
XVIII Conferencia de la Asociación Española para la Inteligencia Artificial
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Abstract—There are dozens of tools to automatically evaluate
web accessibility. Some are online, and some are toolbars to
complement web browsers. In order to select the best Web Ac-
cessibility Test Tool, various aspects should be considered. Among
the various aspects, the evaluation environment has an important
role to assume in the evaluation criteria of the website. The
ability to evaluate websites that require user permissions or they
are freely accessible could affect the accessibility outcome due to
limited or no access to the tool. In addition, the interpretability
of the results differs from one tool to another, and it can be
difficult to identify the areas of opportunity for improvement of
the website evaluated. To select the best tool that matches experts’
needs, it is important to have a group of experts in the area.
These experts will give their opinions on the criteria according
to which the tools will be evaluated. Each Web Accessibility Test
Tool is an alternative in a decision making problem (DM). A
DM which is evaluated by a group of experts is called a Multi-
Expert Multi-Criteria (MEMC). Contrary to studies where the
assessments are quantitative, this research uses Computing with
Words (CW) processes. Because experts may have uncertainty
at the time of issuing their evaluation, Intuitionistic Fuzzy Sets
(IFS) are used to work with that uncertainty. Finally, a ranking
of the evaluated tools is carried out by TOPSIS.

Keywords—Intuitionistic Fuzzy Set (IFS), TOPSIS, Multi-
Expert Multi-Criteria Linguistic Decision Making (MEM-
CLDM), Web Accesibility Tools Test, Ranking.

I. INTRODUCTION

The World Wide Web Consortium (W3C) is an international

community working towards international standards for the

web. W3C dictates a series of standards –WCAG 1.0 1 in

1999 and WCAG 2.0 2 in 2008– to make web information

accessible to everyone regardless of hardware, software, net-

work infrastructure, language, culture, geographic location, or

physical or mental ability. Currently there are several tools

that evaluate the accessibility of websites automatically. The

tools contain different features that may or may not facilitate

the evaluation of the site depending on the context in which

are applied. Choosing the right tool for the expert’s needs is

a decision making problem (DM). A DM is a typical problem

that has different alternatives to choose from valued by experts

in the topic.

In this document, a fuzzy linguistic model is proposed

for evaluating accessibility tools through nine criteria: (1)

1https://www.w3.org/TR/WAI-WEBCONTENT/
2https://www.w3.org/TR/WCAG20/

Learnability, (2) Scope of application, (3) Displays element

evaluation,ig (4) Accessibility level, (5) Accuracy, (6) CSS

evaluation, (7) Reports, (8) Intuitivity, (9) Standardized output.

Commonly, the valuation process is done using numerical

scales. This research makes use of enhanced linguistic terms

in order to take advantage of the knowledge and experience of

the experts in a better way, since the evaluation is performed

using natural language. The decision-making process is carried

out by intuitionist linguistic representation using linguistic

sets in the expert opinions on the criteria to be evaluated of

the accessibility tools. Finally, using TOPSIS, the results are

aggregated to rank the tools evaluated.

This document is structured as follows: Section II provides

a descriptive summary of the preliminaries relating to the

Intuitionist linguistic model as well as TOPSIS as a technique

for the ranking of alternatives. In Section III, we present a

Fuzzy linguistic ranking model. In Section IV, we apply a

ranking model for Web Accessibility Test tools. Finally, in

Section V, the conclusions are presented.

II. PRELIMINARIES

This section describes the methodologies applied to

the Multi-Expert Multi-Criteria Linguistic Decision Making

(MEMCLDM) problem for ranking in the alternative selection.

A. Multi Criteria Decision Making

The Multi-Criteria Decision Making (MCDM) was intro-

duced in the early 1970s. It is a tool used for problem

assessment and decision making with multiple alternatives that

are evaluated considering multiple criteria [1], [2].

