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Abstract—Nowadays decision making has a wide application in management, business, and engineering majors, thus several
multiple criteria/attributes decision making (MCDM) methods have been directed by researchers to sort optimal decisions. These
methods can be categorized into: outranking based, distance based, and pairwise comparisons based methods. On the other hand,
due to the fact that there is uncertainty in the input data in a real-world situation, the approaches capable of handling uncertainties
are encouraged to be employed to overcome the hesitancy in MCDM methods. Grey System Theory is one of the essential
approaches to consider uncertainty because it is known to show a noteworthy performance when the input data is incomplete or
partially known. Hence, the present study is a humble effort directed at executing a short review on grey MCDM methods based
on the data from 2000 and 2018, a period of 19 years. Moreover, we have presented an analysis in this area based on the number
of studies, available through the Google Scholar and Science Direct databases. Finally, the study identifies the most popular and
least popular methods and thus guides future scholars in their choice of selecting models.
Keywords—Grey system theory; Multiple criteria decision making; Uncertainty.
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I.

INTRODUCTION

D

UE to technological advancements and mounting
competition among nations, mankind’s problems are
becoming more complex with every passing year. Taking a
right decision with minimum efforts while considering all
potential alternatives has become one of the most common
problems in the world that has occupied the scholars in their
struggles to solve decision-making problems by utilizing
different approaches [1], [2]. One of the well-known
approaches, in this context, is pairwise comparisons based
methods [3], [4]. These methods are able to calculate the
weights for criteria/alternatives; after that, the ranks can be
extracted from the obtained weights [5]. Analytic Hierarchy
Process (AHP) is the most well-known method which is
proposed by T. Saaty by employing pairwise comparisons
approach [6]. Also, analytic network process (ANP) is another
exemplary method that has been presented by Saaty to solve
decision- making problems with using pairwise comparisons
based approach [7]. However, some scholars have proposed
distance-based methods for overcoming decision-making
problems [8]. It is interesting to mention that distance-based
approach usually can only provide the rank of each alternative.
For example, Vlse Kriterijumska Optimizacija I Kompromisno
Resenje (VIKOR) and Technique for Order of Preference by
Similarity to Ideal Solution (TOPSIS) have been proposed based
* Corresponding Author: Amin Mahmoudi
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† Review Article
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on the distance-based idea. In these methods, there is an “Ideal”
value while other alternatives should be ranked based on
closeness to “Ideal” [9]. This type of approach can use the
weights for criteria from pairwise comparisons based methods
because they cannot calculate the weights for criteria [10].
Another approach is outranking which is an effort to remove
ineffective alternatives for finding the best of which. In fact,
these methods are approximate to choose the best alternative
and cannot present the weights for criteria/ alternatives [11].
Elimination Et Choix Traduisantla REalité (ELECTRE) and
Preference Ranking Organization METHod for Enrichment
Evaluations (PROMETHEE) are two popular methods which
are utilizing outranking approach [12], [13]. One of these
approaches could be employed according to available data and
decision maker needs. Nevertheless, it should be noted that
decision-making methods ought to be flexible and must
consider uncertainties during the decision making process [14].
There are various theories to cover uncertainties [15], yet which
one needs less data and can work with incomplete and/or
unknown data? The answer to this question is Grey System
Theory. Grey System Theory has been introduced by a Chinese
scientist, named Deng Julong [16], [17]. He was of opinion that
in most cases, the data are not entirely known (White) or
unknown (Black), yet they are a combination of these two colors
(Grey) [18], [19]. Several types of researches have been
conducted on Grey system theory in recent years showing the
feasibility and performance of this approach. Meanwhile, a
number of studies have utilized Grey System Theory in
decision-making methods in order to handle uncertainties in
decision making [20]. Therefore, the present study aims at
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providing a wide-ranging overview of grey MCDM methods.
In light of the afore-discussed context, we focused on wellknown MCDM methods that succeeded in seeking attention of
scholars in recent decades. In the current study, we have
presented some analysis of number of studies conducted on
each method in different years, identifying the
journals/publications willing to publish grey MCDM methods
and presenting a proper direction for future studies. Further,
firstly, grey MCDM will be examined for more clarification,
after that, a literature review and comprehensive analysis will
be done on well-known grey MCDM methods, next, the
discussion and conclusion sections has been presented. To
encourage future scholars, especially the young scholars with
interest in MCDM problems, toward grey MCDM methods the
authors strived their best to keep the discussions as convenient
and reader friendly as possible, without going in the depths of
calculations and technicalities. Thus, the study being a tip of an
iceberg is likely to provoke more in-depth and technical
analysis in future.

