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Abstract. To support evaluation and selection processes in engineering, formal decision-
making methods can be used. A great number of works applying diverse Multiple-Criteria
Decision-Making (MCDM) techniques for engineering problems have been published
recently. A new approach of hybrid MCDM methods has been developed, rapidly, during
the past few years. The current paper aims at �lling the gap and summarizing publications
related to applications of hybrid MCDM for engineering. The study is limited solely to
papers referred in Thomson Reuters Web of Science Core Collection academic database.
It aims to review how the papers have been distributed by period of publishing and by
country; multiple-criteria decision-making methods have been used, most frequently, in
developing hybrid approaches and in domains the methods have been applied for. For
a more detailed analysis of applications, journal articles from engineering research area
were grouped by research domains and further by analyzed issues. Findings of the current
review paper con�rm that hybrid MCDM approaches, due to their abilities in integrating
di�erent techniques, can assist in handling miscellaneous information taking into account
stakeholders' preferences when making decisions in engineering.
© 2016 Sharif University of Technology. All rights reserved.

1. Introduction

A head of a company or department, project managers,
designers, and other professionals are constantly faced
with the necessity of making important decisions, often
based on some partial or incomplete information. To
form such a decision, a variety of universal information
systems are used [1-3].

Every organization or company as well as every
member of the sta� simultaneously pursues multiple
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objectives (economic, social, moral, legal, technical,
technological). Some of the objectives can be achieved
more easily, others harder. Moreover, not all the
objectives are equally important. Therefore, if a
stakeholder reaches not every desired objective, but the
important ones, he/she can be satis�ed.

It is not easy to formulate an objective in an
organization such as a business because almost all of its
employees have their own opinion. But, the decision-
making process becomes more objective when expert
and multi-criteria analysis methods are used.

A special role is played by multi-criteria analy-
sis and evaluation methods [4-7]. Multiple Criteria
Decision-Making (MCDM) has grown out of operations
research, concerned with designing mathematical and
computational tools for supporting the subjective eval-
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uation of performance criteria by decision-makers [8].
The importance of multiple-criteria methods to esti-
mate the optimal solutions in the design of technical
systems was repeatedly emphasized in Hojjat Adeli et
al. research works [9-12].

The �rst references about multiple-criteria meth-
ods have already been mentioned in 1772, 1785,
1881, 1896 by Franklin [13], de Condorcet [14], Edge-
worth [15], Pareto [16-18]. The �rst decision-making
axioms were formed by Ramsey in 1931 [19]. In 1944,
John von Neumann and Oskar Morgenstern intro-
duced Theory of Games and Economic Behavior [20].
Later, Samuelson [21], Kantorovich [22], Danzig [23],
Nash [24], Arrow [25], Koopmans [26], Simon [27],
Debreu [28], Frisch [29], and Sen [30] were awarded the
Nobel Prize in economics for the creation of decision-
making theoretical frameworks.

Very important works in the �eld of decision-
making theory were published in 1954-1978 by Ed-
wards [31], Gass and Saaty [32], Luce and Rai�a [33],
Fishburn [34,35], Zadeh [36], Roy [37], Zeleny [38], and
Charnes et al. [39].

The title of MCDM was used for the �rst time
in a paper by Zeleny in 1975 [40]. In 1979, this new
notion was explained by Zionts [41]. Later signi�cant
research related to theory of MCDM was published by
Keeney and Rai�a [42], Saaty [43], and Zeleny [44].

MCDM methods can be classi�ed into two cate-
gories: discrete MADM (Multiple Attribute Decision-
Making) methods and continuous MODM (Multiple
Objective Decision-Making) methods. Hwang and
Masud [45] reviewed MODM in 1979, and Hwang and
Yoon [46] reviewed MADM methods in 1981.

Since 1980, MCDM methods have rapidly been
developing and applied in various areas. MCDM
methods were reviewed in books by Hwang, and
Lin [47], Roy [48], Saaty [49], Brauers [50], Figueira
et al. (eds.) [51], Kahraman [52], Triantaphyllou [53],
Zopounidis, and Pardalos (Eds.) [54], Tzeng and
Huang [55,56], and K�oksalan et al. [57]. The use
of MCDM methods was also discussed by Zavadskas
and Zavadskas et al. [58-61], Kaplinski [62,63], Chen
and Li [64], Zavadskas and Kaklauskas [65], Koo [66],
Kaklauskas and Zavadskas [67].

The evolution of MCDM during 1975-2015 was
comprehensively analyzed in a number of review arti-
cles by Zavadskas and Turskis [68], Liou and Tzeng [69],
Mardani et al. [70-74], and Antucheviciene et al. [75].
A special issue on multiple criteria decision-making
and operations research was published by Peng and
Shi [76]. A special issue on applications in engineering
was issued by Wiecek et al. [77]. Applications in a
separate area of civil engineering were presented by
Zavadskas et al. [78], Jato-Espino et al. [79]. Reviews
devoted to Decision-Making (DM) in related areas such
as infrastructure management [80] and asset manage-

ment [81] were published. An interesting issue of
using multiple-criteria decision-making approaches for
green supplier evaluation and selection was analyzed
by Govindan et al. in 2015 [82]. Zavadskas et al. [83]
summarized reviews (review papers and books) on a
topic of MCDM in 2014.

An important moment in the developments of
decision-making was the publication of the Fuzzy Sets
Theory by Zadeh in 1965 [36]. Last year was the
50th anniversary of the introduction of this theory.
To commemorate this date, the journal Technological
and Economic Development of Economy released a
special anniversary issue. The introductory article
was authored by Herrera-Viedma [84]. On the same
occasion, the International Journal of Computers Com-
munications & Control published a special issue as
well. This special issue had the introduction written
by Ronald R. Yager [85].

Another signi�cant milestone was development of
applied arti�cial intelligence (AI). While the concept
of AI, in its rudimentary form, was introduced in
late 1950s and early 1960s, it was not until 1980s
that it received signi�cant tractions with important
applications in the form of knowledge-based expert
systems. Adeli and associates introduced applications
of AI in civil engineering with a number of ground-
breaking books and articles [86-92].

Neural network computing has been another very
active and expanding frontier of research in the past
twenty �ve years [93,94]. The �rst journal article on
civil engineering applications of neural networks was
published in 1989 by Adeli and Yeh [95]. Since then,
a large number of articles have been published on
neural networks in civil engineering, including several
in
uential books [96-100]. In 1998, Hojjat Adeli and
his former Ph.D. student, H.S. Park, were awarded a
rare U.S. patent for their neural dynamics model for
robust optimization of large-scale structures (Patent
Number: 5,815,394). In 1996, the patented model was
used for fully automated optimum design of a 144-
story superhighrise building structure with more than
20,000 members on a high-performance connection
machine within an hour, an engineering feat at the
time [101].

Recently, a new trend in MCDM is being
developed, rapidly, named Hybrid Multiple-Criteria
Decision-Making (HMCDM) methods. The current
paper aims at �lling the gap and to summarize
publications related to development and especially to
applications of HMCDM methods, including those for
engineering.

2. Research methodology

In the paper, the literature related to hybrid MCDM is
reviewed, comprehensively, on the basis of documents
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Figure 1. Summarized procedure of the research.

referred to in Thomson Reuters Web of Science aca-
demic database.

Following a methodological analysis (Figure 1),
the �rst publications in the area up to December 2015
are reviewed.

Hybrid MCDM involves various combinations of
several decision-making methods. Four groups of com-
binations of the methods devoted to calculating relative
signi�cance of criteria and ranking of alternatives can
be identi�ed:

1. MCDM method + method for identifying impor-
tance (relative signi�cance) of criteria;

2. MCDM method + fuzzy sets, grey numbers;
3. MCDM method + MCDM method(s);
4. MCDM + other method(s).

At �rst, the presented research attempts to an-
swer the following questions: What part of papers is

devoted to hybrid MCDM in various areas of MCDM
development and application? What part of papers
involves applications in engineering research area? How
the papers are distributed by period of publishing
and by origin? Next, a more detailed research is
aimed at the following issues: In what domains of
engineering hybrid MCDM is applied? What problems
are analyzed? Which multiple-criteria decision-making
methods are used frequently in hybrid methods?

3. Primary review results

There are 2505 publications on the topic of MCDM
referred to in Web of Science Core Collection database
(December 9, 2015) and covering all the document
types, including research articles (1851), reviews, pro-
ceedings papers, and other documents (Table 1).

Analyzing publications assigned to Engineering
Research Area in Web of Science Core Collection
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Table 1. Publications on the topic MCDM, MCDM in engineering and Hybrid MCDM in engineering.

Type of publications Number of publications
(all/articles)

Publications on MCDM methods 2505/1851

Publications on MCDM in engineering 924/654

Publications on hybrid MCDM in all research areas 263/209

Publications on hybrid MCDM in engineering 108/83

database, it is found that 37 percent, i.e. 924 publica-
tions out of 2505 on the topic of MCDM are devoted to
MCDM applications in engineering. Scholarly articles
on MCDM in engineering cover 35 percent of articles
on the topic of MCDM.

10.5 percent, i.e. 263 publications out of 2505, are
devoted to hybrid MCDM developments and applica-
tions. Scholarly articles on HMCDM account for 11.3
percent of the articles on the topic of MCDM.

11.7 percent, i.e. 108 publications out of 924
on the topic of MCDM in engineering, are devoted
to hybrid MCDM in engineering. Scholarly articles
on HMCDM in engineering cover 12.7 percent of the
documents on the topic of MCDM in engineering.

Finally, it is found that a signi�cant part of
documents, i.e. 41.1 percent of publications on hybrid
MCDM, is observed in engineering research area (108
documents). Scholarly articles on HMCDM in engi-
neering account for 39.7 percent (83 articles out of 209)
of articles on the topic of hybrid MCDM.

The extent of research in developments and appli-
cations of hybrid MCDM has been increasing rapidly
during the past several years, as observed in Figure 2.
80 percent of publications in the area are issued during
the past �ve years (2011-2015).

Applications in di�erent Web of Science categories
are presented in Figure 3. Application of the method-
ology is observed in 32 research areas.

As for the extent of research on applications of
hybrid MCDM in engineering, the same tendencies
are observed for all applications of the methods. A
single publication is observed in 1999, while most
publications are issued in the last ten years and the
number of papers is rapidly increasing, as observed in
Figure 4. 78 percent of articles in the area of HMCDM

Figure 2. Number of publications on the topic of hybrid
MCDM (total 263).

in engineering were published during the past �ve years
(2011-2015).

Application of hybrid MCDM methods for engi-
neering problems is also analyzed by countries. In-
formation on distribution of articles by countries is
presented in Figure 5.