MCDM often deal with different types of problems such

as selection, ranking and classification problems. The aim on

each kind of problem is different: (1) selection problems is

expected to find the best alternative; (2) the ranking problems

are aimed at determining the suitability of all alternatives,

which is presented as a hierarchy from the best to the worst

and (3) in the classification problems we want to know which

alternatives belong to which class of a predefined set of

ordered classes.

There are several methods of solving MCDM problems that

are used to form a ranking of alternatives. The TOPSIS method

[3] is one of them. TOPSIS is based on an aggregation function
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of the experts’ evaluation scores and determines the best

alternative by calculating the distances between the positive

and negative ideal solution.

MCDM problems can be evaluated by various experts to

be approached as MEMCLDM problems. These experts are

usually people with experience in the subject to be assessed.

Alternatives can be assessed quantitatively or qualitatively.

To evaluate qualitative information, the use of the Fuzzy Set

Theory (FST) [4], proposed by Zadeh in 1965, has been very

successful. In order to achieve an efficient evaluation of the

perception of the experts, the use of linguistic variables[5] and

the procedures of Computation with Words (CW) [6], [7] are

used in intelligent computer systems [8], [9], [10], [11].

B. Intuitionistic fuzzy representation model

Intuitionistic Fuzzy Set (IFS) was proposed by Atanassov

in 1986. IFS [12] is characterized by having simultaneously a

membership and a non-membership with a degree of hesitance.

The IFS are models of information representation used to

support decision making and are very useful because of the

ability to express imprecise or uncertain information more

flexibly than the traditional fuzzy sets [2], [13].

According to Atanassov [12] an IFS A, in the universe X =
{x1, x2, . . . , xn}, it is represented as:

Ã = 〈xj , µÃ
(xj), νÃ(xj)〉 | xj ∈ X

where µ
Ã
(xj) ∈ [0, 1] and ν

Ã
(xj) ∈ [0, 1] represents respec-

tively the membership and the non-membership degrees of the

element xj . Then an IFS has the following requirement:

0 ≤ µ
Ã
(xj) + ν

Ã
(xj) ≤ 1

The function π
Ã
(xj) represents the degree of hesitancy of xj

and it is defined as:

π
Ã
(xj) = 1− µ

Ã
(xj)− ν

Ã
(xj)

Let α and β be two intuitionistic fuzzy sets, λ be a number.

Hence, the main algebraic operations of any two intuitionistic

fuzzy sets α = (µα, να) and β = (µβ , νβ) can be defined in

the following way [14] and [15]:

1) Addition ⊕:

α⊕ β = (µα + µβ − µαµβ , νανβ); (1)

2) Product ⊗:

α⊗ β = (µαµβ , να + νβ − νανβ); (2)

3) Scalar product:

λα = (1− (1− µα)
λ, νλα), λ > 0; (3)

4) Scalar power:

αλ = (µαλ , 1− (1− να)
λ), λ > 0. (4)

The Intuitionistic Fuzzy Weighted Average (IFWA) aggre-

gation operator was initially proposed by [15], it has been

used to aggregate the individual opinions of decision makers

[16], [17]. Let R(k) = (r
(k)
ij )m× n be an intuitionist decision-

making matrix with the evaluations of each alternative Ai with

(i = 1, . . . ,m) and criterion Cj with (j = 1, . . . , n) by each

decision maker DMk with (k = 1, . . . , d). Let wk be the

weight of each decision maker DMk where Σn
k=1wk = 1.

Then the final result of applying the IFWAw aggregation

operatio operator is an IFS value given by Eq.(5):

IFWAw = IFWAw(r
(1)
ij , r

(2)
ij , . . . , r

(d)
ij )

= w1r
(1)
ij ⊕ w2r

(2)
ij ⊕ w3r

(3)
ij ⊕ · · · ⊕ wkr

(d)
ij

= [χ, ψ, δ]
(5)

where

χ = 1−Πd
k=1(1− µ

(k)
ij )wk

ψ = Πd
k=1(ν

(k)
ij )wk

δ = Πd
k=1(1− µ

(k)
ij )wk −Πd

k=1(ν
(k)
ij )wk .

