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A variety of multicriteria decision-making (MCDM) methods for renewable energy projects evaluation have been proposed, of
which the premise of using these methods is to assume that the criteria are independent of each other. However, it may be difficult
or costly to build independent criteria set in some cases because renewable energy planning is to pursue a balance of economic,
social, and environmental goals, which makes the existence of interaction among criteria be of great possibility. In this paper, we
consider a highly ambiguous decision situation, where the experts are allowed to give the evaluations in the form of hesitant fuzzy
linguistic terms set (HFLTS). We build a hesitant fuzzy linguistic decision-making model handling the interaction among criteria
from the perspective of distance measure and apply it to renewable energy projects selection. The proposed method can consider
more fuzzy factors and deal with the interaction among criteriamore approximately. It can reduce the decision pressure and improve
the decision-making efficiency because the decisionmakers are allowed to express their preference in form ofHFLTS and a decision
criteria set of which the criteria are independent of each other is not necessary.

1. Introduction

Energy is the foundation for development of social and
economic. In recent decades, with the completion of industri-
alization, more and more countries have begun to pay atten-
tion to environmental issues and the development of renew-
able energy, which has been promoted to be the national
strategy in some countries. Renewable energy planning is
an important part of the development of renewable energy
and decision-making for renewable energy projects selection
is a complex problem with multiple criteria. Renewable
energy projects selection is a typical multi-criteria decision-
making problem, and the classical MCDM techniques, such
as TOPSIS, PROMETHEE and ELECTRE, AHP, grey relation
method, weighted sum, and fuzzy set-based methodology,
have been successfully used in this field [1–6]. Recently, sev-
eral influential fuzzy MCDM methods for renewable energy
projects evaluation and selection considering the uncertain
factors and the fuzzy recognition of human thinking have
been proposed [7–18]. Some relevant literature reviews have

been done [19–24]. From the existing literature, it can be
seen that there is a trend on the research of renewable
energy projects selection:more andmore uncertain and fuzzy
factors took into consideration the decision-making process.
Scholars and managers are pursuing high-quality decision-
making to meet the needs of production and life in the field
of renewable energy. What is more, to develop renewable
energy is to pursue a balance of economic and social activities
and environment. From the reviewed literatures, we find
that the renewable energy projects selection problem is a
multicriteria decision-making problem considering all the
technical, economic, social, and environmental factors, of
which the existence of interaction among criteria is of great
possibility.

Although a variety of MCDM method for renewable
energy projects selection have been proposed, of which the
premise of using these methods is to assume that the criteria
of the criteria set are independent of each other. However,
it may be difficult or costly to build criteria set in which all
criteria are independent in some situations. So, in this paper,
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we intend to propose a method considering the interaction
among criteria in hesitant fuzzy linguistic context which can
handle more fuzzy and uncertain information.

In some situations in real life, due to the high uncertainty
of the situation and the limited cognition of human thinking,
it is difficult for decision makers to make a choice to select
only one alternative from a candidate alternative set or
an evaluation arguments set to represent their preference.
They may hesitate among several alternatives or evaluation
arguments with high hesitation. For example, an expert
specialized at renewable energy management is assigned to
evaluate the “technical maturity degree” or “social accept-
ability degree” of several candidate projects according to the
established evaluation rule. He should select a corresponding
language evaluation value from a linguistic term set to
represent his preference on each alternative. However, due
to the novelty of new energy technologies, according to
the available information and his expertise in new energy
management, he cannot choose only one linguistic evaluation
value from the established linguistic terms set to represent
his judgment. He hesitates among several options. In these
similar situations, it is more reasonable to formulate a new
decision-making rule or develop a tool that allows decision
makers to express their preferences or judgments in a set of
several objects with corresponding degrees of hesitation.

Hesitant fuzzy set is a useful tool firstly introduced by
Torra [25], which is used for decision makers to provide
their preferences on evaluating alternatives in context of high
hesitation. Since the proposal of the concept, it has attracted
much attention of researchers in related fields [26–31].

In order to deal with the hesitation in linguistic evaluation
decision-making context, Rodriguez et al. [32] proposed the
hesitant fuzzy linguistic term set (HFLTS) which can enable
the decision makers to express their preference with several
linguistic terms considering their hesitation, which is closer
to the logic of human thinking. Since the proposal of the pow-
erful HFLTS, lots of attention have been paid to it and some
achievements have been obtained, such as group decision-
making with comparative linguistic expression based on
HFLTS [33], TOPSIS for HFLTS [34], comparison operators
for HFLTS [35], hesitant linguistic information aggregation
operators [36], distance and similarity measures for HFLTS
[37], fuzzy envelope for hesitant fuzzy linguistic term set [38],
hesitant fuzzy linguistic VIKOR [39], information entropy for
HTLTS [40], hesitant fuzzy linguistic cross-entropymeasures
[41], hesitant fuzzy linguistic Maclaurin symmetric mean
operators [42], interval-valued dual hesitant fuzzy uncertain
linguistic aggregation operators [43], and hesitant fuzzy
linguistic MACBETH method [44]. A survey of decision-
making theory andmethodologies of hesitant fuzzy linguistic
term set has been also done [45]. From the literature reviews,
we can see that more and more useful and novel comparison
and aggregation operators based on hesitant fuzzy linguistic
term set have been proposed. And new MCDM methods
integrating classical MCDM methods with HFLTS to deal
with hesitant fuzzy linguistic decision-making problems in
different situations have been also developed.And their appli-
cations in hesitant fuzzy situation have also been extended.

Recently, several representative MCDM methods in hes-
itant linguistic context based on distance measure have been
proposed. They are, respectively, hesitant fuzzy linguistic
ordered weighted distance operators for group decision-
making [46], hesitant fuzzy linguistic multigranularity
decision-making model based on distance measures [47],
cosine distance and similarity measures for HFLTSs [48],
hesitant intuitionistic fuzzy linguistic distancemeasures [49],
pairwise comparison and distance measure of hesitant fuzzy
linguistic term sets [50], and the decision-making method
based on the Hausdorff distance of hesitant fuzzy linguistic
numbers [51], which quickly became a hot paper of high
value.

However, to our knowledge, until now, very little work
has been done about the MCDM problem in hesitant
linguistic context considering the existence of interaction
among criteria [52]. But in some decision-making process,
the interaction among criteria is inevitable because it is costly
or of great complexity to build a criteria set of which criteria
are independent of each other in some situations [53–58]. So
it is necessary to study the hesitant fuzzy linguistic MCDM
with interactive criteria and develop a MCDM framework
taking into consideration the interaction among criteria.

Because of the nature of HFLTS, an evaluation containing
several fuzzy elements, the traditional method handling the
interaction among criteria for MCDM in hesitant linguistic
context from the perspective of information aggregation
is not a good way to operate. Until now, few aggregation
operators have been proposed directly operating on HFLTS.
Chen and Hong [59] proposed a method by aggregating the
fuzzy sets in each hesitant fuzzy linguistic term set into a fuzzy
set and performed the a-cut operations to these aggregated
fuzzy sets, which, to a certain extent, may not fully reflect the
preference of decision makers. It is difficult to aggregate the
interactive information by the existing conventional fusion
techniques.

Multicriteria distance measure is a common decision-
making approach and has been successfully used in MCDM
to rank the alternatives by comparing the distances of the
alternatives to the reference solution, such as the popular
TOPSIS andVIKOR. Due to the valuable fuzzy distancemea-
sures forHFLTS, a novel waymodeling the interaction among
criteria of hesitant linguistic MCDM from the perspective of
distance measure for collections of fuzzy-valued sets is more
reasonable and necessary.

So, in this paper, motivated by the ordered weight
distance (OWD) measure for sets emphasizing the ordered
position importance of individual distance [60–62], induced
orderedweighted averaging distance (IOWAD) [63, 64], intu-
itionistic fuzzy orderedweighted distance (IFOWD) operator
[65], the Choquet integral [66], and discrete Choquet integral
aggregating interacting criteria [67], several discrete Choquet
integral distance measures modeling the interacting criteria
from the perspective of distance measure are defined for
collections of HFLTSs. A novel method using the fuzzy
distance measure for two fuzzy-valued sets for hesitant fuzzy
linguisticMCDMwith interactive criteria is proposed. In this
paper, always keep in mind that the preference of experts and
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interaction among criteria are, respectively, conducted by the
HFLTS and the discrete Choquet integral distance measures.

The reminder of the paper is organized as follows: several
preliminaries are provided in Section 2. Discrete Choquet
integral distance measures modeling the interacting criteria
from the perspective of distance measure are defined for
collections of HFLTSs, respectively, in Section 3. In Sec-
tion 4, a method by using the fuzzy distance measure for
two fuzzy-valued sets for hesitant fuzzy linguistic MCDM
with interactive criteria is proposed. An illustrative example
applied to renewable energy projects evaluation is given, and
comparison analysis is also conducted in Section 5 (Table 4).
Finally, a conclusion is drawn in Section 6.

2. Preliminaries

In this section, several basic concepts and related operational
laws are briefly described, such as the basic concepts, aggre-
gation operators, basic distance, and similarity measures for
hesitant fuzzy set and hesitant fuzzy linguistic terms set. In
addition, the ordered weighted distancemeasure is also given
in this section.

2.1. Hesitate Fuzzy Set. Hesitant fuzzy sets (HFSs) were first
introduced by Torra [25], which use several possible values
between 0 and 1 to represent the membership degree of an
element to a set. It is a powerful tool for decision makers
to provide their preferences on objects with high degree of
hesitation.

