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AN EXTENSION OF THE FLOWSORT METHOD BASED ON INTUITIONISTIC
FUZZY SET THEORY TO SOLVE MULTICRITERIA DECISION MAKING

PROBLEMS

Fedia Daami Remadi* and Hela Moalla Frikha

Abstract. Multiple attribute decision analysis (MADA) is an important part of the modern decision
science. In fact, it has been increasingly used in the literature. Therefore, the study of sorting problems
is an active research topic in the multiple criteria decision aid (MCDA) area. Although, it is difficult
to quantitatively and precisely express the evaluation criteria to solve real-life sorting problems. To
solve this fuzziness and vagueness, the intuitionistic fuzzy set (IFS) theory achieved great success in
various recent researches. Therefore, this paper presents a novel extension of the FlowSort method,
which is a PROMETHEE-based sorting method, based on the intuitionistic fuzzy set theory. To clarify
this new extension, an illustrative example and an empirical comparison with other MCDM methods
are presented.
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1. Introduction

Multiple criteria decision aid (MCDA), which is involved in supporting the structuring and modeling of the
decision making problems related to multiple conflicting criteria, is the process of choosing, ranking, classifying
or describing alternatives.

The classification problematic arises in terms of assigning each action (or a single isolated action) to one
and only one between several categories (at least two) according to standards relating to the intrinsic value
of each action [9]. Indeed, this problematic orients the decision problem to an assignment of alternatives to
one of the predefined categories or classes. In fact, a class is a collection of alternatives with similar properties
or even values for the same properties, when compared to alternatives of other classes. There are two types of
classification problems: nominal, when the classes are not ordered, and ordinal, when they are ordered according
to the decision-maker preferences.

In this paper, we studied the ordinal classification problem, also called the sorting problem, which consists in
orienting the decision problem to an assignment of alternatives to one of the predefined, ordered and homogenous
categories or classes. Moreover, many methods have been proposed during the previous decades. Among which
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we can mention the well-known sorting methods, such the ELECTRE-TRI [29], the THESEUS [11], and the
multiple attribute utility theory-based the UTADIS [27], AHPSort [18],ANPSort [17], MACBETHSort [16], etc.

Based on the PROMETHEE [5] methodology, several authors proposed the PROMETHEE-based methods,
such as FlowSort [24], PROMSORT [2] and the PROMETHE-TRI [8]. In fact, PROMETHEE is one of the most
famous MCDM methods since it is easy to use, simple to process and uses less parameter than the other MCDM
methods, like ELECTRE [12]. Indeed, Figueira et al. were the pioneers of the PROMETHEE-TRI [12] method
by extending it to the sorting context but it rather uses incompletely ordered categories. On the other hand,
in 2007, Araz and Ozkarahan proposed the PROMSORT [2] method, which uses completely ordered categories
while the assignment of the alternatives is not independent.

Developed by Nemery and Lamboray in 2007, FlowSort [24] was proposed for the purpose of assigning
actions to completely ordered categories defined by limiting profiles or central profiles. In fact, this method
solves the drawbacks of PROMETHEE-TRI [8] and PROMSORT [2] and treats the problematic sorting issue
for independent assignments and completely ordered categories. The alternatives and preference parameters
evaluation of the FlowSort method are defined as crisp values. However, in a real-world situation, decisional
problems are multi-dimensional and ambiguous in nature. So, it is difficult to express the evaluation criteria
precisely.

Multiple extensions of the FlowSort method have been developed to solve these problems. Indeed, Janssen
and Nemery [19] proposed an extension of the FlowSort sorting method to the case of input data imprecision.
Moreover, Campos et al. [7] extended the FlowSort method to introduce a fuzzy sorting method called the Fuzzy
FlowSort (F-FlowSort). For a simplified FlowSort version, Assche and De Smet [3] set out the parameters of a
sorting model using classification examples in the context of traditional and interval sorting. Moreover, Pelissari
et al. [26] suggested a new multi-criteria method called the SMAA-Fuzzy-FlowSort to sort the problems under
uncertainty by applying the Stochastic Acceptability Analysis to the Fuzzy-FlowSort method. Furthermore,
Lolli et al. [21] introduced a group multi-criteria decision support system named the FlowSort-GDSS for sorting
the failure modes into priority classes.

As clearly stated above, the fuzzy set (FS) theory [30] has been successfully applied in a good number of
studies. However, this theory is not flawless as it uses only the membership degree of an element to a fuzzy set
that belongs to zero and one. Actually, it is necessary to define the non-membership degree of an element to a
fuzzy set because it is not necessarily equal to 1, minus the degree of membership. Therefore, to overcome this
limitation, the intuitionistic fuzzy set theory concept seems to be more suitable to deal with uncertainty than
other generalized fuzzy set forms [30]. Furthermore, compared to the traditional fuzzy set, the IFS can describe
the fuzzy nature of the real world more efficiently [24]. Besides, it provides more flexibility to treat real life
problems under an uncertain environment because when the environment changes, the intuitionistic fuzzy sets
are easy to modify [31].

On the other hand, the IFS theory achieved great success in various MCDA research studies, mainly with
Park et al. [25], who extended the group decision making VIKOR method to an interval-valued intuitionistic
fuzzy environment. In this method, the attribute weight information is partially known. As for Chen [8], he
developed an extended TOPSIS method with an inclusion comparison approach to address multiple criteria
group of decision-making medical problems in the interval-valued intuitionistic fuzzy set framework, etc.

