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The notion of hesitant fuzzy linguistic term sets (HFLTSs), which enables experts to uti-
lize a few possible linguistic terms to evaluate varieties of common qualitative informa-
tion, plays a significant role in handling situations in cases where these experts are hesi-
tant in offering linguistic expressions. For addressing the challenges of information analysis
and information fusion in hesitant fuzzy linguistic (HFL) group decision making, in accor-
dance with the multi-granularity three-way decisions paradigm, the primary purpose of
this study is to develop the notion of multigranulation decision-theoretic rough sets (MG-
DTRSs) into the HFL background within the two-universe framework. Having revisited the
relevant literature, we first propose a hybrid model named adjustable HFL MG-DTRSs over
two universes by introducing an adjustable parameter for the expected risk appetite of
experts, in which both optimistic and pessimistic versions of HFL MG-DTRSs over two uni-
verses are special cases of the adjustable version. Second, some of the fundamental prop-
erties of the proposed model are discussed. Then, on the basis of the presented hybrid
model, a group decision making approach within the HFL context is further constructed.
Finally, a practical example, a comparative analysis, and a validity test concerning person-
job fit problems are explored to reveal the rationality and practicability of the constructed
decision making rule.

© 2019 Elsevier Inc. All rights reserved.

1. Introduction

In realistic decision making processes, owing to the innate fuzziness of human thought and the complexity of decision
making contexts, experts are notably prone to express their preferences in qualitative situations. To cope with such issues,
the fuzzy linguistic approach [40] expresses qualitative information as linguistic variables, and this approach enhances the
flexibility and reliability of processing various linguistic expressions. However, considering that the form of linguistic vari-
ables is often expressed by single terms, the fuzzy linguistic approach is still insufficient in modeling every individual per-
son’s complicated thinking. For instance, when estimating the programming ability of a job seeker, human resource experts
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can only express “modest” aptitude, but they cannot express “higher than modest” or “between modest and competent”
ones. Therefore, considering that it is beneficial for experts to describe their respective opinions in multiple linguistic terms,
Rodriguez et al. [17] established the notion of HFLTSs by simultaneously overcoming the limitations of fuzzy linguistic ap-
proaches and hesitant fuzzy sets (HFSs) [6,27]. Ever since the establishment of HFLTSs, substantial academic achievements
have been realized in terms of solving HFL group decision making problems [5,9,18,28,43].

In practice, experts are usually confronted with the following two challenges in HFL group decision making situations:
(a) each expert needs to explain a decision with respect to the scenario under which alternative have been selected as
the optimal one, i.e., the information analysis issue when experts make group decisions; (b) all experts need to reach an
agreement or a conclusion by referring to each decision result, i.e., the information fusion issue in the group decision making
procedure.

The rough set theory [13] is widely known as a reasonable and efficient soft computing method for handling several deci-
sion making situations via attribute selections and rule acquisitions [4,21-23]. Moreover, in the past decades, various gener-
alized rough set models have been constructed in step with the actual demands of real-world situations [2,15,37-39]. In this
research, for the sake of enhancing the applicability of generalized rough set models in handling the two challenges men-
tioned above in HFL group decision making, we aim to explore a novel rough set model by means of the multi-granularity
three-way decisions paradigm. Multi-granularity three-way decisions, which originate from the granular computing frame-
work [41], construct multi-level problem solving methods by providing information analysis and information fusion rules for
solution spaces in different granularity levels based on the three-way decisions theory [31-36]. Among the most commonly
used multi-granularity three-way decisions models that combine decision-theoretic rough sets (DTRSs) [1,32,33,37,38] with
multigranulation rough sets (MGRSs) [14,15], Qian et al. [16] were the ones who initially constructed MG-DTRSs. Since then,
many scholars have enriched MG-DTRSs from the viewpoints of multi-granularity three-way decisions [3,8,10,11,25,29,30,45].
In particular, the motivations of utilizing DTRSs and MGRSs over two universes to address the challenges of information
analysis and information fusion in group decision making can be summarized as follows:

(1) For solving information analysis issues in group decision making, three-way decisions theory has demonstrated its su-
perior performances in each granularity level when constructing multi-level problem solving methods. Yao [31,32] em-
phasized that three-way decisions can be utilized to interpret three regions in rough sets, i.e., positive, boundary, and
negative regions, which are regarded the regions of acceptance, noncommitment, and rejection in ternary classifications.
DTRSs, as constructed and developed by Yao [1,32,33,37,38] in the early 1990s, are regarded one of the most typical repre-
sentatives of three-way decisions [31-36] that have been proposed in recent years. Moreover, DTRSs have been proposed
much earlier than three-way decisions, and the essence of DTRSs can be illustrated by three-way decisions from a broad
perspective. Specifically, DTRSs are established by the ideas of acceptance, noncommitment, and rejection by introducing
threshold-based induction rules to permit error tolerance. Thus, DTRSs build a link between rough sets and decision the-
ory, especially for the purpose of providing a reasonable semantic interpretation for decision risks [7,12,19,26,47,48]. With
the support of DTRSs, by reasonably quantifying and minimizing the decision loss of wrong decisions, a more reliable
ternary classification result can be obtained compared with those that use other existing models without focusing on
decision risks.

(2) For solving information fusion issues in group decision making, MGRSs over two universes, as constructed by Sun and
Ma [20] in view of classical MGRSs, are regarded one of the most reasonable and efficient tools for fusing solution space
in different granularity levels. Specifically, the strengths of MGRSs over two universes are reflected in the following two
levels:

- MGRSs regard each decision maker’s preferences as a single information system that can induce its related granular
structures, and thus, MGRSs are able to transform the issue of information fusion into multigranulation fusion from
multiple views and levels. In view of this, Qian et al. [14,15] established theoretical foundations of MGRSs. In addition,
MGRSs reportedly not only provide an effective scheme to discover knowledge by simultaneously processing multiple
binary relations with actual requirements, but they also include optimistic and pessimistic MGRSs that can be utilized
according to risk-seeking and risk-averse tactics.

- The consideration of two universes [39] outperforms a single universe when depicting real-world decision making
information systems, and hence, exploring decision making problems by means of rough sets over two universes is
essential. Here, we aim to discuss a special correlation group decision making problem. As an important measure in
data analysis, the correlation can reflect a complex relationship of two sets with the aid of a measure of interdepen-
dency of the two sets. In using granular computing to handle the aforementioned special decision making problems,
particularly by developing the model of MGRSs over two universes, decision makers can conveniently and realistically
describe useful inherent relationships between the two kinds of objects of these group decision making problems
[24,42,44,46].

On the basis of the above discussions, to handle HFL group decision making problems according to the multi-granularity
three-way decisions paradigm, this work investigates a hybrid model named adjustable HFL MG-DTRSs over two universes
from the viewpoint of theoretical foundations and real-world applications. We simultaneously combine the notion of HFLTSs,
DTRSs, and MGRSs over two universes to overcome the shortcomings of existing MG-DTRS models in HFL group decision
making. The combination mechanism can be summarized as follows: (a) in enabling the proposed model to quantify and
minimize the loss of wrong decisions in the HFL context, we construct a single membership degree by introducing DTRSs
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into HFL information systems; (b) in enabling the proposed model to acquire adjustable capabilities according to one ex-
pert’s risk preferences when handling HFL group decision making problems, we expand the presented single membership
degree to the background of multiple granulations by introducing an adjustable parameter. Then, the notion of adjustable
membership degrees is established, and both optimistic and pessimistic versions of the proposed model are regarded special
cases of the adjustable version. Hence, by taking advantages of DTRSs and MGRSs over two universes, the proposed model
can suitably cope with HFL group decision making situations despite decision risks.

Compared with existing HFL group decision making studies, our critical contributions in this paper can be summarized
as follows:

(1) According to the multi-granularity three-way decisions paradigm, we explore the notion of adjustable HFL MG-DTRSs
over two universes, and some of their properties are also discussed. Different from other studies, the viewpoint of gran-
ular computing can help us design a novel three-way decision making approach. To be specific, the concept of two
universes is introduced to analyze the correlation of group decision making problems, which then can depict the com-
plex relationship of two sets. The measure of interdependency of the two sets is considered, as it is a significant measure
in data analysis.
By taking full advantages of DTRSs and MGRSs over two universes, the proposed model can appropriately handle group
decision making situations with risks in the HFL context. Considering that comparing and computing linguistic variables
are ineffective, some studies have proposed the transformation of qualitative expressions into quantitative ones. Accord-
ingly, we design a scheme to transform hesitant fuzzy linguistic elements (HFLEs) into interval numbers. Moreover, by
introducing an adjustable parameter for the expected risk preference of experts, the proposed model can help experts to
make decisions based on their risk attitudes.

(3) We propose a general group decision making rule based on adjustable HFL MG-DTRSs over two universes in the back-
ground of person-job fit. The case study illustrates that the proposed group decision making rule can substantially en-
hance matching accuracies and decrease uncertainties of person-job fit. Moreover, we use a classical validity test to show
the effectiveness of the proposed method.

\S)
—

To facilitate the discussion, in Section 2, we briefly present a background on the concepts of HFLTSs, DTRSs, and MGRSs
over two universes. Section 3 presents the proposed notion of adjustable HFL MG-DTRSs over two universes. In Section 4,
the construction of an HFL group decision making method by means of adjustable HFL MG-DTRSs over two universes is
discussed. Finally, in Section 5, the findings from a case study, a comparative analysis, and a validity test are presented to
prove the validity of the developed decision making rule. The paper ends with several concluding comments in Section 6.

2. Preliminaries

In the following subsections, the notions of HFLTSs, DTRSs, and MGRSs over two universes are reviewed briefly.

2.1. HFLTSs

HFLTSs are constructed on the basis of the fuzzy linguistic approach. Thus, before presenting the background on HFLTSs,
several main parts of the fuzzy linguistic approach [17] aimed at utilizing linguistic values to depict some qualitative aspects
with the aid of linguistic variables need to be explained.

Suppose that S = {sp,S1,...,Sg} is a finite and totally ordered linguistic term set with odd granularity g+ 1, where s;
represents a possible value for a linguistic variable. For instance, when g =6, a set of seven terms can be provided.