Definition 1 (see [25]). A hesitant fuzzy set on a fixed set𝑋 is
in terms of a function that when applied to𝑋 a subset of [0, 1]
returns, which can be represented as the following formation:𝐸 = {⟨𝑥, ℎ𝐸 (𝑥)⟩ | 𝑥 ∈ 𝑋} , (1)

where ℎ𝐸(𝑥) is a set of values in [0, 1], denoting the possible
membership degrees of the element 𝑥 ∈ 𝑋 to the set 𝐸. For
convenience, ℎ𝐸(𝑥) is called a hesitant fuzzy element (HFE).

Definition 2 (see [26]). Suppose ℎ𝑗 (𝑗 = 1, 2, . . . , 𝑛) is a
collection of HFEs, which constitute a hesitant fuzzy set.
A generalized hesitant fuzzy weighted averaging (GHFWA)
operator is a mapping GHFWA:𝐻𝑛 → 𝐻 such that

GHFWA𝜆 (ℎ1, ℎ2, . . . , ℎ𝑛) = ( 𝑛⨁
𝑗=1

(𝑤𝑗ℎ𝑗𝜆))1/𝜆
= ⋃
𝛾1∈ℎ1 ,𝛾2∈ℎ2 ,...,𝛾𝑛∈ℎ𝑛

{{{(1 −
𝑛∏
𝑗=1

(1 − 𝛾𝑗𝜆)𝑤𝑗)1/𝜆}}} ,
(2)

where 𝑊 = (𝑤1, 𝑤2, . . . , 𝑤𝑛) is the associated weight vector
of ℎ𝑗 (𝑗 = 1, 2, . . . , 𝑛), ∑𝑛𝑗=1 𝑤𝑗 = 1. If 𝜆 = 1 specially,
the GHFWA operator reduces to the hesitant fuzzy weighted
averaging operator.

2.2. Hesitate Fuzzy Linguistic Terms Set. The hesitant fuzzy
linguistic terms set was proposed by Rodriguez et al. [32],

and some operators including distance measures on HFLTS
have been studied. Liu and Rodŕıguez [38] proposed a fuzzy
envelope to carry out the computation process with HFLTS.
In [68], the distance of two HFLTSs directly based on the
hesitant fuzzy element index was defined.

Definition 3 (see [32]). Let 𝑆 = {𝑠0, . . . , 𝑠𝑔} be a linguistic term
set. AHFLTS, denoted by𝐻𝑆, is an ordered finite subset of the
consecutive linguistic terms of 𝑆.
Definition 4. Suppose that𝐻1 = ⋃𝑠

𝛿1
𝑙
∈𝐻1
{𝑠𝛿1
𝑙
| 𝑙 = 1, . . . , #𝐻1}

and 𝐻2 = ⋃𝑠
𝛿2
𝑙
∈𝐻2
{𝑠𝛿2
𝑙
| 𝑙 = 1, . . . , #𝐻2} are two HFLTSs on𝑋 = {𝑥1, 𝑥2, . . . , 𝑥𝑛} defined on linguistic term set 𝑆 and #𝐻1

and #𝐻2 are the numbers of HFLTSs𝐻1 and𝐻2, respectively.
Let 𝐿 = max{#𝐻1, #𝐻2}. If #𝐻1 ̸= #𝐻2, the shorter one should
be extended to have the same number of linguistic terms as
the other one by adding number of |#𝐻1 − #𝐻2| the lowest
(resp., the greatest) term in the shorter one, if the decision
maker in certain situation is pessimistic (resp., optimistic),
which depends on the decision maker’s risk preference, and
the decision-making situations. Then the Hamming distance
measure for two HFLTSs is defined as follows:

𝑑hd (𝐻1, 𝐻2) = 1𝐿 𝐿∑
𝑙=1

𝛿1𝑙 − 𝛿2𝑙 𝑔 + 1 . (3)

Definition 5. Fuzzy envelope of a hesitant fuzzy linguistic
term set, denoted as env(𝐻𝑆), is a linguistic interval obtained
by the upper boundary and low boundary of the HFLTS,
which is defined as follows:

env (𝐻𝑆) = [𝐻𝑆− , 𝐻𝑆+] , (4)

where 𝐻𝑆+ = max(𝑠𝑗), 𝐻𝑆− = min(𝑠𝑗), 𝑠𝑗 ∈ 𝐻𝑆, 𝑗 = 1, 2,. . . , #𝐻𝑆.
2.3. The Ordered Weighted Distance Measure. The Hamming
OWAD [69, 70] is an extension of the normalized weighted
Hamming distance containingmore information for distance
measure of two sets. It can be seen as the combination of
normal Hamming distance and the OWA operator. By using
this distance measure, the importance of ordered position of
the individual distances is considered, whichmeans the larger
(or smaller) individual deviations are assigned with higher
(or lower) weights representing their influence degree on the
global distance measure.

Definition 6. Let 𝐴 = {𝑎1, 𝑎2, . . . , 𝑎𝑛} and 𝐵 = {𝑏1, 𝑏2, . . . , 𝑏𝑛}
be two evaluations sets. The Hamming OWAD of dimension𝑛 is a mapping OWAD: 𝑅𝑛 × 𝑅𝑛 → 𝑅, with its associated
weight vector 𝑊 = (𝑤1, 𝑤2, . . . , 𝑤𝑛), 𝑤𝑖 ≥ 0, ∑𝑛𝑗=1 𝑤𝑗 = 1,𝑗 = 1, 2, . . . , 𝑛; the OWADmeasure is defined as follows:

OWAD (𝐴, 𝐵)= OWAD (⟨𝑎1, 𝑏1⟩ , ⟨𝑎2, 𝑏2⟩ , . . . , ⟨𝑎𝑛, 𝑏𝑛⟩)= 𝑛∑
𝑗=1

𝑤𝑗𝑑𝑗, (5)
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where 𝑑𝑗 represents the 𝑗th largest of the individual distance|𝑎𝑗 − 𝑏𝑗|.
The OWAD operator is commutative, monotonic,

bounded, and idempotent, and it provides a parameterized
family of distance measures ranging from the minimum to
the maximum individual distance.

3. 2-Tuple Discrete Choquet Integral Distance
Measures for Collections of HFLTSs

Distance measure can be applied widely to various fields,
such as medical diagnosis, pattern and image recognition,
approximate reasoning, cluster analysis, recommend systems,
and decision-making. Lots of work about distance measure
has been done on fuzzy sets and intuitionistic fuzzy sets, and a
variety of distance measures for hesitant fuzzy sets have been
also developed. Recently, hesitant fuzzy linguistic ordered
weighted distance operators for group decision-making [46],
and the decision-making methods based on the Hausdorff
distance of hesitant fuzzy linguistic number [51] have been
proposed. Because of the flexibility and special features of
HFLTS in certain situations, it is necessary to develop the
distance measures for collections of HFLTSs for MCDM. In
this section, we propose several distance measures for sets
of interactive elements, mainly for the collections of HFLTSs
with interactive elements based on the 2-tuple linguistic
representation approach, fuzzy measure, and the discrete
Choquet integral.

3.1. Fuzzy Measure and Discrete Choquet Integral

Definition 7 (see [71]). A fuzzy measure on a measure space
set 𝐶 is a set function 𝜇 : P(𝐶) → [0, 1], which satisfy the
following axioms:

(i) 𝜇(𝜙) = 0, 𝜇(𝐶) = 1;
(ii) 𝐵 ⊆ 𝑄 ⊆ 𝐶 implies 𝜇(𝐵) ≤ 𝜇(𝑄).
For all disjoint subsets 𝐵 ⊆ 𝑄 ⊆ 𝐶,
(i) if 𝜇(𝐵 ∪ Q) ≤ 𝜇(𝐵) + 𝜇(𝑄), the fuzzy measure is said

to be subadditive, which means there is a negative
interaction between 𝐵 and 𝑄 (or we say they are
redundant or substitutive);

(ii) if 𝜇(𝐵 ∪ 𝑄) ≥ 𝜇(𝐵) + 𝜇(𝑄), the fuzzy measure is said
to be superadditive, which means there is a positive
synergetic interaction between 𝐵 and 𝑄 (or we say
they are complementary);

(iii) Particularly, if, for all 𝐵 ⊆ 𝑄 ⊆ 𝐶, 𝜇(𝐵 ∪ 𝑄) =𝜇(𝐵) + 𝜇(𝑄), we say the fuzzy measure is additive,
which means there is no interaction between 𝐵 and𝑄 and all the elements in 𝐶 are independent, we have𝜇 (𝐵) = ∑

𝑐𝑖∈𝐵

𝜇 (𝑐𝑖) , ∀𝐵 ⊆ 𝐶. (6)

For a MCDM framework with fuzzy measure 𝜇(𝐵), the
component 𝜇(𝐵) can be interpreted as the importance of

subset 𝐵 ⊆ 𝐶. A fuzzy measure for subsets of 𝐶 is
monotonous, which means that when new criteria are added
to a subset of 𝐶, the importance of the expanded subset does
not decrease. And due to themain feature of a fuzzymeasure,
nonadditive, it is able to be used to represent various kinds of
interactions among the elements of a set (the decision crite-
ria); the interactions may range from redundancy (negative
interactions) to synergy (positive interaction).