Thus, the aim of our research, which is also at the heart of its originality, was to develop an extension of
the FlowSort method to deal with the imprecision issue using the IFS-theory. The IFS ill-known quantity can
be presented as Intuitionistic Fuzzy numbers (IFNs) through several functions, such as the Triangular Intu-
itionistic Fuzzy numbers (TIFNs), the Interval-Valued Intuitionistic Fuzzy numbers (IVIFNs), the Trapezoidal
Intuitionistic Fuzzy numbers (TrIFNs), etc. In fact, the TIFNs seem to be the simplest one [28] as it can be
easily specified and implemented by the decision maker [21]. Besides, its application in the MCDM is based on
its ability to express decision information in several dimensions [20]. Therefore, in our proposed method, we will
present the input data in the decision matrix as triangular intuitionistic fuzzy numbers.

Therefore, this paper is organized as follows. In the second section, we will introduce the IFS theory notations.
Then, in the third section, we will present the FlowSort method using crisp evaluations. The fourth section will
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be devoted to the development of an extension of the FlowSort method based on the IFS theory to solve the
MCDM problem. Section five will include a numerical example and a comparison of the results obtained with
other MCDA methods. The final section will conclude the paper and outline further research.

2. FlowSort method

The FlowSort method is an ordinal classification method based on the ranking methodology of PROMETHEE
method. In fact, it is proposed for assigning a set of alternatives 𝐴 = {𝑎1, 𝑎2, . . . , 𝑎𝑛} to 𝐾 ordered categories
𝐶1, 𝐶2, . . . , 𝐶𝑘 evaluated according to 𝑚 criteria 𝐺 = {𝑔1, 𝑔2, . . . , 𝑔𝑚}. Each category is defined by a set of
limiting profiles 𝑅 = {𝑟1, 𝑟2, . . . , 𝑟𝑘+1} or by the set of 𝐾 central profiles (centroids) for 𝐾 ordered categories
�̃� = {𝑟1, 𝑟2, . . . , 𝑟𝑘} defined by the DM. Therefore, to avoid conflicts, we defined each category by a set of
reference profiles 𝑅* = {𝑟*1 , 𝑟*2} founded in [24]. For each alternative 𝑎𝑖 for all 𝑖 ∈ {1, 2, . . . , 𝑛} we defined the
set 𝑅*𝑖 = 𝑅* ∪ {𝑎𝑖} where 𝑎𝑖 is the action to be assigned.

The assignment of alternatives is deduced based on their relative position with respect to the reference
profiles, in terms of positive, negative and net flows. It depends on the comparison of the alternative with all
the reference profiles simultaneously [24]. The positive, negative and net flows are computed as follows:

𝜑+
𝑅*𝑖

(𝑥) =
1

|𝑅*𝑖 | − 1

∑︁
𝑦∈𝑅*𝑖

𝜋(𝑥, 𝑦), (2.1)

𝜑−𝑅*𝑖
(𝑥) =

1
|𝑅*𝑖 | − 1

∑︁
𝑦∈𝑅*𝑖

𝜋(𝑦, 𝑥), (2.2)

𝜑𝑅*𝑖
(𝑥) = 𝜑+

𝑅*𝑖
(𝑥)− 𝜑−𝑅*𝑖

(𝑥), (2.3)

where 𝜋(𝑥, 𝑦) =
∑︀

𝑤𝑗𝑃𝑗(𝑥, 𝑦) as in PROMETHEE [5], and |𝑅*𝑖 | is the number of elements included in the set
𝑅*𝑖 .

Indeed, there are three different assignment rules based on the positive, negative and net flows, which are
defined as follows:

𝐶𝜑+(𝑎𝑖) = 𝐶𝐾 if 𝜑+
𝑅*𝑖

(𝑟𝐾) > 𝜑+
𝑅*𝑖

(𝑎𝑖) ≥ 𝜑+
𝑅*𝑖

(𝑟𝐾+1) (2.4)

𝐶𝜑−(𝑎𝑖) = 𝐶𝑘 if 𝜑−𝑅*𝑖
(𝑟𝐾) ≤ 𝜑−𝑅*𝑖

(𝑎𝑖) < 𝜑−𝑅*𝑖
(𝑟𝐾+1) (2.5)

𝐶𝜑(𝑎𝑖) = 𝐶𝐾 if 𝜑𝑅*𝑖
(𝑟𝐾) > 𝜑𝑅*𝑖

(𝑎𝑖) ≥ 𝜑𝑅*𝑖
(𝑟𝐾+1). (2.6)

3. Intuitionistic Fuzzy Set theory

3.1. Definition

The Intuitionistic Fuzzy Set theory [4] is a generalization of the fuzzy set theory which consists in assigning
a membership and a non-membership degree to each element.

Let a set 𝑋 be fixed then, an intuitionistic fuzzy set (IFS) 𝐴 in 𝑋 can be defined as follows:

𝐴 =
{︀
⟨𝑥, 𝜇𝐴(𝑥), 𝜈𝐴(𝑥)⟩

⃒⃒
𝑥 ∈ 𝑋

}︀
, 𝜇𝐴(𝑥), 𝜈𝐴(𝑥) ∈ [0, 1], (3.1)

where 𝜇𝐴(𝑥) and 𝜈𝐴(𝑥) are defined respectively as the membership and the non-membership degrees of the
element 𝑥 ∈ 𝑋, 0 ≤ 𝜇𝐴(𝑥) + 𝜈𝐴(𝑥) ≤ 1.

