Petroni, A. (2002). From traditional purchasing to supplier management: A
fuzzy logic-based approach to supplier selection. International Journal of Logistics Research and
Applications, 5,235-255. d0i:10.1080/1367556021000026691

Bevilacqua, M., Ciarapica, F. E., & Giacchetta, G. (2006). A fuzzy-QFD approach to supplier selection.
Journal of Purchasing and Supply Management, 12, 14-27. doi:10.1016/j.pursup.2006.02.001

Bhattacharya, A., Mohapatra, P., Kumar, V., Dey, P. K., Brady, M., Tiwari, M. K., & Nudurupati,
S. S. (2014). Green supply chain performance measurement using fuzzy ANP-based balanced
scorecard: A collaborative decision-making approach. Production Planning & Control, 25, 698-714.
doi:10.1080/09537287.2013.798088

Bhayana, N., Kaur, S., & Jha, P. C. (2015). A hybrid performance evaluation approach for supplier
selection under fuzzy environment. In N. K. Das, K. Deep, M. Pant, C.]. Bansal, & A. Nagar (Eds.),
Proceedings of fourth international conference on soft computing for problem solving: SocProS 2014,
Vol. 2 (pp. 463-476). New Delhi: Springer India.

de Boer, L., Labro, E., & Morlacchi, P. (2001). A review of methods supporting supplier selection.
European Journal of Purchasing & Supply Management, 7, 75-89. doi:10.1016/S0969-7012(00)
00028-9

Boran, FE. E,, Geng, S., Kurt, M., & Akay, D. (2009). A multi-criteria intuitionistic fuzzy group decision
making for supplier selection with TOPSIS method. Expert Systems with Applications, 36, 11363—
11368. doi:10.1016/j.eswa.2009.03.039

Bottani, E., & Rizzi, A. (2005). A fuzzy multi-attribute framework for supplier selection in an
e-procurement environment. International Journal of Logistics Research and Applications, 8, 249—
266. do0i:10.1080/13675560500240445

Brauers, W. K. M., & Zavadskas, E. K. (2006). The MOORA method and its application to privatization
in a transition economy. Control and Cybernetics, 35, 445-469.

Brauers, W. K. M., & Zavadskas, E. K. (2010). Project management by multimoora as an instrument
for transition economies. Technological and Economic Development of Economy, 16, 5-24.


https://doi.org/10.4028/www.scientific.net/AMM.315.206
https://doi.org/10.1080/00207543.2014.935827
https://doi.org/10.1109/CCDC.2014.6852735
https://doi.org/10.1007/s10845-014-1028-y
https://doi.org/10.1080/09537280600940713
https://doi.org/10.1016/j.eswa.2015.02.035
https://doi.org/10.1080/1367556021000026691
https://doi.org/10.1016/j.pursup.2006.02.001
https://doi.org/10.1080/09537287.2013.798088
https://doi.org/10.1016/S0969-7012(00)00028-9
https://doi.org/10.1016/S0969-7012(00)00028-9
https://doi.org/10.1016/j.eswa.2009.03.039
https://doi.org/10.1080/13675560500240445

1102 (&) M.KESHAVARZ GHORABAEE ET AL.

Bronja, H., & Bronja, H. (2015). Two-phase selection procedure of aluminized sheet supplier by
applying fuzzy AHP and fuzzy TOPSIS methodology. Tehnicki Vjesnik, 22, 821-828. doi:10.17559/
TV-20140203122653

Buchanan, J., & Vanderpooten, D. (2007). Ranking projects for an electricity utility using ELECTRE
III. International Transactions in Operational Research, 14, 309-323. doi:10.1111/j.1475-
3995.2007.00589.x

Bityiikozkan, G. (2012). An integrated fuzzy multi-criteria group decision-making approach
for green supplier evaluation. International Journal of Production Research, 50, 2892-2909.
doi:10.1080/00207543.2011.564668

Biiyiikozkan, G., & Cif¢i, G. (2011). A novel fuzzy multi-criteria decision framework for sustainable
supplier selection with incomplete information. Computers in Industry, 62, 164-174. doi:10.1016/j.
compind.2010.10.009

Biyiikozkan, G., & Cifci, G. (2012a). Evaluation of the green supply chain management practices:
A fuzzy ANP approach. Production Planning ¢ Control, 23, 405-418. doi:10.1080/09537287.20
11.561814

Biiyiikozkan, G., & Cifci, G. (2012b). A novel hybrid MCDM approach based on fuzzy DEMATEL,
fuzzy ANP and fuzzy TOPSIS to evaluate green suppliers. Expert Systems with Applications, 39,
3000-3011. doi:10.1016/j.eswa.2011.08.162

Biyiikozkan, G., & Ersoy, M. S. (2009). Applying fuzzy decision making approach to IT outsourcing
supplier selection. International Journal of Mechanical, Aerospace, Industrial, Mechatronic and
Manufacturing Engineering, 3, 815-819.

Biiyiikozkan, G., & Feyzioglu, O. (2008). Evaluation of suppliers’ environmental management
performances by a fuzzy compromise ranking technique. Journal of Multiple-Valued Logic and
Soft Computing, 14, 309-323.

Cai, L., Guo, S. S., & Zhou, L. M. (2014). A enterprises supplier evaluating system using fuzzy-AHP.
Applied Mechanics and Materials, 475-476, 1050-1054. doi:10.4028/www.scientific.net/ AMM.475-
476.1050

Cao, J., & Zhou, G. (2006). Partner selection and evaluation in agile virtual enterprise based upon
TFN-AHP model. 10th international conference on computer supported cooperative work in
design (pp. 1105-1110). doi:10.1109/CSCWD.2006.253009

Cao, J., Tang, E, & Xu, Q. (2011). A Fuzzy-AHP method to enterprise’s partner selection under
the green operation strategy. Advanced Materials Research, 181-182, 987-992. doi:10.4028/www.
scientific.net/ AMR.181-182.987

Cao, Q, Wu, ], & Liang, C. (2015). An intuitionsitic fuzzy judgement matrix and TOPSIS integrated
multi-criteria decision making method for green supplier selection. Journal of Intelligent ¢~ Fuzzy
Systems, 28, 117-126.

Celik, E., Gul, M., Aydin, N., Gumus, A. T., & Guneri, A. E (2015). A comprehensive review of multi
criteria decision making approaches based on interval type-2 fuzzy sets. Knowledge-Based Systems,
85, 329-341. doi:10.1016/j.knosys.2015.06.004

Chaghooshi, A. J., Fathi, M. R., Faghih, A., & Zarchi, M. K. (2012). Applying a new integration of
MCDM techniques for supplier selection (Case Study: Pars Tire Company). Australian Journal of
Basic and Applied Sciences, 6, 9-19.

Chai, J., & Ngai, E. W. T. (2015). Multi-perspective strategic supplier selection in uncertain
environments. International Journal of Production Economics, 166, 215-225. doi:10.1016/j.
ijpe.2014.09.035

Chai, J., Liu, J. N, & Xu, Z. (2012). A new rule-based sir approach to supplier selection under
intuitionistic fuzzy environments. International Journal of Uncertainty, Fuzziness and Knowledge-
Based Systems, 20, 451-471.

Chamodrakas, I., Batis, D., & Martakos, D. (2010). Supplier selection in electronic marketplaces
using satisficing and fuzzy AHP. Expert Systems with Applications, 37, 490-498. doi:10.1016/j.
eswa.2009.05.043

Chan, E T. S., & Kumar, N. (2007). Global supplier development considering risk factors using fuzzy
extended AHP-based approach. Omega, 35, 417-431. doi:10.1016/j.0mega.2005.08.004


https://doi.org/10.17559/TV-20140203122653
https://doi.org/10.17559/TV-20140203122653
https://doi.org/10.1111/j.1475-3995.2007.00589.x
https://doi.org/10.1111/j.1475-3995.2007.00589.x
https://doi.org/10.1080/00207543.2011.564668
https://doi.org/10.1016/j.compind.2010.10.009
https://doi.org/10.1016/j.compind.2010.10.009
https://doi.org/10.1080/09537287.2011.561814
https://doi.org/10.1080/09537287.2011.561814
https://doi.org/10.1016/j.eswa.2011.08.162
https://doi.org/10.4028/www.scientific.net/AMM.475-476.1050
https://doi.org/10.4028/www.scientific.net/AMM.475-476.1050
https://doi.org/10.1109/CSCWD.2006.253009
https://doi.org/10.4028/www.scientific.net/AMR.181-182.987
https://doi.org/10.4028/www.scientific.net/AMR.181-182.987
https://doi.org/10.1016/j.knosys.2015.06.004
https://doi.org/10.1016/j.ijpe.2014.09.035
https://doi.org/10.1016/j.ijpe.2014.09.035
https://doi.org/10.1016/j.eswa.2009.05.043
https://doi.org/10.1016/j.eswa.2009.05.043
https://doi.org/10.1016/j.omega.2005.08.004

ECONOMIC RESEARCH-EKONOMSKA ISTRAZIVANJA 1103

Chan, E T. S., Kumar, N., Tiwari, M. K., Lau, H. C. W,, & Choy, K. L. (2008). Global supplier
selection: A fuzzy-AHP approach. International Journal of Production Research, 46, 3825-3857.
doi:10.1080/00207540600787200

Chang, B., Chang, C.-W., & Wu, C.-H. (2011). Fuzzy DEMATEL method for developing supplier
selection criteria. Expert Systems with Applications, 38,1850-1858. doi:10.1016/j.eswa.2010.07.114

Chatterjee, K., & Kar, S. (2016). Multi-criteria analysis of supply chain risk management using interval
valued fuzzy TOPSIS. OPSEARCH, 53, 474-499. d0i:10.1007/s12597-015-0241-6

Chen, Y.-J. (2011). Structured methodology for supplier selection and evaluation in a supply chain.
Information Sciences, 181, 1651-1670. doi:10.1016/j.ins.2010.07.026

Chen, X., & Hu, W. (2010). The application of fuzzy analytic network process in supplier selection
based on the connection number. International conference on artificial intelligence and education
(pp- 554-559). doi:10.1109/ICAIE.2010.5641100

Chen, Z., & Yang, W. (2011). An MAGDM based on constrained FAHP and FTOPSIS and its
application to supplier selection. Mathematical and Computer Modelling, 54, 2802-2815.
doi:10.1016/j.mcm.2011.06.068

Chen, C.-T., Lin, C.-T., & Huang, S.-F. (2006). A fuzzy approach for supplier evaluation and selection
in supply chain management. International Journal of Production Economics, 102, 289-301.
doi:10.1016/j.ijpe.2005.03.009

Chen, T.-Y., Wang, H.-P,, & Lu, Y.-Y. (2011). A multicriteria group decision-making approach based
on interval-valued intuitionistic fuzzy sets: A comparative perspective. Expert Systems with
Applications, 38, 7647-7658. d0i:10.1016/j.eswa.2010.12.096

Cheng, J. H., & Tang, C. H. (2009). An application of Fuzzy Delphi and Fuzzy AHP for multi-criteria
evaluation on bicycle industry supply chains. WSEAS Transactions on Systems and Control, 4,21-34.

Cheng, J.-H., Lee, C.-M., & Tang, C.-H. (2009). An application of fuzzy Delphi and fuzzy AHP on
evaluating wafer supplier in semiconductor industry. WSEAS Transactions on Information Science
and Applications, 6, 756-767.

Chou, S.-Y., & Chang, Y.-H. (2008). A decision support system for supplier selection based on a
strategy-aligned fuzzy SMART approach. Expert Systems with Applications, 34, 2241-2253.
doi:10.1016/j.eswa.2007.03.001

Chu, T.-C., & Varma, R. (2012). Evaluating suppliers via a multiple levels multiple criteria decision
making method under fuzzy environment. Computers ¢ Industrial Engineering, 62, 653-660.
doi:10.1016/j.cie.2011.11.036

Cifci, G., & Bitytikozkan, G. (2011). A fuzzy MCDM approach to evaluate green suppliers. International
Journal of Computational Intelligence Systems, 4, 894-909. doi:10.1080/18756891.2011.9727840

Costantino, N., Dotoli, M., Falagario, M., & Fanti, M. P. (2011). Using fuzzy decision making for
supplier selection in public procurement. Journal of Public Procurement, 11, 403-427.