In actual practice, fuzzymeasure plays a role similar to the
one of weights in the weightedmean operators.They are used
to represent the importance or relevance of a set. Thus with
the separate weights of criteria, weights of any combination
of criteria can also be defined. And the ability of the Choquet
integral to deal with interaction among criteria is due to the
fact that a weight of importance is attributed to every subset
of criteria.

When a fuzzy measure is employed to represent the
importance degree of the subsets of criteria set, a suitable
aggregation function is called the Choquet integral.

Definition 8 (see [72, 73]). Let 𝜇 be a fuzzy measure on 𝐶
and 𝑓 be a positive real-valued function on C, the discrete
Choquet integral on f with respective to 𝜇 is defined as
follows:

𝐶𝜇 (𝑓) = 𝑛∑
𝑖=1

𝑓 (𝑐𝜎(𝑖)) [𝜇 (𝐶𝜎(𝑖)) − 𝜇 (𝐶𝜎(𝑖+1))] , (7)

where (𝜎(1), 𝜎(2), . . . , 𝜎(𝑛)) is a permutation of (1, 2, . . . , 𝑛),
so that 0 ≤ 𝑓𝜎(1) ≤ 𝑓𝜎(2) ≤ ⋅ ⋅ ⋅ ≤ 𝑓𝜎(𝑛), 𝐶𝜎(𝑖) = {𝑐𝜎(𝑖),𝑐𝜎(𝑖+1), . . . , 𝑐𝜎(𝑛)}, 𝐶𝜎(𝑛+1) = 𝜙.
3.2. Definition of Generalized Discrete Choquet Integral

Distance Measure and Normalized Discrete Choquet
Integral Hamming Distance

(1) The Generalized Definition of Discrete Choquet Integral
Distance Measure for MCDM

Definition 9. For two evaluation values sets 𝐴 = {𝑎1,𝑎2, . . . , 𝑎𝑛} and 𝐵 = {𝑏1, 𝑏2, . . . , 𝑏𝑛} with respect to criteria
set 𝐶 of 𝑛 elements, let 𝜇 be a fuzzy measure on 𝐶 and
let 𝑑(𝑎𝑖, 𝑏𝑖) (𝑖 = 1, 2, . . . , 𝑛) be normalized positive real-
valued individual distance measure functions with respect to
the type of the values; a Choquet integral distance measure
CHD𝜇(𝐴, 𝐵) = ⨁𝑛𝑖=1𝑑𝜎(𝑖)(𝑎𝑖, 𝑏𝑖)[𝜇(𝐶𝜎(𝑖)) − 𝜇(𝐶𝜎(𝑖+1))] is a
definition which satisfy the following axioms:

(i) 0 ≤ CHD𝜇(𝐴, 𝐵) ≤ 1;
(ii) CHD𝜇(𝐴, 𝐵) = 0, if 𝐴 = 𝐵;
(iii) CHD𝜇(𝐴, 𝐵) = CHD𝜇(𝐵, 𝐴).

(2) A Normalized Discrete Choquet Integral Hamming
Distance (CHD)

Definition 10. For two evaluation values sets 𝐴 ={𝑎1, 𝑎2, . . . , 𝑎𝑛} and 𝐵 = {𝑏1, 𝑏2, . . . , 𝑏𝑛} with respect to criteria
set 𝐶 of 𝑛 elements, let 𝜇 be a fuzzy measure on 𝐶; a



Mathematical Problems in Engineering 5

normalized discrete Choquet integral Hamming distance
(CHD) of dimension 𝑛 is a mapping [0, 1]𝑛 × [0, 1]𝑛 → [0, 1],
which is defined as follows:

CHD𝜇 (𝐴, 𝐵)
= 1𝑛 𝑛∑
𝑖=1

(𝑎𝜎(𝑖) − 𝑏𝜎(𝑖) ⋅ [𝜇 (𝐶𝜎(𝑖)) − 𝜇 (𝐶𝜎(𝑖+1))]) , (8)

where (𝜎(1), 𝜎(2), . . . , 𝜎(𝑛)) is a permutation of (1, 2, . . . , 𝑛),
so that |𝑎𝜎(1) − 𝑏𝜎(1)| ≤ |𝑎𝜎(2) − 𝑏𝜎(2)| ≤ ⋅ ⋅ ⋅ ≤ |𝑎𝜎(𝑛) − 𝑏𝜎(𝑛)|,𝐶𝜎(𝑖) = {𝑐𝜎(𝑖), 𝑐𝜎(𝑖+1), . . . , 𝑐𝜎(𝑛)}, 𝐶𝜎(𝑛+1) = 𝜙.

The definition satisfies the properties (i), (ii), and (iii) of
the discrete Choquet integral distance measure.

Proof. (i) Because 𝜇(𝐶𝜎(𝑖)) and 𝜇(𝐶𝜎(𝑖+1)) are two fuzzy
measures whose values are in the interval [0, 1], for 𝜇(𝐶𝜎(𝑖)) ⊇𝜇(𝐶𝜎(𝑖+1)), because 𝜇(𝐶𝜎(𝑖)) ≥ 𝜇(𝐶𝜎(𝑖+1)), so 0 ≤ 𝜇(𝐶𝜎(𝑖)) −𝜇(𝐶𝜎(𝑖+1)) ≤ 1; |𝑎𝜎(𝑖) − 𝑏𝜎(𝑖)|, (𝑖 = 1, 2, . . . , 𝑛) are individual
Hamming distance measures, 0 ≤ |𝑎𝜎(𝑖) − 𝑏𝜎(𝑖)| ≤ 1;
particularly, when 𝑖 = 𝑛, 𝜇(𝐶𝜎(𝑖)) − 𝜇(𝐶𝜎(𝑖+1)) = 1, if |𝑎𝜎(𝑛) −𝑏𝜎(𝑛)| = 1, then CHD𝜇(𝐴, 𝐵) = 1, so we can get that 0 ≤(1/𝑛)∑𝑛𝑖=1(|𝑎𝜎(𝑖) − 𝑏𝜎(𝑖)| ⋅ [𝜇(𝐶𝜎(𝑖)) − 𝜇(𝐶𝜎(𝑖+1))]) ≤ 1.

(ii) If 𝐴 = 𝐵, 𝑎𝑖 = 𝑏𝑖 (𝑖 = 1, 2, . . . , 𝑛), then |𝑎𝜎(𝑖) −𝑏𝜎(𝑖)| = 0 (𝑖 = 1, 2, . . . , 𝑛), (1/𝑛)∑𝑛𝑖=1(|𝑎𝜎(𝑖) − 𝑏𝜎(𝑖)| ⋅ [𝜇(𝐶𝜎(𝑖)) −𝜇(𝐶𝜎(𝑖+1))]) = 0.
(iii) For |𝑎𝜎(𝑖) − 𝑏𝜎(𝑖)| = |𝑏𝜎(𝑖) − 𝑎𝜎(𝑖)| (𝑖 = 1, 2, . . . , 𝑛), then1𝑛 𝑛∑
𝑖=1

(𝑎𝜎(𝑖) − 𝑏𝜎(𝑖) ⋅ [𝜇 (𝐶𝜎(𝑖)) − 𝜇 (𝐶𝜎(𝑖+1))])
= 1𝑛 𝑛∑
𝑖=1

(𝑏𝜎(𝑖) − 𝑎𝜎(𝑖) ⋅ [𝜇 (𝐶𝜎(𝑖)) − 𝜇 (𝐶𝜎(𝑖+1))]) ,
CHD𝜇 (𝐴, 𝐵) = CHD𝜇 (𝐵, 𝐴) .

(9)

3.3. 2-Tuple Discrete Choquet Integral Distance Measure for
Collections of HFLTSs. The 2-tuple linguistic information is
the evaluation result expressed in 2-tuple (𝑠𝑘, 𝛼𝑘), where 𝑠𝑘 is
the 𝑘th element in the predefined language evaluation set 𝑆; it
means the closest language phrase in the linguistic assessment
information given or got to original language evaluation set;𝛼𝑘 is called symbolic transfer value, which represents the
deviation between 𝑠𝑘 and the evaluation result and satisfies𝛼𝑘 ∈ (−0.5, 0.5].
Definition 11 (see [74]). Suppose that a real number 𝛽 ∈[0, 𝑍], where 𝑍 is the number of elements in set 𝑆; 𝛽 is
represented as 2-tuple information by the following functionΔ: Δ : [0, 𝑍] → 𝑆 × [−0.5, 0.5) ,

Δ (𝛽) = {{{𝑠𝑘, 𝑘 = round (𝛽)𝛼𝑘 = 𝛽 − 𝑘, 𝛼𝑘 ∈ [−0.5, 0.5) , (10)

where round(⋅) is a rounding function.