II.

GREY MULTIPLE CRITERIA DECISION MAKING

Grey decision making is one of the most critical concepts in
the area of grey system theory. Generally, it can be divided into
two categories; using grey relation analysis (GRA) (or
employing grey numbers, if convenient) and Grey Target
Decision Making (GTDM). These two categories can be
considered as grey MCDM methods. Utilizing grey numbers in
standard MCDM method is an appropriate approach to
covering uncertainty [21]. Hence, it should be mentioned that
we can employ grey or fuzzy numbers for GRA method as well.
GRA method has been introduced by Deng in 1980s [16]. More
than 200 studies have used GRA, as identified through their
titles, abstract or keywords, since 2000 according to
ScienceDirect database alone till the end of April 2019. In the last
five years, at least two studies have used GRA model, as per
their title, abstract or keywords, every month. These studies
suggest it is primarily used for quantitative analysis. GRA can
consider the similarity between two series of data based on the
proximities between them [22]. When the similarity is increased,
then the value of proximity (or closeness) is increased and vice
versa [23]. The primary purpose of the current study is
providing an overview of grey MCDM methods; hence, we
have categorized the grey MCDM methods in Fig. 1.
In the next section, we have done a short review on popular
grey MCDM methods to identify gaps in this area and finding
a suitable direction for conducting future studies.

III.

PAIRWISE COMPARISONS BASED METHODS

A. Grey AHP
AHP is one of the most well-known MCDM methods. It is
a powerful and flexible method in MCDM field that can solve
complex problems at various levels [24]. The AHP method
combines objective and subjective evaluations in an integrated
structure based on comparative scales and helps analysts

organize the basic aspects of a problem in a hierarchical
structure [25]. The benefits of this approach are the following:

Figure 1. Well –known grey MCDM methods

• Assessing the consistency of decision makers’ judgments
• Making pairwise comparisons for choosing the optimal
criterion/alternative
• Considering the criteria and sub-criteria in evaluating
alternatives
For the first time, AHP method was proposed by Saaty [6]
and now it has been developed by many researchers in recent
decades. Considering grey system theory an appropriate
approach for covering uncertainty, grey AHP method have
been employed by many researchers. Contrary to the original
AHP, grey AHP uses grey numbers instead of crisp numbers.
Table I is showing some of the noteworthy researches in this
field of study.
TABLE I
MOST INFLUENTIAL STUDIES INVOLVING GREY AHP
Study

Journal

Citations

Xu et al. (2011)

Energy Policy

101

Cheng & Wang (2004)

Natural Hazards

41

Sahoo et al. (2016)

Environmental Impact Assessment
Review

34

Zareinejad et al. (2014)

Decision Science Letters

20

Jin et al. (2007)

SNPD 2007 (IEEE Conference)

19

Key words: “grey analytic hierarchy process”; “Grey AHP”
Source of Data: Google Scholar (April 30, 2019);
Search restrictions: Only First Page Search; Only Title Search (allintitle:
keywords); Patents not included.

Xu et al. [26] proposed a novel approach to evaluate
objective performance of power plants using grey relational
analysis (GRA) and the analytic hierarchy process (AHP) at the
same time. They integrated AHP and GRA methods because
GRA method cannot calculate the weight of criteria. Therefore,
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they have calculated the weight of criteria by AHP approach
and the performance level of the plants by GRA.

9
8

Cheng and Wang [27] examined the potential damage of
typhoon employing grey AHP method. Their approach can
help the decision maker to choose a suitable strategy for
preventing disaster damages. They have utilized grey system
theory so as to consider uncertainty and incomplete data
during decision-making process.

Zareinejad et al. [29] utilized grey AHP method and
multilevel grey evaluation for investigating the quality of the
services based on SERVQUAL model in companies. They had
employed grey numbers instead of crisp numbers for AHP
method. Also, they had conducted a case study to analyze the
performance of the proposed method. Based on the results,
their method well performed while considering the uncertainty.
TABLE II
THE PROPORTION OF CONDUCTED RESEARCHES INVOLVING GREY AHP
METHOD IN DIFFERENT YEARS
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Sahoo et al. [28] presented an approach for contributing to
environmental management because they believed that
environmental management could help sustainable
environmental protection. They had combined grey clustering
and AHP method at the same time to enhance the accurate
calculation of weights.