The fuzzy set [23] is defined by 𝐴 =
{︀
⟨𝑥, 𝜇𝐴(𝑥)⟩

⃒⃒
𝑥 ∈ 𝑋

}︀
and can be defined as IFS by 𝐴 = {⟨𝑥, 𝜇𝐴(𝑥), 1 −

𝜇𝐴(𝑥)⟩
⃒⃒
𝑥 ∈ 𝑋}. For each IFS 𝐴 in 𝑋, the degree of hesitancy of 𝑥 to 𝐴 is 𝜋𝐴(𝑥) = 1 − 𝜇𝐴(𝑥) − 𝜈𝐴(𝑥). If

𝜋𝐴(𝑥) = 0 then 𝐴 is reduced to a fuzzy set.
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Table 1. Linguistic variable for the rating [14].

Very Poor (VP) ⟨0, 0, 1; 0, 0, 2⟩
Poor (P) ⟨0, 1, 3; 0, 1, 4⟩
Medium Poor (MP) ⟨1, 3, 5; 0.5, 3, 5.5⟩
Fair (F) ⟨3, 5, 7; 2, 5, 8⟩
Medium Good (MG) ⟨5, 7, 9; 4.5, 7, 9.5⟩
Good (G) ⟨7, 9, 10; 6, 9, 10⟩
Very Good (VG) ⟨9, 10, 10; 8, 10, 10⟩

Table 2. Linguistic variables for the importance weight of each criterion [14].

Very Low (VL) ⟨0, 0, 0.1; 0, 0, 0.2⟩
Low (L) ⟨0, 0.1, 0.3; 0, 0.1, 0.4⟩
Medium Low (ML) ⟨0.1, 0.3, 0.5; 0.05, 0.3, 0.5, 0.5⟩
Medium (M) ⟨0.3, 0.5, 0.7; 0.2, 0.5, 0.8⟩
Medium High (MH) ⟨0.5, 0.7, 0.9; 0.45, 0.7, 0.95⟩
High (H) ⟨0.7, 0.9, 1; 0.6, 0.9, 1⟩
Very High (VH) ⟨0.9, 1, 1; 0.8, 1, 1⟩

3.2. The Triangular Intuitionistic Fuzzy number (TIFN)

The IFS describes information when uncertainty is involved. Therefore, an ill-known quantity of information
may be expressed with an intuitionistic fuzzy number (IFN). Moreover, there are multiple functions that help
explain the intuitionistic fuzzy numbers, such as the trapezoidal [6], the triangular [19], the interval number [27],
etc. but the simplest one presents the membership and the non-membership function by the triangular fuzzy
numbers.

The TIFN [19] will be represented by the following two sets of triplets 𝐴(TIFN) = {(𝑎1, 𝑎2, 𝑎3); (𝑎′1, 𝑎2, 𝑎
′
3)}

where 𝑎2 is the mean value of the intuitionistic fuzzy numbers 𝜇𝐴 (𝑥) and 𝜈𝐴(𝑥), 𝑎1 and 𝑎3 which are respectively
the left and right boundaries of 𝜇𝐴 (𝑥) while, 𝑎′1 and 𝑎′3 are respectively the left and the right boundaries of
𝜈𝐴(𝑥), and 𝑎′1 ≤ 𝑎1 ≤ 𝑎2 ≤ 𝑎3 ≤ 𝑎′3. The membership and the non-membership functions of the TIFN are given
as follows:

𝜇𝐴(TIFN)(𝑥) =

⎧⎪⎨⎪⎩
𝑥−𝑎1
𝑎2−𝑎1

, for 𝑎1 ≤ 𝑥 ≤ 𝑎2

𝑎3−𝑥
𝑎3−𝑎2

, for 𝑎2 ≤ 𝑥 ≤ 𝑎3

0 otherwise

(3.2)

𝜈𝐴(TIFN)(𝑥) =

⎧⎪⎨⎪⎩
𝑎2−𝑥
𝑎2−𝑎′1

, for 𝑎′1 ≤ 𝑥 ≤ 𝑎2

𝑥−𝑎2
𝑎′3−𝑎2

, for 𝑎2 ≤ 𝑥 ≤ 𝑎′3

1 otherwise.

(3.3)

3.3. Converting linguistic terms into Triangular Intuitionistic Fuzzy numbers

In many situations of the real life, information cannot be evaluated exactly in numerical values but rather
in linguistic variables, which are words, sentences or natural language. On the other hand, the linguistic intu-
itionistic fuzzy number (LIFN), which is a special intuitionistic fuzzy number, can more easily describe the
vagueness existing in the real decision-making process [13]. For their part, Gautam et al. [13] expressed the
linguistic variables in positive triangular intuitionistic fuzzy numbers, as shown in Tables 1 and 2.
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3.4. Operations of Triangular Intuitionistic Fuzzy numbers

Mahapatra and Roy [22] introduced some arithmetic operations of TIFNs;
Let 𝐴(TIFN) = {(𝑎1, 𝑎2, 𝑎3); (𝑎′1, 𝑎2, 𝑎

′
3)} and 𝐵(TIFN) = {(𝑏1, 𝑏2, 𝑏3); (𝑏′1, 𝑏2, 𝑏

′
3)}. The operations on triangular

intuitionistic fuzzy numbers are the following:

𝐴(TIFN) + 𝐵(TIFN) = {(𝑎1 + 𝑏1, 𝑎2 + 𝑏2, 𝑎3 + 𝑏3); (𝑎′1 + 𝑏′1, 𝑎2 + 𝑏2, 𝑎
′
3 + 𝑏′3)}; (3.4)