Apparently, the leader is Taiwan. Next come
Iran, Turkey, India, USA, People's Republic of China,
Lithuania, and Malaysia (5-12 papers).

4. Detailed review results

The subject of the detailed review is journal articles
that apply Hybrid MCDM for engineering problems. 83
papers (research articles and review papers) assigned to
\Engineering" Research Area in Web of Science Core
Collection are involved in the analysis.

At �rst, the papers are grouped into three Appli-
cation Domains as presented in Figure 6. The largest
domain is Industrial and Manufacturing Engineering,
involving almost half of the analyzed papers. Almost
one-third of the papers are assigned to Engineering
Economic and Management domain. The last group
of papers covers Engineering Multidisciplinary applica-
tions. All the papers are analyzed by research problem,
methods, and tools used for hybrid approaches for the
publication period.

4.1. HMCDM applications in industrial and
manufacturing engineering domain

Industrial and Manufacturing Engineering domain cov-
ers several issues concerning technology selection or
product development and selection, also supplier eval-
uation, selection, and other issues of green manufactur-
ing, as well as logistic optimization (Table 2).

Technology selection and supplier selection oc-
cupy a leading position in the domain. Decision
support applying hybrid approaches can be observed
in evaluating and ranking di�erent technologies, such
as selecting a proper construction [102] or moderniza-
tion [142] method, the best recycling method [105],
equipment, or other technologies in a manufacturing
enterprise [107,118]. An interesting application is
observed for prioritizing advanced technology projects
at NASA [112]. Environmental issues are considered
by designing combined energy systems [110] or assess-
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Figure 3. Distribution by Web of Science categories (total 263).

Figure 4. Number of publications on hybrid MCDM in
Research Area of Engineering (total: 83).

ing building energy performance [108], and selecting
the most suitable desalination technology for brackish
groundwater [111].

It can be observed that the most popular method-
ological approaches are combinations of crisp AHP
with TOPSIS [116] or ANP with TOPSIS [115]
as well as their combinations in a fuzzy environ-
ment [105,111,112,118]. Combinations with grey num-
bers are observed in a single publication. Several
methods (COPRAS-G, TOPSIS-G, SAW-G, GRA) are
applied for equipment selection and the results are
compared by Nguyen et al. [107]. Novel methods,
SWARA and WASPAS, are used by Bitarafan et

Figure 5. Hybrid MCDM in engineering { applications
by countries (total: 83).

al. [109] when evaluating sensors for health monitoring
of bridges.

Applications for a new product evaluation are
usually related not only to selection but also to de-
velopment of a product. New product development
strategies can be suggested and the best alternative
in competitive market environment can be determined
with the help of multiple-criteria approaches. Usually,
the mentioned fuzzy AHP or fuzzy ANP methods are
applied, combined with DEMATEL and VIKOR [120],
TOPSIS and VIKOR [123], DEMATEL and TOP-
SIS [122], and Permutation method [143].

Supplier evaluation and selection is the most mod-
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Figure 6. Application domains of HMCDM in engineering.

ern issue in the domain. It includes papers published
in 2011-2015. Selecting supplier with emphasis on
sustainability [127,144-146] is a major topic in modern
manufacturing. Accordingly, green suppliers' evalua-
tion [125,135], or green supply chains [129] are a subject
of current research. Sustainable infrastructure systems
and environmentally-conscious design were advanced
by Adeli in 2002 [147]. In a recent article, Wang and
Adeli [148] presented ideas about sustainable building
design. In a forthcoming article, Ra�ei and Adeli [149]
present sustainability in highrise building design and
construction. From the methodological point of view,
the most popular methods used in hybrid approaches
are the same as those used in technology and product
selection issues, i.e. various combinations of crisp and
fuzzy AHP, ANP, TOPSIS, and DEMATEL. The latest
applications use some other methods, such as DANP
(DEMATEL-based ANP) and PROMETHEE when
evaluating green manufacturing practices in rubber tire
industry [128], or grey ELECTRE and grey VIKOR
when evaluating environmental performance in service
supply chain [126].

Logistic optimization is presented as a separate
issue. The best logistic strategy in Belgrade is sug-
gested to be selected by using combination of fuzzy
DEMATEL, fuzzy ANP, and fuzzy VIKOR [139].
Kuo [140] suggests selecting the best location for a
distribution center in a logistic project by applying
fuzzy DEMATEL, AHP, ANP, and TOPSIS. The more
original combination of MCDM method with other
formal methods is presented and planning of reverse
logistics in computers disposal is realized by ANP and
ZOGP [141].

4.2. HMCDM applications in engineering
economic and management domain

The same combination of ANP and ZOGP can be
observed in several papers from the next analyzed

domain { Engineering Economic and Management.
The domain covers issues of outsourcing strategies or
outsourcing providers' evaluation, companies' perfor-
mance evaluation, resource scheduling [150], project
and personnel selection, as well as other problems
in business planning, such as procurement, business
foresight, and marketing. The analyzed problems and
the applied decision support methods are presented in
Table 3.

Most papers analyzing outsourcing apply DEMA-
TEL and ANP, coupling them together or combining
with other tools. Combination of these two methods is
used when evaluating and selecting a proper outsourc-
ing provider in a telecommunication company [151],
i.e. Taiwanese airlines [154]. Another method, namely
ISM with ANP, is applied for selecting a vendor in a
semiconductor industry [155]. The above mentioned
combination of ZOGP and ANP, also DEMATEL,
is used for developing outsourcing strategy in IT
projects [157].

Rabbani et al. [158] suggest using ANP with fuzzy
COPRAS in a model of performance evaluation of
oil producing companies. Amiri et al. [159] suggest
combining the standard AHP and fuzzy TOPSIS with
genetic algorithms [177] for evaluating competence of a
company.

All the papers devoted to project selection or
personnel selection in engineering projects use the
same approach: ANP is applied for evaluating relative
signi�cances of criteria, while TOPSIS, VIKOR, or DE-
MATEL are used for prioritizing alternatives. Kabak
et al. [160], additionally, use fuzzy ELECTRE when
analyzing personnel selection problem. Mohammadi et
al. [178] present hybrid Quality Function Deployment
and Cybernetic ANP model for project manager selec-
tion.

Mesghouni et al. [176] combine genetic algo-
rithm [179], constraint logic programming, and MCDM
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Table 2. HMCDM applications in Industrial and Manufacturing Engineering domain.
Considered issues

and problems
Applied methods� Publication author(s),

publishing year
Technology selection

Selecting construction method for
urban stormwater
collection system

Fuzzy AHP, CP Ebrahimian et al., 2015 [102]

Detecting and prioritizing failure of
marine diesel engine

Fuzzy AHP, fuzzy VIKOR Balin et al., 2015 [103]

Assessing work safety in hot
environments industry

ANP, linguistic fuzzy approach Ilangkumaran et al., 2015 [104]

Selecting the best
plastic recycling method

Fuzzy AHP, TOPSIS Vinodh et al., 2014 [105]

Improving technologies for the smart
phone to satisfy customers' needs

DEMATEL, ANP, DANP
(DEMATEL-based ANP), VIKOR

Hu et al., 2014 [106]

Equipment selection to satisfy market's
needs; comparison of results by

applying di�erent tools

Fuzzy ANP,
COPRAS-G, TOPSIS-G,

SAW-G, GRA
Nguyen et al., 2014 [107]

Assessing building energy performance Fuzzy ANP Kabak et al., 2014 [108]

Evaluating and selecting sensors for
structural health monitoring of bridges

in earthquake engineering
SWARA, WASPAS Bitarafan et al., 2014 [109]

Designing e�ective combined energy
systems

Evolutionary multi-objective
optimization, fuzzy TOPSIS

Perera et al., 2013 [110]

Selecting the most suitable desalination
technology for brackish groundwater,

an example of north-east of Iran territory
Fuzzy AHP, TOPSIS Ghassemi and Danesh, 2013 [111]

Prioritizing advanced
technology projects at NASA

Fuzzy ANP, fuzzy TOPSIS Tavana et al., 2013a [112]

Selecting alternative-fuel buses Fuzzy TOPSIS, fuzzy PSI method Vahdani et al., 2011 [113]

Selecting the best technology for light
emitting diode

Fuzzy Delphi, DEMATEL, ANP, PCA Shen et al., 2011 [114]

Proposing combinations of vehicle
telematics systems

DEMATEL, ANP, TOPSIS Lin et al., 2010a [115]

Modelling security systems and
evaluating vulnerability factors; an

application to power control systems
AHP, TOPSIS Liu et al., 2010 [116]

Combining classi�ers, an application to
natural textured images

FC, Bayesian estimation, SO feature,
maps, LVQ, fuzzy MCDM

Guijarro and Pajares, 2009 [117]

Selecting technologies in a
manufacturing enterprise

Fuzzy TOPSIS, fuzzy AHP Onut et al., 2008 [118]

Assessment of Radio Frequency
Identi�cation/Micro Electro

Mechanical System (RFID/MEMS)
technology

MCDM, Monte Carlo simulation Doerr et al., 2006 [119]

Product development/selection
Determining product's position and
suggesting improvements of service

ANP, DEMATEL, VIKOR Lin, 2015 [120]

Evaluating di�erent new product
development strategies, an example of

producing lithium-iron
phosphate battery

ISM, Fuzzy ANP Chen et al., 2015 [121]

Developing novel
product in competitive market environment

Fuzzy ANP, fuzzy Kano method, fuzzy
DEMATEL, TOPSIS, GRA

Chyu and Fang, 2014 [122]
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Table 2. HMCDM applications in Industrial and Manufacturing Engineering domain (continued).
Considered issues

and problems
Applied methods� Publication author(s),

publishing year
Product development/selection

Selecting the best biodiesel blend
considering multiple criteria

Fuzzy AHP-TOPSIS, Fuzzy AHP-VIKOR Sakthivel et al., 2013 [123]

Evaluating conceptual
alternatives of

new product development
Fuzzy ANP Ayag and Ozdemir, 2009 [124]

Supplier evaluation and selection, green manufacturing
Evaluating green suppliers in order to

improve their performance;
an example of thin �lm
transistor liquid crystal
display manufacturing

INRM, PROMETHEE Tsui et al., 2015 [125]

Environmental performance evaluation
in service supply chain

Grey ELECTRE, grey VIKOR Chithambaranathan et al., 2015 [126]

Selecting supplier with emphasis on
sustainability issues; an example of

packaging in food industry

Rule-based weighted fuzzy method,
fuzzy AHP, multi-objective
mathematical programming

Azadnia et al., 2015 [127]