Intuitionistic fuzzy representation has been widely used

with multicriteria decision-making techniques [18] such as

Intuitionistic fuzzy TOPSIS [17], Intuitionistic fuzzy AHP

[19], Intuitionistic fuzzy VIKOR [20], Intuitionistic fuzzy

ELECTRE [21], among others, with the purpose of order the

alternatives.

C. Intuitionistic fuzzy TOPSIS

There are different techniques for the ranking of alternatives

in MEMCLDM. TOPSIS is a technique which uses the order

by similarity with an ideal solution [3]. TOPSIS is based

on the fact that the alternative selected must be the one

that contains the closest distance from the ideal solution and

the furthest distance from the negative solution. The Fuzzy

TOPSIS technique is widely applied in decision making [22]

and it is considered as one of the best MCDM methods to

solve problems. Due to its simplicity of application avoiding

it application in alternatives ranking when a new alternative

is inserted [23]. Boran et al. [16] proposes the Intuitionistic

fuzzy TOPSIS to be applied following these steps:

1) Let Wj = (µj , νj) be the intuitionistic fuzzy weight of

each criteria Cj according to alternative Ai. Let R
′

=
(r

′

ij)m×n be the matrix of the aggregated intuitionistic

fuzz sets with m alternatives and n criteria. Then the

weighted normalized matrix is calculated by Eq.(6) and

Eq.(7).

R
′

⊗Wi = {(µ
r
′

ij
µWj

, ν
r
′

ij
+νWj

−ν
r
′

ij
νWj

) | r
′

ij ∈ R
′

}

(6)

π
r
′

ij
= (1− ν

r
′

ij
− νWj

− µ
r
′

ij
µWj

+ ν
r
′

ij
νWj

) (7)

2) The positive intuitionistic fuzzy ideal solution vector A+

can be determined as:

A+ = (µA−Wj , νA+Wj) (8)
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where
µA+Wj = maxi µr

′

ij
Wj

νA+Wj = mini νr′
ij
Wj .

3) The negative intuitionistic fuzzy ideal solution vector A−

can be determined as:

A− = (µA−Wj , νA−Wj) (9)

where
µA−Wj = miniµr

′

ij
Wj

νA−Wj = maxiνr′
ij
Wj
.

4) Calculate the distance measurement, using the Euclidean

distance. The separation of each alternative from the ideal

solution is given as:

S+
i =

√
1
2nΣ

n
j=1[(µr

′

ij
Wj − µA+Wj)2 + (ν

r
′

ij
Wj − νA+Wj)2 + (π

r
′

ij
Wj − πA+Wj)2].

(10)

5) Similarly, the separation of the negative solution is given

as:

S−

i =
√

1
2nΣ

n
j=1[(µr

′

ij
Wj − µA−Wj)2 + (ν

r
′

ij
Wj − νA−Wj)2 + (π

r
′

ij
Wj − πA−Wj)2].

(11)

6) Then rank the order of preference by the relative proxi-

mity coefficient as:

RPAi
=

S−

i

S−

i + S+
i

. (12)

III. A FUZZY LINGUISTIC RANKING MODEL

The proposed model for the ranking problem of the list of

tools for evaluating Web Accessibility Test tools consists of

three basic stages: (1) Representation phase, (2) Aggregation

phase and (3) Exploitation phase. Figure (1) presents the

proposed phases:

Fig. 1. Fuzzy Intuitionistic Model to solve a MEMCLDM.

A. Representation phase

The first phase consist of the definition of Linguistic Terms

Set (LTS) that will be used for decision making. Decision

makers denoted as DMk with (k = 1, . . . , d). Should be

select a set of diverse DM that have experience and knowl-

edge directly related to the problem to evaluate the available

alternatives. The set of alternatives Ai with (i = 1, . . . ,m)

are evaluated using a set of criteria Cj with (j = 1, . . . , n).