S ={sp : very simple, s, : simple, s, : slightly simple, s3 : medium, s4 : slightly complicated, s5 : complicated,
Sg : very complicated}.
In addition, the linguistic term set requires the following properties:
1) The negation operator exists: neg(s;) = s;, such that j =g —i.
2) The set is ordered: if i>j, then s; >s;.

3) Max operator: if s; >s;, then max(s;, s;) = s;.
4) Min operator: if s; <s;, then min(s;, s;) ='s;.

—~ o~ —~ —~

Then, Rodriguez et al. [17] presented concepts concerning HFLTSs [27].

Definition 2.1. [17] Let S = {sg, 51, ..., Sg} be a linguistic term set. An HFLTS Hs on S is an ordered finite subset of consecutive
linguistic terms in S.

However, Definition 2.1 notably does not present the concrete mathematical formulation of HFLTSs. Subsequently, Liao
et al. [9] updated the definition of HFLTSs.

Definition 2.2. [9] Let U be a non-empty finite universe, and S = {sg, s1, ..., Sg} be a linguistic term set. An HFLTS on U is
related to a function h that when applied to U returns a subset of S, that is,

F = {{x, hp (x))|x € U}, (1)
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where hp(x), denoting the possible membership degrees of the element x< U to F, is a set of several different ordered finite
values in S. For the sake of convenience, we denote hg(x) as an HFLE. Additionally, we represent the set that consists of all
HFLTSs on U as HFL(U).

Example 2.1. Let S={sp,s1,....Sg} be a linguistic term set, i.e, S= {sq: verysimple,s : simple, s, : slightlysimple, s3:
medium, s,4: slightly complicated, ss: complicated, sg: very complicated}. Additionally, suppose U = {x1, X, X3} is a finite universe
of discourse, in which hg(x1) = {sq : very simple, s; : simple} = {sg, 51}, hr(X2) = {sg : very complicated} = {sg}, and hp(x3) =
{s, : slightly simple, s3 : medium, s4 : slightly complicated} = {s,, s3, sS4} are the three given HFLEs of x;(i =1, 2, 3) to F. Then,
F = {(x1. {s0.51}), (X2, {S6}). (x3. {52, $3,54})} can be obtained.

Subsequently, we present two special HFLTSs, i.e., the full HFLTS and the empty HFLTS presented by Zhang et al. [43].

(1) Full HFLTS U: F is called a full HFLTS if and only if hg(x) = {sg} for all xe U.
(2) Empty HFLTS ¢: F is called an empty HFLTS if and only if hy(x) = {sqo} for all xe U.

In comparing different HFLEs, Huang and Yang [5] defined a pairwise comparison method of HFLEs.

Definition 2.3. [5] Let hr(x;) and hg(x;) be two HFLEs. The pairwise comparison matrix between hg(x1) and hr(x,) is given
by

Clhe (%1). he(%2)) = [A (S5 $) ey i) - (2)

where d(s;,s;) =i—j, s; € hp(x1), sj € hp(xy). Then, the pairwise comparison matrix between hr(x;) and hr(x;) is further
denoted by C(hr(x1), hr (X)) = [Gnn]. Moreover, the preference relations of hy(x;) and hr(x,) are given by

|Zcm,,<o Conn|

P(h]F(X1) < hF(xz)) = #{Cmn _ O} T Z |Cmn| 5 (3)
Cmn

P(hr(x1) > hr(xy)) = #{CmIHX::Cm(")iO_‘_ Z||Cmn s (4)

P(he(x1) = he(x3)) = G =0} 5)

#{Cnn =0} + > |Cnn
where #{Cnn = 0} denotes the number of the element O in the pairwise comparison matrix.

In accordance with the preference relations mentioned above, Huang and Yang [5] further constructed the notion of
non-dominance degrees to rank alternatives by virtue of preference relations.

Definition 2.4. [5] For a set of alternatives X, suppose that P, = [P;] is a preference relation with respect to X. The non-
dominance degree of a certain alternative x; is given by

NDD; = min{1 — P}, j=1,....n, j#1}, (6)
where P]5, = max{P;; — Bj, 0} represents the degree to which x; is strictly dominated by x;. Consequently, the optimal alterna-
tive can be chosen as

XNP = {x;|x; € X, NDD; = maxy .x {NDD;}}. (7)

Given the two HFLTSs, as represented by F; and F,, we develop the concept of HFL subsets to compare different HFLTSs
[43].
Definition 2.5. [43] Let U be a non-empty finite universe, and S = {sg, 51, ..., Sg} be a linguistic term set. VF;, F, € HFL(U),
Iy is called an HFL subset of F,, if hg, (x)<hr, (x) holds for each x e U, such that hg, (x)<hr, (x) < hgl(k) x) < hgz(k) (x), and it
is denoted by F; C F,, where hgl(k) (x) and hgz(k) (x) are the kth largest element in hg(x;) and hgr(x;).

Similar to HFSs, some operations on HFLTSs were proposed in [17].

Definition 2.6. [17] Let U be a non-empty finite universe, and S = {sq,S7,...,Sz} be a linguistic term set. Suppose that
VFq,F, € HFL(U), then for all xe U,

(1) the complement of Fq, as represented by F;¢, is provided by
hg e (X) =~ hy, (x) = {sgi|i € ind(hz, (x))}, (8)

where ind(s;) represents the index i of a linguistic term s; in S, and ind(hg, (x)) represents the set of indexes of several
linguistic terms in hy, (x);
(2) the intersection of F; and FF,, as represented by F; mF,, is provided by

he,mr, (X) = hg, (X)Ahg, (%) = {s; € (hy, (x) U hg, (x))[s; < min(hg, (%), hi, (%))} (9)
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(3) the union of F; and FF,, as represented by F; U F,, is provided by

he,ur, (X) = he, (X)vhr, () = {s; € (hg, (x) U hg, (x))[s; = max(hg, (x), hg, (X)) }; (10)
(4) the ring sum of F; and F,, as represented by F; HTF,, is provided by
hg, @, (X) = he, (X) @ he, (X) = Ug,ehe, (x).55¢hs, 0 {Sarp}: (11)

(5) the ring product of F; and FF,, as represented by F{ K F,, is provided by
hg,zw, (%) = he, (%) @ he, (X) = Ugehe, (x).5p¢he, 0 {Saxp ) (12)

where hiﬁ (x) represents the upper bound of h]F1 (%), ie., h]}rl (x) = max{sj|s; € h]F1 (x)}, and thl (x) represents the lower bound
of hy, (%), ie, h]§1 (x) = min{s;|s; € hg, (x)}. Moreover, on the basis of the upper and lower bounds of hg(x), Rodriguez et al.
[17] further constructed the concept of envelope for hr(x), ie., env(hg(x)) = [hg (x), b (x)].

According to Rodriguez et al. [17], the comparison and computation of HFLTSs, such as for ranking and selection, are
necessary in many linguistic decision making situations. However, an HFLTS is a linguistic term subset that contains several
linguistic terms, and the comparison and computation of HFLTSs are not straightforward and effective. Moreover, comparing
discrete linguistic terms in HFLTSs is not suitable when using other classical comparison methods. According to the defini-
tion of HFLTSs, each of its linguistic term is a possible value of the linguistic information. Furthermore, the two compared
HFLTSs may have different lengths. Hence, when utilizing two HFLTSs, considering the concept of envelope for HFLEs, we
design a scheme to transform HFLTSs into interval numbers and subsequently enhance the efficiency of the group decision
making process. Therefore, according to the notion of ind(hr(x)), we can extract the index of env(hy(x)) by introducing the
operation ind(env(hr(x))). For example, if we have hp (x) = {s1. 55, 54}, then env(hp(x)) = [s1, S4] and ind(env(hp(x))) = [1, 4]
can be obtained.

Given that the result of ind(env(hr(x))) is an interval number, we present some main operations of interval numbers as
follows:

Definition 2.7. [17] Let a=[al,aV] and b= [bt,bY] be two interval numbers with following conditions: (1) a+b =
[at + bt a¥ + bY]. (2) If a, b" >0, then ab = [a'bt, abV] and § = @ @) The preference degree of a> b is given by

bU° L

bU _ aL

p(a>b) =max {1 - max ,0),0¢%, (13)
la + lb

and the preference degree of a<b is given by

a’ — bt

p(a <b) =max {1 — max ,0),0!, (14)
lo+ 1y

where I, =a¥ —dl, I, =bY — bL.
2.2. DTRSs

As an influential model in the rough set community, the concept of DTRSs provides reasonable semantic interpretations
for the decision theory based on Bayesian decision procedures [1,32,33,37,38]. Specifically, DTRSs include two states and
three actions, i.e., the state 2 = {X, —X} indicates an object is in X or not in X, and the action A = {ap, ag, ay} represents the
three different actions when classifying x. Then, suppose that App, Agp, and Anp are the losses incurred for taking actions
on the aforementioned ap, ag, and ay when x € X occurs. In a similar manner, suppose that Apy, Agy, and Ayy are the losses
triggered by taking the same actions when x € —X happens. In addition, P(X|[x].) represents the conditional probability of
x€X. Then, for an object x, the expected loss R(a;|[x].) can be given by

R(ap|[x]) = AppP(X|[X]) + ApnP(=X|[x]),

R(agl[x]) = AgpP(X|[X]) + ApnP(=X|[X]),

R(an|[x]) = AnpP(X|[X]) + ANNP(=X][x]).

With reference to Bayesian decision procedures, the decision rule associated with minimum-cost approaches can be
obtained.

(P) If R(ap|[x].) < R(ag|[x].) and R(ap|[x].) <R(ay]|[x].), then decide x € POS(X).

(B) If R(ag|[x].) <R(ap|[x].) and R(ag|[x].) <R(ay|[x].), then decide x € BND(X).

(N) If R(ay][x].) <R(ap|[x].) and R(an|[X].) < R(ag|[x].), then decide x € NEG(X).

App <App<Anp and Ay <Ay < Apy Often hold in depicting some conditions of loss functions. In particular, if P(X|[x]) +
P(=X|[x]) =1, (Apy — Agn) (Anp — Agp) = (App — App)(Apy — Ann). and o« > B, then the simplified decision rule can be con-
cluded.

(Py) If P(X|[x].)> &, then decide x € POS(X).