Evaluating green manufacturing
practices with an example of rubber

tires industry in India
DANP, PROMETHEE Govindan et al., 2015 [128]

Evaluating green supply chain practices Fuzzy set theory, DEMATEL Wu et al., 2015 [129]

Selecting supplier to ensure
e�cient chain; an example

of �reworks industry
ISM Kumar et al., 2014 [130]

Addressing multi-classi�cation
problem in supplier
selection procedure

Semi-fuzzy kernel
clustering algorithm,

semi-fuzzy SVDD, CCEVA
Guo et al., 2014 [131]

Selecting suppliers when evaluation
criteria are interdependent

TOPSIS, ANP, AHP, preemptive GP Kasirian and Yusu�, 2013 [132]

Selecting the best supplier in a
sustainable supply chain

Fuzzy Delphi, ANP, TOPSIS Wu et al., 2013 [133]

Selecting a vendor in environmentally
conscious manufacturing

DANP, VIKOR Hsu et al., 2012 [134]

Evaluating green suppliers

Fuzzy
DEMATEL,

fuzzy ANP, fuzzy
TOPSIS

Buyukozkan and Cifci, 2012 [135]

Optimizing production control strategy
to achieve better manufacturing

performance
Taguchi method, TOPSIS Lu et al., 2012 [136]

Selecting suppliers;
an example of industrial case

study for the selection of
cans supplier

Fuzzy DEMATEL, fuzzy TOPSIS Dalalah et al., 2011 [137]

Selecting vendor in a purchase project
of a manufacturing enterprise

ANP, DEMATEL Yang and Tzeng, 2011 [138]

Logistics optimization
Selecting the best concept of logistic
considering various stakeholders, an

example of Belgrade

Fuzzy DEMATEL, fuzzy ANP, fuzzy
VIKOR

Tadic et al., 2014 [139]

Selecting location for a distribution
center in international logistics project

Fuzzy DEMATEL, AHP/ANP,
TOPSIS

Kuo, 2011 [140]
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Table 2. HMCDM applications in Industrial and Manufacturing Engineering domain (continued).
Considered issues

and problems
Applied methods� Publication author(s),

publishing year
Logistics optimization

Planning of an environmentally - friendly reverse
logistics; example of computers disposal

ANP, ZOGP Ravi et al., 2008 [141]

�Analytic Hierarchy Process (AHP); Compromise Programming (CP); VIseKriterijumska Optimizacija
I Kompromisno Resenje (in Serbian), that means Multicriteria Optimization and Compromise Solution (VIKOR);
Analytic Network Process (ANP); Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS) and
Technique for Order of Preference by Similarity to Ideal Solution with grey numbers (TOPSIS-G); DEecision-MAking
Trial and Evaluation Laboratory (DEMATEL); DEMATEL-based ANP (DANP); COmplex PRroportional
ASsessment (COPRAS) and COmplex PRroportional ASssessment with grey numbers (COPRAS-G); Simple Additive
Weighting (SAW) and Simple Additive Weighting with grey numbers (SAW-G); Step-wise Weight Assessment Ratio
Analysis (SWARA); Weighted Aggregated Sum Product Assessment (WASPAS); Preference Selection Index (PSI);
Patent co-citation (PCA); Fuzzy Clustering (FC); Self-Organizing (SO) feature maps; Learning Vector Quantization (LVQ);
Interpretive Structural Modeling (ISM); Grey Relational Analysis (GRA); In
uential Network Relation Map (INRM),
Preference Ranking Organization METHod for Enrichment of Evaluations (PROMETHEE); ELimination Et Choix
Traduisant la REalit�e that means ELimination and Choice Expressing Reality (ELECTRE); Support Vector Domain
Description (SVDD), Cooperative CoEVolution Algorithm (CCEVA); Goal Programming (GP); and Zero One Goal
Programing (ZOGP).

for balancing workload by selecting the best scheduling.
On the whole, 8 out of 13 applications are dated
up to 2011 (Table 3). The earlier applications cover
optimizing planning decisions in construction industry
by using possibilistic linear programming and modi�ed
S-curve membership function [175] or supporting busi-
ness decision-making in shipping by fuzzy axiomatic
design [180], quality function deployment, and several
MCDM methods [177]. The mentioned combination
of ZOGP, ANP, and DEMATEL is applied for eval-
uating entrepreneurship policy of a company [170].
The latest applications analyze a variety of problems:
measuring enterprises readiness for institutionaliza-
tion [164], decision support for corporate social respon-
sibility [165], examining organizational value cocre-
ation [166], default prediction [181], and prioritizing
risks [182]. In terms of methodology, Hashemkhani
Zolfani et al. [168] apply a hybrid of two rather novel
methods, i.e. SWARA and WASPAS, for selection of
the best shopping mall location to ensure a business
success.

4.3. HMCDM applications in
multidisciplinary domain of engineering

The last domain involves several exclusive issues of
engineering applications (Table 4). Four review papers
are assigned to the domain. Additionally are presented
papers related to application of hybrid methods when
selecting media technologies or projects.

As one of the hybridization approaches in com-
bining fuzzy sets theory with crisp multiple criteria
methods, a review of applications of fuzzy MCDM tech-
niques in four �elds, including engineering, is presented
by Mardani et al. [8]. Review of approaches for solving
civil engineering problems under uncertainty, including
fuzzy and grey MCDM, is presented by Antucheviciene
et al. [75]. Kaya and Kahraman [197] compared fuzzy

MCDM methods for intelligent building assessment.
Review of 26 techniques, including hybrid approaches
as applied for supplier selection problem, is presented
by Chai et al. [184]. Ahari and Niaki [183] studied 77
tasks and 31 models in gas well-drilling projects. Liu
et al. [198] incorporate household gathering and mode
decisions in large-scale evacuation modeling.

Selection of some type of engineering technologies
or products as social media tools can also be success-
fully supported by applying hybrid methods, usually
consisting of fuzzy approaches [185,188,199], and also
combining grey theory with crisp methods [186]. Jia
et al. [200] present multiobjective bilevel optimization
for production-distribution planning problems using a
hybrid genetic algorithm.

A very useful application of the analyzed ap-
proaches, involving many stakeholders and a lot of
evaluation criteria, is for studies and learning prob-
lems. Wu et al. [189] suggest weighting performance
evaluation indices with the help of AHP and ranking
of universities using VIKOR method. Shakouri and
Tavassoli [190] use fuzzy MCDM for sorting the re-
quests of students at university. One of the oldest ap-
plications in the area involves evaluation of e-learning
programs by combining fuzzy integral, DEMATEL,
and AHP [192]. Lee at al. [193] study the possibilities of
the popular method, DEMATEL, to be used in hybrid
approaches.

5. Conclusions

Multiple-Criteria Decision-Making (MCDM) methods
can be useful to support evaluation and selection
processes in engineering. During the last decade, com-
bining two or more methods to solve the same MCDM
problem (hybrid MCDM) has been used increasingly
to support decision-making. A decision-maker or a
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Table 3. HMCDM applications in Engineering Economic and Management domain.
Considered issues

and problems
Applied methods� Publication author(s),

publishing year
Outsourcing strategies/providers evaluation

Modelling evaluation and selection of
proper outsourcing provider, an
example of a telecommunication

company

DEMATEL, Fuzzy ANP Uygun et al., 2015a [151]

Selecting proper outsourcing provider,
an example of IT provider in industry

Fuzzy inhomogeneous MADM Qiang and Li, 2015 [152]

Selecting an outsourcing provider to
improve costs and competitiveness; an

example of Taiwanese company
DEMATEL, ANP, DANP Hsu et al., 2013 [153]

Selecting an outsourcing provider; an
example of Taiwanese airline

DEMATEL, Fuzzy preference
programming, ANP

Liou et al., 2011 [154]

Outsourcing vendor selection in a
semiconductor company

ISM, ANP Lin et al., 2010b [155]

Selecting an outsourcing provider
in airlines

VIKOR, ANP, DEMATEL Liou and Chuang, 2010 [156]

Developing sourcing strategy in
IT projects

DEMATEL, ANP, ZOGP Tsai et al., 2010 [157]

Performance evaluation
A model for performance evaluation of
companies; an example of oil producers

ANP, fuzzy COPRAS Rabbani et al., 2014 [158]

Evaluating competence of �rms in marketplace
Adaptive AHP, fuzzy TOPSIS,

Genetic algorithms,
Linear assignment method

Amiri et al., 2009 [159]

Personnel selection
Analyzing personnel selection problem

as an important managerial issue
Fuzzy ANP, Fuzzy TOPSIS, Fuzzy ELECTRE Kabak et al., 2012 [160]

Supporting personnel selection in
manufacturing company

ANP, TOPSIS Dagdeviren, 2010 [161]

Project selection
Evaluating and improving six sigma

projects to achieve the largest bene�ts
DEMATEL, ANP, VIKOR Wang et al., 2014 [162]

Evaluating environment watershed projects ANP, DEMATEL Chen et al., 2010 [163]
Business planning, foresight, marketing

Measuring small and medium sized
enterprises readiness for

institutionalization
Fuzzy DEMATEL, Fuzzy ANP, TOPSIS Uygun et al., 2015b [164]

Group decision support for corporate
social responsibility

Delphi, DEMATEL, ANP, MDS Wang et al., 2015 [165]

Examining organizational value
cocreation behavior

DEMATEL-based ANP Chuang, 2015 [166]

Measuring internal control of
procurement

DEMATEL, VIKOR, ANP, DANP Chen, 2015 [167]

Foresight of business success by
selecting a proper location; an example

of shopping mall
SWARA, WASPAS Hashemkhani Zolfani et al., 2013 [168]

Evaluating of
web-based marketing; an

example of air transportation
companies

DEMATEL, ANP, VIKOR Tsai et al., 2011 [169]

Evaluating entrepreneurship policy of a company DEMATEL, ANP, ZOGP Tsai and Kuo, 2011 [170]
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Table 3. HMCDM applications in Engineering Economic and Management domain (continued).
Considered issues

and problems
Applied methods� Publication author(s),

publishing year
Business planning, foresight, marketing

Establishing an investment decision
model and portfolio selection

DEMATEL, ANP, VIKOR Ho et al., 2011 [171]

Optimizing manufacturing
management system

Taguchi method, TOPSIS Lu et al., 2011 [172]

Providing with innovation-oriented
techniques for the development of

future strategy of airlines
Fuzzy AHP, VIKOR Chen and Chen, 2010 [173]

Managing business decision-making;
an example of shipping

FAD, AHP, TOPSIS, ELECTRE,
PROMETHEE, QFD, DEA

Celik and Er, 2009 [174]

Optimizing planning decisions by plant
capacity and pro�t; an example of

construction industry

Possibilistic linear
programming, modi�ed

S-curve membership function
Vasant et al., 2008 [175]

Selecting the best scheduling, balancing
of workload

GAs, CLP, MCDM Mesghouni et al., 1999 [176]

�Multidimensional Scaling (MDS); Fuzzy Axiomatic Design (FAD); Genetic Algorithms (GAs),
and Constraint Logic Programming (CLP).

group of decision-makers can be more con�dent on
the results when applying a hybrid MCDM in cases
of increasing variety and complexity of information as
well as when facing the more challenging problems.
The current research establishes general trends, main
application domains, and future developments of using
hybrid MCDM methods in engineering problems.

