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Abstract
With the rapid growth of population, the global impact of solar technology is increasing by

the day due to its advantages over other power production technologies. Demand for solar

panel systems is soaring, thus provoking the arrival of many new manufacturers. Sale

dealers or suppliers face an uncertain problem to choose the most adequate technological

solution. To effectively address such kind of issues, in this paper we propose the Fermatean

fuzzy soft expert set model by combining Fermatean fuzzy sets and soft expert sets. We

describe this hybrid model with numerical examples. From a theoretical standpoint, we

demonstrate some essential properties and define operations for this setting. They comprise

the definitions of complement, union and intersection, the OR operation and the AND

operation. Concerning practice in this new environment, we provide an algorithm for

multi-criteria group decision making whose productiveness and authenticity is dutifully

tested. We explore a practical application of this approach (that is, the selection of a

suitable brand of solar panel system). Lastly, we give a comparison of our model with

certain related mathematical tools, including fuzzy and intuitionistic fuzzy soft expert set

models.
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1 Introduction

Till date, action-oriented research has produced many competing models for the repre-

sentation of imprecisely defined situations, which mean uncertain situations such as those

associated with a shortage of compact and accurate knowledge. These models include

probability theory, fuzzy sets (Zadeh 1965), rough sets (Pawlak 1982) or soft sets

(Molodtsov 1999). Here we focus on the track of thought initiated by fuzzy set theory

which has proven its influence in many areas (Alcantud and Calle 2017; Alcantud et al.

2018; Kahraman and Kaya 2010). A fuzzy set only embodies a membership part, thus it

was soon realized that this could make the applied studies overlook important facts

regarding the non-membership scores of the alternatives under consideration. Bearing in

mind this setback, Atanassov (1986) proposed the intuitionistic fuzzy model. It is a fairly

natural generalization of fuzzy set (FS) theory: in an intuitionistic fuzzy set (IFS), all the

objects of the universe are characterized by both their membership and non-membership

degrees, and their sum is always bounded by 1. However if the experts submit estimates

whose sum is greater than one in at least one case, then decision-making based on IFSs will

no longer be of use. Therefore to remove this deficiency, a yet more general concept was

developed by Yager (2013), namely, the Pythagorean fuzzy set (PFS). The PFS model has

soon gained much attention from many experts and researchers. For instance, Yager and

Abbasov (2013) discussed about connections between the Pythagorean membership grades

(PMGs) and complex numbers. Concerning applications, Peng et al. (2020) designed a

Pythagorean fuzzy multi-criteria decision method for fifth generation (5G) wireless

industry evaluation. Peng and Selvachandran (2019) is a good survey of the state of the art

of the research about PFSs. But also from a theoretical standpoint, this model raised a

debate as to how far one can go to represent data within a similar framework. In this

direction, Senapati and Yager (2020) put forward the notion of Fermatean fuzzy sets

(FFSs) as a further extension of the IFSs and PFSs. In a FFS, the cubic sum of membership

and non-membership values of an object are bounded by 1. Numerous investigations have

originated with FFSs. For instance, Liu et al. (2019a) developed the notion of Fermatean

fuzzy linguistic term set. Senapati and Yager (2019) discussed some new operations over

Fermatean fuzzy numbers. Decision-making analysis based on Fermatean fuzzy Yager

aggregation operators (with an application in coronavirus disease 2019 (COVID-19)

testing facilities) was studied by Garg et al. (2020). Yang et al. (2020) discussed the

differential calculus of Fermatean fuzzy functions. Shahzadi and Akram (2021) developed

a novel decision-making concept to select an antivirus mask under Fermatean fuzzy soft

information. Additionally, Akram et al. (2020) proposed a novel decision-making frame-

work for the selection of an effective sanitizer to reduce COVID-19 under a Fermatean

fuzzy environment. Liu et al. (2019b) proposed the concept of distance measure for Fer-

matean fuzzy linguistic term sets based on linguistic scale function. This is illustrated by

their use in the development of TODIM (TOmada de Decisão Interativa e Multicritério/

Interactive Multicriteria Decision-Making) and TOPSIS (Technique for Order of Prefer-

ence by Similarity to Ideal Solution) methods. Other more general models like spherical or

T-spherical fuzzy sets extend the scope of applicability of the TOPSIS method even further

(Munir et al. 2021).

Another source of inspiration for our approach is soft set theory (Molodtsov 1999), that

originally addresses situations without a numerical component. Objects are fully portrayed

by a compound of attributes and each of them gives an approximate partial description.

With this feature, it is drastically different from fuzzy (or intuitionistic, Pythagorean,
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Fermatean, ...) specifications. After the production of soft sets, many researchers and

experts were actively engaged in developing the abilities of this theory. For example, Ali

et al. (2009) soon presented additional properties of soft sets. In addition, Maji et al.

(2002) were the first who discussed decision-making algorithm based on soft sets. Then

other authors proved its significance in different areas, (v., Feng et al. 2010; Feng and Li

2013; Santos-Buitrago et al. 2019). Although soft and fuzzy theories are different, a hybrid

tool can be generated by their combination as shown by Maji et al. (2001) who proposed

the applicable concept of fuzzy soft set. In fact hybridization techniques are commonly

used to acquire increasingly general knowledge and solve new real-world situations (Al-

cantud et al. 2017; Garg and Arora 2021; Xiao et al. 2009; Ali and Ansari 2021; Zhu et al.

2012; Zhu and Xu 2014). In relation with the subject of our study, Salsabeela and John

(2021) presented a TOPSIS method for the hybrid model called Fermatean fuzzy soft set.

A different line of improvement came from Alkhazaleh and Salleh (2011) who intro-

duced the concept of soft expert sets (SESs). They have an edge on the previous models,

namely, their inbuilt ability to incorporate multi-expert opinions. These authors studied a

decision-making application of SESs. Afterwards, Alkhazaleh and Salleh (2014) developed

a hybrid structure called fuzzy SESs. With the production of SESs, several researchers

have presented many new hybrid models (Adam and Hassan 2016; Al-Qudah and Hassan

2017; Qayyum et al. 2016; Mishra et al. 2021; Keshavarz-Ghorabaee et al. 2020; Aydemir

and Gunduz 2020). For a quick overview of the merits and disadvantages of major existing

decision-making methods that have an important role in this study, the readers are referred

to Table 1.

Motivated by these facts, in this article we develop a novel hybrid structure, namely, the

Fermatean fuzzy SES model that combines FFSs and SESs. We describe it with the help of

numerical examples. Furthermore, we demonstrate some of its essential properties and we

set forth set-theoretical operations comprising complement, union and intersection, plus

the OR and AND logical operations. With this background we explore a practical appli-

cation of the suggested approach in MCGDM (that is, the selection of the brand of a solar

panel system for purchase). An algorithm stated in the context of the proposed model

guarantees its proficiency and authenticity. In this paper, we also provide a comparison of

our model with related mathematical tools.

To summarize, some factors motivating this article are as follows:

1. The FFS model has become a useful and remarkable generalized version of

intuitionistic and Pythagorean fuzzy sets, because these existing models rule out

situations where the cubic sum of membership and non-membership parts exceeds 1 at

some instance.

2. The selection of a best object from a set alternatives in a MCGDM environment is

hampered when vague data are forced to adopt the limited form of intuitionistic fuzzy

and Pythagorean fuzzy numbers. The aforementioned situations would produce a

mutilation of data. A more generalized hybrid model is required in order to ensure

telling solutions in such critical situations.

3. FFSESs yield more accurate and precise results when used to cope practical MCGDM

problems involving Fermatean fuzzy information as they are an efficient extension of

Fermatean fuzzy soft sets regarding experts.

4. The major limitations of the existing intuitionistic and Pythagorean fuzzy hybrid

models are two: the restriction of data evaluations to only one expert, and the fact that

they cannot deal with data containing Fermatean fuzzy numbers.

The main contributions of this research article are as follows:
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1. Soft expert set theory is extended to FFSESs. A detailed discussion analyzes the

important properties and preeminent features of the FFSES model.

2. We think out two more efficient algorithms that act in a Fermatean fuzzy environment

to deal with practical MCGDM problems. To check its validity, it is applied to a daily

life application, namely, the selection of an appropriate solar panel.

3. The accuracy and efficiency of this model is verified with the aid of a comparative

analysis with some existing models.

The rest of this article is structured as follows. Section 2 reviews some basic notions,

including Fermatean fuzzy sets. Section 3 proposes a new hybrid model called FFSESs, a

Fermatean fuzzy extension of SES model, and studies some fundamental properties and

operations which are: Fermatean fuzzy soft expert subset, agree-FFSES, disagree-FFSES,

equal FFSES, null FFSES, absolute FFSES, AND operation and OR operation. Section 4

Table 1 Summary of existing models and decision-making approaches

Researcher(s) Mathematical
Model

Advantages Limitations MCGDM

Atanassov
(1986)

Intuitionistic
fuzzy sets or
IFSs

It deals with belongingness
and non-belongingness
functions

It cannot deal with
belongingness and non-
belongingness degrees
whose sum is above 1

No

Yager (2013) Pythagorean
fuzzy sets or
PFSs

It increases the space of
belongingness and non-
belongingness evaluations

It cannot deal with
belongingness and non-
belongingness degrees
whose sum of squares is
above 1

No

Senapati and
Yager (2020)

Fermatean
fuzzy sets or
FFSs

It provides more flexibility to
the belongingness and non-
belongingness evaluations
as compared to IFSs and
PFSs

It cannot deal with
belongingness and non-
belongingness degrees
whose sum of cubes is
above 1

No

Aydemir and
Gunduz
(2020)

Fermatean
fuzzy
TOPSIS
method

It can deal with Fermatean
fuzzy information with
TOPSIS method

Its limitations are similar to
FFSs

No

Molodtsov
(1999)

Soft sets It has ability to describe data
by multiple attributes

It cannot deal with fuzzy
information and multiple
experts opinions

No

Alkhazaleh and
Salleh (2011)

Soft expert
sets

It can capture the evaluations
of multiple experts

It cannot deal with fuzzy
evaluations

Yes

Alkhazaleh and
Salleh (2014)

Fuzzy soft
expert sets

It can tackle evaluations of
multiple experts in fuzzy
environment

It only considers the
membership function

Yes

Akram et al.
(2021)

m-Polar fuzzy
soft expert
sets

It has ability to deal with
multiple experts opinions
under m-polar fuzzy
information

It cannot consider non-
membership function

Yes

Broumi and
Smarandache
(2015)

Intuitionistic
fuzzy soft
expert sets

It can deal with multiple
experts opinions in an
intuitionistic fuzzy
environment

Its limitations are similar to
IFSs

Yes
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describes an application of our proposed MCGDM method, that is, the selection of an

appropriate solar technology brand. For that purpose this section provides two algorithms

based on FFSESs. Section 5 performs a comparison of the developed model with some

existing methods. Section 6 presents the concluding remarks and discusses future research

directions.

2 Preliminaries

In this section, we first review some basic notions, including Fermatean fuzzy sets (FFSs),

score function and accuracy function of FFSs, and soft expert sets (SESs). For other

terminologies not discussed in our article, the readers can consult related references (Ali

et al. 2019; Bashir and Salleh 2012; Broumi and Smarandache 2015; Ali and Akram 2020;

Feng et al. 2020; Zhu and Xu 2018; Feng et al. 2021).

Definition 1 (Senapati and Yager 2020) Let P be a universal set. Then a Fermatean fuzzy

set is defined by

A ¼ f\p; lðpÞ; mðpÞ[ : p 2 Pg

where the functions l; m : P ! ½0; 1� define respectively the degrees of membership and

non-membership of the object p 2 P to the set A, subject to the following condition for all

p 2 P:

0�ðlðpÞÞ3 þ ðmðpÞÞ3 � 1:

We denote the collection of all FFSs over P by FFS(P).

The next two definitions allow us to compare FFNs:

Definition 2 (Senapati and Yager 2020) Let F ¼ ðlðpÞ; mðpÞÞ be a FFN over a universe P.

The score function of F is defined as

sðFÞ ¼
�
lðpÞ

�3 �
�
mðpÞ

�3
; ð1Þ

for all p 2 P.

Definition 3 (Senapati and Yager 2020) Let F ¼ ðlðpÞ; mðpÞÞ be a FFN over a universe P.