The weight Wj of each criterion Cj assigned by a coordinator

using an Intuitionistic Fuzzy Linguistic Set (IFLS). It would

be desirable to represent the input linguistic information with

a representation able to express uncertainty and subjectivity in

judgments.

B. Aggregation phase

The second phase consists of aggregating the decision

makers judgments. The IFWA operator presented in Eq. (5)

can be used to aggregate them into a matrix of group decision

making R
′

= (r
′

ij)m×n, where m and n denotes the number

of evaluated alternatives and criteria respectively. Next, a

weighting process of the group decision making matrix R
′

is performed using the weight vector Wj and applying Eq. (6)

and Eq. (7).

C. Exploitation phase

In the last step of the decision-making process, the per-

formance of each alternative should be calculated using the

distance measurement. The ideal intuitionistic fuzzy positive

and negative solutions are obtained as Eq. (8) and Eq. (9).

The distance between each aggregated weighted evaluation of

alternatives’ performances and the ideal intuitionistic fuzzy

positive and negative solution is calculated by Eq. (10) and

Eq. (11). The final score of the alternatives performance is

calculated by relative proximity as in Eq. (12). Finally, the

alternatives are ordered.

IV. A RANKING MODEL FOR WEB ACCESSIBILITY TEST

TOOLS

It is desired to evaluate the level of accessibility of a web

system. There are several tools supported by the World Wide

Web Consortium (W3C) with different features. The DM set

limits the main set to the six tools commonly used among

them. The set of Web Accessibility Test (WAT) tools are

evaluated in relation to a set of nine criteria. It must be decided

which of this set of six tools is best suited to your needs. The

tools considered are the following:

1) Wave3 (c1),

2) Achecher4 (c2),

3) eXaminator5 (c3),

4) AccessMonitor6 (c4),

5) Accessibility Check7 (c5),

6) TAW8 (c6).

A. Representation phase

For this case-study there are d = 7 decision makers who

have knowledge in web development. The set of m = 6
WAT tools are assessed according to a set of n = 9 criteria

described in Table (I). The linguistic intuitionistic variables in

3http://wave.webaim.org/
4https://achecker.ca/checker/index.php
5http://examinator.ws/
6http://www.acessibilidade.gov.pt/accessmonitor/
7http://www.etre.com/tools/accessibilitycheck/
8https://www.tawdis.net/
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TABLE I
DESCRIPTION OF THE CRITERIA USED TO EVALUATE WEB ACCESSIBILITY

TOOLS.

Criteria for evaluating accessibility assessment tools.

Criteria Cj Definition

c1 Learnability Enables simple and efficient learning.

c2 Scope of application
Allows evaluation on sites with user permissions from an
external site.

c3 Displays element evaluation
Reveals the evaluations of each element to resolve any
errors efficiently.

c4 Accessibility level Calculates the overall level of accessibility (A, AA, AAA).

c5 Accuracy
Describes the assessments: (1) failed, 2 (warning)
and (3) passed in a similar form as a manual assessment.

c6 CSS evaluation Evaluates accessibility of CSS content.

c7 Reports
Generates reports that are easily interpreted by experts as
ordinary users.

c8 Intuitivity
Indicates inspected items for easy identification of errors,
warnings and approvals.

c9 Standardized output
Provides a report in standardized format: XML, JSON and
YAML.

TABLE II
LINGUISTIC VARIABLES FOR THE IMPORTANCE WEIGHT OF EACH

CRITERIA EXPRESSED AS IFS

Label Short µ ν

Very High VH 0.90 0.05

High H 0.75 0.20

Medium M 0.50 0.45

Low L 0.35 0.60

Very Low VL 0.10 0.90

Table (II) were used by a coordinator to define the weight

Wj of each criteria Cj , as presented in Table (III). Also,

using Table (II), each DMk evaluates the performance of

each alternative in each criterion. Table (IV) presents decision

makers assessments.