Hybrid MCDM accounts for 11 percent of the
total amount of papers on developments and applica-
tions of MCDM techniques, as referred to in Thomson
Reuters Web of Science Core Collection academic
database. It is found that interest in HMCDM is
rapidly increasing. Although the �rst paper on HM-
CDM was published in 1999, 84 percent of articles in
the area have been published during the last �ve years
(2011-2015).

Applications of the analyzed methods are ob-
served in 32 Web of Science Research Areas. It is found
that a signi�cant part of documents, i.e. 41 percent
of publications on HMCDM, belongs to Engineering
Research Area (108 documents, including 83 scholarly
articles).

Exploring application of HMCDM for engineering
issues, three Application Domains are determined.
The most active domain, amounting to a half of the
analyzed papers, is observed to be Industrial and
Manufacturing Engineering, involving technology or
product development and/or selection, supplier evalu-
ation and selection, green manufacturing, and logistics
optimization. About one-third of the papers are
assigned to Engineering Economic and Management
domain, involving outsourcing strategies evaluation
and selection, personnel selection, project selection,

and performance evaluation, as well as other issues
of business planning, foresight, marketing. The last
group of papers covers multidisciplinary engineering
applications, including reviews, methodological issues,
and a few additional speci�c themes not seen in other
domains.

Aiming to answer the question about which
MCDM methods are most frequently used in devel-
oping hybrid approaches, it is found that the most
popular ones are well known methods with a strong
mathematical background and valuable characteristics,
namely AHP, ANP, and DEMATEL (separately or as
DANP), also TOPSIS and VIKOR. They are applied
for engineering problems in a more or less certain or
vague environment, i.e. either crisp methods or, very
often, fuzzy approaches are used. The other methods
are applied much less frequently. Outranking methods,
ELECTRE and PROME- THEE, are observed to
be occasionally applied for green manufacturing and
supplier selection. Individual applications of three
relatively newly developed approaches { COPRAS,
SWARA, and WASPAS { are observed for technology
selection, location selection, and performance evalua-
tion.

In summary, the �ndings of the current research
con�rm that applications of hybrid MCDM approaches
for engineering issues are gaining a higher recogni-
tion due to their abilities in assisting decision-makers
for handling miscellaneous information. Due to the
increasing variety and complexity of information, it
seems that the number of articles on the topic will
be fast-growing and also they will be used in other
domains of engineering.
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Table 4. HMCDM applications in engineering multidisciplinary domain.
Considered issues

and problems
Applied methods� Publication author(s),

publishing year

Reviews on multidisciplinary applications of HMCDM
Review of applications of fuzzy

MCDM techniques in four �elds,
including engineering as one of the �elds

Multiple fuzzy MCDM techniques Mardani et al., 2015a [8]

Review of approaches for solving civil
engineering problems

under uncertainty

Fuzzy MCDM,
grey MCDM, hybrid

MCDM,
probabilistic modelling

Antucheviciene et al. [75]

Gas well-drilling projects are analyzed,
77 tasks studied and 31 models

prioritized
Neuro-fuzzy network, TOPSIS Ahari and Niaki, 2014 [183]

Review of di�erent techniques as
applied to supplier selection

26 techniques: MCDM, MP, AI techniques Chai et al, 2013 [184]

Social media tools selection
Selecting programs for nonpro�t TV

projects
Fuzzy DELPHI, ANP, TOPSIS Chang, 2015 [185]

Selecting social media platform as a
marketing tool

Fuzzy ANP, COPRAS-G Tavana et al., 2013b [186]

Developing better blog design by
identifying the main factors in
uencing

the design
Factor analysis, DEMATEL Hsu, 2012 [187]

Evaluating website quality of �rms
to increase communication with clients

Fuzzy ANP, fuzzy VIKOR Chou and Cheng, 2012 [188]

Ranking of studies and universities
Weighting performance evaluation
indices for higher education and

ranking universities
AHP, VIKOR Wu et al., 2012 [189]

Sorting the requests of
students at university

Fuzzy AHP, fuzzy MCDM, FIS Shakouri and Tavassoli, 2012 [190]

Selecting the best media mix for
student recruiting advertisement

ANP, IP Chang et al., 2012 [191]

Evaluation of e-learning programs
regarding multiple criteria

Fuzzy integral, DEMATEL, AHP Tzeng et al., 2007 [192]

Methodological issues with applications in engineering
Analyzing possibilities of DEMATEL

to be applied in hybrid methods
DEMATEL Lee et al., 2013 [193]

Combining imperialist competitive
algorithm and MCDM to optimize

production system
ICA, TOPSIS Fallah-Jamshidi and Amiri, 2013 [194]

Solving selection problem of kernel
function, an example of power split device

of hybrid electrical vehicles
AHP, Entropy Wang et al., 2013 [195]

Solving problems under risk and
uncertainty by applying prospect theory and

fuzzy numbers; an example of oil
split in the see

Fuzzy logic, Prospect theory,
fuzzy TODIM

Krohling and de Souza, 2012 [196]

� Mathematical Programming (MP); Arti�cial Intelligence (AI); Fuzzy Inference System (FIS); Integer Programming (IP);
Imperialist Competitive Algorithm (ICA); TOmada de Decis~ao interative multicrit�erio (in Portuguese), that means
interactive and multiple attribute decision making (TODIM).



E.K. Zavadskas et al./Scientia Iranica, Transactions A: Civil Engineering 23 (2016) 1{20 13

References

1. Filip, F.G., Suduc, A.-M., Bizoi, M. \DSS in num-
bers", Technological and Economic Development of
Economy, 20(1), pp. 154-164 (2014).

2. Adeli, H., Ed., Expert Systems in Construction and
Structural Engineering, Chapman and Hall, New
York (1988a).

3. Zavadskas, E., Kaplinski, O., Kaklauskas, A. and
Brzezinski, J. \Expert systems in construction in-
dustry", Trends, Potential & Applications, Technika,
Vilnius (1995).

4. Salimi, M., Vahdani, B., Mousavi, S.M. and
Tavakkoli-Moghaddam, R. \A new method based
on the multi-segment decision matrix for solving
decision-making problems", Scientia Iranica, 20(6),
pp. 2259-2274 (2013).

5. Jafarian, A., Nikabadi, M., Sha�ei Nikabadi, M. and
Amiri, M. \Framework for prioritizing and allocating
six sigma projects using fuzzy TOPSIS and fuzzy
expert system", Scientia Iranica, 21(6), pp. 2281-
2294 (2014).

6. Hu, J., Chen, P. and Chen, X. \Intuitionistic ran-
dom multi-criteria decision-making approach based
on prospect theory with multiple reference intervals",
Scientia Iranica, 21(6), pp. 2347-2359 (2014).

7. Minatour, Y., Khazaie, J., Ataei, M. and Javadi,
A.A. \An integrated decision support system for dam
site selection", Scientia Iranica, 22(2), pp. 319-330
(2015).

8. Mardani, A., Jusoh, A. and Zavadskas, E.K. \Fuzzy
multiple criteria decision-making techniques and ap-
plications - Two decades review from 1994 to 2014",
Expert Systems with Applications, 42(8), pp. 4126-
4148 (2015a).

9. Sarma, K.C. and Adeli, H. \Fuzzy discrete multicri-
teria cost optimization of steel structures", Journal
of Structural Engineering -ASCE, 128(11), pp. 1339-
1347 (2000).

10. Sarma, K.C. and Adeli, H. \Life-cycle cost optimiza-
tion of steel structures", International Journal of
Numerical Methods in Engineering, 55(12), pp. 1451-
1462 (2002).

11. Li, H., Adeli, H., Sun, J. and Han, J.G. \Hybridizing
principles of TOPSIS with case-based reasoning for
business failure prediction", Computers & Operations
Research, 38(2), pp. 409-419 (2011).

12. Sun, J., Li, H. and Adeli, H. \Concept drift-oriented
adaptive and dynamic support vector machine en-
semble with time window in corporate �nancial risk
prediction", IEEE Transactions on Systems Man
Cybernetics: Systems, 43(4), pp. 801-813 (2013).

13. Franklin, B., Letter to Joseph Priestley, Fawcett, New
York (1772). Reprinted in the Benjamin Franklin
Sampler (1956).

14. De Condorcet, M., Essay on the Application of
Analysis to the Probability of Majority Decisions,
Bibliotheque National de France (1785).

15. Edgeworth, F.Y., Mathematical Psychics: An Essay
on the Application of Mathematics to the Moral
Sciences, Kegan Paul & Co, London (1881).

16. Pareto, V., Cours E-Economic, Univerite de Lau-
sanne, Rouge (1896).

17. Pareto, V., Manuale di Economia Politica, Societ�a
Editrice Libraria, Milan (1906).

18. Pareto, V., Manual of Political Economy, Augustus
M. Kelley Publishers, New York (1971).

19. Ramsey, F.P. \Truth and Probability", The Foun-
dations of Mathematics and Other Logical Essays,
Routledge and Kegan, London, pp. 156-198 (1931).

20. Von Neumann, J. and Morgenstern, O., Theory of
Games and Economic Behaviour, Princeton Univer-
sity Press, Princeton, NJ (1944).

21. Samuelson, P.A. \A note on the pure theory of con-
sumer's behaviour", Economica, 5, pp. 61-71 (1938).

22. Kantorovich, L. \Mathematical methods of organiz-
ing and planning production (in English 1960)", In
Management Science, 6(4), pp. 363-422 (1939).

23. Danzig, G.B. \Linear programming in problems for
the numerical analysis of the future", Proceedings
of the Symposium on Modern Calculating Machinery
and Numerical Methods, UCLA, July 29-31 (1948).

24. Nash, J. \Equilibrium points in n person games",
Proceedings of the National Academy of Sciences of
the United States of America, 36(1), pp. 48-49 (1950).