(By) If B <P(X|[x].) <, then decide x € BND(X).

=
=
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(Nq) If P(X|[x].) < B, then decide x e NEG(X),

_ ApN—ApN _ ABN—ANN i i
where o = vy vy ey ey vy and 8 = vy e e e On the basis of the aforementioned results, the lower and upper

approximations of the target set X can be expressed as

apr®(X) = {x : P(X|[x]) > &, x € U}, (15)

apr’ (X) = {x: PX|[x]) > B.x € U}. (16)
2.3. MGRSs over two universes

To effectively describe and analyze various decision making information systems, Sun and Ma [20] studied classical
MGRSs by applying the idea of two universes and developed MGRSs over two universes.
Definition 2.8. [20] Let U and V be two non-empty finite universes, and R;(1 <i<m) be a binary compatibility relation from

—0
U to V. For any XV, the optimistic lower and upper approximations of X, as represented by >"I" R,»O(X) and 3, R (X),
are given by

m 0

DR (X) ={[xlg, X VIxlg, S X V... V[x]g, S X|x €U}, (17)
=i

m 0 m 0 ¢

YR X)=(> R X9, (18)
i1 i1

where [x]g, represents the equivalence class of X in terms of R;, and X represents the complement of X. Then, we call
—0
R, R,-O(X), >, R (X)) an optimistic MGRS over two universes. In an identical manner, a pessimistic MGRS over two

—P
universes, as represented by (31", R,—P(X ), 1 R (X)), can also be obtained conveniently, where

m P

D R (X) = {lxlg, S X A[Xlg, SX A A X, SX[xeU} (19)
i=1

m P m P ¢

DR =| R X)) (20)
i=1 i=1

3. Adjustable HFL MG-DTRSs over two universes

By taking into account the necessity of introducing MG-DTRSs into HFL information systems within the framework of
two universes, the notion of HFL MG-DTRSs over two universes is proposed in this paper.

Moreover, the majority of existing MGRS models reportedly consist of optimistic and pessimistic types of MGRSs. The
optimistic type corresponds to the situation in which at least a single granular structure can be utilized when processing
multiple binary relations, whereas its pessimistic counterpart corresponds to the situation in which all granular structures
should be utilized when performing the same task. Moreover, the two MGRS models can be established on the basis of
maximal and minimal operators. Owing to the lack of adjustable capabilities, the utilization of maximal and minimal op-
erators precludes MGRSs from adjusting according to a user’s varying practical requirements. Correspondingly, according to
the standpoint of risk-based decision making, optimistic and pessimistic types of MGRSs can only represent two extreme
models in solving group decision making problems. Hence, proposing an adjustable MGRS model that enables experts to
make decisions based on their risk attitudes is necessary. Thus, unlike most of the extant studies that focus on optimistic
and pessimistic MGRS models, we propose the adjustable HFL MG-DTRSs over two universes, in which the optimistic and
pessimistic HFL MG-DTRSs over two universes are the two special models of the proposed adjustable version. Thereafter, to
facilitate the introduction of the proposed model, we initially propose the concept of HFL relations over two universes.

Definition 3.1. [43] Let U and V be two non-empty finite universes and S = {sg, s1,...,Sg} be a linguistic term set. An HFL
subset of the universe U x V is named an HFL relation over two universes, as represented by R, is given by
R={{(xy), hx(x, y))|(x,y) e U x V}, (21)

where hg : U xV — 25, and hgr(x,y) is a set of several different ordered finite values in S. Additionally, we denote the set
that includes all HFL relations over U x V as HFLR (U x V).
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Then, by introducing HFL inclusion degrees, we propose the notion of single membership degrees for some elements in
their corresponding HFLTSs.

Definition 3.2. Let U and V be two non-empty finite universes, S = {sq.S7....,Sg} be a linguistic term set, and R e
HFLR(U x V) be an HFL relation. For any F € HFL(V), xeU, yeV, the single membership degree of x in F with respect
to R, as represented by ®X(x), is given by

ind(env(|R(x) mF€|))
ind(env(|R(x)])) ’

where |F| = 3,y F(y) represents the cardinality of an HFLTS F, and ®R(x) denotes the HFL inclusion degree between an
element and an HFLTS F.

(22)

O (x) = [1.1] -

From the perspective of single granulation, the concept of HFL DTRSs over two universes can be constructed by using the
single membership degree. Considering that we aim to investigate the hybrid model in the view of multiple granulations,
developing an adjustable membership degree by integrating those single membership degrees presented in Definition 3.2 is
essential. Hence, we propose the concept of adjustable membership degrees.

Prior to the introduction of adjustable membership degrees, we present the following assumptions: according to an HFL
relation over two universes R;(i=1,..., m), we have the membership degree of x in F in terms of R;, as represented by

Pri(x) =[1,1] - %. Then, we arrange all the values of @} (x) in an increasing order, and we let <I>§"“) (x) be

the ith smallest value for all the values of <I>]§" (x).

Definition 3.3. Let U and V be two non-empty finite universes, S = {sg,s1,...,Sg} be a linguistic term set, and R; €

HFLR(U xV)(i=1,..., m) be an HFL relation. For any F € HFL(V), xe U, and y €V, the adjustable membership degree of
m .

x in F with respect to R;, as represented by 8%”21 Fi (x), is given by

m

i:lei Re (i)
5 (x) = DX (). (23)

m p.

The adjustable membership degree (SFZH Ki (x) notably reduces to the maximal and minimal membership degrees of x
in F with respect to R; when i =m and i = 1, as represented by SFZH Bix) = max!" d)ﬁ“ x) = CIDEU“"’ (x) and {]FZH Bi(x) =
min{, d>§i x) = d>]ﬂs"(”(x), respectively. By utilizing the idea of adjustable membership degrees, the adjustable HFL MG-
DTRSs over two universes can then be defined.

Definition 3.4. Let U and V be two non-empty finite universes, S = {sg,s1....,Sg} be a linguistic term set, and R; €
HFLR(U xV)(i=1,...,m) be an HFL relation. Then, (U,V,R;) is an HFL multigranulation approximation space over two
universes. For any F € HFL(V), xeU, and y eV, with threshold parameter [0, 0] <8 <« <[1, 1], the adjustable lower and

upper approximations of F in terms of (U,V,R;), as represented by "I, R;"%(F) and > Rinﬁ(]F), are given by

m

m " YR,
YR (F)={xeUlsy' ) =at, (24)
i=1
m h %Ri
DR (F)=U-{xeUls5 () <PB¢, (25)
i=1

where the parameter n = % indicates the expected risk preference of decision makers, a scenario to depict the gradually

changing procedure from the pessimistic version to the optimistic version of HFL MG-DTRSs over two universes. Specifically,
the adjustable version of HFL MG-DTRSs over two universes reduces to the pessimistic version when n = % whereas the
adjustable version reduces to the optimistic version when 1 = 1. Thus, when the value of parameter 7 increases in the
interval of [%, 1], the expected risk preference of decision makers changes from completely risk-averse to completely risk-
seeking. In general, the parameter 1 can usually be obtained from decision makers’ preferences or empirical researches

according to practical decision making situations.
Then, we name (3", R,»”’a ™), Rin'ﬁ (F)) an adjustable HFL MG-DTRS over two universes. The corresponding posi-
tive region, boundary region, and negative region are defined as follows:

m n.o

POS, ,(F) =) R; (F).
i=1

m n.p m M
BND] ,(F) =) Ri (F)—) R (),
i=1 i=1
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NEG), 4 (F) = U — POS!, ,(F) — BND, ,(F).

Example 3.1. Suppose that U = {xq,x,,x3} and V = {y1,¥2,¥3.¥4. Y5}, and let S = {sg, 51, ..., Sg} be a linguistic term set. The
given HFL relations over U x V are presented as follows:

Y1 Y2 Y3 Y4 ys
R. — X1 {Sa.s5} {so.s1} {s3} {s3.sa} {s1.s2}
'T Y% {si.s2) {so.s1)} {sa.ss} {s1} {ss.sa) [
X3 {s2.83} {sa.ss} {s2}  {si} {ss.s6}
Y1 Y2 V3 Y4 Ys
R, = 1% Ass} {s2,s3} {sa,ss}h {ss}  {so.s1}
27 ) x2 {ss.sa) {s1.s2)  fsa}  {sa.s3} {s3) '
X3 {s2.53} {sa.85} {s2.s3} {s2} {s3.s4}
Y1 Y2 Y3 pZ! ys
Ra = 120 {sass) {sa,s3) dss}) {ss}  {s2.s3)
2T % {so.s1) {ss}  {ss} {s2.s3} {ss.se}
X3 {s3.54} {s5.86} {s1.52} {s2.s3} {se}

Then, let F be an HFLTS over V such that
F = {(y1,{s2,83}), (V2. {53, 54}), (¥3, {35, S6}), (¥a. {s3}). (¥5, {S0, S1})}.
According to Definition 3.2-Definition 3.4, we have
ind(env(|R; (x1) MF|))
ind(env(|Ry (x1)]))
In a similar manner, we also have d>§1 (xp) =[0,0.62], d>§1 (x3) =[0,0.41], ®§2 (x1) =[0.14,0.53], ®§2 (xp) =[0,0.44],
D52 (x3) = [0,0.47], ®52 (x1) = [0,0.41], D1 (xp) = [0.07,0.50], and d:*(x3) = [0, 0.43].
If we take n = 0.67, then S]FZ?:‘ Fi(x;) = [0,0.53], (S]FZ?:1 Fi(xy) = [0.07,0.50], and S]FZ‘?:‘ %i(x3) = [0, 0.43]. Moreover, when

ind(env([s7, s11]))

R; _
D (%) =[1,1] = ind(env([s11, $15]))

=[1,1] - =10,0.53].