B. Aggregation phase

Once the individual matrix of intuitionistic evaluations has

been obtained, the matrix must be aggregated using the IFWA

operator presented in Eq. (5). In this study-case, the weight

of the decision makers were considered the same. The IFWA

operator is used to aggregate them into a group decision

making matrix. The aggregation results are presented in Table

(V). Due to the space, only two assessments are displayed.

Next, a weighting process of the group decision matrix R
′

is

performed using the weight vector Wj and applying the Eq.

(6) and Eq. (7). The results of the weighted aggregation for

the criteria c1 and c2 are displayed in Table (VI).

TABLE III
INTUITIONISTIC FUZZY NUMBER (IFN) FOR EACH LINGUISTIC LABEL IN

EACH CRITERIA

Intuitionistic Fuzzy Sets

Cj Criteria Assessment µ ν
c1 Learnability Very High 0.90 0.05
c2 Scope of application Very High 0.90 0.05
c3 Displays element evaluation High 0.75 0.20
c4 Accessibility level Medium 0.50 0.45
c5 Accurancy High 0.75 0.20
c6 Css evaluation Medium 0.50 0.45
c7 Reports High 0.75 0.20
c8 Intuition High 0.75 0.20
c9 Standardized output Very High 0.90 0.05

C. Exploitation phase

In this step, the performance of each alternative should

be calculated using the distance measurement from Fuzzy

TOPSIS technique. The intuitionistic fuzzy ideal positive and

negative solution are founded using Eq. (8) and Eq. (9). The

distance between each aggregate weighted evaluation of the

alternatives’ results and the intuitionistic fuzzy ideal positive

and negative solution is calculated using the Eq. (10) and Eq.

(11). The results are presented by Table (VIII) and Table (IX)

respectively.

Finally, the alternatives are ordered by relative proximity as

in Eq. (12). The resulting order is presented in Table (X) with

a1 > a2 > a6 > a5 > a3 > a4. Alternative a1 is selected as

the best tool with the best scores in 6 of 9 criteria evaluated.

The selected tool can be highlight as very intuitive, since it

marks errors and warnings in the html label, due this, it is

easy to identify where are the errors.

V. CONCLUSION

This study proposed and tested a Multi-Expert Multi-

Criteria Decision model in order to evaluate and select Web

Accessibility Test tools that combines the Intuitionistic fuzzy

representation and the TOPSIS technique. It fulfills several

important characteristics for a decision making process:

• The use of linguistic variables instead of numerical

scales enhances the assessment of alternatives in decision-

making problems because the cognitive processes of

human beings accept words rather than numbers;

• The use of Intuitionistic Fuzzy Set (ISF) is used due to

the imprecision found in the parameterization since there

may be a degree of hesitation. IFS takes into account the

degree of membership, degree of non-membership and

hesitancy;

• Finally, being able to rank the alternatives with fuzzy

information allows a better interpretability of results for

decision makers.

The Wave tool resulted best valuated in comparison with

five tools. Wave is considered an easy learning tool, the plug-

in installation to the browser is very simple. Wave has a high

degree of intuitiveness and as a toolbar, it allows the evaluation

of websites with the users’ permissions. The assessment is

displayed on each element evaluated, enabling rapid identi-

fication of errors and warnings. Experts rank the Wave tool

first, considering the set of criteria. As a further research, it

is suggested to explore other techniques in combination with

linguistic fuzzy representations and compare their results with

the proposal presented in this study.
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TABLE IV
VALUATIONS OF d = 7 DECISION MAKERS FOR m = 6 ALTERNATIVES ACCORDING TO n = 9 CRITERIA