Costantino, N., Dotoli, M., Epicoco, N., Falagario, M., & Sciancalepore, F. (2012b). A novel fuzzy
Data Envelopment Analysis methodology for performance evaluation in a two-stage supply chain.
IEEE international conference on automation science and engineering (pp. 974-979). doi:10.1109/
CoASE.2012.6386424

Costantino, N., Dotoli, M., Epicoco, N., Falagario, M., & Sciancalepore, E (2012a). A cross efficiency
fuzzy data envelopment analysis technique for supplier evaluation under uncertainty. IEEE
International Conference on Emerging Technologies and Factory Automation, ETFA (pp. 1-8).
doi:10.1109/ETFA.2012.6489600

Dai, L, Liu, Y., & Zhang, Z. (2008). Supplier selection with multiple criteria under fuzzy environment.
International Conference on Wireless Communications, Networking and Mobile Computing, WiCOM
(pp- 1-4). doi:10.1109/WiCom.2008.1652

Dalalah, D., Hayajneh, M., & Batieha, F. (2011). A fuzzy multi-criteria decision making model for
supplier selection. Expert Systems with Applications, 38, 8384-8391. doi:10.1016/j.eswa.2011.01.031

Dargi, A., Anjomshoae, A., Galankashi, M. R., Memari, A., & Tap, M. B. M.. (2014). Supplier selection:
A Fuzzy-ANP approach. Procedia Computer Science, 31,691-700. doi:10.1016/j.procs.2014.05.317

Davis, J., Shipley, M. E, & Stading, G. (2015). A fuzzy supplier selection application using large survey
datasets of delivery performance. Advances in Fuzzy Systems, 2015, Article ID 841485, 14 pages.
doi:10.1155/2015/841485


https://doi.org/10.1080/00207540600787200
https://doi.org/10.1016/j.eswa.2010.07.114
https://doi.org/10.1007/s12597-015-0241-6
https://doi.org/10.1016/j.ins.2010.07.026
https://doi.org/10.1109/ICAIE.2010.5641100
https://doi.org/10.1016/j.mcm.2011.06.068
https://doi.org/10.1016/j.ijpe.2005.03.009
https://doi.org/10.1016/j.eswa.2010.12.096
https://doi.org/10.1016/j.eswa.2007.03.001
https://doi.org/10.1016/j.cie.2011.11.036
https://doi.org/10.1080/18756891.2011.9727840
https://doi.org/10.1109/CoASE.2012.6386424
https://doi.org/10.1109/CoASE.2012.6386424
https://doi.org/10.1109/ETFA.2012.6489600
https://doi.org/10.1109/WiCom.2008.1652
https://doi.org/10.1016/j.eswa.2011.01.031
https://doi.org/10.1016/j.procs.2014.05.317
https://doi.org/10.1155/2015/841485

1104 M. KESHAVARZ GHORABAEE ET AL.

Deng, Y., & Chan, F. T. S. (2011). A new fuzzy dempster MCDM method and its application in
supplier selection. Expert Systems with Applications, 38, 9854-9861. doi:10.1016/j.eswa.2011.02.017

Deng, M., & Hu, C. (2010). An evaluation model for supplier choice of complex products based on
ELECTRE method. International conference on management and service science, MASS (pp. 1-4).
doi:10.1109/ICMSS.2010.5576786

Dey, B., Bairagi, B., Sarkar, B., & Sanyal, S. (2012). A MOORA based fuzzy multi-criteria decision
making approach for supply chain strategy selection. International Journal of Industrial Engineering
Computations, 3, 649-662. doi:10.5267/].ijiec.2012.03.001

Djordjevic, M. Z., Puskaric, H., & Djordjevic, A. (2014). Evaluation and ranking of artificial hip
prosthesis suppliers by using a fuzzy topsis methodology. International Journal for Quality Research,
8, 155-168.

Dowlatshahi, S., Karimi-Nasab, M., & Bahrololum, H. (2015). A group decision-making approach
for supplier selection in configuration design: A case study. The International Journal of Advanced
Manufacturing Technology, 81, 1139-1154. doi:10.1007/s00170-015-7242-8

Dursun, M., & Karsak, E. E. (2013). A QFD-based fuzzy MCDM approach for supplier selection.
Applied Mathematical Modelling, 37, 5864-5875. doi:10.1016/j.apm.2012.11.014

Dursun, M., & Karsak, E. E. (2014). An integrated approach based on 2-tuple fuzzy representation
and QFD for supplier selection. In K. H. Kim, S.-I. Ao, A. M. Amouzegar, & B. B. Rieger (Eds.),
TAENG transactions on engineering technologies: Special issue of the world congress on engineering
and computer science 2012 (pp. 621-634). Dordrecht: Springer, Netherlands.

Ertay, T., Kahveci, A., & Tabanli, R. M. (2011). An integrated multi-criteria group decision-making
approach to efficient supplier selection and clustering using fuzzy preference relations. International
Journal of Computer Integrated Manufacturing, 24,1152-1167. doi:10.1080/0951192X.2011.615342

Eslamian Shiraz, S., Sengiil, U., & Eren, M. (2014). Determination of extended fuzzy TOPSIS
method of criteria leading to supplier selection for industries. Asian Social Science, 10, 183-194.
doi:10.5539/ass.v10n4p183

Fahmi, A., Kahraman, C., & Bilen, U. (2016). ELECTRE I method using hesitant linguistic term sets:
An application to supplier selection. International Journal of Computational Intelligence Systems,
9,153-167. do0i:10.1080/18756891.2016.1146532

Fallahpour, A., Olugu, E., Musa, S., Khezrimotlagh, D., & Wong, K. (2016). An integrated model for
green supplier selection under fuzzy environment: Application of data envelopment analysis and
genetic programming approach. Neural Computing and Applications, 27, 707-725. doi:10.1007/
s00521-015-1890-3

Fan, Z., Hong, T., & Liu, Z. (2008). Selection of suppliers based on rough set theory and fuzzy TOPSIS
algorithm. IEEE international symposium on knowledge acquisition and modeling workshop
proceedings (pp. 979-982). doi:10.1109/KAMW.2008.4810656

Ferreira, L., & Borenstein, D. (2012). A fuzzy-Bayesian model for supplier selection. Expert Systems
with Applications, 39, 7834-7844. doi:10.1016/j.eswa.2012.01.068

Gabus, A., & Fontela, E. (1972). World problems, an invitation to further thought within the framework
of DEMATEL. Geneva, Switzerland: Battelle Geneva Research Center.

Ganguly, K. K., & Guin, K. K. (2013). A fuzzy AHP approach for inbound supply risk assessment.
Benchmarking, 20, 129-146. doi:10.1108/14635771311299524

Garcia, N., Puente, J., Fernandez, 1., & Priore, P. (2013). Supplier selection model for commodities
procurement. Optimised assessment using a fuzzy decision support system. Applied Soft Computing,
13,1939-1951. doi:10.1016/j.as0c.2012.12.008

Ghorabaee, M., Zavadskas, E. K., Amiri, M., & Turskis, Z. (2016). Extended EDAS method for
fuzzy multi-criteria decision-making: An application to supplier selection. International Journal
of Computers Communications & Control, 11, 358-371. doi:10.15837/ijccc.2016.3.2557

Ghorbani, M., Mohammad Arabzad, S., & Shahin, A. (2013). A novel approach for supplier selection
based on the Kano model and fuzzy MCDM. International Journal of Production Research, 51,
5469-5484. doi:10.1080/00207543.2013.784403

Gnanasekaran, S., Velappan, S., & Manimaran, P. (2010). An integrated model for supplier selection
using fuzzy analytical hierarchy process: A steel plant case study. International Journal of
Procurement Management, 3, 292-315.


https://doi.org/10.1016/j.eswa.2011.02.017
https://doi.org/10.1109/ICMSS.2010.5576786
https://doi.org/10.5267/j.ijiec.2012.03.001
https://doi.org/10.1007/s00170-015-7242-8
https://doi.org/10.1016/j.apm.2012.11.014
https://doi.org/10.1080/0951192X.2011.615342
https://doi.org/10.5539/ass.v10n4p183
https://doi.org/10.1080/18756891.2016.1146532
https://doi.org/10.1007/s00521-015-1890-3
https://doi.org/10.1007/s00521-015-1890-3
https://doi.org/10.1109/KAMW.2008.4810656
https://doi.org/10.1016/j.eswa.2012.01.068
https://doi.org/10.1108/14635771311299524
https://doi.org/10.1016/j.asoc.2012.12.008
https://doi.org/10.15837/ijccc.2016.3.2557
https://doi.org/10.1080/00207543.2013.784403

ECONOMIC RESEARCH-EKONOMSKA ISTRAZIVANJA 1105

Gong, Y. (2013). Fuzzy multi-attribute group decision making method based on interval type-2
fuzzy sets and applications to global supplier selection. International Journal of Fuzzy Systems,
15, 392-400.

Govindan, K., & Jepsen, M. B. (2016a). ELECTRE: A comprehensive literature review on
methodologies and applications. European Journal of Operational Research, 250(1), 1-29.
doi:10.1016/j.€jor.2015.07.019

Govindan, K., & Jepsen, M. B. (2016b). Supplier risk assessment based on trapezoidal intuitionistic
fuzzy numbers and ELECTRE TRI-C: A case illustration involving service suppliers. Journal of
the Operational Research Society, 67, 339-376. d0i:10.1057/jors.2015.51

Govindan, K., Khodaverdi, R., & Jafarian, A. (2013). A fuzzy multi criteria approach for measuring
sustainability performance of a supplier based on triple bottom line approach. Journal of Cleaner
Production, 47, 345-354. doi:10.1016/j.jclepro.2012.04.014

Govindan, K., Rajendran, S., Sarkis, J., & Murugesan, P. (2015). Multi criteria decision making
approaches for green supplier evaluation and selection: A literature review. Journal of Cleaner
Production, 98, 66-83. doi:10.1016/j.jclepro.2013.06.046

Govindaraju, R., Akbar, M. L., Gondodiwiryo, L., & Simatupang, T. (2015). The application of a decision
- making approach based on Fuzzy ANP and TOPSIS for selecting a strategic supplier. Journal
of Engineering and Technological Sciences, 47, 406—-425. doi:10.5614/j.eng.technol.sci.2015.47.4.5

Guneri, A. E, & Kuzu, A. (2009). Supplier selection by using a fuzzy approach in just-in-time:
A case study. International Journal of Computer Integrated Manufacturing, 22, 774-783.
doi:10.1080/09511920902741075

Guneri, A. E, Yucel, A., & Ayyildiz, G. (2009). An integrated fuzzy-lp approach for a supplier
selection problem in supply chain management. Expert Systems with Applications, 36, 9223-9228.
doi:10.1016/j.eswa.2008.12.021

Guo, Z., Meiran, Q., & Xin, Z. (2010). A new approach based on intuitionistic fuzzy set for selection
of suppliers. Sixth international conference on natural computation (pp. 3715-3718). doi:10.1109/
ICNC.2010.5583294

Guozheng, Z. (2009). Research on supplier selection based on fuzzy sets group decision. International
symposium on computational intelligence and design (pp. 529-531). doi:10.1109/ISCID.2009.278

Hamdan, S., & Cheaitou, A. (2015). Green supplier selection and order allocation using an integrated
fuzzy TOPSIS, AHP and IP approach. 5th international conference on industrial engineering and
operations management. doi:10.1109/IEOM.2015.7093826

Han, Z.-Q., Luo, X.-X., Chen, X.-H., & Yang, W.-E. (2015). Selecting supplier combination based on
fuzzy multicriteria analysis. International Journal of General Systems, 44, 572-590. doi:10.1080/0
3081079.2014.976218

Hashemian, S. M., Behzadian, M., Samizadeh, R., & Ignatius, J. (2014). A fuzzy hybrid group decision
support system approach for the supplier evaluation process. The International Journal of Advanced
Manufacturing Technology, 73, 1105-1117. doi:10.1007/s00170-014-5843-2

Hatami-Marbini, A., Emrouznejad, A., & Tavana, M. (2011). A taxonomy and review of the fuzzy
data envelopment analysis literature: Two decades in the making. European Journal of Operational
Research, 214, 457-472. doi:10.1016/j.ejor.2011.02.001

Heidarzade, A., Mahdavi, I., & Mahdavi-Amiri, N. (2016). Supplier selection using a clustering
method based on a new distance for interval type-2 fuzzy sets: A case study. Applied Soft Computing,
38,213-231. doi:10.1016/j.as0¢.2015.09.029

Ho, W,, Xu, X., & Dey, P. K. (2010). Multi-criteria decision making approaches for supplier evaluation
and selection: A literature review. European Journal of Operational Research, 202, 16-24.
doi:10.1016/j.€j0r.2009.05.009

Hsu, C. W,, Hu, A., & Wu, W. C. (2008). Using FMEA and FAHP to risk evaluation of green
components. IEEE International Symposium on Electronics and the Environment (pp. 1-6).
doi:10.1109/ISEE.2008.4562937

Hsu, B.-M., Chiang, C.-Y., & Shu, M.-H. (2010). Supplier selection using fuzzy quality data and
their applications to touch screen. Expert Systems with Applications, 37, 6192-6200. doi:10.1016/j.
eswa.2010.02.106


https://doi.org/10.1016/j.ejor.2015.07.019
https://doi.org/10.1057/jors.2015.51
https://doi.org/10.1016/j.jclepro.2012.04.014
https://doi.org/10.1016/j.jclepro.2013.06.046
https://doi.org/10.5614/j.eng.technol.sci.2015.47.4.5
https://doi.org/10.1080/09511920902741075
https://doi.org/10.1016/j.eswa.2008.12.021
https://doi.org/10.1109/ICNC.2010.5583294
https://doi.org/10.1109/ICNC.2010.5583294
https://doi.org/10.1109/ISCID.2009.278
https://doi.org/10.1109/IEOM.2015.7093826
https://doi.org/10.1080/03081079.2014.976218
https://doi.org/10.1080/03081079.2014.976218
https://doi.org/10.1007/s00170-014-5843-2
https://doi.org/10.1016/j.ejor.2011.02.001
https://doi.org/10.1016/j.asoc.2015.09.029
https://doi.org/10.1016/j.ejor.2009.05.009
https://doi.org/10.1109/ISEE.2008.4562937
https://doi.org/10.1016/j.eswa.2010.02.106
https://doi.org/10.1016/j.eswa.2010.02.106

1106 M. KESHAVARZ GHORABAEE ET AL.

Huang, J.-D., & Hu, M. H. (2013). Two-stage solution approach for supplier selection: A case study
in a Taiwan automotive industry. International Journal of Computer Integrated Manufacturing,
26, 237-251.