3 R ————0.67,[0,0.45]
a=10,055] and B =[0,0.45], then 32, B,"*""*%Im) = {x c UsZ=1 % (x) > [0,0.55]) = {x,} and T2, R; (F) =
3R 0.67,[0,0.55]
U-{xe U|5FZ’*1 (x) <[0,0.45]} = {x1. x>} Therefore, we have POSPng'SS],[O,OAS] (F)=Y3 R (F) =
0.67 —3 - 0.67.[0.045] 3 0.67,[0,0.55] 067
{xa}, BND(y 9 551,10.0.45) (F) = Ziz1 Ri ) =X Ri (1) = {xa}, and NEG|3 9 55110,0.45) () = U —
0.67 0.67 —
POS[O.O.SS],[O,OAS](F) - BND[O,O,SS],[O,OAS] (F) = {x3}.
Proposition 3.1. Let U and V be two non-empty finite universes, S = {sq,Ss1,..., sg} be a linguistic term set, and R; €
HFLR(U xV)(i=1,...,m) be an HFL relation. For any F € HFL(V), with [0, 0] <8 <« <[1, 1], then
n n _
(1) POS%ﬂ F) m BND%:,B(]F) =0,
POSariﬂ F) m NEGar;ﬁ F) =0,
BND];LB(IF) mwNEG;[_ﬂ(F) =0, n
(2) POSO[_,3 F)u BNDa,/S (F) v NEGOM3 (F) =U.
Proposition 3.2. Let U and V be two non-empty finite universes, S = {sg,S1,..., sg} be a linguistic term set, and R; e

HFLR(U xV)(i=1,...,m) be an HFL relation. For any F € HFL(V), with [0, 0] <8 <« <[1, 1], then

M XM R E X RE € X RO,

@ YR E® ey R e TR ®),

m R —— 0. m R
where "1, Rio‘a(F) ={xe UIS]FZE‘ Fi (x) > a} and Y R ﬁ(F) =U-{xe U|“;‘]FZL Fi (x) < B} represent the optimistic lower

and upper approximations of F with respect to (U, V,R;). Similarly, &P’“ ) ={xe Ulg“]FZ;'11 i (%) > o} and mﬂﬁ (F) =
U-{xe U|§]FZ;il Ki (x) < B} represent the pessimistic lower and upper approximations of F with respect to (U,V, R;).
Proposition 3.3. Let U and V be two non-empty finite universes, S = {sg,S1.....Sg} be a linguistic term set, and R; e
HFLR(U x V)(i=1,...,m) be an HFL relation. For any F,G € HFL(V), with [0, 0] <8 <« <[1, 1], then
D TR0 =Y & ) =0,

TR0 =T R W) =T,



C. Zhang, D. Li and J. Liang/Information Sciences 507 (2020) 665-683 673

@) YR E YL R (F).
(3) FC Garrowy [ R (F) £ Y R (G), LI Ry (F)E XML R (G).

Proof.

(1) According to Definition 3.4, we have
m . -
TR @) = x e UISET N (0) = a) = (x € UD,7 D (1) = o)

ind(env(|R; (x)mU|))
=[x e Ul 1] - Trgmi,con) -

Hence, Y/, R, (%) = 0. In a similar manner, Y"1, Rinﬁ (#) = ¥ can be obtained.

YRTYU) = e UISET F () > o) = {x € U010 (x) > )

ind(env(|R; (x)m9]))
= (x Ul 1] = S cony -

>a} =0

>a}=U.
Hence, we can conclude that Y/, R;"*(U) = U. In a similar manner, Y1, Rin'ﬂ (U) =U can be obtained.
mop m R
(2) Y1 R (F) = (x e UISE= 5 (1) = o) € (x e US55 () > )

m R —=m B
=U - {xeUsF= 00 < Bl = S B, ().
= ="B
Thus, Y RT“F)c Y R (F).
(3) Given that F = G, according to Definition 3.4, we have
IR (F) = X e UBET M (0) = ) = (x e U977 (x) = o)

_ ind (env(|R; (X)AFC|)) ind (env(|R; (X)AG®|))
_{er|[1,l]—W za}g{erHl,l]—W > o}

= e U0V (x) = o} = X e UISE Bi (x) = @} = Y7, B(G).

n.a n,a .
Hence, we obtain F = Garrowy ™, R;"* (F) = ¥, B;"*(G), and F C Garrowy " | R;  (F)T Y, R; (G) is concluded
in an identical manner. O

4. Group decision making method by using adjustable HFL MG-DTRSs over two universes

A general group decision making rule is proposed by virtue of adjustable HFL MG-DTRSs over two universes. Furthermore,
we intend to study the newly proposed group decision making rule by exploring a person-job fit issue, which is regarded
as an attractive study subject in the discipline of human resources. The person-job fit group decision making approach not
only reasonably matches job seekers’ abilities with a corresponding position, but it also promotes the sound development
of various business organizations, and eventually achieves a balance between corporate and personal interests.

4.1. Problem statement

With the rapid development of the society and the economy, the reasonable employment and positioning of talents have
gained important strategic significance among enterprises, especially since enterprise competition is often depicted as talent
competition. Person-job fit, a theory that explores the extent to which job seekers or employees have preferences for job
characteristics that are consistent with the actual job requirements, provides an efficient scheme for ensuring a rational
utilization of personnel.

Person-job fit involves three fundamental processes: (1) position capability analysis, which aims to construct relation-
ships between positions and required capabilities; (2) professional capability analysis, which aims to evaluate the required
capabilities by a job seeker; (3) the matching procedure based on the previous two steps. An increasing number of en-
terprises and individuals have become much more willing to analyze position capabilities and professional capabilities by
using HFL information. For instance, according to the qualifications of a banking and financial service organization posted
on a popular job-hunting website in mainland China, job seekers should meet the following requirements for the position
of contact center service and sales representative: (a) good spoken & written English and Mandarin; (b) excellent commu-
nication skills, and polite and friendly at all times; (c) expertise in specialized software packages and applications. Some
common linguistic terms, such as “proficiency”, “excellent” and “good”, can be extracted from the post job requirements,
and they can comprise a linguistic term set S as follows:

S ={sp : extremely limited user, s, : limited user, s, : modest user, s3 : competent user, s, : good user,
S5 : excellent user, sg : expert user}.
Thus, with the aid of the constructed linguistic term set S, one can complete the position capability analysis and the
professional capability analysis by means of HFL information. Consequently, by using adjustable HFL MG-DTRSs over two

universes, a person-job fit matching approach based on the results of position capability analysis and professional capability
analysis is proposed.
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4.2. Application model

According to the aforementioned person-job fit processes, relationships between positions and required capabilities
should be constructed in the position capability analysis. This step involves two kinds of objects concerning person-
job fit, i.e., the set of positions and the set of required capabilities. We let U = {xq,x,,...,%,} be a position set and
V={1.y2- .., yn} be a required capability set. In person-job fit processes, multiple capabilities may be required to qualify
for a position, while each required capability may be listed as one of the qualifications for multiple positions. Suppose that
the person responsible for the business invites multiple human resource professionals to establish relationships between
positions and required capabilities, and each of the professionals expresses a relationship by virtue of HFL information that
is represented by R; € HFLR(U x V). Then, in the step of the professional capability analysis, we let F ¢ HFL(V) be the set of
professional competence evaluation results. According to the above two steps, an HFL multigranulation information system
over two universes (U,V,R;,F) can be obtained.

Subsequently, we present a group decision making approach by using adjustable HFL MG-DTRSs over two universes. Prior
to the development of such an approach, in effectively describing complicated linguistic expressions in many situations,
the introduction of a transformation function [18] is necessary to change various linguistic expressions H obtained by the
context-free grammar Gy into an HFLE hg(x), as represented by Eg,, : Harrowhg (x), where

Ec, (si) = {silsi € S},

Eg, (greater than s;) = {sj|s; € Sand s; > s;},

Eg, (lower than s;) = {sj|s; € Sand s; < s;},

Eg, (at most s;) = {sj|s; € Sand s; < s;},

Eg, (at least s;) = {sj|s; € Sand s; > s;},

Eg, (between s; and s;) = {si|sy € S and s; < s < s;}.

Then, a matching approach for person-job fit based on adjustable HFL MG-DTRSs over two universes is presented. The
problem for a position with regard to the set of professional competence evaluation results involves determining whether
the position can be selected, needs extra assessment, or can be discarded. Thus, this procedure can be depicted as deciding
on the acceptance region, noncommitment region, and rejection region of the set of professional competence evaluation
results F in terms of (U,V,R;).

According to the idea of DTRSs, suppose that F and IE‘C denote a position x belonging to F and not belonging to F. We also
let App = [App, APP] ABP = [Agp. Afpl. and Ayp = [A5p. Afjp] be the losses incurred for taking actions ap, ag, and ay when x € F,
while Apy = [Apy. Ady] Agy = [Agy. Afy]. and Ayy = [ANN, Afy] be the losses triggered by taking the same actions when
x € F¢. Then, suppose that Pr(F|x) represents the conditional probability of a position belonging to the set of professional
competence evaluation results F given that the position is expressed by x. Hence, for a position x, the expected loss R (a;|x)
can be given by

TR TR

R(ap|x) = App Pr(F|x) + Apy Pr(FC|x) = AppSg =" " (X) + ApnSp=" ' (%),

R(@]x) = Agp Pr(F|) + Ay Pr(E|) = AgpdT™ ™ (1) +ABN<SZ* i),

R(an|x) = Anp Pr(F|x) 4+ Any Pr(F¢|x) = )»NP(S]FZ"1 ") + )tNNS]Fc”1 f(x).

In light of Bayesian decision procedures, the decision rule associated with minimum-cost approaches can be obtained.

(Py) If R(ap|x) < R(ag|x) and R(ap|x) < R(ay|x), then decide x € POS(F).

(By) If R(ag|x) < R(ap|x) and R(ag|x) < R(ay|x), then decide x € BND(F).

(Ny) If R(an|x) < R(ap|x) and R(an|x) < R(ag|x), then decide x € NEG(F).

For the person-job fit, the risk of classifying the suitable position as the positive region and the risk of classifying
the unsuitable position as the negative region are minimal, whereas the risk of classifying the suitable position as the
negative region and the risk of classifying the unsuitable position as the positive region are maximal. Thus, we have
Moy < A < Ayp, Ay < Ay < ANP, Ay < AB Az, and A < Ak <t In particular, if 8517 (x) + 8551 ¥ (x) = [1,1],
Apy = Apn) gp — P) z ()‘EP App) (gy = Agy). (hpy — )()‘EP —Agp) = (hgp — App) (Agy — Afy). and «>p, then the
decision rulersrl with respect to adjustable HFL MG-DTRSs over two universes can be simplified.