25. Arrow, K.J., Social Choice and Individual Values,
Willey & Sons, Yale University Press, New York
(1951).

26. Koopmans, T.C. \Analysis of production as an ef-
�cient combination of activities", Activity Analysis
of Production and Allocation, T.C. Koopmans, Ed.,
Physica Verlog, Heidelberg (1951).

27. Simon, H.A. \A behavioral model of rational choice",
Quarterly Journal of Economics, 69, pp. 99-118
(1955).

28. Debreu, G., Theory of Value: An Axiomatic Analysis
of Economic Equilibrium, Yale University Press, New
Haven and London (1959).

29. Frisch, R. \Numerical determination of a quadratic
preference function for use in macroeconomic pro-
gramming", Giornale degli Economisti e Annali di
Economia, 20, pp. 3-43 (1961).

30. Sen, A., Collective Choice and Social Welfare, Holden
Day, San Francisco (1970).

31. Edwards, W. \The theory of decision making", Psy-
chological Bulletin, 41, pp. 380-417 (1954).

32. Gass, S. and Saaty, T. \Parametric objective func-
tion. Part II", Operations Research, 3, pp. 316-319
(1955).

33. Luce, R.D. and Rai�a, H., Games and Decisions:
Introduction and Critical Survey, Wiley & Sons, New
York (1957).



14 E.K. Zavadskas et al./Scientia Iranica, Transactions A: Civil Engineering 23 (2016) 1{20

34. Fishburn, P.C. \Decision and value theory", Publi-
cations in Operations Research, N10, Wiley & Sons,
New York (1964).

35. Fishburn, P.C. \Utility theory for decision making",
Publications in Operations Research, N18, Wiley &
Sons, New York (1970).

36. Zadeh, L.A. \Fuzzy sets", Information and Control,
8, pp. 338-353 (1965).

37. Roy, B. \La methode ELECTRE", Revue d'Informa-
tique et. de Recherche Operationelle (RIRO), 8, pp.
57-75 (1968).

38. Zeleny, M. \A concept of compromise solution and
the method of displaced ideal", Computers and Op-
erations Research, 1(3), pp. 479-496 (1974).

39. Charnes, A., Cooper, W.W. and Rhodes, E. \Measur-
ing the e�ciency of decision making units", European
Journal of Operational Research, 2, pp. 429-444
(1978).

40. Zeleny, M. \MCDM - state and future of arts",
Operations Research, 23(Suppl. 2), pp. B413-B413
(1975).

41. Zionts, S. \MCDM - if not a Roman numeral, then
what", Interfaces, 9(4), pp. 94-101 (1979).

42. Keeney, R. and Rai�a, H., Decisions with Multiple
Objectives: Preferences and Value, Tradeo�s, Wiley,
New York (1976).

43. Saaty, T.L., The Analytic Hierarchy Process,
McGraw-Hill, New York (1980).

44. Zeleny, M., Multiple Criteria Decision Making,
McGraw-Hill, New York (1982).

45. Hwang, C.-L. and Masud, A.S.M., Multiple Objective
Decision Making - Methods and Application A State-
of-the-Art Survey, Springer, Berlin (1979).

46. Hwang, C.L. and Yoon, K., Multiple Attributes De-
cision Making Methods and Applications, Springer
Berlin, Hedelberg (1981).

47. Hwang, C.L. and Lin, M.J., Group Decision Making
under Multiple Criteria: Methods and Applications,
Springer-Verlag, Berlin (1987).

48. Roy, B., Multicriteria Methodology for Decision Aid-
ing, Springer Science & Business Media, Berlin,
Heidelberg (1996).

49. Saaty, T.L., Decision Making with Dependence and
Feedback. The Analytic Network Process, RWS Pub-
lications, Pitsburg (1996).

50. Brauers, W.K., Optimization Methods for a Stake-
holder Society, a Revolution in Economic Thinking
by Multi-Objective Optimization, Kluwer Academic,
Boston/Dordredit/London (2004).

51. Figueira, J., Greco, S. and Ehrgott, M. (Eds.),
Multiple Criteria Decision Analysis: State of the Art
Survey, Springer, Boston (2005).

52. Kahraman, C., Fuzzy Multi-Criteria Decision Mak-
ing. Theory and Applications with Recent Devel-
opments, Springer, Science+Business Media, LLC,
Turkey (2008).

53. Triantaphyllou, E., Multi-Criteria Decision Making
Methods: A Comparative Study, Springer Science &
Business Media, Dordrecht, the Netherlands (2010).

54. Zopounidis, C. and Pardalos, P.M. (Eds.), Handbook
of Multicriteria Analysis, Springer-Verlag, Berlin,
Heidelberg (2010).

55. Tzeng, G.-H. and Huang, J.-J., Multiple Attribute De-
cision Making: Methods and Applications, Chapman
and Hall/CRC Press, Boca Raton, FL, USA (2011).

56. Tzeng, G.-H. and Huang, J.-J., Fuzzy Multiple Objec-
tive Decision Making, Chapman and Hall/CRC Press,
Boca Raton, FL, USA (2013).

57. K�oksalan, M., Wallenius, J. and Zionts, S., Multiple
Criteria Decision Making: From Early History to the
21st Century, World Scienti�c, Singapore (2011).

58. Zavadskas, E.K., Complex Estimation and Choice of
Resource-Saving Decisions in Construction, Mokslas,
Vilnius (1987a) (in Russian).

59. Zavadskas, E.K., System of Estimation of Techno-
logical Solutions in Building Construction, Stroizdat,
Leningrad (1991) (in Russian).

60. Zavadskas, E.K., Multi-Objective Decisions in Civil
Engineering, Technika, Vilnius (2000) (in German).

61. Zavadskas, E., Peldschus, F. and Kaklauskas, A.,
Multiple Criteria Evaluation of Projects in Construc-
tion, Technika, Vilnius (1994).

62. Kapli�nski, O., Modelling of Construction Processes:
A Managerial Approach, Warszawa (1997).

63. Kapli�nski, O., Ed., Methods and Models of Research
in Construction Project Engineering, Polish Academy
of Science, Committee of Civil Engineering, Institute
of Fundamental Technological Research, Studies with
Range of Engineering, 57, Warsaw (2007) (in Polish).

64. Chen, Z. and Li, H., Environmental Management in
Construction: A Quantitative Approach, Taylor &
Francis, London and New York (2006).

65. Zavadskas, E.K. and Kaklauskas, A., Multiobjective
Selection of Decisions in Construction, IRB Verlag,
Stuttgart (2007) (in German).

66. Koo, D.H., Development of Sustainability Assessment
Model. Development of Sustainability Assessment
Model for Underground Infrastructure, VDM Verlag
Dr. M�uller (2009).

67. Kaklauskas, A. and Zavadskas, E.K., Eds., Multiple
Criteria Analysis of the Life Cycle of the Built Envi-
ronment: monograph, Technika, Vilnius (2015).

68. Zavadskas, E.K. and Turskis, Z. \Multiple criteria
decision making (MCDM) methods in economics: An
overview", Technological and Economic Development
of Economy, 17(2), pp. 397-427 (2011).

69. Liou, J.J.H. and Tzeng, G.-H. \Comments on Multi-
ple criteria decision making (MCDM) methods in eco-
nomics: an overview", Technological and Economic
Development of Economy, 18(4), pp. 672-695 (2012).



E.K. Zavadskas et al./Scientia Iranica, Transactions A: Civil Engineering 23 (2016) 1{20 15

70. Mardani, A., Jusoh, A., Nor, K.M.D., Zakwan, N.
and Valipour, A. \Multiple criteria decision-making
techniques and their applications - a review of the
literature from 2000 to 2014", Economic Research-
Ekonomska Istrazivanja, 28(1), pp. 516-571 (2015b).

71. Mardani, A., Jusoh, A., Zavadskas, E.K., Cavallaro,
F. and Khalifah, Z. \Sustainable and Renewable
Energy: An overview of the application of multiple
criteria decision making techniques and approaches",
Sustainability, 7(10), pp. 13947-13984 (2015c).

72. Mardani, A., Jusoh, A., Zavadskas, E.K., Khalifah,
Z. and Nor, K.M.D. \Application of multiple-criteria
decision-making techniques and approaches to eval-
uating of service quality: A systematic review of
the literature", Journal of Business Economics and
Management, 16(5), pp. 1034-1068 (2015d).

73. Mardani, A., Zavadskas, E.K., Govindan, K., Senin,
A.A. and Jusoh, A. \VIKOR technique: A systematic
review of the state of the art literature on method-
ologies and applications", Sustainability, 8(1), 37,
doi:10.3390/su8010037 (2016).

74. Mardani, A., Jusoh, A., Zavadskas, E.K. and Kazemi-
lari, M. \Applications of multiple criteria decision
making techniques in tourism and hospitality in-
dustry", Transformations in Business & Economics,
15(1), In press (2016).

75. Antucheviciene, J., Kala, Z., Marzouk, M. and
Vaidogas, E.R. \Solving civil engineering problems
by means of fuzzy and stochastic MCDM methods:
current state and future research", Mathematical
Problems in Engineering, Article Number: 362579
(2015).

76. Peng, Y. and Shi, Y. \Editorial: Multiple criteria
decision making and operations research", Annals of
Operations Research, 197(1), pp. 1-4 (2012).

77. Wiecek, M.M., Ehrgott, M., Fadel, G. and Figueira,
J.R. \Editorial: Multiple criteria decision making for
engineering", Omega, 36, pp. 337-339 (2008).

78. Zavadskas, E.K., Liias, R. and Turskis, Z. \Multi-
attribute decision-making methods for assessment of
quality in bridges and road construction: State-of-
the-art surveys", The Baltic Journal of Road and
Bridge Engineering, 3(3), pp. 152-160 (2008).

79. Jato-Espino, D., Castillo-Lopez, E., Rodriguez-
Hernandez, J. and Canteras-Jordana, J.C. \A review
of application of multi-criteria decision making meth-
ods in construction", Automation in Construction,
45, pp. 151-162 (2014).

80. Kabir, G., Sadiq, R. and Tesfamariam, S. \A review
of multi-criteria decision-making methods for infras-
tructure management", Structure and Infrastructure
Engineering, 10(9), pp. 1176-1210 (2013).

81. Gray, L.F. and Sinha, S.K. \Resilience of civil in-
frastructure systems: literature review for improved
asset management", International Journal of Critical
Infrastructures, 9(4), pp. 330-350 (2013).

82. Govindan, K., Rajendran, S., Sarkis, J. and Muruge-
san, P. \Multi criteria decision making approaches for
green supplier evaluation and selection: a literature
review", Journal of Cleaner Production, 98, pp. 66-83
(2015).

