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a b s t r a c t 

In this work, we propose the theory of fuzzy linguistic soft set (FLSS) to represent the un- 

certainty and multi-angle of view when decision makers evaluate an object during decision- 

making. FLSS integrates fuzzy set theory, linguistic variable and soft set theory. It allows de- 

cision makers to utilize linguistic variables to evaluate an object and utilize fuzzy values to 

describe the corresponding grade of their support of their decisions. Meanwhile, because of 

the flexibility of soft set, decision makers can use more than one pair of fuzzy-linguistic evalu- 

ations to express their opinions from multiple perspectives directly, if necessary. Therefore, it 

is more flexible and practical than traditional fuzzy set or 2-dimension uncertainty linguistic 

variable. We also develop a generalized weighted aggregation operator for FLSSs to solve cor- 

responding decision-making issues. Finally, we give a numerical example to verify the practi- 

cality and effectiveness of the proposed method. 

© 2015 Elsevier Ltd. All rights reserved. 

1. Introduction 

Since Zadeh proposed his remarkable theory of fuzzy sets 

(FSs) in 1965 [1] , FSs have been widely used in various fields 

to deal with uncertainty problems during decision making 

[2–4] . However, in some cases, using one single specific value 

to represent the grade of membership of the fuzzy set is dif- 

ficult. Therefore, Atanassov extended Zadeh’s traditional FSs, 

and put forward the theory of intuitionistic fuzzy sets (IFSs) 

[5] . IFSs took into account the membership degree, nonmem- 

bership degree, and the degree of hesitation simultaneously. 

It is more flexible and practical in dealing with fuzziness and 

uncertainty than traditional FSs. Later on, IFSs were extended 

to interval valued intuitionistic fuzzy sets (IVIFSs) [6] , hesi- 

tant fuzzy sets (HFSs) [7] , etc. 
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However, in many decision making problems, real num- 

bers are difficult to measure the attribute values of the 

alternatives, and decision makers prefer to use linguistic 

evaluation for an object, such as very good, good, normal, 

bad, very bad, and so on. Hence, Zedah (1975) [8] introduced 

the definition of linguistic variable and applied it to the fuzzy 

reasoning. In order to accurately reflect the reliability of the 

linguistic variables, Zhu et al. [9] proposed the 2-dimension 

linguistic evaluation method to deal with linguistic fuzzy 

decision problems, such as blind review of journal papers, 

etc. Using 2-dimension linguistic evaluation method, deci- 

sion makers can describe their evaluation in a 2-dimensional 

linguistic variable. One is used to describe linguistic evalu- 

ation result for an attribute, and the other is used to de- 

scribe the subjective evaluations of the reliability of their 

given results. Later on, research on multi-attribute group de- 

cision making based on 2-dimension linguistic information is 

developed [10–12] . 2-dimension linguistic variable can help 

people to express their opinions for attributes which cannot 

be measured by real numbers. 
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In fact, when decision makers evaluate the attribute of 

one of the alternatives, he may provide different evaluation 

results from different perspectives of the attribute of the 

alternative. For example, when evaluating the location at- 

tribute for one of the alternatives, from the perspective of 

traffic convenience, the answer is good; while from the per- 

spective of the number of surrounding residents, the answer 

is bad. In this case, obviously, one linguistic variable is not 

enough. Hence, we propose fuzzy-valued linguistic soft sets 

(FLSSs) to overcome such kinds of difficulties. Soft set theory 

was proposed by Molodtsov [13] in 1999. Using soft set the- 

ory, people can choose parameters and their forms according 

to their needs. It can be more flexible to describe the uncer- 

tainty and imperfection of the objective world. Researchers 

have done many interesting works by combining soft set the- 

ory with the ideas of fuzzy sets, rough sets or intuitionistic 

fuzzy sets [14–17] , where soft sets are used to represent the 

characteristics of the described object. 

In this paper, we proposed FLSS theory based on both soft 

sets and fuzzy sets, and define the assessment linguistic vari- 

ables as the parameters of the soft sets. Decision makers can 

choose one or more of the linguistic variables to evaluate 

the attribute of the alternative from different perspectives, 

and decide the membership degree of each linguistic eval- 

uation respectively. Therefore, FLSS extends the function of 

2-dimension linguistic method both in flexibility and accu- 

racy. It can more accurately reflect the evaluation of decision 

makers on objects. 