7

Figure 2. The proportion of conducted researches involving grey
AHP method in different years

Jin et al. [30] have tried to evaluate the performance of
knowledge management in organizations. They believed that
an organization should know the level of knowledge because it
can enhance the power of competition. They have employed
grey-AHP method and based on their results the model had
noteworthy performance.
Many studies have been conducted on grey AHP method
over a period of 15 years. Table II gives information about the
number of researches involving grey AHP method.

Year

The Number of Papers

2018

8

2017

6

2016

4

2015

5

2014

3

2013

1

2012

4

2011

5

B. Grey ANP

2010

1

2009

1

2008

2

2007

2

2006

1

2005

0

2004

1

The ANP method is one of the MCDM methods, which
is the same as the AHP method, but the criteria or sub-criteria
or alternatives have dependencies or relationships [31]. If there
is a problem in which the criteria have the some relationship or
the sub-criteria have internal relations, this type of problem can
no longer be solved through the AHP method, since the
problem is no longer a hierarchical state and it creates a
network state [32]. In this case, the problem should be solved
through the ANP method. In fact, the AHP method is a
particular mode, or a special case, of the ANP method. The
network analysis process provides a comprehensive and
powerful method for making accurate decisions using
empirical information or individual judgment of each decision
maker by providing a structure for organizing different criteria
and evaluating the importance and priority of each of them
concerning alternatives. ANP method has been introduced by
Saaty [25] and it has been extended by many scholars such as
fuzzy ANP, grey ANP, etc. Table III shows the most
noteworthy studies involving grey ANP method.

Keyword: Grey analytic hierarchy process Grey-AHP
Search in: title, abstract, keywords
Source of Data: ScienceDirect (April 30, 2019)

Fig. 2 illustrates the number of studies on grey AHP method
from 2004 to 2018. It is interesting to mention that it has an
upward trend. Thus the hybrid model has apparently a
promising future. It is very likely to expect increasing trend in
the upcoming years as well. Future studies can predict the
forthcoming potential of grey AHP using any suitable
forecasting approach e.g., grey forecasting models.
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TABLE III
MOST INFLUENTIAL ARTICLES INVOLVING ANP
Study

Journal

Citations

Tuzkaya and
Yolver (2015)

Journal of Aeronautics and Space
Technologies

16

Zhang et al. (2009)

IEEE International Conference on Grey
Systems and Intelligent Services

6

Lin & Wei (2018)

Transportation research part A: policy and
practice

2

Duan et al. (2013)

IEEE Web Information System and
Application Conference

2

Wang et al. (2011)

IEEE International Conference on
Instrumentation, Measurement,
Computer, Communication and Control

1

Key words: “grey analytic network process”; “Grey ANP”
Source of Data: Google Scholar (April 30, 2019);
Search restrictions: Only First Page Search; Only Title Search (allintitle:
keywords); Patents not included.

TABLE IV
THE PROPORTION OF CONDUCTED RESEARCHES INVOLVING GREY ANP
METHOD IN DIFFERENT YEARS
Year

The Number of Papers

2018

3

2017

0

2016

1

2015

4

2014

2

2013

2

2012

1

Keyword: Grey analytic network process Grey-ANP
Search in: title, abstract, keywords
Source of Data: ScienceDirect (April 30, 2019)

5

Tuzkaya and Yolver [33] have presented a method to select
the best research and development (R&D) project because of
they believed that it could promote competitiveness ability in
the organizations. It is interesting to mention that selecting the
best R&D project is a decision-making problem. Therefore, they
have utilized grey ANP method for choosing a proper potential
R&D project.
Zhang et al. [34] believed that several factors affect storm
tide risk that these factors may be dependent on each other.
Also, considering a crisp number may lead to many errors
during decision analysis. Therefore, they have employed grey
ANP method so as to optimally analyze storm tide risk.
Lin and Wei [35] have proposed a novel approach for
bikeability assessment. They have used ANP method with grey
numbers because it was suitable to meet the performance in
each zone.
Duan et al. [36] have presented a method in order to select
the best partner for supply chain using grey AHP. In fact, they
have used a grey system approach for calculating weight vector.
They believed that there are some problems such as
incompleteness data, fuzziness of hierarchy and relationship
between nodes under a cloud environment. Hence, employing
grey system theory was considered a reasonable and
appropriate approach.

4
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Figure 3. The proportion of conducted researches involving Grey
ANP method in different years

Wang et al. [37] have proposed a novel approach for target
value sequencing problem with employing grey ANP method.
They have evaluated the results through a case study, and it
showed that the proposed approach has an acceptable
performance.
There are some studies on grey AHP method which is
summarized in Table IV.
Fig. 3 illustrates the figures for conducted research on grey
ANP method between 2012 and 2018, during a period of 7 years.
Based on the bar graph, it experienced some fluctuations from
2012 to 2018 while the peak is achieved in 2015 and the lowest
points are achieved in 2012 and 2016.