The accuracy function of F is defined as

hðFÞ ¼
�
lðpÞ

�3 þ
�
mðpÞ

�3
; ð2Þ

for all p 2 P. Clearly, sðFÞ; hðFÞ 2 ½0; 1�:

Definition 4 (Senapati and Yager 2020) Let F1 ¼ ðl1ðpÞ; m1ðpÞÞ and F2 ¼ ðl2ðpÞ; m2ðpÞÞ
be any two FFNs over a universe P, sðF1Þ and sðF2Þ be their score functions, and hðF1Þ
and hðF2Þ be their accuracy functions, then

1. if sðF1Þ[ sðF2Þ then F1 [F2,

2. if sðF1Þ ¼ sðF2Þ and
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• if hðF1Þ[ hðF2Þ then F1 [F2,

• if hðF1Þ ¼ hðF2Þ then F1 ¼ F2,

Definition 5 (Alkhazaleh and Salleh 2011) Let P be a universal set, E a universe of

parameters, and Q a set of experts. Let O ¼ f0 ¼ disagree; 1 ¼ agreeg be the set of their

opinions. For any A � X, a pair (F, A) is said to be a soft expert set over P, where

X ¼ E � Q� O and F is a function given by

F : A ! 2P;

where 2P denotes the collection of all subsets of P.

3 Fermatean fuzzy soft expert sets

In this section, we present the main concept of this study, that is, the FFSES model, along

with a few of its useful properties.

Definition 6 Let P be a universal set, E a universe of parameters, and Q a set of experts.

Let O ¼ f0 ¼ disagree; 1 ¼ agreeg be the collection of opinions of experts. For any

A � Y , a triplet ðk;AÞ is referred to as a Fermatean fuzzy soft expert set or FFSES where

Y ¼ E � Q� O and k is a mapping given below:

k : A ! FFSðPÞ

which satisfy the condition that for all � 2 A; q 2 Q there exists exactly one ðq; p�Þ 2
Q� P such that ðq; p�Þ 2 kð�Þ, i.e., for all � 2 A; q 2 Q, and p 2 P, we get

ðk;AÞ ¼ fh�;
�
p; lðpÞ; mðpÞ

�
i : � 2 A; p 2 Pg;

with the following condition:

0�ðlðpÞÞ3 þ ðmðpÞÞ3 � 1:

Another compact and precise way to represent a FFSES ðk;AÞ is its tabular representation.

To describe it, assume that P ¼ fp1; p2; . . .; png is a universal set, and E ¼ fe1; e2; . . .; emg
is a universe of parameters about the elements of P. Let Q ¼ fq1; q2; . . .; qtg be a set of

experts and O ¼ f0 ¼ disagree; 1 ¼ agreeg be their opinions. Then, a FFSES ðk;AÞ can be

presented by an alternative tabular arrangement as shown in Table 2 below:

This novel notion is explained by an example provided below:

Example 1 Suppose a largest hotel company XYZ wants to buy a hotel from the five

options p1; p2; p3; p4 and p5. To choose an appropriate option according to the need of

company, they decide to take opinions and judgments of three experts having expertise in

the field. Let P ¼ fp1; p2; . . .; p5g be a set of hotels and Q ¼ fq1; q2; q3g be the set of three

experts, E ¼ fe1 ¼ location; e2 ¼ design; e3 ¼ technology; e4 ¼ entranceg a set of

parameters which have important role in the selection of hotel, and Y ¼ E � Q� O.

Then all the information of experts opinions about the alternatives is given in the form

of a FFSES ðk;AÞ, A � Y as the collection of approximations provided below:
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ðk;AÞ ¼
��

ðe1; q1; 1Þ; fðp1; 0:5; 0:7Þ; ðp2; 0:8; 0:4Þ; ðp3; 0:7; 0:6Þ; ðp4; 0:4; 0:8Þ; ðp5; 0:6; 0:4Þg
�
;

�
ðe1; q2; 1Þ; fðq1; 0:9; 0:3Þ; ðp2; 0:4; 0:9Þ; ðp3; 0:5; 0:7Þ; ðp4; o:4; 0:7Þ; ðp5; 0:7; 0:5Þg

�
;

�
ðe1; q3; 1Þ; fðp1; 0:8; 0:7Þ; ðp2; 0:4; 0:8Þ; ðp3; 0:7; 0:6Þ; ðp4; 0:4; 0:6Þ; ðp5; 0:4; 0:9Þg

�
;

�
ðe2; q1; 1Þ; fðp1; 0:5; 0:7Þ; ðp2; 0:7; 0:4Þ; ðp3; 0:8; 0:4Þ; ðp4; 0:4; 0:6Þ; ðp5; 0:6; 0:7Þg

�
;

�
ðe2; q2; 1Þ; fðp1; 0:6; 0:5Þ; ðp2; 0:4; 0:6Þ; ðp3; 0:8; 0:4Þ; ðp4; 0:5; 0:4Þ; ðp5; 0:9; 0:2Þg

�
;

�
ðe2; q3; 1Þ; fðp1; 0:5; 0:7Þ; ðp2; 0:8; 0:4Þ; ðp3; 0:6; 0:5Þ; ðp4; 0:4; 0:6Þ; ðp5; 0:8; 0:7Þg

�
;

�
ðe3; q1; 1Þ; fðp1; 0:8; 0:4Þ; ðp2; 0:9; 0:4Þ; ðp3; 0:7; 0:6Þ; ðp4; 0:8; 0:4Þ; ðp5; 0:4; 0:6Þg

�
;

�
ðe3; q2; 1Þ; fðp1; 0:8; 0:4Þ; ðp2; 0:9; 0:4Þ; ðp3; 0:7; 0:6Þ; ðp4; 0:6; 0:4Þ; ðp5; 0:2; 0:8Þg

�
;

�
ðe3; q2; 1Þ; fðp1; 0:5; 0:6Þ; ðp2; 0:9; 0:4Þ; ðp3; 0:7; 0:6Þ; ðp4; 0:8; 0:4Þ; ðp5; 0:4; 0:6Þg

�
;

�
ðe3; q3; 1Þ; fðp1; 0:8; 0:4Þ; ðp2; 0:4; 0:5Þ; ðp3; 0:7; 0:5Þ; ðp4; 0:5; 0:6Þ; ðp5; 0:6; 0:7Þg

�
;

�
ðe4; q1; 1Þ; fðp1; 0:5; 0:6Þ; ðp2; 0:8; 0:7Þ; ðp3; 0:4; 0:9Þ; ðp4; 0:4; 0:5Þ; ðp5; 0:7; 0:3Þg

�
;

�
ðe4; q2; 1Þ; fðp1; 0:2; 0:9Þ; ðp2; 0:8; 0:2Þ; ðp3; 0:6; 0:5Þ; ðp4; 0:7; 0:3Þ; ðp5; 0:4; 0:6Þg

�
;

�
ðe4; q3; 1Þ; fðp1; 0:8; 0:4Þ; ðp2; 0:6; 0:4Þ; ðp3; 0:8; 0:3Þ; ðp4; 0:4; 0:7Þ; ðp5; 0:9; 0:2Þg

�
;

�
ðe1; q1; 0Þ; fðp1; 0:5; 0:9Þ; ðp2; 0:8; 0:6Þ; ðp3; 0:9; 0:2Þ; ðp4; 0:5; 0:5Þ; ðp5; 0:9; 0:1Þg

�
;

�
ðe1; q2; 0Þ; fðp1; 0:6; 0:5Þ; ðp2; 0:8; 0:4Þ; ðp3; 0:5; 0:4Þ; ðp4; 0:9; 0:3Þ; ðp5; 0:5; 0:4Þg

�
;

�
ðe1; q3; 0Þ; fðp1; 0:8; 0:7Þ; ðp2; 0:9; 0:4Þ; ðp3; 0:7; 0:8Þ; ðp4; 0:5; 0:7Þ; ðp5; 0:4; 0:7Þg

�
;

�
ðe2; q1; 0Þ; fðp1; 0:6; 0:8Þ; ðp2; 0:5; 0:8Þ; ðp3; 0:9; 0:3Þ; ðp4; 0:8; 0:4Þ; ðp5; 0:7; 0:6Þg

�
;

�
ðe2; q2; 0Þ; fðp1; 0:8; 0:7Þ; ðp2; 0:7; 0:6Þ; ðp3; 0:5; 0:3Þ; ðp4; 0:7; 0:6Þ; ðp5; 0:9; 0:2Þg

�
;

�
ðe2; q3; 0Þ; fðp1; 0:5; 0:8Þ; ðp2; 0:9; 0:5Þ; ðp3; 0:8; 0:6Þ; ðp4; 0:9; 0:6Þ; ðp5; 0:8; 0:7Þg

�
;

�
ðe3; q1; 0Þ; fðp1; 0:5; 0:7Þ; ðp2; 0:7; 0:8Þ; ðp3; 0:5; 0:4Þ; ðp4; 0:9; 0:1Þ; ðp5; 0:7; 0:6Þg

�
;

�
ðe3; q2; 0Þ; fðp1; 0:9; 0:3Þ; ðp2; 0:5; 0:4Þ; ðp3; 0:6; 0:8Þ; ðp4; 0:5; 0:6Þ; ðp5; 0:9; 0:3Þg

�
;

�
ðe3; q3; 0Þ; fðp1; 0:9; 0:1Þ; ðp2; 0:6; 0:6Þ; ðp3; 0:9; 0:4Þ; ðp4; 0:8; 0:4Þ; ðp5; 0:2; 0:9Þg

�
;

�
ðe4; q1; 0Þ; fðp1; 0:5; 0:4Þ; ðp2; 0:8; 0:5Þ; ðp3; 0:7; 0:2Þ; ðp4; 0:5; 0:6Þ; ðp5; 0:8; 0:3Þg

�
;

�
ðe4; q2; 0Þ; fðp1; 0:8; 0:4Þ; ðp2; 0:9; 0:3Þ; ðp3; 0:6; 0:2Þ; ðp4; 0:7; 0:5Þ; ðp5; 0:5; 0:8Þg

�
;

�
ðe4; q3; 0Þ; fðp1; 0:7; 0:6Þ; ðp2; 0:8; 0:3Þ; ðp3; 0:5; 0:8Þ; ðp4; 0:5; 0:7Þ; ðp5; 0:8; 0:1Þg

�
g

Note that according to the expert ‘q1’ hotel p1 is suitable with membership score 0.5 and

non-membership score 0.7 regarding parameter location e1. Similarly, the expert ‘q1’

agrees that the hotel p2 is suitable with membership score 0.8 and non-membership score

0.4 regarding parameter location e1 and so on. The tabular representation of FFSES is

given in Table 3.

Another useful concept, namely, Fermatean fuzzy soft expert subset is discussed as

follows:

Definition 7 Let ðk;AÞ and ðf;BÞ be two FFSESs on the universe P. Then ðk;AÞ is said to

be a Fermatean fuzzy soft expert subset of ðf;BÞ if

1. A � B;
2. kð�Þ is a Fermatean fuzzy subset of fð�Þ, (i.e., 8� 2 A; kð�Þ � fð�Þ) .
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It is denoted by ðk;AÞ�̂ðf;BÞ. Note that ðf;BÞ is said to be a Fermatean fuzzy soft expert

superset of ðk;AÞ.