83. Zavadskas, E.K., Turskis, Z. and Kildiene, S. \State
of art surveys of overviews on MCDM/MADM meth-
ods", Technological and Economic Development of
Economy, 20(1), pp. 165-179 (2014).

84. Herrera-Viedma, E. \Fuzzy sets and fuzzy logic in
multi-criteria decision making. The 50th anniversary
of Prof. Lot� Zadeh's theory: Introduction", Tech-
nological and Economic Development of Economy,
21(5), pp. 677-683 (2015).

85. Yager, R.R. \Foreword. Special issue on fuzzy sets
and applications (Celebration of the 50th anniversary
of fuzzy sets)", International Journal of Computers
Communications & Control, 10(6), pp. 771 (2015).

86. Adeli, H., Ed., Microcomputer Knowledge-Based Ex-
pert Systems in Civil Engineering, American Society
of Civil Engineers, New York (1988b).

87. Adeli, H. and Balasubramanyam, K.V., Expert Sys-
tems for Structural Design - A New Generation,
Prentice-Hall, Englewood Cli�s, New Jersey (1988a).

88. Adeli, H. and Balasubramanyam, K.V. \A novel
approach to expert systems for design of large struc-
tures", AI Magazine, Winter 1988, pp. 54-63 (1988b).

89. Paek, Y. and Adeli, H. \Structural design language
for coupled knowledge-based systems", Advances in
Engineering Software and Workstations, 12(4), pp.
154-166 (1990).

90. Adeli, H. and Hawkins, D. \A hierarchical expert
system for design of 
oors in highrise buildings",
Computers and Structures, 41(4), pp. 773-788 (1991).

91. Shwe, T.T. and Adeli, H. \AI and CAD for earth-
quake damage evaluation", Engineering Structures,
15(5), pp. 315-319 (1993).

92. Waheed, A. and Adeli, H. \A knowledge-based sys-
tem for evaluation of superload permit applications",
Expert Systems with Applications, 18(1), pp. 51-58
(2000).

93. Cabessa, J. and Siegelmann, H.T. \The super-turing
computational power of evolving recurrent neural
networks", International Journal of Neural Systems,
24(8), 1450029, 22 pages (2014).

94. Wang, L., Liang, P.J., Zhang, P.M. and Qiu, Y.H.
\Adaptation-dependent synchronization transitions
and burst generations in electrically coupled neural
networks", International Journal of Neural Systems,
2(8), 1450033, 16 pages (2014).

95. Adeli, H. and Yeh, C. \Perceptron learning in engi-
neering design", Microcomputers in Civil Engineer-
ing, 4(4), pp. 247-256 (1989).

96. Adeli, H. and Hung, S.L., Machine Learning - Neural
Networks, Genetic Algorithms, and Fuzzy Systems,
John Wiley and Sons, New York (1995).



16 E.K. Zavadskas et al./Scientia Iranica, Transactions A: Civil Engineering 23 (2016) 1{20

97. Adeli, H. and Park, H.S., Neurocomputing for Design
Automation, CRC Press, Boca Raton, Florida (1998).

98. Adeli, H. and Karim, A., Construction Scheduling,
Cost Optimization, and Management - A New Model
Based on Neurocomputing and Object Technologies,
Spon Press, London (2001).

99. Adeli, H. and Jiang, X., Intelligent Infrastructure -
Neural Networks, Wavelets, and Chaos Theory for
Intelligent Transportation Systems and Smart Struc-
tures, CRC Press, Taylor & Francis, Boca Raton,
Florida (2009).

100. Siddique, N. and Adeli, H., Computational Intelli-
gence - Synergies of Fuzzy Logic, Neural Networks and
Evolutionary Computing, Wiley, West Sussex, United
Kingdom (2013).

101. Adeli, H. and Park, H.S. \Fully automated design
of superhighrise building structure by a hybrid AI
model on a massively parallel machine", AI Magazine,
17(3), pp. 87-93 (1996).

102. Ebrahimian, A., Ardeshir, A., Rad, I.Z. and Ghodsy-
pour, S.H. \Urban stormwater construction method
selection using a hybrid multi-criteria approach",
Automation in Construction, 58, pp. 118-128 (2015).

103. Balin, A., Demirel, H. and Alarcin, F. \A hierarchi-
cal structure for ship diesel engine trouble-shooting
problem using fuzzy AHP and fuzzy VIKOR hybrid
methods", Brodogradnja, 66(1), pp. 54-65 (2015).

104. Ilangkumaran, M., Karthikeyan, M., Ramachandran,
T., Boopathiraja, M. and Kirubakaran, B. \Risk
analysis and warning rate of hot environment for
foundry industry using hybrid MCDM technique",
Safety Science, 72, pp. 133-143 (2015).

105. Vinodh, S., Prasanna, M. and Prakash, N.H. \In-
tegrated Fuzzy AHP-TOPSIS for selecting the best
plastic recycling method: A case study", Applied
Mathematical Modelling, 38(19-20), pp. 4662-4672
(2014).

106. Hu, S.-K., Lu, M.-T. and Tzeng, G.-H. \Exploring
smart phone improvements based on a hybrid MCDM
model", Expert Systems with Applications, 41(9), pp.
4401-4413 (2014).

107. Nguyen, H.T., Dawal, S.Z.M., Nukman, Y. and
Aoyama, H. \A hybrid approach for fuzzy multi-
attribute decision making in machine tool selection
with consideration of the interactions of attributes",
Expert Systems With Applications, 41(6), pp. 3078-
3090 (2014).

108. Kabak, M., Kose, E., Kirilmaz, O. and Burmaoglu,
S. \A fuzzy multi-criteria decision making approach
to assess building energy performance", Energy and
Buildings, 72, pp. 382-389 (2014).

109. Bitarafan, M., Zolfani, S.H., Are�, S.L., Zavadskas,
E.K. and Mahmoudzadeh, A. \Evaluation of real-
time intelligent sensors for structural health mon-
itoring of bridges based on SWARA-WASPAS; a
case in Iran", Baltic Journal of Road and Bridge
Engineering, 9(4), pp. 333-340 (2014).

110. Perera, A.T.D., Attalage, R.A., Perera, K.K.C.K.
and Dassanayake, V. P.C. \A hybrid tool to combine
multi-objective optimization and multi-criterion de-
cision making in designing standalone hybrid energy
systems", Applied Energy, 107, pp. 412-425 (2013).

111. Ghassemi, S.A. and Danesh, S. \A hybrid fuzzy
multi-criteria decision making approach for desalina-
tion process selection", Desalination, 313, pp. 44-50
(2013).

112. Tavana, M., Khalili-Damghani, K. and Abtahi, A.-R.
\A hybrid fuzzy group decision support framework
for advanced-technology prioritization at NASA",
Expert Systems with Applications, 40(2), pp. 480-491
(2013a).

113. Vahdani, B., Zandieh, M. and Tavakkoli-
Moghaddam, R. \Two novel FMCDM methods for
alternative-fuel buses selection", Applied Mathe-
matical Modelling, 35(3), pp. 1396-1412 (2011).

114. Shen, Y.-C., Lin, G.T.R. and Tzeng, G.-H. \Com-
bined DEMATEL techniques with novel MCDM for
the organic light emitting diode technology selection",
Expert Systems with Applications, 38(3), pp. 1468-
1481 (2011).

115. Lin, C.-L., Hsieh, M.-S. and Tzeng, G.-H. \Eval-
uating vehicle telematics system by using a novel
MCDM techniques with dependence and feedback",
Expert Systems with Applications, 37(10), pp. 6723-
6736 (2010a).

116. Liu, N., Zhang, J., Zhang, H. and Liu, W.X. \Security
assessment for communication networks of power
control systems using attack graph and MCDM",
IEEE Transactions on Power Delivery, 25(3), pp.
1492-1500 (2010).

117. Guijarro, M. and Pajares, G. \On combining clas-
si�ers through a fuzzy multicriteria decision making
approach: Applied to natural textured images", Ex-
pert Systems with Applications, 36(3), pp. 7262-7269
(2009).

118. Onut, S., Kara, S.S. and Efendigil, T. \A hybrid
fuzzy MCDM approach to machine tool selection",
Journal of Intelligent Manufacturing, 19(4), pp. 443-
453 (2008).

119. Doerr, K.H., Gates, W.R. and Mutty, J.E. \A hybrid
approach to the valuation of RFID/MEMS technol-
ogy applied to ordnance inventory", International
Journal of Production Economics, 103(2), pp. 726-
741 (2006).

120. Lin, C.-L. \A novel hybrid decision-making model
for determining product position under consideration
of dependence and feedback", Applied Mathematical
Modelling, 39(8), pp. 2194-2216 (2015).

121. Chen, W.-C., Wang, L.-Y. and Lin, M.-C. \A hybrid
MCDM model for new product development: Applied
on the Taiwanese LiFePO4 industry", Mathematical
Problems in Engineering, Article Number: 462929
(2015).



E.K. Zavadskas et al./Scientia Iranica, Transactions A: Civil Engineering 23 (2016) 1{20 17

122. Chyu, C.-C. and Fang, Y.-C. \A hybrid fuzzy analytic
network process approach to the new product devel-
opment selection problem", Mathematical Problems
in Engineering, Article Number: 485016 (2014).

123. Sakthivel, G., Ilangkumaran, M., Nagarajan, G. and
Shanmugam, P. \Selection of best biodiesel blend
for IC engines: An integrated approach with FAHP-
TOPSIS and FAHP-VIKOR", International Journal
of Oil Gas and Coal Technology, 6(5), pp. 581-612
(2013).

124. Ayag, Z. and Ozdemir, R.G. \A hybrid approach
to concept selection through fuzzy analytic network
process", Computers & Industrial Engineering, 56(1),
pp. 368-379 (2009).

125. Tsui, C.-W., Tzeng, G.-H. and Wen, U.-P. \A hybrid
MCDM approach for improving the performance of
green suppliers in the TFT-LCD industry", Interna-
tional Journal of Production Research, 53(21 SI), pp.
6436-6454 (2015).

126. Chithambaranathan, P., Subramanian, N., Gu-
nasekaran, A. and Palaniappan, P.L.K. \Service
supply chain environmental performance evaluation
using grey based hybrid MCDM approach", Interna-
tional Journal of Production Economics, 166(SI), pp.
163-176 (2015).

127. Azadnia, A.H., Saman, M.Z.M. and Wong, K.Y.
\Sustainable supplier selection and order lot-sizing:
An integrated multi-objective decision-making pro-
cess", International Journal of Production Research,
53(2), pp. 383-408 (2015).