Humaira, & Bambang, R. T. (2012). Interval type-2 fuzzy system in supplier selection for new product
development. International conference on system engineering and technology, ICSET. doi:10.1109/
ICSEngT.2012.6339357

Hwang, C. L., & Yoon, K. (1981). Multiple attribute decision making: Methods and applications.
Springer-Verlag.

Igoulalene, I, Benyoucef, L., & Tiwari, M. K. (2015). Novel fuzzy hybrid multi-criteria group decision
making approaches for the strategic supplier selection problem. Expert Systems with Applications,
42, 3342-3356. doi:10.1016/j.eswa.2014.12.014

Ishizaka, A. (2014). Comparison of fuzzy logic, AHP, FAHP and hybrid fuzzy AHP for new supplier
selection and its performance analysis. International Journal of Integrated Supply Management,
9(1-2), 1-22.

Izadikhah, M. (2012). Group decision making process for supplier selection with TOPSIS method
under interval-valued intuitionistic fuzzy numbers. Advances in Fuzzy Systems, 2012, Article ID
407942, 14 pages. doi:10.1155/2012/407942

Jain, R., Singh, A., & Mishra, P. (2013). Prioritization of supplier selection criteria: A fuzzy-AHP
approach. MIT International Journal of Mechanical Engineering, 3, 34-42.

Jajimoggala, S., Kesava Rao, V. V. S., & Beela, S. (2011). Supplier evaluation using fuzzy analytical
network process and fussy TOPSIS. Jordan Journal of Mechanical and Industrial Engineering, 5,
543-551.

Jiang, H. L., & Yao, H. X. (2013). Supplier selection based on FAHP-VIKOR-IVIFs. Applied Mechanics
and Materials, 357-360, 2703-2707. doi:10.4028/www.scientific.net/ AMM.357-360.2703

Jinturkar, A., Deshmukh, S., Sarode, A., Sunapwar, V., & Khodke, P. (2014). Fuzzy-AHP approach
to improve effectiveness of supply chain. In C. Kahraman & B. Oztaysi (Eds.), Supply chain
management under fuzziness: Recent developments and techniques (pp. 35-59). Berlin, Heidelberg:
Springer, Berlin Heidelberg.

Jolai, F, Yazdian, S. A., Shahanaghi, K., & Azari Khojasteh, M. (2011). Integrating fuzzy TOPSIS and
multi-period goal programming for purchasing multiple products from multiple suppliers. Journal
of Purchasing and Supply Management, 17, 42-53. doi:10.1016/j.pursup.2010.06.004

Kahraman, C., & Kaya, 1. (2010). Supplier selection in agile manufacturing using fuzzy analytic
hierarchy process. In L. Wang & L. S. C. Koh (Eds.), Enterprise networks and logistics for agile
manufacturing (pp. 155-190). London: Springer, London.

Kahraman, C., Cebeci, U., & Ulukan, Z. (2003). Multi-criteria supplier selection using fuzzy AHP.
Logistics Information Management, 16, 382-394.

Kahraman, C., Onar, S. C., & Oztaysi, B. (2015). Fuzzy multicriteria decision-making: A literature
review. International Journal of Computational Intelligence Systems, 8, 637-666. d0i:10.1080/187
56891.2015.1046325

Kang, H.-Y,, Lee, A. H. I, & Yang, C.-Y. (2010). A fuzzy ANP model for supplier selection as applied to
IC packaging. Journal of Intelligent Manufacturing, 23, 1477-1488. doi:10.1007/s10845-010-0448-6

Kannan, D., Khodaverdi, R., Olfat, L., Jafarian, A., & Diabat, A. (2013). Integrated fuzzy multi criteria
decision making method and multi-objective programming approach for supplier selection and
order allocation in a green supply chain. Journal of Cleaner Production, 47, 355-367. doi:10.1016/j.
jclepro.2013.02.010

Kannan, D., Jabbour, A. B. L. D. S., & Jabbour, C. J. C. (2014). Selecting green suppliers based on
GSCM practices: Using fuzzy TOPSIS applied to a Brazilian electronics company. European Journal
of Operational Research, 233, 432-447. doi:10.1016/j.ejor.2013.07.023

Kannan, D., Govindan, K., & Rajendran, S. (2015). Fuzzy axiomatic design approach based green
supplier selection: A case study from Singapore. Journal of Cleaner Production, 96, 194-208.
doi:10.1016/j.jclepro.2013.12.076

Kar, A. K. (2013). An approach for prioritizing supplier selection criteria through consensus building
using Analytic Hierarchy Process and Fuzzy set theory. IEEE International Conference on Signal
Processing, Computing and Control, ISPCC, pp. 1-6. doi:10.1109/ISPCC.2013.6663456


https://doi.org/10.1109/ICSEngT.2012.6339357
https://doi.org/10.1109/ICSEngT.2012.6339357
https://doi.org/10.1016/j.eswa.2014.12.014
https://doi.org/10.1155/2012/407942
https://doi.org/10.4028/www.scientific.net/AMM.357-360.2703
https://doi.org/10.1016/j.pursup.2010.06.004
https://doi.org/10.1080/18756891.2015.1046325
https://doi.org/10.1080/18756891.2015.1046325
https://doi.org/10.1007/s10845-010-0448-6
https://doi.org/10.1016/j.jclepro.2013.02.010
https://doi.org/10.1016/j.jclepro.2013.02.010
https://doi.org/10.1016/j.ejor.2013.07.023
https://doi.org/10.1016/j.jclepro.2013.12.076
https://doi.org/10.1109/ISPCC.2013.6663456

ECONOMIC RESEARCH-EKONOMSKA ISTRAZIVANJA 1107

Kar, A. K. (2014). Revisiting the supplier selection problem: An integrated approach for group decision
support. Expert Systems with Applications, 41, 2762-2771. doi:10.1016/j.eswa.2013.10.009

Kar, A. K. (2015). A hybrid group decision support system for supplier selection using analytic
hierarchy process, fuzzy set theory and neural network. Journal of Computational Science, 6, 23-33.
doi:10.1016/j.jocs.2014.11.002

Kar, S., & Chatterjee, K. (2015). Supplier selection using ranking interval type-2 fuzzy sets. In
C. S. Satapathy, N. B. Biswal, K. S. Udgata, & J. K. Mandal (Eds.), Proceedings of the 3rd international
conference on frontiers of intelligent computing: Theory and applications (FICTA) 2014 (Vol. 1,
pp. 9-17). Cham: Springer International Publishing.

Kar, M. B, Chatterjee, K., & Kar, S. (2014). A network-TOPSIS based fuzzy decision support system
for supplier selection in risky supply chain. 7th international joint conference on computational
sciences and optimization (pp. 288-293). doi:10.1109/CS0.2014.61

Karsak, E. E., & Dursun, M. (2014). An integrated supplier selection methodology incorporating
QFD and DEA with imprecise data. Expert Systems with Applications, 41,6995-7004. doi:10.1016/j.
eswa.2014.06.020

Karsak, E. E., & Dursun, M. (2015). An integrated fuzzy MCDM approach for supplier evaluation
and selection. Computers & Industrial Engineering, 82, 82-93. doi:10.1016/j.cie.2015.01.019

Kaur, P. T.E Y. C. (2014). Selection of vendor based on intuitionistic fuzzy analytical hierarchy process.
Advances in Operations Research, 2014, Article ID 987690, 10 pages. doi:10.1155/2014/987690

Kavita, Yadav, S. P,, & Kumar, S. (2009). A multi-criteria interval-valued intuitionistic fuzzy group
decision making for supplier selection with TOPSIS method. In H. Sakai, M. K. Chakraborty,
A. E. Hassanien, D. Slezak, & W. Zhu (Eds.), Rough sets, fuzzy sets, data mining and granular
computing (pp. 303-312). Berlin, Heidelberg: Springer Berlin Heidelberg.

Kenarroudi, E. (2012). An integrated FAHP-FMOMILP model for multi-product Multi-period lot
sizing with Supplier selection in quantity discount environments. Life Science Journal, 9, 1484-1494.

Keshavarz Ghorabaee, M., Amiri, M., Salehi Sadaghiani, J., & Hassani Goodarzi, G. (2014). Multiple
criteria group decision-making for supplier selection based on COPRAS method with interval
type-2 fuzzy sets. The International Journal of Advanced Manufacturing Technology, 75, 1115-1130.
doi:10.1007/s00170-014-6142-7

Keshavarz Ghorabaee, M., Zavadskas, E. K., Amiri, M., & Antucheviciene, J. (2016). A new method
of assessment based on fuzzy ranking and aggregated weights (AFRAW) for MCDM problems
under type-2 fuzzy environment. Economic Computation and Economic Cybernetics Studies and
Research, 50, 39-68.

Keshavarz Ghorabaee, M., Zavadskas, E. K., Amiri, M., & Esmaeili, A. (2016). Multi-criteria evaluation
of green suppliers using an extended WASPAS method with interval type-2 fuzzy sets. Journal of
Cleaner Production, 137, 213-229. doi:10.1016/j.jclepro.2016.07.031

Keskin, G. A. (2015). Using integrated fuzzy DEMATEL and fuzzy C: Means algorithm for supplier
evaluation and selection. International Journal of Production Research, 53, 3586-3602. doi:10.10
80/00207543.2014.980461

Ketata, R., Ben Mahmoud, H., & Romdhan, T. B. (2008). A new approach for resolving a supplier
selection and evaluation problem. Malaysian Journal of Computer Science, 21, 66-79.

Khaleie, S., Fasanghari, M., & Tavassoli, E. (2012). Supplier selection using a novel intuitionist fuzzy
clustering approach. Applied Soft Computing, 12, 1741-1754. doi:10.1016/j.as0¢.2012.01.017

Kilic, H. S. (2013). An integrated approach for supplier selection in multi-item/multi-supplier
environment. Applied Mathematical Modelling, 37, 7752-7763. doi:10.1016/j.apm.2013.03.010

Kilig, H. S. (2012). Supplier selection application based on a fuzzy multiple criteria decision making
methodology. AJIT-e, 3, 7-18.

Kilincci, O., & Onal, S. A. (2011). Fuzzy AHP approach for supplier selection in a washing machine
company. Expert Systems with Applications, 38, 9656-9664. doi:10.1016/j.eswa.2011.01.159

Kong, E, Zhang, Z., & Liu, Y. (2008). Selection of suppliers based on fuzzy multicriteria decision
making. 5th international conference on fuzzy systems and knowledge discovery (pp. 198-202).
doi:10.1109/FSKD.2008.52

Koul, S., & Verma, R. (2011). Dynamic vendor selection based on fuzzy AHP. Journal of Manufacturing
Technology Management, 22, 963-971.


https://doi.org/10.1016/j.eswa.2013.10.009
https://doi.org/10.1016/j.jocs.2014.11.002
https://doi.org/10.1109/CSO.2014.61
https://doi.org/10.1016/j.eswa.2014.06.020
https://doi.org/10.1016/j.eswa.2014.06.020
https://doi.org/10.1016/j.cie.2015.01.019
https://doi.org/10.1155/2014/987690
https://doi.org/10.1007/s00170-014-6142-7
https://doi.org/10.1016/j.jclepro.2016.07.031
https://doi.org/10.1080/00207543.2014.980461
https://doi.org/10.1080/00207543.2014.980461
https://doi.org/10.1016/j.asoc.2012.01.017
https://doi.org/10.1016/j.apm.2013.03.010
https://doi.org/10.1016/j.eswa.2011.01.159
https://doi.org/10.1109/FSKD.2008.52

1108 M. KESHAVARZ GHORABAEE ET AL.

Ku, C.-Y,, Chang, C.-T., & Ho, H.-P. (2009). Global supplier selection using fuzzy analytic hierarchy
process and fuzzy goal programming. Quality ¢ Quantity, 44, 623-640. doi:10.1007/s11135-009-
9223-1

Kumar Sahu, N. K., Datta, S., & Sankar Mahapatra, S. S. (2014). Green supplier appraisement in fuzzy
environment. Benchmarking, 21, 412-429. doi:10.1108/BIJ-06-2012-0042

Kumar, P, Shankar, R., & Yadav, S. S. (2008). An integrated approach of analytic hierarchy process
and fuzzy linear programming for supplier selection. International Journal of Operational Research,
3,614-631.