The following example explains this novel concept:

Table 3 Tabular representation
of the FFSES ðk;AÞ ðk;AÞ p1 p2 p3 p4 p5

ðe1; q1; 1Þ (0, 5, 0.7) (0.8, 0.4) (0.7, 0.6) (0.4, 0.8) (0.6, 0.4)

ðe1; q2; 1Þ (0.9, 0.3) (0.4, 0.9) (0.5, 0.7) (0.4, 0.7) (0.7, 0.5)

ðe1; q3; 1Þ (0.8, 0.7) (0.4, 0.8) (0.7, 0.6) (0.4, 0.6) (0.4, 0.9)

ðe2; q1; 1Þ (0.5, 0.7) (0.7, 0.4) (0.8, 0.4) (0.4, 0.6) (0.6, 0.7)

ðe2; q2; 1Þ (0.6, 0.5) (0.4, 0.6) (0.8, 0.4) (0.5, 0.4) (0.9, 0.2)

ðe2; q3; 1Þ (0.5, 0.7) (0.8, 0.4) (0.6, 0.5) (0.4, 0.6) (0.8, 0.7)

ðe3; q1; 1Þ (0.8, 0.4) (0.9, 0.4) (0.7, 0.6) (0.8, 0.4) (0.4, 0.6)

ðe3; q2; 1Þ (0.7, 0.5) (0.6, 0.6) (0.8, 0.5) (0.7, 0.5) (0.3, 0.6)

ðe3; q3; 1Þ (0.8, 0.4) (0.4, 0.5) (0.7, 0.5) (0.5, 0.6) (0.6, 0.7)

ðe4; q1; 1Þ (0.5, 0.6) (0.8, 0.7) (0.4, 0.9) (0.4, 0.5) (0.7, 0.3)

ðe4; q2; 1Þ (0.2, 0.9) (0.8, 0.2) (0.6, 0.5) (0.7, 0.3) (0.4, 0.6)

ðe4; q3; 1Þ (0.8, 0.4) (0.6, 0.4) (0.8, 0.3) (0.4, 0.7) (0.9, 0.2)

ðe1; q1; 0Þ (0.5, 0.9) (0.8, 0.6) (0.9, 0.2) (0.5, 0.5) (0.9, 0.1)

ðe1; q2; 0Þ (0.6, 0.5) (0.8, 0.4) (0.5, 0.4) (0.9, 0.3) (0.5, 0.4)

ðe1; q3; 0Þ (0.8, 0.7) (0.9, 0.4) (0.7, 0.8) (0.5, 0.7) (0.4, 0.7)

ðe2; q1; 0Þ (0.6, 0.8) (0.5, 0.8) (0.9, 0.3) (0.8, 0.4) (0.7, 0.6)

ðe2; q2; 0Þ (0.8, 0.7) (0.7, 0.6) (0.5, 0.3) (0.7, 0.6) (0.9, 0.2)

ðe2; q3; 0Þ (0.5, 0.8) (0.9, 0.5) (0.8, 0.6) (0.9, 0.6) (0.8, 0.7)

ðe3; q1; 0Þ (0.5, 0.7) (0.7, 0.8) (0.5, 0.4) (0.9, 0.1) (0.7, 0.6)

ðe3; q2; 0Þ (0.9, 0.3) (0.5, 0.4) (0.6, 0.8) (0.5, 0.6) (0.9, 0.3)

ðe3; q3; 0Þ (0.9, 0.1) (0.6, 0.6) (0.9, 0.4) (0.8, 0.4) (0.2, 0.9)

ðe4; q1; 0Þ (0.5, 0.4) (0.8, 0.5) (0.7, 0.2) (0.5, 0.6) (0.8, 0.3)

ðe4; q2; 0Þ (0.8, 0.4) (0.9, 0.3) (0.6, 0.2) (0.7, 0.5) (0.5, 0.8)

ðe4; q3; 0Þ (0.7, 0.6) (0.8, 0.3) (0.5, 0.8) (0.5, 0.7) (0.8, 0.1)

Table 2 Tabular arrangement of the FFSES ðk;AÞ

ðk;AÞ p1 . . . pn

ðe1; q1; 1Þ
�
lðe1 ;q1 ;1Þðp1Þ; mðe1 ;q1 ;1Þðp1Þ

�
. . .

�
lðe1 ;q1 ;1ÞðpnÞ; mðe1 ;q1 ;1ÞðpnÞ

�

ðe1; q2; 1Þ
�
lðe1 ;q2 ;1Þðp1Þ; mðe1 ;q2 ;1Þðp1Þ

�
. . .

�
lðe1 ;q2 ;1ÞðpnÞ; mðe1 ;q2 ;1ÞðpnÞ

�

..

. ..
. ..

. ..
.

ðem; qt; 1Þ
�
lðem ;qt ;1Þðp1Þ; mðem ;qt ;1Þðp1Þ

�
. . .

�
lðem ;qt ;1ÞðpnÞ; mðem ;qt ;1ÞðpnÞ

�

ðe1; q1; 0Þ
�
lðe1 ;q1 ;0Þðp1Þ; mðe1 ;q1 ;0Þðp1Þ

�
. . .

�
lðe1 ;q1 ;0ÞðpnÞ; mðe1 ;q1 ;0ÞðpnÞ

�

ðe1; q2; 0Þ
�
lðe1 ;q2 ;0Þðp1Þ; mðe1 ;q2 ;0Þðp1Þ

�
. . .

�
lðe1 ;q2 ;0ÞðpnÞ; mðe1 ;q2 ;0ÞðpnÞ

�

..

. ..
. ..

. ..
.

ðem; qt; 0Þ
�
lðem ;qt ;0Þðp1Þ; mðem ;qt ;0Þðp1Þ

�
. . .

�
lðem ;qt ;0ÞðpnÞ; mðem ;qt ;0ÞðpnÞ

�
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Example 2 Consider Example 1. Let ðk;AÞ and ðf;BÞ be two FFSESs over P where

A ¼ fðe1; q1; 1Þ; ðe1; q2; 1Þ; ðe1; q3; 1Þ; ðe3; q1; 0Þ; ðe3; q2; 1Þ; ðe3; q3; 0Þg;
B ¼ fðe1; q1; 1Þ; ðe1; q2; 1Þ; ðe1; q3; 1Þ; ðe3; q1; 0Þ; ðe3; q2; 1Þ; ðe3; q3; 0Þg

are displayed by Tables 4 and 5, respectively. It is clear that A � B.

Clearly, ðk;AÞ�̂ðf;BÞ.

Now we give two concepts, namely, agree- and disagree-FFSESs, and illustrate them via

examples:

Definition 8 Let ðk;AÞ be a FFSESs on the universe P. Then its agree-FFSESs ðk;AÞ1 on

P is a Fermatean fuzzy soft expert subset of ðk;AÞ which is given by

ðk;AÞ1 ¼ fkð�Þ : � 2 E � Q� f1gg

Example 3 Reconsider FFSES as given in Example 1. Then, its agree-FFSES ðk;AÞ1 can

be viewed in Table 6.

Definition 9 Let ðk;AÞ be a FFSES on the universe P. Then its disagree-FFSES ðk;AÞ0 on

P is a Fermatean fuzzy soft expert subset of ðk;AÞ which is given by

ðk;AÞ0 ¼ fkð�Þ : � 2 E � Q� f0gg:

Example 4 Reconsider FFSES as given in Example 1. Then, its disagree-FFSES ðk;AÞ0

can be seen in Table 7.

Table 4 Tabular representation
of the FFSES ðk;AÞ ðk;AÞ p1 p2 p3 p4 p5

ðe1; q1; 1Þ (0, 4, 0.7) (0.7, 0.4) (0.6, 0.6) (0.4, 0.8) (0.5, 0.4)

ðe1; q2; 1Þ (0.8, 0.3) (0.4, 0.9) (0.5, 0.7) (0.4, 0.7) (0.6, 0.5)

ðe1; q3; 1Þ (0.6, 0.7) (0.4, 0.8) (0.6, 0.6) (0.4, 0.6) (0.4, 0.9)

ðe3; q1; 0Þ (0.5, 0.7) (0.6, 0.8) (0.5, 0.4) (0.8, 0.1) (0.6, 0.6)

ðe3; q2; 1Þ (0.6, 0.5) (0.6, 0.6) (0.7, 0.5) (0.6, 0.5) (0.3, 0.6)

ðe3; q3; 0Þ (0.8, 0.1) (0.6, 0.6) (0.7, 0.4) (0.7, 0.4) (0.2, 0.9)

Table 5 Tabular representation
of the FFSES ðf;BÞ ðf;BÞ p1 p2 p3 p4 p5

ðe1; q1; 1Þ (0, 5, 0.6) (0.8, 0.4) (0.7, 0.5) (0.4, 0.6) (0.6, 0.4)

ðe1; q2; 1Þ (0.9, 0.3) (0.4, 0.7) (0.5, 0.6) (0.4, 0.6) (0.7, 0.5)

ðe1; q3; 1Þ (0.8, 0.6) (0.4, 0.7) (0.7, 0.6) (0.4, 0.6) (0.4, 0.7)

ðe3; q1; 0Þ (0.5, 0.6) (0.7, 0.6) (0.5, 0.4) (0.9, 0.1) (0.7, 0.5)

ðe3; q2; 1Þ (0.7, 0.5) (0.6, 0.6) (0.8, 0.5) (0.7, 0.5) (0.3, 0.6)

ðe3; q3; 0Þ (0.9, 0.1) (0.6, 0.6) (0.9, 0.4) (0.8, 0.4) (0.2, 0.8)
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We now provide some basic notions for FFSESs, namely, equality between FFSESs, null

and absolute FFSESs.

Definition 10 Let ðk;AÞ and ðf;BÞ be two FFSESs on the universe P. Then ðk;AÞ and

ðf;BÞ are said to be equal FFSESs if ðk;AÞ is a Fermatean fuzzy soft expert subset of ðf;BÞ
and ðf;BÞ is a Fermatean fuzzy soft expert subset of ðk;AÞ.

Definition 11 A FFSES ðk;AÞ is said to be a null FFSES, denoted by ð/;AÞ and is defined

as below:

ð/;AÞ ¼ kðaÞ ¼ hð0; 1Þi

for all a 2 A.

Definition 12 A FFSES ðk;AÞ is said to be an absolute FFSES, denoted by ðX;AÞ and is

defined by

Table 6 Tabular arrangement of
the agree-FFSES ðk;AÞ1

ðk;AÞ1 p1 p2 p3 p4 p5

ðe1; q1; 1Þ (0, 5, 0.7) (0.8, 0.4) (0.7, 0.6) (0.4, 0.8) (0.6, 0.4)

ðe1; q2; 1Þ (0.9, 0.3) (0.4, 0.9) (0.5, 0.7) (0.4, 0.7) (0.7, 0.5)

ðe1; q3; 1Þ (0.8, 0.7) (0.4, 0.8) (0.7, 0.6) (0.4, 0.6) (0.4, 0.9)

ðe2; q1; 1Þ (0.5, 0.7) (0.7, 0.4) (0.8, 0.4) (0.4, 0.6) (0.6, 0.7)

ðe2; q2; 1Þ (0.6, 0.5) (0.4, 0.6) (0.8, 0.4) (0.5, 0.4) (0.9, 0.2)

ðe2; q3; 1Þ (0.5, 0.7) (0.8, 0.4) (0.6, 0.5) (0.4, 0.6) (0.8, 0.7)

ðe3; q1; 1Þ (0.8, 0.4) (0.9, 0.4) (0.7, 0.6) (0.8, 0.4) (0.4, 0.6)

ðe3; q2; 1Þ (0.7, 0.5) (0.6, 0.6) (0.8, 0.5) (0.7, 0.5) (0.3, 0.6)

ðe3; q3; 1Þ (0.8, 0.4) (0.4, 0.5) (0.7, 0.5) (0.5, 0.6) (0.6, 0.7)

ðe4; q1; 1Þ (0.5, 0.6) (0.8, 0.7) (0.4, 0.9) (0.4, 0.5) (0.7, 0.3)

ðe4; q2; 1Þ (0.2, 0.9) (0.8, 0.2) (0.6, 0.5) (0.7, 0.3) (0.4, 0.6)

ðe4; q3; 1Þ (0.8, 0.4) (0.6, 0.4) (0.8, 0.3) (0.4, 0.7) (0.9, 0.2)

Table 7 Tabular arrangement of
the disagree-FFSESs ðk;AÞ0

ðk;AÞ0 p1 p2 p3 p4 p5

ðe1; q1; 0Þ (0.5, 0.9) (0.8, 0.6) (0.9, 0.2) (0.5, 0.5) (0.9, 0.1)

ðe1; q2; 0Þ (0.6, 0.5) (0.8, 0.4) (0.5, 0.4) (0.9, 0.3) (0.5, 0.4)

ðe1; q3; 0Þ (0.8, 0.7) (0.9, 0.4) (0.7, 0.8) (0.5, 0.7) (0.4, 0.7)

ðe2; q1; 0Þ (0.6, 0.8) (0.5, 0.8) (0.9, 0.3) (0.8, 0.4) (0.7, 0.6)

ðe2; q2; 0Þ (0.8, 0.7) (0.7, 0.6) (0.5, 0.3) (0.7, 0.6) (0.9, 0.2)

ðe2; q3; 0Þ (0.5, 0.8) (0.9, 0.5) (0.8, 0.6) (0.9, 0.6) (0.8, 0.7)

ðe3; q1; 0Þ (0.5, 0.7) (0.7, 0.8) (0.5, 0.4) (0.9, 0.1) (0.7, 0.6)

ðe3; q2; 0Þ (0.9, 0.3) (0.5, 0.4) (0.6, 0.8) (0.5, 0.6) (0.9, 0.3)

ðe3; q3; 0Þ (0.9, 0.1) (0.6, 0.6) (0.9, 0.4) (0.8, 0.4) (0.2, 0.9)

ðe4; q1; 0Þ (0.5, 0.4) (0.8, 0.5) (0.7, 0.2) (0.5, 0.6) (0.8, 0.3)

ðe4; q2; 0Þ (0.8, 0.4) (0.9, 0.3) (0.6, 0.2) (0.7, 0.5) (0.5, 0.8)

ðe4; q3; 0Þ (0.7, 0.6) (0.8, 0.3) (0.5, 0.8) (0.5, 0.7) (0.8, 0.1)
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ðX;AÞ ¼ kðaÞ ¼ hð1; 0Þi

for all a 2 A.