128. Govindan, K., Kannan, D. and Shankar, M.
\Evaluation of green manufacturing practices us-
ing a hybrid MCDM model combining DANP with
PROMETHEE", International Journal of Production
Research, 53(21 SI), pp. 6344-6371 (2015).

129. Wu, K.-J., Liao, C.-J., Tseng, M.-L. and Chiu,
A.S.F. \Exploring decisive factors in green supply
chain practices under uncertainty", International
Journal of Production Economics, 159(SI), pp. 147-
157 (2015).

130. Kumar, D.T., Palaniappan, M., Kannan, D. and
Shankar, K.M. \Analyzing the CSR issues behind
the supplier selection process using ISM approach",
Resources Conservation and Recycling, 92, pp. 268-
278 (2014).

131. Guo, X., Zhu, Z. and Shi, J. \Integration of semi-
fuzzy SVDD and CC-Rule method for supplier selec-
tion", Expert Systems with Applications, 41(4), pp.
2083-2097, Part: 2 (2014).

132. Kasirian, M.N. and Yusu�, R.M. \An integration of
a hybrid modi�ed TOPSIS with a PGP model for
the supplier selection with interdependent criteria",
International Journal of Production Research, 51(4),
pp. 1037-1054 (2013).

133. Wu, C.-M., Hsieh, C.-L. and Chang, K.-L. \A hybrid
multiple criteria decision making model for supplier
selection", Mathematical Problems in Engineering,
Article Number: 324283 (2013).

134. Hsu, C.-H., Wang, F.-K. and Tzeng, G.-H. \The
best vendor selection for conducting the recycled
material based on a hybrid MCDM model combining
DANP with VIKOR", Resources Conservation and
Recycling, 66, pp. 95-111 (2012).

135. Buyukozkan, G. and Cifci, G. \A novel hybrid
MCDM approach based on fuzzy DEMATEL, fuzzy
ANP and fuzzy TOPSIS to evaluate green suppliers",
Expert Systems with Applications, 39(3), pp. 3000-
3011 (2012).

136. Lu, J.-C., Yang, T. and Su, C.-T. \Analysing opti-
mum push/pull junction point location using multiple
criteria decision-making for multistage stochastic pro-
duction system", International Journal of Production
Research, 50(19), pp. 5523-5537 (2012).

137. Dalalah, D., Hayajneh, M. and Batieha, F. \A fuzzy
multi-criteria decision making model for supplier
selection", Expert Systems with Applications, 38(7),
pp. 8384-8391 (2011).

138. Yang, J.L. and Tzeng, G.-H. \An integrated MCDM
technique combined with DEMATEL for a novel
cluster-weighted with ANP method", Expert Systems
with Applications, 38(3), pp. 1417-1424 (2011).

139. Tadic, S., Zecevic, S. and Krstic, M. \A novel hybrid
MCDM model based on fuzzy DEMATEL, fuzzy ANP
and fuzzy VIKOR for city logistics concept selection",
Expert Systems with Applications, 41(18), pp. 8112-
8128 (2014).

140. Kuo, M.-S. \Optimal location selection for an inter-
national distribution center by using a new hybrid
method", Expert Systems with Applications, 38(6),
pp. 7208-7221 (2011).

141. Ravi, V., Shankar, R. and Tiwari, M.K. \Selection of
a reverse logistics project for end-of-life computers:
ANP and goal programing approach", International
Journal of Production Research, 46(17), pp. 4849-
4870 (2008).

142. Siozinyte, E., Antucheviciene, J. and Kutut, V. \Up-
grading the old vernacular building to contemporary
norms: Multiple criteria approach", Journal of Civil
Engineering and Management, 20(2), pp. 291-298
(2014).

143. Kildiene, S., Zavadskas, E.K. and Tamosaitiene, J.
\Complex assessment model for advanced technology
deployment", Journal of Civil Engineering and Man-
agement, 20(2), pp. 280-290 (2014).

144. Smith, R., Ferrebee, E., Ouyang, Y. and Roesler,
J. \Optimal staging area locations and material
recycling strategies for sustainable highway recon-
struction", Computer-Aided Civil and Infrastructure
Engineering, 29(8), pp. 559-571 (2014).

145. Szeto, W.Y., Wang, Y. and Wong, S.C. \The chemical
reaction optimization approach to solving the en-
vironmentally sustainable network design problem",
Computer-Aided Civil and Infrastructure Engineer-
ing, 29(2), pp. 140-158 (2014).



18 E.K. Zavadskas et al./Scientia Iranica, Transactions A: Civil Engineering 23 (2016) 1{20

146. Govindan, K., Diabat, A. and Shankar, K.M. \Ana-
lyzing the drivers of green manufacturing with fuzzy
approach", Journal of Cleaner Production, 96, pp.
182-193 (2015).

147. Adeli, H. \Sustainable infrastructure systems and
environmentally-conscious design - a view for the next
decade", Journal of Computing in Civil Engineering,
ASCE, 16(4), pp. 1-4 (2002).

148. Wang, N. and Adeli, H. \Sustainable building de-
sign", Journal of Civil Engineering and Management,
20(1), pp. 1-10 (2014).

149. Ra�ei, M.H. and Adeli, H. \Sustainability in highrise
building design and construction", The Structural
Design of Tall and Special Buildings, 25, in press
(2016).

150. Senouci, A.B. and Adeli, H. \Resource scheduling
using neural dynamics model of Adeli and Park",
Journal of Construction Engineering and Manage-
ment, ASCE, 127(1), pp. 28-34 (2001).

151. Qiang, R. and Li, D. \An inhomogeneous multi-
attribute decision making method and application to
IT/IS outsourcing provider selection", International
Journal of Industrial Engineering-Theory Applica-
tions and Practice, 22(2), pp. 252-266 (2015).

152. Uygun, O., Kacamak, H. and Kahraman, U.A. \An
integrated DEMATEL and fuzzy ANP techniques
for evaluation and selection of outsourcing provider
for a telecommunication company", Computers &
Industrial Engineering, 86(SI), pp. 137-146 (2015a).

153. Hsu, C.-C., Liou, J.J.H. and Chuang, Y.-C. \Integrat-
ing DANP and modi�ed grey relation theory for the
selection of an outsourcing provider", Expert Systems
with Applications, 40(6), pp. 2297-2304 (2013).

154. Liou, J.J.H., Wang, H.S., Hsu, C.C. and Yin, S.L.
\A hybrid model for selection of an outsourcing
provider", Applied Mathematical Modelling, 35(10),
pp. 5121-5133 (2011).

155. Lin, Y.-T., Lin, C.-L., Yu, H.-C. and Tzeng, G.H. \A
novel hybrid MCDM approach for outsourcing vendor
selection: A case study for a semiconductor company
in Taiwan\, Expert Systems with Applications, 37(7),
pp. 4796-4804 (2010b).

156. Liou, J.J.H. and Chuang, Y.-T. \Developing a hy-
brid multi-criteria model for selection of outsourcing
providers", Expert Systems with Applications, 37(5),
pp. 3755-3761 (2010).

157. Tsai, W.-H., Leu, J.-D., Liu, J.-Y., Lin, S.J. and
Shaw, M.J. \A MCDM approach for sourcing strategy
mix decision in IT projects", Expert Systems with
Applications, 37(5), pp. 3870-3886 (2010).

158. Rabbani, A., Zamani, M., Yazdani-Chamzini, A. and
Zavadskas, E.K. \Proposing a new integrated model
based on sustainability balanced scorecard (SBSC)
and MCDM approaches by using linguistic variables
for the performance evaluation of oil producing com-
panies", Expert Systems with Applications, 41(16),
pp. 7316-7327 (2014).

159. Amiri, M., Zandieh, M., Soltani, R. and Vahdani, B.
\A hybrid multi-criteria decision-making model for
�rms competence evaluation", Expert Systems with
Applications, 36(10), pp. 12314-12322 (2009).

160. Kabak, M., Burmaoglu, S. and Kazancoglu, Y. \A
fuzzy hybrid MCDM approach for professional selec-
tion", Expert Systems with Applications, 39(3), pp.
3516-3525 (2012).

161. Dagdeviren, M. \A hybrid multi-criteria decision-
making model for personnel selection in manufactur-
ing systems", Journal of Intelligent Manufacturing,
21(4), pp. 451-460 (2010).

162. Wang, F.-K., Hsu, C.-H. and Tzeng, G.-H. \Applying
a hybrid MCDM model for six sigma project selec-
tion", Mathematical Problems in Engineering, Article
Number: 730934 (2014).

163. Chen, Y.-C., Lien, H.-P. and Tzeng, G.-H. \Measures
and evaluation for environment watershed plans using
a novel hybrid MCDM model", Expert Systems with
Applications, 37(2), pp. 926-938 (2010).

164. Uygun, O., Kahveci, T.C., Taskin, H. and Piristine,
B. \Readiness assessment model for institutionaliza-
tion of SMEs using fuzzy hybrid MCDM techniques",
Computers & Industrial Engineering, 88, pp. 217-228
(2015b).

165. Wang, C.-S.; Yang, H.-L. and Lin, S.-L. \To make
good decision: A group DSS for multiple criteria al-
ternative rank and selection", Mathematical Problems
in Engineering, Article Number: 186970 (2015).

166. Chuang, H.-M., Lin, C.-Y. and Chen, Y.-S. \Ex-
ploring the triple reciprocity nature of organizational
value cocreation behavior using multicriteria decision
making analysis", Mathematical Problems in Engi-
neering, Article Number: 206312 (2015).

167. Chen, F.-H. \Application of a hybrid dynamic
MCDM to explore the key factors for the internal
control of procurement circulation", International
Journal of Production Research, 53(10), pp. 2951-
2969 (2015).

168. Hashemkhani Zolfani, S., Aghdaie, M.H., Derakhti,
A., Zavadskas, E.K. and Varzandeh, M.H.M. \De-
cision making on business issues with foresight per-
spective; an application of new hybrid MCDM model
in shopping mall locating", Expert Systems With
Applications, 40(17), pp. 7111-7121 (2013).

169. Tsai, W.-H., Chou, W.-C. and Leu, J.-D. \An ef-
fectiveness evaluation model for the web-based mar-
keting of the airline industry", Expert Systems with
Applications, 38(12), pp. 15499-15516 (2011).

170. Tsai, W.-H. and Kuo, H.-C. \Entrepreneurship policy
evaluation and decision analysis for SMEs", Expert
Systems with Applications, 38(7), pp. 8343-8351
(2011).

171. Ho, W.-R.J., Tsai, C.-L., Tzeng, G.-H. and Fang,
S.K. \Combined DEMATEL technique with a novel
MCDM model for exploring portfolio selection based
on CAPM", Expert Systems with Applications, 38(1),
pp. 16-25 (2011).