Kumar, D., Singh, ], Singh, O. P, & Seema (2013). A fuzzy logic based decision support system
for evaluation of suppliers in supply chain management practices. Mathematical and Computer
Modelling, 57, 2945-2960. doi:10.1016/j.mcm.2013.03.002

Kumar, D., Rahman, Z., & Chan, E T. S. (2017). A fuzzy AHP and fuzzy multi-objective linear
programming model for order allocation in a sustainable supply chain: A case study. International
Journal of Computer Integrated Manufacturing, 30,535-551. doi:10.1080/0951192X.2016.1145813

Kuo, R.J,, Lee, L. Y., & Hu, T.-L. (2010). Developing a supplier selection system through integrating
fuzzy AHP and fuzzy DEA: A case study on an auto lighting system company in Taiwan. Production
Planning & Control, 21, 468-484. doi:10.1080/09537280903458348

Kuo, J. Y., Shia, B. C., Chen, Y. C., & Ho, J. Y. (2011). Evaluating the green suppliers of the printed
circuit board base on the fuzzy analytic hierarchy process and Vlsekriterijumska Optimizacija
I Kompromisno Resenje. American Journal of Applied Sciences, 8, 246-253. doi:10.3844/
ajassp.2011.246.253

Kuo, R.]J., Hsu, C. W,, & Chen, Y. L. (2015). Integration of fuzzy ANP and fuzzy TOPSIS for evaluating
carbon performance of suppliers. International Journal of Environmental Science and Technology,
12, 3863-3876. d0i:10.1007/s13762-015-0819-9

Labib, A. W. (2011). A supplier selection model: A comparison of fuzzy logic and the analytic hierarchy
process. International Journal of Production Research, 49, 6287-6299. doi:10.1080/00207543.201
0.531776

Lam, K.-C,, Tao, R., & Lam, M. C.-K. (2010). A material supplier selection model for property
developers using fuzzy principal component analysis. Automation in Construction, 19, 608-618.
doi:10.1016/j.autcon.2010.02.007

Lee, H.-S. (2006). A fuzzy method for evaluating suppliers. In L. Wang, L. Jiao, G. Shi, X. Li, & J. Liu
(Eds.), Fuzzy systems and knowledge discovery: Third international conference, FSKD 2006, Xian,
China, September 24-28, 2006. proceedings (pp. 1035-1043). Berlin, Heidelberg: Springer Berlin
Heidelberg.

Lee, A. H. I. (2009a). A fuzzy AHP evaluation model for buyer-supplier relationships with the
consideration of benefits, opportunities, costs and risks. International Journal of Production
Research, 47, 4255-4280. doi:10.1080/00207540801908084

Lee, A. H.1. (2009D). A fuzzy supplier selection model with the consideration of benefits, opportunities,
costs and risks. Expert Systems with Applications, 36(2, Part 2), 2879-2893. doi:10.1016/j.
eswa.2008.01.045

Lee, G. B.,, & Omar, B. (2014). Green supplier selection: Analysis of qualitative environmental
criteria using fuzzy axiomatic approach. Applied Mechanics and Materials, 465-466, 1054-1059.
doi:10.4028/www.scientific.net/ AMM.465-466.1054

Lee, A. H. 1, Kang, H.-Y., Hsu, C.-F,, & Hung, H.-C. (2009). A green supplier selection model for high-
tech industry. Expert Systems with Applications, 36, 7917-7927. doi:10.1016/j.eswa.2008.11.052

Lee, T.R., Phuong Nha Le, T. P. N., Genovese, A., & Koh, L. S. C. (2011). Using FAHP to determine the
criteria for partner’s selection within a green supply chain: The case of hand tool industry in Taiwan.
Journal of Manufacturing Technology Management, 23, 25-55. doi:10.1108/17410381211196276

Lee, A. H.1,, Kang, H. Y., Lin, C. Y., & Wu, H. W. (2013). Selecting candidate suppliers using a multiple
criteria decision making model. Advanced Materials Research, 694-697, 3472-3475. doi:10.4028/
www.scientific.net/ AMR.694-697.3472

Lee, J., Cho, H., & Kim, Y. S. (2015). Assessing business impacts of agility criterion and order allocation
strategy in multi-criteria supplier selection. Expert Systems with Applications, 42, 1136-1148.
doi:10.1016/j.eswa.2014.08.041


https://doi.org/10.1007/s11135-009-9223-1
https://doi.org/10.1007/s11135-009-9223-1
https://doi.org/10.1108/BIJ-06-2012-0042
https://doi.org/10.1016/j.mcm.2013.03.002
https://doi.org/10.1080/0951192X.2016.1145813
https://doi.org/10.1080/09537280903458348
https://doi.org/10.3844/ajassp.2011.246.253
https://doi.org/10.3844/ajassp.2011.246.253
https://doi.org/10.1007/s13762-015-0819-9
https://doi.org/10.1080/00207543.2010.531776
https://doi.org/10.1080/00207543.2010.531776
https://doi.org/10.1016/j.autcon.2010.02.007
https://doi.org/10.1080/00207540801908084
https://doi.org/10.1016/j.eswa.2008.01.045
https://doi.org/10.1016/j.eswa.2008.01.045
https://doi.org/10.4028/www.scientific.net/AMM.465-466.1054
https://doi.org/10.1016/j.eswa.2008.11.052
https://doi.org/10.1108/17410381211196276
https://doi.org/10.4028/www.scientific.net/AMR.694-697.3472
https://doi.org/10.4028/www.scientific.net/AMR.694-697.3472
https://doi.org/10.1016/j.eswa.2014.08.041

ECONOMIC RESEARCH-EKONOMSKA ISTRAZIVANJA 1109

Leng, K., & Zhang, S. (2010). The application of fuzzy theory and gray-based rough set theory in the
supplier selection decision making. Applied Mechanics and Materials, 26-28, 559-563. d0i:10.4028/
www.scientific.net/ AMM.26-28.559

Li, L., & Wang, G. (2015). Method of the enterprise’s Supplier selection based on interval value TOPSIS
of triangular fuzzy numbers. Chemical Engineering Transactions, 46, 1279-1284. doi:10.3303/
CET1546214

Li, M., & Wu, C. (2015). Green supplier selection based on improved intuitionistic fuzzy TOPSIS
model. Metallurgical and Mining Industry, 7, 193-205.

Li, B,, Yue, X., & Zhou, G. (2011). Model for supplier selection in interval-valued intuitionistic fuzzy
setting. Journal of Convergence Information Technology, 6, 12-16. doi:10.4156/jcit.vol6.issuel1.2

Li, Y., Liu, X., & Chen, Y. (2012a). Supplier evaluation and selection using axiomatic fuzzy set and DEA
methodology in supply chain management. International Journal of Fuzzy Systems, 14, 215-225.

Li, Y, Liu, X., & Chen, Y. (2012b). Supplier selection using axiomatic fuzzy set and TOPSIS
methodology in supply chain management. Fuzzy Optimization and Decision Making, 11,147-176.
doi:10.1007/s10700-012-9117-x

Li, N., Saadat, M., & Jules, G. (2012). Supplier selection using modified fuzzy AHP-based approach
in manufacturing networks. IEEE international conference on systems, man and cybernetics
(pp- 1847-1852). d0i:10.1109/ICSMC.2012.6378007

Li, Z., Wong, W. K., & Kwong, C. K. (2013). An integrated model of material supplier selection
and order allocation using fuzzy extended AHP and multiobjective Programming. Mathematical
Problems in Engineering, 2013, Article ID 363718, 14 pages. doi:10.1155/2013/363718

Liang, N. (2014). The problem of selecting supplier for retailer in supply chain. Advanced Materials
Research, 945-949, 3167-3170. doi:10.4028/www.scientific.net/ AMR.945-949.3167

Liao, C.-N., & Kao, H.-P. (2016). An integrated fuzzy TOPSIS and MCGP approach to supplier
selection in supply chain management. Expert Systems with Applications, 38, 10803-10811.
doi:10.1016/j.eswa.2011.02.031

Liao, C.-N,, Fu, Y.-K., & Wu, L.-C. (2016). Integrated FAHP, ARAS-F and MSGP methods for green
supplier evaluation and selection. Technological and Economic Development of Economy, 22, 651-
669. doi:10.3846/20294913.2015.1072750

Lima Junior, E R., & Carpinetti, L. C. R. (2015). A comparison between TOPSIS and Fuzzy-TOPSIS
methods to support multicriteria decision making for supplier selection. Gestdo ¢ Produgdio, 22,
17-34.

Lima Junior, E R., Osiro, L., & Carpinetti, L. C. R. (2014). A comparison between Fuzzy AHP and
Fuzzy TOPSIS methods to supplier selection. Applied Soft Computing, 21, 194-209. doi:10.1016/j.
as0c.2014.03.014

Lima-Junior, E R., & Carpinetti, L. C. R. (2016). Combining SCOR® model and fuzzy TOPSIS for
supplier evaluation and management. International Journal of Production Economics, 174, 128-141.
doi: 10.1016/j.ijpe.2016.01.023

Lin, R.-H. (2009). An integrated FANP-MOLP for supplier evaluation and order allocation. Applied
Mathematical Modelling, 33, 2730-2736. doi:10.1016/j.apm.2008.08.021

Lin, R.-H. (2012). An integrated model for supplier selection under a fuzzy situation. International
Journal of Production Economics, 138, 55-61. doi:10.1016/j.ijpe.2012.02.024

Lin, R.-J. (2013). Using fuzzy DEMATEL to evaluate the green supply chain management practices.
Journal of Cleaner Production, 40, 32-39. do0i:10.1016/j.jclepro.2011.06.010

Liou, J. J. H., Chuang, Y.-C., & Tzeng, G.-H. (2014). A fuzzy integral-based model for supplier
evaluation and improvement. Information Sciences, 266, 199-217. d0i:10.1016/j.ins.2013.09.025

Liu, J., Liu, P, Liu, S.-E, Zhou, X.-Z., & Zhang, T. (2015). A study of decision process in MCDM
problems with large number of criteria. International Transactions in Operational Research, 22,
237-264. doi:10.1111/itor.12102

Lo, S.-C., & Sudjatmika, F. V. (2016). Solving multi-criteria supplier segmentation based on the
modified FAHP for supply chain management: A case study. Soft Computing, 20, 4981-4990.
doi:10.1007/s00500-015-1787-1


https://doi.org/10.4028/www.scientific.net/AMM.26-28.559
https://doi.org/10.4028/www.scientific.net/AMM.26-28.559
https://doi.org/10.3303/CET1546214
https://doi.org/10.3303/CET1546214
https://doi.org/10.4156/jcit.vol6.issue11.2
https://doi.org/10.1007/s10700-012-9117-x
https://doi.org/10.1109/ICSMC.2012.6378007
https://doi.org/10.1155/2013/363718
https://doi.org/10.4028/www.scientific.net/AMR.945-949.3167
https://doi.org/10.1016/j.eswa.2011.02.031
https://doi.org/10.3846/20294913.2015.1072750
https://doi.org/10.1016/j.asoc.2014.03.014
https://doi.org/10.1016/j.asoc.2014.03.014
https://doi.org/10.1016/j.ijpe.2016.01.023
https://doi.org/10.1016/j.apm.2008.08.021
https://doi.org/10.1016/j.ijpe.2012.02.024
https://doi.org/10.1016/j.jclepro.2011.06.010
https://doi.org/10.1016/j.ins.2013.09.025
https://doi.org/10.1111/itor.12102
https://doi.org/10.1007/s00500-015-1787-1

1110 M. KESHAVARZ GHORABAEE ET AL.

Lu, L. Y. Y., Wu, C. H,, & Kuo, T. C. (2007). Environmental principles applicable to green supplier
evaluation by using multi-objective decision analysis. International Journal of Production Research,
45, 4317-4331. doi:10.1080/00207540701472694

Luukka, P. (2011). Fuzzy similarity in multicriteria decision-making problem applied to supplier
evaluation and selection in supply chain management. Advances in Artificial Intelligence, 2011,
Article ID 353509, 9 pages. doi:10.1155/2011/353509

Mahmoudi, A., Sadi-Nezhad, S., & Makui, A. (2015). An extended fuzzy PROMETHEE based on
fuzzy rule based system for supplier selection problem. Indian Journal of Science and Technology,
8,1-11. doi:10.17485/ijst/2015/v811/84225

Mardani, A., Jusoh, A., & Zavadskas, E. K. (2015). Fuzzy multiple criteria decision-making techniques
and applications - Two decades review from 1994 to 2014. Expert Systems with Applications, 42,
4126-4148. doi:10.1016/j.eswa.2015.01.003

Mavi, R. K. (2015). Green supplier selection: A fuzzy AHP and fuzzy ARAS approach. International
Journal of Services and Operations Management, 22, 165-188.