Now we investigate some basic operations and properties of FFSESs, namely, complement,

intersection, union, AND operation and OR operation with numerical examples. We start

with complement of FFSESs.

Definition 13 Let ðk;AÞ be a FFSES on the universe P. Then its complement is repre-

sented by ðk;AÞc and is given as ðk;AÞc ¼ ðkc; �AÞ where kc : �A ! FFSðPÞ is a

function given by kcð:�Þ ¼ ðm�ðpÞ; l�ðpÞÞ such as ðl�ðpÞ; m�ðpÞÞ 2 kð�Þ for all � 2 A; p 2 P:

Example 5 Consider FFSES ðk;AÞ in Example 1. Then, its complement ðk;AÞc is given by

Table 8.

The following proposition explains an important property related to complement of

FFSESs.

Table 8 Tabular representation of complement of the FFSES ðk;AÞc

ðk;AÞc p1 p2 p3 p4 p5

ð:e1; q1; 1Þ (0.7, 0.5) (0.4, 0.8) (0.6, 0.7) (0.8, 0.4) (0.4, 0.6)

ð:e1; q2; 1Þ (0.3, 0.9) (0.9, 0.4) (0.7, 0.5) (0.7, 0.4) (0.5, 0.7)

ð:e1; q3; 1Þ (0.7, 0.8) (0.8, 0.4) (0.6, 0.7) (0.6, 0.4) (0.9, 0.4)

ð:e2; q1; 1Þ (0.7, 0.5) (0.4, 0.7) (0.4, 0.8) (0.6, 0.4) (0.7, 0.6)

ð:e2; q2; 1Þ (0.5, 0.6) (0.6, 0.4) (0.4, 0.8) (0.4, 0.5) (0.2, 0.9)

ð:e2; q3; 1Þ (0.7, 0.5) (0.4, 0.8) (0.5, 0.6) (0.6, 0.4) (0.7, 0.8)

ð:e3; q1; 1Þ (0.4, 0.8) (0.4, 0.9) (0.6, 0.7) (0.4, 0.8) (0.6, 0.4)

ð:e3; q2; 1Þ (0.5, 0.7) (0.6, 0.6) (0.5, 0.8) (0.5, 0.7) (0.6, 0.3)

ð:e3; q3; 1Þ (0.4, 0.8) (0.5, 0.4) (0.5, 0.7) (0.6, 0.5) (0.7, 0.6)

ð:e4; q1; 1Þ (0.6, 0.5) (0.7, 0.8) (0.9, 0.4) (0.5, 0.4) (0.3, 0.7)

ð:e4; q2; 1Þ (0.9, 0.2) (0.2, 0.8) (0.5, 0.6) (0.3, 0.7) (0.6, 0.4)

ð:e4; q3; 1Þ (0.4, 0.8) (0.4, 0.6) (0.3, 0.8) (0.7, 0.4) (0.2, 0.9)

ð:e1; q1; 0Þ (0.9, 0.5) (0.6, 0.8) (0.2, 0.9) (0.5, 0.5) (0.1, 0.9)

ð:e1; q2; 0Þ (0.5, 0.6) (0.4, 0.8) (0.4, 0.5) (0.3, 0.9) (0.4, 0.5)

ð:e1; q3; 0Þ (0.7, 0.8) (0.4, 0.9) (0.8, 0.7) (0.7, 0.5) (0.7, 0.4)

ð:e2; q1; 0Þ (0.8, 0.6) (0.8, 0.5) (0.3, 0.9) (0.4, 0.8) (0.6, 0.7)

ð:e2; q2; 0Þ (0.7, 0.8) (0.6, 0.7) (0.3, 0.5) (0.6, 0.7) (0.2, 0.9)

ð:e2; q3; 0Þ (0.8, 0.5) (0.5, 0.9) (0.6, 0.8) (0.6, 0.9) (0.7, 0.8)

ð:e3; q1; 0Þ (0.7, 0.5) (0.8, 0.7) (0.4, 0.5) (0.1, 0.9) (0.6, 0.7)

ð:e3; q2; 0Þ (0.3, 0.9) (0.4, 0.5) (0.8, 0.6) (0.6, 0.5) (0.3, 0.9)

ð:e3; q3; 0Þ (0.1, 0.9) (0.6, 0.6) (0.4, 0.9) (0.4, 0.8) (0.9, 0.2)

ð:e4; q1; 0Þ (0.4, 0.5) (0.5, 0.8) (0.2, 0.7) (0.6, 0.5) (0.3, 0.8)

ð:e4; q2; 0Þ (0.4, 0.8) (0.3, 0.9) (0.2, 0.6) (0.5, 0.7) (0.8, 0.5)

ð:e4; q3; 0Þ (0.6, 0.7) (0.3, 0.8) (0.8, 0.5) (0.7, 0.5) (0.1, 0.8)
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Proposition 1 Let ðk;AÞ be a FFSES on the universe P. Then

1. ððk;AÞcÞc ¼ ðk;AÞ,

Proof Straightforward. h

Now we define some more useful notions of FFSESs, which are: union, intersection, AND

and OR operations of FFSESs, respectively, and we explain them by corresponding

examples.

Definition 14 Let ðk;AÞ and ðf;BÞ be two FFSESs on the universe P. Then, we define

their union by ðH;KÞ ¼ ðk;AÞdðf;BÞ, which is again a FFSES where K ¼ A [ B and

8� 2 K,

Hð�Þ ¼
kð�Þ; if � 2 A� B;

fð�Þ; if � 2 B� A;

kð�Þ [ fð�Þ if � 2 A \ B;

8
><

>:

where kð�Þ [ fð�Þ ¼ ðmaxða1
� ; a

2
� Þ;minðb1

� ; b
2
� ÞÞ; for all ða1

� ; b
1
� Þ 2 kð�Þ; ða2

� ; b
2
� Þ 2 fð�Þ:

Table 9 Tabular representation
of the FFSES ðk;AÞ ðk;AÞ p1 p2 p3 p4 p5

ðe1; q1; 1Þ (0.5, 0.7) (0.8, 0.4) (0.7, 0.6) (0.4, 0.8) (0.6, 0.4)

ðe1; q2; 1Þ (0.9, 0.3) (0.4, 0.9) (0.5, 0.7) (0.4, 0.7) (0.7, 0.5)

ðe1; q3; 1Þ (0.8, 0.7) (0.4, 0.8) (0.7, 0.6) (0.4, 0.6) (0.4, 0.9)

ðe2; q1; 1Þ (0.5, 0.7) (0.7, 0.4) (0.8, 0.4) (0.4, 0.6) (0.6, 0.7)

ðe2; q2; 1Þ (0.6, 0.5) (0.4, 0.6) (0.8, 0.4) (0.5, 0.4) (0.9, 0.2)

ðe2; q3; 1Þ (0.5, 0.7) (0.8, 0.4) (0.6, 0.5) (0.4, 0.6) (0.8, 0.7)

ðe3; q1; 1Þ (0.8, 0.4) (0.9, 0.4) (0.7, 0.6) (0.8, 0.4) (0.4, 0.6)

ðe3; q2; 1Þ (0.7, 0.5) (0.6, 0.6) (0.8, 0.5) (0.7, 0.5) (0.3, 0.6)

ðe3; q3; 1Þ (0.8, 0.4) (0.4, 0.5) (0.7, 0.5) (0.5, 0.6) (0.6, 0.7)

ðe4; q1; 1Þ (0.5, 0.6) (0.8, 0.7) (0.4, 0.9) (0.4, 0.5) (0.7, 0.3)

ðe4; q2; 1Þ (0.2, 0.9) (0.8, 0.2) (0.6, 0.5) (0.7, 0.3) (0.4, 0.6)

ðe4; q3; 1Þ (0.8, 0.4) (0.6, 0.4) (0.8, 0.3) (0.4, 0.7) (0.9, 0.2)

ðe1; q1; 0Þ (0.5, 0.9) (0.8, 0.6) (0.9, 0.2) (0.5, 0.5) (0.9, 0.1)

ðe1; q2; 0Þ (0.6, 0.5) (0.8, 0.4) (0.5, 0.4) (0.9, 0.3) (0.5, 0.4)

ðe1; q3; 0Þ (0.8, 0.7) (0.9, 0.4) (0.7, 0.8) (0.5, 0.7) (0.4, 0.7)

ðe2; q1; 0Þ (0.6, 0.8) (0.5, 0.8) (0.9, 0.3) (0.8, 0.4) (0.7, 0.6)

ðe2; q2; 0Þ (0.8, 0.7) (0.7, 0.6) (0.5, 0.3) (0.7, 0.6) (0.9, 0.2)

ðe2; q3; 0Þ (0.5, 0.8) (0.9, 0.5) (0.8, 0.6) (0.9, 0.6) (0.8, 0.7)

ðe3; q1; 0Þ (0.5, 0.7) (0.7, 0.8) (0.5, 0.4) (0.9, 0.1) (0.7, 0.6)

ðe3; q2; 0Þ (0.9, 0.3) (0.5, 0.4) (0.6, 0.8) (0.5, 0.6) (0.9, 0.3)

ðe3; q3; 0Þ (0.9, 0.1) (0.6, 0.6) (0.9, 0.4) (0.8, 0.4) (0.2, 0.9)

ðe4; q1; 0Þ (0.5, 0.4) (0.8, 0.5) (0.7, 0.2) (0.5, 0.6) (0.8, 0.3)

ðe4; q2; 0Þ (0.8, 0.4) (0.9, 0.3) (0.6, 0.2) (0.7, 0.5) (0.5, 0.8)

ðe4; q3; 0Þ (0.7, 0.6) (0.8, 0.3) (0.5, 0.8) (0.5, 0.7) (0.8, 0.1)
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Example 6 Let ðk;AÞ and ðf;BÞ be two FFSESs over the universe P ¼ fp1; p2; . . .; p5g
which are respectively displayed by Tables 9 and 10 where

A ¼ fðe1; q1; 1Þ; ðe1; q2; 1Þ; ðe1; q3; 1Þ; ðe2; q1; 1Þ; ðe2; q2; 1Þ; ðe2; q3; 1Þ; ðe3; q1; 1Þ; ðe3; q2; 1Þ;
qquadðe3; q3; 1Þ; ðe4; q1; 1Þ; ðe4; q2; 1Þ; ðe4; q3; 1Þ; ðe1; q1; 0Þ; ðe1; q2; 0Þ; ðe1; q3; 0Þ; ðe2; q1; 0Þ;
qquadðe2; q2; 0Þ; ðe2; q3; 0Þ; ðe3; q1; 0Þ; ðe3; q2; 0Þ; ðe3; q3; 0Þ; ðe4; q1; 0Þ; ðe4; q2; 0Þ; ðe4; q3; 0Þg

B ¼ fðe1; q1; 1Þ; ðe1; q2; 1Þ; ðe1; q3; 1Þ; ðe2; q1; 1Þ; ðe2; q2; 1Þ; ðe2; q3; 1Þ; ðe3; q1; 1Þ; ðe3; q2; 1Þ;
qquadðe3; q3; 1Þ; ðe4; q1; 1Þ; ðe4; q2; 1Þ; ðe4; q3; 1Þ; ðe1; q1; 0Þ; ðe1; q2; 0Þ; ðe1; q3; 0Þ; ðe2; q1; 0Þ;
qquadðe2; q2; 0Þ; ðe2; q3; 0Þ; ðe3; q1; 0Þ; ðe3; q2; 0Þ; ðe3; q3; 0Þ; ðe4; q1; 0Þ; ðe4; q2; 0Þ; ðe4; q3; 0Þg

The union of FFSESs ðk;AÞ and ðf;BÞ is given by Table 11 as follows:

Proposition 2 Let ðk;AÞ, ðf;BÞ and ðn;DÞ be three FFSESs over the universe P. Then

1. ðk;AÞdðf;BÞ ¼ ðf;BÞdðk;AÞ,
2. ðk;AÞd

�
ðf;BÞdðn;DÞ

�
¼

�
ðk;AÞdðf;BÞ

�
dðn;DÞ.