Given a 2-tuple linguistic value (𝑠𝑘, 𝛼𝑘), there is an inverse
function Δ−1, which can convert (𝑠𝑘, 𝛼𝑘) into a numerical
value 𝛽 ∈ [0, 𝑍]:Δ−1 : 𝑆 × [−0.5, 0.5) → [0, 𝑍] ,Δ−1 (𝑠𝑘, 𝛼𝑘) = 𝑘 + 𝛼𝑘 = 𝛽. (11)

Definition 12 (see [75]). Let 𝑠𝑚, 𝑠𝑛 ∈ 𝑆 be two linguistic terms
defined on linguistic terms set 𝑆 = {𝑠0, . . . , 𝑠𝑔}; then the
distance between two linguistic terms𝑑(𝑠𝑚, 𝑠𝑛) can be defined
as follows: 𝑑 (𝑠𝑚, 𝑠𝑛) = |𝑚 − 𝑛|𝑔 + 1 . (12)

Definition 13. Let (𝑠𝑚, 𝛼𝑚), (𝑠𝑛, 𝛼𝑛) be two 2-tuple linguis-
tic representations defined on linguistic terms set 𝑆 ={𝑠0, . . . , 𝑠𝑔}; then the distance between two 2-tuple linguistic
representations 𝑑((𝑠𝑚, 𝛼𝑚), (𝑠𝑛, 𝛼𝑛)) can be defined as follows:𝑑 ((𝑠𝑚, 𝛼𝑚) , (𝑠𝑛, 𝛼𝑛)) = Δ−1 (𝑠𝑚, 𝛼𝑚) − Δ−1 (𝑠𝑛, 𝛼𝑛)𝑔 + 1 . (13)

Definition 14. For two fuzzy-valued sets 𝐴 = (𝑎1, 𝑎2, . . . , 𝑎𝑛)
and 𝐵 = (�̃�1, �̃�2, . . . , �̃�𝑛) on criteria set 𝐶, 𝑎𝑖 and �̃�𝑖 are 2-
tuple hesitant fuzzy linguistic terms sets defined on linguis-
tic terms set 𝑆 = {𝑠0, . . . , 𝑠𝑔}, which are represented as𝑎𝑖 = ⋃(𝑠

𝛿
𝑎𝑖
𝑙

,𝛼
𝛿
𝑎𝑖
𝑙

)∈𝑎𝑖
{(𝑠
𝛿
𝑎𝑖
𝑙

, 𝛼
𝛿
𝑎𝑖
𝑙

) | 𝑙 = 1, . . . , #𝑎𝑖} and �̃�𝑖 =⋃(𝑠
𝛿
�̃�𝑖
𝑙

,𝛼
𝛿
�̃�𝑖
𝑙

)∈�̃�𝑖
{(𝑠
𝛿
�̃�𝑖
𝑙

, 𝛼
𝛿
�̃�𝑖
𝑙

) | 𝑙 = 1, . . . , #�̃�𝑖}; #𝑎𝑖 and �̃�𝑖 are the

numbers of HFLTSs 𝑎𝑖 and �̃�𝑖, respectively. When all the 2-
tuple linguistic transfer values 𝛼𝑖 in a 2-tuple HFLTS are
assigned a value of zero, the 2-tuple HFLTS become a com-
mon HFLTS. Let 𝐿 = max{#𝑎𝑖, #�̃�𝑖}. If #𝑎𝑖 ̸= #�̃�𝑖, the shorter
one would be extended to have the same number of linguistic
terms as the other one by adding number of |#𝑎𝑖 − #�̃�𝑖| the
lowest (resp., greatest) term in the shorter one, if the decision
maker in certain decision-making situation is pessimistic
(resp., optimistic), which depends on the decision maker’s
risk preference, and the decision-making situations. Let 𝜇 be
a fuzzy measure on 𝐶; then the discrete Choquet integral
distance measure for collections of HFLTSs (CDHLS) based
on 2-tuple representation and discrete Choquet integral is a
mapping [0, 1]𝑛×[0, 1]𝑛 → [0, 1], which is defined as follows:

CDHLS𝜇 (𝐴, 𝐵) = 𝑛∑
𝑖=1

((1𝐿
⋅ 𝐿∑
𝑙=1


Δ−1 (𝑠

𝛿
𝑎𝜎(𝑖)
𝑙

, 𝛼
𝛿
𝑎𝜎(𝑖)
𝑙

) − Δ−1 (𝑠
𝛿
�̃�𝜎(𝑖)
𝑙

, 𝛼
𝛿
�̃�𝜎(𝑖)
𝑙

)𝑔 + 1
)

⋅ [𝜇 (𝐶𝜎(𝑖)) − 𝜇 (𝐶𝜎(𝑖+1))]) ,
(14)
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where (𝜎(1), 𝜎(2), . . . , 𝜎(𝑛)) is a permutation of (1, 2, . . . , 𝑛),
so that𝑑 (𝑎𝜎(1), �̃�𝜎(1)) ≤ 𝑑 (𝑎𝜎(2), �̃�𝜎(2)) ≤ ⋅ ⋅ ⋅≤ 𝑑 (𝑎𝜎(𝑛), �̃�𝜎(𝑛)) ,𝑑 (𝑎𝜎(𝑖), �̃�𝜎(𝑖))

= 1𝐿 𝐿∑
𝑙=1


Δ−1 (𝑠

𝛿
𝑎𝜎(𝑖)
𝑙

, 𝛼
𝛿
𝑎𝜎(𝑖)
𝑙

) − Δ−1 (𝑠
𝛿
�̃�𝜎(𝑖)
𝑙

, 𝛼
𝛿
�̃�𝜎(𝑖)
𝑙

)𝑔 + 1
𝐶𝜎(𝑖) = {𝑐𝜎(𝑖), 𝑐𝜎(𝑖+1), . . . , 𝑐𝜎(𝑛)} ,𝐶𝜎(𝑛+1) = 𝜙.

(15)

The definition of 2-tuple discrete Choquet integral dis-
tance measure for collections of HFLTSs above satisfies the
following axioms:

(i) 0 ≤ CDHLS𝜇(𝐴, 𝐵) ≤ 1;
(ii) CDHLS𝜇(𝐴, 𝐵) = 0, if 𝐴 = 𝐵;
(iii) CDHLS𝜇(𝐴, 𝐵) = CDHLS𝜇(𝐵, 𝐴).

Proof. (i) Because 𝜇(𝐶𝜎(𝑖)) and 𝜇(𝐶𝜎(𝑖+1)) are two fuzzy
measures whose values are in the interval [0, 1], for

𝜇(𝐶𝜎(𝑖)) ⊇ 𝜇(𝐶𝜎(𝑖+1)), because 𝜇(𝐶𝜎(𝑖)) ≥ 𝜇(𝐶𝜎(𝑖+1)), so0 ≤ 𝜇(𝐶𝜎(𝑖)) − 𝜇(𝐶𝜎(𝑖+1)) ≤ 1. Besides, for −0.5 ≤Δ−1(𝑠
𝛿
𝑎𝑖
𝑙

, 𝛼
𝛿
𝑎𝑖
𝑙

), Δ−1(𝑠
𝛿
�̃�𝑖
𝑙

, 𝛼
𝛿
�̃�𝑖
𝑙

) ≤ 𝑔 + 0.5, then 0 ≤ |(Δ−1(𝑠
𝛿
𝑎𝑖
𝑙

,𝛼
𝛿
𝑎𝑖
𝑙

) − Δ−1(𝑠
𝛿
�̃�𝑖
𝑙

, 𝛼
𝛿
�̃�𝑖
𝑙

))/(𝑔 + 1)| ≤ 1; then we get 0 ≤ (1/𝐿)∑𝐿𝑙=1 |(Δ−1(𝑠𝛿𝑎𝑖
𝑙

, 𝛼
𝛿
𝑎𝑖
𝑙

) − Δ−1(𝑠
𝛿
�̃�𝑖
𝑙

, 𝛼
𝛿
�̃�𝑖
𝑙

))/(𝑔 + 1)| ≤ 1, (𝑖 = 1, 2,. . . , 𝑛); particularly, suppose all the individual distances have
the max distances, which are that (1/𝐿)∑𝐿𝑙=1 |(Δ−1(𝑠𝛿𝑎𝑖

𝑙

, 𝛼
𝛿
𝑎𝑖
𝑙

)−Δ−1(𝑠
𝛿
�̃�𝑖
𝑙

, 𝛼
𝛿
�̃�𝑖
𝑙

))/(𝑔 + 1)| = 1; then the distance of the

collections is as follows: CDHLS𝜇(𝐴, 𝐵) = 1 ⋅ (𝜇(𝐶𝜎(1)) −𝜇(𝐶𝜎(2)) + 𝜇(𝐶𝜎(2)) − 𝜇(𝐶𝜎(3)) + 𝜇(𝐶𝜎(𝑛)) − 𝜇(𝐶𝜎(𝑛+1))) =𝜇(𝐶𝜎(1)) − 𝜇(𝐶𝜎(𝑛+1)) = 1, so we can get that 0 ≤
CDHLS𝜇(𝐴, 𝐵) ≤ 1.

(ii) If𝐴 = 𝐵, which is that all 𝑎𝑖 = �̃�𝑖 (𝑖 = 1, 2, . . . , 𝑛), then
CDHLS𝜇(𝐴, 𝐵) = (1/𝑛)∑𝑛𝑖=1(0 ⋅ [𝜇(𝐶𝜎(𝑖)) − 𝜇(𝐶𝜎(𝑖+1))]) = 0.