IV.

DISTANCE-BASED METHODS

A. Grey Relational Analysis (GRA)
Grey Relational Analysis (GRA) is an integral part of Grey
System Theory, founded by Deng Julong in the 1980s. In
engineering fields, Deng's GRA model is very popular for
multi-objective optimizations and among the scholars from
these fields "GRA" is almost synonymous to Deng's GRA model.
Manuscript ID = 279 — Copyright © 2019 International Computer Science and Engineering Society (ICSES) — ISSN: 2467-296X
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Other than Deng's first GRA model there were several attempts
to propose new GRA models however the model proposed by
him is still the most influential one [23]. GRA is not just one
model but a set of various models, with their own strengths and
limitations. Considering the limited scope of the current study,
only two most popular GRA models (Deng's GRA and
Absolute GRA) would be discussed along with their synthetic
model, recently published in the Grey Systems: Theory and
Application Journal, under the editorship of Professor Sifeng
Liu, the pupil of Deng.
The foundation of Deng’s GRA model rests upon a degree,
called Grey Relational Degree (γ). It is a degree, which yields a
measure of partial proximity between two data sequences [38].
It is very popular technique for multi-objective decision making
and multi-objective optimization. It is given by,
γ0i = ∑𝑛𝑘=1(γ0i(k) × wk); i=1, 2,…, m.

(1)

where γ0i(k) is grey relational coefficient and w is relative
weight such that ∑ 𝑤 = 1. For complete details on the model
Liu, Yang and Forrest [23] can be consulted. When all decision
criterions are equally weighted w can be replaced with 1/n to
get

5

TABLE V
MOST INFLUENTIAL ARTICLES INVOLVING GRA
Study

Journal

Citations

Kuo et al.
(2008)

Computers & Industrial Engineering

499

Lin & Lin
(2002)

International Journal of Machine Tools and
Manufacture

448

Chan & Tong
(2007)

Materials & Design

369

Wei (2010)

Knowledge-Based Systems

368

Tosun (2006)

The International Journal of Advanced
Manufacturing Technology

343

Key words: “grey relational analysis”; “GRA”
Source of Data: Google Scholar (April 30, 2019);
Search restrictions: Only First Page Search; Only Title Search (allintitle:
keywords); Patents not included.

(2)

Kuo et al. [41] proposed GRA so as to solve MADM
problems while they examined their method through two case
studies about dispatching rules selection and facility layout.
Moreover, they had employed data envelopment analysis
(DEA) and presented a comprehensive procedure for utilizing
GRA in different MADM problems.

where m is the total number of data sequences and n is the total
number of criteria. For further detail on these two forms of the
Deng's GRA model, Javed et al. [39] can be consulted.

Lin and Lin [42] tried to use GRA as optimization method
for electrical discharge machining when there are multiple
performance characteristics. In fact, they had calculated the
optimal parameter for machining by utilizing GRA method.

1

γ0i = ∑𝑛𝑘=1(γ0i(k) ) ; i=1, 2,…,m.
𝑛

The foundation of Absolute GRA model rests upon a degree,
called Absolute Grey Relational Degree (ε). It is a degree, which
yields a measure of integral proximity between two sequences
[38]. It is given by
𝜀01 =

1+ │𝑠0 │+│𝑠1 │
1+ │𝑠0 │+│𝑠1 │+│𝑠1 −𝑠0 │

(3)

where s0 and s1 are the two integrals. For further information
on the model Liu, Yang and Forrest [23] and Javed and Liu [22]
are recommended.
Since Deng's GRA model and Absolute GRA model are
mutually exclusive and they can produce different ranks [23]
therefore the Second Synthetic GRA model was proposed by
Javed [38] and was first published in Javed and Liu [40]. The
foundation of the Second Synthetic GRA model rests upon a
degree, called the Second Synthetic Grey Relational Degree (ϼ).
It is a degree, which yields a measure of inclusive proximity
between two sequences [38] and given by
ϼij = θ |ɛij| + (1 – θ) γij ; θ ∈ [0, 1]

(4)

where θ is the coefficient of relative weight. Usually θ = 0.5. For
further information on the model and its properties Javed and
Liu [40] and Javed et al. [20] are recommended.
GRA method is the most popular method compare to other
grey MCMD methods. Many studies have conducted on GRA
method yet. However, some of the most important of them
have been summarized in Table V.