dm1 dm2 dm3 dm4 dm5 dm6 dm7

Criteria Alternatives Linguistic
label

µ ν
Linguistic

label
µ ν

Linguistic
label

µ ν
Linguistic

label
µ ν

Linguistic
label

µ ν
Linguistic

label
µ ν

Linguistic
label

µ ν

a1 VH 0.90 0.05 VH 0.90 0.05 H 0.75 0.20 VH 0.90 0.05 VH 0.90 0.05 H 0.75 0.20 H 0.75 0.20
a2 VH 0.90 0.05 VH 0.90 0.05 H 0.75 0.20 H 0.75 0.20 VH 0.90 0.05 L 0.35 0.60 H 0.75 0.20
a3 VH 0.90 0.05 VH 0.90 0.05 H 0.75 0.20 H 0.75 0.20 VH 0.90 0.05 H 0.75 0.20 M 0.50 0.45
a4 M 0.50 0.45 VH 0.90 0.05 VH 0.90 0.05 L 0.35 0.60 L 0.35 0.60 L 0.35 0.60 L 0.35 0.60
a5 L 0.35 0.60 M 0.50 0.45 VH 0.90 0.05 VH 0.90 0.05 H 0.75 0.20 M 0.50 0.45 L 0.35 0.60

c1

a6 VH 0.90 0.05 H 0.75 0.20 H 0.75 0.20 VH 0.90 0.05 H 0.75 0.20 M 0.50 0.45 H 0.75 0.20

a1 VH 0.90 0.05 VH 0.90 0.05 M 0.50 0.45 VH 0.90 0.05 VH 0.90 0.05 H 0.75 0.20 VH 0.90 0.05
a2 H 0.75 0.20 VL 0.10 0.90 H 0.75 0.20 M 0.50 0.45 M 0.50 0.45 M 0.50 0.45 VL 0.10 0.90
a3 H 0.75 0.20 VH 0.90 0.05 M 0.50 0.45 M 0.50 0.45 H 0.75 0.20 VL 0.10 0.90 H 0.75 0.20
a4 H 0.75 0.20 L 0.35 0.60 H 0.75 0.20 M 0.50 0.45 H 0.75 0.20 H 0.75 0.20 VL 0.10 0.90
a5 M 0.50 0.45 H 0.75 0.20 H 0.75 0.20 M 0.50 0.45 M 0.50 0.45 H 0.75 0.20 M 0.50 0.45

c2

a6 VH 0.90 0.05 H 0.75 0.20 H 0.75 0.20 VH 0.90 0.05 H 0.75 0.20 H 0.75 0.20 H 0.75 0.20

a1 H 0.75 0.20 VH 0.90 0.05 M 0.50 0.45 VH 0.90 0.05 VH 0.90 0.05 H 0.75 0.20 VH 0.90 0.05
a2 VH 0.90 0.05 M 0.50 0.45 M 0.50 0.45 VH 0.90 0.05 VH 0.90 0.05 M 0.50 0.45 H 0.75 0.20
a3 H 0.75 0.20 VL 0.10 0.90 M 0.50 0.45 H 0.75 0.20 M 0.50 0.45 M 0.50 0.45 H 0.75 0.20
a4 L 0.35 0.60 VL 0.10 0.90 H 0.75 0.20 L 0.35 0.60 L 0.35 0.60 L 0.35 0.60 VL 0.10 0.90
a5 M 0.50 0.45 VL 0.10 0.90 H 0.75 0.20 VH 0.90 0.05 H 0.75 0.20 VL 0.10 0.90 M 0.50 0.45

c3

a6 M 0.50 0.45 H 0.75 0.20 M 0.50 0.45 M 0.50 0.45 M 0.50 0.45 M 0.50 0.45 H 0.75 0.20

a1 H 0.75 0.20 VL 0.10 0.90 VH 0.90 0.05 H 0.75 0.20 H 0.75 0.20 L 0.35 0.60 M 0.50 0.45
a2 H 0.75 0.20 H 0.75 0.20 VL 0.10 0.90 VH 0.90 0.05 H 0.75 0.20 VH 0.90 0.05 VL 0.10 0.90
a3 H 0.75 0.20 H 0.75 0.20 VL 0.10 0.90 VH 0.90 0.05 H 0.75 0.20 M 0.50 0.45 H 0.75 0.20
a4 L 0.35 0.60 VL 0.10 0.90 VL 0.10 0.90 VL 0.10 0.90 VL 0.10 0.90 VL 0.10 0.90 VL 0.10 0.90
a5 VL 0.10 0.90 VH 0.90 0.05 VL 0.10 0.90 VH 0.90 0.05 VH 0.90 0.05 VH 0.90 0.05 VL 0.10 0.90