𝐴(TIFN) −𝐵(TIFN) = {(𝑎1 − 𝑏3, 𝑎2 − 𝑏2, 𝑎3 − 𝑏1); (𝑎′1 − 𝑏′3, 𝑎2 − 𝑏2, 𝑎
′
3 − 𝑏′1)}; (3.5)

𝐴(TIFN) *𝐵(TIFN) = {(𝑎1 * 𝑏1, 𝑎2 * 𝑏2, 𝑎3 * 𝑏3); (𝑎′1 * 𝑏′1, 𝑎2 * 𝑏2, 𝑎
′
3 * 𝑏′3)}. (3.6)

Let 𝑘 be a scalar number:

If 𝑘 > 0 then 𝑘 *𝐴(TIFN) = {(𝑘 * 𝑎1, 𝑘 * 𝑎2, 𝑘 * 𝑎3); (𝑘 * 𝑎′1, 𝑘 * 𝑎2, 𝑘 * 𝑎′3)} (3.7)
If 𝑘 < 0 then 𝑘 *𝐴(TIFN) = {(𝑘 * 𝑎3, 𝑘 * 𝑎2, 𝑘 * 𝑎1); (𝑘 * 𝑎′3, 𝑘 * 𝑎2, 𝑘 * 𝑎′1)}. (3.8)

As for, Gani and Abbas [13], they defined the defuzzification of the triangular intuitionistic number to an
ordinal number as follows:

𝐴 =
(𝑎1 + 2𝑎2 + 𝑎3) + (𝑎′1 + 2𝑎2 + 𝑎′3)

8
· (3.9)

4. The Intuitionistic Fuzzy Set FlowSort method for multicriteria decision
making

This research aims to develop an IFS FlowSort method where an ill-known quantity is expressed in an
intuitionistic fuzzy number (IFN). In fact, this method consists in computing the TIFNs preference degree,
which is the deviation between alternatives and limiting profiles according to each criterion using the arithmetic
operations given above. After that, the TIFNs-preference degrees should be defuzzified to crisp values and then
integrated into the two last steps of the original FlowSort method.

As presented in Figure 1 the procedure of our proposed extension is the following:

Step 1. Creating an evaluation matrix. In this step, to solve the sorting MCDM problem, it is necessary to
describe:

𝐴 = {𝑎1, 𝑎2, . . . , 𝑎𝑛} a set of 𝑛 alternatives.
𝐺 = {𝑔1, 𝑔2, . . . , 𝑔𝑚} a set of 𝑚 criteria evaluated by 𝑊 = {𝑤1, 𝑤2, . . . , 𝑤𝑚} criteria weights.
𝐶 = {𝑐1, 𝑐2, . . . , 𝑐𝑘} a set of 𝑘 classes.
𝑋(𝑙) =

(︀
𝑥𝑖𝑗(𝑙)

)︀
𝑛*𝑚 is the TIFN performance rating for alternative 𝑎𝑖(𝑖 = 1, 2, . . . , 𝑛) on criterion 𝑐𝑗(𝑗 =

1, 2, . . . ,𝑚).
𝑥𝑖𝑗 =

{︀(︀
𝑥1

𝑖𝑗 , 𝑥
2
𝑖𝑗 , 𝑥

3
𝑖𝑗

)︀
;
(︀
𝑥′1𝑖𝑗 , 𝑥

2
𝑖𝑗 , 𝑥

′3
𝑖𝑗

)︀}︀
, 𝑖 = 1, 2, . . . , 𝑛, 𝑗 = 1, 2, . . . ,𝑚

where 𝑥2
𝑖𝑗 is the mean value of the intuitionistic fuzzy numbers 𝜇(𝑥𝑖𝑗) and while 𝜈(𝑥𝑖𝑗), 𝑥1

𝑖𝑗 and 𝑥3
𝑖𝑗 are

respectively the left and the right boundaries of 𝜇(𝑥𝑖𝑗) then, 𝑥′1𝑖𝑗 and 𝑥′3𝑖𝑗 are respectively the left and the
right boundaries of 𝜈(𝑥𝑖𝑗), and 𝑥′1𝑖𝑗 ≤ 𝑥1

𝑖𝑗 ≤ 𝑥2
𝑖𝑗 ≤ 𝑥′3𝑖𝑗 ≤ 𝑥3

𝑖𝑗 .
On the other hand, the parameter values, such as the criteria weights, the DM weights and the preference
and the indifference degrees are assumed to be crisp numbers.

Step 2. Determine the set of ordered categories 𝐶1 ◁ 𝐶2 ◁ . . . ◁ 𝐶𝑘, where 𝐶ℎ ◁ 𝐶𝑙 with ℎ < 𝑙 denoting that
category 𝐶ℎ is preferred to category 𝐶𝑙. Moreover, each category is defined by one central profile or two
limiting profiles.
Let 𝑅 = {𝑟1, 𝑟2, . . . , 𝑟𝑘+1} be the set of limiting profiles, where 𝑟ℎ and 𝑟ℎ+1 is the upper and the lower of 𝐶ℎ.
There are 𝐾 central profiles (centroids) for 𝐾 ordered categories �̃� = {𝑟1, 𝑟2, . . . , 𝑟𝑘} defined by the DM.
However, when there is no distinction between a set of limiting profiles and the set of centroid, there are
reference profiles 𝑅* = {𝑟*1 , 𝑟*2 , . . .}. Let us define the set 𝑅*𝑖 = 𝑅*∪{𝑎𝑖} where 𝑎𝑖 is the action to be assigned.
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Figure 1. The IF-FlowSort procedure.