Table 10 Tabular representation
of the FFSES ðf;BÞ ðf;BÞ p1 p2 p3 p4 p5

ðe1; q1; 1Þ (0.8, 0.2) (0.9, 0.3) (0.8, 0.1) (0.2, 0.9) (0.6, 0.5)

ðe1; q2; 1Þ (0.4, 0.9) (0.3, 0.7) (0.8, 0.4) (0.6, 0.5) (0.4, 0.7)

ðe1; q3; 1Þ (0.5, 0.8) (0.7, 0.5) (0.5, 0.4) (0.7, 0.8) (0.6, 0.5)

ðe2; q1; 1Þ (0.6, 0.6) (0.8, 0.2) (0.7, 0.4) (0.5, 0.7) (0.9, 0.3)

ðe2; q2; 1Þ (0.8, 0.3) (0.9, 0.3) (0.6, 0.7) (0.6, 0.4) (0.5, 0.8)

ðe2; q3; 1Þ (0.9, 0.1) (0.5, 0.4) (0.4, 0.7) (0.2, 0.9) (0.6, 0.7)

ðe3; q1; 1Þ (0.8, 0.7) (0.9, 0.4) (0.6, 0.6) (0.5, 0.4) (0.5, 0.5)

ðe3; q2; 1Þ (0.5, 0.4) (0.7, 0.6) (0.8, 0.5) (0.6, 0.5) (0.9, 0.3)

ðe3; q3; 1Þ (0.6, 0.2) (0.5, 0.8) (0.7, 0.5) (0.8, 0.4) (0.7, 0.6)

ðe4; q1; 1Þ (0.8, 0.3) (0.7, 0.3) (0.4, 0.8) (0.6, 0.5) (0.8, 0.2)

ðe4; q2; 1Þ (0.4, 0.6) (0.8, 0.7) (0.6, 0.5) (0.5, 0.4) (0.3, 0.6)

ðe4; q3; 1Þ (0.8, 0.4) (0.4, 0.7) (0.6, 0.7) (0.3, 0.6) (0.4, 0.9)

ðe1; q1; 0Þ (0.6, 0.3) (0.5, 0.8) (0.2, 0.9) (0.6, 0.7) (0.5, 0.5)

ðe1; q2; 0Þ (0.5, 0.4) (0.8, 0.3) (0.6, 0.5) (0.8, 0.3) (0.2, 0.9)

ðe1; q3; 0Þ (0.7, 0.6) (0.9, 0.1) (0.4, 0.7) (0.6, 0.4) (0.7, 0.6)

ðe2; q1; 0Þ (0.5, 0.7) (0.4, 0.6) (0.8, 0.2) (0.5, 0.8) (0.5, 0.4)

ðe2; q2; 0Þ (0.8, 0.1) (0.5, 0.4) (0.3, 0.7) (0.5, 0.5) (0.6, 0.3)

ðe2; q3; 0Þ (0.9, 0.2) (0.3, 0.6) (0.6, 0.6) (0.7, 0.6) (0.8, 0.1)

ðe3; q1; 0Þ (0.5, 0.4) (0.7, 0.6) (0.9, 0.4) (0.8, 0.2) (0.7, 0.5)

ðe3; q2; 0Þ (0.7, 0.3) (0.6, 0.3) (0.5, 0.6) (0.3, 0.7) (0.2, 0.9)

ðe3; q3; 0Þ (0.6, 0.7) (0.2, 0.9) (0.4, 0.7) (0.9, 0.1) (0.6, 0.5)

ðe4; q1; 0Þ (0.5, 0.7) (0.8, 0.2) (0.9, 0.1) (0.8, 0.3) (0.4, 0.7)

ðe4; q2; 0Þ (0.8, 0.4) (0.3, 0.6) (0.4, 0.7) (0.5, 0.7) (0.9, 0.3)

ðe4; q3; 0Þ (0.6, 0.7) (0.5, 0.7) (0.8, 0.4) (0.6, 0.4) (0.6, 0.6)
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Proof

1. From Definition 14, ðk;AÞdðf;BÞ ¼ ðH1;K1Þ with K1 ¼ A [ B and for all � 2 K1,

H1ð�Þ ¼
kð�Þ; if � 2 A� B;

fð�Þ; if � 2 B� A;

kð�Þ [ fð�Þ; if � 2 A \ B;

8
><

>:

where kð�Þ [ fð�Þ ¼ ðmaxða1
� ; a

2
� Þ;minðb1

� ; b
2
� ÞÞ; for all ða1

� ; b
1
� Þ 2 kð�Þ; ða2

� ; b
2
� Þ 2 fð�Þ:

Similarly, by Definition 14, ðf;BÞdðk;AÞ ¼ ðH2;K2Þ with K2 ¼ B [ A and for all

� 2 K2,

Table 11 Tabular arrangement of the union of FFSESs ðk;AÞ and ðf;BÞ

ðk;AÞdðf;BÞ p1 p2 p3 p4 p5

ðe1; q1; 1Þ (0.8, 0.2) (0.9, 0.3) (0.8, 0.1) (0.4, 0.8) (0.6, 0.4)

ðe1; q2; 1Þ (0.9, 0.3) (0.4, 0.7) (0.8, 0.4) (0.6, 0.5) (0.7, 0.5)

ðe1; q3; 1Þ (0.8, 0.7) (0.7, 0.5) (0.7, 0.4) (0.7, 0.6) (0.6, 0.5)

ðe2; q1; 1Þ (0.6, 0.6) (0.8, 0.2) (0.8, 0.4) (0.5, 0.6) (0.9, 0.3)

ðe2; q2; 1Þ (0.8, 0.3) (0.9, 0.3) (0.8, 0.4) (0.6, 0.4) (0.9, 0.2)

ðe2; q3; 1Þ (0.9, 0.1) (0.8, 0.4) (0.6, 0.5) (0.4, 0.6) (0.8, 0.7)

ðe3; q1; 1Þ (0.8, 0.4) (0.9, 0.4) (0.7, 0.6) (0.8, 0.4) (0.5, 0.5)

ðe3; q2; 1Þ (0.7, 0.4) (0.7, 0.6) (0.8, 0.5) (0.7, 0.5) (0.9, 0.3)

ðe3; q3; 1Þ (0.8, 0.2) (0.5, 0.5) (0.7, 0.5) (0.8, 0.4) (0.7, 0.6)

ðe4; q1; 1Þ (0.8, 0.3) (0.8, 0.3) (0.4, 0.8) (0.6, 0.5) (0.8, 0.2)

ðe4; q2; 1Þ (0.4, 0.6) (0.8, 0.2) (0.6, 0.5) (0.7, 0.3) (0.4, 0.6)

ðe4; q3; 1Þ (0.8, 0.4) (0.6, 0.4) (0.8, 0.3) (0.4, 0.6) (0.9, 0.2)

ðe1; q1; 0Þ (0.6, 0.3) (0.8, 0.6) (0.9, 0.2) (0.6, 0.5) (0.9, 0.1)

ðe1; q2; 0Þ (0.6, 0.4) (0.8, 0.3) (0.6, 0.4) (0.9, 0.3) (0.5, 0.4)

ðe1; q3; 0Þ (0.8, 0.6) (0.9, 0.1) (0.7, 0.7) (0.6, 0.4) (0.7, 0.6)

ðe2; q1; 0Þ (0.6, 0.7) (0.5, 0.6) (0.9, 0.2) (0.8, 0.4) (0.7, 0.4)

ðe2; q2; 0Þ (0.8, 0.1) (0.7, 0.4) (0.5, 0.3) (0.7, 0.5) (0.9, 0.2)

ðe2; q3; 0Þ (0.9, 0.2) (0.9, 0.5) (0.8, 0.6) (0.9, 0.6) (0.8, 0.1)

ðe3; q1; 0Þ (0.5, 0.4) (0.7, 0.6) (0.9, 0.4) (0.9, 0.1) (0.7, 0.5)

ðe3; q2; 0Þ (0.9, 0.3) (0.6, 0.3) (0.6, 0.6) (0.5, 0.6) (0.9, 0.3)

ðe3; q3; 0Þ (0.9, 0.1) (0.6, 0.6) (0.9, 0.4) (0.9, 0.7) (0.6, 0.5)

ðe4; q1; 0Þ (0.5, 0.4) (0.8, 0.2) (0.9, 0.1) (0.8, 0.3) (0.8, 0.3)

ðe4; q2; 0Þ (0.8, 0.4) (0.9, 0.3) (0.6, 0.2) (0.7, 0.5) (0.9, 0.3)

ðe4; q3; 0Þ (0.7, 0.6) (0.8, 0.3) (0.8, 0.4) (0.6, 0.4) (0.8, 0.1)
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H2ð�Þ ¼
fð�Þ; if � 2 B� A;

kð�Þ; if � 2 A� B;

fð�Þ [ kð�Þ; if � 2 B \ A;

8
><

>:

¼ H1ð�Þ

where fð�Þ [ kð�Þ ¼ ðmaxða1
� ; a

2
� Þ;minðb1

� ; b
2
� ÞÞ; for all ða1

� ; b
1
� Þ 2 kð�Þ; ða2

� ; b
2
� Þ 2 fð�Þ:

2. Similar to part (1). h

Definition 15 Let ðk;AÞ and ðf;BÞ be two FFSESs on the universe P. Then we define their

intersection by ðI;KÞ ¼ ðk;AÞeðf;BÞ, which is again a FFSES, where K ¼ A [ B and

8� 2 K,

Ið�Þ ¼
kð�Þ; if � 2 A� B;

fð�Þ; if � 2 B� A;

kð�Þ \ fð�Þ if � 2 A \ B;

8
><

>:

where kð�Þ [ fð�Þ ¼ ðminða1
� ; a

2
� Þ;maxðb1

� ; b
2
� ÞÞ; for all ða1

� ; b
1
� Þ 2 kð�Þ; ða2

� ; b
2
� Þ 2 fð�Þ:

Example 7 Reconsider FFSESs ðk;AÞ and ðf;BÞ over P as given in Example 6. Then, their

intersection ðk;AÞeðf;BÞ is displayed in Table 12 where

A¼ fðe1;q1;1Þ; ðe1;q2;1Þ; ðe1;q3;1Þ; ðe2;q1;1Þ; ðe2;q2;1Þ; ðe2;q3;1Þ; ðe3;q1;1Þ; ðe3;q2;1Þ;
ðe3;q3;1Þ; ðe4;q1;1Þ; ðe4;q2;1Þ; ðe4;q3;1Þ; ðe1;q1;0Þ; ðe1;q2;0Þ; ðe1;q3;0Þ; ðe2;q1;0Þ;
ðe2;q2;0Þ; ðe2;q3;0Þ; ðe3;q1;0Þ; ðe3;q2;0Þ; ðe3;q3;0Þ; ðe4;q1;0Þ; ðe4;q2;0Þ; ðe4;q3;0Þg

B¼ fðe1;q1;1Þ; ðe1;q2;1Þ; ðe1;q3;1Þ; ðe2;q1;1Þ; ðe2;q2;1Þ; ðe2;q3;1Þ; ðe3;q1;1Þ; ðe3;q2;1Þ;
ðe3;q3;1Þ; ðe4;q1;1Þ; ðe4;q2;1Þ; ðe4;q3;1Þ; ðe1;q1;0Þ; ðe1;q2;0Þ; ðe1;q3;0Þ; ðe2;q1;0Þ;
ðe2;q2;0Þ; ðe2;q3;0Þ; ðe3;q1;0Þ; ðe3;q2;0Þ; ðe3;q3;0Þ; ðe4;q1;0Þ; ðe4;q2;0Þ; ðe4;q3;0Þg

Proposition 3 Let ðk;AÞ, ðf;BÞ and ðn;DÞ be three FFSESs on the universe P. Then

1. ðk;AÞeðf;BÞ ¼ ðf;BÞeðk;AÞ,
2. ðk;AÞe

�
ðf;BÞeðn;DÞ

�
¼

�
ðk;AÞeðf;BÞ

�
eðn;DÞ.