The main contributes of our proposal are listed below: 

(1) We define a FLSS form of evaluation which inte- 

grates linguistic variable as evaluation, fuzzy num- 

ber as membership degree of corresponding linguistic 

variable, and soft set structure to let decision makers 

to evaluate an object from different perspectives di- 

rectly if necessary. So, it is more flexible, and can be 

regarded as a general evaluation model. 

(2) In traditional multi-attribute decision making prob- 

lems, decision makers must judge the degree of every 

attribute for each alternative. Employing FLSS form, it 

is no need for decision makers to answer all of the 

questions. We can collect assessments from different 

decision makers using FLSS form. So, it is not only ef- 

fective for different perspective evaluation, but also ef- 

fective for group decision making with incomplete in- 

formation. 

(3) We develop a FLSSGWA operator to aggregate dif- 

ferent FLSSs, and validate its effectiveness. FLSSGWA 

operator maintains most of the information of each 

FLSS. 

The reminder of this paper is organized as follows. In 

Section 2 , we introduce the concept of FLSS, define the basic 

operational rules, and develop a generalized weighted aggre- 

gation operator based on traditional generalized weighted 

aggregation method for real numbers and the operational 

rules of FLSS. In Section 3 , we apply the defined opera- 

tors to solve multiple attribute decision making problems. 

In Section 4 , we illustrate the decision making steps based 

on the proposed method. Section 5 is the conclusion of this 

paper. 

2. Fuzzy-valued linguistic soft set 

2.1. The definition of fuzzy-valued linguistic soft set 

Suppose that S = { s 0 , s 1 , . . . , s l−1 } is a finite and fully or- 

dered discrete term set, where l is an odd number. In real sit- 

uations, l would be equal to 3, 5, 7, 9, etc. For example, when 

l = 7, it is represented as follows: 

S = { s 0 , s 1 , s 2 , s 3 , s 4 , s 5 , s 6 } 
= { very bad , bad , below fair , fair , above fair , good , very good } . 

For any linguistic set S = { s 0 , s 1 , ..., s l−1 } , the relationship 

between the element s i and its subscript i is strictly mono- 

tonically increasing [18] , so the function can be defined as 

follows: f : s i = f (i). Clearly, the function f ( i ) is a strictly 

monotonically increasing function about a subscript i . To pre- 

serve all of the given information, the discrete linguistic label 

S = { s 0 , s 1 , ..., s l−1 } is extended to a continuous linguistic la- 

bel S̄ = { s α| α ∈ R } , which satisfies the above characteristics. 

Definition 1. Let U be an initial universe set and S = 

{ s 0 , s 1 , . . . , s l−1 } be a linguistic assessment set. Let I = [0,1], 

and I U denote the set of all fuzzy subsets of U . Consider a 

nonempty set A, A ⊆S . A pair ( K, A ) is called a fuzzy-valued 

linguistic soft set (for short FLSS) over U , where K is a map- 

ping given by K : A → I U . It is also represented as ∀ s a ∈ A . 

K(s a ) = 

{〈
x, μK(s a )(x)

〉| x ∈ U 

}
∈ I U (1) 

where μK(s a )(x) ∈ [0 , 1] , it represents the membership de- 

gree of element x ( ∈ U )belonging to linguistic assessment s a ( 

∈ A ). 

2.2. The operational rules of FLSS 

Definition 2. Suppose ( F, A ) and ( G, B ) are two FLSSs over U , 

their intersection and union operation are defined as follows. 

(1) (F , A) ∩ (G, B) = (H, C), where C = A ∩ B , and for ∀ s c ∈ 

C , 

H(s c ) = F (s c ) ∩ G(s c ) (2) 

(2) (F , A) ∪ (G, B) = (M, C), where C = A ∪ B , and for ∀ s c ∈ 

C , 

M(s c ) = 

{ 

F (s c ), s c ∈ A − B 

F (s c ) ∪ G(s c ), s c ∈ A ∩ B 

G(s c ), s c ∈ B − A 

(3) 

Definition 3. Suppose ( F, A ) is a FLSS over U , (F , A)C = (F , A 

C )
is defined as the complement of ( F, A ), where for ∀ s a ∈ A , s a 

c = 

s l−1 −a . l is the number of linguistic variables as defined by 

Definition 1 . And for ∀ s a 
C ∈ A 

C , 

μF (s a C ) = μF (s a ) (4) 

Definition 4. Suppose ( F, A ), ( G, B ) are two FLSSs over U , 

when λ > 0, their operational rules are defined as follows. 

(1 ) (F , A) ⊕ (G, B) = (F , A) ∪ (G, B) (5) 

(2 ) (F , A) ⊗ (G, B) = (F , A) ∩ (G, B) (6) 
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