Step 3. Calculating the preference degree 𝜋(𝐴, 𝐵) of each alternative 𝐴 over an alternative 𝐵 using the arith-
metic operation of the triangular intuitionistic fuzzy numbers for all alternatives 𝐴, 𝐵 of 𝑅*𝑖 .

𝜋(𝐴, 𝐵) =
∑︁

𝑤𝑗 * 𝑃𝑗(𝐴, 𝐵) (4.1)

𝜋(𝐴, 𝐵) =
∑︁

𝑤𝑗 * 𝑃𝑗(𝑓𝑗(𝐴)− 𝑓𝑗(𝐵)) (4.2)

where 𝑓𝑗(𝐴) = (𝑎1, 𝑎2, 𝑎3; 𝑎′1, 𝑎2, 𝑎
′
3)1 and 𝑓𝑗(𝐵) = (𝑏1, 𝑏2, 𝑏3; 𝑏′1, 𝑏2, 𝑏

′
3)1are two types of triangular intuition-

istic fuzzy numbers and 𝑤𝑗 is a scale number.

𝜋(𝐴, 𝐵) =
∑︁

𝑤𝑗 * 𝑃𝑗(𝛼1, 𝛼2, 𝛼3; 𝛼′1, 𝛼2, 𝛼
′
3) (4.3)

where:

𝛼1 = 𝑎1 − 𝑏3, 𝛼2 = 𝑎2 − 𝑏2, 𝛼3 = 𝑎3 − 𝑏1, 𝛼′1 = 𝑎′1 − 𝑏′3, 𝛼′3 = 𝑎′3 − 𝑏′1

𝜋(𝐴, 𝐵) =
∑︁

𝑤𝑗 *
(︁
𝛼

𝑃𝑗

1 , 𝛼
𝑃𝑗

2 , 𝛼
𝑃𝑗

3 ; 𝛼′𝑃𝑗

1 , 𝛼
𝑃𝑗

2 , 𝛼
′𝑃𝑗

3

)︁
(4.4)

=
∑︁(︁

𝑤𝑗𝛼
𝑃𝑗

1 , 𝑤𝑗𝛼
𝑃𝑗

2 , 𝑤𝑗𝛼
𝑃𝑗

3 ; 𝑤𝑗𝛼
′𝑃𝑗

1 , 𝑤𝑗𝛼
𝑃𝑗

2 , 𝑤𝑗𝛼
′𝑃𝑗

3

)︁
(4.5)

=
(︁∑︁

𝑤𝑗𝛼
𝑃𝑗

1 ,
∑︁

𝑤𝑗𝛼
𝑃𝑗

2 ,
∑︁

𝑤𝑗𝛼
𝑃𝑗

3 ;
∑︁

𝑤𝑗𝛼
′𝑃𝑗

1 ,
∑︁

𝑤𝑗𝛼
𝑃𝑗

2 ,
∑︁

𝑤𝑗𝛼
′𝑃𝑗

3

)︁
. (4.6)

Step 4. Each preference degree 𝜋(𝐴, 𝐵) should be defuzzified to transform the intuitionistic fuzzy number into
a real number. Therefore, we suggest using Abbas and Gani’s [13] operator given in (3.6) since it can be
easily employed by users, as it makes them use the IFS-FlowSort method more simple.

𝜋𝑑(𝐴, 𝐵) =

(︁∑︀
𝑤𝑗𝛼

𝑃𝑗

1 + 2 *
∑︀

𝑤𝑗𝛼
𝑃𝑗

2 +
∑︀

𝑤𝑗𝛼
𝑃𝑗

3

)︁
+

(︁∑︀
𝑤𝑗𝛼

′𝑃𝑗

1 + 2 *
∑︀

𝑤𝑗𝛼
𝑃𝑗

2 +
∑︀

𝑤𝑗𝛼
′𝑃𝑗

3

)︁
8

· (4.7)
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Table 3. IFS-FlowSort decision matrix.

𝑐1 𝑐2 𝑐3 𝑐4 𝑐5

𝐴1 ⟨5.7, 7.7, 9.3; 5, 7.7, 9.7⟩ ⟨5, 7, 8.7; 4.2, 7, 9.2⟩ ⟨5.7, 7.7, 9; 4.7, 7.7, 9.3⟩ ⟨8.3, 9.7, 10; 7.3, 9.7, 10⟩ ⟨3, 5, 7; 2, 5, 8⟩
𝐴2 ⟨3.7, 6, 7.7; 3, 6, 7.8⟩ ⟨4, 5, 5; 3.7, 5, 5.3⟩ ⟨4, 5, 5; 3.7, 5, 5.3⟩ ⟨2.7, 4, 5; 2.3, 4, 5.3⟩ ⟨2.7, 3, 4; 2.3, 3, 4.3⟩
𝐴3 ⟨2.7, 4, 5; 2.3, 4, 5.3⟩ ⟨2.7, 3, 4; 2.3, 3, 4.7⟩ ⟨3.7, 4, 5.3; 3.3, 4, 5.7⟩ ⟨2.7, 3, 4; 2.3, 3, 4.3⟩ ⟨4.5, 5, 5.5; 4, 5, 5.5⟩
𝐴4 ⟨6.3, 8.3, 9.7; 5.5, 8.3, 9.8⟩ ⟨9, 10, 10; 8, 10, 10⟩ ⟨8.3, 9.7, 10; 7.3, 9.7, 10⟩ ⟨9, 10, 10; 8, 10, 10⟩ ⟨7, 8.7, 9.7; 6.2, 8.7, 9.8⟩
𝐴5 ⟨6.3, 8, 9; 5.3, 8, 9.3⟩ ⟨7, 8.7, 9.7; 6.2, 8.7, 9.8⟩ ⟨7, 8.7, 9.7; 6.2, 8.7, 9.8⟩ ⟨7, 8.7, 9.7; 6.2, 8.7, 9.8⟩ ⟨6.3, 8.3, 9.7; 5.5, 8.3, 9.8⟩

Table 4. The category boundaries.