Mavi, R. K., & Shahabi, H. (2015). Using fuzzy DEMATEL for evaluating supplier selection criteria in
manufacturing industries. International Journal of Logistics Systems and Management, 22, 15-42.
doi:10.1504/1JLSM.2015.070889

Mavi, R. K., Kazemi, S., Najafabadi, A. E, & Mousaabadi, H. B. (2013). Identification and assessment
of logistical factors to evaluate a green supplier using the fuzzy logic DEMATEL method. Polish
journal of environmental studies, 22, 445-455.

Mehregan, M. R., Hashemi, S. H., Karimi, A., & Merikhi, B. (2014). Analysis of interactions among
sustainability supplier selection criteria using ISM and fuzzy DEMATEL. International Journal of
Applied Decision Sciences, 7, 270-294.

Mirhedayatian, S. M., Azadi, M., & Farzipoor Saen, R. (2014). A novel network data envelopment
analysis model for evaluating green supply chain management. International Journal of Production
Economics, 147, Part B, 544-554. doi:10.1016/}.ijpe.2013.02.009

Mirjani, M., Wahab, M., & Li, K. W. (2013). A multicriteria supplier selection framework with interval-
valued intuitionistic fuzzy assessment. 10th international conference on service systems and service
management (pp. 731-736). doi:10.1109/ICSSSM.2013.6602606

Mishra, S., Samantra, C., Datta, S., & Mahapatra, S. S. (2012). Multi-attribute group decision-making
(MAGDM) for supplier selection using fuzzy linguistic modelling integrated with VIKOR method.
International Journal of Services and Operations Management, 12, 67-89.

Mishra, S., Sahu, A. K, Datta, S., & Mahapatra, S. S. (2015). Application of fuzzy integrated
MULTIMOORA method towards supplier/partner selection in agile supply chain. International
Journal of Operational Research, 22, 466-514. doi:10.1504/IJOR.2015.068562

Mohammady, P, & Amid, A. (2011). Integrated fuzzy AHP and fuzzy VIKOR model for supplier
selection in an agile and modular virtual enterprise. Fuzzy Information and Engineering, 3,411-431.
doi:10.1007/s12543-011-0095-4

Montazer, G. A., Saremi, H. Q., & Ramezani, M. (2009). Design a new mixed expert decision aiding
system using fuzzy ELECTRE III method for vendor selection. Expert Systems with Applications,
36,10837-10847. doi:10.1016/j.eswa.2009.01.019

Mozafari, M. M., Asli, M. N., & Khanghah, A. S. (2012). Providing a suitable model for supplier
selection in outsourcing using fuzzy VIKOR decision making method. Advances in Environmental
Biology, 6, 1091-1094.

Mukherjee, S., & Kar, S. (2013). A three phase supplier selection method based on fuzzy preference
degree. Journal of King Saud University - Computer and Information Sciences, 25, 173-185.
doi:10.1016/.jksuci.2012.11.001

Muralidhar, P, Ravindranath, K., & Srihari, V. (2012). Evaluation of green supply chain management
strategies using fuzzy AHP and TOPSIS. IOSR Journal of Engineering, 02, 824-830.

Nallusamy, S., Sri Lakshmana Kumar, D., Balakannan, K., & Chakraborty, P. S. (2016). MCDM tools
application for selection of suppliers in manufacturing industries using AHP, fuzzy logic and ANN.
International Journal of Engineering Research in Africa, 19, 130-137.

Nikou, C., & Moschuris, J. S. (2015). Supplier selection procedure of military critical items: Mutivariate,
fuzzy, analytical hierarchy procedures. In V. Zeimpekis, G. Kaimakamis, & J. N. Daras (Eds.),


https://doi.org/10.1080/00207540701472694
https://doi.org/10.1155/2011/353509
https://doi.org/10.17485/ijst/2015/v8i1/84225
https://doi.org/10.1016/j.eswa.2015.01.003
https://doi.org/10.1504/IJLSM.2015.070889
https://doi.org/10.1016/j.ijpe.2013.02.009
https://doi.org/10.1109/ICSSSM.2013.6602606
https://doi.org/10.1504/IJOR.2015.068562
https://doi.org/10.1007/s12543-011-0095-4
https://doi.org/10.1016/j.eswa.2009.01.019
https://doi.org/10.1016/j.jksuci.2012.11.001

ECONOMIC RESEARCH-EKONOMSKA ISTRAZIVANJA 1

Military logistics: Research advances and future trends (pp. 19-42). Cham: Springer International
Publishing.

Niyigena L., Luukka P, & Collan M. (2012). Supplier evaluation with fuzzy similarity based fuzzy
TOPSIS with new fuzzy similarity measure. 13th IEEE international symposium on computational
intelligence and informatics (pp. 237-244). doi:10.1109/CINT1.2012.6496767

Noorul Hag, A., & Kannan, G. (2005). Fuzzy analytical hierarchy process for evaluating and selecting
avendor in a supply chain model. The International Journal of Advanced Manufacturing Technology,
29, 826-835. doi:10.1007/s00170-005-2562-8

Nourianfar, K., & Montazer, G. A. (2013). A fuzzy MCDM approach based on COPRAS method
to solve supplier selection problems. 5th conference on information and knowledge technology
(pp- 231-235). d0i:10.1109/IKT.2013.6620070

Oliveira, M., Fontes, D. B. M. M., & Pereira, T. (2015). Evaluating vehicle painting plans in an
automobile assembly plant using an integrated AHP-PROMETHEE approach. International
Transactions in Operational Research, 1-24, in press. doi:10.1111/itor.12179

Omurca, S. I. (2013). An intelligent supplier evaluation, selection and development system. Applied
Soft Computing, 13, 690-697. doi:10.1016/j.as0¢.2012.08.008

Oniit, S., Kara, S. S., & Isik, E. (2009). Long term supplier selection using a combined fuzzy MCDM
approach: A case study for a telecommunication company. Expert Systems with Applications, 36(2,
Part 2), 3887-3895. doi:10.1016/j.eswa.2008.02.045

Opricovig, S. (1998). Multicriteria optimization of civil engineering systems. Belgrade: Faculty of Civil
Engineering.

Ordoobadi, S. M. (2009). Development of a supplier selection model using fuzzy logic. Supply Chain
Management: An International Journal, 14, 314-327.

Orji, I. J., & Wei, S. (2014). A decision support tool for sustainable supplier selection in manufacturing
firms. Journal of Industrial Engineering and Management, 7, 1293-1315. doi:10.3926/jiem.1203
Osiro, L., Lima-Junior, FE R., & Carpinetti, L. C. R. (2014). A fuzzy logic approach to supplier evaluation
for development. International Journal of Production Economics, 153, 95-112. doi:10.1016/

j.ijpe.2014.02.009

Otheman, A., Ghani, A. T. A., & Abdullah, L. (2014). The use of interval type-2 fuzzy TOPSIS
in supplier selection. Applied Mechanics and Materials, 548-549, 1954-1958. doi:10.4028/www.
scientific.net/ AMM.548-549.1954

Ozfirat, P. M., Tasoglu, G. T., & Memis, G. T. (2014). A fuzzy analytic hierarchy process methodology
for the supplier selection problem. Journal of Enterprise Information Management, 27, 292-301.
doi:10.1108/JEIM-12-2013-0094

Palanisamy, P., & Abdul Zubar, H. A. (2013). Hybrid MCDM approach for vendor ranking. Journal
of Manufacturing Technology Management, 24, 905-928. doi:10.1108/JMTM-02-2012-0015

Pang, B. (2006). Evaluation of suppliers in supply chain based on fuzzy-AHP approach. IEEE
international conference on mechatronics and automation (pp. 2274-2278). doi:10.1109/
ICMA.2006.257666

Pang, B. (2007). Multi-criteria supplier evaluation using fuzzy AHP. International conference on
mechatronics and automation (pp. 2357-2362). doi:10.1109/ICMA.2007.4303922

Pang, B. H. (2008a). A method of suppliers evaluation and choice based on AHP and fuzzy theory.
7th international conference on machine learning and cybernetics (pp. 1664-1669). doi:10.1109/
ICMLC.2008.4620673

Pang, B. (2008b). Assessment of supplier performance based on TFN-AHP method. International
Conference on Wireless Communications, Networking and Mobile Computing, WiCOM (pp. 1-4).
doi:10.1109/WiCom.2008.1516

Pang, B. (2009). A fuzzy ANP approach to supplier selection based on fuzzy preference
programming. International Conference on Management and Service Science (pp. 1-4). doi:10.1109/
ICMSS.2009.5304501

Pang, B., & Bai, S. (2011). An integrated fuzzy synthetic evaluation approach for supplier selection
based on analytic network process. Journal of Intelligent Manufacturing, 24, 163-174. doi:10.1007/
s10845-011-0551-3


https://doi.org/10.1109/CINTI.2012.6496767
https://doi.org/10.1007/s00170-005-2562-8
https://doi.org/10.1109/IKT.2013.6620070
https://doi.org/10.1111/itor.12179
https://doi.org/10.1016/j.asoc.2012.08.008
https://doi.org/10.1016/j.eswa.2008.02.045
https://doi.org/10.3926/jiem.1203
https://doi.org/10.1016/j.ijpe.2014.02.009
https://doi.org/10.1016/j.ijpe.2014.02.009
https://doi.org/10.4028/www.scientific.net/AMM.548-549.1954
https://doi.org/10.4028/www.scientific.net/AMM.548-549.1954
https://doi.org/10.1108/JEIM-12-2013-0094
https://doi.org/10.1108/JMTM-02-2012-0015
https://doi.org/10.1109/ICMA.2006.257666
https://doi.org/10.1109/ICMA.2006.257666
https://doi.org/10.1109/ICMA.2007.4303922
https://doi.org/10.1109/ICMLC.2008.4620673
https://doi.org/10.1109/ICMLC.2008.4620673
https://doi.org/10.1109/WiCom.2008.1516
https://doi.org/10.1109/ICMSS.2009.5304501
https://doi.org/10.1109/ICMSS.2009.5304501
https://doi.org/10.1007/s10845-011-0551-3
https://doi.org/10.1007/s10845-011-0551-3

1112 (&) M.KESHAVARZ GHORABAEE ET AL.

Pattnaik, M. (2013). Fuzzy supplier selection strategies in supply chain management. International
Journal of Supply Chain Management, 2, 30-39.

Paul, S. K. (2015). Supplier selection for managing supply risks in supply chain: A fuzzy approach.
The International Journal of Advanced Manufacturing Technology, 79, 657-664. doi:10.1007/s00170-
015-6867-y

Pérez-Dominguez, L., Alvarado-Iniesta, A., Rodriguez-Borbon, 1., & Vergara-Villegas, O. (2015).
Intuitionistic fuzzy MOORA for supplier selection. DYNA (Colombia), 82, 34-41. doi:10.15446/
dyna.v82n191.51143

Peri¢, T., Babi¢, Z., & Veza, 1. (2013). Vendor selection and supply quantities determination in a
bakery by AHP and fuzzy multi-criteria programming. International Journal of Computer Integrated
Manufacturing, 26, 816-829. doi:10.1080/0951192X.2013.799778

Pitchipoo, P, Venkumar, P., & Rajakarunakaran, S. (2013). Fuzzy hybrid decision model for supplier
evaluation and selection. International Journal of Production Research, 51, 3903-3919. doi:10.10
80/00207543.2012.756592

Plebankiewicz, E., & Kubek, D. (2016). Multicriteria selection of the building material supplier using
AHP and fuzzy AHP. Journal of Construction Engineering and Management, 142, Article Number:
04015057. doi:10.1061/(ASCE)CO.1943-7862.0001033

Qiao, P, Shi, L., & Fu, L. (2015). A supplier evaluation based on the closeness degree of triangular
fuzzy number research. 7th international symposium on computational intelligence and design
(pp. 441-444). doi:10.1109/I1SCID.2014.227

Qin, J., & Liu, X. (2016). 2-tuple linguistic Muirhead mean operators for multiple attribute group
decision making and its application to supplier selection. Kybernetes, 45, 2-29. doi:10.1108
/K-11-2014-0271

Qin, J., Liu, X., & Pedrycz, W. (2016). A multiple attribute interval type-2 fuzzy group decision making
and its application to supplier selection with extended LINMAP method. Soft Computing, 1-20,
in press. doi:10.1007/s00500-015-2004-y

Rahman, M. M., & Ahsan, K. B. (2011). Application of fuzzy- AHP extent analysis for supplier selection
in an apparel manufacturing organization. IEEE international conference on industrial engineering
and engineering management (pp. 1204-1208). doi:10.1109/TIEEM.2011.6118106

Raut, R. D., Bhasin, H. V., & Kamble, S. S. (2011). Evaluation of supplier selection criteria by
combination of AHP and fuzzy DEMATEL method. International Journal of Business Innovation
and Research, 5, 359-392.