Proof

1. From Definition 14, ðk;AÞeðf;BÞ ¼ ðH1;K1Þ with K1 ¼ A [ B and 8� 2 K1,

H1ð�Þ ¼
kð�Þ; if � 2 A� B;

fð�Þ; if � 2 B� A;

kð�Þ \ fð�Þ; if � 2 A \ B;

8
><

>:

where kð�Þ \ fð�Þ ¼ ðminða1
� ; a

2
� Þ;maxðb1

� ; b
2
� ÞÞ; for all

ða1
� ; b

1
� Þ 2 kð�Þ; ða2

� ; b
2
� Þ 2 fð�Þ:
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H2ð�Þ ¼
fð�Þ; if � 2 B� A;

kð�Þ; if � 2 A� B;

fð�Þ \ kð�Þ; if � 2 B \ A;

8
><

>:

¼ H1ð�Þ

In a similar way, by Definition 14, ðf;BÞeðk;AÞ ¼ ðH2;K2Þ with K2 ¼ A [ B and

8� 2 K2, where fð�Þ \ kð�Þ ¼ ðminða1
� ; a

2
� Þ;maxðb1

� ; b
2
� ÞÞ; for all

ða1
� ; b

1
� Þ 2 kð�Þ; ða2

� ; b
2
� Þ 2 fð�Þ:

2. Similar to part (1).

h

Definition 16 Let ðk;AÞ and ðf;BÞ be two FFSESs on the universe P. Then AND oper-

ation between FFSESs ðk;AÞ and ðf;BÞ, represented by ðk;AÞ ^ ðf;BÞ and is given by

Table 12 Tabular representation of the intersection of FFSESs ðk;AÞ and ðf;BÞ

ðk;AÞeðf;BÞ p1 p2 p3 p4 p5

ðe1; q1; 1Þ (0.5, 0.7) (0.8, 0.4) (0.7, 0.6) (0.9, 0.8) (0.6, 0.5)

ðe1; q2; 1Þ (0.4, 0.9) (0.3, 0.9) (0.5, 0.7) (0.4, 0.7) (0.4, 0.7)

ðe1; q3; 1Þ (0.5, 0.8) (0.4, 0.7) (0.5, 0.6) (0.4, 0.8) (0.4, 0.9)

ðe2; q1; 1Þ (0.5, 0.7) (0.7, 0.4) (0.7, 0.4) (0.4, 0.7) (0.6, 0.7)

ðe2; q2; 1Þ (0.6, 0.5) (0.4, 0.6) (0.6, 0.7) (0.5, 0.4) (0.5, 0.8)

ðe2; q3; 1Þ (0.5, 0.7) (0.5, 0.4) (0.4, 0.7) (0.2, 0.9) (0.6, 0.7)

ðe3; q1; 1Þ (0.8, 0.7) (0.9, 0.4) (0.6, 0.6) (0.5, 0.4) (0.5, 0.5)

ðe3; q2; 1Þ (0.5, 0.5) (0.6, 0.6) (0.8, 0.5) (0.6, 0.5) (0.3, 0.6)

ðe3; q3; 1Þ (0.6, 0.2) (0.4, 0.5) (0.7, 0.5) (0.5, 0.4) (0.6, 0.6)

ðe4; q1; 1Þ (0.5, 0.6) (0.7, 0.7) (0.4, 0.9) (0.4, 0.5) (0.7, 0.3)

ðe4; q2; 1Þ (0.2, 0.9) (0.8, 0.7) (0.6, 0.5) (0.5, 0.4) (0.3, 0.6)

ðe4; q3; 1Þ (0.8, 0.4) (0.4, 0.7) (0.6, 0.7) (0.3, 0.7) (0.4, 0.9)

ðe1; q1; 0Þ (0.5, 0.9) (0.5, 0.8) (0.2, 0.9) (0.5, 0.7) (0.5, 0.5)

ðe1; q2; 0Þ (0.5, 0.5) (0.8, 0.4) (0.5, 0.5) (0.8, 0.3) (0.2, 0.9)

ðe1; q3; 0Þ (0.7, 0.7) (0.4, 0.4) (0.4, 0.8) (0.5, 0.7) (0.4, 0.7)

ðe2; q1; 0Þ (0.5, 0.8) (0.4, 0.8) (0.8, 0.3) (0.5, 0.8) (0.5, 0.6)

ðe2; q2; 0Þ (0.8, 0.7) (0.5, 0.6) (0.3, 0.7) (0.5, 0.6) (0.6, 0.3)

ðe2; q3; 0Þ (0.5, 0.8) (0.3, 0.6) (0.6, 0.6) (0.7, 0.6) (0.8, 0.7)

ðe3; q1; 0Þ (0.5, 0.7) (0.7, 0.8) (0.9, 0.4) (0.8, 0.2) (0.7, 0.6)

ðe3; q2; 0Þ (0.7, 0.3) (0.5, 0.4) (0.5, 0.8) (0.3, 0.7) (0.2, 0.9)

ðe3; q3; 0Þ (0.6, 0.7) (0.2, 0.9) (0.4, 0.7) (0.8, 0.7) (0.2, 0.9)

ðe4; q1; 0Þ (0.5, 0.7) (0.8, 0.5) (0.7, 0.2) (0.5, 0.6) (0.4, 0.7)

ðe4; q2; 0Þ (0.8, 0.4) (0.3, 0.6) (0.4, 0.7) (0.5, 0.7) (0.5, 0.8)

ðe4; q3; 0Þ (0.6, 0.7) (0.5, 0.7) (0.5, 0.8) (0.5, 0.7) (0.6, 0.6)
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ðk;AÞ ^ ðf;BÞ ¼ ðJ;A� BÞ;

where Jða; bÞ ¼ kðaÞ \ fðbÞ; for all ða; bÞ 2 A� B.

Example 8 Suppose that ðk;AÞ and ðf;BÞ are two FFSESs on the universe P ¼
fp1; p2; . . .; p5g which are respectively given by Tables 13 and 14 where

A ¼ fðe1; q1; 1Þ; ðe2; q1; 1Þ; ðe2; q2; 1Þ; ðe2; q3; 1Þ; ðe3; q1; 1Þg;
B ¼ fðe3; q3; 1Þ; ðe3; q1; 0Þ; ðe2; q2; 1Þ; ðe1; q3; 1Þg:

Then, the tabular form of FFSES ðk;AÞ ^ ðf;BÞ is displayed by Table 15.

Definition 17 Let ðk;AÞ and ðf;BÞ be two FFSESs over the universe P. Then OR oper-

ation between FFSESs ðk;AÞ and ðf;BÞ, represented by ðk;AÞ _ ðf;BÞ and is defined by

ðk;AÞ _ ðf;BÞ ¼ ðO;A� BÞ;

where Oða; bÞ ¼ kðaÞ [ fðbÞ; for all ða; bÞ 2 A� B.

Example 9 Reconsider Example 8. Suppose that ðk;AÞ and ðf;BÞ are two FFSESs over the

universe P given by Tables 16 and 17, respectively, where

A ¼ fðe1; q1; 1Þ; ðe2; q1; 1Þ; ðe2; q2; 1Þ; ðe2; q3; 1Þ; ðe3; q1; 1Þg;
B ¼ fðe3; q3; 1Þ; ðe3; q1; 0Þ; ðe2; q2; 1Þ; ðe1; q3; 1Þg:

Then, the tabular form of FFSES ðk;AÞ _ ðf;BÞ is displayed by Table 18.

Proposition 4 Let ðk;AÞ and ðf;BÞ be two FFSESs over P. Then

Table 14 Tabular arrangement
of the FFSES ðf;BÞ ðf;BÞ p1 p2 p3 p4 p5

ðe3; q3; 1Þ (0.6, 0.2) (0.5, 0.8) (0.7, 0.5) (0.8, 0.4) (0.7, 0.6)

ðe3; q1; 0Þ (0.8, 0.7) (0.9, 0.4) (0.6, 0.6) (0.5, 0.4) (0.5, 0.5)

ðe2; q2; 1Þ (0.8, 0.3) (0.9, 0.3) (0.6, 0.7) (0.6, 0.4) (0.5, 0.8)

ðe1; q3; 1Þ (0.5, 0.8) (0.7, 0.5) (0.5, 0.4) (0.7, 0.8) (0.6, 0.5)

Table 13 Tabular arrangement
of the FFSES ðk;AÞ ðk;AÞ p1 p2 p3 p4 p5

ðe1; q1; 1Þ (0.5, 0.7) (0.8, 0.4) (0.7, 0.6) (0.4, 0.8) (0.6, 0.4)

ðe2; q1; 1Þ (0.5, 0.7) (0.7, 0.4) (0.8, 0.4) (0.4, 0.6) (0.6, 0.7)

ðe2; q2; 1Þ (0.6, 0.5) (0.4, 0.6) (0.8, 0.4) (0.5, 0.4) (0.9, 0.2)

ðe2; q3; 1Þ (0.5, 0.7) (0.8, 0.4) (0.6, 0.5) (0.4, 0.6) (0.8, 0.7)

ðe3; q1; 1Þ (0.6, 0.7) (0.9, 0.3) (0.6, 0.5) (0.6, 0.6) (0.4, 0.7)
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Table 16 Tabular arrangement
of the FFSES ðk;AÞ ðk;AÞ p1 p2 p3 p4 p5

ðe1; q1; 1Þ (0.5, 0.7) (0.8, 0.4) (0.7, 0.6) (0.4, 0.8) (0.6, 0.4)

ðe2; q1; 1Þ (0.5, 0.7) (0.7, 0.4) (0.8, 0.4) (0.4, 0.6) (0.6, 0.7)

ðe2; q2; 1Þ (0.6, 0.5) (0.4, 0.6) (0.8, 0.4) (0.5, 0.4) (0.9, 0.2)

ðe2; q3; 1Þ (0.5, 0.7) (0.8, 0.4) (0.6, 0.5) (0.4, 0.6) (0.8, 0.7)

ðe3; q1; 1Þ (0.6, 0.7) (0.9, 0.3) (0.6, 0.5) (0.6, 0.6) (0.4, 0.7)

Table 17 Tabular arrangement
of the FFSES ðf;BÞ ðf;BÞ p1 p2 p3 p4 p5

ðe3; q3; 1Þ (0.6, 0.2) (0.5, 0.8) (0.7, 0.5) (0.8, 0.4) (0.7, 0.6)

ðe3; q1; 0Þ (0.8, 0.7) (0.9, 0.4) (0.6, 0.6) (0.5, 0.4) (0.5, 0.5)

ðe2; q2; 1Þ (0.8, 0.3) (0.9, 0.3) (0.6, 0.7) (0.6, 0.4) (0.5, 0.8)

ðe1; q3; 1Þ (0.5, 0.8) (0.7, 0.5) (0.5, 0.4) (0.7, 0.8) (0.6, 0.5)

Table 15 The ‘AND operation’ between FFSESs ðk;AÞ and ðf;BÞ

ðk;AÞ ^ ðf;BÞ p1 p2 p3 p4 p5

�
ðe1; q1; 1Þ; ðe3; q3; 1Þ

�
(0.5, 0.7) (0.5, 0.8) (0.7, 0.6) (0.4, 0.8) (0.6, 0.6)

�
ðe1; q1; 1Þ; ðe3; q1; 0Þ

�
(0.5, 0.7) (0.8, 0.4) (0.6, 0.6) (0.4, 0.8) (0.5, 0.5)

�
ðe1; q1; 1Þ; ðe2; q2; 1Þ

�
(0.5, 0.7) (0.8, 0.4) (0.6, 0.7) (0.4, 0.8) (0.5, 0.8)

�
ðe1; q1; 1Þ; ðe1; q3; 1Þ

�
(0.5, 0.8) (0.7, 0.5) (0.5, 0.6) (0.4, 0.8) (0.6, 0.5)

�
ðe2; q1; 1Þ; ðe3; q3; 1Þ

�
(0.5, 0.7) (0.5, 0.8) (0.7, 0.5) (0.4, 0.6) (0.6, 0.7)

�
ðe2; q1; 1Þ; ðe3; q1; 0Þ

�
(0.5, 0.7) (0.7, 0.4) (0.6, 0.6) (0.4, 0.6) (0.5, 0.7)

�
ðe2; q1; 1Þ; ðe2; q2; 1Þ

�
(0.5, 0.7) (0.7, 0.4) (0.6, 0.7) (0.4, 0.6) (0.5, 0.8)

�
ðe2; q1; 1Þ; ðe1; q3; 1Þ

�
(0.5, 0.8) (0.7, 0.5) (0.5, 0.4) (0.4, 0.8) (0.6, 0.7)

�
ðe2; q2; 1Þ; ðe3; q3; 1Þ

�
(0.6, 0.5) (0.4, 0.8) (0.7, 0.5) (0.5, 0.4) (0.7, 0.6)

�
ðe2; q2; 1Þ; ðe3; q1; 0Þ

�
(0.6, 0.7) (0.4, 0.6) (0.6, 0.6) (0.5, 0.4) (0.5, 0.5)

�
ðe2; q2; 1Þ; ðe2; q2; 1Þ

�
(0.6, 0.5) (0.4, 0.6) (0.6, 0.7) (0.5, 0.4) (0.5, 0.8)

�
ðe2; q2; 1Þ; ðe1; q3; 1Þ

�
(0.5, 0.8) (0.4, 0.6) (0.5, 0.4) (0.5, 0.8) (0.6, 0.5)

�
ðe2; q3; 1Þ; ðe3; q3; 1Þ

�
(0.5, 0.7) (0.5, 0.8) (0.6, 0.5) (0.4, 0.6) (0.7, 0.7)