(iii) For |Δ−1(𝑠
𝛿
𝑎𝑖
𝑙

, 𝛼
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) − Δ−1(𝑠
𝛿
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𝑙
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)| = |Δ−1(𝑠
𝛿
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) −Δ−1(𝑠
𝛿
𝑎𝑖
𝑙

, 𝛼
𝛿
𝑎𝑖
𝑙

)| (𝑖 = 1, 2, . . . , 𝑛), then, CDHLS𝜇(𝐴, 𝐵) =
CDHLS𝜇(𝐵, 𝐴).
Definition 15. For the 2-tuple hesitant linguistic fuzzy-valued
sets 𝐴 = (𝑎1, 𝑎2, . . . , 𝑎𝑛) and 𝐵 = (�̃�1, �̃�2, . . . , �̃�𝑛) defined
above, a generalized Choquet integral distance measure for
collections of HFLTSs (GCDHLS) is defined as follows:

GCDHLS𝜇 (𝐴, 𝐵) = ( 𝑛∑
𝑖=1

((1𝐿 𝐿∑
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)𝑔 + 1

𝜆) ⋅ [𝜇 (𝐶𝜎(𝑖)) − 𝜇 (𝐶𝜎(𝑖+1))]))

1/𝜆

. (16)

Definition 16. For the 2-tuple hesitant linguistic fuzzy-valued
sets 𝐴 = (𝑎1, 𝑎2, . . . , 𝑎𝑛) and 𝐵 = (�̃�1, �̃�2, . . . , �̃�𝑛) defined
above, a Choquet integral Hausdorff distance measure for
collections of HFLTSs (CHDHLS) is defined as follows:

CHDHLS𝜇 (𝐴, 𝐵) = 𝑛max
𝑖=1
(1𝐿

⋅ 𝐿∑
𝑙=1


Δ−1 (𝑠

𝛿
𝑎𝜎(𝑖)
𝑙

, 𝛼
𝛿
𝑎𝜎(𝑖)
𝑙

) − Δ−1 (𝑠
𝛿
�̃�𝜎(𝑖)
𝑙

, 𝛼
𝛿
�̃�𝜎(𝑖)
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)𝑔 + 1
)⋅ [𝜇 (𝐶𝜎(𝑖)) − 𝜇 (𝐶𝜎(𝑖+1))] .

(17)

Compared to the normal distance measures which sup-
pose the elements in the sets are independent, the Choquet
integral distance measures can take into consideration the
interaction factor among the criteria, which can be used to
deal with the nonadditive distance measure for sets.

Some special cases of Choquet integral distance measure
for collections of HFLTSs (CDHLS) are discussed as follows.

(i) If the fuzzy measure 𝜇 is an additive fuzzy measure,
then 𝜇(𝐶𝜎(𝑖)) − 𝜇(𝐶𝜎(𝑖+1)) = 𝜇(𝑐𝜎(𝑖)), 𝑖 = 1, 2, . . . , 𝑛; in this
case, the normalized Choquet integral distance measure for
collections of HFLTSs (CDHLS) reduces to the normalized
weighted Hamming distance for collections of HFLTSs:

WDHLS𝜇 (𝐴, 𝐵) = 𝑛∑
𝑖=1

((1𝐿
⋅ 𝐿∑
𝑙=1
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)𝑔 + 1
)

⋅ 𝜇 (𝑐𝑖)) .
(18)
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(ii) If 𝜇(𝑌) = ∑|Y|𝑖=1 𝜔𝑖, for all 𝑌 ⊆ 𝐶, where |𝑌| is the
number of the elements in 𝑌, then 𝑤𝑖 = 𝜇(𝐶𝜎(𝑖)) − 𝜇(𝐶𝜎(𝑖+1)),𝑖 = 1, 2, . . . , 𝑛; here 𝑊 = (𝑤1, 𝑤2, . . . , 𝑤𝑛), 𝑤𝑖 ≥ 0, 𝑖 =1, 2, . . . , 𝑛, ∑𝑛𝑖=1 𝑤𝑖 = 1; in this case, the normalized Choquet
integral distancemeasure for collections ofHFLTSs (CDHLS)
reduces to the normalized ordered weighted distance for
collections of HFLTSs (OWDHLS):

OWDHLS𝜇 (𝐴, 𝐵) = 𝑛∑
𝑖=1

((1𝐿
⋅ 𝐿∑
𝑙=1
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𝑙

)𝑔 + 1
)

⋅ 𝜔𝑖),
(19)

where (𝜎(1), 𝜎(2), . . . , 𝜎(𝑛)) is a permutation of (1, 2, . . . , 𝑛),
so that

𝑑 (𝑎𝜎(1), �̃�𝜎(1)) ≤ 𝑑 (𝑎𝜎(2), �̃�𝜎(2)) ≤ ⋅ ⋅ ⋅≤ 𝑑 (𝑎𝜎(𝑛), �̃�𝜎(𝑛)) ,𝑑 (𝑎𝜎(𝑖), �̃�𝜎(𝑖))
= 1𝐿 𝐿∑
𝑙=1


Δ−1 (𝑠

𝛿
𝑎𝜎(𝑖)
𝑙

, 𝛼
𝛿
𝑎𝜎(𝑖)
𝑙
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 .

(20)

(iii) If 𝜇(𝑌) = 1, for all 𝑌 ⊆ 𝐶, then
CDHLS𝜇 (𝐴, 𝐵)= max {𝑑 (𝑎1, �̃�1) , 𝑑 (𝑎2, �̃�2) , . . . , 𝑑 (𝑎𝑛, �̃�𝑛)}= 𝑑 (𝑎𝜎(𝑛), �̃�𝜎(𝑛)) . (21)

(iv) If 𝜇(𝑌) = 0, for any 𝑌 ⊂ 𝐶, and 𝑌 ̸= 𝐶, then
CDHLS𝜇 (𝐴, 𝐵)= min {𝑑 (𝑎1, �̃�1) , 𝑑 (𝑎2, �̃�2) , . . . , 𝑑 (𝑎𝑛, �̃�𝑛)}= 𝑑 (𝑎𝜎(1), �̃�𝜎(1)) , (22)

where (𝜎(1), 𝜎(2), . . . , 𝜎(𝑛)) is a permutation of (1, 2, . . . , 𝑛),
so that𝑑 (𝑎𝜎(1), �̃�𝜎(1)) ≤ 𝑑 (𝑎𝜎(2), �̃�𝜎(2)) ≤ ⋅ ⋅ ⋅≤ 𝑑 (𝑎𝜎(𝑛), �̃�𝜎(𝑛)) ,𝑑 (𝑎𝜎(𝑖), �̃�𝜎(𝑖))

= 1𝐿 𝐿∑
𝑙=1
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, 𝛼
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, 𝛼
𝛿
�̃�𝜎(𝑖)
𝑙

)𝑔 + 1
 .

(23)

4. Method for Hesitant Fuzzy Linguistic
MCDM with Interactive Criteria

The core idea of MCDM methods based on aggregation
operator is that, firstly, we aggregate evaluation values on each
criteria for each alternative by using a specific aggregation
operator to get a collective value for each alternative; then,
we rank the collective evaluations of each alternative based
on some appropriate comparison rules.

As a comparison, the main idea or methodology of
decision-making methods based on distance measure, such
the TOPSIS or VIKOR, is that, firstly, we determine the
reference values on each criterion, that is, determine the ideal
or reference solution; then, we calculate the distances of each
solution to the reference solution and rank alternatives based
on the distances.

In this section, we propose a multicriteria decision-
making framework of hesitant fuzzy linguistic sets with
interactive criteria. The decision-making framework is built
from the perspective of distancemeasure based on the 2-tuple
linguistic representation approach and the discrete Choquet
integral.

In some cases, the cost of establishing a set of criteria that
are independent with each other is relatively high, or it is
impossible to establish fully independent sets of decision cri-
teria due to the highly complex decision scenarios. Consider
a MCDM problem, of which the criteria may be interactive.
The candidates set is denoted as𝑋 = {𝑥1, 𝑥2, . . . , 𝑥𝑚}, and the
criteria set is denoted as 𝐶 = {𝑐1, 𝑐2, . . . , 𝑐𝑛}; the evaluation
value of the 𝑖th alternative on the 𝑗th criterion given by expert
is denoted as 𝑝𝑖𝑗. Then the decision-making matrix given by
expert with interactive criteria is represented as follows:

𝑃 =
[[[[[[[[[[[[

𝑝1𝑗 ⋅ ⋅ ⋅ 𝑝1𝑗 ⋅ ⋅ ⋅ 𝑝1𝑛... ... ...𝑝𝑖1 d 𝑝𝑖𝑗 d 𝑝𝑖𝑛... ... ...𝑝𝑚𝑛 ⋅ ⋅ ⋅ 𝑝𝑚𝑗 ⋅ ⋅ ⋅ 𝑝𝑚𝑛

]]]]]]]]]]]]
. (24)

Due to the high complexity of the decision-making
problem, the decision organizers intend to require the experts
to use linguistic values to represent their evaluation values on
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each criteria for candidate alternatives, and they have built
a basic linguistic terms set 𝑆 = {𝑠0, . . . , 𝑠𝑔}. However, the
limited recognition of experts results in the experts not being
able to choose only one linguistic term to represent their
preference, and they hesitate among several linguistic terms
of high hesitation.

Suppose the fuzzy measure on criteria set 𝐶 and the
subsets of 𝐶 is 𝜇 : P(𝐶) → [0, 1].

The decision-making procedure for hesitant fuzzy lin-
guistic MCDM with interactive criteria based on the 2-tuple
linguistic representation approach and the discrete Choquet
integral is as follows.

Step 1. Confirm the fuzzy measure on criteria set 𝐶 and the
subsets of 𝐶, which is denoted as 𝜇 : P(𝐶) → [0, 1]. Several
methods for determining the fuzzymeasure on one particular
set have been proposed, such as the heuristic-based methods
[76], the fuzzy identification method based on the semantics
[77], genetic algorithms [78], and the novel 𝜆 -fuzzy measure
method [79].