c4

a6 VH 0.90 0.05 H 0.75 0.20 VL 0.10 0.90 VH 0.90 0.05 VH 0.90 0.05 VH 0.90 0.05 H 0.75 0.20

a1 H 0.75 0.20 VH 0.90 0.05 M 0.50 0.45 H 0.75 0.20 VH 0.90 0.05 H 0.75 0.20 H 0.75 0.20
a2 H 0.75 0.20 VH 0.90 0.05 H 0.75 0.20 H 0.75 0.20 H 0.75 0.20 H 0.75 0.20 M 0.50 0.45
a3 H 0.75 0.20 VL 0.10 0.90 H 0.75 0.20 H 0.75 0.20 H 0.75 0.20 L 0.35 0.60 M 0.50 0.45
a4 L 0.35 0.60 L 0.35 0.60 H 0.75 0.20 L 0.35 0.60 L 0.35 0.60 L 0.35 0.60 L 0.35 0.60
a5 M 0.50 0.45 L 0.35 0.60 H 0.75 0.20 VH 0.90 0.05 H 0.75 0.20 L 0.35 0.60 M 0.50 0.45

c5

a6 VH 0.90 0.05 H 0.75 0.20 M 0.50 0.45 VH 0.90 0.05 H 0.75 0.20 M 0.50 0.45 H 0.75 0.20

a1 H 0.75 0.20 VL 0.10 0.90 M 0.50 0.45 VH 0.90 0.05 VH 0.90 0.05 VL 0.10 0.90 H 0.75 0.20
a2 H 0.75 0.20 M 0.50 0.45 VL 0.10 0.90 VH 0.90 0.05 H 0.75 0.20 H 0.75 0.20 L 0.35 0.60
a3 H 0.75 0.20 L 0.35 0.60 VL 0.10 0.90 VH 0.90 0.05 M 0.50 0.45 H 0.75 0.20 M 0.50 0.45
a4 VL 0.10 0.90 VL 0.10 0.90 M 0.50 0.45 L 0.35 0.60 L 0.35 0.60 L 0.35 0.60 L 0.35 0.60
a5 M 0.50 0.45 H 0.75 0.20 M 0.50 0.45 H 0.75 0.20 H 0.75 0.20 H 0.75 0.20 M 0.50 0.45

c6

a6 VH 0.90 0.05 M 0.50 0.45 VL 0.10 0.90 VH 0.90 0.05 M 0.50 0.45 H 0.75 0.20 M 0.50 0.45

a1 H 0.75 0.20 M 0.50 0.45 M 0.50 0.45 H 0.75 0.20 M 0.50 0.45 H 0.75 0.20 M 0.50 0.45
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[16] F. E. Boran, S. Genç, M. Kurt, and D. Akay, “A multi-criteria intu-

itionistic fuzzy group decision making for supplier selection with topsis
method,” Expert Systems with Applications, vol. 36, no. 8, pp. 11 363–
11 368, 2009.

[17] B. Rouyendegh, “Developing an integrated anp and intuitionistic fuzzy
topsis model for supplier selection,” Journal of Testing and Evaluation,
vol. 43, no. 3, pp. 664–672, 2015.

[18] E. Afful-Dadzie, Z. K. Oplatkova, and L. A. B. Prieto, “Comparative
state-of-the-art survey of classical fuzzy set and intuitionistic fuzzy
sets in multi-criteria decision making,” International Journal of Fuzzy

Systems, vol. 19, no. 3, pp. 726–738, 2017.
[19] S. Shariati, M. Abedi, A. Saedi, A. Yazdani-Chamzini, J. Tamošaitienė,
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