(P3) If SFZ"=‘ Ki (x) > «, decide x POSZ’/S(]F), then the position x is a suitable position for the job seeker.

m
(B3) If B < 85;":1 Fi (x) < o, decide x € BNDZ B(IF), then human resource experts are not sure whether the position x is
suitable for the job seeker or not, and they need additional available information to make a decision.

m p.
(N3) If 8]sz:‘ Ki (x) < B, decide x € NEG" (IF), then the position x is an unsuitable position for the job seeker. Here, o =
Apn—Ppn )‘ A=A an Aan—*an ]

[—_— = 3= OF _ PN Bﬁ_+]ﬁ e = T+ AR
ooy =g )+Cugp=2pp)* iy —=Ag)+Cegp=2ifp) ()‘BN M)+ Gyp=Agp) " (gy—Apn)+(Agp—Agp)
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Linguistic relationship between positions and required capabilities given by the first human resource expert.

Rt n Y2 y3 2 Ys Ye

X1 {competentuser}  {gooduser} {excellent user} {competentuser}  {expertuser} {competent user}

X2 {excellent user} {expertuser} {competentuser}  {expertuser} {competentuser}  {good user}

X3 {excellent user} {excellentuser}  {good user} {competentuser}  {excellentuser} {good user}

X4 {competentuser}  {gooduser} {excellent user} {expertuser} {good user} {excellent user}
Table 2

Linguistic relationship between positions and required capabilities given by the second human resource expert.

Ry

Y1 Y2 ¥3 Y4 Ys Ye
X1 {good user} {good user} {expertuser}  {gooduser} {expertuser}  {gooduser}
Xp {excellent user} {expertuser} {good user} {competentuser}  {good user} {excellent user}
X3 {expertuser} {excellent user} {good user} {competentuser}  {good user} {good user}
Xq {competentuser}  {competentuser}  {gooduser} {expert user} {good user} {excellent user}
Table 3

Linguistic relationship between positions and required capabilities given by the third human resource expert.

R3

Y1 Y2 ¥3 Y4 Ys Y6
X1 {good user} {excellentuser}  {excellentuser} {excellentuser}  {expertuser} {good user}
X2 {expertuser}  {expertuser} {competentuser}  {expertuser} {competentuser}  {competentuser}
X3 {good user} {excellentuser}  {good user} {excellentuser}  {excellent user} {good user}
X4 {good user} {good user} {excellent user} {good user} {good user} {good user}

4.3. Algorithm for person-job fit

Input HFL multigranulation approximation space over two universes (U, V,R;) and set of professional competence eval-
uation results F.

Output Optimal position for the matching procedure of person-job fit.

Step 1 Determine the risk coefficients App = [App. Afpl. App = [Agp. Adpl. Anp = [Agp. Afpl.
sy Ayl and Any = [y, Afyl-

Step 2 Calculate the thresholds « and B.

Step 3 Calculate the adjustable membership degree S]Fz’m:] Fi (x).

Apn = [Apys Afy) Aen =

[A

Step 4 Calculate the adjustable lower approximation Y [ R;"*(F) and upper approximation > ]R,»nﬁ(]F).

Step 5 Determine the corresponding positive region POSZ ﬁ(F), boundary region BNDZ ﬁ(IF), and negative region
NEGZ. P (F) with respect to the adjustable lower and upper approximations.
Step 6 Determine the optimal position based on decision rules (P3), (B3), and (N3).

5. Numerical example

We study a group decision making problem related to a person-job fit problem (adapted from Zhang et al. [43]) to show
the steps of the proposed method described in Section 4. Additionally, to further prove the validity and practicability of the
established group decision making rule, a comparative analysis along with several necessary discussions is conducted by
using other existing approaches in the background of the same numerical example.

5.1. Application of adjustable HFL MG-DTRSs over two universes

Let U = {sales representative (x;), algorithm engineer (x,), finance analyst (x3), administrative assistant (x4)} be four posi-
tions for a banking and financial services organization, V = {mathematical skills (y), computerskills (y,), English skills (y3),
writing skills (y4), communication skills (ys), management skills (yg)} be six required capabilities for evaluating whether
a position is suitable for the job seeker. Suppose that the person responsible for the business invites three human
resource experts to construct relationships between positions and required capabilities, each of them expresses such
a relationship in the form of linguistic expressions shown in Tables 1-3, based on a linguistic term set S, where S =
{so : extremely limited user, sq : limited user, s, : modest user, s3 : competent user, s, :good user, S5 : excellent user, sg : expert user}.
Then, we convert the given linguistic expressions to HFL relations R; € HFLR(U x V) (i = 1, 2, 3), as presented in Tables 4-6,
Thereafter, we present the results in the six tables.

According to the transformation function presented in Section 4.2, we can transform linguistic relationships into HFL
relationships between positions and required capabilities given by three human resource experts.
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Table 4
HFL relationship between positions and required ca-
pabilities given by the first human resource expert.

Ri  »n Y2 Y3 Ya Y5 Ye

x1 {ss}  f{sa} fss} {ss} {se} {s3}
x2 {ss} {ss} s} {se} {s3} {sa}
X3 {ss} {ss} {sa} {s3} {ss} {sa}
xg  {ss}  {sa} fss} {se} {sa} {s5}

Table 5

HFL relationship between positions and required ca-
pabilities given by the second human resource ex-
pert.

Ry »n Y2 Y3 Vs Ys Y6

X1 {sa} {sa} {ss} {sa} {ss} {sa}
X2 {ss} s} {sa} {ss} {sa} {ss}
x3  f{se} {ss} {sa} {s3s} {sa} {s4}
xg  f{s3}  {ss} {sa} {se} {sa} {ss}

Table 6
HFL relationship between positions and required
capabilities given by the third human resource
expert.

Ry »n Y2 y3 Ya Y5 Ye

x1 {sa}  f{ss} f{ss} {ss} {se} {sa}
x2 {ss} f{ss} s} {se} {s3} {s3}
X3 {s4} {ss} {sa} {ss} {ss} {sa}
xg  {sa}  {sa} fss} {sa} {sa} {sa}

Subsequently, the set of professional competence evaluation results F for a job seeker is provided by the invited human
resource experts in the form of linguistic expressions.
F = {(y;, {between good user and excellent user}), (y,, {between excellent user and expert user}),
(y3, {competent user}), (y4, {between good user and excellent user}), (ys, {excellent user}), (ys, {modest user})}.

On the basis of the transformation function, we transform the above evaluation results into the form of HFLTSs as fol-
lows:

F={(1. {s4.55}). (V2. {S5.56}). (3. {s3}), ¥a. {54.55}). (s, {s5}). (¥e. {5210 }-
In what follows, we utilize the group decision method based on adjustable HFL MG-DTRSs over two universes to solve
the person-job fit problem.
First, we assume that the six risk coefficients are App = [App, Ajp] =1[0.28,0.36], Agp = [Ag,, Afp] =[0.57,0.64], Anp =
[Ayp: Afp] =10.68.0.73], Apy = [Apy. Afy] =[0.62,0.64], Apy = [Agy. Afy] =10.23,0.24], and Ay = [Agy. Ayl =[0.11,0.12].
Then, the thresholds & and B can be obtained as follows:

o= o~ A Mn = A —[057,0.59]
Ay = Apn) + (Agp = App) " (Apy = Agy) + (Agp — Agp ’ ’
)"I;N - )\';IN )\'EN B A’;N
- , =[0.52,0.57].
p [ Gy~ o)+ O~ )" Oty — o) oty — ) | | :

Subsequently, we compute the membership degree of each position in the set of professional competence evaluation
results with respect to each HFL relationship between positions and required capabilities.
ind(env(|R; (x1) MF€|)) ind (env([se, 12]))
ind(env(|R1 (x1)|)) ind (env(sy4))

In an identical manner, we further have CID];Ifl (x) =[0.52,0.63], <I>]$1 (x3) =[0.50,0.62], <I>§1 (x4) =[0.52,0.63], <I>§2 x1) =
[0.54,0.64], @;2(xy) =[0.52,0.63], ®;2(x3) =[0.50,0.62], ®.?(x4) =[0.48,0.60], @.3(x;) =[0.55,0.66], Pp3(xy) =
[0.56,0.67], ®5(x3) = [0.52, 0.63], and ®3(x4) = [0.48, 0.60].

According to the preferences of experts in this study and the findings from the case studies of previous empirical research
on person-job fit, parameter 1 = 0.67. Then, the adjustable membership degree for each position can be obtained.

3 3 3 3

2R P P P
8;' (1) =10.54,064].85" (x;) =[0.52,0.63]. 85" (x3) =[0.50,0.62]. 85" (x4) =[0.48,0.60].

Dyt (x) =[1.1] - =[1.1]- —[0.50, 0.63].
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By means of the obtained thresholds and the adjustable membership degrees, we further calculate the adjustable lower
and upper approximations of F.

3 067[0.57,059]

DR (F):{XGU

iRi
57 (%)= [0.57. 0591} = bl

0.67,[0.52,0.57]

ZR,- (F):U—{XGU

The positive region, boundary region, and negative region correspond to the adjustable lower and upper approximations
that can be calculated as follows:

3 0.67.[057.059]

iRr
S (x) =[0.52,0.57] ¢ = {x1, X2, X3}.

POSF0§577_0.59],[0.52,0.57] (F) = ZRi (F) = {x1).
0.67,[0.52,0.57] 3 0.67,[0.57.0.59]
BNDS, o 501 (052,057 (F) = S B (F) - > R (F) = {x3, X3},

0.67 0.67 0.67
NEG[0.57.0.59],[0.52,0.57] (F)=U- POS[0.57<0.59],[0,52,0,57](]F) - BND[0.57,0,591.[0.52.0.57] (F) = {xa}.

The following conclusions for the aforementioned person-job fit process can be obtained by referring to decision rules
(P3), (B3), and (N3), as presented in Section 4.2.

(1) The most suitable position for the job seeker is sales representative, which should be an important consideration in this
person-job fit case.

(2) Human resource experts are not sure about the suitability of the positions of algorithm engineer and finance analyst for
the job seeker, and they need additional available information to make a decision.
(3) The positions of administrative assistant is considered an unsuitable position for the job seeker.