Chan and Tong [43] believed that the selection of material
for manufacturing enterprise plays a crucial role to enhance the
quality of productions. Therefore, they had presented a
framework in order to choose suitable material for
manufacturing enterprise. They had used GRA method for
ranking the alternatives with considering several criteria.
Wei [44] investigated MADM problems when the weight of
attributes is entirely unknown. They had presented an
optimization model based on GRA as well as employing
intuitionistic fuzzy information to find attribute weights.
Tosun [45] used GRA method for drilling process
parameters so as to calculate the optimal parameters for
machining. However, it should be noted that the GRA formula
he reported in his study is not correct. His study needs some
minor revisions.
However, many studies have been conducted on GRA
method yet. Table VI shows the most noteworthy researches in
this field.
Fig. 4 shows the proportion of conducted studies on GRA
method between 2000 and 2018, a period of 19 years. It
experienced a slight increase from 2000 to 2017, yet it saw a
significant increase in 2018. It is predicted that the figures for
the conducted studies will increase for the next few years. GRA
method was the most popular grey MCDM method in recent
years.

Manuscript ID = 279 — Copyright © 2019 International Computer Science and Engineering Society (ICSES) — ISSN: 2467-296X
Website: www.i-cses.com — E-mail: info@i-cses.com

6

ICSES Transaction on Neural and Fuzzy Computing, Vol. 2, No. 2, June 2019

TABLE VI
THE PROPORTION OF CONDUCTED RESEARCHES INVOLVING GRA
METHOD IN DIFFERENT YEARS
Year

Number of Papers

2018

54

2017

26

2016

23

2015

23

2014

16

2013

14

2012

21

2011

16

2010

3

2009

8

2008

4

2007

6

2006

0

2005

1

2004

1

2003

values of the distance determine which decision criterion is
most or least optimum (Liu, Yang & Forrest [23] : pp. 232).
Different scholars have extended the concept of GTDM in
different paradigm e.g., Yan et al. [46] proposed dynamic grey
target method from a new viewpoint, where the
attribute/criteria values take the form of grey numbers. In their
method, firstly the ranking of alternatives with existing
attribute values in each period is sought, and then the ranking
of fluctuation of alternatives with respect to each attribute is
explored. Yan et al. [47] also presented the Dynamic grey target
decision-making method with three-parameter grey numbers.
Some other variants of GTDM are also available in the literature;
however, the foundation of most of these models rest upon the
concept lay down by the first GTDM model proposed by Deng
[48].
Many scholars have employed GTDM method in their
research as a proper MCDM method. Some of the most
noteworthy studies have been shown in Table VII.
TABLE VII
MOST INFLUENTIAL ARTICLES INVOLVING GTDM
Study

Journal

Citations

0

Zhu & Hipel (2012)

Information Sciences

62

2002

0

Yan et al. (2015)

Journal of Intelligent & Fuzzy Systems

18

2001

0

Liu et al. (2013)

Control and decision

15

2000

2

Yan et al. (2016)

Grey Systems: Theory and Application

9

Keyword: Grey relational analysis GRA
Search in: title, abstract, keywords
Source of Data: ScienceDirect (April 30, 2019)

Keywords: “grey target decision making”;
Source of Data: Google Scholar (April 30, 2019);
Search restrictions: Only First Page Search; Only Title Search (allintitle:
keywords); Patents not included.
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Figure 4. The proportion of conducted researches involving GRA
method in different years

B. Grey Target Decision Making Model (GTDM)
Grey Target Decision Making (GTDM) model is one of the
essential models of Grey System Theory. The core concept of
the model rest on a distance, called bull-eye distance, and the

Zhu and Hipel [49] proposed a method to solve MCDM
problems with an incomplete weight according to multigranularity linguistic label and employing GTDM method.
Moreover, it was developed for group decision making as well.
Their method was a significant performance for decision
making under uncertainty. They had suggested the proposed
method for vendor evaluation in the airports in China.
Yan et al. [46] examined dynamic decision-making
problems with proposing a new concept in GTDM method.
They had utilized grey numbers while their approach could
consider the development trend of attributes as well.
Liu et al. [50] extended GTDM method with the viewpoint
of prospect theory. In other words, they had defined the
prospect value function based on prospect theory and GTDM
method, after that, the optimization model was conducted and
the optimal weights calculated. Finally, based on the obtained
weights, the alternatives were ranked.
Yan et al. [47] presented a new method for dynamic
decision-making problems while they had employed threeparameter grey numbers. In their method, each alternative was
compared with the best and the worst alternatives in terms of
distance.
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Between 2001 and 2018, several studies have been
conducted on GTDM method which is shown in Table VIII.