�
ðe2; q3; 1Þ; ðe3; q1; 0Þ

�
(0.5, 0.7) (0.8, 0.4) (0.6, 0.6) (0.4, 0.6) (0.5, 0.7)

�
ðe2; q3; 1Þ; ðe2; q2; 1Þ

�
(0.5, 0.7) (0.8, 0.4) (0.6, 0.7) (0.4, 0.6) (0.5, 0.8)

�
ðe2; q3; 1Þ; ðe1; q3; 1Þ

�
(0.5, 0.8) (0.7, 0.5) (0.5, 0.5) (0.4, 0.8) (0.6, 0.7)

�
ðe3; q1; 1Þ; ðe3; q3; 1Þ

�
(0.6, 0.7) (0.5, 0.8) (0.6, 0.5) (0.6, 0.6) (0.4, 0.7)

�
ðe3; q1; 1Þ; ðe3; q1; 0Þ

�
(0.6, 0.7) (0.9, 0.4) (0.6, 0.6) (0.5, 0.6) (0.4, 0.7)

�
ðe3; q1; 1Þ; ðe2; q2; 1Þ

�
(0.6, 0.7) (0.9, 0.3) (0.6, 0.7) (0.6, 0.6) (0.4, 0.8)

�
ðe3; q1; 1Þ; ðe1; q3; 1Þ

�
(0.5, 0.8) (0.7, 0.5) (0.5, 0.5) (0.6, 0.8) (0.4, 0.7)
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1. ððk;AÞ ^ ðf;BÞÞc ¼ ðk;AÞc _ ðf;BÞc;
2. ððk;AÞ _ ðf;BÞÞc ¼ ðk;AÞc ^ ðf;BÞc:

Proof Straightforward. h

Proposition 5 Let ðf1;AÞ, ðf2;BÞ and ðf3;CÞ be three FFSESs on the universe P. Then

1. ðf1;AÞ ^ ððf2;BÞ ^ ðf3;CÞÞ ¼ ððf1;AÞ ^ ðf2;BÞÞ ^ ðf3;CÞ,
2. ðf1;AÞ _ ððf2;BÞ _ ðf3;CÞÞ ¼ ððf1;AÞ _ ðf2;BÞÞ _ ðf3;CÞ,
3. ðf1;AÞ ^ ððf2;BÞ _ ðf3;CÞÞ ¼ ððf1;AÞ ^ ðf2;BÞÞ _ ððf1;AÞ ^ ðf3;CÞÞ,
4. ðf1;AÞ _ ððf2;BÞ ^ ðf3;CÞÞ ¼ ððf1;AÞ _ ðf2;BÞ ^ ððf1;AÞ _ ðf3;CÞÞ.

Proof

1. By Definition 16,

ðf1;AÞ ^ ððf2;B;NÞ ^ ðf3;C;NÞÞ ¼ ðJ;A� ðB� CÞÞ;

Table 18 The ‘OR operation’ between FFSESs ðk;AÞ and ðf;BÞ

ðk;AÞ _ ðf;BÞ p1 p2 p3 p4 p5

�
ðe1; q1; 1Þ; ðe3; q3; 1Þ

�
(0.6, 0.2) (0.8, 0.4) (0.7, 0.5) (0.8, 0.4) (0.7, 0.4)

�
ðe1; q1; 1Þ; ðe3; q1; 0Þ

�
(0.8, 0.7) (0.9, 0.4) (0.7, 0.6) (0.5, 0.4) (0.6, 0.4)

�
ðe1; q1; 1Þ; ðe2; q2; 1Þ

�
(0.8, 0.3) (0.9, 0.3) (0.7, 0.6) (0.6, 0.4) (0.6, 0.4)

�
ðe1; q1; 1Þ; ðe1; q3; 1Þ

�
(0.5, 0.7) (0.8, 0.4) (0.7, 0.4) (0.7, 0.8) (0.6, 0.4)

�
ðe2; q1; 1Þ; ðe3; q3; 1Þ

�
(0.6, 0.2) (0.7, 0.4) (0.8, 0.4) (0.8, 0.4) (0.7, 0.6)

�
ðe2; q1; 1Þ; ðe3; q1; 0Þ

�
(0.8, 0.7) (0.9, 0.4) (0.8, 0.4) (0.5, 0.4) (0.6, 0.5)

�
ðe2; q1; 1Þ; ðe2; q2; 1Þ

�
(0.8, 0.3) (0.9, 0.3) (0.8, 0.4) (0.6, 0.4) (0.6, 0.7)

�
ðe2; q1; 1Þ; ðe1; q3; 1Þ

�
(0.5, 0.7) (0.7, 0.4) (0.8, 0.4) (0.7, 0.6) (0.6, 0.5)

�
ðe2; q2; 1Þ; ðe3; q3; 1Þ

�
(0.6, 0.2) (0.5, 0.6) (0.8, 0.4) (0.8, 0.4) (0.9, 0.2)

�
ðe2; q2; 1Þ; ðe3; q1; 0Þ

�
(0.8, 0.5) (0.9, 0.4) (0.8, 0.4) (0.5, 0.4) (0.9, 0.2)

�
ðe2; q2; 1Þ; ðe2; q2; 1Þ

�
(0.8, 0.3) (0.9, 0.3) (0.8, 0.4) (0.6, 0.4) (0.9, 0.2)

�
ðe2; q2; 1Þ; ðe1; q3; 1Þ

�
(0.6, 0.5) (0.7, 0.5) (0.8, 0.4) (0.7, 0.4) (0.9, 0.2)

�
ðe2; q3; 1Þ; ðe3; q3; 1Þ

�
(0.6, 0.2) (0.8, 0.4) (0.7, 0.5) (0.8, 0.4) (0.8, 0.6)

�
ðe2; q3; 1Þ; ðe3; q1; 0Þ

�
(0.8, 0.7) (0.9, 0.4) (0.6, 0.5) (0.5, 0.4) (0.8, 0.5)

�
ðe2; q3; 1Þ; ðe2; q2; 1Þ

�
(0.8, 0.3) (0.9, 0.3) (0.6, 0.5) (0.6, 0.4) (0.8, 0.7)

�
ðe2; q3; 1Þ; ðe1; q3; 1Þ

�
(0.5, 0.7) (0.8, 0.4) (0.6, 0.4) (0.7, 0.6) (0.8, 0.5)

�
ðe3; q1; 1Þ; ðe3; q3; 1Þ

�
(0.6, 0.2) (0.9, 0.3) (0.7, 0.5) (0.8, 0.4) (0.7, 0.6)

�
ðe3; q1; 1Þ; ðe3; q1; 0Þ

�
(0.8, 0.7) (0.9, 0.3) (0.6, 0.5) (0.6, 0.4) (0.5, 0.5)

�
ðe3; q1; 1Þ; ðe2; q2; 1Þ

�
(0.8, 0.3) (0.9, 0.3) (0.6, 0.5) (0.6, 0.4) (0.5, 0.7)

�
ðe3; q1; 1Þ; ðe1; q3; 1Þ

�
(0.6, 0.7) (0.9, 0.3) (0.6, 0.4) (0.7, 0.6) (0.6, 0.5)
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where Jða; ðb; cÞÞ ¼ f1ðaÞ \ ðf2ðbÞ \ f3ðbÞÞ; for all ða; ðb; cÞÞ 2 A� ðB� CÞ. From

the Proposition 3, we get f1ðaÞ \ ðf2ðbÞ \ f3ðbÞÞ ¼ ðf1ðaÞ \ f2ðbÞÞ \ f3ðbÞ. Hence,

ðf1;AÞ ^ ððf2;BÞ ^ ðf3;CÞÞ ¼ ððf1;AÞ ^ ðf2;BÞÞ ^ ðf3;CÞ.
Using similar arguments, parts (2-4) can be readily followed.

h

4 Application to MCGDM under FFSES

This section presents a generalized algorithm which can be used to deal with FFSES model

as well as intuitionistic and Pythagorean fuzzy SESs. In MCGDM the alternatives are

investigated by group of experts in the presence of multiple criterion to select the most

suitable option from a set of feasible alternatives under particular conditions.

4.1 A case study: selection of most suitable solar panel system

Photovoltaics collect energy from sun in the form of sun light and convert into electricity

that can be used in building electricity, power homes, remote traffic control, boat, power at

remote locations and telecommunication. In early days, solar energy used primarily for

production of system to drive machinery. Module efficiency is measure how much energy

the solar panel produces from the sunlight. The selection of the best solar panel system

from different solar brands is always a difficult task. Every merchandiser has different

needs to obtain solar panel system. Apart from the financial benefits, there are other

pertinent reasons from which some are as below:

1. Solar power uses under-utilized land
Using solar power, one can basically make the best use of under-utilized land and

consequently produce solar energy that is a good source of electricity for everyone.

Like other renewable resources, solar technology produces more reason to utilize land

that has been underutilized. In several areas there are many pieces of land away from

the urban areas that land can create great value if solar panel system are planted on

those areas. The important fact about that land is its low price which might be option

for solar energy as compared to other sources of electricity. No doubt, solar panels are

used to produce solar energy in wide range. For example, recently, a 45 acre solar form

has been constructed in the UK (United Kingdom), and it has ability to provide

electricity for 2500 homes.

2. Solar power is free source of energy
Solar energy from the sun is a very vast, inexhaustible and clean resource of power. It

can be directly used for lighting homes and heating purpose. Nowadays, one of the

cheapest source of power in the world is solar energy. More than 2 million solar farms

have been constructed in the United States. Several manufacturers offer a solar panel.

The sun provide us more power than our daily use but we are not utilizing it properly.

3. Solar power is good for environment
The most common advantage of the solar power is that its a clean, green source of

energy, that is, solar energy production process does not release any waste which

causes global warming. Thus, it is environment friendly and safe source of solar power.

The installation of solar panels systems on the roof of the house is an easy procedure.

From one of the renewable resources solar energy is great for environment. Based on
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the analysis of the United States department of energy, the amount of sunlight received

by earth in one hour is larger than the total energy utilized by the world for a whole

year. The environmental advantages are the main reasons in promoting solar power

projects.

Suppose P ¼ fp1 ¼ Jinkosolar; p2 ¼ LG; p3 ¼ Solarland; p4 ¼ Missionsolarenergy; p5

¼ Panasonic; p6 ¼ Peimar; p7 ¼ RECgroup; p8 ¼ Sunpowerg be the set of well known

brands of solar panel system. In order to get best solar panel system consider a set of

parameters E ¼ fe1 ¼ Uniqueperformance; e2 ¼ Chargecontroller; e3 ¼ Efficiency; e4

¼ Frame; e5 ¼ Storage; e6 ¼ Thickness; e7 ¼ Clarity; e8 ¼ Celltemperature; e9 ¼
Chemicalreaction; e10 ¼ Cost; e11 ¼ Voltage; e12 ¼ Maximumpowerg. By viewing

the alternatives regarding above parameters, merchandiser wants to select the best

solar panel system with the help of some experts of the domain. Let Q ¼ fq1; q2; q3g
be a set of experts (electrical engineers) to determine best quality of solar panel

systems from different brands and O ¼ f0; 1g be a set of opinion where 1 ¼ agree and

0 ¼ disagree and let Y ¼ E � Q� O and A � Y ¼ E � Q� O. On the basis of results

obtained from experts, the merchandiser constructs the following FFSES ðk;AÞ where

the agree FFSES ðk;AÞ1 and dis-agree FFSES ðk;AÞ0 are given in Tables 19 and 20,

respectively, where pij are the entries in the tables.

Now the agree- and disagree-score tables are given by Tables 21 and 22, respectively.

In the following, we develop an algorithm (see Algorithm 1) which is used in the

selection of most suitable solar panel system. We establish it in the language of our running

example but it can be naturally adapted to the exact formulations of other MCGDM

problems:

Now by applying Algorithm 1, we find the best alternative for vendor of solar panel

system. Table 23 can be readily obtained from Tables 21 and 22.

From the above Table 23, one can easily see that max zj ¼ z3, so the alternative p3 will

be selected as best brand to purchase solar panel system for the vendor.

There may be situations for which different weights are assigned by the experts to

different parameters. This improvement should make the selection process more effective.

Now we revise Algorithm 1 accordingly. This enhancement is based on the needs of the

experts in the selection procedure of the most suitable solar panel system.
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Let us now apply Algorithm 2 on the above Application. To this purpose we consider

the weights proposed by the experts which are displayed in Table 24.

Then the weighted agree score table is provided by Table 25.

The weighted disagree score table is displayed by Table 26.

Using Algorithm 2, we find the best alternative for vendor of solar panel system.

Table 27 can be readily obtained from Tables 25 and 26.