Step 2. Determine the reference solution. The most popu-
lar reference solutions used are the positive-ideal solution𝜂+ = (𝜂+1 , 𝜂+2 , . . . , 𝜂+𝑛 ) and the negative-ideal solution 𝜂− =(𝜂−1 , 𝜂−2 , . . . , 𝜂−𝑛 ), 𝑗 = 1, 2, . . . , 𝑛. Let 𝐶1 be a collection of
benefit criteria and 𝐶2 be a collection of cost criteria.

Inspired by the method comparing two hesitate fuzzy
elements (HFEs) proposed by [26], for a HFLTS ℎ, 𝑠(ℎ) =(1/𝑙(ℎ))∑𝛾∈ℎ Δ−1(𝛾) is the score function of h, where 𝑙(ℎ)is
the number of elements in ℎ and Δ−1(⋅) is the 2-tuple
transfer function. Here we introduce the envelope for HFLTS
proposed by [32] as a comparison parameter denoted as
env(ℎ). In this paper, we combined env(ℎ) and 𝑠(ℎ) to
compare two HFLTSs ℎ1 and ℎ2.

(i) If 𝑠(ℎ1) > 𝑠(ℎ2), then ℎ1 is superior to ℎ2, denoted byℎ1 > ℎ2.
(ii) If 𝑠(ℎ1) = 𝑠(ℎ2), then

(a) if env(ℎ1) > env(ℎ2), then ℎ1 is superior to ℎ2;
(b) if env(ℎ1) = env(ℎ2), then ℎ1, ℎ2 represent the

same information, denoted by ℎ1 ∼ ℎ2.
Let us take a simple example: for two HFLTSs ℎ1 ={𝑠1, 𝑠2, 𝑠3} and ℎ2 = {𝑠2, 𝑠3}, by using the method proposed

here, 𝑠(ℎ1) < 𝑠(ℎ2), then ℎ1 < ℎ2. The result is consistent
with the result by using the envelope method proposed
by Rodriguez et al. [32]. By using the envelope method
for HFLTS, the envelopes of ℎ1 and ℎ2 are represented as
env(ℎ1) = [𝑠1, 𝑠3] and env(ℎ2) = [𝑠2, 𝑠3], respectively. The
comparison result is also consistent with human thinking in
real life.

In order to highlight the generality of the method pro-
posed in this paper, the methods to determine the ideal
value for each criterion are represented as two generalized
functions, denoted as 𝑔-max(⋅) for the positive-ideal value
and 𝑔-min(⋅) for the positive-ideal value, respectively. For
example, in this paper, 𝑔-max(⋅) or 𝑔-min(⋅) is, respectively,
used to return the biggest and smallest evaluation by the

method proposed above operated on the hesitant fuzzy
linguistic terms set.

The positive-ideal solutions are denoted as follows:𝜂+ = (𝜂+1 , 𝜂+2 , . . . , 𝜂+𝑗 , . . . , 𝜂+𝑛 ) , 𝑗 = 1, 2, . . . , 𝑛, (25)

where 𝜂+𝑗 = 𝑔-max𝑗(𝑝𝑖𝑗) if 𝑗 ∈ 𝐶1 and 𝜂+𝑗 = 𝑔-min𝑗(𝑝𝑖𝑗) if𝑗 ∈ 𝐶2, 𝑖 = 1, 2, . . . , 𝑚, 𝑗 = 1, 2, . . . , 𝑛.
The negative-ideal solutions are denoted as follows:𝜂− = (𝜂−1 , 𝜂−2 , . . . , 𝜂−𝑗 , . . . , 𝜂−𝑛 ) , 𝑗 = 1, 2, . . . , 𝑛, (26)

where 𝜂−𝑗 = 𝑔-min𝑗(𝑝𝑖𝑗) if 𝑗 ∈ 𝐶1 and 𝜂−𝑗 = 𝑔-max𝑗(𝑝𝑖𝑗) if𝑗 ∈ 𝐶2, 𝑖 = 1, 2, . . . , 𝑚, 𝑗 = 1, 2, . . . , 𝑛.
Step 3. Use the proposed 2-tuple Choquet integral distance
measures for collections of HFLTSs to compute the distance
between alternative and the ideal or reference solution for
each alternative. As an example, take the positive-ideal
solution as reference solution

CDHLS𝜇 (𝑥𝑖, 𝜂+) = 𝑛∑
𝑖=1

((1𝐿
⋅ 𝐿∑
𝑙=1


Δ−1 (𝑠𝛿𝑥𝑖

𝑙
, 𝛼𝛿𝑥𝑖
𝑙
) − Δ−1 (𝑠

𝛿
𝜂+

𝑙

, 𝛼
𝛿
𝜂+

𝑙

)𝑔 + 1
)

⋅ [𝜇 (𝐶𝜎(𝑖)) − 𝜇 (𝐶𝜎(𝑖+1))]) ,
(27)

where 𝑖 = 1, 2, . . . , 𝑚; 𝑗 = 1, 2, . . . , 𝑛, (𝜎(1), 𝜎(2), . . . , 𝜎(𝑛))
is a permutation of (1, 2, . . . , 𝑛), so that 𝑑𝜎(1)(𝑝𝑖𝑗, 𝜂+𝑖𝑗) ≤𝑑𝜎(2)(𝑝𝑖𝑗, 𝜂+𝑖𝑗) ≤ ⋅ ⋅ ⋅ ≤ 𝑑𝜎(𝑛)(𝑝𝑖𝑗, 𝜂+𝑖𝑗), 𝐶𝜎(𝑗) ={𝑐𝜎(𝑗), 𝑐𝜎(𝑗+1), . . . , 𝑐𝜎(𝑛)}, 𝐶𝜎(𝑛+1) = 𝜙.
Step 4. Rank the alternatives based on the results of 2-tuple
Choquet integral distancemeasures for collections ofHFLTSs
of each alternative.

5. Application to Renewable
Energy Projects Selection

As introduction in the first section, the issue of renewable
energy projects selection is a fuzzy multicriteria decision-
making problem. Due to the development of technology,
economy, and environment, research on this issue has a trend
where more and more uncertain and fuzzy factors take into
consideration the decision-making process, which results in
hesitation for experts to give evaluations and the type of the
evaluations may be more appropriate in form of HFLTS. And
the multicriteria decision-making process is becoming much
more complex in order to pursue a better balance of economic
and social activities and environmental impact, of which the
existence of interaction among criteria is of great possibility
or unavoidable.



Mathematical Problems in Engineering 9

Table 1: The decision matrix of candidate renewable energy projects.𝑐1 𝑐2 𝑐3 𝑐4𝑥1 {𝑠3, 𝑠4} {𝑠3, 𝑠4, 𝑠5} {𝑠4, 𝑠5} {𝑠4, 𝑠5}𝑥2 {𝑠2, 𝑠3} {𝑠3, 𝑠4} {𝑠2, 𝑠3, 𝑠4} {𝑠3, 𝑠4, 𝑠5}𝑥3 {𝑠2, 𝑠3, 𝑠4} {𝑠4, 𝑠5} {𝑠4, 𝑠5} {𝑠2, 𝑠3}𝑥4 {𝑠4, 𝑠5} {𝑠5, 𝑠6} {𝑠4, 𝑠5, 𝑠6} {𝑠3, 𝑠4}𝑥5 {𝑠3, 𝑠4, 𝑠5} {𝑠2, 𝑠3} {𝑠4, 𝑠5, 𝑠6} {𝑠4, 𝑠5}𝑥6 {𝑠4, 𝑠5} {𝑠4, 𝑠5} {𝑠3, 𝑠4} {𝑠3, 𝑠4, 𝑠5}
Table 2: The decision matrix transformed into the form of 2-tuple HFLTS.𝑐1 𝑐2 𝑐3 𝑐4𝑥1 {(𝑠3, 0), (𝑠4, 0)} {(𝑠3, 0), (𝑠4, 0), (𝑠5, 0)} {(𝑠4, 0), (𝑠5, 0)} {(𝑠4, 0), (𝑠5, 0)}𝑥2 {(𝑠2, 0), (𝑠3, 0)} {(𝑠3, 0), (𝑠4, 0)} {(𝑠2, 0), (𝑠3, 0), (𝑠4, 0)} {(𝑠3, 0), (𝑠4, 0), (𝑠5, 0)}𝑥3 {(𝑠2, 0), (𝑠3, 0), (𝑠4, 0)} {(𝑠2, 0) , (𝑠3, 0)} {(𝑠4, 0), (𝑠5, 0)} {(𝑠2, 0), (𝑠3, 0)}𝑥4 {(𝑠4, 0), (𝑠5, 0)} {(𝑠5, 0), (𝑠6, 0)} {(𝑠4, 0), (𝑠5, 0), (𝑠6, 0)} {(𝑠3, 0), (𝑠4, 0)}𝑥5 {(𝑠3, 0), (𝑠4, 0), (𝑠5, 0)} {(𝑠2, 0), (𝑠3, 0)} {(𝑠4, 0), (𝑠5, 0), (𝑠6, 0)} {(𝑠4, 0), (𝑠5, 0)}𝑥6 {(𝑠4, 0), (𝑠5, 0)} {(𝑠4, 0), (𝑠5, 0)} {(𝑠3, 0), (𝑠4, 0)} {(𝑠3, 0), (𝑠4, 0), (𝑠5, 0)}

Here, for the evaluation of the renewable energy projects,
we consider a highly ambiguous situation; the experts are
allowed to give the evaluation values of each alternative on
criteria in the form of the hesitant fuzzy linguistic terms set,
and a decision model which is able to handle the interaction
factors among criteria is established. In this section, we
apply the proposed method in Section 4 to the evaluation
of renewable energy projects and use an example to further
validate the rationality of the proposed method in this paper.
Wewill make a comparison analysis on the proposedMCDM
method based on the 2-tuple Choquet integral distance
measures for collections of HFLTSs with the hesitant fuzzy
linguistic TOPSIS and the hesitant fuzzy linguistic VIKOR.