8

Fig. 5 gives information about the number of conducted
studies on GTDM method during a period of 18 years. There is
an upward trend which is reached to the highest point in 2018.
It is predicted that the proportion of studies will experience an
increasing trend within the next few years. Future studies can
use different forecasting models to predict the future trends.

7
6
5
4
3

TABLE VIII
THE PROPORTION OF CONDUCTED RESEARCHES ON GTDM METHOD IN
DIFFERENT YEARS

2
1

Year

Number of Papers

2018

7
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0
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3
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0
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0

2012

3
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1

Study

Journal

2010

0

Journal of Cleaner Production

2009

0

Parkouhi & Ghadikolaei
(2017)

2008

0
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0
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0
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0
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0

2003

0
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0
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1
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2017
2018

0

Figure 5. The proportion of conducted researches on GTDM method
in different years

TABLE IX
MOST INFLUENTIAL ARTICLES ON GREY VIKOR
Citations

Keywords: “grey VIKOR”
Source of Data: Google Scholar (April 30, 2019);
Search restrictions: All Pages (2) Search; Only Title Search (allintitle:
keywords); Patents not included.

TABLE X
THE PROPORTION OF CONDUCTED RESEARCHES ON GREY VIKOR
METHOD IN DIFFERENT YEARS
Year

Number of Papers

2018

2

2017

2

2016

2

2015

2

2014

0

C. Grey VIKOR

2013

0

Li and Li [51] introduced VIKOR method based on interval
grey numbers for the first time. The results illustrated that this
method was highly effective and could help decision-maker
make an appropriate decision for MCDM problems. Moreover,
Li and Zhao [52] combined the VIKOR method and grey
relational analysis (GRA) and proposed a new fuzzy MADM
model to deal with the performance evaluation of thermal
power plants.

2012

2

2011

1

Keyword: Grey target decision making
Search in: title, abstract, keywords
Source of Data: ScienceDirect (April 30, 2019)

Table IX shows the most popular research on grey VIKOR
method which is conducted in 2017.

31

Keyword: Grey VIKOR
Search in: title, abstract, keywords
Source of Data: ScienceDirect (April 30, 2019)

Parkouhi and Ghadikolaei [53] utilized fuzzy AHP and
grey VIKOR method for supplier selection problems. They had
identified the most essential sub-criteria through a case study
in the paper industry as well. In fact, they had calculated the
weight of criteria using fuzzy AHP and ranked the alternatives
employing grey VIKOR method.
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the weights of criteria and grey TOPSIS method for selecting a
suitable alternative.
TABLE XI
MOST INFLUENTIAL ARTICLES ON GREY TOPSIS

2

Study

Journal

Chen & Tzeng (2004)

Mathematical and computer modeling

430

Oztaysi (2014)

Knowledge-Based Systems

113

Zavadskas et al. (2010)

Journal of Business Economics and
Management

137

Zolfani et al. (2012)

Technological and Economic
Development of Economy

48

Zolfani &
Antucheviciene (2012)

Inzinerine Ekonomika

45

1

0
2011 2012 2013 2014 2015 2016 2017 2018
Figure 6. The proportion of conducted researches on grey VIKOR
method in different years

The most noteworthy researches on grey VIKOR method in
different years have been presented in Table X.
Fig. 6 illustrates the figures for conducted studies on grey
VIKOR method between 2011 and 2018. It is interesting to
mention that it stayed constant from 2015 to 2018. Based on the
bar chart grey VIKOR method was not attractive for scholars.
However, it experienced a positive trend in recent years
because eight research items have been conducted from 2015 to
2018 while the proportion of conducted researches were three
research item between 2011 and 2014.
D. Grey TOPSIS
Another MCDM method is the Technique for Order of
Preference by Similarity to Ideal Solution (TOPSIS). This
technique was basically introduced by Hwang and Yoon in
1981 and was developed by Yoon in 1987 [54], [55]. This method
is based on the concept of choosing an alternative which has the
greatest geometric distance from the negative ideal solution
and the least geometric distance from the positive ideal solution
[56]. The most influential articles on grey TOPSIS has been
shown in Table XI.

Citations

Keywords: “grey TOPSIS”
Source of Data: Google Scholar (April 30, 2019);
Search restrictions: Only First Page Search; Only Title Search (allintitle:
keywords); Patents not included.