From the above Table 27, one can easily see that max zj ¼ z3, so the alternative p3 will

be selected as best brand to purchase solar panel system for the vendor.

5 Sensitivity analysis

In this section, we compare the proposed model with certain existing models to highlight

its advantages and limitations.

Table 23 Final score table
aj ¼

P
i pij bj ¼

P
i pij zj ¼ aj � bj

a1 ¼ 7:101 b1 ¼ 4:546 z1 ¼ 2:555

a2 ¼ 6:300 b2 ¼ 8:688 z2 ¼ �2:388

a3 ¼ 11:045 b3 ¼ 6:030 z3 ¼ 5:015

a4 ¼ 7:462 b4 ¼ 6:458 z4 ¼ 1:004

a5 ¼ 5:508 b5 ¼ 4:935 z5 ¼ 0:573

a6 ¼ 3:837 b6 ¼ 5:988 z6 ¼ �2:151

a7 ¼ 6:317 b7 ¼ 7:801 z7 ¼ �1:484

a8 ¼ 6:139 b8 ¼ 2:187 z8 ¼ 3:952

a9 ¼ 3:624 b9 ¼ 7:510 z9 ¼ �3:886

Table 24 Weights provided by experts

Experts e1 e2 e3 e4 e5 e6 e7 e8 e9 e10 e11 e12

q1 0.05 0.02 0.23 0.11 0.09 0.12 0.03 0.04 0.06 0.07 0.14 0.04

q2 0.15 0.07 0.13 0.07 0.04 0.10 0.02 0.01 0.08 0.09 0.13 0.11

q3 0.10 0.05 0.17 0.08 0.07 0.09 0.01 0.03 0.05 0.04 0.19 0.12
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5.1 Advantages of the model initiated in this work

Several domains of real-life, including science and technology, contain uncertainty due to

imperfect or unknown information in different epistemic situations. Until less than a

century ago, probability theory—which is originally based on principles of Aristotle’s bi-

valued logic—used to be the unique tool available to the experts for the modelization of

uncertainty. However, different real phenomena in nature are an evidence of the existence

of multiple kinds of uncertainties which cannot be dealt properly with classical mathe-

matical tools. To put a simple example, the term ‘frosty’ means a certain range of cold

temperatures, which may vary in different circumstances; certainly, the term lacks a sharp,

definite boundary. The representation of a system with these types of terms contains a class

of uncertainty that is called fuzziness. To address these issues, a number of researchers had

proposed different approaches earlier, like multi-valued logic that had been studied in the

1920’s by Polish logicians Łukasiewicz, Tarski and others. But fuzzy set theory (Zadeh

1965) gave origin to fuzzy logic and allowed to approach uncertainly defined situations

competently. The theory of fuzzy sets opened the door to the construction of mathematical

solutions of problems stated in a natural language, in cases where traditional tools fail to

apply. Zadeh’s remarkable idea has found many applications in several fields, inclusive of

decision-making. As is well known, fuzzy sets give the degree of membership of an

element in a given set (and it is implicitly assumed that its nonmembership degree equals

one minus its degree of membership). In some situations however, there are separate

evaluations of membership and nonmembership degrees. When the sum of both degrees is

strictly smaller than 1, then the practitioner must allocate some hesitation; and this cir-

cumstance cannot be explained by means of fuzzy set theory. For this reason IFSs were

initiated by Atanassov. Later on, both PFSs and FFSs were introduced for the purpose of

including additional uncertain problems into a common theoretical setting.

The development of new forms of vague and uncertain informational models for group

decision-making is soaring. Along the past few decades, a number of hybrid models have

been reported towards this worthy topic, including different hybrid structures of fuzzy,

intuitionistic fuzzy and Pythagorean fuzzy theories. There are various phenomena, which

cannot be well explained via the above-mentioned existing models. In practical decision-

making problems, the decision makers (or experts) may indicate their selections regarding

the degree of an alternative about a criterion fulfilling the condition that the sum of the

belongingness degree and non-belongingness degree or their sum of squares may be greater

Table 27 Final weighted score
table

aj ¼
P

i pij bj ¼
P

i pij zj ¼ aj � bj

a1 ¼ 0:5002 b1 ¼ 0:2456 z1 ¼ 0:2546

a2 ¼ 0:4537 b2 ¼ 0:6192 z2 ¼ �0:1655

a3 ¼ 1:0292 b3 ¼ 0:6194 z3 ¼ 0:4098

a4 ¼ 0:4897 b4 ¼ 0:3113 z4 ¼ 0:1784

a5 ¼ 0:3280 b5 ¼ 0:3352 z5 ¼ �0:0072

a6 ¼ 0:1528 b6 ¼ 0:4913 z6 ¼ �0:3385

a7 ¼ 0:5669 b7 ¼ 0:5162 z7 ¼ 0:0507

a8 ¼ 0:3792 b8 ¼ 0:1512 z8 ¼ 0:228

a9 ¼ 0:2775 b9 ¼ 0:410 z9 ¼ �0:1325
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than 1. For example, let us suppose that some motivational scholars are enduing their

opinions about modern vs. traditional societies in order to point out differences between

them, or to mention the merits of one over the other. Consider the next situation: half of

them give their opinion (degree) in favor of modern society which is 0.83, and the

remaining half provide their opinion in favor of traditional society with a degree of 0.65.

Clearly, 0:832 þ 0:652 ¼ 1:11¥1 but 0:833 þ 0:653 ¼ 0:85\1. Notice that the experts’

selections in such cases cannot be suitably described by the recourse to IFSs or PFSs. It is

in these situations that the FFS model acts more effectively, as it widens the space of

uncertain data and relaxes the condition of IFSs and PFSs on the belongingness and non-

belongingness degrees.

With the invention of the FFS model which is a direct generalization of fuzzy, intu-

itionistic fuzzy and Pythagorean fuzzy models, a lot of researchers were attracted towards

this worthy model and its hybridizations in order to deal with different daily-life scenarios

more adequately. The soft expert set model and its fuzzy version have been produced for

group decision-making purposes. Our developed FFSES model is a mixture of FFSs and

SESs which has the ability to deal with Fermatean fuzzy information comprising all the

objects evaluations regarding each parameter in view of available experts independently. In

other words, one can easily observe that the initiated model shares the merits of FFSs,

FFSSs, SESs, FSESs, IFSESs and Pythagorean fuzzy SESs to address the two-dimensional

obscure information from different experts. Moreover, the MCGDM method developed

here is more reliable as compared to some existing multicriteria decision-making methods

like TOPSIS and TODIM techniques, because these existing approaches fail to tackle a

situation where the provided information contain separate opinions of different experts

about alternatives with respect to available parameters in Fermatean fuzzy environment.

These competencies of the proposed model make it unique and cogent for the represen-

tation and analysis of group decision-making situations.

Table 28 Comparison table for
the application (Sect. 4)

Objects FSESs (Alkhazaleh and Salleh 2014) Proposed FFSESs

p1 2.5 2.555

p2 - 0.4 - 2.388

p3 2.5 5.015

p4 0.7 1.004

p5 - 0.2 0.573

p6 - 0.3 - 2.151

p7 - 1 - 1.484

p8 1.1 3.952

p9 - 1.1 - 3.886

Table 29 Comparison between rankings results of FSES and proposed FFSES model on the application
(Sect. 4)

Models Ranking order Best option

FSESs (Alkhazaleh and Salleh 2014) p3 ¼ p1 [ p8 [ p4 [ p5 [ p6 [ p2 [ p7 [ p9 p3

Proposed FFSESs p3 [ p8 [ p1 [ p4 [ p5 [ p7 [ p6 [ p2 [ p9 p3
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5.2 Comparison with existing models

To check the validity and performance of our developed hybrid model, here we use the

same data of given application according to the hybrid model by which we have to

compare our proposed model. The computed results by applying existing FSESs (Alk-

hazaleh and Salleh 2014) are summarized in Table 28.

It is clear from Table 28 and Fig. 1 that the most suitable options, when computed by

either the FSES model (Alkhazaleh and Salleh 2014) or the proposed FFSESs, are similar.

Thus our hybrid model is more reliable to solve several decision-making problems because

it ranks all the alternatives of the Application (Sect. 4), but the FSES model (Alkhazaleh

and Salleh 2014) fails to establish a ranking of objects p1 and p3 (see Table 29). The main

reason behind the construction of our presented model is that the existing IFSES model

(Broumi and Smarandache 2015) is able to handle situations where the sum of both

membership and non-membership degrees is less than one, however it fails to cope with

cases where this sum is greater than 1 at some instance. For example, if membership score

0.9 and non-membership score 0.6 are assigned, then the IFSES model is not applicable.

To observe the comparison between IFSESs and the FFSES model, we have applied the

methodology proposed here on the Application given in (Broumi and Smarandache 2015).

From Table 30 and Fig. 2, it is clear that the optimal decision object is the same under both

IFSESs (Broumi and Smarandache 2015) and the proposed FFSES model. This is why we

Fig. 1 Comparison between FSESs and FFSESs in application (Sect. 4)

Table 30 Comparison between final scores and rankings results of IFSES (Broumi and Smarandache 2015)
and proposed FFSES model on the Application in (Broumi and Smarandache 2015)

Models u1 u2 u3 Ranking order Best option

IFSESs (Broumi and Smarandache 2015) 0.20 1.45 - 0.55 u2 [ u1 [ u3 u2

Proposed FFSESs - 0.20 2.36 - 0.98 u2 [ u1 [ u3 u2
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propose the theory of FFSESs, which is more valuable than IFSESs and FSESs because its

scope of application is larger than that of the existing SES models.

5.3 Limitations of the model initiated in this paper

Some limitations of the proposed model which we have observed during its analysis are:

• The competency of the proposed model is limited to address the two-dimensional

obscure information, that is, it fails if in a situation, we consider membership value 0.7

and non-membership value 0.9, since 0:73 þ 0:93 ¼ 1:072¥1.

• Another limitation of the proposed hybrid model is the occurrence of large sets of

alternatives, parameters and experts in several MCGDM problems, because the

computational speed may be handicapped by the increase in available information. Like

proposed model there are several existing mathematical tools involving this deficiency

which can be easily control with a suitable code of developed method via different

mathematical software such as MATLAB, MAPLE, etc.

• Moreover, there may be observed a variation in the ranking order of optimal or sub-

optimal objects when any existing parameters (or objects) are removed or new

parameters (or objects) are added in a MCGDM problem. It happens due to the

autonomous behavior of objects and parameters.

6 Conclusions and future directions

In this research article we have developed a novel hybrid model called FFSES model. It

stems from a suitable combination of FFSs and SESs. Additionally, we have describe our

model with some numerical examples. Furthermore, we have demonstrated some

Fig. 2 Comparison between final scores and rankings results of IFSES (Broumi and Smarandache 2015) and
proposed FFSES model on the Application in (Broumi and Smarandache 2015)
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fundamental properties concerning operations like complement, union, intersection, the

OR operation and the AND operation. We have also explored a practical application of the

corresponding MCGDM methodology (that concerns the selection of a better brand of solar

panel system). In fact, we have provided two algorithms that ensure the productiveness and

authenticity of the model that we have introduced. Lastly, we have performed a com-

parison with two existing mathematical tools, that is, the FSES model (Alkhazaleh and

Salleh 2014), and the IFSES model (Broumi and Smarandache 2015).

The results presented in this article have important implications for the operations

strategy and supply chain management research. The analysis and results presented above

have demonstrated that the proposed methodology is a useful and practical method for

carrying out supplier ratings for solar panel systems.

In the future, the group decision-making approach that we have introduced in this article

can be generalized to deal with other MCGDM problems more precisely. Such problems

include supplier selection, employee selection or promotion, as well as several other

domains of science and technology. Thus we shall work towards the extension of this

research work in the following settings:

1. The ELECTRE I and TOPSIS methods can be combined with Fermatean fuzzy soft

expert sets to handle Fermatean fuzzy information in case of multiple experts, like the

TOPSIS method for Fermatean fuzzy soft sets (Salsabeela and John 2021).

2. The interval-valued Fermatean fuzzy sets (Jeevaraj 2021) can be combined with soft

expert sets (Alkhazaleh and Salleh 2011) to construct a new model called interval-

valued Fermatean fuzzy soft expert sets which is a natural interval-valued extension of

Fermatean fuzzy soft expert sets.

3. To deal with more generalized Fermatean fuzzy information based on multinary

graded evaluations, another extension of fuzzy N-soft expert sets (Ali and Akram

2020) or the proposed Fermatean fuzzy soft expert set model called Fermatean fuzzy

N-soft expert sets can be constructed, This arises from the combination of Fermatean

fuzzy sets with N-soft expert sets (Ali and Akram 2020).
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