The numerical example is described as follows.
A local government is going to select the most competent

renewable energy projects from four candidate projects.
Because of the complexity of the new energy project system,
high uncertainty of the application prospect, and the fuzzi-
ness of the expert cognition, evaluations values are required
to be given in form of HFLTS. Suppose the basic linguistic
terms set 𝑆 = {𝑠0, . . . , 𝑠6}, of which 𝑠0 is nothing, 𝑠1 is very
low, 𝑠2 is low, 𝑠3 is medium, 𝑠4 is high, 𝑠5 is very high, and𝑠6 is perfect. The candidate renewable energy projects are
denoted as𝑋 = {𝑥1, 𝑥2, 𝑥3, 𝑥4, 𝑥5, 𝑥6}. The criteria set used to
evaluate performance of the renewable energy projects comes
from the literature of [1]. Several criteria are chosen by the
decisionmakers to compose the criteria set, which is denoted
as 𝐶 = {𝑐1, 𝑐2, 𝑐3, 𝑐4}. The criteria are represented as follows: 𝑐1
is technical maturity degree; 𝑐2 is ecological impact level; 𝑐3 is
service life level; 𝑐4 is social acceptability degree.

The procedure to select the most competent renewable
energy project based on 2-tuple Choquet integral distance
measures for collections of HFLTSs is as follows.

Step 1. Make up the decision matrix for renewable energy
projects with hesitant fuzzy linguistic terms set with respect
to the four evaluating criteria according to the experts’ judg-
ments. Based on the hesitant fuzzy linguistic judgments on

the alternatives, the decision matrix of candidate renewable
energy projects is obtained as in Table 1.

In order to apply the proposed 2-tuple Choquet integral
distancemeasures for collections ofHFLTSs, here, we transfer
the original decision matrix into the form of 2-tuple HFLTS,
which is shown in Table 2.

Step 2. Confirm the fuzzy measures on criteria set 𝐶 and the
subsets of 𝐶 by using the fuzzy measure methods mentioned
in the previous section. Suppose the fuzzy measures are as
follows: 𝜇 (𝑐1) = 0.40,𝜇 (𝑐2) = 0.25,𝜇 (𝑐3) = 0.37,𝜇 (𝑐4) = 0.20,𝜇 (𝑐1, 𝑐2) = 0.76,𝜇 (𝑐1, 𝑐3) = 0.65,𝜇 (𝑐1, 𝑐4) = 0.61,𝜇 (𝑐2, 𝑐3) = 0.45,𝜇 (𝑐2, 𝑐4) = 0.34,𝜇 (𝑐3, 𝑐4) = 0.42,𝜇 (𝑐1, 𝑐2, 𝑐3) = 0.85,𝜇 (𝑐1, 𝑐2, 𝑐4) = 0.68,𝜇 (𝑐1, 𝑐3, 𝑐4) = 0.76,𝜇 (𝑐2, 𝑐3, 𝑐4) = 0.57,𝜇 (𝑐1, 𝑐2, 𝑐3, 𝑐4) = 1.0.

(28)
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Step 3. Determine the positive-ideal solution 𝜂+ = (𝜂+1 , 𝜂+2 ,. . . , 𝜂+𝑛 ), by using the comparison method for HFLTSs pro-
posed in Section 4.

By using the comparison method, we get the posi-
tive-ideal solution: 𝜂+ = (𝜂+1 , 𝜂+2 , . . . , 𝜂+𝑛 ) = ({𝑠4, 𝑠5}, {𝑠2, 𝑠3},{𝑠4, 𝑠5, 𝑠6}, {𝑠4, 𝑠5})
Step 4. Compute the distances between alternative and the
ideal solution for each alternative by using the 2-tuple Cho-
quet integral distance measures for collections of HFLTSs;
suppose the decision maker is optimistic; the results are as
follows: 𝑐𝑑1 = 0.0787,𝑐𝑑2 = 0.2216,𝑐𝑑3 = 0.1095,𝑐𝑑4 = 0.1739,𝑐𝑑5 = 0.2109,𝑐𝑑6 = 0.0998.

(29)

Take the candidate𝑥1 as an example; the computation process
for the 2-tuple Choquet integral distance between 𝑥1 and
positive-ideal solution is as follows.

For𝑑 (𝑝11, 𝜂+11) = 17 ,𝑑 (𝑝12, 𝜂+12) = 119 ,𝑑 (𝑝13, 𝜂+13) = 121 ,𝑑 (𝑝14, 𝜂+14) = 0,𝑑𝜎(1) (𝑝14, 𝜂+14) < 𝑑𝜎(2) (𝑝12, 𝜂+12) < 𝑑𝜎(3) (𝑝13, 𝜂+13)< 𝑑𝜎(4) (𝑝11, 𝜂+11) ,

(30)

then, we get 𝜇𝜎(1) = 𝜇{𝑐1, 𝑐2, 𝑐3, 𝑐4} = 1, 𝜇𝜎(2) = 𝜇{𝑐1, 𝑐2, 𝑐3} =0.85, 𝜇𝜎(3) = 𝜇{𝑐1, 𝑐3} = 0.65, 𝜇𝜎(4) = 𝜇{𝑐1} = 0.40,
CDHLS𝜇 (𝐴, 𝐵) = 𝑛∑

𝑖=1

((1𝐿
⋅ 𝐿∑
𝑙=1
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⋅ [𝜇 (𝐶𝜎(𝑖)) − 𝜇 (𝐶𝜎(𝑖+1))]) .
(31)

So,𝑐𝑑1 = CDHLS𝜇 (𝑥1, 𝜂+)= 0 × (1 − 0.85) + (0.85 − 0.65)21 + (0.65 − 0.40)19+ (0.4 − 0)7 = 0.0787.
(32)

Step 5. Rank the alternatives based on the results of the 2-
tuple Choquet integral distance measures for collections of
HFLTSs to get the most suitable renewable energy project.

Because 𝑐𝑑1 < 𝑐𝑑6 < 𝑐𝑑3 < 𝑐𝑑4 < 𝑐𝑑5 < 𝑐𝑑2, the
candidate 𝑥1 has the nearest distance from the positive-ideal
solution; hence the renewable energy project 𝑥1 is the most
suitable renewable energy project.

In order to illustrate the validity and practicability of
the proposed method, we firstly compare our proposed
method with the generalized interval-valued hesitant fuzzy
linguistic Shapley Choquet integral operator, which handles
the interaction among hesitant fuzzy linguistic numbers from
the perspective of information fusion [80].Then comparisons
with the hesitant fuzzy linguistic TOPSIS and hesitant fuzzy
linguistic VIKOR are also made to highlight the ability
of the proposed method in dealing with the interactions
among criteria in hesitant fuzzy linguistic situation from the
perspective of distance measure.

Comparison Analysis. As described in the first part, because
of the characteristic ofHFLTS, an evaluation value containing
several fuzzy elements, to our knowledge until now, very little
work has been done about the MCDM problem in hesitant
linguistic context considering the existence of interaction
among criteria from the perspective of information aggrega-
tion. There is no quite suitable case in the existing literatures
within our capability that can be used to make a comparison
with the method proposed here. However, the hesitant fuzzy
linguistic numbers can be seen as one particular formation of
the generalized interval-valued hesitant fuzzy linguistic num-
bers. So we can make a comparison between our proposed
method with the generalized interval-valued hesitant fuzzy
linguistic Shapley Choquet integral operator [80].

Suppose they have the same fuzzy measure; then we
apply the method in paper [80] to the previous example. The
computation results are as follows.

By using the generalized interval-valued hesitant fuzzy
linguistic Choquet integral (G-IVHFLCOA) proposed in
paper [80], we get

G-IVHFLCOA (𝑥1) = {𝑠4.1, 𝑠4.7, 𝑠5.3} ,
G-IVHFLCOA (𝑥2) = {𝑠2.4, 𝑠3.1, 𝑠3.6} ,
G-IVHFLCOA (𝑥3) = {𝑠3.7, 𝑠4.5, 𝑠5.1} ,
G-IVHFLCOA (𝑥4) = {𝑠3.5, 𝑠4.1, 𝑠4.8} ,
G-IVHFLCOA (𝑥5) = {𝑠2.7, 𝑠3.9, 𝑠4.0} ,
G-IVHFLCOA (𝑥6) = {𝑠3.9, 𝑠4.6, 𝑠5.1} .

(33)
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Table 3𝑖 1 2 3 4 5 6𝑆𝑖 0.093 0.599 0.425 0.598 0.691 0.464𝑅𝑖 0.155 0.198 0.199 0.364 0.207 0.139𝑄𝑖 0.166 0.379 0.461 0.229 0.301 0.191

Table 4: Ranking results by several methods operating on the illustrative example.