5.2. Comparison analysis and discussions

The above subsection presents a detailed person-job fit procedure based on adjustable HFL MG-DTRSs over two universes.
In this subsection, the comparative analysis and its corresponding discussions are discussed to illustrate the quality and
efficiency of the above decision results.

5.2.1. Comparison analysis with the approach proposed in Ref. [44]
In Ref. [44], in accordance with the multi-granularity computing paradigm, a group decision making approach based
on interval-valued hesitant fuzzy MGRSs over two universes is constructed to deal with a steam turbine fault diagnosis

problem. By using the method in Ref. [44], the following steps can be conducted to obtain the most suitable position for
the job seeker.

The optimistic and the pessimistic HFL multigranulation rough approximations of F in terms of (U,V,R;) can be calcu-
lated initially as follows:

; 0

D Ry (F) = {(x1, {s3}), (xa, {s3}), (x5, {s2}), (x4, {s2})}.
i1

0

3
Y Ri (F) = {(x1, {ss}), (X2, {55, 56}). (3, {s5}), (xa, {sa})},
i1

P

3
D Ry (F) = {(x1, {s2}). (%2, {s2)), (X3, {s2}). (xa, {52])},

i=1

P

3
D Ry (F) = {(x1, {s5}). (%2, {55.56}), (x3, {5}). (Xa, {54, 55})}.
i1

Second, the following sets can be obtained by virtue of Zl 1R (IF) Zl 1R (]F) Z, 1R (IF) and Zl 1R (]F):
0 3

3
Y oR (B)BY R (F) = {(x1, {ss}), (x2, {58, 50}). (x3, {s7}). (¥4, {s6})},

i=1 i=1
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Table 7
Aggregated HFL relationship between positions and
required capabilities given by three human resource
experts.

R »n Y2 Y3 Ya Ys Yo

x1 {sa} {sa} {ss} {sa} fse} {sa}
X2 {ss} {ss} {s3} {ss} {s3} {sa}
x3  {ss} {ss} {sa} {ss} {ss} {sa}
xg  {ss} {sa} {ss} {ss} f{sa} {ss}

P

P

3 3
YR (F)BY Ry (F) ={{x1,{s7)), (x2, {57,58)), (x3, {s7}), (x4, {56, 57})},
i1 i1

3 0 5 0 3 P 5 7
YR (HBY R (F) |8 Y R (FEY R; (F)
i=1 i=1 i=1 i=1

= {{x1. {s15}), (x2. {S15, S16, S17}) (X3, {S14}), (X4, {S12. S13})}.

Third, we calculate the index sets of Z, 1R (]F) H Z, 1R (]F) Z, 1R (IF) 2] Z, 1R (]F) and
*o
(Zl 1R (]F) BY3: R (F)H (Zl 1R (]F) B Z; 1R (]F)) by virtue of Definition 2.3 and Definition 2.4 as follows:

0

0

Q = ) lImax ZR (F)(xI)HHZR ®)(x) ¢ ¢ =12},

i=1

P

P

3 3
Q= llmax {3 R (F)(x)BY R (M) ¢ ¢ = {2},
(e = i-1

P

3 3 3
Q= ("max ¢ [ > R (F) () BY R (F)(xo) | B | D R (B)(xp) 8 Ry (F)(xir) ={2}.
i=1 i=1 i=1 i=1

0 R p

Xpel

Finally, on the basis of the decision making methods that have originated from the risk decision making guideline in

classical operational research, and because Q; N Q; N Q3 = {2} # @, the most suitable position for the job seeker is algorithm
engineer.

5.2.2. Comparison analysis with the approach proposed in Refs. [28] and [43]

In Ref. [28], Wei et al. defined a novel hesitant fuzzy linguistic ordered weighted averaging (HFLOWA) operator to ag-
gregate several HFLEs, and further established the corresponding group decision making rule by utilizing the presented
HFLOWA operator. By virtue of HFLOWA operators, we first aggregate the HFL relationships between positions and required
capabilities given by three human resource experts in Tables 1-3 . Then, by using the approach in Ref. [43], the most suitable
position for the job seeker can be obtained.

Specifically, suppose that the weight vector of each human resource expert is equal, then the HFL relationships between
positions and required capabilities given by the three human resource experts can be aggregated on the basis of the HFLOWA
operator, i.e., the HFL relations Ry, R;, and R3 are aggregated into a single HFL relation R, as listed in Table 7.

Subsequently, we calculate the HFL single-granulation rough approximations of F in terms of (U, V,R).

R(F) = {{x1. {s2}), (x2. {s2}), (x3. {s2}). (x4, {s2})}
R(F) = {{x1, {s5}). (X2, {s5.S6}), (X3, {S5}), (X4, {S4, S5})}.
According to the decision making rule proposed in Ref. [43], it is not difficult to obtain the set R(F)H
R(F) = {(x1, {s7}). (x2, {s7,88}), (x3, {s7}), (X4, {S6. $7})}. In a similar manner, based on the index sets of R(F), R(F)
and R(F) BR(F), we can obtain Q; = {l[maxyu{R(F)(x)}} ={1,2,3,4}, Q= {l’|maxxl/6U{R(IF)(x,/)}} ={2} and Q; =

{l”|maxxl,,eu {R(F) (x;7) BR(F)(x2)}} = {2}. Moreover, given that Q; NQ; N Q3 = {2} # ¥, the optimal choice for the job
seeker is algorithm engineer.



C. Zhang, D. Li and J. Liang/Information Sciences 507 (2020) 665-683 679

Table 8
Comparison of the three models.
Different values of »  Risk preferences Optimal person-job fit result
n =033 pessimistic (completely risk-averse) algorithm engineer
n =0.67 adjustable (risk-neutral) sales representative
n=1 optimistic (completely risk-seeking)  algorithm engineer

5.2.3. Discussions

In view of the person-job fit result based on adjustable HFL MG-DTRSs over two universes and the comparative analysis
mentioned above, by utilizing our proposed approach, the most suitable position for the job seeker is sales representative
when 1 = 0.67. Moreover, the same job seeker is suggested to select algorithm engineer by virtue of the approach proposed
in Ref. [44] and the approach proposed in Refs. [28] and [43]. Hence, the decision result is different in the above cases. In
analyzing these results, a sensitivity analysis can be conducted by changing the parameter 1. By adjusting the appropriate
thresholds o and B, we regard the largest adjustable membership degree for each position as the optimal choice for the job
seeker, mainly by increasing or decreasing the value of 7. Specifically, we let n be 0.33, 0.67, and 1, after which the most
suitable position for the job seeker can be obtained, as described in Table 8.

The person-job fit results determined by the approach proposed in Ref. [44]| and the approach proposed in Refs. [28] and
[43] can be considered as the special cases of the person-job fit result determined by adjustable HFL MG-DTRSs over two
universes, i.e., the pessimistic (completely risk-averse) result and the optimistic (completely risk-seeking) result. Our pro-
posed approach can reflect the completely risk-averse, risk-neutral, and completely risk-seeking results when changing the
parameter 7. Thus, the proposed approach is more precise and flexible in handling group decision making problems than
the other approaches. The main reasons are as follows:

- Different from the approach proposed in Ref. [44], in reasonably quantifying and minimizing the loss of wrong decisions,
our proposed approach incorporates the merits of DTRSs when interpreting and coping with various decision risks in
group decision making procedures. Furthermore, the absence of addressing decision risks may preclude experts from
reaching a reasonable and reliable conclusion. Hence, the constructed method is more applicable and appropriate for
risk decision making issues than the approach provided in Ref. [44].

- Different from the approach proposed in Refs. [28] and [43], in addition to the superiorities of DTRSs, our proposed
approach also takes advantages of MGRSs over two universes, which increases the solving efficiency of group decision
making problems based on parallel strategies. In general, the proposed approach outperforms the approach given in Ref.
[44] in terms of approximating concepts and obtaining decision making rules.

- The other existing models based on multi-granularity three-way decisions [10,16] reportedly can only deal with crisp
or fuzzy information systems and present some restrictions in handling various extended fuzzy information systems. In
view of the significance of analyzing HFL decision making information systems, exploring a new multi-granularity three-
way decisions model in the HFL background is meaningful. Thus, our proposed approach expands the applicability of the
multi-granularity three-way decisions paradigm.

- As opposed to other HFL decision making approaches that use correlation coefficients [9], several correlation coeffi-
cients of HFLTSs are investigated. In Ref. [9], Liao et al. established some correlation coefficients of HFLTSs to solve
a traditional Chinese medical diagnosis problem. Suppose a doctor intends to conduct a medical diagnosis. Let U =
{viral fever(xy), typhoid(x,),.pneumonia(xs), stomachproblem(x4)} be a disease set, V = {temperature(y;), headache.(y,),
cough(ys), stomachpain(ys)} be a symptom set. Then, the doctor provides an opinion on the degree of relevance be-
tween U and V by seeing, smelling, asking, and touching, and then the opinion is described as an HFL relation over two
universes R, where

S ={so : none, sy : very slight, s, : slight, s5 : a little slight, s, : terrible, ss : very terrible,sg : insuf ferable},

1 Y2 y3 Y4
X1 {S4.55.56} {53.54.55}  {S4,5s.56} {so}
R=4{x2 {s5.56} {54.55.86} {54, 55, S6) {s0.51}
X3 {s3.54} {s2. 53} {s5. s6} {so}
X4 {s3} {so} {So} {s4. 55, 56}

Subsequently, a patient is checked by using the symptoms in V, as denoted by the following HFL information:

F = {(y1. {s3)), 02, {s0}). (¥3, {50}), (va, {54, 55)) }.

Thereafter, we compute the membership degree of each disease with respect to the given HFL relationship between dis-
eases and symptoms, and we take o = [0, 0.8], 8 = [0, 0.3]. Notably, the considered patient is most likely to have a stomach
problem, the doctor is not sure whether the patient is suffering from typhoid or not, and the patient is not suffering from
viral fever and pneumonia. The derived result is identical with the medical diagnosis result obtained by HFL correlation
coefficients. As opposed to the HFL decision making approaches that use correlation coefficients, the proposed approach
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Table 9
Worse HFL relationship between positions and re-
quired capabilities given by the first human resource
expert.