E.K. Zavadskas et al./Scientia Iranica, Transactions A: Civil Engineering 23 (2016) 1{20 19

172. Lu, J.-C., Yang, T. and Wang, C.-Y. \A lean pull
system design analysed by value stream mapping
and multiple criteria decision-making method under
demand uncertainty", International Journal of Com-
puter Integrated Manufacturing, 24(3), pp. 211-228
(2011).

173. Chen, J.-K. and Chen, I-S. \Aviatic innovation
system construction using a hybrid fuzzy MCDM
model", Expert Systems with Applications, 37(12),
pp. 8387-8394 (2010).

174. Celik, M. and Er, I.D. \Fuzzy axiomatic design
extension for managing model selection paradigm in
decision science", Expert Systems with Applications,
36(3), pp. 6477-6484 (2009).

175. Vasant, P.M., Barsoum, N.N. and Bhattacharya,
A. \Possibilistic optimization in planning decision
of construction industry", International Journal of
Production Economics, 111(2), pp. 664-675 (2008).

176. Mesghouni, K., Pesin, P., Trentesaux, D., Hammadi,
S., Tahon, C. and Borne, P. \Hybrid approach to
decision-making for job-shop scheduling", Production
Planning & Control, 10(7), pp. 690-706 (1999).

177. Lee, H.G., Yi, C.Y., Lee, D.E. and Arditi, D. \An
advanced stochastic time-cost tradeo� analysis based
on a CPM-guided multi-objective genetic algorithm",
Computer-Aided Civil and Infrastructure Engineer-
ing, 30(10), pp. 824-842 (2015).

178. Mohammadi, F., Sadi, M.K., Nateghi, F., Abdullah,
A. and Skitmore, M. \A hybrid quality function
deployment and cybernetic analytic network process
model for project manager selection", Journal of Civil
Engineering and Management, 20(6), pp. 795-809
(2014).

179. Zhu, W., Hu, H. and Huang, Z. \Calibrating rail
transit assignment models with genetic algorithm
and automated fare collection data", Computer-Aided
Civil and Infrastructure Engineering, 29(7), pp. 518-
530 (2014).

180. Forero Mendoza, L., Vellasco, M. and Figueiredo, K.
\Intelligent multiagent coordination based on rein-
forcement hierarchical neuro-fuzzy models", Interna-
tional Journal of Neural Systems, 24(8), 1450031 (20
pages) (2014).

181. Tserng, H.P., Ngo, T.L., Chen, P.C. and Tran,
L.Q. \A grey system theory-based default prediction
model for construction �rms", Computer-Aided Civil
and Infrastructure Engineering, 30(2), pp. 120-134
(2015).

182. Valipour, A., Yahaya, N., Md Noor, M., Kildien_e, S.,
Sarvari, H. and Mardani, A. \A fuzzy analytic net-
work process method for risk prioritization in freeway
PPP projects: An Iranian case study", Journal of
Civil Engineering and Management, 21(7), pp. 933-
947 (2015).

183. Ahari, R.M. and Niaki, S.T.A. \A hybrid approach
based on locally linear neuro-fuzzy modeling and

TOPSIS to determine the quality grade of gas well-
drilling projects", Journal of Petroleum Science and
Engineering, 114, pp. 99-106 (2014).

184. Chai, J., Liu, J.N.K. and Ngai, E.W.T. \Application
of decision-making techniques in supplier selection: A
systematic review of literature", Expert Systems with
Applications, 40(10), pp. 3872-3885 (2013).

185. Chang, K.-L. \A hybrid program projects selec-
tion model for nonpro�t TV stations", Mathematical
Problems in Engineering, Article Number: 368212
(2015).

186. Tavana, M., Momeni, E., Rezaeiniya, N., Mirhedaya-
tian, S.M. and Rezaeiniya, H. \A novel hybrid social
media platform selection model using fuzzy ANP
and COPRAS-G", Expert Systems with Applications,
40(14), pp. 5694-5702 (2013b).

187. Hsu, C.-C. \Evaluation criteria for blog design and
analysis of causal relationships using factor analysis
and DEMATEL", Expert Systems with Applications,
39(1), pp. 187-193 (2012).

188. Chou, W.-C. and Cheng, Y.-P. \A hybrid fuzzy
MCDM approach for evaluating website quality of
professional accounting �rms", Expert Systems with
Applications, 39(3), pp. 2783-2793 (2012).

189. Wu, H.-Y., Chen, J.-K., Chen, I.-S. and Zhuo,
H.H. \Ranking universities based on performance
evaluation by a hybrid MCDM model", Measurement,
45(5), pp. 856-880 (2012).

190. Shakouri, G.H. and Tavassoli, N.Y. \Implementation
of a hybrid fuzzy system as a decision support process:
A FAHP-FMCDM-FIS composition", Expert Systems
with Applications, 39(3), pp. 3682-3691 (2012).

191. Chang, S.-H., Wu, T.-C., Tseng, H.-E., Su, Y.J. and
Ko, C.C. \Media mix decision support for schools
based on analytic network process", International
Journal of Industrial Engineering-Theory Applica-
tions and Practice, 19(7), pp. 297-304 (2012).

192. Tzeng, G.-H., Chiang, C.-H. and Li, C.-W. \Evalu-
ating intertwined e�ects in e-learning programs: A
novel hybrid MCDM model based on factor analysis
and DEMATEL", Expert Systems with Applications,
32(4), pp. 1028-1044 (2007).

193. Lee, H.-S., Tzeng, G.-H., Yeih, W., Wang, Y.J.
and Yang, S.C. \Revised DEMATEL: Resolving the
Infeasibility of DEMATEL", Applied Mathematical
Modelling, 37(10-11), pp. 6746-6757 (2013).

194. Fallah-Jamshidi, S. and Amiri, M. \Synergy of ICA
and MCDM for multi-response optimisation prob-
lems", International Journal of Production Research,
51(3), pp. 652-666 (2013).

195. Wang, J., Liu, Y., Zeng, X., Zhou, Z.P., Wang, N.X.
and Shen, W.H. \Selection method for kernel function
in nonparametric extrapolation based on multicriteria
decision-making technology", Mathematical Problems
in Engineering, Article Number: 391273 (2013).



20 E.K. Zavadskas et al./Scientia Iranica, Transactions A: Civil Engineering 23 (2016) 1{20

196. Krohling, R.A. and de Souza, T.T.M. \Combining
prospect theory and fuzzy numbers to multi-criteria
decision making", Expert Systems with Applications,
39(13), pp. 11487-11493 (2012).

197. Kaya, _I. and Kahraman, C. \A comparison of fuzzy
multicriteria decision making methods for intelligent
building assessment", Journal of Civil Engineering
and Management, 20(1), pp. 59-69 (2014).

198. Liu, S., Murray-Tuite, P. and Schweitzer, L. \In-
corporating household gathering and mode deci-
sions in large-scale no-notice evacuation modeling",
Computer-Aided Civil and Infrastructure Engineer-
ing, 29(2), pp. 107-122 (2014).

199. Zeng, Z., Xu, J., Wu, S. and Shen, M. \Anti-
thetic method-based particle swarm optimization for
a queuing network problem with fuzzy data in con-
crete transportation systems", Computer-Aided Civil
and Infrastructure Engineering, 29(10), pp. 771-800
(2014).

200. Jia, L., Wang, Y. and Fan, L. \Multiobjective
bilevel optimization for production-distribution plan-
ning problems using hybrid genetic algorithm", Inte-
grated Computer-Aided Engineering, 21(1), pp. 77-90
(2014).

Biographies

Edmundas Kazimieras Zavadskas is Professor,
Head of the Department of Construction Technology
and Management at Vilnius Gediminas Technical Uni-
versity, Vilnius, Lithuania, and a chief researcher at
Research Institute of Internet and Intelligent Technolo-
gies. He has a PhD in building structures (1973) and
DrSc (1987) in building technology and management.
He is a member of the Lithuanian and several foreign
Academies of Sciences. He is Doctor Honoris Causa
at Poznan, Saint-Petersburg, and Kiev universities.
He is Editor in Chief and a member of editorial
boards of a number of research journals. He is
author and co-author of more than 500 papers and
a number of monographs. His research interests are:
building technology and management, decision-making
theory, automation in design and decision support
systems.

Jurgita Antucheviciene is Professor at the Depart-
ment of Construction Technology and Management
at Vilnius Gediminas Technical University, Vilnius,
Lithuania. She received a PhD in Civil Engineering in
2005. She is author and co-author of about 80 scienti�c

papers. Her research interests include: multiple criteria
analysis, decision-making theories and decision support
systems, sustainable development, construction man-
agement and investment.

Zenonas Turskis is Professor at the Department
of Construction Technology and Management, and a
Chief Researcher at Research Institute of Internet and
Intelligent Technologies at Vilnius Gediminas Technical
University, Vilnius, Lithuania. He received his PhD
degree in Civil Engineering from Vilnius Engineering
Construction Institute, former name of Vilnius Ged-
iminas Technical University. He has more than 100
publications in journals. His research interests include
civil engineering, automated designing, programming,
Operations Research methods in construction and eco-
nomics, technological decisions in construction, deci-
sion support systems.

Hojjat Adeli is Professor of Civil, Environmental, and
Geodetic Engineering at The Ohio State University. He
has authored over 540 publications including 15 books
since he received his PhD from Stanford University
in 1976 at the age of 26. He is the recipient of
numerous awards and honors including The Ohio State
University's highest research honor, the Distinguished
Scholar Award \in recognition of extraordinary accom-
plishment in research and scholarship". He is the
quadruple-winner of the OSU College of Engineering
Lumley Outstanding Research Award. He received
the ASCE Construction Management Award in 2006.
In 2007 he received the Peter L. and Clara M. Scott
Award for \Excellence in Engineering Education for
sustained, exceptional, and multi-faceted contributions
to numerous �elds including computer-aided engineer-
ing, knowledge engineering, computational intelligence,
large-scale design optimization, and smart structures
with worldwide impact," and Charles E. MacQuigg
Outstanding Teaching Award from The Ohio State
University College of Engineering. He is also the 2014
recipient of Eduardo Renato Caianiello Award from
the Italian Society of Neural Networks (SIREN), and a
Special Medal from the Polish Neural Network Society.
In 1998 he was awarded a United States patent for
his neural dynamics model for design automation and
optimization (jointly with a former PhD student). He
is a Distinguished Member of ASCE, and a Fellow of
AAAS, IEEE, AIMBE, and the American Neurological
Association.