Methods Ranking results
Method proposed in this paper 𝑥1 ≻ 𝑥6 ≻ 𝑥3 ≻ 𝑥4 ≻ 𝑥5 ≻ 𝑥2
G- IVHFLCOA 𝑥1 ≻ 𝑥6 ≻ 𝑥3 ≻ 𝑥4 ≻ 𝑥5 ≻ 𝑥2
Hesitant fuzzy linguistic TOPSIS 𝑥6 ≻ 𝑥1 ≻ 𝑥4 ≻ 𝑥3 ≻ 𝑥5 ≻ 𝑥2
Hesitant fuzzy linguistic VIKOR 𝑥1 ≻ 𝑥6 ≻ 𝑥4 ≻ 𝑥5 ≻ 𝑥2 ≻ 𝑥3

By using the comparison rules for hesitant fuzzy linguistic
numbers in Section 4 we have the following.

For a HFLTS ℎ, 𝑠(ℎ) = (1/𝑙(ℎ)) ∑𝛾∈ℎ Δ−1(𝛾) is the score
function of ℎ, where 𝑙(ℎ) is the number of elements in ℎ andΔ−1(⋅) is the 2-tuple linguistic transfer function.

The scores are as follows:𝑠 (𝑥1) = 4.70,𝑠 (𝑥2) = 3.03,𝑠 (𝑥3) = 4.43,𝑠 (𝑥4) = 4.13,𝑠 (𝑥5) = 3.53,𝑠 (𝑥6) = 4.53.
(34)

The ranking result is as follows:𝑠 (𝑥1) > 𝑠 (𝑥6) > 𝑠 (𝑥3) > 𝑠 (𝑥4) > 𝑠 (𝑥5) > 𝑠 (𝑥2) . (35)

The result is consistent with the result of our proposed
method.

What is more, suppose the four criteria have the same
weight; then we have the following.

By using the TOPSIS method for hesitant fuzzy linguistic
terms set proposed byBeg andRashid [34], we get the ranking
result as follows:𝑥6 ≻ 𝑥1 ≻ 𝑥4 ≻ 𝑥3 ≻ 𝑥5 ≻ 𝑥2. (36)

The relative closeness RC(x1) to the ideal solution by
hesitant fuzzy linguistic TOPSIS is as follows:

RC (𝑥1) = 0.209,
RC (𝑥2) = 0.629,
RC (𝑥3) = 0.437,
RC (𝑥4) = 0.311,
RC (𝑥5) = 0.533,
RC (𝑥6) = 0.133.

(37)

And by using the hesitant fuzzy linguistic VIKORmethod
for hesitant fuzzy linguistic terms set proposed by Liao et al.
[39], we get the ranking result as follows:𝑥1 ≻ 𝑥6 ≻ 𝑥4 ≻ 𝑥5 ≻ 𝑥2 ≻ 𝑥3. (38)

The detailed computation results by the hesitant fuzzy
linguistic VIKORare shown in Table 3.

The result by G-IVHFLCOA is consistent with the result
of our proposed method. This consistency proves the cor-
rectness and reasonableness of the method we propose.
Compared with the G-IVHFLCOA method, our proposed
method provides another way to solve this problem con-
sidering the interaction among criteria in hesitant fuzzy
linguistic situation from the perspective of distance measure.
It is more suitable and reliable for multicriteria decision-
making with hesitant fuzzy linguistic information, because
it is more difficult to aggregate the hesitant fuzzy linguistic
numbers for its characteristic of composed of several lin-
guistic terms, especially when the interaction among criteria
are considered. Compared with the G-IVHFLCOA method,
our proposed method can be more intuitive to reflect the
merits of the decision-making results from the perspective
of distance measure. As for the differences between the
ranking results by using the proposed method, the hesitant
fuzzy linguistic TOPSIS, and the hesitant fuzzy linguistic
VIKOR, that is because the method proposed in this paper
takes into consideration the interaction among criteria. The
hesitant fuzzy linguistic TOPSIS and the hesitant fuzzy
linguistic VIKOR method cannot take into consideration
the interaction among criteria. However, in this example,
there are interactions among criteria; for example, there is
positive interaction among c1, technical maturity degree, and
c4, social acceptability degree. High technicalmaturity degree
is bound to bring high social acceptability degree, which
leads to small distance to the positive ideal solution than
that disregarding the interactions among criteria. Take the
position of x1 and x6 in the ranking results as example, from
the fuzzy measure about the criteria set given above, we can
find that there are positive interactions between these two
criteria. So when the interaction is considered, the method
proposed here can lead to smaller distance than that by
using the hesitant fuzzy linguistic TOPSIS and the hesitant
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fuzzy linguistic VIKOR. Then different ranking results are
obtained.

Renewable energy planning is an important part of the
development of renewable energy, and decision-making for
renewable energy projects selection is a complex problem
withmultiple criteria considering all the technical, economic,
social, and environmental factors. What is more, to develop
renewable energy is to pursue a balance of economic and
social activities and environment, of which the existence of
interaction among criteria is of great possibility. Managers
are pursuing high-quality decision-making tomeet the needs
of production and life in the field of renewable energy. In
practice, because of the novelty of new energy technolo-
gies, high uncertainty of situation and limited cognition
of human thinking should be considered. According to
the available information and the experts’ expertise in new
energymanagement, the decisionmakers cannot choose only
one linguistic evaluation value from the established linguistic
terms set to represent his judgment in some situation. The
method proposed in this paper can take into consideration
muchmore uncertain and fuzzy factors, and decision makers
are allowed to express their preference in a set of several
objectswith corresponding degrees of hesitation in renewable
energy projects evaluation. The interactions among criteria
are also handling approximately. It can reduce the decision
pressure and improve the renewable energy projects selection
decision-making efficiency because the decision maker are
allowed to express their preference in form of HFLTS and a
decision criteria set ofwhich the criteria are independentwith
each other is not necessary. Compared to the relevant existing
methods, method proposed here can be more intuitive to
reflect the merits of the renewable energy projects selection
decision results.

6. Conclusions

Renewable energy projects selection is a multicriteria
decision-making problem considering all the technical, eco-
nomic, social, and environmental factors, of which the
existence of interaction among criteria is of great possibility,
sometimes inevitable. For the evaluation of the performance
of renewable energy projects, we consider a highly ambiguous
situation, where the experts are allowed to give the evaluation
values in the form of the hesitant fuzzy linguistic terms set.
A decision-making model handling the interaction among
criteria from the perspective of distance measure by using
the 2-tuple linguistic representation approach and discrete
Choquet integral is established. Several discrete Choquet
integral distance measures modeling the interacting criteria
from the perspective of distance measure are defined for
collections of HFLTSs. Compared to the existingmethods for
evaluation of the performance of renewable energy projects,
the method proposed here can take into consideration more
fuzzy information and deal with the interaction among crite-
ria more approximately.This method can reduce the decision
pressure and improve the decision-making efficiency because
the decision maker is allowed to represent their preference in
formofHFLTS and a decision criteria set of which the criteria
are independent of each other is not necessary. Besides,

compared to the G-IVHFLCOA method, method proposed
here can bemore intuitive to reflect themerits of the decision-
making results from the perspective of distance measure.

For further research, distance measure between fuzzy
sets, especially the collection of HFLTSs, should be contin-
uously improved and optimized to carry more information
in order to reflect the preference fully of the decision makers
and the decision situation of renewable energy panning. And
the classical MCDM techniques based on distance measure,
such as TOPSIS and VIKOR, can be integrated with more
fuzzy information to assess the renewable energy projects
more scientifically and reasonably in some particular fuzzy
situations.
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[38] H. Liu andR.M. Rodŕıguez, “A fuzzy envelope for hesitant fuzzy
linguistic term set and its application to multicriteria decision
making,” Information Sciences, vol. 258, pp. 220–238, 2014.

[39] H. Liao, Z. Xu, and X.-J. Zeng, “Hesitant Fuzzy Linguistic
VIKOR Method and Its Application in Qualitative Multiple
CriteriaDecisionMaking,” IEEETransactions on Fuzzy Systems,
vol. 23, no. 5, pp. 1343–1355, 2015.

[40] B. Farhadinia, “Multiple criteria decision-makingmethods with
completely unknown weights in hesitant fuzzy linguistic term
setting,” Knowledge-Based Systems, vol. 93, pp. 135–144, 2016.

[41] X. Gou, Z. Xu, and H. Liao, “Hesitant fuzzy linguistic entropy
and cross-entropy measures and alternative queuing method
formultiple criteria decisionmaking,” Information Sciences, vol.
388-389, pp. 225–246, 2017.

[42] S. Yu, H. Zhang, and J. Wang, “Hesitant Fuzzy Linguistic
Maclaurin Symmetric Mean Operators and their Applications
to Multi-Criteria Decision-Making Problem,” International
Journal of Intelligent Systems, 2017.

[43] G.Wei, “Interval-valued dual hesitant fuzzy uncertain linguistic
aggregation operators in multiple attribute decision making,”
Iranian Journal of Fuzzy Systems, vol. 33, no. 3, pp. 1881–1893,
2017.

[44] Z. S. Xu, L. Pan, andH. C. Liao, “Multi-criteria decisionmaking
method of hesitant fuzzy linguistic term set based on improved
MACBETH method,” Kongzhi yu Juece/Control and Decision,
vol. 32, no. 7, pp. 1266–1272, 2017.



14 Mathematical Problems in Engineering

[45] H. Liao, X. Gou, and Z. Xu, “A survey of decision making
theory and methodologies of hesitant fuzzy linguistic term set,”
Xitong Gongcheng Lilun yu Shijian/System Engineering Theory
and Practice, vol. 37, no. 1, pp. 35–48, 2017.
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