R »n Y2 y3 Ya ¥s Y6

xi {ss}  f{sa} fss} {ss} {se} {s3}
X2 {ss} {ss} {s3} {ss} {s3} {sa}
x3  {ss} {ss} f{sa} {ss} {ss} {sa}
xg {2} s} fsa} {ss} {ss} {sa}

Table 10

Worse HFL relationship between positions and re-
quired capabilities given by the second human re-
source expert.

Ry »n Y2 Y3 Ya Ys Ye

x1 f{sa}  {sa} {ss} {sa} {se} (s}
X2 f{ss} {se} f{sa} {s3} {sa} f{ss}
x3  f{ss} {ss} {sa} {s3} {sa} {s4}
xg {2} {2} {ss} {ss} {ss} {sa}

Table 11

Worse HFL relationship between positions and re-
quired capabilities given by the third human re-
source expert.

Ry  »n Y2 y3 Ya Ys Y6

x1 {sa}  f{ss} f{ss} {ss} {se} {sa}
X2 {s6} {ss} {s3} {ss} {s3} {s3}
x3  {sa}  f{ss} f{sa} {ss} {ss} {sa}
xg  {ss}  {s3}  fsa}  {ss} {ss} {s3}

Table 12

First smaller HFL relationship between positions and
required capabilities given by the first human re-
source expert.

R »n Y2 Y3 Ya Ys Ye
x1 {s3}  {sa} {ss} {s3} {ss} {s3}

x {ss} {ss} s} {se} {s3} {sa}
X3 {ss} {ss} {sa} {s3} {ss} {sa}

not only deals with group decision making situations with HFL information, but it also provides a multi-strategy decision
making result by virtue of three-way decisions.

5.3. Validity test of the proposed approach

In showing which alternative is optimal for the job seeker, we use a classical validity test to prove the effectiveness of
the proposed person-job fit approach [6]. We list the two main test criteria as follows.

In the first test criterion, an effective decision making approach should not change the selection of the best alternative
by replacing a non-optimal alternative with another worse alternative. According to this test criterion, we change a non-
optimal alternative x4, which is provided by three human resource experts. In Table 4, we replace x4 as {s3}, {s3}, {54},
{ss}, {s3}, and {s4}. In Table 5, we replace x4 as {s»}, {S2}, {s3}, {S5}, {s3}, and {s4}. In Table 6, we replace x4 as {s3}, {s3},
{s4}, {s3}, {s3}, and {s3}. Then, we use the proposed approach to deal with the new HFL relationships between positions
and required capabilities (Tables 9, 10 and 11). The result also shows that the most suitable position for the job seeker is
sales representative, human resource experts are not sure about the suitability of the positions of algorithm engineer and
finance analyst for the job seeker, and the positions of administrative assistant is considered an unsuitable position for the
job seeker. Thus, the proposed approach passes the first test criterion.

In the second test criterion, decomposing a group decision making problem into smaller problems is necessary. Fur-
thermore, the same person-job fit method is applied to smaller problems for the ranking of the alternatives, and then the
combination of ranking results for the alternatives should be identical to the original ranking of the un-decomposed prob-
lem. After applying this test criterion, we decompose the original group decision making problem into two smaller group
decision making problems {x1, x5, X3} (Tables 12, 13 and 14) and {x;, X3, X4} (Tables 15, 16 and 17). By utilizing the proposed
approach, the result of {x{, x5, x3} shows that sales representative is the optimal choice, human resource experts are not
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Table 13

First smaller HFL relationship between positions and
required capabilities given by the second human re-
source expert.

Ry »n Y2 Y3 Ya Ys Ye

x1 {sa}  {sa} fse} {sa} {se} {sa}

X2 {ss} {ss} {sa} {s3} {sa} {ss}

x3  {ss} {ss} f{sa} {ss} {sa} {sa}
Table 14

First smaller HFL relationship between positions and
required capabilities given by the third human re-
source expert.

Rs  »n Y2 y3 Ya ys Ye

x1 {sa}  f{ss} f{ss} {ss} {se} {sa}

xa  f{se} {se} {s3} {se} {s3} {s3}

x3  f{sa}  {ss} f{sa} {ss} {ss} (s}
Table 15

Second smaller HFL relationship between positions
and required capabilities given by the first human
resource expert.

Rt »n Y2 y3 Ya Ys Ye

x1 {ss}  {sa} fss} {ss} {se} {s3}

X3 {ss} {ss} {sa} {s3} {ss} {sa}

xg  {ss}  {sa} f{ss} {se} {sa} {s5}
Table 16

Second smaller HFL relationship between positions
and required capabilities given by the second hu-
man resource expert.

Ry »n Y2 y3 Ya Ys Ye

x1 {sa} f{sa} {se} {sa} {ss} {sa}

x3  f{se} {ss} f{sa} {s3} {sa} {sa}

xg  f{s3}  {ss} {sa} {se} {sa} f{ss}
Table 17

Second smaller HFL relationship between positions
and required capabilities given by the third human
resource expert.

Ry  »n Y2 Y3 Ya Ys Y6

x1 f{sa}  {ss} {ss} {ss} {se} f{sa}
x3  {sa}  {ss} f{sa} {ss} {ss} {sa}
Xg  f{sa}  {sa} {ss} {sa} {sa} {sa}

sure about the suitability of algorithm engineer and finance analyst for the job seeker. In addition, the result of {x;, x3, X4}
shows that the job seeker should select sales representative, human resource experts are not sure whether finance analyst
is the best choice or not, and administrative assistant is an unsuitable position for the same job seeker. Subsequently, we
merge the above two results, and the final result is identical with the original person-job fit result. Thus, the proposed
approach passes the second test criterion.

In light of the above analysis, we can conclude that the constructed approach takes full advantages of DTRSs and MGRSs
over two universes, it is much more appropriate for group decision making problems with risks in the HFL context. Con-
sequently, the superiorities of adjustable HFL MG-DTRSs over two universes can largely improve matching accuracies and
reduce uncertainties of person-job fit.

6. Conclusions
In the area of qualitative decision making, the establishment of HFLTSs opens a new door for depicting the subjective and

hesitant opinions of decision makers by utilizing multiple linguistic terms, particular with the studies on HFL decision mak-
ing problems that are presently one of the most active study directions of HFLTS theory. In the present study, to effectively
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cope with the challenges of information analysis and information fusion in HFL group decision making, a novel rough set
model named adjustable HFL MG-DTRSs over two universes is proposed within the multi-granularity three-way decisions
paradigm. Specifically, by combining the advantages of the multi-granularity computing with three-way decisions, the no-
tion of adjustable HFL MG-DTRSs over two universes is explored to cope with realistic risk-based uncertain group decision
making problems. Then, several basic properties of the proposed model are explored in detail. By using the proposed model,
we study a person-job fit approach with HFL information based on adjustable HFL MG-DTRSs over two universes. Further-
more, a practical case study, a comparative analysis, and a validity test concerning person-job fit problems are conducted to
validate the principle and steps of the established group decision making rule.

Future research may investigate more theoretical foundations on adjustable HFL MG-DTRSs over two universes, such as
attribute reduction algorithms, granular structures, and uncertainty measures. Integrating the weights of decision makers’
judgments into the proposed model and developing new approaches to aid other complicated group decision making situa-
tions are also desirable.

Acknowledgments

The authors would like to thank the editors and the anonymous referees for their valuable comments and constructive
suggestions. The work was supported in part by the National Natural Science Foundation of China (Grant Nos. 61806116,
61672331, 61603278, 61432011, 61573231, and U1435212), the Natural Science Foundation of Shanxi Province (Grant Nos.
201801D221175 and 2015091001-0102), and Scientific and Technological Innovation Programs of Higher Education Institu-
tions in Shanxi (STIP) (Grant No. 201802014).