𝑔1 𝑔2 𝑔3 𝑔4 𝑔5

IR1 10 10 10 10 10
IR2 6 6 6 6 6
IR3 4 4 4 4 4
IR4 0 0 0 0 0

Step 5. The positive, negative and the net flows of each alternative 𝐴 of 𝑅*𝑖 are computed according to the
defuzzified outranking degree 𝜋𝑑(𝐴, 𝐵):

𝜑+
𝑅*𝑖

(𝐴) =
1

|𝑅*𝑖 | − 1

∑︁
𝐵∈𝑅*𝑖

𝜋𝑑(𝐴, 𝐵) (4.8)

𝜑−𝑅*𝑖
(𝐴) =

1
|𝑅*𝑖 | − 1

∑︁
𝐵∈𝑅*𝑖

𝜋𝑑(𝐵, 𝐴) (4.9)

𝜑𝑅*𝑖
(𝐴) = 𝜑+

𝑅*𝑖
(𝐴)− 𝜑−𝑅*𝑖

(𝐴). (4.10)

Step 6. As with the FlowSort method, three different assignment rules based on the positive, negative and net
flows are defined as follows:

𝐶𝜑+(𝑎𝑖) = 𝐶𝐾 if 𝜑+
𝑅*𝑖

(𝑟𝐾) > 𝜑+
𝑅*𝑖

(𝑎𝑖) ≥ 𝜑+
𝑅*𝑖

(𝑟𝐾+1) (4.11)

𝐶𝜑−(𝑎𝑖) = 𝐶𝑘 if 𝜑−𝑅*𝑖
(𝑟𝐾) ≤ 𝜑−𝑅*𝑖

(𝑎𝑖) < 𝜑−𝑅*𝑖
(𝑟𝐾+1) (4.12)

𝐶𝜑(𝑎𝑖) = 𝐶𝐾 if 𝜑𝑅*𝑖
(𝑟𝐾) > 𝜑𝑅*𝑖

(𝑎𝑖) ≥ 𝜑𝑅*𝑖
(𝑟𝐾+1). (4.13)

5. Numerical example

The criteria weights used in the IFS-TOPSIS are given as triangular intuitionistic fuzzy values. In our proposed
method, because of the need to use the weight as a crisp number, we defuzzify and normalize the TIFN given
in [13] in order to obtain the set {𝑤1 = 0.17, 𝑤2 = 0.23, 𝑤3 = 0.19, 𝑤4 = 0.23, 𝑤5 = 0.15}. We suppose that the
indifference threshold 𝑞𝑗 = 0 and the preference threshold 𝑝𝑗 = 6 ∀𝑗 = 1, . . . , 5 where each criterion has four
category boundaries IR1, IR2, IR3 and IR4 (see Tab. 2).

We then compute the deviation of each pair of alternatives according to each criterion using the arithmetic
IFS operations to obtain the intuitionistic fuzzy preference degrees given in Table 3 (see Tab. 5).

In the third step of the procedure, we apply the IFS-FlowSort, method, which consists in defuzzifying the
IF-preference degrees to crisp numbers (see Tab. 6). In fact, the obtained results are shown in Tables 4.

We calculated the positive, negative and net flows values of each alternative 𝐴 of 𝑅*𝑖 as given in the fourth step
(see Tabs. 7 and 8). In fact, such in the original FlowSort method; 𝜑+

𝑅𝑖
(𝐴𝑖) =

∑︀
𝐵∈𝑅*𝑖

𝜋𝑑(𝐴𝑖, IR𝑗), 𝜑−𝑅𝑖
(𝐴𝑖) =∑︀

𝐵∈𝑅*𝑖
𝜋𝑑(IR𝑗 , 𝐴𝑖), 𝜑𝑅𝑖(𝐴) = 𝜑+

𝑅𝑖
(𝐴𝑖) − 𝜑−𝑅𝑖

(𝐴𝑖), 𝑖 = 1, 2, 𝑛 = 5, 𝑗 = 1, 𝑘 = 4. Then, by comparing the results
given in column 𝐴𝑖 to the ones given in IR𝑗 columns, we concluded that alternatives 𝐴1, 𝐴4 and 𝐴5 are
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Table 5. The intuitionistic fuzzy preference degrees.