Zolfani et al. [60] examined the development of technology
of rural areas in Iran utilizing three MCDM methods include
fuzzy AHP, SAW-G and grey TOPSIS. In fact, they employed
fuzzy AHP for computing weights of criteria and sub-criteria
and grey TOPSIS and SAW-G methods for selecting optimal
alternative. It is interesting to mention that SAW-G and grey
TOPSIS methods shown comparable results.
In another research, Zolfani and Antucheviciene [61] tried
to present a suitable framework for selecting proper team
member in human resource management. They used AHP
method to compute the weights of criteria and grey TOPSIS
method for choosing the best alternative.
Table XII gives information about the number of conducted
studies on grey TOPSIS method over a period of 19 years.
TABLE XII
THE PROPORTION OF CONDUCTED RESEARCHES ON GREY TOPSIS
METHOD IN DIFFERENT YEARS
Year

Number of Papers

2018

8

2017

4

2016

6

2015

5

2014

7

2013

0

2012

2

Oztaysi [58] presented an integrated method using AHP
and grey TOPSIS method at the same time. They believed that
due to development of the technology content management
system (CMS) plays a vital rule for organizations. They used
AHP integrated grey TOPSIS to select proper CMS system.
AHP method was utilized to calculate weights of criteria and
grey TOPSIS for finding optimal alternative.

2011

3

2010

1

2009

1

2008

2

2007

0

2006

0

2005

1

Zavadskas et al. [59] presented a model to select the best
contract type for construction projects utilizing SAW-G and
grey TOPSIS method. They used SAW-G method to compute

2004

1

2003

0

2002

0

Chen and Tzeng [57] have proposed a novel method to
select an expatriate host country. They employed fuzzy AHP
method for calculating the weights of subjective judgments.
Moreover, they combined grey relation model with TOPSIS
method to find the best alternative. They conducted a real case
study with their proposed principle and the results were
acceptable.
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TABLE XIII
MOST INFLUENTIAL ARTICLES ON GREY PROMETHEE

Keyword: Grey TOPSIS
Search in: title, abstract, keywords
Source of Data: ScienceDirect (April 30, 2019)
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Figure 7. The proportion of research on Grey TOPSIS method in
different years

Fig. 7 illustrates the proportion of conducted researches on
grey TOPSIS method between 2000 and 2018. There was an
upward trend from 2000 to 2018. The first highest point is
related to 2018 and the second highest point is related to 2014.
However, it is predicted that the number of conducted research
on grey TOPSIS method will increase significantly in years
ahead.

V.

9

OUTRANKING METHODS

A. Grey PROMETHEE
Li and Zhang [62] proposed an interval grey numbers based
α-PROMETHEE approach and its application for the first time.
They also achieved an MAGDM and information fusion. Greybased PROMETHEE II approach based on grey numbers to
express and investigate uncertain decision problems, which are
described by limited input data of decision makers [63]. By
combining linguistic expressions with continuous grey
numbers, each decision maker’s uncertain preference could be
declared. A ranking procedure driven by grey system theory
using PROMETHEE II was used to an MCDM problem. The
method used uncertain information represented by grey sets in
the PROMETHEE II method. Moreover, the linguistic values of
the decision alternatives were articulated based on grey theory,
which were applied to aggregate the observations of
stakeholders and experts on the consequences of the strategies
of selected decision criteria [64].

Study

Journal

Citations

Kuang et al. (2015)

Information Sciences

49

Kuang et al. (2012)

IEEE SMC Conference

5

Key words: “grey PROMETHEE”
Source of Data: Google Scholar (April 30, 2019);
Search restrictions: First Page Search; Only Title Search (allintitle:
keywords); Patents not included.

Kuang et al. [63], [64] proposed a new methodology titled
grey-based PROMETHEE II for covering uncertainty during
the decision-making process in 2015 and 2012. Their method
was suitable for decision-making environment with limited
input data. They implemented the proposed methodology to
select a suitable strategy for source water protection in Canada.
There is some research item in this field of study and Table XIV
shows the number of conducted studies between 2012 and 2018
on grey PROMETHEE.
TABLE XIV
THE PROPORTION OF CONDUCTED RESEARCHES ON GREY PROMETHEE
METHOD IN DIFFERENT YEARS
Year

Number of Papers

2018

0

2017

0

2016

0

2015

1

2014

0

2013

0

2012

2

Keyword: Grey PROMETHEE
Search in: title, abstract, keywords
Source of Data: ScienceDirect (April 30, 2019)

Fig. 8 illustrates the proportion of conducted researches on
grey PROMETHEE method from 2012 to 2018, over a period of
7 years. There is a downward trend while the highest level in
terms of a number of conducted studies is related to 2012.
Therefore, the researchers have not been taken into
consideration grey PROMETHEE method.