References

[1] X.F. Deng, Y.Y. Yao, Decision-theoretic three-way approximations of fuzzy sets, Inf. Sci. 279 (2014) 702-715.
[2] D. Dubois, H. Prade, Rough fuzzy sets and fuzzy rough sets, Int. ]. Gen. Syst. 17 (2) (1990) 191-209.
[3] T. Feng, ].S. Mi, Variable precision multigranulation decision-theoretic fuzzy rough sets, Knowl. Based Syst. 91 (2016) 93-101.
[4] J. Hu, W. Pedrycz, G.Y. Wang, K. Wang, Rough sets in distributed decision information systems, Knowl. Based Syst. 94 (2016) 13-22.
[5] H.C. Huang, XJ. Yang, Pairwise comparison and distance measure of hesitant fuzzy linguistic term sets, Math. Prob. Eng. 2014 (2014) 1-8.
[6] D. Joshi, S. Kumar, Interval-valued intuitionistic hesitant fuzzy Choquet integral based TOPSIS method for multi-criteria group decision making, Eur. ]J.
Oper. Res. 248 (1) (2016) 183-191.
[7] D.C. Liang, D. Liu, A novel risk decision making based on decision-theoretic rough sets under hesitant fuzzy information, IEEE Trans. Fuzzy Syst. 23
(2) (2015) 237-247.
[8] D.C. Liang, M.W. Wang, Z.S. Xu, D. Liu, Risk appetite dual hesitant fuzzy three-way decisions with todim, Inf. Sci. (2018). doi:10.1016/j.ins.2018.12.017.
[9] H.C. Liao, Z.S. Xu, X]. Zeng, ].M. Merigo, Qualitative decision making with correlation coefficients of hesitant fuzzy linguistic term sets, Knowl. Based
Syst. 76 (2015) 127-138.
[10] G.P. Lin, J.Y. Liang, Y.H. Qian, J.J. Li, A fuzzy multigranulation decision-theoretic approach to multi-source fuzzy information systems, Knowl. Based Syst.
91 (2016) 102-113.
[11] CH. Liu, W. Pedrycz, M.Z. Wang, Covering-based multigranulation decision-theoretic rough sets, J. Intell. Fuzzy Syst. 32 (1) (2017) 749-765.
[12] D. Liu, D.C. Liang, C.C. Wang, A novel three-way decision model based on incomplete information system, Knowl. Based Syst. 91 (2016) 32-45.
[13] Z. Pawlak, Rough sets, Int. J. Comput. Inf. Sci. 11 (5) (1982) 341-356.
[14] Y.H. Qian, S.Y. Li, ].Y. Liang, Z.Z. Shi, F. Wang, Pessimistic rough set based decisions: a multigranulation fusion strategy, Inf. Sci. 264 (6) (2014) 196-210.
[15] Y.H. Qian, J.Y. Liang, Y.Y. Yao, C.Y. Dang, MGRS: a multi-granulation rough set, Inf. Sci. 180 (6) (2010) 949-970.
[16] Y.H. Qian, H. Zhang, Y.L. Sang, J.Y. Liang, Multigranulation decision-theoretic rough sets, Int. ]. Approximate Reasoning 55 (1) (2014) 225-237.
[17] R.M. Rodriguez, L. Martinez, F. Herrera, Hesitant fuzzy linguistic term sets for decision making, IEEE Trans. Fuzzy Syst. 20 (1) (2012) 109-119.
[18] R.M. Rodriguez, L. Martinez, F. Herrera, A group decision making model dealing with comparative linguistic expressions based on hesitant fuzzy
linguistic term sets, Inf. Sci. 241 (12) (2013) 28-42.
[19] M. Sebastian, P. Georg, W. Richard, Credit scoring using three-way decisions with probabilistic rough sets, Inf. Sci. (2018), doi:10.1016/.ins.2018.08.024.
[20] B.Z. Sun, W.M. Ma, Multigranulation rough set theory over two universes, J. Intell. Fuzzy Syst. 28 (3) (2015) 1251-1269.
[21] B.Z. Sun, W.M. Ma, X.T. Chen, X.N. Li, Heterogeneous multigranulation fuzzy rough set-based multiple attribute group decision making with heteroge-
neous preference information, Comput. Ind. Eng. 122 (2018) 24-38.
[22] B.Z. Sun, WM. Ma, X.T. Chen, X. Zhang, Multigranulation vague rough set over two universes and its applications to group decision making, Soft
Comput. (2018). doi:10.1007/s00500-018-3494-1.
[23] B.Z. Sun, WM. Ma, BJ. Li, X.N. Li, Three-way decisions approach to multiple attribute group decision making with linguistic information-based deci-
sion-theoretic rough fuzzy set, Int. ]. Approximate Reasoning 93 (2018) 424-442.
[24] B.Z. Sun, W.M. Ma, Y.H. Qian, Multigranulation fuzzy rough set over two universes and its application to decision making, Knowl. Based Syst. 123
(2017) 61-74.
[25] B.Z. Sun, W.M. Ma, X. Xiao, Three-way group decision making based on multigranulation fuzzy decision-theoretic rough set over two universes, Int. J.
Approximate Reasoning 81 (2017) 87-102.
[26] B.Z. Sun, W.M. Ma, H.Y. Zhao, An approach to emergency decision making based on decision-theoretic rough set over two universes, Soft Comput. 20
(9) (2016) 3617-3628.
[27] V. Torra, Hesitant fuzzy sets, Int. J. Intell. Syst. 25 (6) (2010) 529-539.
[28] C.P. Wei, N. Zhao, X,J. Tang, Operators and comparisons of hesitant fuzzy linguistic term sets, IEEE Trans. Fuzzy Syst. 22 (3) (2014) 575-585.
[29] W.H. Xu, Y.T. Guo, Generalized multigranulation double-quantitative decision-theoretic rough set, Knowl. Based Syst. 105 (2016) 190-205.
[30] H.L. Yang, ZL. Guo, Multigranulation decision-theoretic rough sets in incomplete information systems, Int. J. Mach. Learn. Cybern. 6 (6) (2015)
1005-1018.
[31] Y.Y. Yao, Three-way decision: an interpretation of rules in rough set theory, in: Proceeding of 4th International Conference on Rough Sets and Knowl-
edge Technology, LNAI, 5589, Springer Berlin Heidelberg, 2009, pp. 642-649.
[32] Y.Y. Yao, Three-way decisions with probabilistic rough sets, Inf. Sci. 180 (3) (2010) 341-353.
[33] Y.Y. Yao, The superiority of three-way decisions in probabilistic rough set models, Inf. Sci. 181 (6) (2011) 1080-1096.
[34] Y.Y. Yao, An outline of a theory of three-way decisions, in: Rough Sets and Current Trends in Computing. RSCTC 2012, LNCS, 7413, Springer Berlin
Heidelberg, 2012, pp. 1-17.
[35] Y.Y. Yao, Rough sets and three-way decisions, in: Proceeding of 15th International Conference on Rough Sets and Knowledge Technology, LNAI, 9436,
Springer Berlin Heidelberg, 2015, pp. 62-73.


https://doi.org/10.13039/501100001809
https://doi.org/10.13039/501100004480
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0001
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0001
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0001
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0002
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0002
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0002
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0003
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0003
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0003
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0004
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0004
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0004
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0004
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0004
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0005
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0005
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0005
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0006
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0006
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0006
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0007
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0007
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0007
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0008
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0008
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0008
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0008
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0008
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0008
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0009
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0009
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0009
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0009
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0009
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0010
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0010
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0010
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0010
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0010
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0011
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0011
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0011
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0011
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0012
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0012
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0012
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0012
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0013
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0013
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0014
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0014
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0014
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0014
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0014
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0014
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0015
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0015
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0015
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0015
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0015
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0016
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0016
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0016
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0016
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0016
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0017
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0017
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0017
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0017
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0018
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0018
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0018
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0018
https://doi.org/10.1016/j.ins.2018.08.024
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0020
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0020
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0020
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0021
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0021
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0021
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0021
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0021
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0022
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0022
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0022
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0022
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0022
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0022
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0023
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0023
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0023
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0023
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0023
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0024
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0024
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0024
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0024
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0025
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0025
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0025
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0025
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0026
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0026
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0026
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0026
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0027
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0027
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0028
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0028
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0028
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0028
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0029
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0029
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0029
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0030
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0030
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0030
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0031
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0031
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0032
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0032
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0033
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0033
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0034
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0034
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0035
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0035

C. Zhang, D. Li and J. Liang/Information Sciences 507 (2020) 665-683 683

[36] Y.Y. Yao, Three-way decisions and cognitive computing, Cognit. Comput. 8 (4) (2016) 543-554.

[37] Y.Y. Yao, S.K.M. Wong, A decision theoretic framework for approximating concepts, Int. J. Man Mach. Stud. 37 (6) (1992) 793-809.

[38] Y.Y. Yao, S.K.M. Wong, P. Lingras, A decision-theoretic rough set model, in: Methodologies for Intelligent Systems, 5, New York: North-Holland, 1990,
pp. 17-24.

[39] Y.Y. Yao, S.K.M. Wong, L.S. Wang, A non-numeric approach to uncertain reasoning, Int. ]. Gen. Syst. 23 (4) (1995) 343-359.

[40] L.A. Zadeh, The concept of a linguistic variable and its application to approximate reasoning-I, Inf. Sci. 8 (3) (1975) 199-249.

[41] L.A. Zadeh, Toward a theory of fuzzy information granulation and its centrality in human reasoning and fuzzy logic, Fuzzy Sets Syst. 90 (2) (1997)
111-127.

[42] ].M. Zhan, W.H. Xu, Two types of coverings based multigranulation rough fuzzy sets and applications to decision making, Artif. Intell. Rev. (2018).
doi:10.1007/s10462-018-9649-8

[43] C. Zhang, D.Y. Li, J.Y. Liang, Hesitant fuzzy linguistic rough set over two universes model and its applications, Int. J. Mach. Learn. Cybern. 9 (4) (2018)
577-588.

[44] C. Zhang, D.Y. Li, Y.M. Mu, D. Song, An interval-valued hesitant fuzzy multigranulation rough set over two universes model for steam turbine fault
diagnosis, Appl. Math. Model. 42 (2017) 1803-1816.

[45] C. Zhang, D.Y. Li, YM. Mu, D. Song, A pythagorean fuzzy multigranulation probabilistic model for mine ventilator fault diagnosis, Complexity 2018
(2018) 1-19.

[46] C. Zhang, D.Y. Li, Y.H. Zhai, Y.H. Yang, Multigranulation rough set model in hesitant fuzzy information systems and its application in person-job fit,
Int. J. Mach. Learn. Cybern. (2017). doi:10.1007/s13042-017-0753-x.

[47] XR. Zhao, B.Q. Hu, Three-way decisions with decision-theoretic rough sets in multiset-valued information tables, Inf. Sci. (2018).
doi:10.1016/j.ins.2018.08.001.

[48] ]. Zhou, ZH. Lai, D.Q. Miao, C. Gao, X.D. Yue, Multigranulation rough-fuzzy clustering based on shadowed sets, Inf. Sci. (2018).
doi:10.1016/.ins.2018.05.053.


http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0036
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0036
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0037
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0037
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0037
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0038
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0038
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0038
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0038
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0039
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0039
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0039
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0039
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0040
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0040
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0041
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0041
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0042
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0042
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0042
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0042
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0043
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0043
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0043
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0043
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0044
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0044
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0044
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0044
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0044
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0045
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0045
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0045
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0045
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0045
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0046
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0046
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0046
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0046
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0046
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0046
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0047
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0047
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0047
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0047
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0048
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0048
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0048
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0048
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0048
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0048
http://refhub.elsevier.com/S0020-0255(19)30037-4/sbref0048

	Multi-granularity three-way decisions with adjustable hesitant fuzzy linguistic multigranulation decision-theoretic rough sets over two universes
	1 Introduction
	2 Preliminaries
	2.1 HFLTSs
	2.2 DTRSs
	2.3 MGRSs over two universes

	3 Adjustable HFL MG-DTRSs over two universes
	4 Group decision making method by using adjustable HFL MG-DTRSs over two universes
	4.1 Problem statement
	4.2 Application model
	4.3 Algorithm for person-job fit

	5 Numerical example
	5.1 Application of adjustable HFL MG-DTRSs over two universes
	5.2 Comparison analysis and discussions
	5.2.1 Comparison analysis with the approach proposed in Ref. [44]
	5.2.2 Comparison analysis with the approach proposed in Refs. [28] and [43]
	5.2.3 Discussions

	5.3 Validity test of the proposed approach

	6 Conclusions
	Acknowledgments
	References