𝑑𝜋 IR1 IR2 IR3 IR4

(𝐴1 − 𝐼𝑟𝑖) ⟨0, 0, 0; 0, 0, 0⟩ ⟨0.09, 0.3, 0.47; 0.05, 0.3, 0.56⟩ ⟨0.3, 0.6, 0.8; 0.2, 0.6, 0.88⟩ ⟨0.84, 0.9, 1; 0.75, 0.9, 1⟩
(𝐼𝑟𝑖 − 𝐴1) ⟨0.18, 0.4, 0.66; 0.09, 0.4, 0.76⟩ ⟨0, 0.02, 0.13; 0, 0.02, 0.22⟩ ⟨0, 0, 0.02; 0, 0, 0.05⟩ ⟨0, 0, 0; 0, 0, 0⟩
(𝐴2 − 𝐼𝑟𝑖) ⟨0, 0, 0; 0, 0, 0⟩ ⟨0, 0, 0.05; 0, 0, 0.05⟩ ⟨0, 0.13, 0.2; 0, 0.13, 0.26⟩ ⟨0.6, 0.7, 0.8; 0.5, 0.7, 0.85⟩
(𝐼𝑟𝑖 − 𝐴2) ⟨0.76, 0.8, 0.97; 0.71, 0.8, 0.97⟩ ⟨0.16, 0.22, 0.4; 0.12, 0.22, 0.48⟩ ⟨0, 0.02, 0.09; 0, 0.02, 0.16⟩ ⟨0, 0, 0; 0, 0, 0⟩
(𝐴3 − 𝐼𝑟𝑖) ⟨0, 0, 0; 0, 0, 0⟩ ⟨0, 0, 0; 0, 0, 0⟩ ⟨0.01, 0.02, 0.1; 0, 0.02, 0.17⟩ ⟨0.5, 0.6, 0.75; 0.4, 0.6, 0.8⟩
(𝐼𝑟𝑖 − 𝐴3) ⟨0.86, 0.9, 0.95; 0.8, 0.9, 0.97⟩ ⟨0.22, 0.37, 0.46; 0.16, 0.37, 0.5⟩ ⟨0, 0.08, 0.15; 0, 0.08, 0.2⟩ ⟨0, 0, 0; 0, 0, 0⟩
(𝐴4 − 𝐼𝑟𝑖) ⟨0, 0, 0; 0, 0, 0⟩ ⟨0.34, 0.55, 0.63; 0.2, 0.55, 0.63⟩ ⟨0.66, 0.9, 0.95; 0.5, 0.9, 0.96⟩ ⟨1, 1, 1; 0.95, 1, 1⟩
(𝐼𝑟𝑖 − 𝐴4) ⟨0.02, 0.09, 0.3; 0.01, 0.09, 0.46⟩ ⟨0, 0, 0; 0, 0, 0⟩ ⟨0, 0, 0; 0, 0, 0⟩ ⟨0, 0, 0; 0, 0, 0⟩
(𝐴5 − 𝐼𝑟𝑖) ⟨0, 0, 0; 0, 0, 0⟩ ⟨0.12, 0.4, 0.58; 0.02, 0.4, 0.6⟩ ⟨0.4, 0.7, 0.9; 0.3, 0.7, 0.92⟩ ⟨1, 1, 1; 0.93, 1, 1⟩
(𝐼𝑟𝑖 − 𝐴5) ⟨0.06, 0.2, 0.42; 0.04, 0.2, 0.54⟩ ⟨0, 0, 0; 0, 0, 0⟩ ⟨0, 0, 0; 0, 0, 0⟩ ⟨0, 0, 0; 0, 0, 0⟩

Table 6. The defuzzified preference degrees.

d𝜋 IR1 IR2 IR3 IR4

(𝐴1 − 𝐼𝑟𝑖)
(𝐼𝑟𝑖 −𝐴1)

0
0.4

0.29
0,05

0.56
0.009

0.91
0

(𝐴2 − 𝐼𝑟𝑖)
(𝐼𝑟𝑖 −𝐴2)

0
0.84

0.01
0.26

0.12
0.04

0.71
0

(𝐴3 − 𝐼𝑟𝑖)
(𝐼𝑟𝑖 −𝐴3)

0
0.92

0
0.36

0.05
0.08

0.6
0

(𝐴4 − 𝐼𝑟𝑖)
(𝐼𝑟𝑖 −𝐴4)

0
0.14

0.5
0.002

0.8
0

0.97
0

(𝐴5 − 𝐼𝑟𝑖)
(𝐼𝑟𝑖 −𝐴5)

0
0.23

0.37
0.004

0.69
0

0.965
0

assigned to the first category so that they will be the candidates to be selected. For instance, candidate 𝐴2

which is assigned to the second category will be discussed and while candidate 𝐴3, which is assigned to the
third category will be rejected.

In order to compare our results, we used the same input data and we applied it in the FlowSort, the F-
FlowSort, the TOPSIS [15] and the IFS-TOPSIS [14] methods. As can be seen in Table 9, assignments are closely
similar except for the second alternative. In fact, when using the F-FlowSort by considering the assignment
based on the positive flows, the 2nd candidate will be assigned to the third category. However, when using
the F-FlowSort method by considering the assignment based on the negative and net flows the 2nd candidate
will be assigned to the second category. Therefore, alternative 2 can be unambiguously assigned to category
2. Consequently, the IFS-FlowSort can successfully correct this ambiguous assignment by using the perfect
information given by the IFS values and assign it to the second category when considering the assignment based
on the three flows. In addition, we found identical results when applying the FlowSort method.

Moreover, a relationship can be observed when the results are obtained using the ranking methods. In fact,
the results given by using the PROMETHEE [5], the TOPSIS [15] and the IFS-TOPSIS [14] methods and by
our IFS-FlowSort method are almost the same. As it can be seen in Figure 2, if we can group alternatives in
three ordered categories to the best from the worst; the 1st, 4th and 5th alternatives remain the most preferred
therefore, they can logically be assigned to the first category. On the other hand, the 2nd alternative can be
moderately preferred while the 3th alternative is always the worst one. Therefore, this observation cannot be
generalized since many studies are wanted in this area.

6. Conclusion

The FlowSort method treats the MCDM ordinal classification problem by classifying the inventory items
into ordered categories using the limiting and the centroid profiles based on exact values. In fact, this simple is



EXTENSION OF THE FLOWSORT METHOD BASED ON IFS THEORY TO SOLVE MDM PROBLEMS 1499

Table 7. The positive, negative and the net flow values.