The most influential articles on grey PROMETHEE has been
shown in Table XIII.
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Figure 8. The proportion of conducted
PROMETHEE method in different years.
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B. Grey ELECTRE
ELECTRE Method (Elimination and decision Translating
the truth) was introduced in 1960’s by Roy [65]. In this method,
the decision maker is supposed to first create a weighted
decision matrix and then concordance and discordance
matrices. In the next step, the aggregate dominance matrix is
specified. At last the best alternative will be determined or the
alternatives ranked [66]. After ELECTRE I, this method had
evolutions and was developed into the ELECTRE II, ELECTRE
III, ELECTRE IV, ELECTRE IS and ELECTRE TRI. These
approaches are used in different practical fields as MADM
methods. The Most influential articles on grey ELECTRE has
been presented in Table XV.

TABLE XVI
THE PROPORTION OF CONDUCTED RESEARCHES ON GREY ELECTRE
METHOD IN DIFFERENT YEARS
Year

Number of Papers

2018

0

2017

1

2016

0

2015

1

2014

0

2013

0

2012

0

2011

1

Keyword: Grey ELECTRE
Search in: title, abstract, keywords
Source of Data: ScienceDirect (April 30, 2019)

Fig. 9 gives information about the proportion of conducted
researches on grey ELECTRE method between 2011 and 2018,
over a period of 8 years. As can be seen from the bar chart, grey
ELECTRE was not an attractive method for scholars in recent
years. There are just three research items in 2011, 2015 and 2017.

2

TABLE XV
MOST INFLUENTIAL ARTICLES ON GREY ELECTRE

1

Study

Journal

Citations

Hashemi et al.
(2018)

Sustainability

11

Faezy Razi (2015)

Journal of Optimization in Industrial
Engineering

4

Keywords: “grey ELECTRE”
Source of Data: Google Scholar (April 30, 2019);
Search restrictions: First Page Search; Only Title Search (allintitle:
keywords); Patents not included.

Hashemi et al. [67] presented a new method for group
decision making using intuitionistic fuzzy sets (IFSs), GRA,
ELECTERE and VIKOR at the same time. Indeed, they
presented a new classical ELECTERE method under IFSs and
grey theory.
Faezy Razi [68] conducted a study on project selection
problem employing intuitionistic trapezoidal fuzzy numbers,
GRA and VIKOR method which is named grey-based fuzzy
ELECTRE. The proposed model has implemented through a
case study and the performance of the model has been
evaluated.

0
2011 2012 2013 2014 2015 2016 2017 2018
Figure 9. The proportion of conducted researches on grey ELECTRE
method in different years

VI.

CONCLUSION & DISCUSSION

Grey system theory is one of the most imperative
uncertainty approaches in MCDM field because it can handle
decision-making problems with incomplete input data. In
recent decades, several grey MCDM methods have been
proposed by researches; therefore, a comprehensive review is
essential to identify the direction of conducted studies. In this
study, we have examined well-known grey MCDM methods
and most noteworthy studies involving these methods. Table
XVII gives information about the proportion of conducted
researches on different MCDM methods.

There are a few research items on grey ELECTRE method
which is shown in Table XVI.
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TABLE XVII
THE COMPARISON AMONG GREY MCDM METHODS
Method

Number of conducted research
(from year 2000 to 2018)

Trend

Grey AHP

44

Ascending

Grey ANP

13

Ascending

GRA

218

Ascending

GTDM

20

Ascending

Grey VIKOR

11

Ascending

Grey TOPSIS

42

Ascending

Grey
PROMETHEE

3

Grey ELECTRE

3

Not Ascending

Not Ascending

As can be seen from the Table XVII, GRA is the most wellknown methods in this field of study. After that, grey AHP and
grey TOPSIS methods have second and third positions
respectively. Despite this, there are a few research items on grey
PROMETHEE and grey ELECTRE methods. Hence, grey
outranking based methods were not attractive for scholars and
it can be considered for future studies in order to fill gaps. It is
interesting to mention that grey pairwise comparisons based
and distance-based methods are more likely to experience an
increasing trend for years ahead as compared to grey
outranking methods. However, the applications of each
method can effect on number of conducted research directly. In
future studies, the scholars can compare grey MCDM method
with point of view application in different fields includes
management, engineering, etc. Why certain methods achieve
more attention that others can be an interesting probe for future
studies. Also, in long run, other than GRA model, which
method is most promising is yet to be seen.
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