Razmi, J., Rafiei, H., & Hashemi, M. (2009). Designing a decision support system to evaluate and
select suppliers using fuzzy analytic network process. Computers & Industrial Engineering, 57,
1282-1290. doi:10.1016/j.cie.2009.06.008

Razmi, J., Songhori, M., & Khakbaz, M. (2009). An integrated fuzzy group decision making/fuzzy
linear programming (FGDMLP) framework for supplier evaluation and order allocation. The
International Journal of Advanced Manufacturing Technology, 43, 590-607. doi:10.1007/s00170-
008-1719-7

Rezaei, J., & Ortt, R. (2013). Multi-criteria supplier segmentation using a fuzzy preference relations
based AHP. European Journal of Operational Research, 225, 75-84. doi:10.1016/j.¢j0r.2012.09.037

Rezaei, M., Abedini Naeeni, M., & Sabet Motlagh, M. (2013). Integrated fuzzy ANP, fuzzy VIKOR
and goal programming for sourcing in a supply chain: A case study from cable industry. Decision
Science Letters, 2, 287-298.

Rezaei, J., Fahim, P. B. M., & Tavasszy, L. (2014). Supplier selection in the airline retail industry
using a funnel methodology: Conjunctive screening method and fuzzy AHP. Expert Systems with
Applications, 41, 8165-8179. doi:10.1016/j.eswa.2014.07.005

Roghanian, E., Sheykhan, A., & Sayyad Abendankashi, E. S. (2014). An application of fuzzy TOPSIS
to improve the process of supply chain management in the food industries: A case study of protein
products manufacturing company. Decision Science Letters, 3,17-26. doi:10.5267/j.ds1.2013.10.001

Roostaee, R., Izadikhah, M., Lotfi, E. H., & Rostamy-Malkhalifeh, M. (2012). A multi-criteria
intuitionistic fuzzy group decision making method for supplier selection with VIKOR method.
International Journal of Fuzzy System Applications (IJFSA), 2(1), 1-17.


https://doi.org/10.1007/s00170-015-6867-y
https://doi.org/10.1007/s00170-015-6867-y
https://doi.org/10.15446/dyna.v82n191.51143
https://doi.org/10.15446/dyna.v82n191.51143
https://doi.org/10.1080/0951192X.2013.799778
https://doi.org/10.1080/00207543.2012.756592
https://doi.org/10.1080/00207543.2012.756592
https://doi.org/10.1061/(ASCE)CO.1943-7862.0001033
https://doi.org/10.1109/ISCID.2014.227
https://doi.org/10.1108/K-11-2014-0271
https://doi.org/10.1108/K-11-2014-0271
https://doi.org/10.1007/s00500-015-2004-y
https://doi.org/10.1109/IEEM.2011.6118106
https://doi.org/10.1016/j.cie.2009.06.008
https://doi.org/10.1007/s00170-008-1719-7
https://doi.org/10.1007/s00170-008-1719-7
https://doi.org/10.1016/j.ejor.2012.09.037
https://doi.org/10.1016/j.eswa.2014.07.005
https://doi.org/10.5267/j.dsl.2013.10.001

ECONOMIC RESEARCH-EKONOMSKA ISTRAZIVANJA 1113

Roshandel, J., Miri-Nargesi, S. S., & Hatami-Shirkouhi, L. (2013). Evaluating and selecting the supplier
in detergent production industry using hierarchical fuzzy TOPSIS. Applied Mathematical Modelling,
37,10170-10181. doi:10.1016/j.apm.2013.05.043

Rostamzadeh, R. (2014). A new approach for supplier selection using fuzzy MCDM. International
Journal of Logistics Systems and Management, 19, 91-114. doi:10.1504/IJLSM.2014.064026

Rostamzadeh, R., Govindan, K., Esmaeili, A., & Sabaghi, M. (2015). Application of fuzzy VIKOR
for evaluation of green supply chain management practices. Ecological Indicators, 49, 188-203.
doi:10.1016/j.ecolind.2014.09.045

Routroy, S., & Sunil Kumar, C. V. (2014). Analyzing supplier development program enablers using
fuzzy DEMATEL. Measuring Business Excellence, 18(4), 1-26. doi:10.1108/ MBE-08-2013-0046

Rouyendegh, B. D. (2015). Developing an integrated ANP and intuitionistic fuzzy TOPSIS model
for supplier selection. Journal of Testing and Evaluation, 43, 664-672. doi:10.1520/JTE20130114

Rouyendegh (Babek Erdebilli), B. D., & Saputro, T. E. (2014). Supplier selection using integrated
fuzzy TOPSIS and MCGP: A case study. Procedia - Social and Behavioral Sciences, 116, 3957-3970.
doi:10.1016/j.sbspro.2014.01.874

Roy, B. (1968). Classement et choix en présence de points de vue multiples [Classification and choice
in the presence of multiple points of view]. RAIRO-Operations Research, 2, 57-75.

Saaty, T. L. (1990). How to make a decision: The analytic hierarchy process. European Journal of
Operational Research, 48, 9-26. doi:10.1016/0377-2217(90)90057-1

Saaty, T. L. (1996). Decision making with dependence and feedback: The analytic network process.
Pittsburgh, PA: RWS Publication.

Sahu, A. K., Datta, S., & Mahapatra, S. S. (2016). Evaluation and selection of resilient suppliers in
fuzzy environment: Exploration of fuzzy-VIKOR. Benchmarking, 23, 651-673. doi:10.1108/BIJ-
11-2014-0109

Sahu, A. K., Sahu, N. K., & Sahu, A. K. (2016). Application of integrated TOPSIS in ASC index:
Partners benchmarking perspective. Benchmarking, 23, 540-563. doi:10.1108/BIJ-03-2014-0021

Sanayei, A., Farid Mousavi, S., & Yazdankhah, A. (2010). Group decision making process for supplier
selection with VIKOR under fuzzy environment. Expert Systems with Applications, 37, 24-30.
doi:10.1016/j.eswa.2009.04.063

Sandeep, M., Kumanan, S., & Vinodh, S. (2011). Application of fuzzy SMART approach for supplier
selection. International Journal of Services and Operations Management, 9, 365-388.

Sen, C. G, $en, S., & Basligil, H. (2010). Pre-selection of suppliers through an integrated fuzzy analytic
hierarchy process and max-min methodology. International Journal of Production Research, 48,
1603-1625. doi:10.1080/00207540802577946

Senvar, O., Tuzkaya, G., & Kahraman, C. (2014). Multi criteria supplier selection using fuzzy
PROMETHEE method. In C. Kahraman & B. Oztaysi (Eds.), Supply chain management under
fuzziness: Recent developments and techniques (pp. 21-34). Berlin, Heidelberg: Springer, Berlin
Heidelberg.

Sepehriar, A., Eslamipoor, R., & Nobari, A. (2013). A new mixed fuzzy-LP method for selecting the
best supplier using fuzzy group decision making. Neural Computing and Applications, 23, 345-352.
doi:10.1007/s00521-013-1458-2

Sevkli, M. (2010). An application of the fuzzy ELECTRE method for supplier selection. International
Journal of Production Research, 48, 3393-3405. doi:10.1080/00207540902814355

Sevkli, M., Lenny Koh, S., Zaim, S., Demirbag, M., & Tatoglu, E. (2008). Hybrid analytical hierarchy
process model for supplier selection. Industrial Management ¢» Data Systems, 108, 122-142.

Sevkli, M., Zaim, S., Turkyilmaz, A., & Satir, M. (2010). An application of fuzzy Topsis method
for supplier selection. IEEE International Conference on Fuzzy Systems (pp. 1-7). doi:10.1109/
FUZZY.2010.5584006

Shahgholian, K., Shahraki, A., Vaezi, Z., & Hajihosseini, H. (2012). A model for supplier selection
based on fuzzy multi-criteria group decision making. African Journal of Business Management,
6, 6254-6265.

Shahraki, M. R., Forghani, S. E, Kalantari, S., & Estanesti, M. (2014). Prioritizing suppliers of a
petrochemical unit considering fuzzy approach (case study: Mobin petrochemical unit). Advances
in Environmental Biology, 8, 2062-2068.


https://doi.org/10.1016/j.apm.2013.05.043
https://doi.org/10.1504/IJLSM.2014.064026
https://doi.org/10.1016/j.ecolind.2014.09.045
https://doi.org/10.1108/MBE-08-2013-0046
https://doi.org/10.1520/JTE20130114
https://doi.org/10.1016/j.sbspro.2014.01.874
https://doi.org/10.1016/0377-2217(90)90057-I
https://doi.org/10.1108/BIJ-11-2014-0109
https://doi.org/10.1108/BIJ-11-2014-0109
https://doi.org/10.1108/BIJ-03-2014-0021
https://doi.org/10.1016/j.eswa.2009.04.063
https://doi.org/10.1080/00207540802577946
https://doi.org/10.1007/s00521-013-1458-z
https://doi.org/10.1080/00207540902814355
https://doi.org/10.1109/FUZZY.2010.5584006
https://doi.org/10.1109/FUZZY.2010.5584006

1114 M. KESHAVARZ GHORABAEE ET AL.

Shan, L. (2012). Evaluation on suppliers selection in the context of E-commerce based on trapezoidal
fuzzy order weighted average operator. Journal of Software, 7,2372-2378. d0i:10.4304/jsw.7.10.2372-
2378

Shaverdi, M., Heshmati, M. R., Eskandaripour, E., & Tabar, A. A. A. (2013). Developing sustainable
SCM evaluation model using fuzzy AHP in publishing industry. Procedia Computer Science, 17,
340-349. doi:10.1016/j.procs.2013.05.044

Shaw, K., Shankar, R., Yadav, S. S., & Thakur, L. S. (2012). Supplier selection using fuzzy AHP and
fuzzy multi-objective linear programming for developing low carbon supply chain. Expert Systems
with Applications, 39, 8182-8192. doi:10.1016/j.eswa.2012.01.149

Shaw, K., Shankar, R., Yadav, S. S., & Thakur, L. S. (2013). Global supplier selection considering
sustainability and carbon footprint issue: AHP multi-objective fuzzy linear programming approach.
International Journal of Operational Research, 17,215-247. doi:10.1504/IJOR.2013.053614

Shemshadi, A., Shirazi, H., Toreihi, M., & Tarokh, M. J. (2011). A fuzzy VIKOR method for supplier
selection based on entropy measure for objective weighting. Expert Systems with Applications, 38,
12160-12167. doi:10.1016/j.eswa.2011.03.027

Shemshadi, A., Toreihi, M., Shirazi, H., & Tarokh, M. (2011). Supplier selection based on supplier
risk: An ANP and fuzzy TOPSIS approach. The Journal of Mathematics and Computer Science, 2,
111-121.

Shen, C.-Y., & Yu, K.-T. (2009). Enhancing the efficacy of supplier selection decision-making on
the initial stage of new product development: A hybrid fuzzy approach considering the strategic
and operational factors simultaneously. Expert Systems with Applications, 36, 11271-11281.
doi:10.1016/j.eswa.2009.02.083

Shen, C.-Y,, & Yu, K.-T. (2012). An integrated fuzzy strategic supplier selection approach for
considering the supplier integration spectrum. International Journal of Production Research, 50,
817-829. doi:10.1080/00207543.2010.546586

Shen, L., Olfat, L., Govindan, K., Khodaverdi, R., & Diabat, A. (2013). A fuzzy multi criteria approach
for evaluating green supplier’s performance in green supply chain with linguistic preferences.
Resources, Conservation and Recycling, 74, 170-179. doi:10.1016/j.resconrec.2012.09.006

Shirinfar, M., & Haleh, H. (2011). Supplier selection and evaluation by fuzzy multi-criteria decision
making methodology. International Journal of Industrial Engineering ¢ Production Research, 22,
271-280.