IR1 IR2 IR3 IR4 𝐴𝑖

𝑅1

𝜑+
𝑅1

2.5 1.6 1.24 0.9 1.76

𝜑−𝑅1
0.4 0.65 1.30 2.62 0.47

𝜑𝑅1 2.09 0.96 −0.06 −1.7 1.29

𝑅2

𝜑+
𝑅2

2.5 1.33 0.8 0.7 0.85

𝜑−𝑅2
0.85 0.85 1.34 2.62 1.15

𝜑𝑅2 1.65 0.49 −0.5 −1.9 −0.3

𝑅3

𝜑+
𝑅3

2.5 1.32 0.7 0.61 0.66

𝜑−𝑅3
0.92 0.95 1.35 2.62 1.36

𝜑𝑅3 1.58 0.38 −0.65 −2 −0.7

𝑅4

𝜑+
𝑅4

2.5 1.83 1.5 0.97 2.3

𝜑−𝑅4
0.15 0.59 1.29 2.6 0.15

𝜑𝑅4 2.36 1.23 0.2 −1.65 2.150

𝑅5

𝜑+
𝑅5

2.5 1.69 1.36 0.97 2.02

𝜑−𝑅5
0.23 0.59 1.29 2.615 0.24

𝜑𝑅5 2.27 1.097 0.07 −1.65 1.79

Table 8. The assignments of alternatives.

Scenarios 𝐾positive flows 𝐾negative flows 𝐾net flows

𝐴1 𝐾1 𝐾1 𝐾1

𝐴2 𝐾2 𝐾2 𝐾2

𝐴3 𝐾3 𝐾3 𝐾3

𝐴4 𝐾1 𝐾1 𝐾1

𝐴5 𝐾1 𝐾1 𝐾1

Table 9. Comparison of the IFS-FlowSort with other ranking and sorting method.

Ranking Sorting

Scenarios F-TOPSIS IFS-TOPSIS PROMETHEE
FlowSort F-FlowSort IFS-FlowSort

𝐾𝜑+ 𝐾𝜑− 𝐾𝛷 𝐾𝜑+ 𝐾𝜑− 𝐾𝛷 𝐾𝜑+ 𝐾𝜑− 𝐾𝛷

𝐴1 1 2 3 𝐾1 𝐾1 𝐾1 𝐾1 𝐾1 𝐾1 𝐾1 𝐾1 𝐾1

𝐴2 4 4 4 𝐾2 𝐾2 𝐾2 𝐾3 𝐾2 𝐾2 𝐾2 𝐾2 𝐾2

𝐴3 5 5 5 𝐾3 𝐾3 𝐾3 𝐾3 𝐾3 𝐾3 𝐾3 𝐾3 𝐾3

𝐴4 3 3 1 𝐾1 𝐾1 𝐾1 𝐾1 𝐾1 𝐾1 𝐾1 𝐾1 𝐾1

𝐴5 2 1 2 𝐾1 𝐾1 𝐾1 𝐾1 𝐾1 𝐾1 𝐾1 𝐾1 𝐾1

practical and requires less rigid inputs from the decision makers. The DM who is familiar with PROMETHEE
methods can easily understand the FlowSort. It solves the drawbacks of the other extensions of the
PROMETHEE method (PROMSORT, PROMETHEE TRI) and treats the sorting problematic for indepen-
dent assignments and completely ordered categories [19]. However, it is hard for the decision makers to precisely
express their preferences. Therefore, motivated by the fact that the fuzzy scientific community has been attend-
ing with great interest the recent dispute about Atanassov Intuitionistic Fuzzy Sets [10], we propose to develop
an IFS-FlowSort method based on the intuitionistic fuzzy set numbers to describe the imprecise evaluations.
Furthermore, because of the simplicity and easiness of the triangular fuzzy numbers, we suggest using them
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Figure 2. Comparison of the IFS-FlowSort with ranking methods.

to describe the ill-known quantity. In our proposed method, the parameter values, such as the weights or the
thresholds are assumed to be crisp numbers so that they can reduce the imprecision. To illustrate this extension,
a practical example is treated and validated by comparing it to the two sorting methods, the FlowSort [24] and
the F-FlowSort [6] and with the ranking methods F-TOPSIS [23], IF-TOPSIS [14] and PROMETHEE [5]. As
a result, all the alternatives, excepting one, are assigned to the same category. Thus, we can conclude that our
extension seems to be coherent in a sorting context and in the uncertainty logic. Such as the FlowSort method
it is Simple to process easy to use the use of IFS-theory makes it more abundant and flexible to express and to
describe information than other extensions of fuzzy set theory when uncertain information is involved.
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[9] B.E. Costa and A. Carlos, Les problématiques de l’aide à la d′décision: vers l’enrichissement de la trilogie choix-tri-rangement.
RAIRO-Oper. Res. 30 (1996) 191–216.

[10] D. Dubois and H. Prade, The legacy of 50 years of fuzzy sets: a discussion. Fuzzy Sets Syst. 281 (2015) 21–31.

[11] E. Fernandez and J. Avarro, A new approach to multi-criteria sorting based on fuzzy outranking relations: the THESEUS
method. Eur. J. Oper. Res. 213 (2011) 405–413.



EXTENSION OF THE FLOWSORT METHOD BASED ON IFS THEORY TO SOLVE MDM PROBLEMS 1501

[12] J. Figueira, Y. de Smet and J.P. Brans, MCDA methods for sorting and clustering problems: Promethee TRI and Promethee
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