Shohaimay, E, Ramli, N., & Mohamed, S. R. (2012). Fuzzy evaluation in IT supplier selection.
IEEE symposium on computer applications and industrial electronics (pp. 94-98). doi:10.1109/
ISCAIE.2012.6482076

Singh, A. (2014). Supplier evaluation and demand allocation among suppliers in a supply chain.
Journal of Purchasing and Supply Management, 20, 167-176. doi:10.1016/j.pursup.2014.02.001

Sinrat, S., & Atthirawon, W. (2015). Integrated factor analysis and fuzzy analytic network process
(FANP) model for supplier selection based on supply chain risk factors. Research Journal of Business
Management, 9, 106-123. do0i:10.3923/rjbm.2015.106.123

Sinrat, S., & Atthirawong, W. (2014). A conceptual framework of an integrated fuzzy ANP and
TOPSIS for supplier selection based on supply chain risk management. IEEE international
conference on industrial engineering and engineering management (pp. 1607-1611). doi:10.1109/
IEEM.2013.6962681

Soner Kara, S. (2011). Supplier selection with an integrated methodology in unknown environment.
Expert Systems with Applications, 38, 2133-2139. doi:10.1016/j.eswa.2010.07.154

Song, Y., Zhang, Q., & Zhou, X. (2007). Supplier selection model based on distance measure
between intuitionistic fuzzy sets. IEEE international conference on systems, man and cybernetics
(pp- 3795-3799). d0i:10.1109/ICSMC.2006.384721

Sreekumar, S. M. (2009). A fuzzy multi-criteria decision making approach for supplier selection in
supply chain management. African Journal of Business Management, 3, 168-177.

Sultana, I, Ahmed, L., & Azeem, A. (2015). An integrated approach for multiple criteria supplier
selection combining Fuzzy Delphi, Fuzzy AHP & Fuzzy TOPSIS. Journal of Intelligent ¢ Fuzzy
Systems, 29, 1273-1287.


https://doi.org/10.4304/jsw.7.10.2372-2378
https://doi.org/10.4304/jsw.7.10.2372-2378
https://doi.org/10.1016/j.procs.2013.05.044
https://doi.org/10.1016/j.eswa.2012.01.149
https://doi.org/10.1504/IJOR.2013.053614
https://doi.org/10.1016/j.eswa.2011.03.027
https://doi.org/10.1016/j.eswa.2009.02.083
https://doi.org/10.1080/00207543.2010.546586
https://doi.org/10.1016/j.resconrec.2012.09.006
https://doi.org/10.1109/ISCAIE.2012.6482076
https://doi.org/10.1109/ISCAIE.2012.6482076
https://doi.org/10.1016/j.pursup.2014.02.001
https://doi.org/10.3923/rjbm.2015.106.123
https://doi.org/10.1109/IEEM.2013.6962681
https://doi.org/10.1109/IEEM.2013.6962681
https://doi.org/10.1016/j.eswa.2010.07.154
https://doi.org/10.1109/ICSMC.2006.384721

ECONOMIC RESEARCH-EKONOMSKA ISTRAZIVANJA 1115

Tadic, D., Milanovic, D. D., Misita, M., & Tadic, B. (2011). New integrated approach to the
problem of ranking and supplier selection under uncertainties. Proceedings of the Institution
of Mechanical Engineers, Part B: Journal of Engineering Manufacture, 225, 1713-1724.
doi:10.1243/09544054jem2105

Tadi¢, D., Stefanovi¢, M., & Aleksi¢, A. (2014). The evaluation and ranking of medical device suppliers
by using fuzzy topsis methodology. Journal of Intelligent and Fuzzy Systems, 27, 2091-2101.
doi:10.3233/1FS-141174

Tahriri, F, Mousavi, M., Hozhabri Haghighi, S., & Zawiah Md Dawal, S. (2014). The application of
fuzzy Delphi and fuzzy inference system in supplier ranking and selection. Journal of Industrial
Engineering International, 10(3), 1-16. d0i:10.1007/s40092-014-0066-6

Tan, C., Wu, D. D, & Ma, B. (2011). Group decision making with linguistic preference relations with
application to supplier selection. Expert Systems with Applications, 38, 14382-14389. doi:10.1016/j.
eswa.2011.04.036

Tang X., & Fang S. (2011). A fuzzy AHP approach for service vendor selection under uncertainty.
International conference on business management and electronic information (pp. 274-277).
doi:10.1109/ICBMEI.2011.5914476

Tang, L., Liang, S., Ding, J., Shu, C., & Wang, W. (2008). A study on networked manufacturing-based
supplier selecting decision. International conference on wireless communications, networking and
mobile computing (pp. 1-4). d0i:10.1109/WiCom.2008.1460

Tosun, O., & Akyiiz, G. (2015). A fuzzy TODIM approach for the supplier selection problem.
International Journal of Computational Intelligence Systems, 8, 317-329. doi:10.1080/18756891.
2015.1001954

Tseng, M.-L., & Chiu, A. S. F. (2013). Evaluating firm’s green supply chain management in linguistic
preferences. Journal of Cleaner Production, 40, 22-31. doi:10.1016/j.jclepro.2010.08.007

Tseng, M.-L., Chiang, J. H., & Lan, L. W. (2009). Selection of optimal supplier in supply chain
management strategy with analytic network process and choquet integral. Computers & Industrial
Engineering, 57, 330-340. doi:10.1016/j.cie.2008.12.001

Tseng, Y. ], Su, Y. J., & Huang, E Y. (2010). Supplier selection and evaluation models for a design
change scheme in collaborative manufacturing environment. 40th international conference on
computers and industrial engineering: soft computing techniques for advanced manufacturing
and service systems. doi:10.1109/ICCIE.2010.5668206

Tuzkaya, G. (2013). An intuitionistic fuzzy Choquet integral operator based methodology for
environmental criteria integrated supplier evaluation process. International Journal of Environmental
Science and Technology, 10, 423-432. doi:10.1007/s13762-013-0180-9

Tuzkaya, G., Ozgen, A., Ozgen, D., & Tuzkaya, U. R. (2009). Environmental performance evaluation of
suppliers: A hybrid fuzzy multi-criteria decision approach. International Journal of Environmental
Science & Technology, 6, 477-490. doi:10.1007/bf03326087

Ulutas, A., Shukla, N., Kiridena, S., & Gibson, P. (2016). A utility-driven approach to supplier
evaluation and selection: Empirical validation of an integrated solution framework. International
Journal of Production Research, 54, 1554-1567. doi:10.1080/00207543.2015.1098787

Vahdani, B., & Zandieh, M. (2010). Selecting suppliers using a new fuzzy multiple criteria decision
model: The fuzzy balancing and ranking method. International Journal of Production Research,
48, 5307-5326. doi:10.1080/00207540902933155

Venkatesh, V. G., Dubey, R., Joy, P.,, Thomas, M., Vijeesh, V., & Moosa, A. (2015). Supplier selection
in blood bags manufacturing industry using TOPSIS model. International Journal of Operational
Research, 24, 461-488. doi:10.1504/IJOR.2015.072725

Vinodh, S., Anesh Ramiya, R., & Gautham, S. G. (2011). Application of fuzzy analytic network
process for supplier selection in a manufacturing organisation. Expert Systems with Applications,
38,272-280. doi:10.1016/j.eswa.2010.06.057

Wang, W.-P. (2010). A fuzzy linguistic computing approach to supplier evaluation. Applied
Mathematical Modelling, 34, 3130-3141. doi:10.1016/j.apm.2010.02.002

Wang, C.-H. (2015). Using quality function deployment to conduct vendor assessment and supplier
recommendation for business-intelligence systems. Computers & Industrial Engineering, 84, 24-31.
doi:10.1016/j.cie.2014.10.005


https://doi.org/10.1243/09544054jem2105
https://doi.org/10.3233/IFS-141174
https://doi.org/10.1007/s40092-014-0066-6
https://doi.org/10.1016/j.eswa.2011.04.036
https://doi.org/10.1016/j.eswa.2011.04.036
https://doi.org/10.1109/ICBMEI.2011.5914476
https://doi.org/10.1109/WiCom.2008.1460
https://doi.org/10.1080/18756891.2015.1001954
https://doi.org/10.1080/18756891.2015.1001954
https://doi.org/10.1016/j.jclepro.2010.08.007
https://doi.org/10.1016/j.cie.2008.12.001
https://doi.org/10.1109/ICCIE.2010.5668206
https://doi.org/10.1007/s13762-013-0180-9
https://doi.org/10.1007/bf03326087
https://doi.org/10.1080/00207543.2015.1098787
https://doi.org/10.1080/00207540902933155
https://doi.org/10.1504/IJOR.2015.072725
https://doi.org/10.1016/j.eswa.2010.06.057
https://doi.org/10.1016/j.apm.2010.02.002
https://doi.org/10.1016/j.cie.2014.10.005

1116 M. KESHAVARZ GHORABAEE ET AL.

Wang Chen, H. M., Chou, S.-Y,, Luu, Q. D, & Yu, T. H.-K. (2016). A fuzzy MCDM approach for
green supplier selection from the economic and environmental aspects. Mathematical Problems
in Engineering, 2016, Article ID 8097386, 10 pages. doi:10.1155/2016/8097386

Wang, H., & Wei, G. (2008). An effective supplier selection method with intuitionistic fuzzy
information. 4th international conference on wireless communications, networking and mobile
computing. doi:10.1109/WiCom.2008.1332

Wang, T.-Y., & Yang, Y.-H. (2009). A fuzzy model for supplier selection in quantity discount
environments. Expert Systems with Applications, 36,12179-12187. doi:10.1016/j.eswa.2009.03.018

Wang, L. F,, & Zhang, Q. P. (2009). A supplier classification method based on fuzzy multi-attribute
group decision-making. International conference on management science and engineering
(pp- 636-641). doi:10.1109/ICMSE.2009.5318236

Wang T. C., Chen L. Y., & Chen Y. H. (2007). Group fuzzy multi-criteria decision making in supplier
evaluation. International conference on wireless communications, networking and mobile
computing (pp. 5756-5759). doi:10.1109/WICOM.2007.1412

Wang, ].-W,, Cheng, C.-H., & Huang, K.-C. (2009). Fuzzy hierarchical TOPSIS for supplier selection.
Applied Soft Computing, 9, 377-386. doi:10.1016/j.as0c.2008.04.014

Wang, T.-C., Lee, H.-D., & Cheng, P.-H. (2009). Applying fuzzy TOPSIS approach for evaluating
RFID system suppliers in healthcare industry. In K. Nakamatsu, G. Phillips-Wren, L. C. Jain,
& R. J. Howlett (Eds.), New advances in intelligent decision technologies: Results of the first KES
international symposium IDT 2009 (pp. 519-526). Berlin, Heidelberg: Springer, Berlin Heidelberg.

Wang Y. ], Han T. C., & Kao C. S. (2012). A fuzzy decision-making model for supplier selection of
logistics. 3rd international conference on innovations in bio-inspired computing and applications
(pp. 168-171). doi:10.1109/IBICA.2012.12

Wang, E, Zeng, S., & Zhang, C. (2013). A method based on intuitionistic fuzzy dependent aggregation
operators for supplier selection. Mathematical Problems in Engineering, 2013, Article ID 481202,
9 pages. doi:10.1155/2013/481202

Wei J., & Sun A. (2009). The selection of supplier based on fuzzy-ANP. International conference on
future biomedical information engineering (pp. 160-163). doi:10.1109/FBIE.2009.5405867

Wei, J. Y., Sun, A. E, & Wang, C. H. (2010). The application of fuzzy-ANP in the selection of supplier
in supply chain management. International conference on logistics systems and intelligent
management (pp. 1357-1360). doi:10.1109/ICLSIM.2010.5461187

Wen, L., Xu, L., & Wang, R. (2013). Sustainable supplier evaluation based on intuitionistic fuzzy
sets group decision methods. Journal of Information and Computational Science, 10, 3209-3220.
doi:10.12733/jics20102169

Wibowo, S. (2011). A fuzzy multicriteria group decision making approach for improving the degree
of confidence in supplier selection. 4th international symposium on computational intelligence
and design (pp. 83-86). doi:10.1109/ISCID.2011.122

Wisner, J., Tan, K. C., & Leong, G. (2008). Principles of supply chain management. Boston, MA:
Cengage Learning.

Wittstruck, D., & Teuteberg, F. (2011). Towards a holistic approach for sustainable partner selection
in the electrics and electronics industry. In M. Niittgens, A. Gadatsch, K. Kautz, I. Schirmer &
N. Blinn (Eds.), Governance and sustainability in information systems. managing the transfer and
diffusion of IT: IFIP WG 8.6 international working conference, Hamburg, Germany, September 22-
24, 2011. Proceedings (pp. 45-69). Berlin, Heidelberg: Springer Berlin Heidelberg.

Wittstruck, D., & Teuteberg, F. (2012). Integrating the concept of sustainability into the partner
selection process: A fuzzy- AHP-TOPSIS approach. International Journal of Logistics Systems and
Management, 12, 195-226.

Wood, D. A. (2016). Supplier selection for development of petroleum industry facilities, applying
multi-criteria decision making techniques including fuzzy and intuitionistic fuzzy TOPSIS
with flexible entropy weighting. Journal of Natural Gas Science and Engineering, 28, 594-612.
doi:10.1016/j.jngse.2015.12.021

Wu, Y., & Geng, S. (2014). Evaluation of coal supplier based on intuitionistic fuzzy set and VIKOR
method. Journal of Information and Computational Science, 11, 3753-3763. doi:10.12733/
jics20104136


https://doi.org/10.1155/2016/8097386
https://doi.org/10.1109/WiCom.2008.1332
https://doi.org/10.1016/j.eswa.2009.03.018
https://doi.org/10.1109/ICMSE.2009.5318236
https://doi.org/10.1109/WICOM.2007.1412
https://doi.org/10.1016/j.asoc.2008.04.014
https://doi.org/10.1109/IBICA.2012.12
https://doi.org/10.1155/2013/481202
https://doi.org/10.1109/FBIE.2009.5405867
https://doi.org/10.1109/ICLSIM.2010.5461187
https://doi.org/10.12733/jics20102169
https://doi.org/10.1109/ISCID.2011.122
https://doi.org/10.1016/j.jngse.2015.12.021
https://doi.org/10.12733/jics20104136
https://doi.org/10.12733/jics20104136

ECONOMIC RESEARCH-EKONOMSKA ISTRAZIVANJA 1m7z

Wu, M., & Liu, Z. (2011). The supplier selection application based on two methods: VIKOR
algorithm with entropy method and Fuzzy TOPSIS with vague sets method. International Journal
of Management Science and Engineering Management, 6, 109-115. doi:10.1080/17509653.2011.1
0671152

Wu, C.-M.,, Hsieh, C.-L., & Chang, K.-L. (2013). A hybrid multiple criteria decision making model
for supplier selection. Mathematical Problems in Engineering, 2013, Article ID 324283, 8 pages.
doi:10.1155/2013/324283

Wu, W.-Y,, Lin, C.-T., & Kung, J.-Y. (2013). Supplier selection in supply chain management by using
fuzzy multiple-attribute decision-making method. Journal of Intelligent ¢ Fuzzy Systems, 24,
175-183.

Xiao, Z., & Wei, G. (2008). Application interval-valued intuitionistic fuzzy set to select supplier Fuzzy.
Fifth international conference on systems and knowledge discovery (pp. 351-355). doi:10.1109/
FSKD.2008.293

Xiao, Z., Chen, W,, & Li, L. (2012). An integrated FCM and fuzzy soft set for supplier selection
problem based on risk evaluation. Applied Mathematical Modelling, 36, 1444-1454. doi:10.1016/j.
apm.2011.09.038

Xiong, G., Chen, Y., Shang, X., Liu, X., & Nyberg, T. R. (2015). AHP fuzzy comprehensive method
of supplier evaluation in social manufacturing mode. World congress on intelligent control and
automation (pp. 3594-3599). doi:10.1109/WCICA.2014.7053314

Xu, Z., Ming, X. G., Wu, Z,, Song, W,, He, L., & Li, M. (2012). The evaluation of multi-supplier
quality competitiveness based on TFN-AHP method. Advanced Materials Research, 421, 595-600.
doi:10.4028/www.scientific.net/ AMR.421.595

Xu, Z., Elomri, A., Pokharel, S., & Ming, X. G. (2015). Product-service supplier pre-evaluation with
modified fuzzy ANP reducing decision information distortion. International Journal of Computer
Integrated Manufacturing, pp. 1-17, in press. doi:10.1080/0951192X.2015.1067917

Xu, Y., Patnayakuni, R., Tao, E, & Wang, H. (2015). Incomplete interval fuzzy preference relations
for supplier selection in supply chain management. Technological and Economic Development of
Economy, 21, 379-404. doi:10.3846/20294913.2013.876688

Yadav, V., & Sharma, M. (2015). Multi-criteria decision making for supplier selection using fuzzy
AHP approach. Benchmarking, 22, 1158-1174. doi:10.1108/BIJ-04-2014-0036

Yadav, V., & Sharma, M. K. (2015). Application of alternative multi-criteria decision making
approaches to supplier selection process. In C. Kahraman & S. Cevik Onar (Eds.), Intelligent
techniques in engineering management: Theory and applications (pp. 723-743). Cham: Springer
International Publishing.

Yang, J. (2008). Integrative performance evaluation for strategic supplier’s under supply chain
management based on logarithm triangular fuzzy number- AHP method. 5th international
conference on fuzzy systems and knowledge discovery (pp. 311-315). doi:10.1109/FSKD.2008.494

Yang, J. (2009). Fuzzy integrative performance evaluation for strategic supplier under supply chain
management. International Conference on Computational Intelligence and Software Engineering
(pp. 1-4). doi:10.1109/CISE.2009.5366995

Yayla, A., Yildiz, A., & Ozbek, A. (2012). Fuzzy TOPSIS method in supplier selection and application
in the garment industry. Fibres ¢ Textiles in Eastern Europe, 4, 20-23.

Yazdani, M. (2014). An integrated MCDM approach to green supplier selection. International Journal
of Industrial Engineering Computations, 5, 443-458. doi:10.5267/j.ijiec.2014.3.003

You, X.-Y,, You, J.-X,, Liu, H.-C., & Zhen, L. (2015). Group multi-criteria supplier selection using
an extended VIKOR method with interval 2-tuple linguistic information. Expert Systems with
Applications, 42, 1906-1916. doi:10.1016/j.eswa.2014.10.004

Yu, D. (2015). Triangular Atanassov’s intuitionistic fuzzy Bonferroni mean and application to supplier
selection. Journal of Intelligent & Fuzzy Systems, 28, 2785-2791.

Yu, D., Li, D.-E, & Merigo, ]. M. (2016). Dual hesitant fuzzy group decision making method and its
application to supplier selection. International Journal of Machine Learning and Cybernetics, 7,
819-831. doi:10.1007/s13042-015-0400-3


https://doi.org/10.1080/17509653.2011.10671152
https://doi.org/10.1080/17509653.2011.10671152
https://doi.org/10.1155/2013/324283
https://doi.org/10.1109/FSKD.2008.293
https://doi.org/10.1109/FSKD.2008.293
https://doi.org/10.1016/j.apm.2011.09.038
https://doi.org/10.1016/j.apm.2011.09.038
https://doi.org/10.1109/WCICA.2014.7053314
https://doi.org/10.4028/www.scientific.net/AMR.421.595
https://doi.org/10.1080/0951192X.2015.1067917
https://doi.org/10.3846/20294913.2013.876688
https://doi.org/10.1108/BIJ-04-2014-0036
https://doi.org/10.1109/FSKD.2008.494
https://doi.org/10.1109/CISE.2009.5366995
https://doi.org/10.5267/j.ijiec.2014.3.003
https://doi.org/10.1016/j.eswa.2014.10.004
https://doi.org/10.1007/s13042-015-0400-3

1118 M. KESHAVARZ GHORABAEE ET AL.

Yuan, S., Liu, X., Tu, Y., & Xue, D. (2008). Evaluating supplier performance using DEA and piecewise
triangular fuzzy AHP. Journal of Computing and Information Science in Engineering, 8, 41-47.
doi:10.1115/1.2956997

Yiicenur, G. N., Vayvay, O., & Demirel, N. C. (2011). Supplier selection problem in global supply chains
by AHP and ANP approaches under fuzzy environment. The International Journal of Advanced
Manufacturing Technology, 56, 823-833. doi:10.1007/s00170-011-3220-y

Zaim, S., Sevkli, M., & Tarim, M. (2003). Fuzzy analytic hierarchy based approach for supplier
selection. Journal of Euromarketing, 12, 147-176. doi:10.1300/J037v12n03_09

Zarbini-Sydani, A., Karbasi, A., & Atef-Yekta, E. (2011). Evaluating and selecting supplier in textile
industry using hierarchical fuzzy TOPSIS. Indian Journal of Science and Technology, 4, 1322-1334.
doi:10.17485/ijst/2011/v4110/30179

Zeydan, M., Colpan, C., & Cobanoglu, C. (2011). A combined methodology for supplier selection
and performance evaluation. Expert Systems with Applications, 38, 2741-2751. doi:10.1016/j.
eswa.2010.08.064

Zhang, F A.S. (2011). Research of supplier evaluation approach based on interval-valued intuitionistic
fuzzy relations. Chinese control and decision conference (pp. 1055-1059). doi:10.1109/
CCDC.2011.5968340

Zhang, Q., & Huang, Y. (2012). Intuitionistic fuzzy decision method for supplier selection in
information technology service outsourcing. In J. Lei, F. L. Wang, H. Deng & D. Miao (Eds.),
Emerging research in artificial intelligence and computational intelligence: international conference,
AICI 2012, Chengdu, China, October 26-28, 2012. Proceedings (pp. 432-439). Berlin, Heidelberg:
Springer Berlin Heidelberg.

Zhang, Q,, Jiang, L., & Huang, Y. (2012). An interval intuitionistic fuzzy decision approach for supplier
selection in information technology service outsourcing. Journal of Information and Computational
Science, 9, 4329-4336.

Zhang, Z., Chen, J., Hu, Y, Yang, J., Ye, Y., & Chen, J. (2013). A dynamic fuzzy group decision making
method for supplier selection. Journal of Applied Sciences, 13, 2788-2794.

Zhang, X., Deng, Y., Chan, E. T. S., & Mahadevan, S. (2015). A fuzzy extended analytic network
process-based approach for global supplier selection. Applied Intelligence, 43, 760-772. doi:10.1007/
$10489-015-0664-z

Zhao, H., & Guo, S. (2014). Selecting green supplier of thermal power equipment by using a hybrid
MCDM method for sustainability. Sustainability (Switzerland), 6, 217-235. doi:10.3390/su6010217

Zhongwei, Z., & Jianzhong, X. (2008). A decision model for supplier selection under supply chain
management. International Conference on Wireless Communications, Networking and Mobile
Computing (pp. 1-4). doi:10.1109/WiCom.2008.1647

Zhongwei, Z., & Jianzhong, X. (2008). Research of the application of fuzzy AHP in supplier evaluation
and selection. International Conference on Wireless Communications, Networking and Mobile
Computing (pp. 1-4). doi:10.1109/WiCom.2008.2930

Zouggari, A., & Benyoucef, L. (2012). Simulation based fuzzy TOPSIS approach for group multi-
criteria supplier selection problem. Engineering Applications of Artificial Intelligence, 25, 507-519.
doi:10.1016/j.engappai.2011.10.012


https://doi.org/10.1115/1.2956997
https://doi.org/10.1007/s00170-011-3220-y
https://doi.org/10.1300/J037v12n03_09
https://doi.org/10.17485/ijst/2011/v4i10/30179
https://doi.org/10.1016/j.eswa.2010.08.064
https://doi.org/10.1016/j.eswa.2010.08.064
https://doi.org/10.1109/CCDC.2011.5968340
https://doi.org/10.1109/CCDC.2011.5968340
https://doi.org/10.1007/s10489-015-0664-z
https://doi.org/10.1007/s10489-015-0664-z
https://doi.org/10.3390/su6010217
https://doi.org/10.1109/WiCom.2008.1647
https://doi.org/10.1109/WiCom.2008.2930
https://doi.org/10.1016/j.engappai.2011.10.012

	Abstract
	1. Introduction
	2. Single approaches
	2.1. AHP
	2.2. ANP
	2.3. TOPSIS
	2.4. VIKOR
	2.5. MOORA
	2.6. ELECTRE
	2.7. DEMATEL
	2.8. DEA
	2.9. Other single approaches

	3. Hybrid approaches
	3.1. AHP‒TOPSIS
	3.2. AHP‒LP
	3.3. AHP‒DEA
	3.4. Other AHP-based approaches
	3.5. ANP‒TOPSIS
	3.6. ANP‒LP
	3.7. Other ANP-based approaches
	3.8. TOPSIS‒LP
	3.9. Other TOPSIS-based approaches
	3.10. VIKOR-based approaches
	3.11. Other hybrid approaches

	4. Analysis of the reviewed papers
	4.1. Most frequent approaches
	4.2. Most influential articles
	4.3. Year of publications
	4.4. National analysis of studies
	4.5. Analysis of publishing journals

	5. Findings and discussion
	6. Conclusion
	Disclosure statement
	References



